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ABSTRACT

- ‘This Project Report r “norts on the study of an approach to building integrated real-time software
systems based on re-usable object-oriented components. The basis of the approach is the _
development of a 3-ayered structure of ccrnponents where each fayer is bulit on the underlytng o
Tayer of components. _

The lower layer of componants consists of genoric re-usable bunldlng blocks that may be re-used
for building and integrating other real-time applications, The middle layer consists of components
that are generic to the application domain, and the top layer consists of ooznponents that are '
specific to-each application of that application domain.

The Report includes researching and developing methads of oornrnumcating between these
building blocks using an OSI/CMIP-conformant ‘software highway', and in this regard partlcular
attention Is given to the formal and de facto industry standards.

With this approach, it is argued that the application engineer can effectively build new applications
" using the re-usable components. This is demonstrated by reporting on the implementation of a
large real-world Telecommunications Netwark Management applicat:on

The Project Repoit contains a crrtlcal analysis of the technica! orgamsatlonal and pro;ect
management issties of this object-oriented component approach @s compared 1o the traditional
development approach. The Report concludes that despite certain technical and organisational
concems, the object-oriented approach does indeed yield several worthwhile banefits for
developing real4ime software systems. These benefits include genuine re-usabhility, and ™proved
productivity, testability and maintainabiiity. '
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LIST OF ABBREVIATIONS AND DEFINITIONS

ABBR MEANING
AccassViow A proprietary market name for the core components plus a subset of
application components required for telecommunications network
management applications.
ADT Abstract Data Type.
ANSI American Nationatl Standards Institute,
AP Application Programme Interface
BER Bit Ervor Rate.
Building Blocks Re-usable generic components from Objecﬂﬁew and Accesswew eg.
: RTOMS, WM, MM, and subsets therecf.
CAE Common Application Environment.
CASE Computer Aided Software Engineering.
CMIP Common Management information Protocol.
CMIS Common Management Interface Services.
CMISE Common Management Interface Service Element.
CMOQ Cominon Management Interface over QCOMM,
Components. Another term for bullding blacks. :
Core components The basic MMI, WM|, RTOMS, CONFIGURATOR and HISTORIAN
components,
cul Character User interface.
CustomView A proprietary name for the customised portlorl of applications,
DBOM Databasa Object Manager.
DSM Database Services Manager.
ETSl European Telecommunications Standards Institute, -
Framework Tha term used by recognised authors for a collection or abstraction of
: object/class camiponents that are specific to an application, and provide
reuse at the largest granularity
cosiP Governrmerit OS! Profile prograttime (USA),
Gul Graphical User Interface.
'HOM Historian Object Manager.
LabView A propristary market name for the core components plus a subset of
application components required for laboratory applicatlons
M Marn-machine Interface.
MO Managed Object,
NE Network Element,
ObjectView The proprietary market name for the toolbox of generic tomponents s\ited
for re-use in a variety of technical real-ime applications, (Note that this is
& proprietary name which atiginated frora the early days of this project,
and should not be confused with Barland's ObjectView product).
obBMS Object Database Management System,
oM Object Manager.
OO0A Object Oriented Analysls.
00D Object Osfented Design,
oop Objact Orientad Programming. -
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ABBR

ProcessViow

QCOMM
QLINK
RTOMS
SNMP
somt
TNM

Toolkit/Toolbox

MEAMNG

A proprletary market name for the core components plus a subset of

application components required for supervlsory monitoring and control -

applications,
Proprietary process-to-process communications subsystem,

Proprietary cross-iodal communications subsystem using TCPIIP'

Realtime Object Management System.
Simple Network Management Protocol,

. BSW.Data's Standard Object Management Interface.

Telecommunications Netivork Management.

Refersto a reposito:y containing bulld’ng blocks or components.
(Although thig is the widely used meaning, and is used throughout this

it contains components from which new systems are bull),
World Machine lnterface

. report, it is technically not accurate, A toolbox/toolkit implies "tools’ to aid-
the developar to design, bulld and teet systems. However in this context

T~
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14 |

INTRODUGCTION

STATEMENT OF FROBLEM

Of all the monsters that fill the nightmares of our folkiore, none tetrify more than :
werewolves, be .ause they transform unexpectediy from the famifiar into horrors.  For these,
one seeks buffets of silver that can magically lay them to rest.  Tha familiar software -
profect, at Jeast as seen by the non-technical manager, has something of this character; it is
usually innocent and straightforward, but is capable of becoming & monster of missed
schedules, blown budgets, and flawed products, So6 we hear desperate cries for & siiver
bulfet - something to make software costs drop as rapidly 4s computer hardware costs do,

- Brooks"™,

The above quote from Brooks™ class:caily sumnrarises the proble.ns of many software
projects.

‘The traditional functional decompos'tloh and structured anaIySis approaches to building
custom software projects has many problems. These problems include poor productwtty.
low re-usability and complexity of maintenance and testing,

As students we have been taught all the good things about the traditional structured
analysis and design methodology®®%, - As developers, we have ail enjoyed starting
each new project with a clean sheet of papaer, relishing the challenges of dasigning and

~writing software systems from scratchi.

Howevar, it is only a matter of time and experience before the fundarental probleme. are
appreciated. Initial excitement and commitment gives way to looming deadiines and
frantic activity, Problems of scope and complexity under-estimation, re-designs and
software changes, and tha resulting overiuns of budgats and time-scales And after the
dreaded tail-ond the post-mortem follows.

In recent years | have galned batter appreciation of the problems, especially as seen from
the view of managing software projects, At times it appeared that development teams
were not practising the structured methodologies properly - so sdditional effort was placed
on further unprovlng skills, and utilising CASE (Computer Aided Software Enginearing}
technologles in the davelopment process,

Apart from improving skills, two factors were evident in applying the traditional structured
analysis methodology to custom svitems development:’

Reuse - Although development teams did re-use software libraries to a very fimited extent,
there was no substantial sofiware re-use taking place,

Maintalnabllity - lmplementmg software changes both dunng and after development was
complex angd costiy.

Chapilar 1 | ' Page 1
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1.2
1,21

1.22

1.23

The above issuss and others have been well researched and are claimed 1o bethe -
primary causes of poor productivity and quality In software systems.  For these reasons
there has been a strong calt for software r3-usability and the use of re-usable software

comporients irnplemented with the objact-otiented paradigm. Some of the noted authors
who have done research in these fields include Brooks 3, Cox®®, Yourdon®, Lewis et
al*?, Meyer®*!, Gibbs et al®", Helm and Maarek®, Bames and Bollinger™", and cthers,

With the advent of the objeci-orientation paradigm in recent years, there has bean a
serious challenge to the traditional paradigms. The reason is that research has confirmed
that the object-oriented paradigm is particularly sulted to building re-usable components,
Interesting studies on this have been done by Booch™, Brooks®™, Cox™* and Yourdon®™,
CLARIFICATION OF TERMS

Definltion of the Project Report

This Projact Report is submitted in partial fulfilment of the requirements for the Degree of

-Master of Science in Enginesring. It is based on a large software development project

currently being funded and resourced by my emiployers, BSW-Data,

It Is Important to note that this software development project was not initiated as part of
the Project Report, but it was belleved that the subject of the Project Report would greatly
benefit the development project, and likewise the development project would benefit the
Project Report. '

For this reason it Is necessary to clearly differentiate betwaen the software developraent
project, and this Project Report.  Throughout this text, the development project is referred
to as the 'project’, and the Project Report wiil be referred to as the 'report’ or the ‘study’.

Definition of feal-time Systems

For the purposes of this report, it is necessary to define what is meant by realtime
systerns, seen in context of our current applicaticr domaln, The Telecommunications
Network Management (TNM) application domain is «.a focus of this study, This
application domain Is realtime In terms of the timing, asynchronous and distributed
processing of real-tima information, requiring real-time responses from seconds to
millieeconds, Refarences to ‘real-time’ in this repott does not extend to sub-microsecond
mission-critical applications.  (Refer to Section 1.8 of this Chapter for a review of the
telecormnmunications network management domain),

Definitlon of Technlcal Systems

In this report, reference to ‘technical systems' is made. This is indeed a very broad
reference, For the purposes of this study the term ‘technlcal systems' will be defined as
non-comimercial software systems that are used to motiitor, process, report on, and
petform control on external real-world physical objects. Good examples are systems for
process-tontrol supervisory systems, teleconmimunications network management
applications, electricity reticulation, laboratory control etc.

Chapter 1 ' Page 2
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1&3’ o

OBJECTIVE OF STUDY |
The objective of this sttidy was to inveshgate and develop an approach 1o building

real-time softwarg systems based on re-usable object-oriented components. A further
objective was to assess whether this approach was succassful particularly in terms of
smproved re-usabiliity, maintainabilit.- and fproductivity.

In ten'ns of the above global objective, there weve five major focuses in this study:

('1) To research, manage and guide the design and development of an object-oriented

component approach to building real-time software systems The building blacks,
‘o software 1.C.s (Cox?'), were ta be implemented using the object-oriented

. methodology and technologles. The goal was to create a "toolbox’ of generie,
re-usable bullding blocks that could be re-used to bt.uld and integrate hew
distiibuted real-time apwiications.

{2)  The second major focus was to guide the design and development of sultable and
practical component structures and layers for the various subsystems so as to
further augment the re-usability. . _

- {3) The third focus was to research and develop methods of communicat{ng between

these building blocks along a 'software highway'. Particular attention was o be
given-to the use of object-oriented forms of industry standsrd protocols, such as
OSI's CMIP/CMIS protocol and services, implementéd on the O8I, TCP/IP and
proprietary communications stacks. o

%) The fourth focus was to use these components to build a real-world

telecommunications network management application.

{5) The final focus was to critically analyse the issues involved in adopting the
object-oriented approach to bullding real-time systems.

With this ‘toolbox’ of generic core components, the objective is for the application
programmer or ‘domain expert’ to rapidly bulld new applications, where it would be
necessary to develop only that portion of the system pertaining to the specific application
domain &g, network management, raateriais handling, water treatment, plant cantrol,

The research includes & report on implementation of a real Telscommunicationis Naetwork
Management appiication based on the "toolbox" of generic object-oriented software
components. Examples of design approaches employed and notation methads to
document generic classes and application object ¢lasses are also included.

The technical and project management/control issues and imetrics have been monitored
and recorded during implemantation of the application,  The project repont concludes with
a critical analysis of these issues as compared to the custom soﬂware development using
the traditional structured analysm paradigm,
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1!4

1.5

WHAT IS NEW IN THIS STUDY

There is an abundance of literattire on object-orieritation written by noted authors such as
Baoch, Meyer, Cox, Yourdon, Lewis, Wirfs-Brock and others (see referances). Much of
the literature covers topics such &s ubject-oriented analysis, design and prograrming, as
well as re-use and dasign and management of re-usable class librarles. Further research
and literature exists on object-orlented databases, project life-cycles and project -
management.

However, mast of these studies are in-depth research of particuiar topics There appaars
to be limited consolidated work which addresses alj the issues concerning the practical
appiication of this paradigm: in the development of real-time technical systems, (Refer to
saction 1.2 of this chapter for the definition of technical real-time systems). Tnese Issues
range from the technical to broader organisational Issues, It Is these issues that have
been studied, researched and reported in this research report. .

There is however. one very Interasting study dohe by Ahmad et al“’ on the application of
object-oriented software in real-time systems, Here the two vastly different paradigms are
used by rate project teams to develop the same functional system.  The finciings of
Ahmad's i.-aarch are frequently referred to, corroborated and challenged in this study.

SCOPE OF THIS WORK

~ The scope of the project report isto resaarch and guide the development of an

objact-oriented approach to building generle building blocks that can be practicaliy and
affective{y used for appllcatlons in Telecommunications Network Management.

The topic has personally been a subject of intense Interest sinca early 1991, and as such |
have been invoved in the recent initiation of the developmerit project.

1 am performing the project management functions on the developrment project, and the
development team consists of an average of 14 systems engineers, I this role | have
had close involvement in the design and project management aspeots of the project, as
well as being responsible for the management, control and direction of the re-usabiiity
pragramme in the organisation.

This project report is not intended to be a computer science study of object-orientation as
applied to building re-usable components. Instead it is software engineering research
and studles a component approach to building realtime systems using the object-ariented
paradigm,

To clarily the definition of software engineering, Macro and Buxton®®? define software
engineering as .. & whole set of activities needed to produce high quality software systems
within known limitations of resources such es time, effort, money and equipment.  These
activities include specifications and feasibility studies, programming, y.afity controf and
assurance, and documantation.’

Hawever, this definition should be extended to explicitly define project managemeant
considerations as an activity, since this is very important.

Chapter 1 Page 4
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1.8

The paragraph above therefore implies that this project report researches the wider and
more global issues that are refated to the whole life-cycle of building object-oriented
component-based real-time systems.

For my employers, this programine is expected to continue way beyond the time and
scope constraints intended for this project report.  For this reason it is necessary to
clearly define the scope of this Project Repart:

* To research, manage and guide the design of tha structure of the components of
thie various subsystems, and to direct, monitor and manage the software
develo_pment process and the developmaent team. '

* To plan, formulate and control other relevant issugs, including resourcing, tralnlng.
quality assurance and testing.

* To record problems, analyse issues and draw conclusions on the object-oriented
building block approach as applied to the development of a real-time dlstrlbuted
applications.

ORGANISATION OF PROJECT REPORT

Chapter 1 summarises the statement of the problem, the purpose of the study, and the
orgamsatmn of the remainder of the project report.

Chapter 2 reviews the different approaches to bullding real-time software systems,
comparing and critically analysing the issues between the fully custom-developed systems
to complete product-based systems. These Issues include the technical, cost, project
management and risk factors, A motivation for a component-centred approach is then
put forward, where re-usable components or building blocks are used to build software
systems. The functional decomposition or structured analysis paradigm traditionally used
to develop software systems (whether component-based or cumomised), is then critically
reviewed and the fallings are discussed,

Chapter 3 introduces the object-oriented paradigm as an alternative approach (to the more
traditional functional decomposition approach) to bullding software systems. The new
paradigm's suitability to developing re-usable components is also motivated, The relevant
technologies, standards and other issues affecting the adoption and success of the
object-orlented approach are reviewed, The chapter concludes with a review of software
engineering and other organisational issues that had to be considered at the very
beginning of the development project.

~ Chapter 4 firstly defines what is meant by real-time distributed systems and describes

typical appiication areas. The generic requirements for these systems are reviewed, and
in this context the design of the generic architecture is introduced. The undetlying -
communications highway design is reviewed, and the 3-layered object-oriented component
philosophy is introduced.  Within the 3-layered philosophy, the lower-layer generic
components are datailed for each of the software subsystems,

Chapter 5 first describes the Telecommunications Network Management (TNM) application
domain. For this domaln, the second-layer domain-specific campongents for each of the
software subsystems are detailed, Chapter 5 also describes the technical detalls and
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1.7

1.8

1.8.1

application engineering involved in utliising these bmldmg blocks in a real-world
telscommunication network management applicatior.

Chapter 6 is a critical analysis of the otject-oriented component-centred approach. All
reiated issues are examined, specifically the degree of re-usability and productivity, System
development, project managament and other organisational issues are adlso questloned
and concluslons are drawn,

Chapter 7 concludes the stirdy with a review of the objectives and major arguments of the
study. A summary of the ﬁndlngs and results Is presented, together with concluding
statements

Chapter 8 details are'as_ where future research is required,

RESOURCES AND ENVIRONMENT OF THE STUDY

The materal required for the research and study has been obtained from extensive
literature surveys, specifically current journals, publications and conference proceedings.
Material and information has also been obtained from conferences and training courses,
and interaction with other companles and interest groups. Most importantly, much data
and other material has been obtained from the devilopment project itself, and from
implamentlng and managing previous sofma.-e projects,

The practical implementation and research of the study has been conducted at the
Author's employers' premises, Resources utilised included a network of Hewlett-Packard
9000/800 series computers and HPY000/700 series workstations with C++, MOTIF/X,
public domain software, peripherals and personal computers.

INTRODUCTION TO THE TELECOMMUNICATIONS NETWORK MANAGEMENT
DOMAIN

Extensive reference is made in this report to technical real-time systems, and the

- Telecommunications Network Management {TNM) domain. The context of ‘technical

systems' and 'real-ime' systems has been previously defined in this chapter.

However, to fully appreciate the subsequent material In this report, this section coritains an
intraduciion to the real-world domain of telecommunications networks applicable to this
study, as well as the generlc functions required of telescommunications network
management systems. _

Differentiating Telecommunications Network Management from Network Management

The general industry definition of 'Network Management’ concemns management of antities
on an organisation’s corporate or operational network, and involves management of
network elements such as routers, bridges, servers, hubs and other network resources.
This is quite different from the requirement for telecommunications network management
applications, the subject of this study, TNM involves monitoring and controlling network
elements in the outside wottd, beyond the data communications network that inter-links the
hosts of the distributed systems, Examples of these nietwork slements include micrmvava,
switching and telecommunications transmisslon equipment.

Chaptar 1 Page &
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1.8.2 The Physlcat Model

183

Figure 1,1 balow depicts the threa relevant areas of te.acommunicat!on networks that is,
mlcrowave, transmission and switching.-

Microwave - Carries the majority of telacommunications traffic, and microwave elgctronic
ey prment has outputs that Indicate the operational and error status of that equipment.
Tvess indications are monitored and stored by the remote cutstations situated in the

‘carrder rooms, and are paricdically polied by nationatly distributed TNM front-end systems.

Transmission - This consists of 2, 8, 34 and 140 Mbit stream muitiplexer and demultiplexer
equipmient, which also has outputs indicating the operational and failure status of that =~
eqguipment. These are also monitored by remote outsiations which ate periodically poited
and monitored by regional TNM front-end systems. The transmission and mlcrowave
subsystems are merely bearers of traffic they are carrying.

Switching - These are the end users of the transmission and mictowave systems, and

outstations for monitoring this equipment are situated in the switching exchanges. - These

outstations periodically poll and monitor the exchange equipment, and monitor not only
the faults and status, but also measures the amount and integrity of traffic being piped into
the transmission multiplexer aquipment, and the related traffic received at the othar end
from the transmission demuitiplexer equ:pmen.

Genetlc TNM Functions

From the above domain overview, it is easy to apprec:ato that such extensive transmission
equipment requires Integrated and effective management, With successiul
telecommunications network management, a high level of service is ensured to all users
of telecommunitationss, from privata telephone subscribiers, to high-speed

corporate/ sanking customers.

Bo that the reader may better appreciate the structuring and dasign of the components

described in later chapters of this study, the generic functions of TNM systems are
summarised below: _

- Momtor equipment faiiures on mlcrowave. transmission and switching equ!pment
. {this will be referred to as Fault Managemant)

- Monitor statuses and maintain configuration on microwave, transmission and
switching equipment (to be classilied as Equipment Management).

- Monitor the grade (bit-error-rate) on the beaters or channels (also
Equipment/Performance Management).

- Dynamically add, delete and reconfigure the telecommunications network
configuration on the TNM system {Configuration Management).

- Monttor traffic {usage and utilisation) being carried by different bearers and Iinks
(this will be refarred to as Tralfic Management)

Chapter 1 | | | | o Page 7
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1 .84 TNM Syslems

A ‘TNM systam typically consists of geographicatly distributed comptiters Interconnacted by
high-performance networks, Depending on severat factors, some of the computers may
serve as reglonal front-ends, othars as Man-Machine Interfaces (MMIs), and others as
ceriral database servers.  The regional front-ends typically connect to the equipment via
direct or multi-dropped RS-232, X.25, Diginet eic. (Refer ta Figure 6.5 in Chapter 6 for an
example TNM hardware topology). :

The above concludes the overview of the telecommunicaions network domain, including
what is mearit by microwave, transmission and switching, and the physical relationships
between the different types of equipment. This overview has been included so that the
reader can better appraciate later references to distributed realtime systems and the TNM
application domain. Chapter & contains further details on the TNM appltcation domain.

Ghapter t ' _ Page 8
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2,11

MOTIVATION FOR AN OBJECT-ORIENTED COMPONENT
APPROACH

This chapter reviews the dilferent solutions to impletnenting real-time software systems for
end-user requirements. This is nacessary to clarify the meanings and differences
between customised, component, packaged and product-based software solutions. The
issues of sach of the solution approaches are compared and critically analysed.

Thess issues include the technical, cost, project management and risk factors. A
mativation for a component-centred solution ig then put forward, where re-usable
compenents or building blocks are used ta bulld softiware systems,

Tha functional decomposition or structured analysis paradigm traditionally used to develop
software systems {whethet component-based or customised), is then critically reviewed
and the fallings are discussed, _ '

The arguments put forward In this chapter form the foundation for the n:.......so0n of an
object-oriented component-based approach which is introduced in Chapter 3,

SOLUTIONS TO BUILDING SOETWARE SYSTEMS

The approaches to building technical software systems, specifically real-time _systems,
range from the fully customised solutlons to packaged solutions. These different
approaches to providing solutions are briefly reviewed here.

A graph which de_pidts the rélationshlp of the different solution approaches with respect to
re-usability and development cost is shown In Figure 2.1 below.

The graph in Figure 2.1 (which is based on personal observation and not empirical data),
essentially highlights the fact that the more customised a solution is, the higher the degree
of fit but also the higher the relative cost.

Customised Solutions

The customised method of bullding software systams involves custom bottom-up software
development. The development is customised around the specific requirements of the
application, Minimal software is re-usable from previous applications and likewise new
custom development produces little re-usable software for future applications.

The main advantage of this approach Is the high degree of fit to customer requirerent
(provided the requirement specifications were accurate and thorough), The
disadvartages include relatively high costs, long development cycles and high risk. Also
a very low daegree of re-usable software Is produced by custom develaprment. Further
valld argument is put forward by Ahmad et &l and Meyer*? In that the custorised

. solution‘is highly Inflexible, and thus difficult and costly and change and maintain.
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Figure 2.1;  Approaches to Building Software Systems

‘2,12 Product Solutlons

As seen in Figure 2.1, the produci solutiui is the extreme opposite of the customised
solution. The product solution is sold as any manufactured product and has a high level
of re-use, It also has the lowest cost and risk, but in terms of disadvantages it has the
lowest degree of configurability and fit.

This is not generally true of commaerclal Jroducts, espeacially with personal computer
sofiware producte, but the situation is very diff rent for sruduct solutions for technical
real-time applications. _ -

2.1.3 Packaged Solutions

The packaged solution may be viewed as a 'flexible' or ‘configurable’ product solution, A
solution can be provided by integrating and configuring the package or packages to
provide a fit with the customer requirement.  The Installation and configuration of technical
packaged solutions is not always customerfriendly, and generally requires a domain
expert or integrator,

The packaged solution is almost a product and has a high degrea of re-use for its
intendad application domain, it is also substantialy cheaper than the customised
solution,  But the degree of fit Is often poor.  Because of its genetic nature (ie. provides
solutions for all requirements in its application domain), & often suffers from noor
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2.1.4

performance and unwieldy operation and configuration. However, this approach is often
a valid ona, especially in cases where the package closely meets the end—user
requirement, . _ _

Component Soiutions

The component solution may be defined as functional software componerits each of which
encapsulate particular and associated functional behaviours, This solution is positioned
between the pure custorised approach and the package solution. In fact, customised
developments try to a greater or lesser extent to rnake use of components from previous
applications,

Unfortunately, this re-use has not always been that effective when the software has been
developed with the traditional functional decomposationlprocedural programming
msthodologies.

- Althought this approach still provides a good fit to the end-user requiremeant, the degree of

re-use is relatively low, and the cost of implementation is still relatively high.

It is in this particular area {ie. vomponent-centred solutions), where it is strongly argued by
authoritative authors like Cox®, Meyar*® and Beuch™ that the oblect-oriented paradigm
makes a major contribution. It has been argued that this paradigm is far more smted 10
component re-use because of the very characteristics of the paradigm,

It Is this very issue that is argued in this study, Later in this report it is demonstrated that
the component-centred approach based on the abject-oriented paradigm results in a good
degrae of fit coupled with the cost and risk advantages of a 'product’ solut..

The different approaches to providing solutions have been outlined above, and the
advantages and disadvantages of each have been reviewed, It is also evidant that
although it would be ideal to provide product-based solutions for technical real-time
applications, the unigue requ=ments of different applications (even In the same
application domain) make this aifficult,

The best compromise would be to address component-based solutions, and Investigate
effective metkods to improve re-usabllity and lower the development cost.

THE NEED FOR A COMPONENT-CENTRED APPROACH

In this section the need for a component-centred approach is motivated and some of the
concerns regarding marketable re-use are presented.

There has for a long time been & strang call to change the software davelopmam process
from tha custom cut-tofit craft to a manufactuting enterprise, Cox®™ calls for the
assembly of software solutions from robust off-the-shelf reusable subcomponents, These
subcomponents are in turn supplied by muitipie lower-level software producers.

Cox alsa talks of the 'software industrial revolution' where the key element is 10 create &
standard parts marketplace where problem-solvers ¢an purchase low-level pluggable

Ghapter 2 Page 12
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software components to assemble higher-level solutions,

Howaever this goal Is optimistic, and even Cox admits that software products are not

tangible as are manufactured praducts. Although this i the ideat goal, there are many
problems in achieving it.. In this study, where this componeni-centred approach is
researched, it was found to be a particularly difficult goal to achleve. This is mainly due to
the fact that real-time techriical applications possess unique and oonstamﬁy changing
requiremerts.

One of the challenges of this study was to observe how generic and re-usable the
components woulid really be, Many articles, papers and related studies are great :
proponents of the object-oriented goals of high re-use. and bui!dlng new applications from
large stable object camponient repositories (eg. Gibbs™, Arango™). Others such as
Anderson® and Biggerstaff'® hava challenged the markat re-usabmty of software
components.

This state of ra-usability has already been achleved in certain appllcatlon areas, such as
graphical user interfaces anc¢ CMIP/S communication protocols, whete standard obiects
and class librarles exist, However, in this study it became clear that this state of
re-usability would not be fully realisable - especially in technical real-time applications,
where needs and requirements are complex, unique and changing.

QOne of the most difficult challenges in this study was to model and structure the
compaonents in a way such that a satisfactory degree of product reuse would be possible,
but at the ssme ensuring a good fit to the customer requirement and more important
ensuring adequate performance, [t was impartant to avold ending up with a toolbox of
components that wera over-generalised, difficult to fit to requirement, and cumbersome
and unwieldy in terms of performance,

in addition to the goal of a component-centred approach, it was also vitally important that
this approach did not compromisa any of the goals and principles of sound software
engineering (Ross et ai™),

Of the differant approaches to providing solutions i is therefore clear that the
component-centred method is best for enhancing re-usability with the object-oriented
paradigm,

in Summary

The previous sections have motivated the use of a component-centred approach to
building real-time systems. This Is in contrast to the use of the jully customised
‘bottom.up’ approach. The main benefits to be gained from this approach would be
improved software re-usabllity and hence improved productivity. {One must bear in mind
that component-based systems could be developad with efther the traditional paradigms
such as functional decomposition and structured analysis, or the newer object-oriented

paradigm).

It has aiso been concluded from research literature that the object-orientad paradigm is
clearly the better methodology to use for component re-use. But It is nevertheless
necessary to review why the mere traditional paradigms are eriticised as being unstitable, -
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2.3.1

23.2

233

2‘ 3.4

CRITICAL ANALYSIS OF THE TRADITIONAL PARADIGM

Before an ob]ect-oreented component approach to bullding these systems can be
motivated, i is important to critically analyse the traditional appraach and review the typlcal
problems and shortfalls, ‘The more Important issues are discussed hate,

The Traditional Paradigm

The traditional paradigms utilise the principles of structured analysis and design, functional
decomposition, and the 'waterfall' software iife-cycle with its project phases. This includes
the definition of the User Requirement Specification, Functional Requirement Specification,
the design phase, module design, pseudoceding, coding, testing, integration,
commissioning and acceptance. This approach to software engineering, which is widely
practised, is well documented by noted authors Including De Marco®! |, Yourdon®™, Gane
and Sarson®™, and Warc' and Melior™ who have extendad the basic methodology with
reai-tlrne extensions

Madelling of Functions

Generally structured analysis and design of non-commercial systems places emphasis on
the modelling of functions, and little emphasis on data modelling. As Yourdon®
obsarves, more recent variants of structured analysic do focus more on data with the
entty-relationship diagrams, but many project téams ignore them altogether when
modgliing user requirements, focusing instead on the ubiquitous data-flow diagram.

Not Suited to Graphical User Interfaces
This problem refers to the fact that structured analysis provides Iuttle or no guidance in
daveloping the user interface of a system. As Yaurdon® comraented, structured

methodologies were developed in the 1970s before the advent of the GUI (Graphical User
interface). These days often a major partion of the software is assaciated with the GUI,

Changlng Requirements

" The traditional top-down approach tal-:es na account of ovolutlonary changes. Thisls

observed by Lehman®? who classifies programs into 8, ® and E-programs, of which P and
E programs indicate software evolution being an intr:ns:c. feodback-diiven property of
saftware, The functional decomposition approach dogs ericourage a degrea of
information hiding and generalisation through the use of functions and subroutines, But
because functions are still modelled around giohally accessible data storagse areas, any
changing user requirement that affects data structures has a domino effect on the rest of
the subsystem:, So this approach resuls in systems with a low degree of robustness.,

Experience has shown that changing requirements are a fact of Iife in software _
englneering. How often has it not happened that a new requirement forces the designers
to back-track to eariier stages of the life-cycfe, Often a change perceived as minor has

~ extensive implications bacause functions are modelied arcund commoen data structures.
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2.3.6

23.7

Software Engineers lack Domaln Knowiledge

Closewy refated to the abave issus, and aggravating the situation, is the lack of domain
knowledgs by software engineers. Software engineers are computer literate and can
implement the requirements as perceived. However they are not necessarily domain
knawledgeable, and may not understand and cotrectly interpret the user's real
requirements. .

Thare has bean a strong call, particularly with the object-oriented paradigm, for a domain
specific approach in the software community

Gibbs et ai*? have already proposed the ideat scenarlo where applications would be
based on generic software components accumulated by a software community familiar
with the appfication domain. Pliskin et al*® have taken this lssue further by proving that
rapid prototyping by end-users enablas more sifective utilisation of domain knowledga.
With the traditional paradigms, & is evident that it is mere difficult to soparats the functions
of implementing generic sofiware and implementing domal- =o¢ software  Hence it is

necessary for developers to have the necessary domain ¢ well As will be
demonstrated later in this study, the object-orlented ps - - -stilted to
soparating these roles. On this basis, not glt develope.. -+ wtoje.. .. ad to have the

domain knowledge.

The importance of domain knuwledge should never be under estimated, At tha start of
this study, it was required to develop additioral domaly enginears to assist vith
davelopment of the domain-specific components. It provea to be particulady difficult to
gain khowledge of the complax telscommunications network maragement domaln, In
some cases it took newcomere several months Just o learn ths new domain vocabulary,
and took several mora months to undarstand the domain function moddels.

Inftexibility of Top-down Deslign

Another crliticlsm levelled at tie top-down approach is its inflexibility. As Meyer'® argues,
top-clown desigh may be effective for developing individual algorithims and routines, but
goes against re-usabllity when applied at tha systems level. The reason is that top-down
promotes one-of-a-kind developrment and relies or a single, frozen top-level function« a
casé that is rare in practise,

Not Sulted to Re.use

A major problem of the structured approach is its unsuitabllity for re-use, As correctly
obsetved by Edward Yourdon®, the programming and documentation notation of
structured analysls provides little mechanism for emphasising re-usable components. The
reasons are mostly due 1o the enormous emphasis placed on the modalllng of functions,
with less emphasis on the data modelling. The result of this is difficutty in abstracting
function motlels with clear interfaces.

Another Interasting comrent made by Meyer®® Is that the top-down design method goes
agalrst the key factor of software re-use, because it promotes one-of-a-kind developments,
rather than general purpose combinable software elements.
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Decreaslng Hardware Costs highlights Soﬂware Qust

Another factor is the aver decreasing cost of computer hardwaia which further highlughts o
the software crisis. In some past projects in our organisation, hardware has accounted for
as Jittle as 25% of the fotal contract value, It is becoming more apparent that software is
too costly, and of Insufficient quality, and its development is near impossible to manage,
Estlmallon of Time and Resources Required

Angciher prob!em maracterlstic of the 'waterfall’ scftware life-cycle of the traditional

" approach is accurate estimation of cost, time and other resources required for software

development and maintenarice. Techniques available for estimation of resources range

from very theoretical empirical methods to crude estimation based on past projects. In

general, as observed by Lehman®™, techniques estimating project requirements based on
objective measurement of such attr!butes as application complexity and size have proved
unsatisfactory,

It is of Interest to note that this study proved that the object—oriente.d' appreach proved no
better in this regard. This issue Is discussed In detall in a later chapter,

Effort of Maintenance

Basili® neatly defines the 1ollowlng mairitenance activities: corre~ting faults in the: system,
adapting the system to a changing operating environment, ary  dapting the system to
changas in the onginal requlrements -

The malntenanoe problem of traditionat data-structured soﬂware is well known and
dogumented®%47, The main criticism is that any change 1o data structures affects alf
processes and functlons assoclated with the data structures. This generally results In the
malntenance activity costing more effort than the original development activity.

What makes the maintenance issue even more lmportant is the sheer size of this actlvity
A statistic quoted by Lehman®! indicated that in the U.S.A, 70 percent of programming
activity was spent on program maintenance, and only 30 percent was spent on program
developmient,

Another study by Wilma Osborne of the Nationsl Bureau of Standards in the U.S.A,
substantiates the above statistic by suggesting that 60 to 80 percent of the total cost of
software is due to maintenance™. Since one way to re-use a program is to enhance it

- malntenance Is a special case of software re-use,

2.3.11

Other Project Management Issues

In our organisation's experience, the relatively long project life-cycles of the traditlonal
appreach creates other problems such as team demotivation and st "* tumover, Also, the
sometimes long periods of systemn commissioning at remote sites presents additional

‘problems,
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The long project life-cycle also has financlal implications. When developing for the
end-user, it is difficult to motivate progress payments for certain milestones. Somea
customers do not regard the specification, analysis and design documents as "products’,
and progress payments can often only be negotiated for written software that can be
demonstrated, 'This may have implications on the project financlals and cash-flow when
running the project over several calendar years, as damonstrable implementation only
proceeds only wall into tha project lifa-cycle.

CHAPTER SUMMARY | |
In this chie *er, two issues were discussed, Tha first was a review of the different methods

of providing software solutions, and the second was an analysis of the criticisms Ievelled at
the traditional procedura! approach to developing software systems.

. Ot the diffarent solution appmaches‘ it was found that the packaged and product-based
solutions were nat ideally suited to the unique requirements of distributed real-time

technical systems. On the other hand it was noted that the customised approach ig

“expensive, tisky and has long implementation times, Howaver, it was motivated that the

component approach is where the best contributions can be made to Improving the
software engineering process. This is primarily due to the object-orientad melhodology S
sultability to bullding re-usable camponents

" In the second pait of the chapter some of the criticlsms levelled at thé trad!tional functional

deuompoisltlon para'digm and the assdc}ated "waterfalt’ life-cycle were reviewed,

Based on the arguments reviewed in this chapter, it was believed that there Is a strong
motivation for an object-oriented companent-based approach to building software systems,
and later in the study the results, analysis and criticisms of this approach are recorded.
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3.1

THE OBJECT-ORIENTED PARADIGM AND RELATED ISSUES

In the previous chapter, t the need for an object-orlentéd component-centred approach to
buiiding software systems was motivated. The objective of this chapter Is to firstly

 introduce the object-oriented paradigm and then to yeview and debate some of the telated

considerations, This is necessary before leaping directly into the design of the core
components,

Firstly, this chapter introduces the object-oriented paradigm as an alternative to the more
traditional functional decomposition approach to building software gysterms, The
introduction reviews the basic principles and characteristics of the ob]ect—orlemed
paradlgm

'The relevant hardware and software technologies, standards and other issuss affectmg the

adoption and success of the object-oriented approach are then detalled,

Because the object-oriented life-cycle is quite different from the traditional 'waterfall
lite-cycle, the object-oriented life-cycle found appropriate to this project is described, The
model used for the development team roles is also described.

Finally the chapter concludes with a review of software engin‘eering'arid' other 'soft’
organlsational issuies that had to be considered at the start of the development project.
THE NEW OBJECT-ORIENTED METHODOLOGY

The origins of obléct-orlentation can be traced as far back as the early 1960s with
languagas such as ALGOL 60 and Lisp, Since then there has baen a steady evolution of

- object-based languages such as Pascal, Ada and G and true ohject-oriented languages

such as Simula, Smalitalk, C++, CLOS and LOOPS (Booch®"™), These languages
possessed many of the characteristics of object-orientation as we know it today. However
it appears that these origins were more language based, and it was only in the mid 1980s
that object-oriented was first formalised as an actual methodology for constructing
software systems, and included QOA (object-oriented analysis} and OOD (object-orlented
daesign) as wall 2s OOP (object-oriented programming).

From the mid 1980s it has progressed from being an impressive buzzword in the software
marketplace to & more mature and deveioped methodology that is steadily gaining
acceptance and being more widely applied.

Thera exist mahy good books and article references on this methodology, and it is beyond
the scope of this study to detail the methodology Itself. However the basic philosophy of
the methodology Is outlined here, and the reader is encouraged to refer to the
bibliography of this study for several good references on the ohject-oriented paradigm,

The object-oriented methodalogy is said te be a new method of viewing software, where
the emphasis is shifted to the objects we build rather than the processes we use to build
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them, Object-orlentation means abandoning the pracess-ceniric view of the software
univarse where the programmer-computer interaction is paramount in favour of a
product-centred paradigm driveri by the producer-ounsumer relationship,

~ It allows better factoring of Mnctlonality and related data inté components that are

minimally coupled. The data Is encapsulated with its associated processing and cleatr
imerfaces are defined. This means application programmers do riot have to be concerned
vith the pracesses within objects - how they wark and implementation detail is not
required. '

The object-oriented -paradigm includes object-orlented environments, databases and

architectures, It also includes the analysis, design and programming methods, There

exist many references and studies on the different OOA and QOD spacification and
notation methads, One of the references highly favoured by the majority of the
development team of this project was that of Grady Booch™, titled Object-ariented Deslgn
with Applications

* 1n assence, the ob;ect»orientanon paradigm has been narrowly defined by Wegneri'“’ o

conta:n 4 main propetties:

(1) Objects have operations that define their behaviour and variables that define the
: state of the ubject between operation calls. o

@ ‘Classes describe the common behaviour of collections of objacts _

)] Classes may be specialised by defining a class that adheres to all the behaviours
of the ariginal class. Additional behaviours and/or state variables can be defined
for the new class. (this is generally referred to as inharitance, where the originat
class 1s called the supsrclass and the new class is called the subclass), :

4 Objects are first-class citizens and obay the semantics of other types in the

language. (This is generally called aggregation, as it allows ob]ects to be
composed of other objects).

The section above on the object-oriented methudoiogy has briefly described the origins of
the abjact-orfented paradigm and the basic characteristics. For further detalls on the -
methodology itself and the suppoiting environmems, refer to the bibliography

NEW SOFTWARE TECHNOLOGIES AND STANDARDS

Although the subject on open systems, and formal and de facto standards for Common
Application Environments (CAE) Is very extensive, it is necessary in briefly raview the
current status of the Industry in terms of standards and common operating environments,
This is because these standards very much affect the degree to which the object-oriented
components can be re-used. More imporiantly, the status of the standards industry
directly affects the use of the CMIP-conformant software highway. which is one of tha
research points in this study
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3.21 The Move to Open Systems

While open systems maan different thmgs to different people In different software
industries, the ongoing standards battles has significant impact on the avolution of an
effective open environment. Hampel®" and Held‘“’ Belleve that the scope of the Open
Systems diive includes: _ _

consistent »)ser iriterfaces

database systems and consistent data access
operating systems

local networks-

backbone networks

inter»campany networks -

* & % % & %

The primary objecﬂves of the Open Systems drive Is to guaran“-e

portabiiity,compatibility, inter-operabllity and scalability (Hayes®™, Hampel®), Each one of
these objectives detarmines the degree to which object-oriented components could be
re-used,

The evolution of the de facto standards and formal standards for a Common Application
Environment (CAE) is quite interesting. UNIX Internationtal (Ul} and the Open Software

~ Foundation (OSF) appear to be driving the industry towards different standards, although
the two bodies have several features in common (Hampel®"),

These include; |
. Transmission Control Protacol/intemet Protocot (TGR/IF) for communications
* Netwark File System (NFS)
* Compliance 1o POSIX
®

“Commitment to the 081 standard

However these are bodles that drive the de facto standards, and they in turn are

influenced by several industry pressure groups such as the Petrotechnical Open Systems
Corporatlon (POSC), the Int, Public Sector Information Technical Group (IPSIT) andthe
User Alliarice for Open Systems (UAOS). '

At the othar end we have the emergence and evolution of the formal standards such as
IS0, IEEE, POSIX and ANSL In between the de facto and formal standards, the X/Open
organisation has emerged as a bridge between the Ul and OSF and the formal standards,
As an independent body, it takes on the role of combining formal and de facto standards
in an attempt to create a Common Applucatlons Environment (CAE). provlding pattability
and lhter-operabllrty

Figure 3.1 below graphically shows the current relatnonship of standards bodies
{(Hampei®h), .
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Flgure 8.1: Relationship of Standards Bodies

3.2.2 Imptications tor the Object-oriented Approach

The objectives of Open Systems and the associated standards are seen as a benefit both
10 the users through greater ¢hoice of hardware platform and to software davelopers
through availability of a volume marketplace on an international basis. _

In theory the oblectives of standard operating environments and inter-networking sound
good and make sense. However in reality there are still many headaciies for the systems
developer and integrator because of the different versions and flavours of products based
on the so-walled standards.

