Broadband Service Creation and Operations

Ying-Dar Lin, Yuh-TayLin

Dept ofComputer and Infor mat ion Science

National Chiao Tung Universit

Hsinchu, Taiwan

Tel: +886-3-5731899

FAX: +886-3-5721490 ydlin@cis. nctu.edu.tw

Po-Ning Chen, Michael M. Cho y

Advanced Techno logyCenter

Industr ialTechno logyResearch Inst itute

Hsinchu, Taiwan

Abstract

T wo challenges in deploying broad band services are the time-consuming process of service creation and the gap between the needs of service management and the functionalities of network management. We describe a methodology to simplify the process of service creation and service operations. A set of broadband service independent building blocks (SIBs) are designed and used to create and customize SIB graphs forbroadband services. During service running time, the service agent interprets a SIB graph and executes SIB procedures which are all downloaded from the service provider. T wo examples, video conferencing and video on demand, are given to demonstrate the feasibility of this approach .

1 Intr oduc tion

Mult imedia applicat ions wit h var ious for ms ofdata contents such as text, still image, a udio and video are extending their territoryfro mstandalone machines to the distributed network environment. The environment can range fro m locally interconnected LANs to wide-area Internet or

ISDN (Integrated Service Digital Network). One problemencountered in such an environment is that these applicat ions are big bandwidth consumers and, for some real-t ime applicat ions, theyneed

QoS (Qualit y ofService) guarantee. With the introduction ofbroadband networks such as ATMbased B(broadband)-ISDN and two-wayinteract ive CATV networks, the problemis expected to be settled down.

Even with broadband networks in operations, there are stilltwo challenges in deplo ying the so-called broadband ser vices in the broadband networks, namely:

z to speed up the process ofser vice creation and customizat ion, z to integrate upper-layer ser vice management with lower-layer network management facilit ies.

Broadband services are far more complicated than tradit ional baseband services which invo lve only one data type. Taking the telephone ser vice as an example for baseband services, the service has a fixed bandwidth requirement for its connect ion. Alt hough there maybe manyser vice features, such as callforwarding and callwait ing, to be added to the basic ser vice mechanism, establishing a call remains to be the major task. However, broadband ser vices demand much more than this. A VoD (Video on Demand) ser vice needs to handle not only the connect ions establishment between a client and its ser ver, in order to carryaudio, video and possibly text streams, but also the var ious controlmessages such forward, pause and rewind. The ser vice itselfis beyo nd establishing a call. Creating a ser vice is thus far more complicated and requires co mplex engineer ing efforts. There may be many var iat ions ofa ser vice type. For example, we mayhave

VoD services without anypresentation controlfunct ion, with only the ^ pause ~ controlfunct ion, or with a fullset ofpresentation controlfunct ions. Thus, ser vices must be customer ized according to the user ´ s need.

Our approach to conquer the above two challenges is (1) to create and customize a service byco mbining SIBs (Service Independent building Blocks), a concept adopted fro mIN (Intelligent

Network), into a SIB graph, and (2) to have the service agent, which interprets the SIB graph. The

IN SIBs, for baseband telephone callwit h var ious ser vice features, are not applicable and a new set ofSIBs has to be re-designed. We examine two design alternatives for SIBs, namely, fine-grain and coarse-grain. We adopt the coarse-grain approach, while retaining the fine-grain mechanis m, to design its associated SIBs which can be used to create and customize broadband ser vices. The created SIB graphs which represent service logic are stored at the service provider. The SIB graph can be interpreted bythe service agent at the user’s site. The service agent, while executing the SIB graph ofa service, can process the SNMP queries fromthe ser vice manager. Two complete examples, video conferencing and VoD, demonstrate the feasibilit y ofthis approach.

The rest ofthis paper is organized as fo llows. Section 2 provides a background ofservice creation concept. Section 3 discusses the design alternatives ofSIBs. In Section 4, we focus on the overallarchitecture and design issues ofbroadband service creation and management environment.

Section 5 gives two examples ofbroadband ser vice creat ion. Section 7 descr ibs our implementation plan. Conclusio n and future work follow finally.

