B U5 L
Y

EEAC I T B ¢ % OEER)

o R £ (R

AU R W B

APRGAEHE WK 1448 9 H 12 H

RIS OEEE RIS 4 558 2 ER Y

R % OB IRRISSE 3 A BUR TR E TR AR T K

&1
i X M H Advanced Development Methods for Information

Communication Software Guaranteeing High Performance

(BMEREBREE Y 7 bV = 7 DD DEEHFEFEDOHIS)

i EAEERA (= /)
FAeARFHEE o K Al RS

FALRFEHE W T & =
RAeRF8E H R F W

moX N R EF

Effective and innovative software development methods for high-performance reliable
information communication systems are established to meet the needs of a diverse range of
telecommunication users and to provide easily and efficiently various services and
capabilities necessary for the multimedia and e-life age. In particular, analysis is performed
from the standpoints of quick service development and deployment, high reliability of system
operation, and extensibility to multimedia service development as well as high performance.
Mechanisms to realise these requirements are proposed, evaluated, and systematised.

Specifically, the following items are studied.

- Establishment of advanced software development methods that can solve problems in
developing existing communication systems, and promote the introduction of multimedia
services. The methods must handle information communication processing for
telephone/ISDN switching, ATM, frame relay, and advanced intelligent networks as well as

multimedia communications.

» Software modelling to achieve excellent software development productivity and
maintainability under strict performance and reliability conditions.

» Establishment of a high-performance information communication software architecture to
handle a large amount of traffic.

* Quick service provisioning by updating the online software providing services.
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+ Advanced software development support to enhance software development productivity and
maintainability.

* An extensible information communication platform to quickly provide new multimedia
services, such as voice/data integration, the next-generation mobile communications, or
content delivery.

« Systematisation of information communication software development methods to be applied
for introducing new multimedia services easily as well as for maintaining existing information
communication software.

To proceed with the study of these items, i.e., the establishment of information.
communication software development methods that realise realtime, highly multiple
processing along with excellent productivity and reliability, the following issues are
considered.

- The software development methods must be used to manage a huge amount of developed
software. The software architecture must support ten years or more of development by
accommodating hardware upgrades, and must be easy to understand so that new generations
of software developers will be able to carry on easily.

» The software to be designed must meet the conditions of realtime and highly multiple
processing at a level about 100 times greater than that of ordinary information processing
systems.

« The same architecture must be scalable across a range of systems from small to very-large
capacity.

« It must be possible to modify or add programs in the online file without affecting running
services. The online file updating method must be applicable not only to bug fixes but also to
the addition of new service functions.

« It must reduce human effort in software development, i.e., designing, coding, debugging,
“and managing the development process. Automation or machine support should be introduced
for such purposes.

« It must be possible to achieve efficient handling of voice-data integration and to provide
various new multimedia services readily. At the same time, traffic efficiency must be
achieved.

Considering the above points, each Chapter discusses the study items in the following way.

Chapter 1 shows the motivations for this thesis. The research backgrdunds and existing
problems are analysed and the research objectives are presented.

Chapter 2 proposes information communication software development methods featuring
excellent productivity and highly multiple realtime processing as well as high reliability.
Considering the severe conditions for performance, reliability, and development-cost, we
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propose a layered software structure, object-oriented programming model, distributed
processing mechanisms with location transparency, online file modification processing
mechanisms, automated coding mechanisms for routine processing programs, advanced
software development supporting, and voice-data integration mechanisms, as the most
important key elements for information communication software development methods.

Chapter 3 discusses specific and detailed techniques for the above software development
methods. We show hierarchical object-oriented software implementation techniques featuring
high productivity. Also, we consider how to minimize the number of dynamic program steps,
effectively map objects onto the execution unit of the realtime OS, save calls in service at the
time of system failure, and reduce the time taken for restarting. Then, to apply the system to
areas with a high traffic density, we establish and evaluate multiprocessor distributed object-
oriented processing mechanisms. Its main part, i.e., the inter-object communication
mechanism (called the object request broker) uses CORBA-like concepts, but to attain
sufficient performance for use in information communication systems, various approaches are
devised. The proposed mechanisms guarantee good performance and have the potential to be
the foundation for developing future information communication software.

Chapter 4 discusses extended techniques for easy and effective development of multimedia
service software. We present software development and file updating methods with an eye to
adding new services, in particular, techniques for modifying the executing files during online
operation without affecting services being provided, and evaluate their effectiveness.
Advanced software development support techniques for improving software productivity and
ease of maintenance are established and evaluated. The main approach is tool-based
automated coding with special care for realtime and reliable processing compared with the
approaches used in actual commercial software systems. A large amount of routine processing
in information communication systems is automatically coded. For new multimedia service
provision, we show key techniques for integrating voice and data traffic in a single structure.
Studies on voice and telephony over ATM (VTOA) networking are discussed. It is clarified
that this will be the basis for constructing multimedia-oriented information communication
services..