Apart from technib_al acceptance of and compliance to standatds, ancther problem Is
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3.2.3

3.3

end-user industry acceptarnce of the standards, Ona of the major declsions that had to be
made for this project was whether to adopi the well-entrenched and proven TCP/IP
protocol stack for inter-network communications or adopt the much newer OS|

" communications stack.

-

In Summary

it has been necessary to review the software techinologies and standards applicable to this
project, since they have an effect on our object-oriented component approach strategy.
Since this project is not based on a singfe computer, but on a real-time network of
heterogeneous computars, it was important to evaluate which operating environments and
standards we wouid adopt, and which should be catered for in the future. With the 'Ight

" choices it was believed that the applicabliity and marketability of re-usable compone.

would be wider,

Although the goals of Open Systems are comimon, there stlll exist many divergent views on
standards, as observed by Hampel®”, Although funther formalisation of the standards is -
taking place and the formal and de facto standards are converging, the situation presents
many operational and strategic problems for a software development arganisation like
ourselves, -

As reviewed in this chapter and in Appendix A, the status of the standards industry s
commplex and extensive, and the material reviewed here is only the tip of the iceberg, An
extensive study ard evaluation of the standards industry is not in context of this study, and’
the reader Is encouraged to refer to. the relevant references listed in the bibliography. The
brief review of the standards industry given in this chapter, and in Appendix A, has been
sourced from the references in the bibliography and several other academic and -
industry-related publications.

At the end of the day, it is important to cater to the end-user demands. Currently many
end-users are vety much entrenched in de facto standards, although they claim to be
committed to the direction of formal standards. The implication of this for our organisation
is to structure our object-oriented component approach strategy and design so as to be
able to accommodate and migrate to the formal or whatever standards the end-user _
industry adopts in the future. This strategy is evident in the philosophy and design of the
oblect-orientad component approach as detalled in the remainder of this study.

NEW HARDWARE TECHNCLOGIES

in this chapter, we need to review the evolution of hardware tethinologles, since this has
an effect on standardisation, portability, software complexity and the objsct-oriented
methodology, To have all these good things extra processing powsr, memory and dise
storage Is necassary Fortunately the avolution of hardware technology hag been
remarkable.

An example of this is the Hewlett Packard HPSQ00 range of UNIX minlcomputals {shown in
Table 8.1 below), whose models have shown an approximate doubling of performance and
mamory capacity every 14-18 months for the same rélative price,
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344

Il vow Plattorm | Year | MIPS | Max.
HPOOCO/S25 |87 |B | 48Mb
| vpooooisaz = | ea  Ji8  [same
I vpoooorezz {91 a8 | 12ame |
i HPaooo/720 91 |83 | 12amb
lveocoorse  [e2 |75 | 2semp
fwPsooorrss [ss {120 | ssemb

Tabfa 3.1: Example of -Hardwam Teéhnoiogy Evolution

Why exactly do we require all this power far the object-oriented approach? Firstly the
building block approach with object-orientation implies a high level of component
encapsulation with standardised softwara interfaces, application programmer interfaces
and a degree of redundancy in data and functionality, - -

Secondly, in real-time applications a great proportion of managed objects need to be
memoty resident for performance reasons, and use of a ganeric interface to the real-time
software highway requires very complex multi-layered communications software, These
issues are further reviewad and analysed iater in this report,

THE OBJECT-ORIENTED .LIFE-CYCLE

From research of relevant literatura™®% and our own pilot pratotyping, it became
obvious that the iife cycle of the object-oriented approach to bullding components would
be quite different from the traditional ‘waterfall' life cycle. in this saction some of the
problems of the traditional watertall fife-cycle are reviewed, and the model we used for the
object-oriented component-based development is described.

The Classical Waterfall Life-cycle
The Waterfall model (which is generally attributed to Royce™) used in the classical

procedural approach entails a unidirectional flow of development from initial naquiremants
to final product. This.is shown in Figure 3.2 below,
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Figure 3.2: The Wateriall L.'fe_cyc!e Model

T ere are various other refinements and adaptations to this life-cycle model, such as the
seven-phased mode! of Boshm*, the U.S, Department of Defence Standard 2168, and the
Yourdon structured life-cycle model™. The problem with these approaches Is that it is
very costly, if not impossible to go back 1o & previous development stage. Often
inconsistencles are only discovered in the system testing stage, and rectification at this
stage is difficult and costly, '

8.4.2 ‘The Object-orlented Life-cycle

With the object-oriented approach, It has been shown that &t is feasible to actually
prototype and test the contempliatad system before a&\; commitment to a given

_architecture, Studies done by Jrad et at™, Goldberg®™, Henderson-Sellers et al®® and
others have shown the life-cycle modal for object-oriented development consists of closely
related iterative steps of iImplementation, design and testing.
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]

In this study, | observed a Jife-cycle moélel which is a combination of the models proposed

" by Jrad™, Goldberg™ and Henderson-Ssllers™, This model is shown in Figure 3.3
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Code
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1
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and
Raviging

and '
Generalizing

Figura 3.3: The Qbjeci-orfented Life-cycle Nodel

Figure 3.3 clearly shows the tight coupling between the different stages and the iterative
process to developing object-orierted systems. It also shows the bi-directicnal flow of
development, This means that when problems are found, they are always fixed in the

stage whare thay ought to be fixed,

‘This section has provided a raview of the object-oriented life-cycle, and examine the
fundamental ¢ ifferences between this life-cycle and the traditional wateriall life-cycle.
Discussion of the results and other issues relating to the object-oriented Hife-cycle are

contained in a later chapter of this study.
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3.5

3.5.1

THE DEVELOPMENT TEAM ROLES

Once we had defined, observad and further refined the iterative-prototyping fe-cycle
model, the roles in the project team had to be defined and clarified, Several authors,
including Arango™ and Pliskin et al™ refer to the separation of the software development
roles of toolbuilders and application engineering, in this study it was necessary to davelop
thelr modals further: defining distinet roles of toolbuilder, application engineearing and
application consulting. ' ' o _

One of the mora notable problems In the traditional structured approach is stated in an
interesting paper by Pliskin et al*™, They observe that ‘end-users, not having any
knowledge of structured techniques, were struggling to cémprehend the various sofiware
engineering tools, products and meihodologles. Software enginsers, lacking domain
knowledge In the area of the application, were struggling 10 seek domain knowledge from
users and to comprehend the interactions betwaen users and the system sought',

The use of object-oriented building blocks presented opportunitios to address this

_problem; Right -at the start [ sought to separate the functions of generic componant

buliders, domain builders, application enginesrs and application consultants. The main
motivation for this was to optimise re-usability, particularly in this study where a specific
8-layerad corponent structure was employed {see Chapler 4).

However, in practice it was obsarved that these roles did not function &s mutually exclusive

as ane would have hoped, The application engineer was not entirgly divorced from the
domain and component builder funcdons, and much interaction and co-operation was
necessary, . (These issues are discussed in deall in the analysis of the approach in
Chapter 6). ' - ' '

The development team model | have proposed is an extension and further formalisation of
the models presented by Arango™ and Pliskin®®, The functions of generic compuonent
builders, domain builders, application engineers and application consultants are
separated, A diagrammatic depiction of these roles-and their interactions is shown in
Figure 3.4 below, and further description of the roles follows,

The Component Builder

The component buliders were primarily involved in budding up the toolkit of generic
objects and thelr assnclated functionality. Objects were deamad genaric if it was expacted
to be used in other technical reaktime application domains. The component builders
needed to have good knowledge of the overall generic bullding block philesophy, deep
knowiedge of the oblect-oriented paradigm and knowledge on imgiementation specifics
such as language.

The component builders added further abjects and object-basad componants to the
generic tovlboxes, and also maintained the existing libraries of objects and object
subsystems. ' ' _
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Figure 3.4: Development-Team Roles

3.5."2 The Domaln Builder

The domain builder maintained and added oblects and object subsystams to the domain
toolboxes, The domain toolbox cortained components expected to be generic to ather
applications in the same domain, In this study, the domain was selected to be
telecommunications network management, These components were extensions and
speciafisations of the generic components, with a ‘flavour for telecommunications netw ork
managemant.

3.53 The Application Consultant

Thie application consultant was the person or role that needed extensive application
knowledge. In this project, we had two application consultants who had wide knowledge
of telecommunications applications, their users and thely domain specific problems and
concerns,

Because of their application and domaln knowledge, the application consultants were quite
capable of undetstanding and documenting the application requirements, that Is,
interpreting the user requirements into & functional requirement specification, Apart from
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the domain knowledge, it was also cbserved that the application consultant had to have a
reasonable technical appreciation of the componants and the featuras and constraints of
the architacture and oomponents.

The Application Engineer

The application enginear was the parson who made use of the Functional Requirement
Specification, the generic components and the domain components. This person then
Weveloped the application tayer of the softwara using (re-using) the object-oriented
oomponents from the toolhoxes,

The apiplicetion engirieers had a thorough knowledge of object-oriented design and
modelling, as well as tha Implementation language, Howaevaer, in keeping with this role, this
parson had little knowledge of detalls within the componerit objects - only knowledge of
the sewvices provided by the object components, and the interfaces to them, :

The above 4-role mode! for the object-orientad analysis-design-implementation life cycle
warked reasonably well, Althaugh the roles did have areas of overlap at times, | did find
that fotusing on this 4-role model strengthenad the whole philosophy and attitude to
re-using the components, These issues are discussed in detall in Chapter 6 of this repon,

ASSESSING THE OBJECT-ORIENTED METHODOLGGY
Achleving the Goals of Software Engineering

Before adopting the object-oriented approach, It was hecessary 10 nssess whether this. -
was the right approach for bullding technical realtime systems and whether it was in line
with generaily accepted software anginearing principles.

According to Ross et al®™, the four fundamental goals of software enginearing are
modifiabiilty, efficlency, rellability and understandabllity. The seven principles that affect
the process of attaining these goals are moduiarity, abstrachon. hiding, localisation,
uniformity, completeness and confirmabifity.

These goals and principles are very much accepted in the industry with regard ta the
traditional functional decomposition methodology. However, would object-orientation
achieve the same goals and could the same principles be practised? | beliaved they
sould, The very essence of object-orlentation is claimed to be maintainability through

- modularity, abstraction and information higing.

The principles of uniformity, completeness and confirmabillity were also concems at the
start of the project, Testability and confirmability are stated as adventages of
object-orientation - but in Implementation we Initially founed it difficul 1o test objects and
object subsystems. However this was improved with trace and view and other utilities
specially written for testing and debugging. Further details and conclusions on this
appear in Chapter 6 of this study,

Would the goals of software englneering be achleved? There were several refarences to
the “nproved maodifiability and reliabllity that have been observed, but | had reservations
abou the goals of efficiency and understandability. What was padicularly alarming was
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the observation by Jrad et al® that execution time of object-oriented software in a

* realtime system proved to be three times that of procedural software.

As far as understandability was concernad, the project team's initial introduction to -
object-orientation proved that understai .ability was an issue. It required a grest deal of
affort to get ‘traditional’ developers and designers to truly understand the obiect-oriented
paradigm.

Prototyping and Incremental Development

Systems development using the waterfall development methadolagy is usually 2 slow
pracess, in which the tumaround time from concept to commissioned system could take

- up to several years. To take on & brand new methodology like object-orientation in this

fashion appeared to be very risky. It was felt that incremental davelopment and rapid
prototyping was the correct approach to adopt (Jacosson®, Goldberg®?, Jrad et al“’“’).

" {east for the initial development of the re- usable building blocks

This advice was taken seriously. Eight months before the maln development project
started, a C++ compiler was leaded onto a UNIX workstation; and two software
developers were sét the task of developing a very simple protolype graphical user
interface using object-orientation. This was our *pllot’ system, {o galn a better
understanding of objact-orientation principies, how to apply i, and better understand the
constraints,

Based on the success of this experience, it was decided to approach the main
development of the object-orlented components in the same manner. The components
would be developed incramentally step-by-step, beginning with the core of the system and
a few of the more important system functions. Components were then rapld-prototyped
and refined, and then in the same way the next component was developed. I this way
the system was incrementally enlarged,

PROJECT MANAGEMENT AND CONTROL

it was ot the intention of this report to explore all the project management aspscts of the
object-orlented approach, This section briefly reviews the project management methads,
and tools used tar management and controt of the project.

In terms of methods, the same mathods as used for the traditional approach to buliding
software systerms were used. Farmal methads included weekly progress meetings,
stheduled technical discussion sessions, and quality assurance and auditing work-groups,
Informel methods included ad-hoc technicai meetlngs and integration sessions.

The tools usad were also similar to those used for the traditiona! approach. Twa primary

" tools were used;

(&) The internaily developed Management information Systern {MiS). which wa's used
for recording of progress as per budgets, and full financial control of the project.

- v Symantec's ONTARGET project planiing package was usad for tracking of

progress on individual subsystems and components, and for task and resource
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scheduling and planning.

The Management information System

The MIS is a SCO UNIX-based 80886 PC running the ORACLE relational database
management system. it reports the following:

* Recording of hours logged {on a weekly basls) by the development team, and
manitors progress as a percentage of logged hours to budgeted hours.

* - Allincome accrued and costs incurred by the project, and net profit calculations.
income would typicaily be Income received as a result of sales orders, or received
as 'internal’ incomes from other projects. Costs incurred includa rnanpower costs
and other arganisational overhead costs.

The Project Planning Package :

Symantec's ONTARGET package was used and proved to be sugcessful in combination
with the MIS. It is a PC-Windows based package and provided detailed ttemisation of
Work Breakdown Structure (WBS) tasks, allowing tracking of progress, task dependencies,
resource scheduling, and an extensive user interface via PERT and GANTT chans,

The MIS provided tracking of manpower effort and other expenses against budgets; the
Project Planner provided tracking of progress and task and resource scheduling,
Exarviples of reports provided by these tools are contained In Appendix B of this report.

In terms of the contribution of these tools to the sucuess of the object-orianted approach,
the MIS and Project Planning Package worked reasonable well, but did have shortfalls.
Problems were experienced with accurate tracking of progress on the object-oriented
components being developed. This proved to be due to the unique characteristics of the
object-orfented paradigm. This was rio direct fault of the tools used, but it would be
interesting to note whether tools ideally suited for ob|ect-onanted project management
t;leicome available in time to come, This issue is reviewed in greater detait in Chapter 6 of
this report. '

COMPONENT MODELLING AND DESIGN METHODOLOGY

This section reviews the oblect-drlented analysis and desigh methodologies used in this
project. The documentation techaiques are also reviewed and a modified hybrid of some
of the better known techniques is demonstrated.

Some of the earlier object-oriented development methodologies ware not generic, having
belng structured specifically for the Ada environment. in recent years however, several
non-Ada oriented methiodologies have appeared. Mayer®™ focuses on class development
using formal specification of abstract data types (ADTs) to define behaviour. He also
provides examples on how to transiom a functional design to an object-oriented design.

Coad and Jourdon™® describe an OOA method using data modelling techniques which
deline system architecture in torms of assembly and classification structures, Services are
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specified for objects by techniques such as entlty -Iife- hustory and stata-avent-rasponsa
charts. :

Wirfs-Brock and Wilkerson®™ use a responsibllity-driven approach which concentrates on

the responsibilties of an object and the information It shares with other objects. The
objeohva of this approach Is to increase encapsulaﬂon of information withln an object.

The Object-oriented Development Process

After evaluation of the different development methodologies, #t was decided to use the
Boach"™ method as a basls. Booch suggests starting with a natural language description

- of the desired system and using the nouns as a starting point for the classes of objects to

be designed. Each verb Is an operation. The operation Is implemented by a class when
the class Is the direct object, or the operation Is one used by the class when the class Is

the subject. This resulting list of classes and operations can be used as a starting point in

the desigh process,

We found it esgnntial to extend the Booch approach with the approach described by
Johnson and Foote®™, which not only defines classes for objects in the problem domain,
but whate required, deﬂne classes for gperations in the problem domain. Further
experience and the degree of abstraction dwtatas whether an operation should be a
methiod in a class or a separate class.

it Is wall accepted that the OOD procass is neither top-down or botiom-up, but is an
iterative and Incremental development of a system. This is due to the refinement of
different yet consistent logical and physical views of the system as a whole. This is tha
essence of the Booch approach’™ which can be summarised in 4 steps: :

4)] Identifying the classes and objects at a giver level of abstraction
(2 Identifying the semantics of thase classes and objects

(3) Identifying the relationships between these classes and objects
4) Implameniting the classes and objects

In this project, the Booch Class Diagram and Object Diagram were two notation methods
which were extensively used for depicting the static semantics of the design. It was
observed that in each of the above steps, the class and object diagram products of the
previous step were further refined and modalled,

It was found that the Booch state transition diagrams and timing diagrams were
particulary useful for Hlustrating the dynamic semantics of the realtime components.
Timing dlagrams proved particutarly useful in illustratir the timing and order of events
amang assoclated sets of managed objects. Module diagrams halped lllustrate physical

- packaging of classes and objects into program modules.

(in this study, the term ‘modelling' is used. | have defined modelling to be the next step
after the object-oriented design and development process. Modelling is subtly different
ftom OQA/OOD, in that modelling determines which objects initiate activities and the
sequence of activitles, the lifecycle of objects and the state at different parts of the cycle).

Chapter 3 ' Page 31



AN OBJECT-ORIENTED COMPONENT-BASED APPROACH TO BUILDING REAL-TIME SOFTWARE SYSTEMS

3.82 The Object-oriented Developmant Notatlon

Class and Object diagrams were extensively used in the project for the object-ariented
analysis and design process. It was necessary to use both these notation methods to -
document the logical designs, since each illustrated entirely different design decisions,
Ciass diagrams ware used to documerit the key abstractions of the system, and object
diagrams documenied the mechanisms manipulating these abstractions, in a sense,
object diagrams captured the dynamic semantics of operations, and represented the
interactions that may ocour among 2 coliection of objects, no matter what specifically
named insisnces participate in the mechanism. Figures 3.5 to 3.8 illustrate the various
object-oriented .design/notation methods that were eva!uatad.

~ A subsst of Booch's notatlon standards were defined for this project, and certain
extensions were made. Examples of the extensions Include the notation to depict the
software bus CMIP-conformant messages between objects, and notations to depict UNIX -
inter-process messages and QCOMM-spevific messages. Thesé notation extensions are
depicted in Figure 8.11. The modelling aspects of the subsystems were notated using
extended object diagrams, state transmon diagrams and timing diagrams,

~ The following figures illustrate examples of the various object-oriented desugn and notation
methodologies used on the project.

Class A | Glass B

- Class ABY - CIaSs"'Q'_
Class ABIA Class ABICT

Figure 3.5: The Responsibility Driven Design Hierarchy Graph (as proposed by Witfs-Brock™)
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Serviee Offeﬂ.

/ / by this sabayste.

_GI&SI_;':Z

Figure 3.6: The Responsibility Driven Collaborations Greph (as proposed by Wi#s-Bmck“‘}}

Rol_e ;

Inkeritance Relationship.

Symbel in Circle - Denoles

- thie messagen that the near
role may send fo the far
rola. No symbol means no
MEBSALLN,

Itidicates Cardinality
Double Circle - For one of 1he near role
there are none, one or many of the far role,

Single Circle ~ l‘-‘#r‘- one near role there f& '
exactly one far role.

Figure 3.7: The Role Model Diagram (as proposed by Wirfs-Brock end Johinson®®)
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Use CRC ( Classeé, Responsibilities and Collaborations ) and System Cards
to document the defall while yoa use object diagr_ams to miodel the real world.
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Figure 3.8: The ORG Cards (as proposed by Beck and Cunningham®®),
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B Schedule

C+4 Object messages

- CMIS messages

________ e e am = Instantiation

................ viseenss ceneme UNIX IPC messages

l!i_._-:--tu.nuuunb—QCONIM messages

Figure 3.11: The Object Diagram Extensions for Modelfing

Investigating the OOA/OOD methodologles for this study revealed that there is a wet Ith of
literature in this field, For the purposes of the projsct 2nd study, a modified but limited set
of the methodologies were practised,

I am curtently investigating richer and more comprehensive COA/OOD/OOP environments
for future development phases of this project. Of particular interest are CASE
enviroriments which are now becoming avallable as mature products applicable to the
object-oriented paradigm. At time of writing, the TeamWork products from CADRE
Technologles were being investigated.

CHAPTER SUMMARY

After the motivation for an object-oriented component approach in the prevous chapter,
this chapter introduced the object-oriented paradigm. Some of the more important
considerations relating to the adoption of the new paradigm were also reviewed. (Review
of this material has been necessary befors attempting to leap directly into the design of
the core components).

The current available software 3nd hardware techinologles relevant to this project were
described, since this has a impact on the degree of ra-usability, portability and system
performance, As observed, the faster hardware available these days and the formulation
of standards has a . ssitive impact on the effectiveness of the object-oriented approach.
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Howaever, standards bring with it pena!tles in teris of more generic, heavier and complex
software layers - which compromises the performance and efficlancy, particularly in
real-time systems, o

This chapter also described the object-orlented life-cycle that was employed and refined
for this project, and reviewed the major differences betweaen this life-cycle and that of the
tréditional approach. Closely associated with the object-orlented life-cycle are the roles of
application consulting, application engl.eering and component englneerlng. and the modsl
used on this project was described, .

‘This chapter also reviewed some of the "soft’ issues that had to be considered at the start

of tho project, particularly whether object-orfentation was the right methodology and

technology to use for the technical real-ime environment. Finally the piroject management

and conirol mechanisms used on this projsct wera reviswed, as well as the object-oriented
- analysls, design and documentation methodologles erployed,

With the mativation and introduction of the objact-oriented component-based approach
complete, the stage has been set for the design and implementation of the set of generic
components for real-time systems;
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4.1

DESIGN AND iIMPLEMENTATION OF THE CORE BUILDING
BLOCKS

Up untii this chapter, the object-orlented cbmbonent-basad approach to bullding realtime
systems has been introduced and motivated. Several important issues relating to the
adogaion of this approach have also bean reviewed in the previous chapter,

This chaptar introduces the five basic subsystems characteristic of most technical real-time
systems, and then proceeds to describe the 3-layer structure model that was used to
design the generic components of these subsysters, However, to better understand the
structure and design of the varicus subsystems, the software bus and the generic
requirements and architecture of technical real-time systems are first discussed.

The components generic to of real-time systems are detailed in this chapter, and the
following chapter describes the higher-level TNM domain-specific components, The
Appendices contain examples of the design, modelling and implementation of stme of the
components,

THE GENERIC ARCHITECTURE OF REAL-TIME SYSTEMS

This saction reviews the architecture and genarit: requirements of technical real-time
systems relavant to this study, The purpose of this review is to enhance the reader's
understandabiiity of the design of the objer:t-oriented components described later ins this
report.,

Generally in distributed real-time systems (refer to Chapter 1 for the definitlon of real-time
systems relevant to this study), there are many software processes running _
agynchronously on inter-connected computers, Some of these processes are parforming

~ interfacing to the world being monltored and controlled, other provesses are involved with

processing of changes, logging of events and alarms, and performing controls on the
outside world, Cther processes perform configuration, archiving, and man-machine
Interaction - and all processes are communicatitig and synchronising with one anather in
real-time. That s, the time between any events oceurring (eg. outside events and operator
initiated) and their assoclated responses must be deterministic in time,

By analysing the architecture and functionality of our organisation's previously developed
real-time applications, a generic software architecture was identified that could be
implemented with the object-oriented met-odology. in keeping with object-oriantation, it
was important that the major components of this architecture were defined not only along
functional lines, but they also had be independent of each other's data structures,

Six major subsystems or components were identified:

(1)  the communications infrastructure
interfzce to the world {front-snd}

(3} man-machine interface .

4 realtime image and processing
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(8)  configurator with configuration database
{6) historian with historian database

These subsystems and the information-fiow relatiohships are depiéted in Figure 4.1 below:

{ Man=
- madkine
o lnterf ace

| [

Configurator = r—py imaga & | Jon- - Hlstqr_l;n
[ _processing - Do

; Comms _

: Frﬁil_t-_en-d :

Figure 4.1: Grneric Architecture of g Real-lime System

Defining these distinct subsystems 5 abova lends itself to the whole object-oriented
‘paradigm £ sch of the subsystems Is a grouping or super-set of further object-based
compunents and sub-components, and components within @ach component subsystem
are related in terms of the required behaviour and functionality. These genaric
subsystems are descril, d below _

Communications subsystem = Software Highway, since it was desired to have a common
highway or bus to which any application processes could attach, and talk a standard
pratocol to any other processes, much iike a computer hardware bus. _

Front-end = World-Machine Interface (WMI), sinca it i this subsystem that provides the
interface betwean the real-time system and the outside 'woric" that Is baing monitored and
controlied.

Man-machin . interface = Man-Machine interface (MM1), This provides the intetface
between the ssaltime computer syster and the users,
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Real-time database and processor = RealTine Object Management System (RTOMS).
This performs all processing, calculations, derivations and real-time storagafimage of the

- objects that model the real world being monitored ard cortrolled.

Configurator with cenfiguration database = Configurator. This componsnt deals with the
storage and management of all configuration data pertaining to the real-world objects
being monitcred and controlled, This includes the configuration which defines tha’
mapping between real-world physical objects and logical objects, as well as the

. relationships between the objects and definition of cbject hierarchies.

Historlan with historlan database = Historian, This componient parforms the starage,
retrioval and management of all medium and long-term infermation, typlcally logs, erors,
slarms, and evenis panainlng te the real-world squipment being monitored and controlled.

For the remainder of this repost, thass ganaﬂe subsystems are referrad to by thelr
proprietary names as described above,

With the generic architecture outlined and major subsystems identified, it was then
possibie to design the structura of the components of these generic subsystems,

THE STRUCTURE OF THE CORE BUILDING BLOCKS

In this section, it is intended to outline the overall approach adopted for designing the
structure 9f the building blocks ar components. It Is shown how the component structure
forms the foundatlon of the object-oriented approach and determines the approach's
success, particularly in terms of companent re-usabillity, testability and maintainability.

In keaping with the object-oriented component-based approach to building real-time
systems, a unified effort was mads to structure, abstract, and layer the design of the
subsystems to practically maximise the generality and re-usabllity of the components.

A particularly difficult challenge was to design the phitosophy and architecture to be as
generic as possible, but within ¢entaln constraints, It was required to have a core
component set that would be applicable to most taechnical real-time systems. Our aim was
an ideal 609 level of re-use Into new application domalne, (The target application
domains ware primarily telecommunications network management and industrial
supervisoty and control). _

However, it was important not to implamant a core component set that was over-generic.
This "solution for all possible problems' approach would suffer from inflexibility, non-ideal fit
to requirement, lack of performance, and of course the cost effort of implementing such a
core component set,

An important factor in the deslign of the generic components was to design components
and component frameworks into intermediate abstractiori levels. {The tramework is the
term used by recognised authors for 2 eollection or abstraction of object/class
components that are specific to an application, and reprasent the largest granularity for
re-use). This is convincingly proposed by Fischer™® and Johnson®™ since this strategy
allows easy re-use by recombining existing intermediate abstractions with other existing
abstractions and new abstractions ta form new applications and systems. _
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initially it appeared that a basic 2:layer approach was sultable. This approach is implied
by Gibbs et al®", who advocates a generic set of "boilerplate’ componients, with only a few
software components being desigried to meet the requirements of the specific application.
' Tha' is, the botiom layer of components generle to most real-time distributed systems, and
the upper layer which would be very application specific. This is deplcted In Figure 4.2
below,

.. Cllﬂ“'-‘m Cﬂmlmn‘nts :

i Ge'nf;;ri"c “Bollerplate”
" Comtponents

Figure 4.2: The 2-Layer Bullding Block Structure

As Gibbs et al®” observe, a higher level of re-uce Is achievable if the application domain i
well characterised. In application domains sucir as telecommunications network _
management, industrial process monitoring, and electricity reticulation management, |
found that there existed strong characterisations. :

To prove the point, the initial MMI prototype development demonstrated that the granularity
of the component structring was too course. It became evident that tha upper layer
customised portion constituted 40 to 50% of the total software,

For these reasons it was apparent that an intermediate layer of companents characteristic
to the appilication domain (i this case TNM) would Improve re-usability. Anct so was bom
the 3-layer philosophy, with a new intermediate layer of components that wouwd consist of
corponents generic and re-usable to other applications in the same application domain. |
believed that for application domains such as TNM, industrial process monitoring,
electricity reticulation and others, a distinct set of re-sable components coutd be
abstracted charactaristic to that application domaln, resulting in a potentially far higher
lovel of re-use in other applications of the same domaln,

This study is contained to the design and development of an application in the
telacommunications network management domairn. In this study, these 3 basic layers of
components have been termed ObfectView, which is the lower ievel gener to most
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realtime systems, AccessView, the domain-specific (mmporlents ralavart to the
telecommunications network management domain, and CustomView, which is the
application-speumc customisad components.

| have chosen to depict this structure 2s a diagram consisting of layered and inter-related
set of bullding blocks This is shown in Flgure 4.3 below;

: Customview . . _ |
(Cnltomlsed Appllcatlons) i I . _‘2_0_‘5_ .
Acmg Process l'ower '
) Vlew_ o View Yiew L 1. 0%
Component AT _ ' '
Toolbox B . -. N . | . !.r'l‘t'!llilles
C T objectview | Toolbex
e o . eo%
Peépcentage
- of Software

Figure 4,3: The 3.Laysr Building Block Structure

Proceeding from this point, each of the generic subsystems, that is MMI, W\Il, RTOMS,
Historian and Configurator were then divided Into smaller abstracted compoenents or
frameworks (Johnson®, Fischer®) structurad into this 3-layered model, For example, the
MMI subsystem was designed as a set of structured and related components, some of
which fall within the gernaric ObjectView layer, others in the domain-specific AccessView
layer, and the remainder in the CustomView layer.

Following below is a brief desoription of each of the layers referred to In Figure 4.8 abave,
ObjectView

ObjectViaw was the name given to the core generic object-oriented components that was
envisaged composing at loast 50% of the tatal software in new real-time applications.

{Note that ObjectView was the name originally given at the early stages of this projsct, and
should not be confused with the Borland's OBJECTVIEW product). It would include the -
generlc software related to inter-process communications, database facilities, man-machine
intertacing, front-end interfacing and realtime process managemant,
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_ hccesa\new

This was the name given to the re-usable components generic to appltcat:ons fntha.
telecommunications network management (TNM) domain. it was based, and %l on the
ObjectView iaycr - and can be viewed as an extension of the ObjectView obje:2s {and
object subsystems) with a telecommunications network management flavour’, it
Incorporates the modelled objects required for genetic natwork management functions,
such as monitering, routing and reporting of network atarms, and issuing oontrols to tha
telecommuridcations network.

It was envisaged that this bullding block “ould make up at feast 20% of new
telecormunications network managemes .. application software, The functlons ot the
AccessView building b!ock are described in mora detall In following chapters

Process\flew and Poweerew

These layers are simllar to AccessView in philosophy, except that ProcessView is an _
extension of the ObjectView components incorporating the modellad functionality required
for applications in the industrial process monitoring and control domain. Likewlse
PowerView is the bullding block for real-time eleciricity reticulation applications.

The PowerView and ProcessView bullding blocks have baen shown hera for lllustrative
purposés only, and are not part of this study. The scope of this study was to design and
implement only AccessView (Telece rications Network Management) of this domain.
layer. Figure 4.3 llustrates how ot..  ain specific bullding blocks can be built on top
of the generic ObjectView layer. '

Customised Applicmlons

This is the application-specific layer of software that was built and based on the underlying
daomain-generic building blocks and their sub-components. It was envisaged that this
would make up the remalning 20% of software, It is this layer which is the fully customised
portion of a new system, and is specific to an actual application ie. it will not be genetic to
another application, even in the same application domain,

The Utility Toolbox

This was daesigned as the toolbox of re-usable - ies and functions that may be used by
any of tha other components, They include gu - .. utilities such as error reporting,
tracing, logging, cummand tracking, watchdogs and object-manager housekeeping -
functions,

It also containg uiilities that are not object-odented In terms of implementation . This was a
particularly important requirement since aur organisation has a substantiai investment in
generic utilities and function librarles. previously written in conventional G, Since it is major
task to v, “ront rewrite alt these utilitie> using object-orientation and C++, it was
necessary to be able to have access to these utilities and libraries from the object-ariented
erwironment.
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_The Compeonent Toolbox

The Component Toolbox was the general name given to the entire set of generic re-usable

- components for distributed real-time systems, ie. the real-time environment generic

ObjectView components, as welt as «lomain-specific components such as AccessView,

In this section the layered building biack philosophy was introduced, and use of a8
S-layerad building block structure for this study was motivated. The baslc structure of the
cors buliding blacks was described and at the same time certain terms and propnetary
names that are referred 1o later in this study have been defined,

Later in this raport. it will be evidert how Important this general &Iayered building block
structure is. It wiil be shown how this forms the foundation of the more detailed

component designs of the real-time software subsystems. It will also be demonstratad

how this 8-layered buitding block philosophy does maximise the re-usability, testability and

maintainability of the object-orierited approach to building a real-time TNM systern.

THE SOFTWARE HIGHWAY
Apart from adopting the abject-orlented methodology for thié project, the next biggest

‘challenge was deciding on, and designing the communications philosophy, This was

viewed as the heart of the system, since the entire systam is dependent on it not only for,

cominunications, but also for overall system perfermance and integrity.

The foliowlng sections reviews tha conventional communications approach and motivates
the need for & software bug communications philosophy, with emphasis on ils importance
to the overall success of the object-oriented approach,

Basic detalls on the software highway options and design are also described. Howsever
further techinical information on the software bus and its CMls-conformant implementation
is contained in Appandix C,

The Convantlonal Communlications Approach

To motivate the need for a 'software bus’ communications philosophy, and emphasise its
importance to the overall success of the object-oriented approach, the conventional
method of inter-process comimunications (used by our organisation) in real-time systems is
first reviewed,

Our crganisation’s approach has been based on the commtinications/messaging facilrties
provided by the underlying operatitig system and platform  In the case of UNIX this would
ba UNIX messages or TCP/IP or BSD socket communications, Communications betwoen
processes on different nodes on a network would consist of processes sending
asynchronous messages to the addressed process on the addressed nods, This is
depicted in Figure 4.4 below;
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Figure 4.4: Conventional !nter-pmcéss Communications

The above approach, although very efficiént, has several ci_rawbacks:

* It Is fixed, inflexible and very customised.

* Every process is required to know the address L.d. of the destmatlon process and
the destination process node i.d,

* Any changes to the message datagram structure or format, or change of focation

of a process results in code change. This inflexibility seriously affects
non-embedded real-time systems.

* It i1z generally dependent on the uparating system and to a certain extent the
. hardware, '
* Any sommunications software writien on top of the undarlying operating systam

messaging facilities makes the communications system extremely proprietary in
terms of data structure, syntax and protocol, and therefore is not readily open to
other systems. In these cases special interfaoe or gateway software has 10 be
- implemented,
* It Is not conformant to any formal standards, and with the move to Open Systems,
it is becoming more and more difficult to motivate to the end.user use of
proprietary communications subsystems anc protocols,

For the above mentioned issues it became clear that the convantional approach was not
suited to the proposad component approach to bullding real-time distributed systems,
where we desire communications flexibility, transparency and standardisation. These
attributes are necessary to enhance the re-usabllity of the communications subsystem
itself as well as the comiponents which utilise the communications infrastructure,
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432 The Requiremants of a Softwate Highway |

Having hightighted the issoes associated with the conventional inter-process _
communications approach In the previous section, what were the spemﬁc requiremants for
comrnurllcations in the object-oriented approach? :

* it had to be conformant to indus* K] standards; This would ensure hﬁer-operabi!ity,
system scalability, extensibilily and flexibility.

* Performance had to be acceptable for use in real-time distributed systems.

w it had to provide transparency fo the physical location of the inter-communicating
: es,

* . Changes to the lower communications stacks should not affect application

processes, and changes to application processes should not require changes to
the communications subsystem. In other words, a standard application :
programmer interface {APIl) was necessary.

* It had to lend itself to the object-orlanted paradigm, with objects communleating
with objects.
* The message content and syntax deﬂmtion should be contained in the message

ltsel, and not be defined in separate include files.

At the same time as my original experimantation and prototyping with object-otientation, |
began researching OSFs reference mode) and the proposad OSi Common Managenient
Information Services and Protocols (CMIS/CMIP). (Further detail on this is contained in
Appendix C of this report and extensive references are given in the bibliegraphy).

The 0S| CMIS/CMIP model was one example that provided the cancapt of a Software Bus
and satisfied many of the requirements desired for the object-orlented approach o
building distributed real-time systems, purticulary standardisation,

With the generic realtime systems architecture described in an earlier section, and the
software bus proposed here, the architecture of a realtime systern could ba representad
as In Figurs 4.5 below,

. " conmig- - | I
. WMt | MM - ORTOME - L URATOR J BISTORIAN

' SOFI'WARE RUS -

Figure 4.5: Ceneric Architecture of 8 Real-time Systent with Software Bus
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4.3.3 The Approach Adopted for this Project

The preceding sections have reviewed some of the expected problems and issuas
associated with using the conventional communicatioris approach in object-oriented
‘real-time systems. ldeal requirements for a communications approach suited to the
object-orientad paradigm were also outlined. This section describas the options that were
available and presents the arguments for the various options, Finally the CMiP-conformant
Software Bus approach Is motivated as being the bester solution for the project,

Having rasearched the current standards proposed by OSI for Open Systems {fefer to the
section In Chapter 3 on standards) and keeping a general waich on Industiy trends and
end-user attitude and commitment to these standards, there were several communications
options which could bie adopted for the object-orierted approach, namely:

{8) - Continued use of our organisation's proptietary communications approach.
(b}  Use the already well-accepted SNMP (Simple Network Mariagement Protocolj
: which Is based on the TCR/IP communications pratocol stack. :
(] Comrmunications based on the O8I 7-layer stack and using OSI's defined CMIP
(Common Management Information Protocol) protocol.

- (d Communications based on the TCP/IP communications stack and using an
upper-lavel protocol which is OSI/CMIP-contormant. This Is known as CMOT
{Common Managera2nt isformation Over TCP/IP),

(o) frplementing a CMIP/S-coniormant APl Jayer on top of our organ:sanon s
propriatary communicatioria subsystem (of option(a)),

Option (a) was rejacted for reasons already outlined, Further evaluation of the above
options showed that option (b), SNMP, although popular, was static and was perceived by
industry as being on iis way out, being gradually phased out in favour of OSi's CMIP (see
hibliography (1,2,4)). Option (d) is not widely used and seems urable to gain acceptance
(see bibliography (1,2,14)). It was cle. that centainly the network management industry
was pushing toward option (¢), OSI's CMIP protocol {see CCITT Study Group Xv(et) and
relevant bibliography references).

The problem is that there is much talk and discussion about OSI communications stack-,
but there is minimal implementation, Particularly in South Africa, & appears that everyorie
is watching everyons else to see who takes the first big steps to converting thelr large
networks to the 0S| standards for telecommunications networks management.