2 Service Creation

In an extremelyco mpetit ive market place, telephone co mpanies recognize that the speed with which new ser vices are deplo yed is cr it ical to meeting the needs ofcustomer s. Tradit ionally, the speed ofdeplo yment is constrained by the schedules ofthe equipment vendors. Although the telephone co mpanies can find their customers ´ needs ear ly, theyneed to report it to the equipment vendors and wait for their switch so ftware development schedule, which ma y take years. This process can not meet today ´ s requirements offast var iat ions ofcustomers ´ needs. It also cost too much to provide a specific service to a specific customer. To solve this problem, a service creat ion environment(SCE) concept is introduced in the Intelligent Network(IN)[1] domain. The environment is a powerfultoolthat allows users to quickly create and customize ser vices wit hout having to know allthe details ofthe phys icalequipments.

2.1 IN Capability Set 1(CS1)

In the IN ConceptualModel(INCM) (see Figure-1), the service in fact contains no infor mat ion whatsoever regarding the implementation ofthe ser vice in the network. In other words, the "IN-type" implementation is not visible fro mthe viewpoint ofser vices.

BCP

EF

FE

FEA

IF

Basic CallProcess

ElementaryFunct ion

Funct ionalE nt it y

Funct ionalE nt it yAct ion

Infor mat ion Flow

PE

POI

POR

SF

SIB

PhysicalEnt it y

Point OfInit iat ion

Point OfReturn

Service Feature

Service Independent Building block

Figure 1: The IN-ConceptualModel

To speed up the service creat ion process, the services are modular ized into some basic

building blocks, which are named SIBs (service- independent building block). As self-explained by

the name ofbasic building block, these SIBs are service-independent and commo n for most services.

Theycan be used to build different kind ofser vices according to the needs ofsubscr ibers.

The procedure to build up a service in IN is to first select some proper SIBs and then to

chain themtogether according to the service requirement and logic, which is usuallycalled SIB

chain . The SIB chain will be attached to the BCP (basic callprocessing) SIB through POI (point of

init ializat ion) and POR (point ofreturn). The BCP SIB as defined in CS1[2] is a specialized SIB

that provides the basic call capabilit ies. It enables the proper SIB chain based on the POI received,

and result in the appropriate POR based on which POR is used to complete the SIB chain. A

complete service logic, namely SIB graph , is a combinat ion ofa BCP SIB and one or more SIB

chains. For ITU-I CS1 standardization, 13 SIBs are specified (excluding the BCP SIB). Nine POIs

and 6 PORs are also defined for BCP SIBin the same document(see Table 1). A SIB graph example

of Call Forwarding on Busy service is shown in Figure-2. In this example, ifthe response ofa call

is ^ Busy ~ or ^ No answer ~ , the address will be translated to a new address. The callis then

forwarded to the new address. Ifthe response fromthe new address is still ^ No answer ~ , the call is

cleared.

SIB POI POR

User Interaction

Translate

Log Call I nfor mat ion

Limit

Charge

Queue

Status Notification

Compare

Screen

Service Data Management

Ver ify

Algor ithm

Distr ibut ion

Call Or iginated

Address Co llected

Address Analyzed

Prepare to Complete Call

Busy

No Answer

Call Acceptance

Act ive State

End ofCall

Continue wit h Exist ing Data

Proceed with new Data

Handle as Transit

Clear Call

Enable CallPart yHandling

Init iate Call

Table 1: IN CS-1 SIBs, POIs, and PORs

Translate

POI

Address

analyzed

POR

Clear

call

BCP(Basic Call Processing)

Translate Translate UI

POR

Proceed

with

new

data

POR

Proceed

with

new

data

POR

Proceed

with

new

data

POI

Busy

POI

No

Answer

POI

No

answer

SIB Chain

Charge

Figure 2: SIB graph of Call Forwarding on Busy

2.2 Problems with CS1 SIBs

Problems have been found in the SIB graph structure[3]. In Figure-2, there are two POIs of

the type ^ No Answer. ~ The BCP must maintain a call context and the rules to derive decisio ns

based on the exist ing call context and the actualcall events. Such a functionalit y is not support by

the current BCP definit io n and it is quest ionable whether it will be possible to enhance the BCP

funct ionalit yaccordingly. To implement a network-wide BCP SIB, which is responsible for input

call/request processing including callconnect ion, calldisconnect ion, and retaining call context for

further processing ofthat callinstance, beco mes somewhat unmanageable.

A so lut ion also proposed in the same document to solve the problemment ioned above is to

decompose the BCP into a new set ofSIBs, which includes:

(1) State SIB -- Service states can be dir ect lyrelated to states ofthe callprocessing.

(2) Inco ming event SIB -- Statetransit ions ofthe services are caused by inco ming events.