Based on the above discussion, Chapter 5 systematises the design methods for multimedia-
oriented information communication software featuring good software productivity, ease of
functional addition, realtime highly parallel processing, high reliability, and extensibility.-
Case studies show the potential for applying our information communication software
development methods to constructing next-generation network software and the next-
generation mobile (IMT-2000) service software. Even though it does not require much effort,
the extension is deemed to be smoothly achieved.

As total design guidelines for the high-performance reliable information communication
software, we first introduce a software architecture divided into four layers - BOS, EOS,
application-dependent resources, and application services - in order to hide the hardware
architecture, enable software sharing (portability), and separate technical specialisation fields.
The lower two layers are dealt with as a common platform, and software is coded based on an
object-oriented design. Taking advantage of the object-oriented programming capabilities of
the C++ language, a model is devised considering software structural clarity, portability,
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measures to prevent performance loss, and software-parts management. For application to
large-capacity services, a multiprocessor distributed object-oriented processing mechanism is
established taking into account location transparency and the need for high performance. To
achieve safe software updating (for bug fixes and service function addition), online plug-in
technology is established and used. Change of functions, addition of functions and data, and
initialisation processing provide reliable executing-file modification in conjunction with a
rollback (plug-out) capability by which faulty programs can be removed automatically. To
improve software productivity and maintainability, advanced software development support
tools are introduced and used, including mechanisms for automated coding of routine
processing programs. Based on these technologies, a software foundation is established for the
voice-data integrated processing required for new multimedia services. At the same time,
good effects on transmission efficiency are achieved. These techniques are positioned as
effective and innovative software development methods for constructing high-performance
information communication systems.

In summary, our proposals for software development methods offer the following benefits in
providing multimedia-oriented information communication network services with outstanding
performance, productivity, reliability, and extensibility. ‘

First of all, the proposed software development methods achieve high software development
productivity, about 15% higher than the previously developed communication system. This is
mainly due to advanced software development support, such as automated code generation,
object-oriented software parts management, development tools, and porting of the common
software platform. Also, the well structured layered software architecture contributes to the
good software development productivity. Specifically, the automated coding mechanism
enables many routine processing parts in information-communication systems, such as office
data handling and command/message handling, to be automatically coded (nearly 30% of the
total software size). This approach can reduce software development effort by about 10%.

Moreover, the above object-oriented design can be expanded to a multiprocessor environment,
leading to a lightweight distributed object communication mechanism with location
transparency. This can be applied to a large-scale information communication system
handling a large amount of traffic.

In addition, the online plug-in technology enables software upgrading without affecting
running services. Field data indicate that this method is almost 100% applicable to bug
handling and can be used for many kinds of service addition. In particular, the plug-in
initialisation capability has good effects for cases that require special data value setting,
registration with other programs, or hardware initialisation before linkage. To widen its
applicability more, an enhanced mechanism is also proposed considering complicated task
behaviour in the course of call/service processing.

- A VTOA-based voice/data integrated processing foundation is established on which future:

multimedia services can be realised. Two approaches are shown, one based on ATM and the
other based on STM, and detailed system/software architectures are proposed. Evaluations
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show that the former approach is more effective because it can concentrate traffic at internode
sections while the STM-based one can provide the voice-data integration capability more
quickly due to its simpler configuration. Also, it is shown that integrated voice-data handling
software is implementable with only small changes to the software architecture so far
proposed and can be a key to establishing the information communication software
development methods.

Finally, our proposed software developing methods are readily applicable to coming-
generation network services including the IMT-2000 services. The voice-data integration
mechanisms and information communication software foundation mentioned so far are the
keys to the construction of such new network services or capabilities.

Future work will include lower-cost development using third-party applications and extension
to the ubiquitous communication.

Our advanced software development methods are very effective for in-house development,
but for more cost reduction, the use of third-party applications is more important. Based on
activities of de facto standardisation communities such as JAIN ™ (Java APIs for Integrated
Networks), specifying Java-based portable application program interfaces (APIs), an
enhanced platform will be necessary. Because ordinary Java runtime environments are
insufficient for the very strict performance requirements needed by information
communication systems, studies of a high-performance Java runtime environment as well as
efficient and portable APIs for various multimedia services should be done.

It is also important to establish core software technologies for ubiquitous services, which will
be realised in the near future. One of the most important aspects of the ubiquitous
communication is service composition, where in response to a user's requests a useful and
effective network service is automatically constructed in an ad hoc manner from elemental
functions that the user has. Our software development methods should be extended to cover
this field, particularly for automated service creation.

Overall, the proposed software development methods in conjunction with future extensions
will be an indispensable social foundation for the multimedia and e-life age.

Key words

Software development, software architecture, object-oriented programming, software parts,
distributed object-orient architecture, plug-in, automated program generation, VTOA (voice
and telephony over ATM), multimedia communication
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