A second problem is that the OSI standards for GMIP and GMIS have not yet fully matured
and there are few products avallable that provide full working confatmiancs, For most past
thesa standards still exists as proposats and definitions. '

The last option (d) involved implementing our own communleations laysr which would
provide CMiS-conformange. This layer would be written on top of our existing proprietary
TCPR/iP-based communications subsystem, _

Qur organisation already has an in-hotise developed proprietary inter-process/cross-nodal
communications subsystem based on TCP/IP. This product, called QCOMM, offers
transparent process-to-process communications across UNIX, RTE (Hewlett-Packard) and
DEC/VMS platforms.

it also provides massage buffring. prioritisation and ma~agemertt of systom resources
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used by the communications system, an essential requirement for reatime systems, This
product has thus far formed the communications backbone of all systems delivered by our
organisation and is stable and reliable,

The QCOMM product already provided communications up to OSP’s defined Presentation
Layer. By providing additional communications scftware on wp of QCOMM as welf as an
Application Programmer Interfaca (AP), most of the required CMIS services as diied by
08l could be provided. At the same time this approach provides for upgrading of the
QCOMM/TCP communications stack to OSI at a later fime, Because of the programmer
APl and CMIP/S conformance, there would be [ittle Impact on ctrrent applications when a
new cormmunications stack is used.,

The main question asked was why develop our own commurlicattons subsystem when
conformant OSI-CMIS comimunicatioris stacks were indeed available, such as from RETIX
and Hewlett-Packard. The reasons are summarised below:

(a) Network management standards are not yet mature and stabilised, particularly
those based on 0SI's CMIP. _

) There is already extenisive use and investment in TCP/IP networks, and many
end-users are sceptical about CMIPs benelfits and are unwilling to wait for
08l-based network management solutions.

(©) For this project, our otganisation required a short time to market for competitive
reasons,

(d  The costs involved of the OSMCMIP route; the cost of evaluation, the high cost o
the OS! stack products, and the costs of integration, testing and optimisation of
software not really under our control,

{e) There existed a growth path - at any later ime the TOP commiunications stack
could be upgraded to an O8I communications stack without affecting current
applications.

So the above reasons provided 'enoug_h motivation for implementing our own
communications AP| layer which would provide CMIP/S-comiormance. This layer would be
written on top of our organisations proprietary QCOMM communications subsystem,

This sectlon has mativated the use of our existing in-house inter-process communications
subsystem, but with an added layer on top to provide the CMIS services as defined by
OSt From an application point of view, this would provide CMIS servir~ conformance, and
the underlying QCOMM would serve only as the transport meshanism for the messages,
This approach satisfies the ohject-oriented communications requirements identified earlier,
What remained to be done was to prototype and implement this additional software and
evafuate. Of particular concern was the perfarmance of such a communications
subsystent, bacause CMIS conformance implied high generality resulting In complex,

© roulti-layered software.

Developing the Communications A™

The additional communications software built on top of QCOMM consisted of software to
provide the CMIS conformant services, as well as a standard Application Programmier
Interface (AP). This section follows on from the previcus sections in this chapter, and
briefly describes the programmer interface which the project team developed,
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SOMI was the propristary name given to the AP, an acronym for Standard Ob}ect
Management intarface. Thorough studv and invesigation of the CMIP/CMIS specifications
was done and a full specification was drawn up before this APl was implemented. Figure
4.5 below shows how the SOMI layer fits in the network model, and its relationship to the
uriderlying communications layers and protocols.
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Figire 4,6; The Communicetions Network Modal

The above figure depicts the SOM AP layer, oh eltfier the CMIP, CMOT or CMOQ
communications stacks. (CMOQ is not an industry standard acronym - it was termed by
the project team, an acronym for Common Management information Over QCOMM) The
figure depicts how the same SOM! API coutd be bullt on top of the OSI/CMIP stack or the
OSI/CMOT stack (Common Management over TCP/IP),

In designing and implementing JOMI, several design and philosophy parameters wers

dafined;

*

L]
w

SOM! had to be conformant to OSI's CMIP/CMIS 16 provide communications to
other existing and future OSI network entities and elements,

it had to have an easy to use APl
It had to have a clean interface on the underside fe. to QCOMM, since this would
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allow replacement of QCOMM with a full OSI communication stack as and when
- reqwired in the future. This migration from TCPR/IP to OS] must have no effect on
existing applications,
w " In design and implementation; performance optimisation was a serious -
requirement, since the project was a real-time application.

“The SOMI software was developed by the project team, and took only 8 man-months to
develop and fully test. This included near-full conformance to OSI's CMIS definitions.
Becausa of the genarality and flexibility defined by CMIS, the AP was inttially cumbersome
and complex, and severgl prototyping iterations were reqmred to obtain a satisfactory APl
Surprisingly, the eventual performanca results were quite satisfactory. Further details on
performance are contained in Chapter 6, "Analysis of Approach®, and further technical
detail on aspects of CMIS, CMOQ, SOMI and the SOMI AP! are contained in Appendix C,

4.3.5 Ob]éct-Mana.gers and Applications -

There exist speclal rames for two types of processas or programs that are associated with
CMIP/S and object-orientation. These processes or programs are called Object-maneagers
and Applications, and are briefly explained here, since there are several references to
these later in this rapor:.

Object-managers can be likened to "Server’ or ‘Agent’ processes which understand -
incoming requests from remote or local 'Client’ processes, Applicatioris ¢an be likened to
these 'Client’ or "Manager* processes from which the requests originate.”

In terms of GMIS however, the major difference betwaen Object-managers {OMs) and
Applications is that the Object-manager contains 'Managed Objects’ (MOs), -and
Applications do not. With an Objectinanager, all MOs within its control sre registered
within the Object-manager's containment tree (also described as a registry or directory).
This means that any Obfect-managers or Applications may address requests at another
Object-manager’s oblects via the contalnment tree,

However, Applications do not have Managed Objects under thelr control, and can
therefore receive no externa requests to its objects. Applications can only ir*iate
requests. A good example of a CMIS Application Is a report program whic  .uld request
attribute data from objects in the Historian Object-manager (which would [« CMIS
Object-manager) and display the data in a jormatted report.

Both Object-managers and Applications have to attach therselves to the Software Bus
before they can service or initiate any operations. It should be noted that Appifeations are
implemertad in an object-oriented manner with classes and objects, but because it has no
CMIS containment tres, its objects are internal only and are not externally visible to other
Applications or Objact-managers,

Further detall on SOMI and Object-managers and Applications are contained in Appendix
C. This Appendix also containg pssudocode examples of the Object-manager and
Application frames.,
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A.3.6

4-4

4A.1

in Summary

The chapter on the Software Bus has reviewed Inter-process communications Issues and

motivated reasons for implementing a CMIP-conformant AP] based on our organisation’s

existing TCP/IP-based QCOMM communications product.

it has also identifled the principal requirement thathe APl should offer an easy migration
path to an OSI stack when required ir: the future, without affecting the existing
appiications. The reader will note that mwch atiention has boen given in this chapter.on
the 3-layered bullding block approach and the CMIS/CMIP software bus. The reason for

~ this 1s that it is these two systems concepts that have played a major contribution to the

success of the object-oriented approach in building real-tima systems. This conclusion will
become further evident in the tater chapters of this study, parucularly Iy the analysis of the
object-oriented approach. _ _

Cnce the 3-layered building block phiiosophy had bean ﬁeﬂned, and the design of the
SOMt software bus completed, the detailed definition and implementation of the real-time
subsystams could take place. In the subsequent sections, each of the subsystems’
structurs, design and implementation is described.

THE MAN-MACHINE INTERFACE

In this section, the Man-machine interface is described, The generic requirements for the
ObjectView MMt subsystem is defined as well as the building block structure of this
subsystam. This section also demonsirates the potentially high level of component
re-usabllity In the MMI subsystem,

in keeping with the 3-layered structure of the bullding blocks previously described, for
each of the subsystem components, Chapter 4 will concentrate on the ObjeciView core
components generic to distributed real-time systems, Chapter 5 deals with the
application-domain and application specific components (AccessView and CustomView} in
more detail.

For the sake of readabllity and relevance to this study, épeclr i detaits on the
object-oriented design, modalling and implementation of the MMI camponents have been
omitted. _

The Generlc Requirements of the MMI
For the purpose of developing ObjsctView companents which would be generic to most

technical realtimé systems, the following basic raquirements were [dentified for the MMI
subsystem;

* It had to provide an X-based graphical user interface, based on the X/Matit
standards.
¥ It had to also pravide for a terminal-based text user intorface. The reason for this

is that thera is already a large installed base of non-graphics terminals and for
reasons of cast it is not always possible to upgrade these ta graphies terminals or
workstations, :

¥ Components {in the form of component libraries) for displaying and manipulating
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text and graphics symbols on graphica! and character user-interface screens,
Picture Editor and Mimic Editor components, which would enable a user to
interactively define new picture elements, and create and maintain mimic diagrams.
The Mimic Editor to provide for definition of live 'dynamic links', linking screen
symbols to realtime statuses of aitributes of the definad objects in the Real-Time
Object Management System (RTOMS). :
Theé mimic display subsystem to include features enabling automatlc :
picture/symbol composition on the mimics dependent on the current configuration
as defined In the network’s central contiguration database at the time of dlsp!ay
call-up. -

The differant MMi components to be structured with clean intarfaces to facilitate
selective component re-use i other applications,

To pravide for coritext-sensitive help at ObjectView, AccessView ancl CusiomView
componerit levels,

To provide security ahd protection to prevent unauthorised operator vivlation of
access and control,

" To provide the hecessary generlc housekegping fupctions and :tilittes inciuding

startup, shutdown and system statistics.

To provide the mechanisms for driving an application-specific user interface via
three modes or windows: g graphical view, a textual view, and a detalled view with
statistics and logs. i must be possible to navigate betwaen these mades or views
on a context-sensitive basls,

The core MMI ObjectView componenta. to have no domain or appllcattan specific
functlonallly

Wlth the above basic generic requIrements deﬁned the compenent structure of the MMI
subsystem was designad, and this is descr‘bed in the following saction _

442 The MM! Bullding Block Structure

With the generic requirements outlined in the precading sectlon, the requirad MMI building
blocks or components were designed and implemented. The structure and layering of
these components i depicted in Figure 4.7 below.
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Figure 4.7: MMI Subsystem Building Block Structure

The Levels 1.0 to LS referred to in Flgure 4,7 above ara described below.

Level 0 {L0)

. These ara the Iibrarias that were usad as the foundation of the M\ |

building blocks. For the graphical user interface, the Motif/X libraries were
used, and for the Character User Interface (CUI). tha UNiX-standard
CURSES librarles were used. As Guimaraes™ proposes an extension of
Borkin's™"! database modelling terminology, this iavel provides the
syntactic levei tools, '

On the graphical side, the most basic access is provided by the Xiib library
of primitive calls to the X-Window, However programming with this level of
abstraction is tedious and requires a great amount of attention to detall.
Motif provides a higher level of access together with a window
management system through “widgets'. Although the Motif Toolkit does
provide extensive librarles for programming graphical user Interfaces, and
is object-otlented, i unfortunately does not provide interfacing via the
Object-Oriented Programming {OOP) C+-+ conatructs directly. -

In terms of the character user-interface, the use ¢f the CURSES libraries

-
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provided by UNIX offers many advamages including terminal-device
independence. However, these libraries are not object-orisnted and are
also tedious to work with,

Lovel 1 (L1) This level Is the ObjeciView generlc level of componenis for real-time
systems. This ievel provides the semantic level of Lomponents
(Guimaraes®™) that are closely related with the abstracy s 3 gengric to
techhical real-time systems. The components provided ¥ slude: i@
object-classes and associated methods for displaying and ma:r-ulating
text and graphics displays, the marnaging of pul!-down and pop-up menus,
seroli-bars and multipie window arrangement.

Level 2 (L2}  This lavel represents the domain-spacific generic components, This is the
level whers the semantic level of components associated withthe
telecommunications network managerment domain (AccessView) will be
provided. Further detalls on the AccessView somponents are contained in
Chapter 5.

Level 3 (L3)  Application-specific compongits. This is the level of components that
require customisation for eash particutar TNM application. These embody
semantics very specific to the particutar application being developed.,
Further details on these Customv.’ew components are also contained in
Chapter 5.

tevel 4 ((4)  This level embadies the generic Object-manager and the assoclated _
housekeeping functions, The Objact-manager has been described earlier
in this Chapter, and further detail is contained in the Appendix on the
Software Bus., This is a generiv program frame’ that holds the
object-containment tres and functionality required for SOMI as well as a
‘program frame’ for embodying the lower level object-oriented coniponents,
This component can be regarded as part of ObjectView since this
'program frame’ or template Is genetic to any cbject-tanager process.

Level 5 (L5)  This is the SOMI Software bus Application Programmer Interface - the
actual function calls providing access to the SCGMI Bus. This ObjectView
component is closely associated with the Object-manager component,

The component building blocks as described above were implemented as component
class (ibraries, with the exception of the MMI Object-manager which is tha process that
Integrates the objects from the required lower-level components .

Each component was built on top of lower layer components, with extensive use of
muitiple inheritance, The muitiple inheritance was specifically directed at creating
'abstracted’ objects that inherlted from separate classes defining the interface and
implementation. Therefore if implernentation is changed, the virtual abstractec object (thet
used by the application) is unaffected. Change is ohly required to the implementation
class. We found that multiple inheritance provided better ra-use and a more generic sét of
components, especlally with real-time technical systems which are highly dependent of
external environment details, it was also found that the MMI subsystem was particularly
suited to component re-use bacause there Is much software behind the visual user
interface that is generic to technical realdime applications.
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4.5

4.5.1

The MMI cormponents as described above were designed with clear interfaces betweah the
different layers. That is, the programming interfaces between the different horizontal layers
wera clearly defined, with the objective of providing a 'mix and match' type of component
re-use,

A typical example of this is the TEXT component at level L1 which could utilise either the
OSF/MOTIF component at the lower fevei L0 (for graphical user consoles), or the
CURSES component for character consoles, The TEXT component would niot be aware of
which components it was interfacing to at the component levels below or above. It will be
observed that this 'mix and match’ phllosophy was characteristic of the designs of the
other subsystems too,

“This sictlon has described the design of the MMI subSystam s bottom level {ie. the
ObjectView level) of the 3-iayer philosophy described earlier. The second and third layers,
that is the domam-speclfic r.:omponants and the customised componants are descnbed in
Chapter 5.

THE WORLD-MACHINE INTERFACE

' The World-Machine Interface (WMY) is described in this section. The WMI provides the

interface between the outside real-world being monitored/controlled and the oomputer
system.

it was ohserved that the WM did not have as high leve] of generat re-use potential as the
MMI subsystem. The reason for this is that the interfacing to the outside world s very
specific to the type of equipment being interfaced to, and the type of equipment is specilic
to the application domain.

However, this section does describe the structure and design of those cors WMI
comnonents that were considered 10 be generic to most real-time application domains -
the ObjectView components.

Again, for the sake of readabiiity and relevance, spectic technical details on the design,
modelling and implementation of the WM components have been omitted.

The Generic Requirements of the WMI

For the WMI, the following basic requirements were identified for the generic ObjactView

. components:
* It was to behave merely as the interface between the outside world oguipment and
the RTOMS subsystem, and no real-time processing was to be lncluded in the
WM functionality.
* It was to be structured in a way such that new 'device- drivers’ and
interface-drivers' could be added in & mix-and-match mannet.
* It had to provide for poliing, receipt of asynchronous data, sending contrels and

configuration downloads,

* it had to provide Q1, Q2 and Q3 levels of intetface to the outside world, where Q1
and Q2 are lower Ievel protocols as yet not fully defined by CCITT's G.773
recommendation, and Q3 is the CMIP interface as adopted by IEEE for Network
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Management, {Refer to Appendm A and the CCITT Study Group XV reference““’
for further details}.

The design of the WMI component structure was then based on the above basic
requirements and the detalls are contained in the following section. '

452 The WM Buliding Block Structure

The design of the WMI component structure is depicted in Figure 4.8 below.
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Figure 4.8: WM/ Subsystem Building Block Structure

The Levels LO to L4 referred to in Figure 4.8 above are described below.

Level 0 (L0}  Thase low-lavel componants provide the object-oriented data-link leve!
: interface to the real-workl equipment. They are refarred to as virtuat
interfaces, and for this project included interface diivers for RS-232,
RS-422, HDLC, X.25 and QCOMM. The QCOMM virtual interface was
required for interfacing to our organisation's existing TNM networks
utilising the basic proprietary QCOMM messaging subsystem. In other
words, this virtual interface behaves as a 'gateway’ device. _
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At the upper end, these virtual interface components interface to the Virtual
Devices via a defined function call APIs. This implies that any Virtual
Device can be matched to whatever Virtual interface is required for
physically interfacing to the real-world devlces

Levet 1 (L1) This level consists of the Virtual Devices that are specific to the

AccessView application domain, Each Virtual Device component embodies
the functionality and behaviour required to poll, drive and control the
real-world equipment it interiacas to,

As with ihe Virtual Interface compaenents, the upper end of the Virtual
Device coinponents interfaces with the CustornView components via a
defined standard function call API,

For this project, thess Virtual Device components consisted of AccessView
componenis for the telecomminications network management domain,
These AccessView components are described in detail in Chapter 5.

Level 2 {L2)  This leve! contains the customised CustomView application-specific
_ cemponents, They typically contain the polling and state algorithms.
specific to the application. Addltional detall on these components is

cortained in Chapter 5.

Level 3 (L3)  This Is the generic object manager with the associated housekeeping
- functions. Itis essentlally a generic program or process "frame’ for Imklng
together the lower-level object-or!ented cormponents

Level4 (L4)  The SOM! Software Bus Application Programmers interface - the actual
function calls providing access to the SOMI Bus. This ObjeciView
component is closely associated with the Object-manager component,

As with the MMI subsystem, each layer was built on top of the layers below, with each
componant being contained and abstracted so that re-use, maintalnability and testability

are improved,

From the design and impiementation of these WMI components, it was observed that the
generic ObjectViaw components, that is the Virtual Interfaces, were very thin in this
subsystem, However, the AccessView domain-specific Virtual Device components of Level
1 proved to be quite substantial.

THE REAL-TIME OBJECT MANAGEMENT SYSTEM

In this section the Real-Time Object Management System (RTOMS) is described. It was
observed that of ali the subsy'stems, the RTOMS had the lowest level of potential re-use at
the ObjectView lev.! That is, the components in this subsystem were very specific to the
telecommunications network management domain and the application. It was observed
that the iow level of re-use was due to the fact that the RTOMS contained much of the
functional models specific to TNM applications, Because of RTOMS' closa relation to the
application domain, it was found that the AccessView components were quite substantial,
and this Is described in more detail In the RTOM's AccessView description in Chapter 5.
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4.6.1

This chaptsr reviews the generic requlrements of the RTOMS ObjectView components, and
detalls the component structure that was designed for RTOMS. Further technical detalis
and examples of the object-oriented design, modelllng and implementation of the RTOMS
Is contained |n Appendix D, _

The datails of RTOMS have been included in an Appendo: for two reasons: to better
convey the RTOMS model, which | considerad to be the most Important subsysterm, and
secondly to demonstrate an example of the chject-triented design, notation and
programmting methodology used on the project.

The Generic Requirements of the RTOMS

For readers not familiar with the requiremenis and concepts of real-tlma databases, tha
following paragraph reviews the RTOMS philosophy.

RTOMS Philosophy

The RTOMS is a memory-based high-performance database in which all physical or
real-world objects are represented by object instances of certain class types, The statuses
of real-world objects are monitored by the WMi subsystem, and are stored directly as
attributes in the appropriate objects in the RTOMS subsystem

The RTOMS also allows definition of live links of RTOM objects to any other objects, either
In the RTOMS Object-manager itself, or to any other object contained within a remote
Object-manager. RTOMS also permits definition of derived objects, which is a logical or
mathematical combination of any other cbjects’ attributes,

The whole philosophy of RTOMS is that it is totally asynchronous and event-driven. For
example, a real-world digital device changes state, WMI palis this state change, this
change of state results in WMI sending a SOMI message to the digital device's object in -
RTOME. The RTOMS objects' methods are triggered, which could result in further
processing, linking 'output’ attribute values to ‘input’ attribute values of other objects, and
possibly sending SOMI messages to graphics cbjects contained within the MMI
Object-manager. The change of attributes in the MMI Object-manager object could result
in a defined colour change if that object was cumrently being displayed.

RTOMS Generic Requirements

For RTOMS, the following generic requirements were defined:

* it was necessary for RTOMS to store the entire real-world network image being
monitored, viewed and controllad,

* Perform real-time processing associated with every object when it was triggered by
any event or state change.

* For the required real-time response this real-time database had to provide high

' . performance and throughput,

* To provide for dynamic linking of objects, so that a real-world stimulus of an object
would trigger methods and processing of other linked and associated objects,

* To be logically contiguous, but possible to distribute this image datahase
physically,

w Provide for regular image snapshots, so that the real-wotld image could be
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_ .recovered with minimal impact after a system crash.
* To provide a memory-based short-term bistory/profile archzva whlch ooulci be
accessed in realtime.
* ~ To suppott severa) types of enquiries,
* It had to modael beth the logical and physical ob;ect models.

RTOMS Design Consldarations

The RTOMS subsystem is a complex and extensive portion of the operation-critical
software. For this reason it would be impossible to review sll the RTOMS issues.
However, some of the design considerations are reviewed here since thay relate to the
object-oriented approach and the relevant decislons that were made.

it was observed that this was the most difficult subsysterm to model, since it was the hean
of the entire system, representing the entire outside warld being monitored in ternis of
objects, both physical and logical representations. [t also contained the object
representations for the hierarchy of the real-world objects as well as derived obiects

In realdime applications, even with the traditional systems design methadology, the
relational database has always proved unsatistaciory as the tool 1o store and manage the
real-world image. The Relational Database Management System (RDEMS) cannot cope
with the throughput, performarice, real-time response raquirements, and complexity of data
types. The RDBMS cannot perform the complexity of operations, and does not support .
the concepts of dynamic links, linked lists and object attributes and object relationships
that are constantly changing due fo stimulus from events from outside events and alarms.

The usual approach to realtime datat =3es has been custoinised memory-based
hierarchicat databases, or integration with packaged real-time databases. But this
approach has resulted in designs and implementations that were very customised to the
application - and therefore a very low degree of re-use, At best it has been observed that
it is possible to re-use only the concepts and design of the RTOMS subsystem, and a
emalt portion of actual code.

For the above reasons, use of an object-orlented real-time database made good sense.
Several commerclally available object-oriented databases were considered U, such as
ONTOS (Ortos Inc.), GEMSTONE {Servio Inc.), ORION (MCC) and Objectstore {Object
Design Inc.).

However, it was decided to implement our own DODB for several reasons:

* Cost of proper evaluation of third party products,

* Leaming curve to use these products,

* Fear about matuity and ruggedness of avaliable praducts, particularly for real-time
uset

* Reservations regarding the performance for real-time use.

* It would be difficult to optimise a third-party product for performance if thls was
requlred.

* Further reservations about security, integrity and recovery facilities provided - these

are Important criteria for a real-time database.

Thus, as our first venture into building object-ariented systams, it was decided that the
risks were too high 1o use a commercially available OODB. ft may weil happen that ohce
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_the initial components of this project have been developed, evaluation and use of a
commercially available ODBMS may be considered,

462 The RTOMS Bullding Block Structure

The preceding section outlined some of the generic ObjectView requirements of the
RTOMS subsystem, and based on this the coinponent structure of the RTOMS subsystem
was designed. This Is depicted in Figure 4.9 below,

U SOMICMIP SOFTWARE BUS
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12 applicatie -_.@tgii,'ej
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1 1 : -TB_l_l_H'_- 'sm\!smn' :

Figure 4.9: RTOMS Subsystem Building Block Strunture.

The component Levels 1.0 to L4 reforred to in Flgure 4.9 above are descilbed below.

Leval 0 (LO)  These low-level comporients provide the ObjeciView RTOMS componertts

' that are generic to realtime distributed applications. The WORLD
ACCESS LEVEL component, also referred to as WAL, consists of the set of
cbject classes that represent the physical real-wortd objects being
rmonitared and contrelled, The LOGICAL ACCESS LEVEL component
likewise consists of the set of object classes that represent the logical
representations of the real-world objects, The OUTLINKS component Is
respansible for providing the dynamic link mechanisms for finking object
attributes to other local and remote Object-manager objects. The
DERIVED LEVEL component consists of the set of object classes that
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represant abjects that are defined as derived, where a derived object Is an
object whose attributes are derived from & logical or mathematical
combination of other objects' atiributes. The SHORT-TERM HISTORY
component consists of those object classes that handle the local
high-performance memory-based short-térm archive within the RTOMS
subsystem. The IMAGE SNAPSHOT component consists of those object
ctlasses required for doing real-time database memo;y snapshats 1o disc, -
and executing rebuild recoverles.

tevel 1 (L1) - This level represents the AccessView Components that are built on top of
the L0 componerts, and consist of componaents that provide abstracted
and packaged functionality specific to the telecommunications network -
‘management domain. These componenis are covered in more detalf in
Chapter 5,

Level 2 (,2)  This lavel is the CuslornView component set that wllises the objects in the
lower level components to provide the customised processing for the
particular TNM application. An example is fault docket handling for a
~ particular application. Further detail on the CustomView components Is
GOVered i Chapter 5.

level 3 (L3)  This is the generic RTOMS ob]ect manager with the assoclated
housekeeping functions, The RTOMS Object-manager framework is very
similar to the MMI and WM! object-managers, this being another advantage
. of the Software Bus concejt coup!ed to tha re-usability of the
object-orlented approach. _

Level 4 (L4)  This is the SOMI Softwire Bus Application Programmer's Interface - the
- actual function calls providing access to the SOMI/CMIP Bus and services.

As with the MMI and WMI subsystems already described, these components were
structured, contained and abstracted $o that re-use, maintainability and testablilty are -
enhanced, As noted earfier in this saction, it was observed that the RTOMS subsystem
had the lowest level of re-use at the generic ObjectView layer, and it is my belief that this
would hold true for any other application domains. The reason is that RTOMS really
contains the representation of the logical and real-world models, and the behaviours
asseclated with the particutar application and application domain.

The RTOMS AccessView and CustomView components are described In Chapter 5, and
further technical detalls on the modeliing and implementation of the RTOMS subsystem
are covered in Appendix D of this report,

CONFIGURATOR

The CONFIGURATOR subsystemn is described i this chapter, In 2ntrast to the RTOMS, it
was observed that the CONFIGURATOR had some very clear ar.. . tandalore generic
ObjectView components. By standalone is meant that certain CONFIGURATOR
components could be used as standalone re-usable program components,

Chapter 4 Page 62



AN OBJECT-ORIENTED COMPONENT -BASED APPROACH TO BUILDING REAL-TIME SOFTWARE SYSTEMS

4'7-1

4.7.2

The Generic Requirements of the CONFIGURATOR

~ Performance was the primary requirement. Three factors affect performance adversely in

the CONFIGURATOR. The first Is that the typical configuration database on a
multi-netwarked system is usually contained on a single database server host computer,
thus the bottle-neck. The second factor is that when developing software systeras for
end-users, there is often the constraint of having to adopt the database server technofogy
used by the end-user corporation. These databases are usually Relational Databases
which are notoriously slow in context of the real-time environmerrt. The third factor is the
large size of typical configuration databases,

The following basic generic requlrements were defined for the CONFIGURATOR

subsystem:

* It had to be flexible t2 aliow update and access fiofi any client object-mansgers
on tha network. .

* To provide flexible integration into the Relational Dafabase Management Systems

(RDBMS), where the RDEMS database table design is often dictated by end-user
corporate requirements. Often this design Is not compatible with the real-time
. requirements, and aven Isss so with the object-oriented paradigm,

* To allow for on-line real-time and batch configuration update,

* To provide for buiiding of #lat contiguration files from the database tables for
downioading to tha relevant nodes where re-configuration 'of the RTOMS and WMI
subsystams is requiras,,

* Provide for partial {incesmental) and full configuration buildin-,

* It had to previde for the RDBMS ta be taken oft-line for periods for database
administrator activities and maintenance. For reasonable off-line periods, the
real-time system should not be adversely affected. That is, although the
configurator service will obvicusly bs unavallable, the real-time system should
rhnaue operation,

The abova summarises the generic requirements of the CONFIGUHATOR subsystem,

The CONFIGURATOR Desigri lssues

Befare the component structure for the CONFIGURATOR subsystem could he designed,
several fundamental design issues had to be reviewed:

- The first was why use a Relational Database for the CONFIGURATOR functions?
- The second issue which proved to be a big problem was that relational database
technology and object-origntation are inherently incompatible.

Object-orientation implies encapsulation of object functionality with its data structures,
whereas relational tschnology implies integrated data structures with orders of
normalisation. This means that true object modelling does not necessarily have a
one-to-one mapping between objects and database tables. These and other issues are
discussed In further detall below,

Many technical real-time systems require configuration of some sort. Simply put, a .
corfiguration database is required which defines what the world outsids looks like. This
Includes the mapping of the physical objects In the 'world' to 'logical' objects, with types,
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characteristics, relationships and behaviours of . - objects. The configuration also
needs to define the behaviour of objects when certain events happen.

~ Listening to the cbject-oriented purists, we should have opted for a true Object Database

Marnagement System (ODBMS). Howaever, this has been implemented to a degree for the
RTOME subsystemn, which Is the real-time database image of the real-world and derived

- objects. However a file-based configuration database Is stilf required to provide backup to

the RTOMS memory-based image. In this object-oriented approach, it was decided to
use a configuration subsystem based on relational database technology.

The motivation to use reiational database technology for the CONFIGURATOR was
threefold: : '

* The first was pure economics and risks developing or integrating a commercial
CODB is expensive and risky.
* There is already heavy invostment in relational databases In our organisation’s

typical end-users. The customers are not ready or prepared for a radical
departure from this technology to object-oriented databases, especially whete
current relational databases are already integrated into their corporate
environments.

* Powaerful tools currently exist for reporting and database management, This
includes the industry Standard Query Language (SQL) and 4GL environments,

In the design of the bullding blocks, it was felt that there was place for both the QODB &nd
the Relational Database, The RTOMS building block, described in the preceding section,
is & realtime QODB, and it needs to be. This is because it Is an active database -
because almost all of the knowledge and code exists in the database itself,

Tha relational configurator databaée, however, is pa:;éiva. and is Intended to contaln a
file-based Image of the real-world configuration, for ATOMS backup, system integrity and
coordinated and synchronised re-configuration,

The lso Product Data Exchange Specification (PDES) definition of data structures for
design data, has already moved in the direction of object-oriented specifications for
database. Object SQL, or OSQL is already being pursued by Hewlett Packard, Data
General and others (Stone®™). Most of these developments are based on adding
object-oriented extensions 1o their existing SQL. and other database products.

For similar reasons as deciding to implament our own RTOMS, for this project the team
designed the concept of & Database Object-Manager (tarmed DBDM). which Is an
object-oriented layer over the relational database.

The component structure design of the CONFIGURATOR subsystem with the
Object-manager layers is detalled in the following section,

The CONFIGURATOR Bullding Block Structure

With & conceptual understanding of the generic requirements of the CONFIGURATOR

subsystem, anid the refated design issues reviewed, the subsystem building block
structura was designed, This is depicted in Figure 4.10 below.
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Figure 4.10: CONFIGURATOR Subsystem Building Block Structure

Figure 4.10 above dapicts the structure of the main components of the Configurator
stbsystem. These levels are described in detail below. ' :

Level O {LO)

Level 1 (L1)

Level LO represents the Relationa! Database Management System
(RDBMS) products. In this project, use was made of the well established
ORACLE and INFORMIX raiational database products.

This level conslsts of the SQl.-Executor componants, Thay consist of
generic SQL-Executor componsnts which provide the Interfacing specific to
the underlying database product. For exampls, the SQL-Executor :
(ORACLE) component provides a library of furiction calls which transform
the upper layer standard SQL calls to the embadded Pro-C calls for
ORACLE access, _

Ancther feature of this level is the file-defined Object-to<Table mapping
‘rules which Is really a CustomView component, as it is very application
specific. These CustomView components provide tha mapping between
the managed objects (MO) on the system and the tables in the RDBMS.
As previously noted in this repon, the object-orientad and relationat
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Level 2 (L2)

Leve! 3 {L3)

Lovel 4 (L8)

Level 5 {L5)

database technuiogies are inherently incompatible, and there is not -
necessarily a direct one-to-ohe maich betwean object classes and
database tables. Further detall on this CustomView mapping component is
contained in Chapter 8.

in keeping with the re-usability of the object-oHented component approach,
it was intended that any new RDBMS product may be used a3 the
underlying storage mechanism by merely developing a new SQL-Executor
comporient for interfacing to that database, The upper components and
application would be unaffected by this,

Ties level consists of a single component, the SQL-Generater, which
converts the SOMI/CMIP primitive calls to SQL st_ring_s.

For example, the oMIP primitive: GET (class_name, object_name, ...}

wotld translate to the SQU. string:
SELEGT FROM <class> WHERE <ob]ect==object name:

‘These strings are then passed to the lower SQL-Execr-.or comporent
which formulates the correct syntax for the embedded ProC interface calis
to the RDBMS. This ObjectView conponeﬂ is genetic to ahy application
requiring database services,

" This is also a single component which unpacks the incomlig SOMI service '

and translates it to the SOMI/CMIP primitives {GET, SET, CREATE,
DELETE, etc). it Is generic tG any application requiting database services,
and it was therefore designed as part of the ObjectView toolkit.

Level 4 consists of the Database Servicas Manager (DSM) and the
Database Object Manager {DBOM) nomponents. Tliase are ObjectView
components as thay are generic to any application requiring database
services. Tha DSM receives all logon requests via the SOM| software bus
from the requesting client application and schedules a dedicated DEOM
for servicing subsequent database requests from the cllent application,
Any new client application gets a dedicated DBOM, The reason for this
DSM/DBOM arrangement is to be able to servica requests from several
client applications simuttansously.

This is the SOMI Software Bus AP| - the actual function calls providing
access to the SOMI/CMIP Bus, and SOMI/CMIP services,

Associated CONFIGURATOR Somponents

Apart from the above configurator cetaponents, three additional standea!one components
were designed as part of the Configurator subsystem, These are the application
Configuratiors Manager (ACM), the Configuration Builder and the Bulk Loader, These
components are reviewed in Figure 4,11 below,
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ngbré 4.11: The Appiication Conifiguration Manager {ACM)

The Appiication Configuration Manager (ACM) subsystem shown in Figure 4.11 abova
consists of only 2 levels:

- SOMI AFI

This Is the SOMI Software Bus Applicatlon Programmar‘s Inteiface as described in
previous secticns. .

Application Configuration 'Manager

This ‘avel consists of the generic ObjectView ACM 00mp0nent and a Custarnwew
application-specific database rules component. _

Any access/update of the Configurator is done via tite ACM to ensure the integrity of the
database, and consequently of RTOMS since RTOMS raceives its image configuration
from tha Canfigurator,

The ACM tself was implemented as a state-machine engine, which operated on the
file-based state-table Database Configuration Rules.

' this way, the ACM was kept genetic, and the application-specifit rules were kapt as a
sepatate file-based definition in the form of a state table.

The application configuration rules component is essentlally a CustomView component. It
is very application-specific, since it defines the rutes for access and update of the
Configurator database. These rules define tha relationships, limits and hierarchy of all
real-world and derived oblects represented on the system.

T\\?_o other components associated with the CONFIGURATOR subsystem are the BUILDER
and LOADER - these are depicted In Figure 4,12 below.
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Figure 4.12: The Configuration Builder and Loader

The components shown in Figure 4,12 above are additional generlic components
associated with the Configurator,

The Contiguration Bulider

This component was designed and Implemented as a generic ObjectView component
which is activated when it is required to rebuild any RTOMS image on the network, A
request is made for a partial or full rebulld from a user via the MMI. The MMI| request is
put on the SOMI software bus as a CMIP reguest to the destination CONFIG_BUILDER,
CONFIG_BUILDER then accesses the RDBMS via the DSM/DBOM as a normal database
client applloation. and builds SOMI-SYNTAX ASCI tlat-files of configuration, After this Is
dane, these local configuration files are then transferred to the host machine requiring an
RTOMS re-configuration,

The Configuration Loader

The Configuration Loader was also designed and implemented as an ObjectView generlc
component. - it reads the local configuration file {which is aiready in a SOMitype syntax),
and sends update raquests to the local RTOMS via 8OMI 'CREATE' and "SET' messages.
In this way the RTOMS memory-based image is configured from the configuration
database.

HISTORIAN N
The final subsystem is the HISTORIAN, which is described in this chapter,

As was the case with the CONFIGURATOR, the HISTORIAN #lso proved to have a high
level of potential re-use, and all HISTORIAN components, except for the Object-to-Table
mapping component, could be classified as generic Objectiew components. It is
envisaged that the HISTORIAN components could be re-used in most real-’ume distributed
systems requuring RDBMS historian and archiving functions.
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4.8.1

4.8.2

The onhly non-generic componient was the Object-fo-Table Mapper component. it would
not be re-usable in other real-tima systems nor in other applications In the same
telecommunications network managemen: domain,

The design of the HISTORIAN and CONFIGURATOR was implemanted in such & way so

as to ensure re-usability between the two subsystems during development, In fact, the
CONFIGURATOR was fitst developed, and therealter it was relatively trivial to implement
the HISTORIAN, since all components were essantlally common except for the Level 4

~ components of CONFIGURATOR and HISTORIAN. “These components are the HISTORIAN

OBJECT-MANAGER (HOM), and the DATABASE OBJECT MANAGER (DBOM). The DEOM
far the CONFIGURATOR was dosigned ds a generic database sewver
object-managerfagent, but the HOM wes designed as an extended DEOM with
functionality added to cater for specific historian requirements.

The HISTORIAN components are descrlbed in the following sectians of this chapten

Th‘e- Generlc Requirements of the HISTORIAN -

The followir  .neric requirements were defined for the HISTORIAN subsystem;:

* As with the CONFIGURATOR, performance was the primary requirement. It is

' necessary for several clent oblect-managers or applications (usually RTOMS
object-managers) to be able to archive or log data to the HISTORIAN sarver host
in realtime, it was necessary for the HISTORIAN to handle rates of up to several
dozen "object-records’ per second,

* The HISTORIAN should be able t store and manage large volumes of data - for

- the TNM application developed it had to cater for up to 8Gbytes of data,

* it had to include a store and forward mechanism, meaning that data could not be
‘streamed directly Into the Historian database server. A buffeting mechanism
between the sending object-manager and the HISTORIAN had to be provided.
This would cater for situations whete the database itself was down or the network

connection between the sending ob]ect-manager and HISTORIAN database server

wore down

With the basic HISTOHIAN requirements defined, the component strugture of the
HISTORIAN subsystem was deslgned
The HISTORIAN Buliding Block Structure

Having dsfined the generic requirements of the HISTORIAN subsystem. the HIST OH!AN
Componant structure was designed, This is depicted in Figure 4.13 below.
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Figure 4.13: HISTORIAN Subsystem Bu:‘:’dfng Biock Structure

Figure 4.13 above dep!cis the structure of the HISTORIAN subsystem. These levels ara
dascribed below in detall below,

Level 0 (LO)

Level 1,2,8

tevel 4 (L4)

Level LO represents the Relational Database Management System
(RDBMS) products, In this projcct, use was made of the well establishad
ORACLE and INFORMIX relational databasa products, :

These ara the generic SQL-Exesutor, Ob]ect-to-Table mapplng.
SQL-Genarator and SOML-Translator components and are identical to that
of the CONFIGURATOR subsyster, Refer to the descriptions of these
components under the CONFIGURATOR in Chapters 4 and 5.

Level 4 consists of two ObjectView generls Historian components: the
Historian Object Manager {HOM) component and the Historian Bucket
companent. The HOM behavas in almost the same way as the
CONFIGURATOR's DBOM object-manager component. That Is, It receives
historian data messages from object-manager clients from around the .
network via the SOMI software bus. it then transforms these into SQL
statements that are then executed in the RDBMS,
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A HISTORIAN. BUCKET application resides with each historian client
object-manager (usually RTOMS's) and all historian bounr' messages are
routed to this Bucket. The bucket stores these archive messages and
handles its own interaction with the HOM object-manager on the Historian
Server host, When the HOM is ready for the next database 'insert’, it
requasts the next historlan record from each of the running BUCKET
applications in turn.  Once received, the HOM then stores it In the
database,

The reason for the store and forward mechaniam of HISTORIAN is to
prevent performancs critical object-managars such as ™TOMS from waiting
for returns from relatively siow database actesses. Th UCKET-HOM
interaction provides a secire buffering and handshaking mechanism, and
off-loads from the RTOMS the problem of ensuring successful archive
storage to the BUCKET application. The BUCKET also provides for
extensive b.iffering for cases where the database server host is temporarity
unavai!able due to maintenance.