(3) Outgoing event SIB -- Outgoing events init iate the sending ofthe controlmessages.

(4) Action SIB -- Each implements a service funct ionalit y.

Wit h this new set ofSIBs, we can descr ib e clear ly the interactions between different SIB

chains. Thus a complete and working ser vice can be descr ibed. The Call Forwarding on Busy

service descr ibed in this wayis shown in Figure-3. Upon receiving the same inco ming event ^ No

Answer ~ , two state SIBs of ^ Wa it for Event_1 ~ and ^ Wait for Event_2 ~ are used to dist inguish the

corresponding act ions. It eliminates the confusion in Figure-2.

IDLE

Translate

No Answer

Proceed with new data

Wait for Event_1

Busy

Translate

Proceed with new data

Translate

Proceed with new data

Timer

IDLE

Wait for Event_2

Legend: Satae SIB

Incoming event SIB

Outgoing event SIB

Action SIB

Wait for Event_2

No Answer

UI

Release call

IDLE

Timer

IDLE

Connect Info.

Figure 3: SIB graph ofCallForwarding on Busy wit h extensio ns ofSIB concepts

2.3 Baseband vs. Broadband Service Creation

The IN services are baseban d. No matter what services(see Table 2) is provided, baseband

services always establish the same type ofconnect ions. The connect ions may have the same

bandwidth allocat ion and per for mance requirements. The differences lie in the added ser vice

features which change the basic ser vice logic ofa call. It is not necessar yto consider resource and

perfor mance management issues in the baseband environment.

Unlike baseband services, broadband ser vices(see Table 3) require high and var iable

bandwidth, low latency. They generate mult iple t ypes ofnetwork traffic load. In addition,

broadband ser vices usually contain user interactions dur ing the service. Mapping SIBs from

baseband to broadband, we need a new set ofSIBs for the funct ions other than connect ion

establishment. Parameters are also needed to describe var ious characterist ics ofdifferent

broadband ser vices. With the characteristics ofmult imedia transmissio n and representation,

resource and perfor mance should be carefullymanaged for the effective ut ilizat ion ofthe system.

Freephone

User-Defined Routing

Or iginat ing Call Screening

Call Forwarding

Dest inat ion Call Routing

Secur it yScreening

Split Charging

Credit Card Calling

Mass Calling

Malic ious CallIdent ificat ion

Call Rerouting Distribut ion

Select ive Call Forward on Busy/ Don ` t Answer

Universal Personal Telecommunications

VirtualPrivate Network

Abbreviated Dialing

Terminat ing CallScreening

Call Distr ibut ion

Televoting

Premium Rate

Account Card Calling

Automat ic Alternat ive Billing

Fo llow-Me-Diversio n

Universal Access Number

Table 2: Set ofBenchmark CS1 Services

Services Service Features

Video on Demand

(VoD) select/cancel; start; stop; pause; fast forward/reverse; scan

forward/reverse; jump to different scenes; show counters

Teleshopping (TS) select; video; text; motion video with audio; audio or graphics

Karaoke on Demand

(KoD) select; instrumentalmusic; vocal music; highlighted displayo flyr ics

video scenes; record; voice replay

Distance Lear ning (DL) controlcamera; display documents; controlwhat is displayed on

mo nitor interactively; schedule classes; browse; jo in/leave classes

TV List ing (TL) select; displayo fdistribut ion programs/schedules; progressive quer ies

Video Conferencing

(VC) a real-time bi-direct ional exchange ofaudio/video/ data infor mat ion;

announce/establish/controlconference

Near Video on Demand

(NVoD) broadcast ofvideo; no realinteraction/select channel; pause

Table 3: The sample broadband ser vices.

3 Service Indepe nde nt B uilding Bloc ks

3.1 Design Alternatives for Building Blocks

Our goalis to define the SIBs and implement an SCE(Service Creation Environment) for

broadband ser vices. There are two alternat ives to define the SIBs, namelyfine-grain and coarse-

grain. In fine-grain approach, the SIBs are more primit ive and the ser vice provider can have a

detailed descr iption o fdesired service logic in the ser vice creat ion process such as handshaking in

connection establishment. In coarse-grain approach, SIBs are more powerful. Each SIB has one or

a few pre-defined procedures, service provider need not concern with the detailed activit ies. They

represent a trade-offbetween flexibilit yand fr iendliness.

Figure-4 is an example o fconnect ion establishment in fine-grain appro ach. The state SIBs

of wait-1 , wait-2 , and wait-3 are used to record the different statusduring the process ofcall

establishment. Hence, the proceeding act ion can be determined upon receiving a specific inco ming

event. Init ially, an originator sends out a request of connect and enters Wait-1 state. Ifthe response

fro mthe network is reject , it notifies the user and returns to Idle state; otherwise, the response says

that the other end is busy , the service logic may tryto translate the destinat ion address to a new

address or wait for a while, then tryto connect again. Ifthe response is still busy , it mayask the

user to make a decisio n: eit her retry, give up( hang up), or ask a service programto monitor the

status and call back later. The retrycount can be increased byinserting different Wait state SIBs to

represent the number oftimes that have been retried

.

Idle

Wait-1

Connect

Figure 4: SIB graph for Connection Establishment

Idle

Busy

User

Interaction

Hang up

Translate

Wait-2

Reject

Wait-1

Connect

Wait loop

Connect

Busy

Wait-2

Connect

Info.

Wait-3

Busy

Wait-3

Retry

Connect

Listen

Call Back

Idle

Hang up

Wait-1

Monitor

User

Interaction

Connect

Info.

Connect

Info.

Connect

Info.

Connect

Info.

In this approach, a service provider can design a specific ser vice logic(e.g., retrycount,

wait ing per iod, and call back) through the proper combinat ion ofSIBs. However, theyshould pay

more attention on transfor ming the ser vice logic into a SIBgraph in the process ofservice creat ion.

In the cases where most ofthe services have the same connection establishment procedures,

it is ineffic ient and not necessar yfor each ser vice provider to design a detailed SIB graph as in

Figure-4 in ever y ser vice. For simplicit y, so me commo n service logic can be pre-defined as a set of macros. In this way, the connect ion establishment procedure in a SIB graph may be replaced with

one macro SIB(see SIB design in the next section). The drawback is that the service creator should

use the pre-defined macro SIBs, only limited degree offlexibilit ycan be provided ifSIB parameters

supports service logic descr ipt ion. Those parameters decide the degree offlexibilit y. To retain full

flexibilit y, fine-grain approach should be kept such that service creator maycreate their own macro

SIBs ifthe available macro SIB can not match their needs.

3.2 SIB Design

We have ment ioned that a set ofparameters ofa SIB is supplied for the descr ipt ion of

broadband ser vice character ist ics. Service supported data(SSD), provided at service creation t ime,

and ser vice instant data(SID), generated/received at run time, are the main parameters. Each SIB is

implemented as an independent (executable) object with logicalinputs, logicaloutputs, SSD, and

SID(see Figure-5). The SSD includes so me fixed data associated with this SIB, some field po inters

for dynamic links/infor mat ion, and so me QoS parameters related.

SIB

Logical Input

Logical Output

Service Supported Data(SSD)

Service Instant Data(SID)

(Input) (Output)

Figure 5: The graphic representation ofSIB

Consider ing a broadband service, the funct ionalit ies can be divided into four parts:

connection establishment, data transport, connect ion release, and user interaction. In coarse-grain

approach, the corresponding SIBs, their symbo ls, and funct ions are illustrated in Figure-6. The

parameters and procedures ofeach SIB willbe descr ibed in the next section.

Session

UI

Presentation

Control

Command

(C1)

Command

(C2)

Connection Establishment

To establish a connection to a remote server.

To set the connection type.

To determine traffic characteristic and QoS.

Listen

To wait for a connection from a client.

Data Transport

Transport

To send/receive data from specified source to specified

destination according to the specified action.

Command To send out a user command to a remote server.

Connection Release

Disconnect

To release a connection.

User Interaction

Command

(C3)

To provide the user with a menu

of selection or icon-list choices.

To control the display of multimedia information.

Command

Process

To receive a command from a client site and execute

the corresponding procedures.

Report To report messages to user.

(error, warning, etc.)