Level 5{L5) The SOMI Software Bus API. as previously described.

UTILITES

Several utiiities had to be implemented as part of the generic comporients required for
building real-time distributed systems. These utllities are seen as ObjectView components
as they are generic to any appiication domain.

The more important utilittes are briefly reviewed in this section, but no additional details
and designs are included in this report for the sake of brevity, '

The extreme benefits of the object-oriented approach coupled to the SOMI sofiware bus
became apparent with the addition of further utilities and functioris. Most utilities were
ObjectView Applications which communicated to any other object-managers or
applications via the CMIS services provided by SOML. This resulted in;

* Generality of utilities, allowing use of a utlity by other object-managers or
applications anywhere on the network,

* Transparency - as with object-managers and applications, utilities are just
applications and may be run transparently on any node on the network.
* Ease of re-use and development - writing & new utility involves re-using the

“standard Application template and men writing the utility code wlthln this template.
Error-log and System-log

These subsystems are regquired in any real-time system, and are used to store error logs
and system logs generated by the object-managers and application processes themselves,
‘Abnormal sofiware errors encountered by processes on the network log ‘error logs’ to the
Error-log utilfity on the network, and any process wanting to log a change of operating
state or condition, logs a 'system log* to the System-log utility, These logs also stors,
index and manage the log files and allow easy and efficlent retrleval of logs from any
requaster on the SOMI bus,
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The afror-log utility receives error logs from any object-manager or appiication process on
the network via the SOM! bus, and typically inciudes tme and date of the emor,
object-manager/application name, node, error code and description.

The System-log Is identical to the Emror-log, except that it stores information on events
within the object-manager and applications, such as start-up time, status and condition of
precessas, The information in the System-log also include the date and timeZof log,
obje.x-manager/application name, node and fog message string.

Figure 4,14 below deplcts the SOMI bus with object-manager processes and the Error-iog
and System-log applications which receive, store, and allow retrieval of the logs.

WML M " wroms . CONFIG- | HISTORIAN |
. SOFIWAREBUS
~ ERROR : #mau.
wa | e

Figire 4.14; The Error-Jog and System-log Utilities

Genetlc Watchdog

The generic watchdog is also is an Appiication attached to the SOMI bus and runs on one
of the nodes on the network, According to system manager defined parameters, it

* reguiarly sends SOMI 'GET' requests to the defined object-manager processes on nodes
on the network to enquire operational status, Responses are returned to the Watchdeg
utility and nscessary actions and logs ate sent cut by the watchdog when error conditions
or non-responses are detected.

For this watehdog utliity, generic watchdog mechanisms had to be set up in the
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object-manager pracesses. Firstly, all objects being managed (MOs), were designedta
contain status attributes, and methads 10 access these attrlbutes, Secandly, each generic
object-manager was designed to contain a special class named 'STATUS" which itself
inquires and stores the status of the required MOs in that process, and derives the
operational status of that object-manager. _

‘Thus the generic watchdog utility actually addresses the 'GET” request to the STATUS
object of each object-manager and so darives the status of the entire systam.

SOMI-Send Utility

This utiity was developed to ald in debugging, testing and integration of the components
of ObjectView and AccessView and was also very useful in Integrating and testing the
completed TNM application that was developed. It was written as an application which
attaches to the SOMI bus. Via interactive user Input or input from a seript file, it sends
SOM! messages (GET, SET, CREATE ete) to the addressed object-manager on the
network. Responses are returned to the invoking SOMt~Sand utlﬁty. which can then be
analysed and browsed,

CHAPTER SUMMARY

This chapter has primatily focused on the introduction of the genetic architecture, and the
design of the core generic components {ObjectView). Particular attentiun was also given
to the use of the soﬂware bus and highiway.

It is strongly believed that the designed structure of the generic components has

- confirmed the suitability of the object-oriented approach for software re-usability,

Furthermore a S-layerad component structure was introduced and motivated, It 'was
demonstrated in this chapter that this, together with the SOMI software bus, further
conttibuted to the success of the object-orianted component-centred approach,

It has been demonstrated in this chapter how the major components ware fusther
sub-divided Into smaller welt defined sub-components or bullding blocks, whick
incorporate the special requirements of distrlbuted realtime systems. However, for the
sake of clarity and relevance, detajled examples of the real-time data modelling and
implementation of these components have been omitted from this chapter, but an example
is contalned in Appendix D of this repon,
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BUILDING THE DOMAIN AND APPLICATION COMPONENTS

This chapter further describes and demonstrates the object-oriented component approach
to building the TNM applications. Chapter 4 detalled the design and implementation of
the first layer (ObjectView) of the 3-layered building block design philosophy. In this
chapter, the design and implementation of the second and third layers (AccessView and

-Custom\View) are described, where the AccessView components are those that are TNM

domain-generic, and the CustomView components are those that are TNM
‘application-specific,

Again, specific emphasis was made on designing components for re-use, malntainability
and testability, without falling into the trap of over-generalising the functicnality of -
components.

Oniy that material of the AcvessView and CustomView components that is relevant to the
report topic is covered in this chapter. However, Appendix D does contain examples of
the modelling and implementation of some of thase camponents

REVIEW OF THE ACCESSVIEW APPLICATION DOMAIN

The AccessView domain referred to in this teport is contained to a specific portion of the
Telecommunications Network Management domain, This domain is extensive and
explanation in detall Is beyond the scope of this report. However to better illustrate the
structure, design and function of the AccessView object-oriented components, this section
contains a more detalled overview of the real-world domain of telecommunications
netwerks applicable to this study. It should be regarded as a follow-on to the description
of the TNM domain introduced in Chapter 1.

The Physlcal Model

In context of this study, there are three relevant areas of telecommunications networks,
namely line systems, transmission systems and switching. Thase have been praviously
introduced in Chapter 1 - refer to Figure 1.1 for a depictioni of these three relevant areas of
telecommunication networks in relation te a telecommunications network management
system. Descriptions of these three areas are restated below.

Line Systems - Carrles telecommunications traffic via microwave, fibre-optic and other iine
systems, The electronic equipment associated with the line systems has outputs that
Indicate the operational and error status of that equipment. These indications are
monitored and stored by the remote data acquisition outstations (eg. OCTAVE 2000,
RICE-80) situated in the carrier rooms, and are periodically polled by the regional WM
hosts.

Transmisslon - This consists of 2, 8, 34 and 140 Mblt stream multiplexer and demultiplexer
equipment, which also has outputs indicating the operational and fallure status of that
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equipment as well as blt-enor Indicatmns. ‘These are also monitored by remote
outstations which are periodically polled by the regional WM hosts. The tranismission and
line subsystems are mierely bearers of trafﬁc they are carrying.

Switching - These are the end users of the transmission and line systems. Data

- acquisition outstations for monitoring the relevant switching equipment are situated in the
switching exchanges. Thesa outstations periodicaliy poli the exchange aquupment and
monitor the faults and status of the switching equipment. : _

~ The Telecommunications Networks Physical Model - Sigure 5,1 below depicts the _
physical model of Figure 1.1 in greater detall. For the sake of brevity, the sw:tching areas
of the telecommunications networks have been omitted,
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The Physleatl Equipment Hierarchy - Figure 5.1 depicts the physical mode/ of
telscommunications networks, the hierarchy of which is depicted in the physical hierarchy
diagram depicted in Figure 5.2 below:

A Gl path

1

LY 2ad Order Path

. L
L onter vk

T Ovter Bk i

W |
 Gecttom -

- Lenles] Bquipment Growpings (LEGs)

1

Eqnipment (microwave, optical, transmissian)

© Endleat %, Sanlt, status, error fate}

F!guré §.2: Telecommunications Networks Physical Hierarchy

The nature of the physical telecommunications netwark model Is that the configuration of
equipment within the above hierarchy is dynamie. For exampla, a fourth order Bearer
r 2y consist of cortain LEG-s&ts at one time, but leter could be configured to consist of

cufarent physical LEG-sets. This dynamic configuration is applicable to all elements in the
hierarchy.

Figurs 6.3 below depicts a Booch representation of the object model of the
telecommunications networks domgin, This simplified object model Is a representation of
real-world physical model and relationships - and relates directly to the physical model
depictad in Figure 1.1 of Chapter 1, or Figure 5.1,

Chapter § Fage 77



& Jojdey

8. 88ed

‘g emnbld

[
[l

ojdurexy (epoW 100/00 SHOMBN SUORBOIINWILIONSIOL

Path
{ird Order
Pightal Paty)

Tribnisry
Failute

Pafh
#h Order \
Disital Patk

SWILUS FHYMIHOS INIL-TWIH DNITUNG OL HOVYOUDIY GISYEUNINOINOD GRINIIHO-LIINEO NY



AN OBJECT-ORIENTED COMPONENT-BASED APPROACH TO BUILDING REAL-TIME SOFTWARE SYSTEMS

5.1.3 Generlc TNM Functions

5.2

- From the domain overview covered in the preceding sectlons, It is easy to appreciate that

such extensive transmission equipment requires integrated and effective management.
With successful Telecommunications Network Management (TNM), a high level and grade
of servica Is ensured to all users of telscommunications, from prtvate telephone

“subscribers, to high-speed corporate/banklng customers.

8o that the reader may better appreclate the structuring and design of the AccessView
components described in later sections of this chapter, the generic functions of TNM
systems are summarisad below: _

» Monitor equipment failures on microwave and optical line systems, transmission :

and switching equipment (refatred to as Fault Managesiant)
* Monitor statuses and maintain configuration on line, wansmission and sw:tching
equipment (to be classified as Equipment Management).

* Monitor the grade (bit-error-rate) on the bearers or channals (also Equlpment
' - Management).
* Dynamically add, delete and reconfigure the taleoommunicattons natwork

configuration on the TNM system (Configuration Management).
* ~Monttor traffic (usage and utilisation) being carried by different bearers and links
© {referred to as Traffic Managamant)

The above concludes the overview of the telecommunications network domain, inciuding
what Is meant by lines, transmission and switching, and the physical relationships between
the different types of equipment. This overview has been Included so that the reader can
better appraciate the following sections which describs in datalt the des:gned structure of
the Acceaszew and CustomView componemsa -

' THE MAN-MACHINE INTERFACE

In this section the network management dumaln-specific components, that Is AccessView,
of the Man-machine Interface are described. This layer was designed 1o encapsulate the
funictionality that wotlld be required for typical telecommunications network management
applications, specifically fault, equipment and traffic management.

The extended software speciiic to the particular application (r&:férmd to aé CustomViaw), is

also dascribed.  For the sake of clarity, fusther description and technical detalls of the
desigr, mocleling and implementation of the MMI's AccessView and CustomView
compohents has been omitted from this project report,

Below, Figure 5.4 shows the same MM| component structure glven in the ObjectView
description in Chapter 4, but with a breakdown of the AccessWew and t;mromView
compnnents
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Figure 5.4: MM AccessView/CustomView Components

521 The AccessView Components

Thess are the domaln-generic components, This is the level where the semantic level of
componeants assoclated with the telecommunications network management domain are
provided,

Level 2 {{2) in the Figure albove shows these AccessView components. ~ In reality there
are many more detailed components at this lavel, but for the sake of relevance to the
subject of this study, the components at this level have bean summarised Into four basic
components as described below,

Fault Management: This componert contains the set of abstracted objects with the
encapsulated functional behaviour far the real-time display and user-manipulatior: of faults
and faulk dockets. I can really be seen as an exiension {o the Text and Graphics
components of the MMI ObjactView layer, and includes the functionality for ratrleving alt
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summary and detailed fault and docket Information from the RTOMS via SOMI message
requests, and manipulation and display of this information on the screen. (Refer to the
RTOMS section in this chapter for the definition of faults and dockets)

Refer to Appendux F for examples of class definitions of objects developed for fault display
management in the MM! subsystem. Refer specifically to :

* Include file DkiSummary.ht which provides for summary displays of fault dockets,
* include file MimDisplay.h which provides for general display functions peculiar to
telecommunications network management.

Equipment Management: This component is also an extension to ObjectView’s Text and
Graphlcs components object classes, and provides the functionality for the real4ime
enquity and display of status of real-world objects as stored in RTOMS, The functionality

~ includes the MMI-HTOMS interaction for retrieving the real-world object statuses via SOMI

requests, and real-time display on the screen,

Traffic Management: The traffic management component contains the objects and
furictiohality for displaying traffic information relating to the links in the telecommunications
network. ‘This traffic information includes traffic volume, traffic users, and link and bearer
quality, performance and wtilisation.

Rafer to Appendix F for a class definition example of a traffic performance object, definad
Irt inclqde file LinePertDisp.h.

All three of the abiove AccessView components includs functionalit  r reporting of
archives from either the long-tarm archive in the HISTORIAN subsys sm, or the shart-term

. archive contained within the RTOMS subsystem,

MMI-Configurator; The configurator component includas the MMI functionality for entering
and updating the telecommunications network gonfiguration in the Configurator
s.ibsystem. For example, the conflguring of digital ahd analogue indications to
equipment, equipment to loglcal equipment groupings (LEGs), LEGSs to sections, and
sections to paths.

The CustomView Software Layer

l.avel 3 {L3) in Figure 5.4 above shows the CustornView application-specific comporents.
These components are not really genaric and are customised for a pastioular TNM
application, since they embody semantics very specific to the particular application,

Again as with the MMI's AccessView components, there are many mor: detalled
components at this level, but for the sake of relevance only three basic CustomView
gcomponents are described:

Operstional Interface: This component provides the look and feel of the graphicat (and
character} operational user intetfaces required for fault, equipment and tr~fic

management. 1 defines the windows arrangement and representation aid presentation of
telecommunlcations network abjects on the screen, It includes objects that display the
current network confliguration, interrelationships and equipment hierarchy.
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Operatlonal Reporting: Operationa[ reporting provides for the display and management of
the archives, the short-term archive from the RTOMS subsystem. and long term archive
from the Historian subsystem,

Graphics-conflgurator . Detinition: This component prov!des the appiication-specific

“definition of what the graphical and character screens would [ook fike for the configuration.

The component philosophy of these AccessView and CustomView componients is the

- same as for the ObjeciView components described in Chapter 4 - abstracted object

component libraries that are *hooked" into the generic Object-manager process,

THE WOHLIJ-MACHINF. INTEHFACE

In thts section, the teleconwnunications network managemnt spec;{ic compornents of the
WM are described.  Referring to the WMI structure deseribed in the previcus chapter,
these are the AccessView components represented by Levet 1 (L1} comporients in the
subsystem structure design, For the nitial phase of the project, thrée components were
designed and implemented, This was required for driving three specific types of
telscommunications data acquisition outstation equipment, the OCTAVE 200, OCTAVE
2000 and the RICE-80, (Further details on the outstation aquipment Is contained In the
description of the AccessWew components below).

The naxt higher tevel 2 (L2), the WMI CustomView components, are alse described,
‘Thesa components represent the customised portions of the softwara specific to the
particular application that was developed, Again, for the sake of relevance, further
technical details on the design, modelling and implementation of the WMI's Accesswew
and CustomView components have baen ompied,

Below, Figure 5.5 depicts the WMI component structura with the braakdown of the

AccessWew and CusramView compaonents.
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 Figure 8.5: WMI AccessVisw/CustomView Components:
The AccessView Components

This lavel {L.1) is the AccessView abstraction of the WMI subsystem, and the Virtual
Devices shown in the Figure above represent a faw of the relevant devices used as _
outstations in telecommunications network management systems, For this project, only
three devices were implemerited; the OCTAVE 2000, the OCTAVE 200 and the RICE-80
outstations.

The Physlcal Outstation Devices

To better undarstand the structure and funstions of the WMI interface components, a brief
revisw Is given of the outstation hardware devices used in this project.

These outstations monitor digital and analogue Indications from transmission, optic,
microwave and multiplexet and bearer equipment. They are usually physically situated in
transmission cardier rooms and exchanges around the country.  The indications monitored
relate the operational state and condition of the transmission aquipment, for example
communications break, power fall, and degraded bit-etror rates in transmission,

Mare specifically, the OCTAVE-2000 is a proprietary intelligent monitoring and control
outstation used for monitoring digital and analogus indications from Teansmission and
Microwave equipment, as well as bit-errot rates (BER) associated with transmission
systemsn.s These digital and analogue indications are used to indicate transmission and
ne faults,

" The OCTAVE-200 outstation device is an older version of the OCTAVE-2000, and Is a
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_ 'n'on-intelligenf monitoring outstation that monitors digital and analogue indications, |

Lastly, the RICE-80 outstation device is another type of semi-inteliigent proprietary device
for monitoring transmission and microwave equipment in telecommunications networks.

The WMI Virtual Devices

_ On a conceptual level, the OCTAVE-2000, OCTAVE-200 and RICE-80 Virtual Device

compenents behave and petform in the same way. Thay poll and recelve data from the
relevant remote cutstation devices, as well as sending enquiries and controls and

. configuration messages, The major difference between these Virtual Device comporients

Is the protocol syntax and semantics which are obvlously very specific to the relevant
hardware outstaticn devices. :

The CustomView Software Layer
Level L2 of Figure 5,5 reprasents the CustomView abstraction or customised

application-specific components,. Each is referred to as a Route-Monitor, since each is
rasponsible for talking 10 one route, which is physically a single multi-dropped or point-to-

point fine to which addressable outstations are connected 10 &t the remote locations.

Each of these components coritain the following basic fdnctionality:

Poll of outstation on multi<iroppad line using intelligent sequencing algorithms.
Enquiry of outstation status. _

Contro! of configuration downluads to outstation devices,

Control of embedded software downioads to outstation devices,

THE F.:AL-TIME OBJECT MANAGEMENT SYSTEM

Iri this section, the telecommunications network management specific components of lhe
RTOMS are described. The RTOMS subsystem structure given In Chapter 4 shows lovel
1 (L1) to represent the AccessView components, an level 2 (L2) to represant the
CustomView components. In this section, the Jevel 1 and 2 components are described,
addressing the fault, equipment and traﬂ" ¢ management,

Further technical detalls and examples of the design, modelung and mplamematmn of the
RTOMS AccessView and CustomView components are contained in Apperidix D.

Below, Flgure 5.6 shows the RTOMS component structure given in Chapter 4, but with a
braakdawn of the AccessView and CustomView components of RTOMS,
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Figure 5.6: RTOMS AccessView/CustomView Components

The AccessView Components

Levet 1 (L1) in the Figure above depicts the design of the RTOMS AccessV‘ew

. components, and these ate briefly described heve,

Fault Management: This component provides the set of defined objects for handling
real-world equipment events and faults as monltored by the WML All faults are tracked
and are associated with a 'fauit docket'.  The fault docket tracks the status and all
information relating to the fauk and its associated faults, The tracked information includes
time of fault, type and location, action taken for fault, time of fault clear, reason for fault
clear, and othet faults that may have baen related to this fault. _

Refer to Appendix F for the class definition of the fault docket object of the RTOMS
subsystem, The include file is named Docket.h.

Equipment Management: The equipment management component is the extension to the
World Level (WAL) ObjectView component of RTOMS that provides the functionality to
store, derive and report the status of all real-world equipment, where all real-world
equipment indications are rapresented by objects in the World-Level component.

Traffjc Management: The traffic management component contains the objects for
monitoring, measuring and reporting the quality and level of telscommunications traffic
flowing through the telecommunications transmission and microwave links and paths. it
alsa includes ihe functionality for reporting link utilisation,  All three the Faiult, Equipment
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and Traffic manageme'nt' components include functionality for storage of required
Information to the Eong~tarm HISTORIAN archwe or the RTOMS mmiamory-based shott-term
archive,

Performance Management: This component is an AccessView extenision of the objects in

the Logical-l.evet component of RTOMS, [t provides extansions to the objects
representing the paths in the logical-level's 'indication-equipment-section-path’ hierarchy,
These extensions provide for perfomanca monitoring and measurement of all the Imks on
the system, '

Other AccessView Camponents' Configuration, Security, Billing, Security Management
and Provisioning are other AccessVieiv components that are not described any further in
this report. They are relevant to the telecommunications network managemient domain,

and are currently seen as components that couid be devetoped in the future,

The CustomView Software Layer

| Level 2 (L.2) in Flgure 6,6 above deplcts the CustomView application-specific components

of RTOMS. During design of these components, it was observed that this layer was very
thin - since the AccessView components themselves contained much of the

-application-domain and application-specific knowledge.

. It is Intended to deliver similar systems to two other applications in the same domain over

the next two years. Analysis of their requirements has proved that such a low level of
RTOMS re-customisation is required, that the diiferences have already been ancorporatad

' generically inte the AccessView components objects.

THE CONFIGURATOR

in this section the non-ObjectView comporients are described, Referring to the
Configurator Companent Bullding Block Structuse in Figure 4,10 of Chapter 4, it is
ohserved that no AccessView components axist in this subsystem, and only two
CustomView components exist,  Of all the subsystems, the Configurator proved to be the

‘most generic subsystem, bsing entirely genaric to other systems requiting configuration

services except for two GustomView components which are described below,
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Figure 5.7: conﬂguretok Customview Componenrs ;

The two CustomView components of the Configurator were the Object-to-Table Mapping -
Rules which is part of level L1 of the Configurater building block structure diagram (Figure
5.7 above), and the Application Configuration Rules (shown in Figure 6.8 balow), which-is

associated with the ACM Configurator component.
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Figure 5.8: The Application Configuration Manager

The Object-to-Table Mapplng Rules Component

This component is very application specific and defines the objeci-to-table mapping ruiss
in a user-definable ASCH definition file. This definition fite provides the definition for the
mapping betwean the managed objects (MO} on the system and the tables in the RDBMS,
As praviously described, the object-orientation and relational database technologies are
inherently incompatible, and thers is not necessarily a direct one-to-one match betwaen
object classes and database tables. _

The object-totable mapping fules could also be viewed as objects, where each class (eg.
indications, equipment, logical equipment groups) that nesds to be mapped to database
tables, could encapsulate its own mapplng rules. However in practise it was not
lmplemented as C++ objects, since it is a requirement to be able to alter the mapping
rules without having to edll and recompile C++ programs.

For this reason the object-to-table mapping rules were defined in ASCH files via the UNIX
file editor, An example of the syntax of this mapping definition file Is given in Appendix E
of this report.

The COnflguratlon' Dat.abase Application Rules Component

Ths Application Rules component is a ASCII file-based set of application-gpecific rules for
accessing and updating the Configuration database, It is closely associated with the

ACM which is the state-machine engine which reads and operates on the fules and
definltions contained in the Cunfiguration Rules. These rules define the relatlonships, limits
and hirrarchy of all real-world and derived objests represented on the system.
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8.6

5.6.1

5.7

THE HISTORIAN

As with the Configurator subsystem, no Historian AccessView components were designed,
and likewlss the only CustomView component was the Object-to-Table mapping rules. - As

_ already noted in the previous chapter dealing with the Configurator-and Historian, the
_generic ObjectView components of thesa two subsystems are identical,  This Is readily

observad by studying the Component Structure Dfagrams of these two subsystems in
Chapter 4,
The CustomView Software Layer

As with the Configurator, the only CustomView comporient of the Historian subsystem i i
the file-defined Object-to-Tabla mapping rules which Is application specific. - This

- component provides the mapping between the managed objects (MO) on the system and

tha tables In the RDBMS. An examiple of the synta. and operation of the Dbject-to-table
definition fite is glven in Appendix E of this repot.

GHAPTER SUMMARY

- This Chapter has detailed the structure and design of the AccessView and CustomView

compinents which were designed and developed for an application in the

. telscommunications network management domain,

'It must be hoted that the enﬁra scope and detalled design and implementation of the

. application has not been vovered in this report.  Since this study concemns an

ohiect-oriented approach to building real-time systems, discretion was used to Include only
that material which would demonstrate the process and results of this approach, and thus
the focus is not on the application itself, nor the detailed implementation detaits,

Ghapter 5 frcused on the object-oriented component approach for the domain-generic

- and upg« Atiorspecific layers.  The design has demonstrated that i is possible o

optirm st component or building block structuring for optimal re-usabiilty, maintainability

- and tes*ability, This chapter has also highlighted the effort that was expended in the

design and structure of the components required for the real-time systems,

Furthermore In this chapter the effectiveness and practicality of the 3-ayered component
structuring has veen demonstrated, These 3 layers were the real-time system generic
componants, domain-generic components and then application-spacific components, It
proved to be very effective because re-use was optimised, and the 3. Iayared structuring

- also provided sensible and practlcal abstractions.
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6.1

ANALYSIS OF APPROACH

At this point the object-orented somponeni-based approach to bullding real-fime systems
has been motivated and described. The design of the building blocks or components,
and the integration of the components in building a telecommunication network _
Tianagement application has also been described, In this final chapter, the réstilts of this
approach are analysed and observations of relevant issues are made.

In the final analyses, some of the motivations put forward at the baginning of this report
are corroborated and others are challenged, Likewise, observations made by noted
authors on the related topics are also corroborated or challenged.

In terrns of the focus of this study, namasly an Object-orierted Corﬁponant-bas.sd Approach -
to Building Real-time Systems, | have intended to put forward three arguments:

* That the object-oriented paradigm proved 16 be a successful approach for building
realtime systems,

* That the 3-layered structured component approach coupled with the
CMIP-conformant software bus further enhanced the success of the object-oriented
approach, '

* That several serious technical and organlsat!onal issues need to be noted when

. considering this approach.

* Inthis final chapter, it is intended to use the results and observations of the study as a

basis for the motivation, proving and endorsement of the above arguments.

FIT WITH CUSTOMER REQUIREMENT

Ong of the criticisms levelied at the traditional procedural approach to huilding custom

software systems is the fit with the customer requirement. These criticisms were reviewad

in an earlier chapter of this report, OFf particular note was the accuracy with the original

requirements were interpreted, and the fact that requirements do change. This change

:jakl;as place during the entire life-cycle of the project, from specrlicatlon to well ater
alivery.

The fact that the traditional top-down approach takes no account of evolutionary changes
has been observed and noted by several authors including Lehman®®, and is also
confirmed by personal project experience. In fact, the later in the project life-cycla
changes 1o requirements octut, the more severe the impact to the dagign, integrity, and
re-development sffort.

From the observations of this study, the object-oriented approach proved to be far mare
amenable to changing requirements, This was largely attributable to two factors:

* The objert-orientad ife- cyc!é model (refer to the Object-orlented life-cycle, Ci apter
3} Is a tight fterative coupling batween the madeliing, design, code prototypmg and
testing phases.
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6.2

6.2'1

* ‘The object-orierted paradigm is based on abstraction and ancapsulation, with
message interfacing between objects as opposed to data-structure interfaces.
Changes made to any objects behaviour had minimal effect on other objacts,

Because of the properties of object-crientation znd the #srative life-cycle model, changes
could be locally modelled, prototyped and tested vety effectively with very little impact on

- the associated objects and software subsystems.

During the design, development and tasting phases of this THIM project’s lifecycle, several
new requirements were presented. In very few rases was it necessary to call together the
entire dasign team to discuss the implications of a functional software change. In each
case, the new requirement was directad to the relevant person/s on the team,

In summary, the study clearly obsetved that the object-oriented approach was far more
sulted to changes than the traditional procedural approach. This has resulted h a
delivered system with a close fit to the end-user raquirement,

- In fact, the bb]e'ct-oriented' approach proﬁed so amenable to changes; that it brought with

it a new set of problems, Because changes were easily implemented, the formal software
change request/proposal procedures were sometimes bypassed, resulting in desugns of

changes. not being properly controlled and audited, and the risk of uncontrofled project

scope chenges.

SYSTEM DEVELOPMENT

Several interesting and important issues ware obsaived during the system developmant
phase of this project, Of particular note was the difficulty experienced In modelling of the
objects, the unique development effort profile, lower project effont and cost, and difficulty in
performing integration and testing.

Object Modelling and Dasign

After initfal theoretical OOD/OOP tralning courses and some practice, the project team
found it not too difficult to identify real-world data-carrying objects. But as Jacobson ®
observed, it is more difficult 1o identify the "dynamic' objects that describe how the system
Is used, Other authors state that such objects require no modeiling - they simply
ognstiluta operations on data-carrying objects and therefora should be includad in these
objects.

However there are certaln behaviours that do not naturally belong to data-carrying
real-world objects, and in the team's experlence it was better to model separate dynamic
objects. Each and every team mamber experiencad some degrea of difficulty with the
modelling/design of objects. The main reason for this was the very different nature of the
abject-otlented paradigm as comparad to the traditional procedural approach,

The new paradigm required a whote new way of thinking, observing and modeliing the
world in terms of objects, and ignering the ciassroom theory on functional decomposition
and modelling the requirements in terms of data-flow diagrams.
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8.2.2

Specitic difficulties included:

designing real-worid domain objects

designing dynamic ¢r virtual objects

how far to breakdown into chjects

defining the ‘uses' and ‘contains’ class relationships

- % *

As was observed in this study, the best solution to this problem was a combination of
relevant QOD/OOP training, and real experience, (Further raview of the training aspects as
covered Jater in this chapter), For systems engineers with average to good C
programming experlence, it was found that at least 1 to 2 months of programming in an
object-oriented environment (such as C++) was an essential prerequisite to any formal
OOD/OQP training. After formal training an additional 2 10 4 months was required (on
average) before the systems engineer was proficient in OOA/OOD and OOP,

From the project team of 15 members, the retr  ing period rangead from 3 months for
highly skilled senior systems engineers, up to 2 maonths for junior programmers with
minimal previous experience. Table 6.1 below summarises the findings, and indicates the
average re-training periods required to acquire solid OQA, Q0D and OOP skills.

Junior programmer 12 rnbnths
(1 year programming expetience)
Programmer ' 7 months
(2/3 years experience)
Systems Engineer ) 5 months
(5/6 ysars experience)
Senlor Engineer _ 3 months
(8/10 years experience)

: : Rt

Table 6.1: Average Object-orierited Re-training Perlods

Although the figures in Table 6.1 are not conclusive because of the smalt single sample, it
does suggest that acquiring proficient skills in COA, QOD and OOP requires a steep:
learning curve which should not be under-estimated,

Revelopinent Effort Profile

- In Chapter 3 of this repot, the life-cycles of the object-oriented and the traditional

davelopment approaches were discussed, and the differences were highlighted. From
these miodels, it was expected that the development effort profiles of the two approaches
would be different,

With the relevant project management tools, it ‘was passible to monitor the progress and
manpower effort being expended on the object-oriented development, The effort profile of
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this riew approach did prove to be quite different oh the development projedt.

Figure 6.1 below deplcts the effort profiles of the life-cycles of the two approaches, The
Object-oriented fife-cycle curve is based on the actual mar-hours required versus progress
measured continuously on this projact, This curve closely matched the object-orlanted
life-cycle as abserved by Hendarson-SGIIam A

Since this study did not 1nc!ude a control group to Implement the identical pro]ect uslng
the truditional approach, the effort profila Is based on previous experience and predies as
observad by Lehman"® and Yourdon®,

TRAD,
ARFROACE Anshsle, dolen | implement malnitnancr
Devalopment _ _ . ) _
‘ mﬁil‘l [ / - /"": .";'0--\ . t‘.
manbewrd. |0 .
———— - / et . T
........... \ "
ORIECT- TS o s -
AFPROACH a:aly?: o4 | CODITmplementTest  Malnt,
Project Life=Cycle

Figure 6.1: Davelopment Effort Profiles of the Two Approaches

The above graph shows some Interasting results, The first is that the objece-orientad

approach requires high initial effort in the analyslsldeslgnlimplementatlon phase. Thisis
malnly due to two factors. _ _

(a) The daveloper has to initially model and implemert a large proportion of the

abjects and its object manager before threads of functionality can be worked and

(b)  To benefit from tha whola re-use paradigm, greater effort Is required to deslgn,
. e and reclassify components and component clustars to improve their
gengrality, _
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The second interesting result s that the effort for the traditional approach as the life-cycle
approaches completion of implementation climbs steaply. The effort at this stage Is much
greater than the cbject oriernted approach. The reasons for this have been well stated by
noted authors and have urfortunately heen tpenenced by most organisallons practising
the traditional approach

@ In the object-oriented approach, the detailed: deslgn of procedures and data
structures is defetred until much later in the development process, and are private
to the object. Thus these procedures and data structures are no longer frozen at
a high level of systern design, Therefore changes at the implementation Jevel are
more easlly accomplishad without requiting changes to the system design liself.
This is because object development focuses on data abstraction rather than
freezing specific data structures into the object specification.

()  With the traditionial approach, changes in the later part of the lifa-cycle (and
changes there will be), often have a ripple effect right back to the analysis/design
phase. The later in the lifa-cycle the changes are made, the worse the effect.

The third interesting result is tha maintenance effort of the two approachas. The ongoing
maintenance effort is jower with the object-orlented appreach far the same reasons listed
above - since maintenance is nothing more than effecting software changes after the main
development.

The system Iife-cycle of the object-oriented and traditional approaches and the related
issues have been thoroughly studied and feporiad by authors such as Booch®'™, Meyer'*?,
Coad and Jourdon™, Henderson-Sellers™, Yourdon™ and Lehman®, For the purposes
of this study, it is sufficient to note that the results of this study cotroborate the findings of
these authors, particularly the object-orlented effort profile as observed by
Henderson-Sellers. Probably the most important aspect that was évident in 1hls study was
that the object-oriented approach required fess manpower effort to develop,

Refarriry to the graph above, the profifes take no actount of pravious re-tigs, and the
object-oriented approach includes the extensive training and re-training that was required.,
Dis¢ounting extensive training effort and taking advantage of re-use i future projects, it is
expected that future projects can he implemented with significantly less effort using the
object-orlented comporient appreach to building real-time systems. This fact is further
substantiated in the following section which reviews the project efiort in greater detalt,

623 Effort, Productlvlty and Project Cost

One of the primary arguments put forward In this raport is that the object-oriented
approach results in better productivity and lower total development cost as compared to
the traditional procedurat approach, Although this study was not intended to incivde an
empirical study on tha productivity of the two approachas, the measurements and
obsarvations rmade on this project are noted In this section.

One of the most intaresting and comprehensive empliical studles undertaken on
productivity and re-use issues of the object-orlented and traditional approaches is that of
Lowis et al*", In their study, several production varlables of the two approaches were
stientifically measured and assessed,
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Some of the more relevant bonclusions reached by Lewls include:

(@ the object-oriented approach substantially improved productivity, atthough it was
_ believed that a significant pait of the improvernent was due to the effect of re-use.
(b) software rg-use improves productivity irrespective of whethar the objact-oriented or -
traditional approach is used,
().  the object-oriented paradigm has a particular affinity to the re-use process.

In & more recent empirical study by Lewis, Henvy, Kafura and Schuiman®®?, Lewls observed
“that

(8}  The object-oriented paradigm substantially improves productivity over the
procedural approach,
{b) With re-use, the object-oriented paradigm promotes higher productivity than the
_ procedurat paradigm,
{¢} - Soltware re-use improves productivity no matter what language paradigm Is used.

" Interms of this study, our findings concur with those of Lewis, except on one poinh Levms

believed that their experiment resuits could not clearly prove productivity improvemeant with |

object-orientation when re-use was not a factor. - On the development project associated
with this study, a deﬁnite productivity improvement was noted.

At the start of this project It was believed that the object-otiented paradigm would require
high initial effort and that productivity benefits would only be gained with subsequent
re-use. However, as development proceaded, it was observed that the object-oriented
projact {which inftizlly had no beneflt of re-usa) was implemented with less effort than what
would be required for a comparable traditianal development,

Thio extent of the difference was diffleult to prove as the study did not have a tontrol group -
from which to draw empirical measurements for comparison. However, the estimate for
productivity improvement {with no reuse) is of the order of 10 to 15 percent, as can be
sean from Figure 6.2 below. This in itself in significant when one considers that although
the development team attended object-oriented courses as part of the ‘re-training’, this

projact was the first object-oriented development. For this reason, | believe that it is not
unthinkable to achieve a productivity improvemaent (with nio reuse) claser 1o 20 - 25
percent with fully trained resources. _

The reasons for the pmductw:ty Improvement even with no reuse are twafold;

{a) The particular properties and characierstics of the object-orlented paradlgm as
desciibed In elsewhere in this study,
(o) in the study it was observed that thers is technically no such thing as 'no-reuse
benefit' on a first development. Although the development project had no benefit
“of classes and subsystems developed on previous projects, they were constantly
re-using classes and somponerits {from the development project itself, In other
wards, benefits were being gained from re-use on a smaller scale.
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Figure 6.2 and Table 6.2 below reviews the development effort (which relates to
productivity and cost) for the two approaches compared; with no beriefit of re-use, and
with benefit of re-use. The development effort figures for the object-oriented approach are
based on actual measured data - see Table 6.1 beiow. However, the data for the
traditional approach are estimatas only, being based on data from comparable systems

previously implemented. _ :
15
. Dev. 10 |
Effort
{man-~years)
s |
‘ Trad. ", Trad, ",
e retise no reuse reuse Tense

Figure 6.2: Comparison of Development Effort Data

The data for the two approaches with re-use are also estimates. The data for the
traditional appreach with re-use Is based on previously Implemented comparable systems
in the sama telecommunications application domaln. The data for the object-adented
approach with re-use is based on the findings of Lewis et al*", Jrad™, and personal
ohservations, (| have been Involved in Application Consulting for the preparation of
proposals for similar applications In the telecommunications application domain).

Jrad et al™ have done an impressive study by comparing controlled identical
developments using the objoct-orliented and procedural paradigms. In thelr study, the
issues of productivity and parformance are empitically compared. it is interesting to note
the conclusion that the object-orlented development was daveloped in half the time the
procedural development took, This finding very much endorses the results llustrated in
Figure 6.2, :
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Table 6.1 bolow details the man-hours actually expended on development of the different
subsystem components using the object-oriented approach, The estimates for the
man-hours expected for re-using these compionents in other applications in the application
domain are also detailed. (As noted in the previous paragraph, the Application Consulting
role In tHe company has raquired doing detailed requirements analysis for new
applications; identifying componsnts that could be re-used; and estimating manpower
required to devalop and customise additjonal components. These new applications have
included a fault management application for pressurised transmission cables, and a full
network management system for a client managing their own oommumcatlons
nfrastructure),

In terms of terminology used in this project, the first column represents development “ffort
measured for the Cbjsctiiew, AccessView and CustomView components for the first '
application In the telecommunications network management domain (ie. no benefit of
re-use), The second column represents the estimated development effort for the
CustomView components required for a new application in the teleoommun!catlons network

management domain,
BUILDING BLOCK | Development | Estimated
_ Effort in Man- - Development
hours (Intlal - Effort (RE-USE)
. . de\h) . )
e ¢
WM _ |ese0 | t000 |
MMl | 2800 | 00
' RTOMS ' 2600 | 1300
HISTORIAN | 1500 | | 200
CONFIGURATOR 2200 400
COMMUNICATIONS | 200 T L

|| “TOTAL MANHOURS |

Table 6.2: Comparison of Development Effort Data

To explain the figures - " Tabile 6.2 in terms of a typlcal example, the pressurised cables’
application could be used. For this new appiication:

* A large portion of the WMI would be re-used - all that needs to be developed Is a
new WMI device-object for interfacing to the outstation hardware monitoring the
pressure breaks. Expected re-usability 60%.

* Tha MMI would have the largest ye-usability, and the only effort required would be
to customise a few mimics suited for cables monltoring, Expected re-usability
80%.
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6.2.4

* The hTOMS’. as described in the previous chapters, would have the lowest level of
re-use of all the subsystems, Here the cables’ physical hetwork would need to be
modelled in tarms of related objects In RTOMS. Expected re-usability 50%,

* The Historian and Configurator subsysterns would require minimal customisations

ta cater for particular functionalities particular to the cables enwronment. Expected-
re-usabllity 80 to 86 %

* Communications ~ a 100% re-usability is expected B

* The Utilities estimated effort caters for development of customisad and additionat
utilities particular to the cables anvlronmemt

It will be noted that the development effort estimated for the CustomView components
required for a new application in the samie domain represerts approximately 26% of the
original development. This represents a re-use of approximately 75%, which is extremely

: prom!slng

Howsver, the Building Block Structure depicted in Flgure 4.3 of Chapter 4 represents this

- Customview layer representing approximately 20% of the total system. In retrospect, this

was a little idealistic, and the CustornView layer Is In reality closer to 25%. In othar words,
re-use In the same application domain is expected 1o he around 75% instead of the
originally envisaged 80%. :

in summary of this section, this study has indeed confirmed one of the primary arguments
put forward In this study, That is, the object-orientad paradigm results in improved
nroductivity and thus fower devalopment and project custs. More specifically:

* With the tradltional approach, re-use gives half the developmernt effort of no re-use,

* - Developing new software cystems with the object-oriented approach, re-use of -
abject-oriented components requires as littie as a third of the development effort
as compared to no re-uss,

* Contrary to Lewis's™! findings, this study has observed that even with no re-use,
the development effort recuired for the objsct-orented approach is still iess than
for the traditional approach - mostly due to smaller scale re-use within the project,

. With re-use, the object-oriented approach could potentially result in a deveiopment

effort one half of that required using the traditionat approach. (It Is intended to
jformally prove this In a later study),

lntegrnllon and Testing

Although this study argues strangly in favour of the object-oriented component approach,
soveral detracting lssues need to be noted. Integration and testing is one of the technical
issues that require consideration when adopting the object-oriented approach.