Figure 6: The funct ional descr ipt ion ofthe SIBs

4 Architecture and Design Issues

4.1 Overall Architecture

In our model, the broadband network with network-levelQoS parameters is assumed. The

broadband ser vice provider mayhave severalserver s and at least one SCE station attached to the

broadband network as depicted in Figure-7. Different fro mthe IN-type service creat ion concept,

each service is now constituted bytwo SIB graphs: one for client, and one for server. Therefore,

with the pre-defined set ofSIBs, a diversit yo fbroadband service SIB graph pairs can be created,

and are stored in the service provider which is a Web-based SIB server. The librar yin the ser vice

provider contains three categories ofdata or routines:

z SIB graphs for services provided

z SIB procedures associated with each SIB

z service agent which interprets the SIB graph at a service user ´ s site

Service creator (SCE Station)

Service provider (Web-based SIB Server)

Network

Java Browser

SIB Graph

Library of SIB graph SIB procedures service agent

Service MIB

Service user

Service agent

(Server SIB graph)

Service agent

(Client SIB graph)

Service & Network Manager

SNMP query

Service user

SNMP query

Dynamic Service Info

(Static, historical management info)

Figure 7: Overall Architecture

The ser vice creation environment is embedded in a JAVA[5] browser. A fr iendlygraphical

inter face with drag-and-draw and routing capabilit ies is implemented using JAVA code. Therefore,

for the SCE station, we are free to choose among those platfor ms that support JAVA interpretation

capabilit ies. The created SIB graphs are stored back to the SIB server.

Ea ch time a client requests for a service, it invokes its WWW browser to enter the WWW

ho me page ofthe service provider. On the home page, the access r ight ofthe clients willbe checked,

and so me readilycreated services will be displayed. After the client selects a specific service, for

example a VoD service, the corresponding VoD SIB graph for client will be transmitted to the client

machine; and also, the other halfo fthe VoD SIB graph pair (the SIB graph for server) willbe

transmitted to the available video server s. Since now the SIB graphs are respectivelytransmitted to

the server and client, theycan co mmunicate with each other direct lyby making the corresponding

SIB module act ive(see Figure-8). Hence, the overhead ofser vices can be reduced to minimum if the

SIB modules can handle the phys ical co mponents directly.

In order to interpret the SIB graph and run the service routines, the service user, either client

site or server site, may need to download the service agent and the SIB procedures ofinvoked SIBs

fro mthe ser vice provider. This download operation can be eliminated ifthe agent and procedures

are pre-installed before the service invocat ion time. This ser vice agent and the code ofSIBs can be

implemented in two ways. One is to implemented in JAVA code, and transmits to the service user

site together with the SIB graph. This is similar to the diskless client, no preparation is needed

before the execut ion ofSIB graphs in a workstation. The other wayis to pre-installthe codes in the

workstations which mayneed to execute the SIB graphs. This restricts the execution SIB graphs in

the workstations which have the codes been pre- intstalled. Performance may be gained by the omit

oftransmissio n ofthose codes for the SIBs and the service agent.

In addit ion to interpreting the ser vice logic, the service agent can also act as a service

management agent. It monitors the execut ion ofSIB graph, and reports the infor mation about the

service to the service provider. A service MIB is required to keep track ofand log the service

provided by the ser vice provider. It records two categories ofinfor mat ion, namely, the ser vice-level

activit ies and the mappings between ser vice and network MIBs.

The ser vice manager may pass a SNMP queryto the service provider, ifit quer ies static or

historical management info mat ion, e.g, service usage, connect ion type, connect ion duration, or

traffic load, the service provider will extract those infor mat ion fro m its service MIB. Ifthe query

asks for infor mation about the SIBgraph which is being run byso me ser vice agent, it willbe passed

to the service agent. Dynamic infor mat ion willbe reported bythe ser vice agent according to the

quer y.

SIB graph for server SIB graph for client

SIB1

SIB3

SIB4

SIB2

SIB1

SIB3

SIB4

SIB2

SIB1

SIB3

SIB4

SIB2

SIB1

SIB3

SIB4

SIB2

SIB1

SIB3

SIB4

SIB2

SIB1

SIB3

SIB4

SIB2

Figure 8: The active SIBs in the SIB graphs direct ly co mmunicates with the corresponding ones at

each time instant

4.2 SIB Parameters(????)

<< In implement ing independent executable SIBs, the Common Object Request Broker

Architecture (CORBA) has proved to be ver yuseful[4]. Its object oriented techno logycan make

distr ibuted systemdesign easier and provide high level abstractions. Roughly speaking, each SIB

module is implemented as a CORBA object. >>

According to the SIBs in Figure-6, their SSD, SID, and procedures are listed in the

fo llo wing. Var ious values o fSSD can be filled at service creat ion time according to different

requirements ofbroadband services

A. Sessio n

SSD 1. Uni/bi-direct ion, symmetr ic/asymmetric

2. Traffic Descr iptor (two sets for bi-direction/asymmetr ic)

mean bandwidth

peak rate

burst length

direct ion

3. QoS (two sets for bi-direct ion/ asymmetr ic)

delay, loss, jitter, direct ion.

SID 1. Client Address (IP Address + Port#)

2. Server Address (IP Address + Port#)

Procedure 1. Open: Open a connect ion device.

2. Bind: Get a service access point.

3. Connect: Send out a connect ion request.

This SIB sets the connect ion type, traffic characterist ics, and QoS. These parameters are can be pre-

defined according to the service type at service creation t ime. Service creator may define a set of

SSDs such that users maychoose their requirements. Mult iple sets ofSSD and SID are allowed for

mult iple connect ions. (Broadband ser vice usuallyrequires mult iple connect ions for different types

ofdata contents.)

B. Listen

SSD none

SID 1. Source Address (IP Address + Port#)

2. Destinat ion Address (IP Address + Port#)

3. SSDofSessio n

Procedure 1. Open

2. Bind

3. Listen: Wait for connect ion request.

4. Accept: Accept a connect ion request fro mserver.

Here the connect ion type, traffic character ist ics, and QoS are received fromthe network. No SSD is

necessar y.

C. Transport:

SSD none

SID 1. Source Address (IP Address + Port#)

2. Destinat ion Address (IP Address + Port#)

3. Data

Procedure 1. Send/Receive: Data transfer

After connection establishment, the source and destination addresses are received fro m

Sessio n/Listen SIB as input SID.

D. Disconnect

SSD none

SID 1. Source Address (IP Address + Port#)

2. Destinat ion Address (IP Address + Port#)

Procedure 1. Close: Release the connect ions

E. UI

SSD 1. List of(Command)

SID 1. Command

2. Parameters

Procedure 1. Command Select ion

A co mmand may be associated with per mitted parameters to increase its flexibilit y.

F. Command

SSD none

SID 1. Command

2. Parameters

Procedure 1. Send

It sends out the command accepted byUI to the remote server

G. Command Process

SSD 1. List of(Command, Procedure)

SID 1. Command

2. Parameters

Procedure 1. Fork

This SIB contains a list ofcommand and its corresponding procedures. Upon receiving a co mmand

fro ma client, it forks a process to handle the corresponding proedure.

H. Report

SSD none

SID 1. Messages

Procedure 1. User Notification

I. Presentation Control:

SSD 1. List of(Data Format, Data Player)

SID 1. Data Format

2. Data

Procedure 1. Call

It takes the data as parameters to call the corresponding data player according to the data for mat.

As for services such as Videophone and Video-conferencing, the corresponding SIB graph

willbe transmitted to those clients/hosts who request such services. After that, theycan create the

connections direct ly. It is worth mention that all the limitat ions o fthe service, such as allo cated

bandwidth, are specified in the SSD ofthe SIB. Any vio lat ion ofthese limitat ions willbe rejected

bythe SIB module. I f, say, the client requires more bandwidth, it should send its new request to the

SCE station (possibly pay more bills), and the SCE station will modifythe SSD ofthe SIB. In short,

onlythe SCE station has the right to modify the SSD ofthe SIB.

4.3 Service Agent

When a client requestsfor a service, a pair ofSIB graphs for client and server are

transmitted to client and server respectively. An internal representation ofa SIB graph, instead of

the logicalviews is transmitted. Upon receiving the internalrepresentation ofa SIB graph, the

service agent takes the responsibilit yto interpret this internal representation into its corresponding

service logic.

The infor mation stored in the internal representation ofa SIB gra ph includes the SSDs of

used SIBs and the link status between those SIBs. Let each data type have a unique ident ifier, the

infor mat ion ofa SIB can be divided into fixed length data, encoded in the formof(Code, Value),

and var iable length data, encoded in the formof(Code, Length, Value). Code means the unique

ident ifier, while Length represents the length ofvar iable length data, and Value contains the real infor mat ion. The overallinter nalrepresentation in our model is a hierarchicalstructure, mult iple

occurrences are permitted for mult iple sets ofthe same data type.