It is necessary to distinguish between low-level component testing underiaken by an
Individual developer, and integration and systeir testing undertaken by varicus members
of the development taam, Low-level component testing with the object-oriented approach
was noticaably easier than testing a similar traditional approach component. This is
because the data and functionality are encapsulated within objects, and with ciear
interfaces to these components, testing of these object components is more directed and
deterministic.
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For example, the Ob;’ectV‘ew componants of the MM! subsystem were under the
development control of a single parson. Testing the functionality of, and interaction
between the classes such as Display, Motif_widget, Popup, Pulidown, Optlon, Push_bution
and Toggle_button proved to be no problem. However, it was the integration and system
testing of the components under development of mare than one person that proved to be
difficult - because of the iterative nature of the development life-cycle of the object-oriented
approach, This life-cycle was a continuous iteration of modelling, design, implementation =
and tesling. With the software engineers on the team, at any one time different
components were in different phases of the object-oriented development life-cycle,

This made it difficult to synchronlse and freeze developtmient activities for integration
testing between compenents. For example, when one subsystem component is ready for
Integration testing, its associated subsystems could be back in re-medelling or
implementation phases. (In tha traditional approach, alf subsystems reach an
integrationftesting phase about the same time, and at this stage hopefully all design and
implementation has been completed),

Agaln, an example of this was the MN| subsystem. The developer of the MMI ObjectView
gomponents and the developer of the MMt AccessView components had difficulty In
synchronising their development activities so that all required components were in a similar
state of readiness to test the AccessView fault-handling mimic functionality which required
the ObjectView display objects. An even more daunting task was to synchronise
development activitiss of the MM live mimics and the RTOMS subsystem. Both
subsystems had to be in a stable 'test’ phase before testing of the dynamuc links between
the live mimics and RTOMS 19twork image could be tested. . _

In this project, the problem was managed and contained In two ways:

() Instead of a single period of intagration testing which is characteristic of the -
traditional approach, several shorter but formal integration tests were planned and
schaduled during the entire development cycle of the project. These tests were
planned with the involvemant and commitment of the development team members,
who ensurad that thelr particular subsystem oomponems ware in a state fit for
integration testing.

{b) A separate integration and testing vomputer environment was set up, where
refevant, 'completed’ subsystem components were ported to the testing system,
Here thesa components would be ready for any subsequent formal or ad hoc
integration testing with other subsystem components. This allowed devetopers o
continue iterations of remodelling, redesign and prototyping on the development
environment. As naw versions became available, they would again bs ported to
the integration computer.

In this project the above technical issue was one of the more unexpécted problems
assoclated with the object-oriented approacn te building real-time systems, Fortunately,
this prablem was identified quite early in the project developmient life-cycle, After adopting
& combination of the two measures noted above, the problem was contairied and
manageable.

Another testing issue that proved to be a problem was that of testing the abjects
themselves fa. to be able to view attributes and relationships of objects. To avercome this
problem the team developad trace and view utilities, For example, for the "View' utility all
“classes Included a standard 'status enquiry' method which would respond o an external
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6.3

6.3.1

enquiry on its attributes and current state. The generic 'View' utility would then be used to
enquire and report on the aftributes of the specified object instance

DEGREE OF RE-USE

The major argument put forward and motivated in this study was the need for re-usabliity
of software, and in the earier chapters of this study the reasons for re-usabilcty were -
strongly motivated.

For this reason re-usabiluty was the piime focus at all stages of this project, designing and
implementing for future re-usability, and re-using what was available to re-use, in Chapter
4 the design of the re-usable component structure was detailed, Comnponents were
abstracted laterally according to functional area {eg. WM!, MMI, RTOMS}, and abstracted
veitically according to the 3-layer component structure {ag. ObjectView, AccessView and

- CustomView).

In this section where the re-useability Is analysed, it is necessary to reflect back on the
original designs and philosophies and evaluate the level of success achieved as far as
re-use is concemed, Some of the more significant Issur. that influenced the re-usabiiity
durlng the project are also discussed

Level of Be-us_fe Achleved
As obsaived in the previous section, the re-usable ObjectView and AccessView layer

coraponents in reality accounted for approximately 75% of the total application software,
That is, 25% of tho sofiware would be customised for the specific application, The original
expectation was a domain (ObjectVew and AccessView) re-usabllity of approximately 80%.

The approximate re-usability achieved in reality Is shown in a revised Building Block
Structdre in Figure 6.3 below.

However, & is lmpmtant ta note that the estimates for re-tise below are based only on two
additlonal applications that are currently being developed by the project team. It is
necessary to corroborate these findings, and it Is intended to publish the findings in a
future study once further applications have béen developed,

Much has been researched and authared about large-scale re-use and the design of
re-usable classes and libraries by authors such as Barnes and Bollnger™, Lewis et al*",
Glbbs et al®", Meyer*® and Fischer®, However, In many cases s re-use scenario is
rather idealistic. Some application domains, such as business/commercial, are well
characterised and it is beliaved that the scenario works well. But in technical realtime

~ gystems, where there are very specific requirements, the lovel of re-use based on stable

and static component libraries is not as high,
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Figure 6,3; Building Block Structure and Re-usability

Furthermore in this study we observed a relatively jow degree of ‘wholesale’ re-use of

- stable component libraries, As Gibbs et al®" also observed in their paper 'Class
Management for Software Communities', re-usable classes are detived from an iterative
process of testing and improvement.  Also, because user's requirements are rarely ctable,
additional constraints and functionalities have to be oonstantly integrated Into existing
carnponatts,

Andersan® in his publication "Hierarchy Evolution and the Software Lifecycle' was soeptical
of wholesale re-use, and obseived even domain re-use to be disappointing. He expected
the number of new classes introduced per new application (in the sama application
domain) to slow down, and for the library to become stable, but no such convergence
occurred, The re-usabliity results observed in this study agree with Anderson’s
obsarvations, and llkewise it was also observed that the key to effective use and re-use of
domain libraries is to be able to cope with change.

From the results of the project, it can be stated that even at this point the re-use level
attained has heen vary good, and not far off originat expectations, The results also coneur
with those of several other duthors who have conducted related studies. Thess inciude
Meyer'®, Fischor™¥ and Lewis et a*?, Lewisconducted an interesting research which
empirically studied the re-usability and productivity issues of object-arientation versus the
traditional appreach to developing softwére systems. They observed that the
object-oriented paratligm had a particular affinity to the re-use process and that
ohject-oriantation yvielded no benefit if it was not re-used.

Howaver, obsarvations from this study did not concur with the latter statement of Lewis.
Even if no re-use of the object-oriented components were made, the relative ease of
maintenance and testing of the implemented system was certainly notabla,
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6.3.2

A more renent and more extensive emp!rk:al study has ...ub..equently been conducte+d by
Lewis, Henry, Kafura and Schuiman™, They have concluded that:

* Language differences are far more important when grogrammers re-use than whian
they do not,

* With re-use: the object-orientad paradigm promotes higher productivity than tne-
procedural paradigm,

* Software re-use improves productivity no matter what Janguage paradigm is used,

* The object-oriented paradigm has a parﬁcular affinity to the re-use process,

Although the results from this study require further verification it Is believed that the results
of this study and other related studies argue strongly in favour of adoption of the
object-oriented component approach to bullding reartime systems, However, it must be
noted that to achieve this tevel of re-use, serious attention was ghten to several impoitant
factors - these are detalled in the subsequent sections of this chapter,

Generallty and Size of Re-usable Lomponents
In the project, gaharality and size were twa Issues that affected the level of re-use attained:

{a) in torms of generality of applicabliity; the more general the components were
designtd and implemented, the lowar was the eventual and effective re-usab!lhy
benefit,

(o) - Interms of component size it was observed that compononts that bacams too
large did not aid the componerit re-use model, It was observed that components
became too large for one of two reasons:

* the component contained too much furictivnalily which resulted in the
component being mare speciflc to a particular requirement, and thersfore

' less applicable to other requirerments.

* due to too much generality being Implemented in the component - miaking
it sometimes unsultable to re-use.

Biggerstaff and Richter"® made a similar observation that as the component grows, it also
becomes more and more ¢ pecific, narrowing its application and Increasing the cost of
using it when modifications are required.

To address the issues of component generality and size, breaking up of the components
into smaller components was indicated, However, if components were designad and _
abstracted too small, the ‘hassle’ factor in locating, browsing, understanding and using the
component exceeded the bensfit gained - thus defeating the requ .ed objective. During
;:Iavelopment, thers was a concertad ef'ort to make generic components that were not oo
arge.

An example of this in the project was the WAL (World Access Leveal) object tomponents of
the RTOMS subsystem. These ¢ Jeots were inttialy designed such that each physical
indication monitored was regiesented by a WAL object instanze. However, there are many
dilferent types of indicationg, same are single physical bits, while others are complex
indications {(eq. reprasemting several statuses of that indication),
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This resulted In the WAL class becoming very large arid also very specific to TNM type
indications. The WAL class was then redesigned and broken up so that even caded
componerts of indications were represented by a WAL object. So although many more
WAL objects were required to represent the same indications, they were smailer, more
general, and thus potentially re-usable in application domains other than TNM. Refer to
Appendix F for an example of the base iavel WAL class definition, This is conteiried in
Include file WAL.h.

in stmmary, it was noted in this study that the size and = erality of re-usable
components had an effect on their level of re-use, It was impossible to devise formal
parameters to control the size and generality of components - but an awareness of size
and generallty considerations of components was reqmred in the davalopment team so
that re-use could be opumlsed - :

6.3.3 Shrink-wrap Varsus Effective Changlng

As abserved by Bames and Bollingar®, re-use intensive development is best achieved by
" focusing more on how to change software eﬂectively than on how to keep it from
changing,

This study proved this observation to b extremely valid, Espacially in the technical
real-timé environment, we found it unwise to try develop excessive component generality at
Tigh Investment cost, with the specific objective of making cormponants stable, '
unchangeable and 'strink-wrapped'. We attempted to develop a componant set with
moderate generality, but focused more on ease of changing and maintenance of
comporents, since it Is reality that changes are always required.

To facus oni effective changing was net difficult - the object-oriented design and
programming environment provided a far better platform than that provided by the
traditional approach. Since changes to components are an aspect of maintenance, these
Issues are analysed in a later section of this chapter.

On the project, ease of changing components was further enhanced by astablishing the
following procedures;

(&)  Setting up afull software configuration control system (SCCS of UNlX) to contro!
and tiack changes to components,

(b) Devising a component library structured similarly to the design of the componants
as detailed in this study - ObjoctView, AccessView and CustomView, and within
sach of those container directories were directories containing componants
specific to MMI, WM. RTOMS, Configurator, Historlan andg Utifitles, With this
approach, components were relatively easy to locate and retrieve,

() Selling up rigorous software development and documentation standards so that
components cowld be understood, copled and modified by anyone on the
davelopment tear.
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| 6.34 Modeliing and Functional Abstraction Skills

6.35

During the development process of the generic components, it was riecessary {0
constantly ensure adequate inheritance structuse, good abstractions and modeliing, and to
guard against over-speclalising classes. As the project progressed, the team improved
their object-oriented analysls, design and programming skilis, resuiting in a re-think on the
current designs, This would often result in a re-modelling exercise with restructuring of the
class components. Every new improved iteration resulted in better re-use potential of
those components, ' '

The Organisational Environment for Re-uge

Apait from the tachnical Issues that affected the level of re-use resulting from this project,
important organisational issues were also observed, Somie of the more signfficant
organisational issues are reviewed In this section, and it is intended to show that without
due attention to these factors, it would be difficult to sustain and perpeluate the
object-oriented re-use objective in the organisation.

Reviewing the literature from noted authors, specifically Booch™ and Bames®, it was
apparent that to realise the full benefits from the object-oriented paradigm, it was
necessary for the team/organisation te fully commit to the paradigr, In this study where
re-usability was a specific olsjective, it was ensured that the required equipment, personnel
and financial resources wers committed to the project.  This included:

¥ proper object-oriented development environment,

* nacassary training,

*supply of relevant literature and references and text biooks,
* satting up of componert archiive repositories,

* class/component browsing and retrieval environments,

* clags/component organisation and configuration control,

* documentation of the components,

Of particular importance was the documentation aspect - specifically the class compenent
documentation that would be required by potentlal re-users. It was observad that the
object-oriented approach relied mome on graphical documentation than textual
documentation - particularly for documenting the class and object diagrams. For this
reasaon the dogumentation environment included top-end PCs with ample dis¢ and memory
capacity, WordPerfect text-aditing environment, the Graphics Gallery and PowarPoint
graphics drawing packages, and letter-quality printers with graphics capability.

There ls much argument whether re-usa is driven by taechnlcal factors sut:h programmlng
environment, or by management and organisational factors A large school of thought
sees organisational, management and econiomic issues as (he biggest obstacles to
progress In software re-use. Others such as Meyer? believe that management factors are
over-emphasised, and that it is more impoftant to focus on the technical factors. From the
rasults of this study, it is my opinion that both management and technical factors are
equally Important, and addressing the one without the ather Is a sure way 1o lose out on
the full benefits to be gained from the object-oriented approach,

There are many good works and studles on component and class re-usability and
management, including that of Gibbs et a® that proposes techniques such &s class
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talloring, class surgery, class versioning and organisation. However this is & tajor topic In
itself and is not in the scope of this study, its appﬁcaﬂon ta this project Is certainly worthy
of further study and research,

6.3.6 (n Contlusion

in this analysis, the leve! of re-use attained in this study was described, issues such as
component generalisation and size, managing compenent change, OOA/QOD skills and
the organisational commitiment ware also reviewed, - Each of the above faciors affected the
ultimate level of re-use.

An Important contribution to this study was the leve! of re-use actually attained on the
project, both in terms of re-usable components for new applications as well continucus
re-usability within the project itself during development.

With regard to the telecommunications network management domain, an approkimate 75%
to 80% re-usability of components appears achlevable - a very pleasing result. However,
several issues had 1o be addressed, eSpacIally the need for a support!ng organisational
envircnment.

One disappointmert, though not uriexpected, was that the comporent Inferfaces wire N
always that clear. The ideal concept of the pure 'software |.C.' which Is plug-for-plug
compatible with other 'software 1.G.5' Is reafly a dream, This study has observed how
difficult. it Is to design and build components that are genuine "sofiware |.C.s', However as
stated earfier In this chapter, successful re-usability was attained through focusing on ease
of changing and maintaining components.

It must be noted that the scope of this study was to build a first TNM appiicauon based on
the ohject-orlented component approach, Since then, our organisation has almost
completad development of two additional applications in the same TNM domain, and it is
from this experience that the 75% re-usabllity Is basod. 1t is intended to refine and further
substantiate the re-usabiiity clalms as additional applications are built in the future,

64  THE 3-LAYERED COMPONENT APPROACH

Bafore dovelopment of the oreet-oriented compont *s began, much carsaful thought went
inte the philosophy and Jeel jn of the 3-layered ObjectVlew, AccessView and CustomView
approach, In this section, the success of 3-Jayered philosophy Is brisfly raviewed

The arguments relating to the size ana . Jstraction of components (see previous section -
Degres of Re-use) may also be used here to motivate the 3-layer categorisation of
components.

The 3-laysred categorisation providad a practioal abstraction of;
* raal-time distributed systems generic components (ObjactViaw),

* TNM domain generic components (AccessView),
* and application-speciiic components {CustomView).
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6.5

A practloe. the lines dividing these 3 layers were not always clear.” Often, object _
components developed as ObjectView companents took on TNM domain characteristics
and would then bacome AccessView components, Likewise on occaslons it was found
that AccessView comporients ware potentially re-usable In non-TNM domains, and would
then be categorised as ObjectView components,

A good exarnple of this was the set of objects belonging to the Fault Management
component of RTOMS {refer ta Figure 5.6). It was Initially envisaged that this was very
specific to the TNM domain, thus it was an AccessView component. However, recent-
Investigation has shiown that with very little nsodification, this coriponent Is applicable to
other realtime domains, such as industrial process monitoring systems - where process
alarms are handled in a similar way. This component was then placed in the ObjectView
class repository.

Although the dividing lines were not always clear, the 3-layer philosophy created the right
‘mindset’ in the team and organisation, to optimise for re-usability, In retrospect, this
S-tayar abstraction was &n excellant design dacision, Omitting the AccessView or
QbjectView levels would have resulted in lower re-usabllity In other application domains,
and addition of further leveis of domain characterisation would comp!icate class
repositories and retvievals,

Already we are investigating implementing other domal;. abstractions with re-using the-
core ObjactView ~omponents, Of particular interest Is the industral process
control/monitoring domaln (Processwew) and the electricity reticulation domsin
(PowerVisw),

This study has therefore proved that the 3-layerad approach was another major factor -
contributing to the sticcess of the object-oriented approach to building real-lime systems.
It provided a good compromise of practical component abstraction and optimat
component re-use.

MAINTAINABILITY
‘The Importance of Malntenance
In earler sections of this chapter the importance of software madifiability was stressed,

and for that reason mote effort was expended on ease of change rather than
'shiink-wrapping® components, A cogent observation made by Lehman and Belady"!

- regarding the maturation of deployed software systems was that 'a program that Is usad In

the real world anvironment must change or become less and less useful in that
environment (the law of continuing charige)’,

it Is acknowledged that software malntenance Is a major activity In most organisations, and

-as Basset™ obsetves, the cost of maintenance is by far the most expensive part the

system [lfe cycle. In fact, an extensive study by Wilma Osborne of the National Bureats of
Standards in the U.8.A.4" suggests that 60% to 80% of the total cost of software Is due to
maintenance.

One of the criticisms levalled at the traditional procedural approach to bullding software
systems is the cost of maintaining the systems. Much has been authored about the
maintenance advantages of object-orientad systems, and iIn this section the practical
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malnienance issuss as observed In this project aré reviewed.
- Tha Maintenance Experlence on lhls Projact

This study focused on the first development of the generic building blocks using the
object-oriented approach, and as such conclusive metrics on software maintenance effort
during the full life cycle are not available, Howaver, there were several changes required -
during tha prototyping, testing and Integration of this projact - these changes may be
viewed as a forrn of malntenance.

One subsystem on the project that had its fair share of changes. even during
development, was the MM| subsysten:

Monitoring of the multiptexer equipmeant in the transmission systems was a first time for the
client and the development team. Much time was spant at technical forums with the cilent
daciding on the graphical symbols and graphical depiction of relationships of the
transmission equipment. The consequence was that objact components of the MME had to
be regulardy modified and the result evaiuated with the client, Surprisingly, this was
‘effected easily, and particularly noticeable was the low impact of changes ana
maintenance on the associated components, This may certainly be ascribed to the
encapsutation and data abstraction propeirties of the object-otiented paradigm,

Analysing the traditional approach, it is well known that the later in the life-cycle changes
and maintenance are effectad, the more extensive are the ramifications on the assoclated
subsystems' designs and implementations (Lehman“¥), But in this study it was observed
that the low malintenance effort exparienced so far on the projact was primarily due to
encapsulation of data and functionality within objects. As noted with the MMI componients,
changes affected mostly the contents of tha objects, in terms of its data or the methods
that operate on this data, - Particulatly noted with the MMI components was that where the

. classes were well modelled, intsrfaces to the objacts rarely changed, and malntenanca
had linted effect on the other componants.

Malnienaiice GComparlsens of the Two Paradigms

it was not intended to conduct a detalled analysis of the maintenance issues of the two
paradigms in this study, as this is an extensive topic in itself, Howevar, Figure 6.4 below
depicts propesed maintenance effort profiles of the two approaches for the different
phases of the system Hfe-cycle. Here maintenance effort would be detined as the number
of man-hours to effect a given unit functional change.

Although these profiles are not based on sturdy empiricat data measured in this study or

elsewhers - the comparison provides an interesting propasal, It is based on

maasurements from previous procedurally developed systems, literature readings® @842,
' axperiancas on the objest-oriente¢ project development so far, and future expeactations,
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Relerring to Figure 6.4, the fol!ov.ring points are noteworthy:

* It has veen observed that during early phases of development, madifying
: object-orfented components requires 4 litile more effort thar procedural
components. It would be unwise to regard this observation as coriclusive at this
' gtage - it may have bevn due to the project team’s unfamiliarity with the
ebject-oriented environment during initial development,
d During the second half of the development, the object-otientad and procedural
profiles cross, the procedural effort steadily increasing (even during stable systems
operation}, and the object-oriented maintenance effort stabilising.

Vetlfication of waer Malnténance

The development project on which this study is based is currently at the instaliation phase.
and therefore conclusive statistics and metrics on software maintenance effort during the
life cycle are not avallable. However, from the abova review the expectation Is that the
maintenance effort with the object-otiented approach wiil be conslderably better than the
procedural paradigm. Therefore the expected maintenaricg advantages further motivate
the adoption of the object-oriented approach for developing real-time soﬂware systems.

it is envisaged setting up the mechanisms and procedures so that the long-term full life -
cycle maintenance metrics can be observed and compared to matrics that exist for the
traditional procedural apptoach.
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6.6

THE SOFTWARE BUS

At the start of the project, there were many reservations about implementing or integrating
a CMIS communications stack as the basis of inter-process communications. In this
section, the results of adopting fha CN1S-conformant approach are reviewed,

In this project the software bus philosophy proved to be flexible, versatile and powerful It
provided for easy system extenslblltty. but also proved to be complicated nd intially
cumbersome to use.

System Extenslbifity

One of tha most powerful features of the CMIS-conformari bus was the ease with which
system functionality could be extended, Object-manager (or Agent) processes could be
added to the bus as required, as could Applicatic: - ~esses (refer to earller definitions).
Addition of these processes required no modificati:* = recompilation of the other
processes and components. In the worst case, an Application could request the servicas
of {or acsess to) an object which is not contained or registered in any of the '

Object-managers on the network. in this case the relevant appllcation errors are returned

to the requester,

On the core project, the MMI, WMI, RTOMS, Configurator and Historian subsystems were
Implemented as Obfect-Mariagers, sinice they need to provide services to external
requesters ~ including other Object-managers. However, utilities such as eryor-log,
system-log and watchdog were implemented as Apx: a8, Subssqusnt extensions
have proved to ba very sasy to implement. One £a * has been trace and debug
utilities which were developed. They were develop « Applications, developed and
complled separately, and when run merely attach themselves to the software bus and
interact with the Object-maneagers (Agents) on tha bus.

Further proof of the ease of extensibllity was evident with the development of additional
report Applications, A separate team was given Application program templates (&
re-usable component in itself), and object dictionaries, Writing a report Application was a
case of identilying the oblerts required, which Object-managers containad those objects,

- and writing the relevant SOMI "GET* requests to those objects. Returned attribute data

would then be formaited and displayed or printed as required.

Flexinility

The sofiware bus provided the flexibility because Object-mans, ~ . and Applications could
be started up, shut-down, modified, and run on othe nodes - all in real-time - without
affecting other unrelated processes or requiring the entire network to be taken down each
tima, _

Re-use and Productlvlty

The core Qbject-manag. - and App!icaﬂon process soiree tiles served as a template’ or
"frama' from which new processes wera implemented, Therefore productivity improvemetit
was attalined due to re-use at this leve!,

Open Interfacing Platform
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An obvious advantage of the CMIS-conformant softwara bus, although not related fo the
object-oriented paradigm, is its capability for open interfacing. The entire d-ive by
organisations such as 1SO and GCITT (refer to Appendix A} tias been to provide industry
standards for services and protocols to promote open systams. In the netwark :
management domaln, the OSI/NM and the CCITT M.30 recommendztions spacify common
Q) intenaces between different operatmg piatiorms sr that multi-vendor equipment can
Interface at the same level.

As far as the software bus IS concerned, it has been designed to be OSI/CMIP/S
conformant with a *Q3' communications interface. Although there has bean no immediate
need to provida the software bus with the fuli OSI/CMIP stack, the design of tha software
bus Is such that it can be integrated when yequired without affecting the applications using -
the bus.

Performance Issues

‘There were [nitially serious reservations about the performance of a softwara bus which
conformed to the CMIP/CMIS services and protocol as proposed by OS5l Because of
QSl's objective of generality for Open Systems, the OS! services involved complicated :
miuiti-ayered commurications soltware, Hanee the concern for perforrnance and sultabllity
In a real-time environment. -

After several prototyping and benchmarking exarcises, a slightly reducsd CMiP-conformant
software bus was implemented, where not ail CMIS services were implemented, The
performance figures attained for local and cross-nodal message communications Were
satlsfactory Actuai performance iigures are tabled later in this chapter,

‘Complicated to Use

For the same reasons detalled undsr the parformance issues above, the gensrality and
flexibility provided by OSI's definition Yor CMIPICMIS made the saltware bus complicated to
use,

'Becausa the CMIP definition provldes for \'fariabla argument lists in the service calls (the
GET, SET, CREATE, DELETE, EVENT_REPORT and ACTION calls) together with dynamic
argument typing, the arguments are in the form of complicated and axtensive finked
structures. Accessing thase calls requires definition of all arguments. This required
time-consuming and extensive atgument deflnition for each CMIP service call. The resuit
was |ow productivity and a high level of syntactic and semantic softwars errors,

Shortly after tuis, the CMIP-conformant APt (SOMI) was extensively modified ta provids a
much more usar-friencly APl Since then the development team has experenced {ittie
problem with using the software bus APl However, It is accepted that a steep leaming
curve is still required to understand the underlying philosophy and operationat concapts of
the software bus, '

In summary, the CMIP-conformant software bus was one of the major factors contribtiting
to the success of the object-oriented approach to bullding real-time systams. In particular,
the philosophy lent itself to same of our primary objectives of re-usabllity, flexibllity and
exiensibility, and at the same time providing an open but standard interfacing platform.
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6.7

APPLICATION ENGINEERING

As described in an earlier chapter, the project team was dwlded into three functional roles;
the component builder, the application consultant and application engineer, Having coma
to tha end of the first phase of the project, it was necessaty to-raview the validity and
practicality of these roles,

in genaral thasa defined roles did work, although during the initial development phase of

the project the roles of component bullder and application engineer were often exercised

interchangeably by the same development engineer. As the ObjectView, AccessView and
CustomView developments progressed, the roles became more distinct and clear,

Particularly pleasing were two recent occaslons where *Application Engineers’ worked
closely with an "Application Consultant' to bulld TNM application prototypes for client
damonstration purposas. Here the Application Engineers made use of the AccessView
and ObjectView components, and developed the relevant prototype cuatomeew _
components.

These exercises did prove the success of separating the functional roles énd also proved
how effectively rapid prot <ypes could ba developed using the ra-usable components.

* ANALYSIS OF SYSTEM RESOURCES AND PERFORMANGE

In this section the system resources and performance considerations of the object-oriented
epproach ara reviewed. The memory, disc and CPU requirements are analysed, and a
comparison is also made with the resource requlmments of a comparable traditional

_ system,

System resources and performance are a!ways Important parameters in any realtime :
systems. What was observed was how hungry the object-oriented approach (including the
CMIP software hus) was far system resources, particutarly memaory, disc and pracess]ng
powar, _

The abject-oriented approach coupled with the CMIS-conformant software bus did wtilise
move system resources than would be used with a similar procedural approach with
convetiona! inter-process communications, Table 6,3 sumimarises aestimates of the
additionat resources that were required by the new approach as compared to the
conventional approach, expressed as a parcentage.

As the study did not cater for a ‘control’ traditional development, the percenrages are
based on estimates for a similar development using the traditional approach with
conventional inter-process communications. Because both the object-orlented psradigm
and the software bus were responsible for additional system resources, Table 6.3 reflects
the percentages separately. -
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RESOURCE OBJECT-ORIENTED | CMIS-CONFORMANT
| | panapDiGM SOFTWARE BUS
Memory | 15% _ 100%

Diso % AL
MPS 6% - ansg

fable 6.3: Additional Resource Requirements of New Approach

From Table 6.3 it is therefore evident that the object-oriented approach implemented with
the C++ programming language utilised 10 to 15% mote resources - which Is not too

- gignificant, However, the use of the CMIP-conformant communications required
substantiglly more memory and processing power.

Why more memory

The object-orented approach (as applied to realtime systems) reguiras more memory
because each object encapsulates its data (attributes) with its behaviour (object mathods).
That is, data structures are not shared between 'functions’ and thero is a certain degree of
acceptad data redundancy with the object-oriented programming ehvironment. Because of -
the real-time application environment, the entire real-time image is memory-based, hence
tha heavy mamory usage. In the traditional approach, the real-time image would cbviously

© alsa be memory based, but data étruclures would bie comman and shared, hence more
efficient memory usage,

But the G.MIP-.conformant communications was a very heavy consumaer of memory. This
was malnly due to Object-manager processes that zre required to hang out’ their objacts
in thelr containment trees so that its objects are visitle to ather Object-managers and
Appﬂg?ﬂons via tha software »us, it was also fiecessary for these objects to be memory
base

Why ntore dise

In terms of dis¢ usage, the object-oriented approach (as experienced on this-project) and
the CMIP communications also required marginally more dlsc capacity than the traditional
approach would have required.

Why more processing power

Benchmarking and testing of applications proved that the object-oriented programmirig
language used, C++, was particularly efficient and powerful, if good object-oriented
programiming techniques were followed, stand-alone G4+ programs proved to execute
marglnally taster than their procedural C counterparts, However, in instances where
extensive virtual objacts were used, the additional de-referencing caused these programs
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to be marginally slower than thelr C counterparts,

However, the CMIP-conformant software bus and the assoclated communications required
. tar more processing *horse-power’ than a conwentional process-to-prucess
communications approach would require,

The main reasons arer

(8  The CMiP-conformant SOMI AP calls are very general, with variable argument
naming and typing. It was noted that the average CMIP message was six to seven
times longer In size the equivalent QCOMM process-to-procass message.

(b) - The CMIP-conformant protocol sulte and services are extensive arid complicsted,
and is & large sofiware subsystem in itself.

o) The very nature of the CMIP protoco! is very message intensive. Any call results in
 an indication message {going out) and a response message (returned). Wih
scoping and filtering calls, multiple responses are generated. Thus for a given
application, the level of software bus traffic Is three to four tlmes that of
- conventional protocc! communications.

In terms of disc capacity, the project experienced no serious problems, as the incremental
cost of adding disc capacity was less than frying to manage disc utlilsation. But problems

~ wete experienced with processing power and memory usage, and the davelopiment team .
had to periorm several iterations of remodeliing and prototyping in order to fimit memory
usaga and CPU utilasation

Example of Actua! Fleaourcea Used

The Dlagram in Flgure 6.5 below Is Intiuded to fllustrate a typ'cal segment of the hardware
topology and configuration of the target TNM system that was developed,

Chepter 6 ' | ' ~ Page ﬁ.s



AN OBJECT-ORIENTED COMPONENT-BASED APPROAGH TO BUILDING REAL-TIME SOFTWARE SYSTEMS
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" Figure 6,5: Example of TNM Hardware Configuration

With refarence to the topology illustrated in Figure 6.5, the Table 6.4 lists the average
memory and disc capacities required by the target system of the development project,
The memory and disc requirements are expressed on a per object basls, (Note that the
figures In the table cannot be used as general guideiines - they are very spacific to the
talacommunleations network managemant application domain).
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6.9

Subsystem | | Memory | Disc |
“ . ' _ (Bytes) | (Bytes}
I| RTOMS (per odnﬁgured object) 1209* - 200

RTOMS (per fault docket) 772 400

RTOMS (per dynamiclinkg | 100 |0

MMI (per dlsplay ob]ect) 950 (o
! MMI (per dysamic fink) 100 lo

VIMI {per device object) | 8000

HISTORIAN (per alarm) |10 532
| CONFIGURATOR perobiesy |0 | 78t

Table 6.4: Memory and Disc Requirements per Object

What has been obsorved in this study is that the object-urienteu approach (together with
the CMIS-canformant software bus) In the real-tima environment is & heavy consur.er of
resources. In this project, the problem was not too severe, since the required hardware
techinologles are avallable at ever dec,2asing vosts, It was evident that often it was more
cost-effective to purchase additlonal memory, disc and processing resources than to
spend man-weeks attempting to optimise resource u.age, Nevertheless is was Imporiant
to monitor the situstion, as it was easy for the situation to get out cf control,

MANAGING THE COMPONENT LIBRARIES

In this section, some of the issuss relating to the management of companent and class
libraries are discussed, This is a particularly important issue, because without proper
management of component librarles, it is difficult to locate components for re-use and
maintenance,

Qibbs et al*" have defined class managemant as including:

* class packaging,

* class organisation,

* class retrievel,

* clags browsing,

* ¢lass maintenance (evolut!on),
* and class versloning.

In terms of this study it would make sense to extend this definition to refer to components
rather than classes, since in this object-oriented approach, the dafinition of a componant
could be a single class or a set of related or assoclated classes. Therefare, in terms of
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~ management, components nead to be troated as classes.
In this project, component management was set up to consist of;

* standard documaritation of classes,

* davelopment environment standards,

* quality assurance procedures on code and documentatmn.
* goftware configuraticn control and

* componant browsing and retrieval tools,

Alf of the above have been addressed in a satisfactory manner except for the component
browsing and retrieval. Rudimentary utilities have been developed for extraction of
selectable class information from associated G+ source and header files, but this Is seen
as a first step,

I am currently evaluating more advancad information systems that would provide full
support envirsnments for class and comporient management. One such environment
being investigated is the TeamWork object-oriented CASE environment from Cadre
Technologles. The main obstacle is that setting up such an environment requires large
financlal and organisational commitment.

The team on this project is also investigating developing & component management
system, which would include a graphical browser/retriever based on the MMI subsystem
re-usable components! The team is using a very interesting paper by Helm and Maarek™!
as the basis of the browser phllosophy,

Halm and Maarek®? acknowledge that the emergence of large coliections of re-usable
components poses new problems for the software enginesr. They propose techniques for
browsing amongst functionally related classes, and retrleving classes from libratles basad

~ on two sources of Information: the source code of sach class, and its assoclated
documentation., They have also proposed interesting techniques to meaningfully browse
and navigate amongst functionally related components, and integrating information
retrieval and browsing tools.

In the project, whera the ubject-orsiited approach has baen applied to huilding a TNM
application, it was evident that the managing of change was as important as ret* | and
browsing mechanisms for locating re-usable components. This has also been d by
Anderson and Gossaln®, that domain analysls is a continuing process, and the «leal of
finally owning stable product-orisnted domain-spacific librariss is not realistic. Domain
librarles are in a constant state of evolution, since there is always a change in the current
nesds, views and solutions.

This study proved Anderson's observation to be mostly cotrect, and this had the following
effect on this project: as well as developing good mechanisms for browsing, retsieval and
documentation of component {ibraries, it was as important to have good mechanisms to
manage change to component libraries.

The problem of class management and refated issues is an extensive topic and is beyond
the scope of this study. The above review serves only to note the basic issues and
highlight the importance of component management, It is also clear that successfui class
management is paramount to the success of the object-criented approach, specifically
where re-usabliity and maintainability are concerned,
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6,10

PROJECT MANA-GEMENT AND CONTROL

Pmiect management and conitrol encompasses many issues. In this analyses, some of the

 ‘more sigmﬁcant issues relating to project management are highlighted. -

6.10.1

" In terms of the project schaduling and planning teehmquee. the techniques practised on

this object-oriented approach were no different from the conventional techniques.

Our organisation’s Management Information System (MIS) did the tracking and costing of
time booked and ail financial aspects of this project, Refer to Appendix 8 for an example
of a typlcal MIS monthly project status report. In conjunction with this, Symantec’s

- PC-based ONTARGET project management package was used. This projeci management

package was used for visual week-by-week tracking of progress, task scheduling and

resource planning. Refer to Appendix B for an example of an ONTARGET GANTT chai.

Although these tools worked w_ell for pravious. traditional systems development projects,
they did not work properly with the object-oriented approach. The reason for this s that
the inptt data (specifically time/cast budgets and progress) to these tocls were inaccurate,

Two problem areas in project management were identified: -
(1)  Progress monikoring end'management during project development.

2} The cost/effort estimation for object-oriented systems.

Progress Monftoring and Management

The two above prablems are assaclated in that if prograss canniot be acourately
monitored, then it is impossible *o estimate additional effort required. ‘Or put more simply,
if you don't know whara you ars, then you can't possibly know how much further you have
togo.

The cause of these preb{ems is inherent in the very nature of the ob]ect-ortented paradigm
ftself. Unlike the traditional approach’s lifecycle which has distinct phases to monitor
progress, the object-oriented develeprnent life-cycle consists of iterative design, modelling
and protolyping phases,

Whereas the progress curve with the traditional lite-cycle is ideally near linear, the _
objact-oriented iife-cycle progress curve has a sinusoldal charsuteristic, Figure 6.6 below
lllustrates the comparative progress curves observed in the study, _
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6.10.2
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Flgure 6.6 Comparative Progress Curves

It was observed that on avarage at ieast 3-4 significant remodelling/implementation
fterations were required duting development of each of the subsystam components, This
made it extremely difficult for the development engineers, and even more so for the project
manager, to monitor and track thie cuitent state of progress,

As an example, after a deslgn, modalling and implementation cycle with the

cbject-oriented approach, the campletion status of a component may ba estimatad at 50%.
Howaever, integrating with another subsystem proves medifications are resjuired, This
could involve re-deslgn of the classes and object modei - which sets progress orn that
component back to an estimated 35%. As fast as the estimated progress can be retarded
due to redesign/rernodel, it was observed that it also advancas at unreal rates, Because
of these characteristics experienced, it was extremely difficult to gauge and report

Cost/Effort Estimation
Accurate effort estimation for the traditional approach is difficult enough, but estimation of

effort (manpower) required to implement object-oriented subsystem camponents was even
more difficult,
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6.10.3

in the traditional approach, data flow diagrams from the functional analysis could be _
broken down into functional or process modules. From fhis breakdown, effort estimations
can be made, This same breakdown could be used as the basis of the WES (work
breakdown structure) which is used to control project development and progress,

Basad on the same lines, in this study the WBS was oomposed from a breakdown of the
class and object diagrams produced &t the early analysis phase. However the results
have not besn very satisfactory and more accurate and appropr!ate mechanisms need to
be lnvestlgated

In Summary

It is not an snclarstatement that the above project management issues proved to be
significant problems with the object-oriented approach. By the time total project _
implementation was (approximately) 50% compiete, | had bulll up an ‘experience’ modsl of
whare we really were in terms of progress, But this Is unsatisfactory, and more farmal
models for effort and progress management of object-oriented deveIOpment is required.

Some of the project management issuss exparienced in obiect-orlented projects have
been researched and reviewad by other authors, Booch®™® proposes that in this
evolutionary approach, one tan measure progress by counting the classes in a logical
design, or the modules in a physical design, that are comipleted and working. ‘This is a fair

~ statement, but does not take Into account that a ‘completed’ class may not really be

‘complete’ due to modifications and remodeliing inherant In the object-oriented
deveicpment lifecycle.

Laranjelta™ has done raseamh on softwara size estimation for nb]ect-orlantad systems, It
Is bagad on building up a statistical model (which ultimately depends on expert '
estimations).- Du Plessis et al®™ proposes a modification of the Boshm Spiral iode! to
form a framewaotk for object-criented software development and management. One of the
more detsiled warks on the subject of metrics for coject-ordented systems has been done
by Chidamber et al'™. They have devised an extensive thearetical model for determining a
metrles suite for objact-orlented design. Other relatad work has also been undettaken by
Goldberg et al*® and Boehm(™,

Hawaver, it Is Interesting to note th'at no speacific references to these particular progress
management probiems have been found. Fusthér reading and research on these eritical
issuss Is required, and it is expected to publish the findings in a future paper, The author
is currently investigating object-orlented progress management and effort estimation aiong
the lines of

* the average number of design/implementation iterations per 013&8.
* and wverage effort required to implement a class.

Apart from this it is also necessary to investigate what computer-based tools (ideally suited
for objact-oriented project management) become avaliable In tme to come,
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el

6.11.1

8.11.2

PERSONNEL TRAINING

In this gection the training approach adopted is reviewed and noteworthy problems ard
issues are dlscussed.