C o d e

( L i s t e n )

S e r i a l #

( 0 1 )

L e n g t h

C o d e

( l i n k )

L e n g t h

C o d e

( o u t p u t # 1 )

S I B I D + S e r i a l # + I u t p u t #

( C o m m a n d P r o c e s s ) + ( 0 1 ) + ( i n p u t # 1 )

C o d e

( o u t p u t # 1 )

S I B I D + S e r i a l # + I u t p u t #

( T r a n s p o r t ) + ( 0 1 ) + ( i n p u t # 1 )

C o d e

( o u t p u t # 1 )

S I B I D + S e r i a l # + I u t p u t #

( L i s t e n ) + ( 0 2 ) + ( i n p u t # 1 )

C o m m a n d

P r o c e s s

S e r i a l #

( 0 1 )

L e n g t h

C o d e

( S S D )

L e n g t h

C o d e

( c o m m a n d )

C o m m a n d + P r o c e d u r e ( P a u s e )

C o d e

( c o m m a n d )

C o m m a n d + P r o c e d u r e ( R e w i n d )

C o d e

( l i n k )

L e n g t h

C o d e

( o u t p u t # 1 )

S I B I D + S e r i a l # + I u t p u t #

( C o m m a n d P r o c e s s ) + ( 0 1 ) + ( i n p u t # 1 )

T r a n s p o r t

S e r i a l #

( 0 1 )

L e n g t h

C o d e

( l i n k )

L e n g t h

C o d e

( o u t p u t # 1 )

S I B I D + S e r i a l # + I u t p u t #

( D i s c o n n e c t ) + ( 0 1 ) + ( i n p u t # 1 )

L i s t e n

S e r i a l #

( 0 2 )

L e n g t h

D i s c o n n e c t

S e r i a l #

( 0 1 )

L e n g t h

C o m m a n d + P r o c e d u r e ( P l a y )

C o d e

( c o m m a n d )

C o d e

( o u t p u t # 2 )

S I B I D + S e r i a l # + I u t p u t #

( D i s c o n n e c t ) + ( 0 1 ) + ( i n p u t # 1 )

Figure 9: Internalrepresentation ofthe SIB graph for VoD server

Figure-9 is an example o fthe internalrepresentation ofthe SIB graph for VoD server in the

next section. Alt hough each SIB has a unique ident ifier(SIB ID). it may appear twice or more in a

SIB graph, a serial number(Serial#) is tagged to forma realunique ident ifier. A link between SIBs

is ident ified bya logical output ident ifier (output #) to a SIB ident ifier(SIB ID+Serial#) plus its

logical input ident ifier ( input #).

5 Examples

Fo llowing the architecture and design issues descr ibed above, we use two broadband

services, video on demand and video conferencing, as examples ofservice creat ion to show its

feasibilit y.

5.1 Video On Demand(VoD)

Figure-10 shows the SIB graph pair ofVoD. At the client site, three processes(UI,

Transport, and Presentation Control) will be forked if the connect ions are established successfully;

otherwise, an error message is reported to the user and then the connections are disconnected. The

UI SIB accepts user ´ s command and then sends it to the server via the Command SIB. The

command list in the UI SIB maybe var iable due to different charge policies. The Transport SIB

receives data fromthe ser ver, and sends the data to the Presentation ControlSIB to controlthe

display o fmult imedia infor mation.

Also, three processes(Co mmand Process, Transport, and Listen) are forked at the server site

when the connect ions are established successfully. The Command Process SIB accepts user ´ s

command fro mthe client, and then call the corresponding procedures for the command. The

Transport SIB transmits mult imedia infor mat ion to the client, and the Listen SIB keeps wait ing for

the other clients who maywant to jo in the VoD session.

Session

UI

Transport

Presentation

Control

Report

Disconnect

Command

(Pause)

Command

(Rewind)

Command

(Play)

Command

The SIB graph for VoD client

Listen Transport

Listen Disconnect

The SIB graph for VoD server

Command

Process

Figure 10: The SIB graph pair for VoD services

5.2 Video Conferencing(VC)

Figure-11 shows the SIB graph pair ofVC. It is similar to VoD. As in VoD, we a ssume

that there is a VC ser ver, the chair ofthe VC init ially set up the connect ions between his client site

and a VC ser ver. The Listen SIB at the server site keeps wait ing for the other members ofthe VC to

jo in. The mult imedia infor mat ion is distributed to allthe members in the VC through the VC server.

The differences fro mVoD are the command list ofthe UI SIB and the type ofconnect ions which are

bi-direct ional.

Session

UI

Transport

Presentation

Control

Report

Disconnect

Command

(Talk)

Command

(Vote)

Command

(.......)