At the start of the project, none of the devalopment anginesrs had any experiance wihy
‘object-orientation, C++ programming or with the CMIP software bus conce @ and :
pratecol. The training was structured in two parts: methodologyftechnology\ mnzm, snd
training in the development téam roles, _

Methcdology and Tachnolag;i Tralning

This inclded tralning on object-ariented analysis. design, and ohject-oriented
programming in C4-+.

All members of the development team (except Appllcatlon cOnsuttants) underwent -
techno!ogy trairing. Most of this tralning was conducted by external organisations, but
training was backed up with the purchase of sev sral good reference books. The external
tralning was : ‘combination of OOA/D courses nat by the University of Witwatersrand
Electrical Engineering faculty, and C++ training run by outside consultarits,

It was noted that even experienced sofiware enginesrs struggled somewhat with the
concepts of object-orlentation. Learming how to modat resl-world probilems in terms of
objects, and not fait into the funciional decomposition mindset, was difficult, - From the
experience gained in the study, two conclusions can be made about technology training:

*  Miracles should not be expected after a technology course lasting a few days,
Much practice was retjuired before development engineers leamt how to truly
apply object-ortanted principles in thelr designs and code,

* it became avident that development engineers gained far mora benefit from
ODA/QOD technology courses If they had at jeast sohe exj.osure to an . _
object-oriented programming environment such as C++- or Smalitalk prior to the
courses. The reason for this is that the OOA/OOD courses are focused more on

- the theory of the paradigm. Previous OOP experience gives students better
appreclation of the application and implementation of the object—orlemed
methodology from a programming paint of view,

Davelopment Team Roles Training

The development team roles defined for the project {the tooibuilder, application engineer
and application consultart) were described in detail in Chapter 3 of this study. & was an
adaption of the roles described by Pliskin“® and Booch®™, Pliskin proposed separating
software engineer functions from domain engineer functions, and Booch defines the roles
of class designers, class Implementers and application programmers. Training of the
development team was structured around the roles defined for the project.
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Component Builder tralning
Trainmg for COmponem Buliders consisted of:

philesophy of the bullding block approach
design of the ObjectView and the AccessView components,
thorough techniology training (OOA/OOD, C++, UNIX)
~ use of the CMIP-conformant software bus,
coding Object-Managers and Applications.

.."-l-#ﬁ-'ﬂ-

.Appllc_atlnn engineer lfalnlng
This trair.ing was focused at Appllcation Engineers and included:

*  philosophy of the buliding block approach
% . using the ObjectView and AccessView components 10 bulld new Customwew
' applications as defined by the Application Consultant, _
* use of the CMIP-conformant software bus,
* coding Object-Managers and Applications, -
* integration of the components to bulld &8 working s em.

. Application Consultant tralning

it was more impdrtant for Appiication Consuitants to have thorough knowiedge of their
application domains (eg. telecommunications network management), as this type of -
knowledge is not easlly or qulcldy acquired, Additionial fraining consisted of;

philesophy of the building block approach

primary subsystem components

functionality of these comporients

applicability of the components to domain problems

* % * %

Thae davetopment team role training wa_s_cbnducted intemally by the project managers and
the more experienced development engingars. They were run mostly as participative
workshaps,

Sucoess of the new object-oriented approach 1o building software systems required full
commitment in so far as personnel tralning was concemed. Training based on the
development team roles described sarfier proved to work, but speciat attention was
neaded to teach objact-orientation as a new way of thinking about softwaré systems, and
special attention was also required to train all the development englneers on tha use of the
SOMI softwara bus. _
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6.12

6124

6.12.2

6‘1 2-3

OTHER ORGANISATIONAL ISSUES

There are several important organisationai issues that were observed In this study. These
are deseribed in this section. _

Management Commitment to the New Approach
From a management polnt of view:

() There had to be a clear and unambiguous statement of intent of why and how the
~ approach would be adopted,
® There had to be a commitment of financiat and persorinel resources in fine with the
statement of intent.
() The necessary infrastructure had to be set up, such as compier and sofiware
' davelopment resources,

An important observation made in this study was that there should not be, ot percei\ed to
be, a half-hearted appmach to adopting the new memodology.

Support and commltment of Development Staff

Agaln, to ensure the success of the new approach, it was importarit to get the support and
commitment of the develepment staff. It should be remembered that people are normally
giraid of, and resist change, and ¥ the object-oriented approach Is percelved as a radical
change that may obsolete thelr knowledge, the perceived threat can be
counter-productive. Chuck Duff and Bob Howard®™ in their article "Migration Patierns’

" daescribe how object-orientation must be introduced &s evolutionary and not revolutionary,

To gain the suppbrt and commitment of the development staff, it was thus necessary to
adopt a phased approach to introducing the object-oriented paradigm 1o the organisation.
The phased approach is discussed in further detait below.

A Phased Adoption of the New Approach

Both Duff et al®™ and Yourdon™ strongly advocate a phased approach to intreducing the
object-orlented paradigm to the organisation. In this study, the cbject-oriented paradigm
was not introduced as the 'Silver Bullet', the radical solution to all software's problema,
Instead, it was phased in, starting with a small graphics man-machine prototype., Further
work and research was encouraged, and initiative was recognised. Once the roots had
taken hold in a few individuals, the concepts and philosophies were further driven by
project management. It fact, & was so welt accepted, that technology decisions were
eventually driven by team members themselves,

To review the motivat.ions for a phased approach to adopting the new object-otiented
methodology:

{a) It gave our organisation an opportunity to assess the potential benefits and fisks.
(b} It aliowad our organisation and development staff to galn experiance at refatively
low risk. _
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{c} it was less disruptive on the organisation’s resources as a whole,
(ch it minimised anxiety because of the safety ties to the existing technology.

it is therefore ciear from this and othet research studies that a phased approach has many
benefits which would assist in a successful fransition to the object-oriented paradigm.,

6.12.4 Creating & Re-use culiure In the Organisation

One of the major objectives of adopting an object-criented approach to bullding real-tine
systems is re-usabllity, 1t cuid have been quite easy to develop our first ‘object-orierted"

project as a custom one-off project, but to benefit from re-usability, it was necessary to
devsiop a strong re-usability culture In the organisation,

- In this project we did manage to create such a culture, and two factors contributed to this:

(& - Separating bullders from re-users

This means separating the bullding of generic componants from the reuse and
customising of the components. Chuck Duff and Bob Howard® in their article
"Migration Patterns’ detall how their research has highlighted the importance of
separating 'buildars’ from ’re-users’. This was exactly what was done on this
project - separating the Toolbuilder role from the Applicition Zngineer function,
Separating these roles encouraged the re-use cuiture. It was also necessary to
have regular interaction between these groups - this ensured that Toolbuiiders
were not developing classes too generic and therefore of limited re-usability, and
also ensured that Toolbuilders identified all application requirements that cauld be
modelled generically for reuse,

(o) The re-usability Champlon

To hetp drive the organisational awareness of reuse, and to ensure the riew

* approach became a re-usable component approach, it was necessary to have a
'Re-usability’ champirn. This essentially was one of the author's roles on the
project, Under client pressures and deadlines 1 - develop the TNM application, it
was easy for the project team, including the Toobuilders, to focus entirely on the
application problem, to the datriment of the reusa objective. It was necessary for
the champion to be regularly involved in design and modelling sessions to identify
and keep focus on potentially generic object classes and oomponents that could
be re-usable in other technlcal realiime applications.

6.12.5 The Software Porting Mistake
One particular argument that nieeds to be noted is the folly of "porting’ cade from the
traditional environment to tha new object-oriented environment, By porting is meant trying
to fit the procedural flow of traditional progrumming software into an object rnodel of the
QOP environiment.

On this project it was attemipted to 'port’ the original data-acquisition programs (that
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6.13

interface with the telecﬂmmunlcations outstations) 1o objact-orierted components in the
W subsystem. _

: Ob]eas were modéiled to fit \-.rrth the structure of the existing code. but the object methods

became too lengthy, complicated and untidy. It was then decided to discard this isea
totally and a complete re-model of the WMI component was done, based on the real-world
breakdown of the equipment (fo be intefaced to), into objects, The results were a great
improvement. So the lesson [eamt was not to be tempted to 'port’ procedural oude to an

_object-criented environment.
-In reviewing the general orgamsatlonai issues, several important pomts have heen ralsed

each one a factor In affecting the overall succass of this approach. Thess include the
commitment and support of management and development staff, creating & ra-use culiure
in the organisation, and the use of a pilot project ag a first introduction to the
object-orlented approach. A more technical fssue that has een highlighted is that the
organisation should not be tempted In allowing code porting from the procedural

anvironment o the object-onentad environment.

CHAPTER SUMMARY

In this chapter, the resuits of object-oriented comportent-based approach to bullding a
real-time TNM application were analysed. This chapter covered many diverse topics
associated with adoptioni of the new approach. Nevertheless, several important notes and

~ observations have been made. Some of the findings challenge those in other related

studies, while other observations are corroborated, Notwithstanding some of the pitfalls
assoclated with this approach, the important point of this chapter is that there exists
sufficient mativation for the primary arguments of this study, S
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7.1

7.2

CONCLUSION

In this concluding chapter, the overall objectives of the study are firstly restated. Within

context of these cbjectives, the arguments and contributions of the previous chapters are
reviewed, and a final conclusion is presented.
RESTATEMENT OF THE STUDY'S OBJECTIVES

£ o that the concluslons and arguments in this final chapter can be viewed in perspective,
ihe objectives of this study are restated below:

* To research and develop an object-oriented comporient-based approach to
bullding realtime distributed systems.

* To demonstrate the application of this approach by developing a real-time
Telecommunications Network Managemert system,

* To critically analyse the results of the objsct-oriented approach specifically from

the re-use, cost, maintenance, parformance and project management point of view,

REVIEW OF PREVIOUS CHAPTERS

Chapter 1 introduced the objective of the ctudy, defined the scope of the work and
detalled the organisation and outiine of .+ report.

Chapter 2 reviewed the different approaches to building real-time techrical software
systems, and reviewed the general crrtlclsms levelled at the traditional procedural
approach.

Chapter 3 introduced the concept of a component-centred approaun, and how this could
be achieved with the object-oriented paradigm. Several aspects of the object-oriented
approach are detalled, including the implications of software standards and hardware
technologles.

chapter 4 presentad the architecture and structure of the generic core bullding blocks
required for realtime systems, and described the componants of the various subsystems,
The motivation for the software bus was presented and its philosophy and design was
described.

Chapter 5 focused on the telecommunications network management application domaln
and described how the core building blocks were extended to produce a set of
domain-specific components or building blocks. Chapter 5 also detailed the
customisation and integration of these components to build a real TNM application.

Chapter 6 presented the analysis of the approach, reviewed the arguments, and noted the
issues.  Specifically, aspects such as re-usability, maintenance, development effort,
tralhing and other organisational issues were addressed,
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7.3

oA'l‘ISFAGTION OF THE STUDY'S OBJEGTIVES

ln terms of the objectives set out, the stucly has been successfu! A component-based
object-oriented approach to building realtime systems was developed, and from the
components were built a real-world telecommunications network management application.
The issues and problems associated with this approach were also idemifed and analysed.

The study has clearly conﬂrmed that three major iacttws contributed to the sticcess of this
appmach

{1}  The object-oriented paradigm, which inciudes the object-oriented analysls, design
and programming environments.
& The 3-layered component structure philosophy, with the real-tim&-generic
_ . components, the domain-generic components and the customised components.
3 The CMIS/CMIP-conformant software bus philosophy. :

CONCLUDING REMARKS

The arialysis of the approach in Chapter 6 has highlighted the bensfits of the
object-oriented approach. it has been demonstrated that if the noted issues are
addressed, this approach does yield rewarding benefits including genuine re-usability,
effective rapld-prototyplng, shoiter appllcatlon enginearing life-cycles, and improved
malntainab:lity and testability.

This study has also shown that this approach can place severe constraints on the
organisation, For it to be successful, it requires total commitment from both the
development persannel as well as management. The approach requires & very steep
leaming curve, commitment to relevant training programmes, and avallability of sultable
development and computer resources

From a project management perspective, the monitoring and management of development
progress proved to be very difficutt because of the iterative nature of object-oriented
design and software development. Addressing this satisfactorily remains a challenge and
is certainly a subject worthy of further research.

Most important, it was observed that to achieve the primaty goal of genuine re-usability, it
is necassary to instil a "re-usability’ culture in the organisation. Contrary to some other
studies, the object-oriented approach did not prove to be the “silver bullet' to all the worids
software problems. As Cox'" states, the possibility of a software rev.” stioy where
developers stop programming everything from scratch and begin assembling apf.. . ons

from well-stocked catalogue of re-usable softwara components, is an enduring, but elusive

dream,

} can only agree with the above statemant, as weli as the comment by Goldberg® that
componants placed in a market face a wide variety of different demands: even well
designed components with minimally constrained interfaces will have trouble attracting a
critical mass of customers.

Rather re-usable components should be seen within the context of a single organisation,
where the re-usable code can become an impoitant business asset, to be treated as an
investment and a capital good, rather than simply a cost.
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75  WHERE TO FROM HERE

in terms of the futurs, this approach has so far shown such rewarding benefits that i, and
our orizanisation, are fully committed o its further development and application In the
reaktime systems develapment arena.

One of the biggest challenges ahead is structuring our organisation to best manage ts -

- investrnent in creating and maintalning re-usable software components. ~ This includes the
developrent and execttion of re-use metrics mechanisms, managing practices for design
for re-usa and design with re-use, Iibraly managament best re-use practices, consuttlng.
training ang workshops. -

Most lmportant is to provide an infarmation sys‘tems for dbmpar_.ent library management, :
. Ingluding mechanisros to effectively change and maintain the components,

7.6 FINAL CONCLUSIONS -
in summary of this concluding chapter, the study has successfully argued that: -

(a) The Object-crierited paradigm proved to be a successful approach to building
real-time systems - achleving genuina reusability, Iower total development cost,
and better maintainability and testability. -

{b) The 3layered structured oomponent approach coupled with CMIPnconfonnant
Software Bus proved vety effective in this erivironment - further improving
reusability, maintainability and testability of this approach. '

() There are several tachnical and organlsational lssues that need to be observed
when considering this approach, _
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8. FUTURE RESEARCH

- From the eontent of this repor, it Is avident that the scope of the subject is extensive, This

: has resulted in several unanswered questions, and has highlighted areas where further
work is required. Chapter 8 concludes the Project Report with a review of these areas
requiring further research and.study., _

81 = FOHMAL METRICS FOR COMPARISON OF THE TWO APPROACHES

Because it was necessary 1o limi the scope of this study, it was not possible to include the
mieasurement, analysis and comgarisons of certain metrics.  “hese Inck.de accurate and
substantiated metrics for the clalmed improvements In producivity, maintenarice effort and
testability of the object-oriented appsoach as compared to our organisation’s tradidonal
approach to bullding software systems,

| have already set up mechanisms to monitor these parameters over the life cycle of future
applications basaed on the generic and domain-specific building blocks, and to report the
findings in future articles,

82 = ATOTAL SUPPORT ENVIRONMENT FOR RE-USABILITY

Another area worthy of further study is implementing a total support process for
developing generic, re-usable software, As proposed by Gibbs et ai*”, Fischer®9, and
Anderson®, this includes designing systems for maintaining and changing the component

~libraries, definiv. . how to integrate such systems and establishing the appropriate
Infrastructur, *  assure wide accessloility of these systems, This should be extendad to
making re-use and re-design possible, with the design of intermediate abstraction levels
being an integral part of the software engineering process.

Much of this can be addressed with use of an information system which will store, manage
and categorist: Sbraries or clusters of objact class groups, manage & quality control
mechanism for classes submitted, dnd énsure completeness of component/class librarias.
Also with & repositary, application engineers are more likely to get a standard version
rather than a version full of undocumented local modifications.

In fact, on completion of the first phase of the projact, it become appatent how important
this issue really is. To promote real re-use, a full support snvironment is required, with
tools, help, browsing and information retrieval environments. Our experience corfirms the
findings of other authors such as Flscher®®, that the cost of finding the required
components, understanding them, making changes and re-using must be kept low,

| am currently investigating a whole support enviranment, using a combination of
third-party tools and our own tallored enviranment, and this could be the subject of a
further interesting study, '
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8.3  MANAGING AND CONTROLLING ORJECT-ORIENTED PROJECTS

Lastly, a critical issue stressad In this study is that of projest management techniques.

required for object-crierited softwars devslopmant projects,  Specific areas requiring
further research are techniques for effort estimation and formal techniques for measurlng
and monitoring progress of ob]ect-oriented projects.. -
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APPENDIX A: FORMAL AND DE FACTO STANDARDS FOR

OPERATING ENVIRONMENTS AND
INTER-NETWORKING |

In Chapter 3, the new software technologies and standards affecting the re-usable object-oriented
approach were briefly reviewed. Of specific interest is the current status of the formal and de fatto
standards for Open Systems. and the gradual convergence of thiese two camps.

Thie subject of standard technologies for Open Systems is extensive and is not in the scope of this
study. However this Appendix, which supplements the Chapter 3 discussion on Opan Systems,
atternpts to review the subject i more detall.

Al

A2

COMMON INTEREST USER GROUPS

Because of frustrations with the continued disagreement between Ul and OSF, vendors
and other users have banded together to form their own groups, This has primarlly been
motivated by their rieed to assert their needs for standards and portability rather than be
at the mercy of vendor-created “standards bodies®. The following are the more recognised
bodies, -

International Sector Infonnation Technlcal Greup {(iPSIT) - This Is an intemat!onal councll
trying to harmorise the government 08I profiles (GOSIP's) of its various intermational
members. its main objective is to encourage a *European Handbook tor Open Systems®
which defines a common set and O8I interface for technology procurement,

Petrotechinical Open Systems Corporation (POSC) - This is an industry-specific assoclation
founded by the oil industry, notably Mobll, Texago, Chevron, BF and El Aquitaine. Its.
enission is to standardise o the access, storage and sharing of databases,

User Alllance for Open Systems (UAQS) - This user group's objective is ta achieve
Yintegratable’ business information environments. This is to be achieved by an operating
system free of vendor affiliation, and belleve that aven UNIX Is still too propristary. They
have joined the Corporation for Open Systems (COS) to support the advance of 0S8l and
integrated services digital network (SDN} standards, -

CONSORTIUMS

Unlike user groups, consortiums are funded by computer industry hardware and software
suppliers. Their motivations are varied and not always in industry's best interest, The
motivations to join a consortium include:

* to lead the industry in a !echnology - to ensure they are not left behind should the
technology begome a de facto standard

* {0 evaluate future product development of competitors

* to disrupt progress of the consortium to enable thema marketmg edge for a
competitive product
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The OSF and Ul are two of the larger consortiums ofteri compeling with each other.

The Open Software Foundation

This foundatiors was formed to prevent the growing control of UNIX as the Open Operating
System by a limited number of vendors, It has released its first operating system OSF/M
which provides for 'standards’ operating system, user interface, and distributed computing.
Apart from being supporter. by vendors, government agericies and educational instifutions,
OSF consists of a sc .ware development company and research institute intended to

- define specifications, and develop products supporting open portable application
srwironments,

lis direction is consistent with the X/Open Common Application Enwironment, the US
National Bureau of Standards Application Portabliity Profile and other equivalent
international standards, It also provides interface compatibility with XPG3 and POSIX
specifications meaning that implementations must prr.wuda the speoified application level
infarfaces to support portability.

‘UNIX International (U1)

This is a multivendor arganisation originating from an earlier alllance between SUN and
ATE&T In 1988 to develop UNIX, and finds itself competing with OSF to be percelved by
users as the standard for Open Systems, [ts olriactive is to direct the evolution of UMIX
System V through participation from vendors, software developers, end-users and
academic institutions.

Ul does not devslop any products, rather it cafines specifications that can be turmed into
licensable products by UNIX System Laboratories (USL), a subsidiary of AT&T. Products
are developed to comply with IEEE 1003 POSIX standard and the Open Systems Directive
issued by the X/Open Group.

A3  LUNIX AS AN OPERATING SYSTEM STANDARD

This development has been centred on an operating envitonment originally developed by
AT&T called UNIX, This operating system, which was ofiginally developed by the
academic community, is open in the sense that it Is avallable in a documented form to any
software and hardware developers, as well as end-users.

However since the advent of AT&T's UNIX, a considerable number of propnetary versions
of the environment have emerged and further staridards have evolved.

- 1969 AT&T's UNIX and Open Systems

- 1975 Bell licenses UNIX to Universities (eg. Berkeley)

- 1876 Microsoft first release of UNIX

-~ 1977 SCO and ISC founded

- 1978 VAX UNIX adopted as university research standard
- 1979 UNIX version 7 from Bell Labs
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- 1980 UNIX becomes standard for US Depantment of Defence DARPA project
- 1982 System V Interface Definition (SVID) developed
-1983 UNIX System V release 1
- 1886 X Consottium formed
~1988 Ul and OSF formed
~ -1890 AT&T creates USL and OSF/1 released
- 1991 MP SVr4.0 released 4

Unfortunately, the different UNIX standards potentially undermine the fundamental aim of

. portability. Nevertheless associations of interested parties have been created fo steer
future development towards a single, standard vamlon of UNIX and other operating
environments. These include GOSIP, POSIX and X/Open®",

A4  OTHER COMMON APPLch‘rlons ENVIRONMENT STANDARDS

There exist several other arganisations, either non-profit, educational or driven by
governmant, which define, control and promote oparating environment standards. GCSIP,
POSIX and X/Open are amongst these.

GosiP

This is an acronym for Government Open Systems Interconnact Procuremeni/Profile, and
omlinesr 1t}hea govetrnment policy and strategy for converting to an 0S| communications
system™™,

POSIX

This is a formal standard relating to Open Systems which assists governments and
corporations assessing compliance in the procuremert process, and ensuring applications
portability. The long-term objective of POSIX is to specify a UNIX-iike portable operating
systern which could well result in creating alternatives and competitors to UNIX and be the
start of & new generation of open systems®, Originally a project of the USA IEEE
Computer Soclety, in recent years the IEEE's POSIX work has been endorsed by both the
American National Standards Institute (ANSI) and the National Institute for Standards and -
Technology (NIST). It comprises a multitude of IEEER co-ordinated working groups which
are defining specifications and standards for user inter*  ~s, networking, multi-processing,
security, systems administration, testing, tools, realtime ew. Because POSIX was
originally intended to be a generic, hen-brand-name specification for UNIX, AT&T's real
UNIX will otwvlously, at least for the moment, become the presminent POSIX-compliant
operating system. However, In the future it may face much of competition in the open-
systems arena.

X/Open

As discussed previously, X/Open assumes a pivitol rale in combining the formal standards
and de facto standards created by the market. It is an open international organisation that
is evolving a Common Applications Environment by working directly with users, the
softwaire industry and hardware vendors. Several govemments including the European
Community Parliament endotse this body. X/Open's misslon is to suppott the Open
Systems movement In order to bring greater value to users while increasing market
potential for computer suppliers and independent software vendors, it has formulated the
X{Open Portability Guide (XPG) which is a set of specifications combming both formal and
de facto standards®?,

Appendi A | | o Page 132



AN OBJECT-ORIENTED COMPONENT-BASED APPRUAGH TO BUILDING REAL-TIME SOFTWARE SYSTEMS

A5 INTERNETWORKING AND PROTOCOL STANDARDS

The more w;dely used Inter-networking and protocol standards can be classifled as

foliows:
Formmal Standards ! De facto Standards
08 TCR/P
CMIP/CMIS ARPA/BSD
oMOT SNMP
OSINM OSF/DME
COITT/TIN sNA

TCP/IP -

TCPR/IP is the de facto standard for inter-networking heterogeneous systems in a network.
It originated in the late 1970s as a network technoingy to link systems in the USA -
Department of Defence's ARPANET. Because of its longevity and popularity, TCP/IP has
acceptance and suppoit amongst almost all major hardware and software vendors, and
many applications based on this protocol suite are available. Since the early ARPANET
days, TCP/IP has gained new enhancements such as Remote Procedure Calls (RPCs) and
Natwork File System (NFS) to aid davelopment of distributed applications. TCP/IPs
strength is that it Is one of the few proven mature technologies for inter-operability that
works.

TOP/IP is generally regarded as a lightweight solution for managing TCPAP networks that
is easily Implemented without Iarge scale resource requirements typlcally required by QSI
implemantations. Howaver, i is now accepted that the TCP/IP internet standard can no
longer be considered as an interim solution but will continue to be used and coexist with
formal standards,

ARPA/BSD .

The U.S,A, Defence Advanced Research Projects Agency (DARPA), formerdy known as
ARPA, Is a govemment agency that began funding in the mid 1970 research with the
ARPANET and later the Internet, The Berkeley Software Distribution (BSD) was a version
of UNIX that the Unlversity of California integraied with the TCP/IP suite of protocols via
external funding. - This resulted In usefui extensions to the basic TCR/IP protocols, :
including a suite of utility programs as well as 'socket’ intetface that aliowed application
programs to access communication protacols.

This Is niow formally part of the Berkeley 4BSD UNIX distribution, and an abstraction of the
sarvices, known as Berkeley Services, has been incorporated into many othier vendor's
UNIX environments.
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SNMP

‘The Simple Network Management Protocol (SNMP) is the de facto standard for TCP/IP _
network mariagemertt, supported by a wide variety of network devicas and software. Both
“TCP/IP and SNMP have been criticised for a number of limitations, such as not addiessing
all areas of systems and network management in a consistent, completa fashion, and work
“ramains to be done in the area of security.

OSF/DME

The OSF/DME Is the Open Systems Foundation's spacification for the Distributed
Management Environmant (DME). It complies with current formal standards and
‘addresses the need to unify the management of systems in heterogeneous environments.
Its objective Is to support different managemsnt protocols and communications stacks, as
well as the underlying object models, This it achieves through the use of gateway
technologies and Application Programmer Intertaces (APf) that transiate management
protocols and object models, and meet the requlrements of both procedure-oriented and
object-oriented programming methods. : _

SNA

This Is IBM Corporation's proprietary Systems Network Architecture (SNA) which was first
introduced in 1873, It delined the architecture and network products for providing a
cohesive comimunication syster in a distributed progessing network. It defines the nies
and protocols for the intaractlon of computer, peripheral and soitware companents ina
network.

Although SNA's functions are guite slmtlar to the OS5t model, the manner in which the

“functions are implemented are quite different, For this reason it is regarded as too
proprigtary, and while some regard it as one of the de facto standards, many have
questioned this.

Ost

The OS! protocot suite is based on the internationally recognised seven-layer Open
Systems Interconnect (OSh) maodet which was formulated by the International Organisation
for Standardisation (I50). In contrast to TCPAP, O8I Is not yet a product or an established
set of protocgls. Rather It is a model for applying open standards to help ensure
networking computability between heterogeneous systems. Or expressed another way,
081 pravides a structure into which internationally agreed standards tan be fitted, The
08} Reference Model Is a seven-layer framework consisting of the physical, data link,
network, transport, session, presantation and application layers. Because of the layered,
structured approach, it offers the most globat and flexible environment for global netwoiks,

Today, several international governmants and organisations have wholly endorsed the 0S|
standard as the bast way to achieve integration of systems and to enstire the widast
possible choice of products and suppliers, Examples of this are the U.S.A. and UK
authorities that have implemented Gavernment O8I Profile (GOSIP) programimes to ensure
Q8i conformity, and similar support comes the Japanese and European Gommission.
Many standards organisations such as ANS| (USA) and ETS! (Europe) have adopted 0S|
for Local and Wide Area Networks.
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CMIP/CMIS

IS0 has provided a suite of standards for management of distributed systems. They have
specitied a Common Management Information Protocol (CMIP) and its associated
Common Managemient Information Services (CMIS), GMIP Is intended to provide a
consistent means of interfacing with & highly varied set of networked resources,

However, CMIP aiona does not provide for managing distributed systems. For this reasori,
standards have also been specified for:

- how management data is organised
- how operations on this data Is performed
- and how managed resources can be found in a netwark

These standards heve been partially defined by 1SO’s Structure for Management
~ Information (SMI) arid Guidelines for the Definition of Managed Objects (GDMO). These
standards define the coniceptual model of how information is to be treated abstractly,

CMIP and the associated staridards are based on the concepts of object-orientation and
Managed Objects (MO}, which is a representation of the resources and services to be
managed in terms of its current state {attributes), its behaviour (operations) and the event
notifications it may generate. In this way, all operations can be carried out through the
same Interface anad with the same style of interaction - by communicating with objects,

The concept of managed objects unities the seetnirigly differant approaches of systems
and netwark management.

CMIP Is the formal standard for OS| management. It is gaining further support and many
organisations have incorporatad it into their procurement specifications, - Already CMIP has
been implemented in a variety of environments and on top of several protocol stacks.

CMOT

Because today's de facto standard for natworking is the TCP/IP suite of protogols, the
upper layers of the O8I protocols have been imple: yented on top of them as well. An
example of this is the Common Management interface Over TGP/IP (CMOT), which has
been specified by the internet Activities Board (JAB).

OSI/NM

This is OSI's definition of inter-operable interface protacols for Network Managernant (NM).
It is primarily based on existing and draft formal standards from ISO and CCITT. It
specifles the protacol elements for network management for use in operations,
administration, and providing related communication betwesen different management
domains,

CCITT/TMN

CCITT has issued Recommandation M.30 which defines the standards and principles for
Telecommunications Management Networks, Within this recommendation, CCITT have
defined Recommendation G.773 which defines the protacol suites for *Q" interfaces of
transmission systems, and Recommendation G.784 which addresses aspects of the
Synchronous Digital Hierarchy (SDH), _
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The "Q* interface of G.773 suppuits bi-directional data transfer for the management of
telecommunications. It specifies 5 protocol sultes for *Q” interfaces; two sha. " stacks (A1
and A2) for losal communications (LAN) and 3 tull stacks for erther Ioea! or \mde area
communications {LAN or WAN) :

The CCITT Flaeommendation G.784 addresses the managemant of SDH, including the
monitering and controf functions, This recommendation describes a full protogol stack for
network management to be carried as an embedded control channel over the SDH data
eommurications chanrlel :

A6 IN SUMMARY :

This Appendix Is a brief review of the standards and technologies that had to be
considered for this study, The subject of Open Systems and standards is extensive and
the reader Is encouraged to refer to the references In the Bnbllography of this report fer
more detailed reading.
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APPENDIX B: SAMPLE R:PORTS FROM PROJECT
| MANAGEMENT TOOLS

In Ghapter 3 the project management methiods and tools used on the object-criented progect were

reviewed, This appendix containis an example of a Management Information System (MiS) monthly

report and an ONTARGET Project Planner GANTT chart as used on this project. For the sake nf
brevity, the M!S report has been summarised.

Figure B.1 is an example of a typical monthly project management raport as obtainad from the
company Management Information System (MIS).

' Figure B.2 Is #n example of a typical weekly ONTARGET GANTT chait. Nots how this project
planner patkage displays task inter-depencies on the GANTT chart effactivP_Iy includung the
ptimary feature of the PERT chart on the GANTT thant,
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BSW-DATA (PTY) LTD. - PROJECT MANAGEMENT REPORT

Job : BDJ2418 Description  ASLAN

Merss & 11.%.1

Printed on i 26-JAN-93 - Page s 1

Weeks 9227 to 9231 2V-JUN~92 to 31-|0L-92

Ounep = AB

Job opendate : 21-FEB-91

Cost Centre : PROJ Classff{caton : INDIRECT INCOME

close date &
FIN CHARGES:

Y

TOTAL HOURS

ACTUAL BUDGETED RFVISED ESTIMATE TASK

WORK DESCRIPTICN HOURS  HOURS  BUDGET HOURS  STATUS
i o N
10a UTILITIES 185.00 850.00 850.00 650.00 A
108 SYNTAX GHECK 162.00 162.00 120.60 162.00 ¢
T2A ASLAN MARKETING - .00 .00 ¢
128 ASLAN MARKETING LITERATURE 14.00 14.00 C
12 ASLAN PRODUCT DEMO PACKAGE .00 N .00 ¢
13A ACCESSVIEW PRODUCT SPEC 214.00 1300.00 1300.00 "300.00 A
138 OBJECTVIEW PRODUGT SPEC 00 400,06 400,00 00,00 A
130 ACCEPTANCE TEST PROCEDURE © .00 150.00  150.00 15006 A
" 14 PROJELT MANAGEMENT - 826,00 1500.00 1500.00 1500.00 A
18 PROJECT PLANNING 71.00  100.00 100.00 100.00 A
1C HEETINGS OR SITE 24.00 77.00 ¢
10 TRAVEL S |, S 2.00 ©
1€ TEGHNIGAL VEETINGS - 176.00 .00 ¢
1F ASLAN PRS. ADMIK. 222.00 S00.00 500,00 500.00 ¢ A
16 PaE STAKDARD - .00 _ 200,00 A
" 2A INTEGRATION _ 104.00 1760.00 1750.00 4760.00 A
28 PORT/EVAL/BEHCH $1.00  200.00 200.00 200.00 A
2C SYSTEM ADMIN/MANAGEMENT, " 7.00 o : A
2D CONFIG PATA TAKE-OM B 400,00 A
2E CONFIG DATA FIX .00 150,00 A
3B UNIX/C++ TRAINING -85.00 120,00 120,00 120.00 A
3C 00D/D0P TRAIMING : 226,00 400,00 400,00 400.00 A
30 TOOLXIT ENG. TRAINING - 169.00 400,00 400.00 400.06 A
3E APP. ENG. TRAINING 29.00 400,00 400.00 100.00 A
3F SALES TRAINING L00  200.00 200,00 Q0 ¢
4P, MAN-MACHINE INTERFACE (MMI) {575.00 2000.00 2000.00 4500.00 A
5A WORLD-MACHINE INTERFACE (WMD) 1399.00 1700.00 1700.00 2400.00 A
GA REAL-TIME GBJEGT MAMAGEMENT SYSTEM RTOMS 1854.00 2000.00 2000.00 3600,00 A
7A CORFTGURATOR o 1067.06 2200.00 2200.00 3700.00 A
84 HISTORIAN $79.00 1400.00 1400.00 1000.00 A
88 CONFIGURATION REPORTS .00 ' 106,00 A
8¢ HISTORJAN REPORY MANAGER .00 120,00 A
B0 JSM DAILY REPORTS .00 400.00 A
8E DB DOCKET REPORTS .00 &0.00 A
QA COMMUNICATIONS 548,00 1500.00 1500.00 1032.00 A

% COMPLETE : 38.46

TIME BOOKED DURING PERIOD

INITIALS  HOURS
. AB 126.00
sDR 19,00
Bt  200.00
(] 39.00
bpa 14.00
GE  175.00
JGEF

207.00

% OF BUDGET :

10008.00 19242.00 1920000 25888.00

2.1 % OF REVISED BUDGET : 52.13
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BSWU-DATA CPTY) LTD. - PROJECT MAMAGENENT REPORT  Memu  11.1.1 Printed on X 26-JAN-93 Page 2

.dob ¢ BOJ2618 Description : ASLAN : _  Weeks 9227 to 9231  27-JUN-92 to 31-JUL-92
Cwner ¢ AB Job opariate : 21-FEB-91 ' Glose dafe :
Cost Centre : PROJ Clessification & INDIRECT INCOME FIN CHARGES: Y
P 90,00
KJt, 2.00
LB 71.00
Hs  152.00
PEE  228.00 :
PGF  215.00 -
PPS 204.00 ”
ROW 1.00 - .
s/ 211.00
K 47.00
TR
2001.90
EEEam
PRODUCTION MEETING NOTES
- DATE NOTES
O7-NOV-91 GENERAL: GENERIC GUI - FUNCTIONALLY COMPLETE. CURRENTLY IHPLEHEHTING TRYIER
07-HOV-91 APPLICATION USING THE ACCERSYTEW TOOLBOX
14-NOV-91 % COMPLETE: ONGDING
14-NOV-91 OPERATIONAL PROBLEMS: SYNTAK CHECKER COMPLETE
14-NOV-91 OUYSTANDING BUGS REPORTED NOT FIMED: CORE GUI (MOTIF) TOOLBOX COMPLETE
T0-DEC-91 MMI AND Wl COMPONENTS CURRENTLY BEING DEVELOPED. EXPECT YO BEGIN RTOM
10-DEC-91 DESIGN START JANUARY
13-FES-92 10 JAR 92 RTOMS, COMMS, CORFIG, WISTORIAN DESIGN CURRENTLY IM PROGRESS
D2-MAR-9Z SOMI VERSION 0.1 COMPLETE, MML, WMI, RTOM WORK oueutne. TECHNICAL DEFINITION
D2-MAR-92 STILL REQUIRED FOR CONFIG/HISTORIAN,
27-MAY-92 ACCESSVIEW PRODUCT FOR SASNAG, WIMNAC + TESS -ABOUT 30% COXFLETE. WMI
27-MAY-92 SUBSYSTEM BEHIND SCREDULE. NEED RESOURCE HERE, POSSIBLY JJT AT END JUNE.
24+JUN-92 40% COMPLETE - ESTIMATION ON SCHEDULE. CALENDAR MILESTONES UNDER PRESSURE
24-JUK-92 RECAUSE OF NAI.
07«JUL~92 ACCESSVIEW PROJECT ABOUT 42% CDMPLETE. MMI AND RTOMS SUBSYSTEMS ARE oN
07-dUL+92 CRITICAL PATH.

PURCHASE ORDERS PLACED

DATE - P ORDERS S ORD CH.CH2 © o aTY GRY DESCRIPTIOH UNIT PRICE EXTD PRICE  CANC

========_ RN E B g : 3 = BESSERSIRES SEEDpIsSsDun mEem
15«JAN-92 BDP4235 3.6 1 DELEGJ\TES FOR ¢ PRACTICAL oo
15~JAN-92 BDRL236 37 7 OBJECT-ORIENTED BESIGN COURSE 945 6615
15+ JAN-92 BDPAD40 7.13 H] PHOTCOPY GF 1SO DEVELOPMENT
15-dAN-02 BDPS240 C T 1 ENVIRONMENT USER?S MANUAL : -
26-WAR-92 BDP4A3Y - 2.361 1 104 25PIN MALE TO FEMALE SERIAL PRINTER I3 33
18-JUN-92 BDPA593 _ 110971 1t ¥ COLOUR 500C DESK JET CARTRIDGE ' o7 o7
18+HUN-92 BDP459S 11098.2 1 Y BLACK 500C DESK JET CARTRIDGE : 82 a2
09 JUL-92 BUP4SES0 114150 t ¥ COLOUR 500C DESK JET CARTRIDGE ot : 97
09-JuL-92 BDP4ESO 11414.0 1 ¥ BLACK 500C DESK JET CARTRIDGE - w 7
m:-_;a:m:m-:
FOTAL AMCUNT OF ORDERS : . 6999

SEZADLEESERED
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BSY-DATA (PTY) LTD. ~ PROJECT MANAGEMENT REPORT = Menw : 11.1.1 Brinted on & 26~JAN-93 Page 1 3

SALES ORDERS RECEIVED ~ EXTERNAL

Nene

COSTING TRANSACTIONS

EXTERNAL ENCOME
SEnEpEREEESIoom
Hone
EXTERNAL COST

EnESSCOnEETER

" Job = BDJ2ST8 Description : ASLAN .Weeks 9227 to 9231 27-JUN-92 to 31-JuL-92

Owner : AB Job opendate : 21-FEB-D1 ' _ Close date :

Cost Centre : PROJ Classification : INDIRECT INCOME _ o FIN CHARGES: ¥

GRY’S

BATE GRY TYPE Ci.CH2 QryY PRODUCT  SERTAL : DESCRIPTION : . CANCLL

— 1 =EEE =Eus T ] : 2 _

27-MAR-92 BDGSS38 GF  2.361 1 cLoet ' 10H 2SPIN MALE TO FEMALE SERIAL PRINTER

29-JUN-92 BDGETS2 GL  11321.0 . 1 ceom SHP PC _ :

29-JU§-92 BDGSTSZ Gl 11321.1 1 p£eood 64 KB MEMORY

29-JUN-§2 BDBETS2 6L 11321.2 % ceoi 2.0 GIGABYTE DAT DRIVE

29-JUN-92 BOGETSZ 6L - 11321.3 1 ceood : 150 MB TAPE STREAMER

29-JUN-92 BDGETS2 6L 11321.4 4 teon ' ' ol

29-JUN-92 BDGS7S2 6L 11321.5 1 ccoot _ ' VGA CARD

29-JUN-92 BOGG752 GL  11321.6 1 ©coot _ 8 X 46T

29-JUN-92 BDGATS2 6L 11321.7 ¥ £Coat. : . ) : 8/1C+ .

29-JUN-92 BDGSTSZ 6L 11321.8 1 -eeoot B/TCFM+ :

29-JUR-92 BDGSTSS GP - 11098.2 1 516241 L BLACK 500C DESK JET CARTRIDGE

01-JUL-92 BDGSTSE0 G 711097.1 1 516251 COLOUR 500C DESK JET CARTRIDGE

15-JUL~92 BDGETSS 6F  11415.0 1 516251 - COLOUR 500C DESK JET CARTRIDGE

15-JUL-92 BOGSTYS GF  11416.0 1 516261 - BLACK 500C DESK JET CARTRIDGE

DELIVERY NOTES

aEErECSoRLSET X . X : ) .

DATE DN NO  CH.G¥2 TYPE DESCRIPTION . WTY CUSTOMER ORDER NO ACCOUNT Ip -~ - " CANEL

- s £ [ == _

29-JU§-92 BODALSE 11321.0 bH  SHP PO 1

29-JUN-92 BDD&433 11321.4 DN &4 KB MEMORY ) 1

29-JUN-92 BDDS4I3 11321.2 DN 2.0 GIGABYTE DAT DRIVE 1

29-JUN-92 BDDG433 11321.3 ON 150" M3 TAPE STREAMER 1

29-JUN+P2 BDDE4SS 11321.4 oN TPU 4

29~Jul-92 BDDS43Z 11321.5 DN VGA CARD 1

29-JUN-92 BDD6433 11321.6 DN 8 X 467 1

29-JUN-92 BDD&433 11321.7 DN  B/TCH 7

29-JUN-92 BDD&43Z 11321.8 DN 8/TCFM+ 1

SALES ORDERS RECEIVED ~ INVERNAL

ORD DATE REG DATE ORDER REP DESCRIPTION EXT INGOW EXT COST h INT INCOM INT COST  MANPOMER TVPE
: Fu== == = : E-T2

16-Jul-92 16-JUL-92 BDSS28 AB  ASLAN «20000 2470000 ~1060 1894000

b i ——

-20000 2470000 -1600 1894000 .
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BSH-DATA (PYY) LYD. - PROJECT MANAGEMENT REPORT  Metw : 11.1.1

Job 'z BDJ2818
Owner : A8

Description = ASLAN
Job opendate 1 21-FEB-91

Cost Centre : PROJ Classification @ INDIRECT mcou_E

o Phnted on s 26-JAN-93

‘Weeks 9227 to 9231
Close date :

Page & 4

27-JUN-92 to 31-JUL-92

FIN CHARGES: Y

DATE TRANSNO  DESCRIPTION TYPE & ACC ACCOUMT 1h - AMOUNT
- i & mEnEw
- 22«JUL~91 BDCBE1264 dJ.J.T. = EXPRESS SHIPMENT DEV T 200 “1194
30-0CT-91 BDCBE1S29 S&T - AB _ DEV T 200 23
14~ JAN~D2 BDCSE2040 WITS UNIV « OBJECT DESIGN CHSE DEV T 200 ~B615
{05-FER-92 BDCBEZ089 PHOTOCOPY DEV T 200 ~158
05-MAR-92 BDCBEZ2Z38 NP - TRAVEL (WITS) PEV T 200 “14D
24-APR-92. BDCBEZ550 ©. LAING - TRAINING TG ¥ 374 =1585
24-APR-92 BDCBEZSS7? LB - $&T DEV T 200 -5
09-JUN-02 BDCBE2S4Z JGBF - SET DEV T 200 1)
15-~JUN-9Z BDCBE24462 APPLIED LEARNING TRAINING BEV T 200 -1940
14-JUN-92 BDCBE2657 BIFSA - U/SHOP ACCESSVIEW DEV T 200 -i764
26+JUN-92 BDCRIZT4B OESKJET 500C BLX CART DEV T 200 UNIDATA -82
"g7-JUL-92 BDCBER762 ASLAN QUTING JEV T 200 -711
21-JUL-92 BDCOE2606 AB - SR DEV T 200 105
31»JUL=92 BDURIZESY DESKJET COL CARTRIDGE DEV T 200 UNIDATA -97
. . EEummEs
«14560
GROSS CONTRIBUTION ¢ -14560
DIRECT RESOURCES ~ CROSSBILLINGS
DATE TRANSMO  DESCRIPTION TYPE § ACE AMOUNT  SUBTOTAL
= i £ Smams DEEDEEGI DEmsshoo
15-HOV-91 BDGJES32  ASLAN CONTRIBUTION TO MIMNAC GEN T 259 300000
95-JUL+92 BDGJE7IS  ASLAN RECOVERY FROM IDC J2854 GEN T 25¢ 195000
15-JUL-92 BDCJE7TS  ASLAN RECOVERY FROM IDC J2854 GEN T 259 70000 565000
31-007-91 BOCJEST?  DOCUMENTATION XB:LLING - OGT91 GEX T 259 ~32 32
15-JAN-92 BDCJETTS  EGIP XBILL 01-JAN-22:31~JaN-¢2 GER T 252 =710
15-MAR-92 BOCJEVE2  EQIP XBILL O1-MAR-92:31~MAR-Y2 GEN T * -710
15-APR-92 BDCJETSL EOIP XBILL 01-APR-92:30«APR-92 GEN ¥ 3 -710
15-MAY-92 BDCJEYES  EQIP XBILL 01-MAY-92:31-MAY-92 GEN. T 252 ~710
22-JUN-92 BOGCJET?S  EBQIP XBILL O1-JUN-92:31-JUN<92 GEN T 252 710
15~JUL<02 BDGJETBS  EQIP XBILL 01=JUL-92:31+JUL-92 GEN T 252 «0 <4260
31-JuL-92 BDCJEPB4L  FIN CHARGE 27-JUN-92:31-JUL-v2 GEN T 258 953 993
22-FEB-91 BDLJEA04  MAH XBILL weeks 9104:9109 GEN T 250 495
20-MAR-91 BDCJEADT  MAN XBILL weeks 9110:9113 GEN T 250 2805
26~APR-91 EDCJEA10  MAN XBILL weeks 9114:5117 GER T 250 =1400
23-JUN-91 BDCUEAAS  MAN XSILL waeks $123:9126 GEN T 250 ~4322
26-JUL-91 EDCJEABS  MAN XBILL weeks 9127:9130 GEN = T 250 ~7136
30-AUG-91 BDCJELS?  MAN XBILL weeks $131:9135 GEN T 250 ~20747
27-SEP-91 BDGJES21  MAN XBILL wesks 9136:9139 GEN T 250 ~ 21854
01-HOV-91 BDCJESSY  MAN XBILL weeks 914039144 GEN T 250 -7510
29-NOV-91 BDCJES1S  MAN XBILL weeks $145:9148 GEN T 250 ~13979
Z7-DEC-91 BDCJEA1Y  MAN XHILYL Weeks $149:9152 GEN T 250 «11340
371-JAN-92 BDGUEG2S  WAN XBILL weeks 5201:9205 GEN T 250 ~73504 .
28-FEB-9Z BDCJEGZR  MAN XBILL weeks 9208:9209 GEN T 250 ~M97e
20-RAR-92 BDOQJES4T  MAM XBILL weeks $210:9213 GEN T 250 -102286
D1-MAY=92 BDCJESTS MAN XBILL wecks 9214:9218 GEN T 250 -113664
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BSW-DATA CPTY) LTD. - PROJECT MAHAGEMENT REPORT = Memut = 11.1,1

Printed on . 24-JAN-93 Paye : 5

Jab : BDJZ51B
Owner : AB

Pescription = ASLAN
Job opendata : 21-FEB-#
Cost Centre : PROJ Classification ¢ INDIRECY INCOME

27+JUN-92 to 31-JUL-92
Close date :
FIN CHARGES: ¥

Waeks 9227 to 9231

-190402

20-MAY-02 BDCJESTD? MAN XBILL waeks 9219:9222 GEN T 250
26~JUN-92 BDCJIET08  MAN XBILL weeks 9223:9224 GEN T 250 ~12395
31«JUL-92 BDCJESTS  MAN XBILL weeks 9227:9231 GEN T 250 ~178045  -B84284
© Z4=MAY-91 BDCJE3S1 MISALLOCATION OF EXP CLAIMS  GEM T 200 ~5% -
24-MAY-91 BDCJE3S!  MISALLOCATION OF EXP CLAIMG GEN T-200 300 ~843
26-JUM-92 BONJES21  PETYY CASH - SS "DEV T 200 “187 ~187
29-MAR-91 BDCJE41S.  PROJ OVERN 23-FEB-91:20-MAR-91 GEN T 256 -50
26~APR-91 BDCJEAT?  PROJ OVERH 30-MAR-91:25-APR-91 GEN T 256 -50.
31<MAY-91 BDGJE4Z2  PROJ OVERH 27-APR-91:31 MAY-$1 GEH T 256 =50
28-JUN=91 BDCJE446  PROJ OVERY. O1-JUN-91:28-JUN~91 GEN T 256 =50
26~JUL-91 BDGJESDS  PRDJ OVERH 29-JUH-91:26-JUL-91 GEN T 256 -50
30-AUG-9T BDCJESO7  PROJ GVERH 27-JUL-91:30-AUG-P1 GEN T 256 50
27-SEP-$ BOCJES2S  PROJ OVERH 31-AUG-91:27-SEP-91 GEN T 256 ~50
01-NOV-91 BHCJESA4  PROJ OVERH 28-SEP-91:01-HOV-91 GEN T 256 =50
20~NOV-91 HDCJESS4  PROJ OVERH 02-HOV-91:29-HOV-91 GEN T 256 <50
27<DEC-91 BDCJESSES  PROJ OVERH Z0-NOV-91:27-DEC-91 GEN T 256 58
31-JAH+92 BDGJEGDD  PROJ OVERH 28-DEC-91:31-JAN-92 GEN T 256 50
#8-FEB-D2 DDCJES3Z  PROJ OVERH 01-FEB=92:2B-FEB-92 GEN T 256 50
27-MAR-92 BDUCJESST  PROJ OVERH 29-FEB-92:27-MAR-9Z GEN T 256 -50
D1-MAY-92 BDCJESTS  PROJ OVERH 28-MAR-92:01-MAY-92 GEN T 255 50
29-MAY-92 BDCJET23  PROJ OVERR 02-MAY-92:29-MAY-92 GEN T 256 50
26~JUR<9Z BOCJEYTZ  PROJ OVERH 30-MAY-92:25-JUN-$2 05N T 256 =50
31-JUL-92 BDCJESRY PROJ OVERH 27-JUN-92:31-JUL-92 GEN T 256 «50 - -850
13-MAR-92 BOGJESIZ  QCOMM SUPPORY XBILLING - FEB92 SUP* T 255 375
27-MAR~92 BDCJESB0  GCOMM SUPPORT CROSSBILLING siP T 255 <375
24~APR-92 BOCJESH1  QCOMM SUPPORT CROBSBILLING sUp T 255 375
29~MAY-$2 BDLCJEGHZ  QCOMM SUPPORY CROSSBILLING  SUP T 255 <375
15-JUN-02 BDCJEGRS  QCOMM SUPPORT CROSSBILLING sUP T 288 ~375
20-JUL=92 BDCJEPIT  OCOHM SUPPORT XBILLING sUp T 255 «375 2250
31-JAN~02 BONJEGKA  RECRUSTHENT/TRAINING/COS pEV T 200 8615 6615
29-MAR~%1 BOCJEA2Y  TRAM XBILL 23-FEB-91:29-MAR<9 GEN T 257 40
26-APR-91 BDCJE424  TRAN ¥BILL 30-MAR-91:26-APR-9 SN T 257 -40 .
31-MAY-9T BDCJES23  TRAN XBILL 27-APR<91:31-MAY-9. GEN T 257 ~40
28+JUN-91 BDCJEASG  TRAN MBILL O1-JUN-91:2B-JUN-91 GEN T 257 40
24-JUL~91 BDCJESOS  TRAN XEILL 29~JUN-91:R4~SUL-9% GEN T 257 55
30-AUG-9 BDCJESOR  TRAN XBILL 27-JUL<91:30-AUG-$1 GER ¥ 257 «10
27-8EP~%1 BUCJESES - TRAH NBILL 21-AUG-91:27-SEP-91 GEN T 257 =10
O1<HOV-91 BDCJEDAS  TRAN X8ILL ¢ .-HEP-91:01-NOV-91 GEN T 257 ~60 .
20-HOV-9* BDCIESSS  TRAN XBILL 02-NOV-21:29-NOV-91 GEN 7T 257 ~15
27-DEC DCJESSS  TRAN XBILL 30-ROV-91:27-DEC-91 GEN T 257 10
F-dAe  BDLJEASE O TRAN XBILL 28-DEC-01:31-JAN-92 GEN T 257 ~202
&5~ FER ~du 70 TRAN XBILL 01-FEB-DR:RB-FEB-92 GEN T 257 -69
27-MAR- ¢ ..JJEGS7  TRAN XBILL 29-FEB-92:27-MAR-92 6N T 257 ~145
01-MAY-D2 BDCJESBE  TRAN XBILL 28-MAR-%2:01-HAY-92 GEN T 257 ~f22
20-MAY-92 BDCJET30  TRAN XSILL 02-MAY-92:29-MAY-92 GEN T 257 -24
26-JUN-G2 BDCJE?T4  YRAN XBILL 30-MAY~02:26~JUN~P2 GEM . T 257 -2¢
31«JUL-02 BDOJEGES  TRAN XBIIL 27=JUN-92:31-JUL-92 GEN T 257 461 =1654
15-JUL-92 SDCJE7O?  XMBILL CLI LYG J2925 > J2418  GEN T 25¢ 157560
15-JUL~92 BDCJET10  XBILL AV/RT LIC J2931 » J2418 GEN T 259 75000
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BSW-DATA (PTY) LTD.

< PROJECT MAMAGEMENT REPORT  Menw : 11.%.1

Job : BOJZ618
Owner : AB
Cost Cantre & PROJ

DescPiption s ASLAN
Job opendate : 21-FEB-91
Classifi atfon = INDIRECT INCOME

printed on t 26fJAH‘93

Wacks 9227 to 9231

Page ¢ §

ET-JUN-$2 t& 31-JUL-92

Close date =
FIN CHARGES: Y

XBILL AV/GUT LIC J2937 > J2418 GEM

T %Y

42187

15-UL+92 BOCIET1 _
15.JUL-92 BDCJE7IZ  XBILL AV/DB LIC J2931 > J2618 GEN Y 259 112500 387187
11-MAR-92 BDCJE&O7  XFER COST OF FLOPPIES GEN T 259 ~100  ~100
. oD
#5355
'_' msammEen
CONTRIBUTION AND DIRECY RESOURCES ¢ 50795
. o memmE—a
SUPPLY CROSSBILLING
DAYE ~  TRANSNO  DESCRIPTION TYPE & ACC AMOUNT
. el | e
26-0L-97 BDCJE4BS  SUPL XBILL 29-JUM-91:26~JUL-91 GEN T 254 -12
01-NOV-97 BOCJES4S  SUPL XBILL 2B-SEP~91:01-NOV~91 GEN T 254 -5
31-JAN-92 BDCIESS?  SUPL XBILL 28-DEC-91:31-JAM-92 GEN T 254 - «&6
RE~FEB-92 BOCJES30  SUPL XBILL G1-FEB-92:28~FEB~92 GEN T 254 -5
27-MAR-92 POCJESSS  SUPL XBILL 29-FEB-92:27-MAR-92 GEN T 254 -5
01-MAY-92 HDOJESTS  SUPL XBILL 28-MAR-92:01-MAY-92 uZN T 254 -5
26-JUN-92 BDCJETES  SURL XBILL 30-MAY-92:26-JUN-9P GER T 254 ~39
31-JUL-9Z BOCJEQ7S  SUPL XBILL 27-JUN-92:31-JUL-92 GEN T 254 -9
. P
“148
SrupEme )
SALES CROSSBILLING
Mone _ .
CONTRIBUTION AFTER ALL RESQURCES 1 50649
) ='==n_l==_l'=
TIMING DiEFERENCES
Hone .
NET PROFIT : 50849
SEEsanaR
. SEmEEmm.
BALANCING TGTAL & 5064y
. . EETaED
EOUIPHENT
muESomran .
oit.Cif2 SERIAL HUMRER - PROOUCT.OPTTON -LOG DESCRIPTION OUNER  ORD GRV DN
2 ) HENEENY i " i aHrm mEKE =M
2.361 6Lo0Y. COMSUME 10N 25PIN MALE TO FEMALE SERIA BSH Y Y ¥
4,221 515254, CONSUNE COLOUR S00C DESK JET GARTRIDSE &S Y Y Y
4,222 516281, CONSUME BLACK 5000 DESK JET CARTRIDGE  BSW Y Y ¥
11097.1 516251, . CONSUME COLOUR 5008 DESK .fE1 CARTRIDGE BSW Y vy
11008.2 516241, CONBUME BLACK 500C DESK JET CARTRIDGE 8SW Y v Y
11415.0 58851, CONSUME COLOUR 500C DESK JET CARTRIDGE BSW Y vy v
11416,0 - CONSUME BLAGK 500C DESK JET CARTRIDGE  BSW Y Y ¥
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BSH-DATA (PTY) LTD. »~ PROJECT MANAGEMENT REPORT  Menu : Printed on ¢ 26-JAN-93 Page « 7.

Job : BDJAGIR ‘pescription @ ASLAN Heeks 9227 to 9231  27-JUN-92 to 31-JUL-9

Owner = AB dob opendate : 21-FEB-9% ' ~ EClose date &

Cost Centre * PROJ  Classification 2 INDIRECT INCOWME - FIM GHARGES: Y

JOBCOSTING HISTORY

MTH PERC TOT EST RBUD PERC SALEY Tot ALT " GROSS DIRECT NEY MONTHLY HET

YEAR COMP HOURS HOURS HDURS RBUD ° ORODERS THCOME E COSY CONTR RESOURCES  CONTR XBILLING PID PROFIT

9101 2 Y

5102 5 495 495 455

9103 22 ~3390  -33%0 ~3390

9104 32 -4880 ~4830 ~4880

9105 32 -5833 ~5833 -583%3

2106 an =10245. . -1_024'5' 10045

107 131 . _ ~{0245 -10245 ~10245

108 2 333 19210 19080 2 ~1194 1194 38293 39487 -12 39498

$109 21 - 639 3OS0 3690 21 -1194 1194 v40i32 -51326 -12 ~&1357

o110 24 A0 X230 3230 24 1194 =194 ~5B463  -6985T =12 “4036%9

2111 & 880 13920 13920 & 1217 Ce1217 225507 224390 - =47 224303

9112 7 1007 13920 13920 7 1217 ~1217 214207 212390 -7 212973

9201 13 1785 13920 73920 13 -7832 ~7832 C 147368 139536 - »B3 T 139453

Q202 19 2786 14526 14520 19 =8400 -8000 5533_9 47339 -88 47851

9203 21 4041 19088 19000 21 8140 -§140 -48395  -5AS35 -B8 . «5662%

9206 28 %421 15088 19000 29 ~B140 8140 -161888 -170026 93 “17011%

9205 34 4836 19330 19200 35 P77 ~9770 -280766 «200541 -98 =20043%0
9206 41 BOO3 19330 19200 42 ~13565 ~13585 405063 «418628 -98 -418726

g2b7 39 10005 45808 19200 52 =14560 =14560 &h355 50795 145 5054%

MOUE 3 2005 1y =945 ~005 470418 469423 -48 - 49375
- FORECAST

EL e .

MONTH FORE FORE FORE

YEAR 1HCOME E GOST " CONTR

PRIOR 14560

9208 50649

209 50449

9210 50649

211 50649

£212 «1000 49549

2309 ~1400 48249

EHD «15960

PROGRESS REPORY

e e ]

Sales order {ncome ' o

Actuel income :- X Thwvo.ce {to date)s % irvolce (end of forcast):

Sales orgei axtarnal cost & =20000 : :

Actual external cost @ = 14560 ¥ cost (o date): 73 % tost (end of forcastd: - g5

% Manpouer a7 ' ' :



& xpueddy

Joutield 108foid LIDUVING oyt ol eyo LINVS Apsem B Jo ejduexg 1g'g einbid

gbt obed

OV AS-233 Intaiface Gblsst
OV R5-122 Intaciaca

MM Intarface Ob)

$6.00 o
5.00 d
5004

30,00 di

o
AV OCTAVE 200 Devics Objas

AV OCTAVE 2000 Davice: Obfi
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AN OBJECT-ORIENTE COMPONENT-BASED APPROACH TO BUILDING REAL-TIME SOFTWARE SYSTEMS

APPENDIX C: DESIGN SPECIFICATION AND IMPLEMENTATION
OF THE SOFTWARE BUS

-

Further technical detaiis on the design and implementation of the SOMI software tighway sre
covered in this appendix, The reader is encouraged to read this appendix i it is required to
understand the communication services provided by the CMIPmnformant highway, and the
typical APt calls available to the appl!cat!on programmer.

C.1  INTRODUCTION

This Appehdix provides further technical detalls on the CMtP/conformant software
communications highway used In this object-oriented approach to building real-time -
software systems,

Firstly, soma of the very many terms and abbreviations are defined, and this is foliowed by
a brief overview of the Common Management Information Setvices/Protocol definition, Our
organisetion's proprietary TCP{IP communications subsystem, QCOMM, is then desctibed
as the transport mechanism for the CMIP-conformant software bus, The Standard Objact
Managament interface APl that was designed Is revlewed, and CMIP conformanice issues
are discussed. Lastly, examples of typical Object-manager and Applic idlon programs are
givén, and relative performance metrics are tabled.

C.2 GLOSSARY OF TERMS AND DEFINITIONS
DEFINITIONS (as specified in ISO/IEC 9595/9596)

Attribute:
A property of a managed object (MO).
€. mmorn Management information Setvice Element (CMISE):
The particular application-service-element defined in the International Standard,
Common Management Information Services {(CMIS):
The set of services provided by the CMISE.
CMISE-service-provider:
An abstraction of the totality of those entities which providas GMISE sarvices to
peer CMISE-service-users {SOM|, in this case), -
CMISE-service-user:
The part of an appilcation process that makes use of the CMISE
Functional Unit;
The unit of service used fot the negotiation of service optlons (during assaciation
establishment).
lnvoking CMISE-service-user:
The CMISE-service-user that performs a management operation or »otification,
Performing CMISE-service-user:
The CMISE-service-user that performs a managemient oparation or nothication
invoked by a peer CMISE-service-user,
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Standard Ob]ect Management Interface (SOMI)
Is the BSW-Data proprietary interface for CMIP/S. The SOMI object encapsulates
the functionality provided In a single class, This specific implementation uses
QCOMM as the message carrier but provides the mechanisms to change it Iater to

CMOT or sven pure CMIP.

SYMBOLS AND ABBHEVIATIONS :

ACSE - Association Control Service Elemant

ASE Application Service Element

ASN.1 . Abstract Syntax Notatlon 1

AVA +.atibute Valug Asertion

CMIS Comimon Managemient Information Servloa

CMISE Comimon Management Information Service Element
- CMIlP Common Management Information Protocol

oMoT ‘Common Management information Over TCP/IP

CMOQ = Common Management information Over QCOMM

FTAM File Transfer Access Management

IS0 International Organisation for Standardisation

MIT - Management Informaticn Tree

MO Managed Object

OS] Open Systems Interconnect

PDU * Protocol Data Unit

ROSE Remote Operations Service Element
- SOMi Standard Object Management Interface -

TOP/IP Transmission Contro! Protocol over Intemet Protocol

' CONVENTIONS WSED IN CMIP/S PARAMETER DESCRIPTIONS
Corf : Confirm

ind ' Indication
Req Request -
Rsp Resporise

M the parameter Is mandatory (=) the value of the paramatar is equal to the value
. passed in the request _
U the use of the parameter is a service-user option - the parameter is not present In
the interaction described by the primitive concemed
c the parameter is conditional

G3  CMIS/CMIP OVERVIEW

Management informiation services ars used by Manager processes and Agent processes
{in this study thesa are respectively referred to as Applications and Obfect-mariagers) in
peer open systems, to exchange informatian and commands for the purpose of systems
and natwotrk management.
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There are three types of information services provided by CMIS:

@ an association service; _
{b) a managsment notification service;
(] a management operation service,

‘These 3 service categories are reviswed below,

C.3.1 Assoclation Service

Befora any two Appllcatlons can exchange information, an association between them must -
be established. During the association establishment phase, various ASEs (such as
Manager and Agent processes) may exchange initialisatiorn: information to establash an
assocfation using AGSE. _

The application gontext specifies the rules required for ce-ordinating the information
belonging to different ASEs, embedded in ACSE user information parameters, The
application context, presentation and session requirements are conveyed using
patameters of tha M-INITIALISE service,

The M-TERMINATE and M-ABORT services are used for the termination: of an assoclation,
These may be invoked by either of the CMISE-selvice-users,

C.3.2 Manageinént Notitication Services

Tha definition and notification and the consequent behaviour of the communicating entities
is dependent upon the specification of the managed object which generated the
notification and Is outside the scope of the CMIS. However, certain notifications are used
fraquently within the scope of systems management and CMIS provides the following
definition of the common service that may be used 10 convey management infonnatlon
applicable to the notuﬂcation

The M-EVENT-REPORT service Is invoked by a CMISE-service-user to raport anevent
about a managed object to & peer CMISE-service-usar, The service may bie requested in
a confirmed or a nori-confirmed mode. In the confinmed mode, a reply is expected.

€.2.3 Management Operation Services

The definition and notification and the conseguent behaviour of the communicating entities
is dependent upon the specification of the managed object at which the operation is
directed and is outsida the scope of the CMIS. However, certain notifications .ave used
frequenitly within the scope of systems management and GMIS provides the foliowing
definftion of the common service that may be used to convey management information
applicable to the operations.

* The M-GET service: is Invoked by a OMISE-sarvice-user to request the retrieval of
‘management information from a peer CMISE-service-user, The service may only
be requested in a confirmed mode, and 2 reply is expected, _
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C.34

C3s

* The M-SET service: is invoked by a CMISE-service-user to request the modification
of management infarmation by a peer CMISE-service-user, The service may be
requested iri a corfirmed or a non-confirmed mode. In the cc'mrmed motie, a
reply is expected.

* The M-ACTION service: Is invoked by a CMISE-service-user to roquest a peer
CMISE-service-user to perform an astion. The service may be requested in &
confitmed or a non-confirned mode, In the confirmed mode, & reply Is expected.
* The M-CREATE service: Is invoked by a CMISE-service-user to request a peef
CMISE-service-user to croate an Instance of a managed object. The service may
only be requested in a confirmed mode, and a reply is expected.
* - The M-DELETE sewvice: Is invoked by a CMISE-service-user 1o request a peer

- OMISE-service-user to delete an Instance of 8 managed object. Tha service may
only be requested in a confirmed mode, and a reply is expected.

Management Information Tree

Management information may be viewed as a collection of managed objects (instances of
different classes of objects), sach of which has attributes, and may have defined events
and actions (methods).. Names of instances of managed objects are arrangad
hierarchically in a management information tree (MIT). _

It Is conceivable that there may be dynamie changes to the MIT and that this knowledge
may not be instantly available to other open systems.

Managed Object Selection

Managed object selection involves two phases: scoping and fittering.

Scoping entails the identification of the managed object(s) to which afiter is applied.

Filtering entalls the application of a set of tests to each member of the set of previously
scoped managed objects to extract a subset,

The subset of scoped managed objacts that satisfy the scope is selected for the operation.

I no filter is specified, then the set of scoped managed objects is selected for the

- pperation.

- Scoping

The base or level zero managed object is defined as the roct of the subtree of the MIT
from which the search is to commerice., Four specifications of scoping level are defined
indicating whether the filter is to be applied to:

- the base object afone,
- the n'th level subordinates of the base object,
- the base object and all of fts subordinates down to and including the n'th level,
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C.3.6

- the base object and all of its subordinates (whole subtree).

Filterlng

A filter is a set of one or more assertions about the presence or values of attributes in a
scoped managed cbject. [f the filter involves more than one assertion, the assertions are
grouped together using logical operators, If a filter test succeeds for a given managed
object, then that managed abject Is selectad for performance of the operation,

Synchronisation

CMIS allows a synchronisation parameter o provided a CMISE-service-user to indicate the
mannet Iri which operations are fo be synchronised across managed object instancos
when multiple managed objects have been selectedd by the scope and fiter mechanism,
The CMISE-service-user may request ong of two types of synchronisation: atomic or
best-effort. Since the order in which: object instances are selected by the filter is a local
matter, synchronisation based on order is not meaningful ' _

Functlonal Unlts

The general setvice capabilities are designated as functional units, where functional Linits

_gorrespond to the support of service primitivea ar parameters.

All of the CMISE services Iistad in this Appendix are included in the kernel functional unit,
Additional functional units include: _

« multiple object selection functional unrt.
- fitter functiona! unit,
- muftiple reply functional unit.

" Further detall on the functlonal units and the detail description of the CMIS parameters has
basn omitted from this Appendix for the sake of clarity.
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' C3.7 Service Flow

The typical service fiovws between two processes (a fequmte. -3hplication and
- server/object-manager) is depicted beiow. These peerto-peer processes utilise this flow
when commuriication to each other over the software bus.

SERVICE-USER SERVICE—PRO\BDER | sERvicEUSER (sow) )

(Application). - | (Cwis)y _ {Object-mariager)

(1) Raq ~> | (@ <- Rejet
L  la->_ @ind ->
| R ) (4) <— Rsp

B g 4 <
i (8) <~
{8) <~ Conf | |

The Reject Is indicated in the confinmation (Conf) call of the CMIS service. A reject i
generated for protocol data unit (POU) type errors and include the following error types:

* . - duplicate invocation,
- mistyped argument,
- rasource limitation,
- unrecognised operation.

Steps (4) to {(6) are oniy performed In the confirmed mode,

Refer to Table C.3 fora summary of the service flows relevant to each of the CMIS
seNIcas
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C.3.8 Service Definition

' The basic CMISE senvices are listed below.

A =Y 1 1vee

M-AGTION | confirmed or non-confirmed
 M-CREATE | confimed
 M-DELETE | confirmed |
M-E\_JENT-REPDRT _ confimed or non-oonfirm_éd
= | confirmed o
Imser- - | confirmed or non-confimed

Parameters returned as part of the confirm prifsitive may occur as the result of a
successiut operation or as the notification of an arror condition,

Some operations may report an error code. Jn the event of multiple errors, with one of the
errors being a security viclation, then the error code "access denled” is retomed,
ASSOCIATION SERVICES

.Assoclation Establishment

The M-INITIALISE service Is invoked by a CMISE-service-user to establish an association
with a peer CMISE-service-user, - Association establishment is the first phase of any
instance of management information service activity,

The parameaters of this sarvice are specitied by the assaciation-initiator and exchanged
when establishing an association. Exchangs of this initialisation information Is required
prior to using management operation and notification services.

Refar to Table C.2 for a summary of the CMIS intrinsic parameters that are defined 1o be
the CMIS spacific part of the user information parameter of the M-ASSOCIATE service,
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CMIS Intrinsic Parameters (continued)
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Assoclation Release

The M-TERMINATE service is invoked by a CMISE-service-user to requast the orderly
termination of an association between peer application entties. The Inlemational Standard
(CMIS) does not specify any parameters for the M-TERMINATE setvice.

Tha M-ABORT sarvice ls invoked by a CMISE-service-user to request the abrupt
termination of the association between peer application entities,

Refer to Table .2 for a summary of the intrinsic parameters that are defined to be the
CMIS speciffe part of this service.

MANAGEMENT NOTIFICATION SERVICES
Event Reporting

The M-EVENT-REPORT service is used by a CMISE-service-user to report an event to a
peer CMISE-sawvice-user, It Is defined as a confimed and a non-confirmed service. An
M-EVENT-REPORT notification is invoked by a CMISE-service-user whenever an event
occurs that should be reportad o a peer GMISE—semce~user

When the Invoking CMISE-service-user hias information assocliated with the occutrence of
an evant in a managed object, it supplier the identification of the managed object, tha time
that the event occurred, the type of the event, and other event related information as the
arguments to the M-EVENT-REPORT request prir iiive,

i ths avent is invoked In the confirmed made, a result or emor primitive is Issued by the
performing CMISE-service-user to acknowledge His receipt to the :nvok}ng
CMISE-servica-user.

Refer to Table C.2 for the summary of the M-EVENT-REPORT parameters.

MANAGEMENT OPERATION SERVICES

These inciude the M-GET, M-SET, M-ACTION, M-CREATE, M-DELETE sarvices. Refer to
Tables C.2 and G.3 for the summary of the parameters of these services,

Get Management Information

When the perorming CMISE-sevice-user receives an M-GET indication, it validates the
_ semantics of tha following parameters {no order Implied)

- the base managed object,

~ the optional aceess control infe;mation,
- the optivhal scope Infarmation,

- the optlonal fitter information,

- the optional synchivonisation information,
- the list of attribute Identifiers,

Appsndix C : . Page 156



AN OBJECT-ORIENTED COMPONENT-BASED APPROACH TO BUILDING REAL-TIME SOFTWARE SYSTEMS

if any parameter is invalid, the operatlon terminates and the performing
CMISE-service-user Issues an error response. In the event of multiple errors belng
detacted, with one of the enors being a security violation, the "accass deniad” eror code
shall be retumed, if no errors are detected, the performing CMISE-service-user attempts
1o read the value(s) of the attribute(s) requested according to the fitter, synchronisation -
and security parameters, and retums the result(s) andfor error(s) as appropriate.

Set Management Information

When the performing CMISE-service-user receives an M-SET Indication, it validates the
semantics of the following parameters (no order implied): _

- the base managed object,

- the aptional access control information,
- the optional scope information,

- the optional fiter information,

- the opgionat synchronisation information,
- the list of attribute identifiers and values.

i any parameter is invalid, the operation terminates and .n the confirmed made, the
performing CMISE-servica-user issues an error respense. In the event of muftiple errors
being detected, with one of the errors being a security violation, the *access denled* error
code shall be returned, 1 no erfors ave detected, tha performing CMISE-service-user
attarnpts to modify the value(s) of the atiribute(s) requestud according to the filter,
synchronisation and securiy parameters, and in the confitmed mode. returns the resuli(s)
andfor error(s) as approprlate

Managemerit Action

When the performing CMISE-service-user receives an M-ACTION indication, it validates
the semantics of the following parameters (ho order implied):

- the base managed object,
- the optional access control information,
« tha optional scope information,
- the optional filter information,
- the optional synchronisation information,
- tha action type,

- = the optionat action information,

If any parameter is invalid, the operation terminates and in the confimed maode, the
perdorming CMISE-service-uset issues an ersor responge, In the svent of multiple errors
being detected, with obe of the arrors being a sacurity violation, the *access denled* erfor
code shall be returned. If no enors are detected, the psiorming CMISE-service-usér
attemnpts 1o apply the action to the managed object(s) according to the fiiter,
synchronisation and securlty parameters, and in the confirmed miode, returns the result{s)
andfor error{s) as appropriate.

Create a Managed Object
When the performing CMISE-sarvice-user recelves 2n M-OCREATE Indication, it validates
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the semantics of tha following parameters (no order impliad):

- the managed object class and instance,
- the optional superior object instance,

- the optional access contral information,

- the optional reference object,

- the list of attribute Mdentifiers and values, -

i at v parameter is invalid, the operation terminates and the petforming

. CMIE-service-user issuas an error responsa, In the event of multiple srrors being
detectad, with one of the errors being a security violation, tha *acosss denied” error code
shall be returmned. If no emors are detected, the performing CMISE-service.user altempts
to create the managed object , and retuins the result and/or error as appropriate,

Delete a Managed Object

When the performing CMISE-service-user recelvas an M-DELETE Indication, it validates
the semantics of the following paramaters (no order implied):

- the base managed object,

- the optionat access control infermation,

- the optional scope Information,

» the optionial fitter information, -
- the optional synchronisation Information.

if any parameter is invalid, the operation terminates and the perdorming
CMISE-service-user issues an error response, In the event of multiple erors being
detactad, with one of the errors being a security violation, the "actess denied" ercor code
shall be retumed, If no errorg are detected, the performing CMISE-setvice-user attempts
to delete the menaged object{s) according to the filter, synchronisation and security
parameters, and returns the result(s) and/or error(s) as appropriate.

C.4  USING QCOMM AS THE TRANSPORTY STACK
C.41 QCOMM Overview

QCOMM is & cross-nodal process-to-process communications subsystem that is

proprietary to our organisation, BSW-Data. i Is based on the de facto TCP/IP protocol and
provides high-performance transparsht cross-nodal datagram communication, Its

particular features are:

- management and control of resources used by the communications system,
- message buffering and prioriusation,

- gharanteed and confirmed massage delivery, _

- destination addressing by noda number and process namae,

Without going Into too much detalt into the workings of QCOMM, the baslc QCOMM APL
function calls avaltable to application processes are sumimarised in Table G4,
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READING DATAGRAMS
Qopeti Opens 3 primary qdaﬁe.
Qopa’nsecohdary _ Opens a secondary queue _
Qread | Reads a diagram from opened queue
leose _ Closes a primary queue
Qolosesecondary Closes a seconidary quéue
WRITING DATAGRAMS S
Quite B Wiites a datagram toa qu'eug
_ dblockopen-_ Opens a block write
[ auockwite | Writes a datagram to the block
_ Qb!ackpdst ._ 1 Weites the block to the queue
UTILITY FUNCTIONS
Griode | Retums the local nade number
‘Nodesall Returns a [ist of ho'des _
 Nodesup Returns a list of up nodes
Nodesdown Retums a list of down nodes
Nametonodq | Oonverts alias name to node
- Nodetoname Hetums alt atias names for node

 Table C.4: QCOMM Appiication Programh‘rer Interface Functions

C.4.2 QCOMM and SOMI

In the maln text of this Repory, the reasons and justifications for using QGOMM wule put
forward, A brief review of these reasons are:

@ Network management standards are not yet sature and stabllisad, particularly
those hased on O8f's CMIP,

®) Thers Is glready extensive use and invastment in TGP/%P networks, and many
end-users are sc.:ptical about CMIPs benefits and are unwilling to wait for
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O8l-based network management solutions.

(c) For this project, our organisation required a short time to market for competitlve
reasons.

{d)  The costs involved of the OSI.CMIP route: the cost of the stacks, and the costs of
thorough Integration, testing and optimisation.

(e  Our orgaisation already had the proven QCOMM produqt.

For the above reasons, it was decided to develop a CMIS-confurmant protecol based on
QCOMM, in mucty the same way as the CMOT protocol, which is the Internet Activities
Board {IAB) specified CMIP protocol over TCPAIP. (In this project, this CMIS-conformant
protocol was termed CMOQ - Common Management interface Over QCOMM)

" This protoco! was then Implemented as an AP! layer which was termed SOMI, the
Standard Object Management Interiace, SOM) provides for most of the CMIS services and
effectively shields application and object-manager processes from the underlying
communication protocol, This will enable porting to other communicaﬂons stacks, such as
the full OSI stack, in the future S _

C.A.3 Adapting QCOMM for CMIS/CMIP

it was not necessary to make any major changes to tha existing QCOMM product for use
with SOML. Tha primary modification required was to make QUOMM event-driven.

Tha original CREAD cali aliowed only for reading a queue with wait in which case the -
recelver process walted on the queue indefinitsly until a message awnived, The other mode
allowed for QREAD with no-wait, In which tase the QREAD ¢l we Jld return |mmedlately if
no message was avaliable for reading.

This meant sither an indefinite wait or a queue read polling aigorithm in application
processes, For CMIS conformance and true object-manager (agent} operation, it was
necessary for processes to be able to receive messages asynchronously from any
requester, in any order, send replies, and stlli get on with the business of rnanaglng and
processing its objects In a hon-atomic fashion, _

For this reason it was necessery 10 provide event-driven extensions to QCOMM. With
these extensions It is possible to define an event quaue {as opposed to a normal queua),
and define an associated event handler which executes should any message arrive for that
queue, In this way a receiver process can define as many event queues as raquired with
never having 1o explicitly read or poll the qusuas for messages,

Refer to Figure C.1 for an oparational diagram for the Event-driven QCOMM, and rafer to
Figure €.2 which shows the SOMIQCOMM Iayers and lnteracuon.
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Typical Operation Of Somi_ Interface

Figure C.2: SOMI/QCOMM Interaction
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0.5_ SOMI DESIGN AND IMPLEMENTAﬂON :
C.,5.1 The SOMI Class

The lnteﬁacing to the SOMI communication layer is totally handled by and through an
cbject-orented class called SOMI. The SOMi ciass is defined as foliows: :

Association Establishment Methods:

AssAbortReq(
AssAbortRsp()
AssinitiafiseReq()
AssinitialiseRsp()
AssTerminateReq()
. AssTerminateRsp)

tnformation Transf_er Methods:

- ActionReq()
ActionRsp()
-CreateReq()

~ CreatoRsp))
DeleteReq()
DeletaRsp(
EventBeportReq()
EventRepartRsp()

- GetReq(
CGetRsp(}
SeiReqf)
SetRsp()

€52 The Containment Tr_ee

The sontainment tree, also known: as the naming tree, Is a hierarchical structure of
managed object instances. It is used to spacify the hames, or attribute value assertions
(AVAs) of the abject instances, and thelr relationships with other object instarices,

The SOMI object provides the necessary methods for maintaining the contalnment tres.