Command

The SIB graph for VC client

Listen Transport

Listen Disconnect

The SIB graph for VC server

Command

Process

Figure 11: The SIB graph pair for VC services

6 Impleme ntation Status

Since CORBA is the most feasible candidate for iple mentating the SIBs, we adopt

orbix[?????], a full implementation ofCORBA, as our implementation tool.

We have developed a VoD system. So far, it only has ^ PLAY ~ and ^ QUIT ~ funct ion s.

VoDclient and demandServer are two CORBA objects. The drawback ofthis release is that only

VoD service can be ser ved by these CORBA objects. The executing process is illustrated in Figure-

12.

Dmjfou

Tfswfs

WpEdmjfou )3* )4*

)5*

)BUN!bqj*

Fuifsofu!.

CTE!tpdlfu

Figure 12: The execut ing process ofVoD system.

In Figure-12, we can find that there are orbixds in both client and server sites. orbixd is a

daemon process. It is used to wait for the request to the server and to connect client to a exist ing

server process. When the connect ion has been established, orbixd is no longer needed. After the

SIB graph pair are transmitted to server and client site respect ively, the process can be divided into

three steps. In step one, VoD client tells the orbixd his wish, then the orbixd in the client site will

send a request to the orbixd in the ser ver site. Theyco mmunicate with each other byBSD socket

over ethernet. When the orbixd in the ser ver site receives the request, it will invoke the

demandSer ver, this is the step 3. Finally VoDclient and demandSer ver will co mmunicate with each

other direct lyvia ATM API over ATM network. This can reduce the service overhead just as we

descr ibed before.

This verdion ofVoD service just demonstrates the feasibilit y ofimplementing SIBs in

CORBA objects. To increase the flexibilit y, we must divide the objects into more primit ive objects.

For example, sessio n, listen, command, command process, etc. Then we can construct var ious

services, e.g., VoD, VC, fromthese objects.

6.1 Service creation Environment

6.2 Service Agent

7 Conclusion and F uture Wor k

An architecture ofservice creation has been presented in this paper. What we have

discussed include design alter nat ives ofSIBs, SIB design, service creation, and finallythe

operations ofcreated broadband ser vices. There are also two examples, video conferencing and

VoD, to show the feasibilit yo fthis architecture. Some design issues about service management are

also covered.

Being able to run the services is one thing; being able to manage themis another.

Tradit ionally, network management concerns the lower-layer activit ies ofthe distr ibuted

environment. However, service management watches act ivit ies beyo nd the connect ion level. A

service may setup severalconnect ions at the same time and invo lve systemresources other than the

network resources. Therefore an integration ofand mapping between these two are required to

ensure a proper service qualit y. The detailed design about the service MIB and the mappings

between service management and network management are parts ofour future work.

The client-server ser vice creat ion architecture has the advantage that the processing load

has been distr ibuted over the network, and the network overhead has been reduced due to direct

communicat ion amo ng clients and ser vers. I mplementation ofsuch independent SIB modules is,

nevertheless, still dependent on the physical platfor ms, as wellas the physicalco mponents installed

on the client machine. In order to make the service running environment more transparent to

plat forms and physicalco mponents, an interpreter-like environment, such as a JAVA browser, may

be a so lut ion. The main problem ofusing an interpreter-like terminal could be the perfor mance, for

which in our opinio n can be greatlyimproved by an interpreter accelerator. The SUN MicroSystems

has announced that the picoJAVA processor will be available around mid-1996. A more powerful

microJAVA processor with application- specific I/O, memor y, communicat ions and control

funct ions will be available in the spr ing o f1997. Therefore, a possible future work for us is to

evaluate the perfor mance ofthe JAVA-coded SIB modules, and use themas bases for service

creation in the broadband networktestbed.

Reference:

[1] Q-Series Intelligent Network Recommendations, ITU, Hels inki, March 1993.

[2] Q-1213 Global FunctionalPlane for Intelligent Network Capabilit y Set 1, ITU, March 1993.

[3] RalfRieken, etc., ^ IN Service Creat ion -- Proble ms ofthe CS1 SIBs and How to Solve Them ~ ,

Proceeding ofthe Intelligent Network Techno logyConference (INTC), Taipei, Taiwan, pages

C2-1~C2-11, 1995.

[4] Object Management Group Inc. The Commo n Object Request Broker: Architecture and

Specificat ion, December, 1993.

[5] Sun MicroSystems, JAVA, URL: http://java.sun.co m, 1996.