There is only one contalinment tree per application, even if more than one SOMI object is
in use, This optimises the CMIS requests should they be directed to an oblect in the same
application but differant ASE,

The contalnment tree is only used in Object-manager processes (in other words, only the.
processes that receive indications), to reflect the containment of the objects that are
managed by & The EVENT_HEPORT_IND can be teceived by any application type
{normal or purs object manager or any mix), '

CreateEntry Creates an entry
FindEntry Finds an entry -
FindSuperior Finds the superlor of an antry
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FindSibling - - Finds the sibling of an entry  {L -=> R)

DeleteEntry Delotes an entry
FindScopedEntry Finds all entries through the passed scope
" GetScupedEntry " Gets all entries previously found with FindScopedEntry

The object naming in the contamment tree is done through the use of AVAs and is.
composed of the attribute name and its value, eg _

*Sectionld = 50" :
SecuonNama = JHB Housal(eeplng

In this exarnpls the specified object uses two AVAs to identify uself one which is the
section Identifier, the other one the section name. This makes it possible to find tha object
with any one of the two attiibutas (on this {fevel in the containment treg). The object’s '
name on a specific fevet in the cantainment tree Is known as the Relative Distinguished
Name (RDN). To find an object in the containment tree, the full Distinguished Name (DN}
is required. The full DN is the concatenation of all the RDNs. For example:-

Class: Top

- [ seotenia=5s

‘Class: Section 7 GectlonName =
o 7 JHa_Housekeeping

Class: LEG LEGName:JHB
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TOP is alvrays the top of the containment tree {per applicatlon'oomext). The DN of the
LEG Instance is either

“Sectiontd = 50 ; LEGNama = JHB"
_ OR

"SectionName = JHE_HouseKeeping ; LEGName = JHB*

C.5.3 Connection to the cummunlcatlon Layer-

The application programmer uses the Attach method to aitach to the communication iayer.
A parameter passed spacifies the name by which this SOMI object is known on the
hetwork. This name must Le unique per node.

The application can have more than otie SOMI abject al:tached to the commumcatron layer
(indicating more than one ASE).

The applicaticn programmer uses the Detach method to detach the SOM! object from the
communication layer. The Detach mathod cancels &il oltstanding messages.

Attach Attachy the SONI object to the network

Detach - Detach the HOMi object from the network

The follcrwing utifity misthods are typically used to determine the name and status of nodes
- configured on the network!

GetodeNama() ' Get the name of a node number

GetNodeNumber() Giet the humber of & node name

GetAliNodeNumbers) Get all the configured node numbers

GetAllupNodeNumbers() Gat all the up-node numbers '

GstAliDowrNodeNumbers)  Get all the down-node numbers

Any error number returned from the SOMI communication layer can be converted to a
printable string by calling the following method:

ErrorToString () Conven error to string

C.5.4 Recelving incoming Messages

Tha SOMI object uses a callback mechanism ta handle all incoming messages, which
makes It totally event driven. There is no need for the application to sit and wait in a
specitic function for data to arve. This mode of operation makes It fsasible to use SOMI
in X-Window type applications ot applications that must poll an external devica.

The programmer can block incoming messages in places where interrupis cannot be
handled. The method to do this is:

DisableReceive( Disabie tha receiving of messuges
EnableRetelve) Enable the recelving of messages
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" Note: Whtle in a handler function c.aﬂad by the SOMI object, the receiving of messages are
automatically disabled until the handler function returris to SOMI.

The application programmer spacifies the handlers for each type of CMIS message that is
to be recsived. If no user defined handler is specifiey, a default handler is called. The
default handler will log an error indicaling which message was received.

The user defined handfer is speclﬂed as follows:

SetHandler(HandlerType, UserFuncﬂon).

where HandlerType ¢an be any one of:

| moicaTON | CONFIRMATION
ASS_ABORT_IND | ASS_ABORT CONF
ASS_(NITIALISE_IND | ass INmALISE_GONF
ASS TERMINATEIND | ASS_TERMINATE_CONE
ACTION_IND ' AC'HON GONF
CREATEIND CREATE_GONF

| pELETE IND | DELETE_CONF
EVENTREPORTIND | EVENTREPORT.CONF
GETIND | | GE7_CONF
SET_IND N | SET_CONF

UserFunction is a poirter to a user defined function to handle the specliic incoming
indication or confirmation,

The SOMI layer keaps track of all incoming massages {inds) that recuire a Resp message.
That is done through the use of tha Invokeldentifier variable, Combined with the
Invokeidentiffer the SOMI fayer maintains two timeout values, one for the time allowed to
issue the first response and a second one for the time allowed between replies (should
there be more than one reply - which is indicated in the first reply by the Linkedldentifier
variable). These timaout values are originally specifled by the request originator, The
request is canceiied (is. an error confirmation send back) should the performing
application take fenger than what is specified In the timeout values,

C.5.5 Sending Requesls

The application programmar uses the _Req typée methods to send requests to a
performing CMISE-servicg-use: (or Object-manager). in SOMI the object is addrassed
either directly or the request primitiva is sent Jia the appropriate manager to the object (if
the association is known to the programmer, and then mainly to optimise the access time
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to the ob}ect} Either way, the assoclation betwaen appl:catlon entities are rnaintalned by
SOML.

. The SOMI layer k3eps track of alf outgoing requests ifleqs) that require a oonﬂn'natlon
(Conf) message. That is wone through the use i the Invokeldentifier variable, Combiried
with the Jrivokeldentifier the SOMI layér maintaing two timeout values, ona for the tima
allowed to wait for the first confirmation and a secoRd one for the time allowed botween
confirmations (shouid there bé more thaf one - which is indicated in the first confirmation
by the Linked!dentifier variable)., These timeout values are specified as parameters in the
Req method, The request is cancelied {le. an ervor confirmation send back) should the
performing application take longer than what is specfiied in the timeout va!ues '

C.6 SOMI APl GﬁLLS .
Table C.5 indicates which SOMI methods ars the equivalent of tho associated CMIP/S

service!
cMIP/S | SOMI AP
Association Establishment:

M- ABORT : | AssAbortReq(,
S | AssAbortRspl)-
M- INMTALISE | | AsslnitialiseReq),

o _ _ -AssinttialiseRsp{)
M - TERMINATE - AssTerminateReq(),
e - - | AssTerminateRsp()
Infarmation Transfer: L
M-ACTION | ActionReq(),
— ActionRsp)
M-CREATE | CreateReq(),
B o CreataHsp()
M-DELETE DeleteReq)),
S . DeleteRse() _
M-EVENT-REPORT EventReportReq(),
_ : - | EventReportRsp()
- M-GET _ GatReq(,
- _ | SetRspd
M-SET. _ : SetReq(),
. SetAsp()

Tabla C.6: SOMI Methods Equivalent to CMIP/S Services
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C.7 OBJECT MANAGERS AND APPLICATIONS

New object-manager processas and éppllcatlon processes can be created by building
onto templates which we created. These frames cnntaln the default composition, services
" and options for the application domaln,

With CMIP/CMIS conformance and object-orientation ¥ave are two types of processes or
programs; Object-managers and Applications, Objeci-menagers can be iikened to *Sarver’
or "Agent’ processes which understand incoming request.. ‘rom remote or local 'Clisnt’

~ processes, Appiications can be likened to these "Client’ or ‘Managef processes from:
which the reguests originate,

ln terms of CMIS however. the major diference betwean Object-managers (OMs) and
Applications is that the Object-manager contains "Managed Objects’ (MOs}, and
Applications do not, With an Object-manager, all MOs within Its control are registered
within the Object-manager’s containment tree. This means that any other Object«manager _
or Application may address requests at any OM's objects directly. _

However, Applicationis do nat have SOMI objecis under its control, and can therefore
receive no external requests to its cbjects. Applications can only initiate requests, A good
example of a SOMI Application is 2 teport program which would request attribute data from
ohjects in the Historlan Object-manager (which wouid be a SOMI Object-ranager) and
display the data in a formatted rgport. _

B_Otl'r Objecbmanagers and-Appficatfons have to anaoh 'themselv.as fo the SOMI Bus before

they can service or initiate any operations. R should be noted that Applicatlons are

Impiementad in an object-oriented manner with classes and objects, but because it has no

SOMI containment tree, its objects are lnternal only and are not externally visible to other
- Applications or Object-managers. _

Figure C.3 depicts an example pseudocode listing of an Object-manager frame, and Figure |
C4 deplcts an example psaudocode listing of an Application frame.
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TYPICAL OBJECT MANAGER
Includa AT OM h
/* Define a ctass that inherits from OMOb]act ::Iass *f

f* eg. TOB, This class should contain alf the CMIS ¥/
/* primitive handier functions that Object Manager %/

* is expected 10 reéceiva, *
class Top : OMObiect o
{
the Constructor
{ _
{* Besides doing whatever Is needed to setup %/
{* your Top object this functian must also *
_ [* create the OM object supplying the nama of %/
/* this Object Manager eg. RTOM *

CreateOM (SomiEmar, Context Name)

/* This will attach your Object Manager to- *f

I* the SOMi software bus, Wi
~ [* Additionally Top must also register ali ¥

* the classes that it is able to create . ]

{* instances of. (The class names must exist %/

/* on tha naming tree before instances of */
- /* them be created. : _ *f

} _ _
Createlnd (...}

{ _

F* Do whatever you want in response to a CMIS ¥/

I* create call, Typically this will be to +f

* create other objects. %/
} N -
QOther CMIS primitive call handlers,
h _
Cther classes to bs used.
Seart of malrs program
maln ()

{
1* Create an instance of your Top object. eg. Top ¥/
while { True ) pause{);

Figure 0.8: Pseudocade Example of an Object-manager Frame
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TYRICAL APPLICATION

Include AT_Somlkh

1* Declare the Somi Object { Global ) *f
f* Daclara confirm handlers for each type of */
#* request that this application is going to use. -

vold CreateCnfHandler( ... )
Display Returnaed Message.
j o

 vold GetCriHandler (.. )
{
Display returred Message,
y o | |

Start of main program

rmain () _

{

/¥ Attach to SOMI Bus, and tali SOM! about your %/
/* haridlers. Prepare variables for the CMIS *f
/* primitives { SOMI Variable argumant lists ) */
1% eg. for a “create" the varlable argument list *f
f* contains: *f
I* ' X
It MO_CLASS _ *f
/¥ MO_INSTANCE _ */
¥ Attribute list. *
{* Do the Craate Request call, _ /)

while { True ) pause();
}

Figure C.4: Pseudocode Example of an Appllcation Process Frame .
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APPENDIX D: MODELLING AND IMPLEMENTATION OF THE
" RTOMS SUBSYSTEM

This Appendix contains a few examples of modellirig and class definitions of the RTOMS
subsystetn. These have been included in the Appendix of this study to serve as an example of the
object-ariented analysis, design and class definitiort process that was undertaken for the project. -
The axamples llystrated are real but have been appropriately abbreviated for the sake of clarity,

Figura D.1 depicts the Class Diagram of the Indication, Equipment, LEG, LEGset model of the
RTOMS subsystem. {Refer to the TNM domain descriptions in Chapters 1 and & for a review of the
TNM domain and assoclated hierarchy modsl). Note how the Class Diagram illustrates the static
abstractions of the RTOMS subsystemn.

Figure D,2 depicts the Object Diagram associated with the Class Diagram. Nota how the Object
Diagram illustrates the dynamic mechanisms of the object abstractions, such as the ‘contains'
relationships and the message passing between the objects,

Figures D.3, D.4 and D.5 are listings of the associated C++ header files for he LEG, Equipment
and Indication classes.
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125 m::u;e *aqssage, Z* The recelved missage W 185 px ) o - wf
1%6 Rgplloc *response 1} #* A yeaponsa block b lg 5: Keive 5 Setind :::
125 185 7% pescripsin : Sete the specifled attrlbum to the sbealied %7
/i ne - v-l.uesf The attributes pust fitet be validoted belnr:w any *t
"o . - . 120  /* changes are oace ond an 2rior must be r;tmd if any of the %
131 ;: Home t ~Equipment() :; . }gi 5: AVA enkiies are Sneorrect. :f
133/ peacription : The desctructor. . w3/ * fbwi /i
3 . . Wi 196 wold Setindl  NXNeszaow “messsge, 2* the recaive mesgage */
135 : chd S 195 Rep2lock *response, #% The retporue bl -
136 ~Equipment (3 . . 156 Soxfvnlig
g; ) " ) ) }‘g *atte mod Listdz o Abir b0 e modiFied »)
¥ £ n
139 7* Hame 1 Creetelnd X - 4 W9 fremes k ki '/
169/ Description s . -y 06 e : f
[T crautes § of the follwing classes: s 25 S5 Haee 2 hetTonind ' i
*uz - hwtrnd. > Mz g ) . v}
w3 " Outputind, *F . 203 F4 peserfprion ; Peiforma 1one aort of actlon. *
ol L Rrnd, . - - I : A
o~ Lerivadind. *r [ '/
%6 I, W 05 veld Actlonind{ RXSEssage *mestegy, 7 The recetve usnge L7
157 1 H vy 207 RapBleg €, J" The mpnma black #}
148 vold Crastelsdi 208 Somfvalve *action type, ” of setfon *
149 OHessege ‘nsstge, £ The received message g €9 Semivrive 'mlm_infuu #* Action infaru:lun .
150 RepAleck mpon: : #* Zesponse block *r 10 L
158 Classtitry *el . 7= Reteted cluu mtrv i ant L
152 Somivalue = I New eb.[e:t Id Wi TS . *}
153 Somivalue  tvalue, 7% Waw uject §d value 7 2B ¢ gy 1 Crestecaf +
155 oithjeer  Sref, ob,ect b % A reference obJect *7 LI *
155 215 * pescription ¢ Thls routine Te called 1F thin ehjset had 5
s . 'F 256 /¢ requested that sy cblect be erested vis Wi
127 1~ . = - 2t7 e ) Wi
156 /= Hme £ Pelecalnd = ral] * * f
157 I~ L4 219 vobd CresteCnit TEHessage. *l‘.m.'l; #* The rm{ve meszage “f
180 . Dn:riptinn 1 Delstei the nased obfects. This uill allusys = 230 N o ) L
161 #* deletw the chitldren. Recesber that the chijds chiidren ot be o7 ] =g o}
162 1 cared for sg well. *f 22 . *
‘:ﬁ " . A %ﬁ J'“ Hawe t Deletepnf ::;
Y, 7, 1.
165 wold Del i Beacage % /* The Rizafve xecsage */ g5 f‘ Deseription ¢ Thle routine {a called £f thie oh;ux hnd Wi
155 ltspalut 'ra e I The respocse hln:t =y 26 req.le:ted that &t objact be deleted vin SOMI b3
18T tr! 1= The class entry *» ur o~ N *
168, d-ljbjrn, 4% The ohlect to de u - . Fr] /)
:% . zz%g veid ngtmmft Bxiessage *ras); /* The recelve ovazage W/
i " )
m o~ - . * L B * d Fkrand '
w2 e 2 Gecind *y a3 Wi
w7 . ’ b7 - 33 M Neme i GetCrf xt
175 7~ Sescription x Eetrieves alf L =tes specified, If the =7 | B -
175 /% sttribute List contains an wnt. donx not exist or {s pot 47 [ 235 /* Deseription ¢ Thin reutine Is catled TF thie obfect had *F
§7& J* visible then an ebror mst be Fer. L, Wi 6 f* requisted a gat via SOMT, g
}g yol N 14 g Vs N ) _*i' .
F {] 1 Fa A r L]
79 wvoid mrm‘( mummz "neulae. 4" Tha rocelve nessage *f 219 wvoid getCaf{  RXNessage *rxa); #* The secafvn macaage *7
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Printed by revision 3.6 of lpri.c
File Hone qu.rlpunt.h

p]
241
FiH
2RE
264
248
246
%7
268

Fatd
=0

R

LSRR RS P L PERPRIRRESI DEGT DAL

. Dyte 2 U Jari 27 D8:08:08 1993 .

7 - “
;:‘ Nane £ Sexinf '5.
.
/= Description @ This rovtine fs calied 1f this sblect had =t
~ rﬂnitldllltﬂlm. " wf
~ . " _
i *
vBid SetTnf(  Raessage *exa); /% ihe recwive pessagr %7
;- <
::: Y ¢ Actiontnf :::
f* Description @ This rocutine ls calieg If ﬂ!lﬁ nb}e:t bt +f
f:_ roquested thnt in action be perforied vin :,;
il A
~ *
”m *f
‘uid ActionCnf{ Riieszage “rxmd; 7% The recaive pessage *
i "
;: Home: £ EventRepertCof :f
‘/* pestription t This routine fz celied 1f thie object hul b
;: Slﬂt out an EventReport In coofirmed mode. ::\;
ol EvéntReportenf{ RXHessage *ru:l; F¥ The receive messope ‘_:f
L ; 4 " ¥
F . *
1% Hame 3 SerAlarm o
~ =
ol *
¥ This rfnetim wilL gerd & szt slarm to the Leg for Sreluxfen in *f
JI* & docket. *f
”~ 7
Yoid SetAtarm ¢ ’
_ﬂdlll.il*. :iM :\;‘: ;:int:r $o Indieation ;::
ar LRSI, inter to categn
cher "l:riteris, 2% Celteria of slare 4
short woency, " ll'rnemr value i
keng severivy; 1* Sevarity of & *f
l.nnf set_tine, J* Ber time of u.e alarm =7
Lpgicat - af ‘Geted, v detwork intedeity flag o
char *frd i 3 v-t 1 Indicatien fd value s
Logical spal, /* Alarn suppresafon L
leglcal . wopg ard; #* Archive suppression L
” : . b
% Home & Cltosrilarn .
~ 4
#* Tesrription s *f

ﬁﬁﬁ%&%&ﬁ!ﬁsfﬁﬁﬁﬂﬁﬁﬁﬁﬂ Hy

EE R

300
301

FYSTIINY

Exate)

”
"

an fa

" Paga r' B 3

™ This fnncti:n ull! uﬂ 2 clm alars v the Lag: for plu!ns_ »y

: w{d Clexrflarm ¢
oLk

["*1% 1|| location sequence msdber, th
;? gextiont ntim md Longltude aa wgll u the Locwtion :;

char *;lto'g"' ’: gingr :; gu:i;-t!nn :,
nter ateg

clm' *eriteria, J* criveris of Em:c? -
. set_ting, T peevious change */
cng cledr,_tioe, I* gleir_tice of the alam 7
Logicat affecied, 7% Ruwatk fntagrivy flag %
*rd id_nl. % Indieatfon fd *f
I.ogfe.ul wenx 2* Marn scopression *
Logical surp ) :r l, £ atchive mppressbon *f

rh | K
e t Getld 7
Fid Wi
I+ peseription = Wi
£~ This fmct{m wEil retern ﬂlt polutu to the ScalVelue used as */
7* the 1D of this pbject, Wi
Vi 'f

I h
Soalvelus Atet]d ¢ vold )7 J* Palnter to Sodlvalve *f
;i . ) : -}
;""_r Hame z Processtynamiclinks :;
£* Description = W
I his !mc:iun sEE wend Tts owy clase and foll diatfnguithed  *7

J* pans to be processad for dynenic Eink updates and will then *f
;iz request atl 115 children o do the save. :}'
i Fi

vafd Pmuuwmisunhmunpdmrype r.pdutn_tvpe): :
v ’

3

L)  Getlocsacuense :::
Reseription = Wi

e eqaigoant cequence ruaber */

‘a"

rt Gtmlw‘ {
char  *loc_id,

#* Return {ocation siqoence i
£* Polnter for location id !

flast ~ *longitude, -I* Pafnter to [ongi tude f
fiost nﬂn-,- i i >
sharg wp!p aeq )1 Fd Eq.ltpmlt aecuence rmbu- b
]
Homa & ExmeEnculry :; )
peseripsfon = *

Farusrds tha Exascute enquiry request thmuuh to skl equipuﬂt! *f

SWILSAS FHYMLISOS WL TYIY BNITHNE OL HOYQHddY OFSVE-LNINOIWOD Qo INTIHOLOIMBO NY



q Xipusddy

eaL ebsg

Peieted by revisice 3.5 of lpre.c
Fila yame 2 Ecpfplmt.h .

3 > f :hiidrm I of this objn:t. =
¥ :
f
343 I.calenl Ems&wf % Falsw = cat_id not found %}
344 Sreor, /* Error to ba retumed -
345 I. n Trv_id, I* loveke {0 ysed as key *
s vaid *nﬁ kay vat, £* Sub key value
357 Logieal splay, /% Retura Indication atiributes *.r
358 char uqd?.ptr, #* Polnter to extegory to match =/
39 char I* Polpter 1o qual to match -,
gi;‘lo int lnte 3 7% rew state to aet pofnt foo %/
m £ L
1~ I *f
376 7% leme = Senchkiapley . g
3 *t
% '5‘: nucr!p‘;‘y‘"&; fan Tf the ofsplay 11 :f’
kad Trult the ofspiay flag weg et true,
3?! fl‘ X . *f
i / !
30 woid SendDisplayl
gg In}r&nm !m‘ id, ' : i: ;‘hte Ln;ubitid ta e, :f
o LVEL,
i3 chair . *lnd'"io?' Ty * Indtestion fd polnter %7
& char Ear ) J Poirter to category - %/
355 char sal A F* pointer ro Alarm des, */
385 short i, I% LIk of MAL 1ds /4
gﬁ; Somffrror epror 3y F* Ervor ratin, I any. *
3BF r . A
o =}
9T 7 Heee = Engfesponce *}
we M~ . =
393 /v Cescrip tim ] *
9 mgked by the Leg if the dlsg.ly Flag wvax set true. This *
35/~ functlon uilt unlr Be called §f an IndTeation ses foud tobe ¥/
395 wlid, g
L ) ) o
;g v id EncResponsal !
vl .
400 InvokeId  rw_id, I* 1he jrvoke id to uge, %/
&1 velu *aih ko val, 1% S key value ¥,
502 char =it Fir, I Poinur to {ndication Id %/
03 ‘Logical state_valtm, Current gtate of point v/ -
%- sfError  SorWF J; #* Error reteerns 1{ s0y, 7
{06 o o kf
My . M
[ S L /S r Addlindfcation B 4
g : o
&0 7* Description = o
ﬂ; rf: ASd e Sndicatlee to the 1zt provided it docen't ulrendy exht.‘f
51 Fomizrear Addirdicatfont ™ y
Ertor
515 Somfvalve  *id List, #* List of attr fdo. f
. 416 Zoalvalve %l ug_lis: 7% List of fd yalues *
“}; RiHessage 7* RecTeved message "
p .
&1F 7 *

Date 3 Med Jon 27 0850808 1993

EH

% Chass Equipment *f

Page 27 &
Fad L
" Nawe 1 Oetwteindication *r
Fin *f
. /* Description o Wi
i Delote Indications frow the list. i
P . i{
oid Sntateind cationad ‘
SomiError e i* Ecror viloe “r
SoaiValue *'Iﬂ l!st . Fal 51 uf inr ds, *
soniValvs  SveTue (ist :, ¢ Uist of Id vatues
g s
I Haxe - 1 Precepsdivables -
J} . 'lf
Fd nesu-ifrtm t : *f
i: This function wfil procesa the Logfcal dissbis requests, :;
{ord Fmi:lblu[ ) \
ni Lea-t Ton % Typa of ED o rfa WA
. togleal dlsabll ctrl, . J" Level of dizsbla control */
int J* {ype of disable ( erft ) *f
ehar *luf J" Locntion rask
char 'ntldﬁk ¥ /% Catcpory mask 'f
¥ . _‘.J‘l' .
fl‘ .‘r
A Kapa .t SetDisable Wi
o, -
7" Description 3 g
£ 1f the given Lec h of woui then the Isnbsluts
7* function of ind{nuan will bo rvoked ta set the correct alam *J
I 1f the carrect stars was found then the functim wiil return
2* ulth crue.
Pl ‘{
£ ¥
teaicsl Setdfsnblal : i
[ funetion, ™ Typa of funstion. *I
charp ‘loctd_ust #* Location mask :
“{nt type I Ir Type af dinbl& € oerit } 'f
7 ‘ »5
A Fame 1 Cleird{aable *
”~ *f
7* Descelption = .y
& 1f the givén locfd ﬁltl:hu‘ that of ﬂuf{nent then the *f
7 ClesrDisable function of indication will be jnovoked to clear  ¥f
7 the correet wtars T tha cnevect sbnter say found then the *f
#* functiort witl recurn wich true, Wi
" =f
/i
Loaleat ﬂ“m';ﬂ:& £* Type of r i o
on, . uactinn,
char *lopld maxk, . /* Locatfon wesk Wi
im type 37 J" Type of disabla { crit 3 *
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feinesd by revision .4 of iprt.c

File Famo : Indicat{on,h
# This Line iz fot fder . fication by the ‘\ﬁlt' comuand] *f

w'E XER U Asisn Av IRRHD (C BEM-Oata {Pty} Ltd. */

TITEE HLOCK:
st s

Hmoe ¢ Irdigatforh .
[.0. Hurber & ASLAW Reve (LOD  %elz 0,00
Softnre Bml By £ BSU-BATA
opedd By Private Bag 135
i:llflﬂr fouse

Function  t Bage class for ait indications.

'

Ravizionsz Revixion fate © Auther oved
o.00 by fhid % ‘ngx

Revisian Descriptions
et Stk ki ekl
08 ~ Hone

Functional Specifcation: o 4

Contafne the class description for the Indization clazs.

I R R T IR RN IR R I T R R R AR ‘i

History H
Event flate Marthor Approved
sp-cifiutim TRZI% PER 13
204 L] AR
luplmt.-tmn 2512708 (L] Al
Audit XRIRRRN ol

Htret 1EDY CATEON_PHCLADED
#detine MImm:jmm
" #include oK b
#intlude "RtoaT:

#trct.ce MLLink.h®

F* Aitaap valuwee for ind{catf{on bitcep,

#define IND AR SCPP QIO 2% Pufault settings
o

dufirm 1 L_SUPP DUSGOOOY /" Defeult setkings
e m CURR_AR_SLpP Fid cnrnnt saktings.

.

o

s‘aaaaamaazasmaammasus.'auﬁuzzazanmwusaaaaan:an:.'-a“%m.m..

AL SUPE 007000000 i~ ettinga

e INDME DHK00000 J'*Nseble n farce

e m_a ISARLE  DOORDGHN0 % Dizable {6 force
Kdetine 1HD; £ 2001t0800 2* Enwble In farce
Hdafine IND: LE  DODGSODOD J% Enmble {n force

Date ¢ Yed Jan 27 08:07:23 1993 . e 1
51  Rdefine 1¥D_INTEGRITY 000020008 ) Integri oirlam *,
N 52 Mdefine Im"lmlﬁ D00 I0000: ™ m%rf‘.’ Yr prog ‘f:
‘A B3 #define 1NO_LEG AR u:s £O000000 /* Legs wrchive d‘fuhle flages
* 6 Fdefine m‘m AL_DIS  000D02000. #* Lege starn dizsble f1ag */
* £5  #deffne THD_STATE § ﬁumnz 0000OTO00 #* Stare change durlng dizab®y
b4 &6 l’deﬁ'rn IND L FER_LOC DDOOOOSDG . j* Dysabled per location %7
> &7 #defIne TROLDAL_PER_LOC -DODO0O200 J* Digabled per locey i
Wi &8  #define INOTIDARTPER_INO DOO000IOO - /4 Disabled per Indication *f
* 69 Fdefink IND LDAL PER_ING DOOODOO5G J* Disabied per fon *r
) :5 ;% #define 1D STATE 1 7+ Tiiicetion stara s
:; g J* Some pacrat b4 ymke things clearer : L74
L7 Z&  #detine FlaghsClans a ) {0 == nqp{mp ] tlmu} )3
'J‘ 75 Adefine FlaglsSet{ s ) (¢ ind_#fm & tloog) a ¥ )
*t . 7&  #define SetFlmgf o ) {ind_hitmep ind himp Hm‘il‘ L]
::: g #define Clesrflagl = ) (ind bln-pz i IFd_h £ ~tlong}e } }
;; ;g * Link typss © Far Wire Linka b ot
i BY Rdeiine TND_WIRE 4
" B2 #deflne IMDTURLINK 1
- B3 Fdefine 1ND _DOVAEINK 2
A B4 kdefine [WD_UALFALRT UIRE 99
f 85
.{ u LA £
A BT e : : *
o4 Bf * Dimge Moow @ irdEzation . 74
-} w Y4
4 % /* Desueiption = wr
=t 1 Thia elass contafne all the data and functlons that are coomon | #f
o 92 ¥ toetl the ind{eatfon clagges, !
*r B fecwin of the llp{leatinns this cbject will be = L
*r %S pars-OHIS object inc udmg wny 1ink detalls € Wre ngc } *f
:f 32 :: The ‘t : ate mnm' r&‘: sp::u I ::r;a:ture o nptlmisflé!'le :}’
amount of mesocy L8 w¥ tbjects. Tnpwt/Sut| E
Wi 9F /* support « Vire and any maber of Uplinks. While the Dg\md i
oy 98 supparts U I.Inlcs lnd Downlinks. Each of these typu e Wi
¥ ¥~ classified using & nurbery Wi
*f 109/ 0 «=> Wire sntry . uy
- W1~ 1 == Uplink entry. . &y
A 162 g+ 2 -=» Goembink entry. *f
't 103 % 99 —> Uire to WALFulte .
104 #* Thase eﬂtﬂn uill be packed fnto a byte string as fallowss Wi
5 ing on the mmber of aupplied enirias the string will be *7
106 o~ ni ce’d k3 the correct sfze. The string will contain sach entrys/
107 /% in coipresded formmt, The f‘lr“ brte wiil ndicate the.
L I u!rlte thie follouing n bytes witl contain ﬂl tge *
109 M the type. Thereafver wach antry w11 follow cn, lmtm ef W4
o %il{ }\‘: these entry WfiL alwnys be dependant on the snthy ‘.{
M2 /v virer 2 w ypre:
= 13 = 14 bytes contafning the futt WAt fd as ghest nlm ‘!
WA Ma -~ wtinmmirt. tm *
* 115 4 5 dentalning the cdestination 1D ns LegSet{shurt)®/
Wi L I.tnc 2 char ), posnt(1Z char ) and Indication b4
L7 "r (& cherd ard the Taput and output nttrilmn s sherts 7
WA 118 /* Wire to SALEsulter o
*t 1He r~ 2 byte type. i
-7 1 Fud 2 byte mmnber of slexants §n atructurs n

g eunbl4

UORILYSC SSBID NOLLVOIGNI oLt 10} Bjld JopBeH ++0
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48l ofing -

Printed by revision 3.4 of lpre.e

File Ferw ¢ Indlcatfonh _ T Ditn; Wl Jun 27 mpé;zs 1995 . S U ** YR
RF o n elements of two bytes each. * 0t mcrlpﬂm ' 4
;g f' - L N A : 15 4% Pac {nr.ﬂ‘ nt‘d rr.s the dmtl’mtlm !ds nneord!m to the rutes *;
3k class Indlcation s pblic DILink € ! 18% ﬁ-» oa- 3 By the wioed b
:g private: 105 f

N 184 somhrmr cwpmsl.inh( ) 7* Return Ecror 1F fa{td *f
:g protectods :‘lgi Soaltecord *record 3 #* The record to cooprets %/
1. cher ind Ad(1R0_ 10 srm 7* The 1d of this obj %/ 1y} i y :
130 Long 7 thieer status volue *f = o
‘g; m:t indmtrpem H !J: Indlnr. nn typl :} }g; j’: Haoa . 1 Iuilﬂ.{nh . _ 7
:333‘ Yong tnd__l {' m{i‘«ﬂm blulp *f 193 f" nmrfptlnn * :..{ B
= :!'::: ::: I{m 10, stmi 1 category L7} }992 ;t‘: Urqa: the: compressed Lok {nte n maiioeed stivalie structure :I
L long Tty ” L'Gf;;;éi“ by v L t Y
saver 1 Value *Buflet fnks Return Soaivat *
gs ::m ¢ tu:_tt_ii-; F Tize of lest frew  *F | ;g iErrw erra: b . f: nm':-_l: i::oq_' iﬁﬁle& *5
14y tnt n ebmisy Hugber tries ¥, + b A
15% char  *Iist; {: Nii:tlr':ue{'i:t. *; %g? ;" “::
::; 3 Heksy 7% Links to other ohj's =/ % g Hawe £ Cleantp i
. N E)
1 R i : R et X ’
! ol ! EATE U B ¢ ) structures ereated y Bultdlink. *y
1w i 205 . Specific sttentfom peaded Nerw becsrse the structur t *,
:g f: o ¢ tndication: ;f 207 Jm have bem caplutely fﬂlid =0 the routine a.::gdwekl 'gl'{:ri ‘;
%e MI"P“ ‘; % f: frearing up sy space. K
150 Ihe mmr, mitislises the gensral urtablu. - 210 Hrd A
B n ¥ HOean . | - '
B indleatian € vld 37 d 3 Soafvatue  Precordpe 3; #* hecord to clum o “
155 - ' 7
1/ i Ha 0% wame o ouewat ' B
] 12 vame 1 ~Indication - gr om o ' -f
p : =t 21/ Deseription § ) 4
‘ DeE: L] - ’H’
Eé_’g- r This lflt!:tlm wilE cless up wif resoutces Lsed by this. class -"; 'ﬂg .{: Copia¥ the VAL 1ds In_hn she "'d ey ) :a{ )
i * 2 e
542 7] 222 int cevware ' n 2o
o turn -1 i uncont i pursd#,
}g ~indication ¢ ); 222&23 . shert  array 37 : /* Array to feturn vulus: In‘5
168 et r -2 :
1% _ _ = 25 - !
fer 7z vaes i ExtractCommrAttr i 2Ty fNew % GerEtatiy _ ' o
W I ESErect uls setributes frox the auppised [far tha :’{ B 0 ptoen s ' J
d ract il o roni st that are common F
:T_é ,’: £ ‘“ {m““ friby lq:p'l. :I %3‘1‘: E Ruturng the nutus wor of thiz ubjutt. ::
m wif fang Getstatuse’ : i A
7o Gaatireas Extrectiomonttine 72 tewrn Ercor 1€ falted %/ 2 olds < 7 Betum smmenn sV
1% ScalVulue  *attrs ¥ " Structure to process = g retuen { statuc 3; '
LA ' ' ) E
N -y a8 kol ey gy
:2 5: Ening + Compresslinks .:! =9 . ) A
7 240/ How + Gothlaralabel ) o
L]
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Printad by revision 5.3 of lpet.e

File deow @ Indficationh ’ .o pate * Ved Jas 27 03:09:25 1995 o . . Pegar

L ’ . - 4 501/ put tking the fathers OF painter.

242 J* Dascriptien : : * . 3z s .

2% 2 faturns a pofnter to the slarm [abel, Wi 303 ¢ v
24 1~ : 'f vold ProcessStateChange ¢ : -

25 [ AS Tor, e _time, ' /* Eime of last transftion
258 char *GeciliarmLibel{ £ Retorn pﬂ!ﬂtﬂ" ducrip*! -] Logtsak neu_sutl. /= ey stata of indtnttm
47 wid) ¢ _ 397 char  *eric tabel 3; 7 Cefteria (abel *
P2t raturn € alarn tabel 3; 30 ) .

Uy 3 - 3% 7 d

250 L o~

251 /a HE Y Nae t Geglind

o e .y A BE o .

25 /' Wioe 2 Gexfd Wi - 313 Description
T TR Wi 515 -/ This !un:ttm Wil comtruct a ver_arg atructure and send ft
255 s+ pteseiption : e Wi 318 /» out using the fathers O pofnter,

g Ij’: Returne & pol. to the fndfestien fd, ::: gl‘ﬁ i~ .

. 7 4

b O il '/ 318 Sceifrior Getind { I* getuen eryor

259  char *Gartdl - f* Retxn {d of cbisct b3 B3] fxpblock . Feaporsa

50 vold y € -1 320 b ieck *father, - #* Pointer to Tather

g; raturnd ind fd 3 _ E % Logicat Unked = DpofFakse ); #* Sciped replics

263 X 3B [ i § i

264 g ti 3%/ .

265 > ' *r 35 S Neee t TetPetintehndrol

2L/ Nomm 2 TestEntey = 3w

LT o A 27 Deseripiion ¢

288 /% Peseription 74 I s Eullds up & class end Instunce Id List of oh{e:ts in thie

?ﬂ'} ;:‘ Rekurn trus if the Id \ra!llt pair sq:plied Iltdlu that of this :a; % l}: ob, utsur;;igjtrn Inciuding this vbject which happetst to be
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AN OBJEGT-ORIENTED GOMPONENT-BASED APPROAGH TO BUILDING REAL-TIMIE SOFTWARE SYSTEMS

APPENDIX E: EXAMPLE OF OBJECT-TO-TABLE MAPPING
: DEFINITION FOR THE DATABASE

- Several raferénces have besn made in the study to the object-to-teble mapping definitions, This
‘was required for the Historian and Configurator subsystems where it was necessary to ’Interface
objects to tables of the underlying Relational Database Management Systern, :

The definition file Is In the form of an ASCH fife - so that the mapping rules are user<definable and
not program-coded. Both the Historian and Configurator Object Managers read in the entire
definition ﬁl'a into memory on startup - this being done for performance reasons,

Tha file Is dmded up into 3 main sections: | |

(&) The first section is for definition of the class hierarchy (in other words, the Historian or
- Configurators contalnment treg), _

) = The second section defines the mapping of object classes to RDBMS tables.

(© The third section defines the mapping of object attributes to cammm of the relevant
* RDBMS tables. o

Figure Elisan example Iist?ng ofthe definition fite for the Configurator subsystem.
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AN OBJECT-ORIENTED COMPONENT-BASED APPROAGH TO BUILDING REAL-TIME SOFTWARE SYSTEMS

. Flgure E.1: Example listing of Object-to-Table Definition File. -

A this Line I3 for identitication by the 7whet’ command) _
# Aq¥dbdef conf 3,11 93/02/25 15:28:50 Astan Av LCONFN (C) BSW-Data (Pty) Ltd.

* BOL DEFINITION FILE =

CLASS HIERARCHY DEFTRIYION

ey 1
rlickontiﬁn ;
GRiceType .
swippe 3 ;
fﬁquipw eEautp :
e '
EEquip ' :Glrﬁicatinﬂ H
CEquip ~ Stndieation i!ndfcntim:
- . .
_f‘-‘w_ip :mimt_ :' o
. :Equip :alndinatinn .-:Glnd!{ceo:t{un;
. s
. traphElmnt : ) )
Wty
Gieverity :
ot 5
GWALDTYpe ::w.umur'ype H
W -
GMAL1Type : )
. trpe e
. GHALETYRe ; f
GUALIType :
:

GHAL3Type (ORALSInditype
-

* I
GHAL K

N .

GHAL +GMALFault H
. .

'} ’
Responsibil tty;

H
Responsibility,LegSat i
* ) i
Lecation i
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AN OBJECT-DRIENTED COMPONENT-BASED APPROAGH TO BUILDING REAL-TIME SOFTWARE SYSTEMS

LegSat
LegSet
-

Leg

Top
Top
Top
Top
Top

Top

(Leg :
. i
SHALD H
N H
JLocSequence 7
F H
~Equipment H
. o
HAifects i
r H
cAffecteddy
3 H c
JEquipment Aindicatlon ;
i ¢ : H
Egpkpmant Jndication UpLink H
-~ - P 4
yEquipment (Jrdgicatfon ,pownlink H
O o~ : i
Fquipment Jndication Wirel H
L L] "
r r [ ] I
«Eouipment « Indication |, IrdR jcadptfon;
o‘ . !* . L - H
:
JHALY P
Il H
JHALT LVAL2 H
" .
L) 1) ¥
JHALY - (WAL : WAL i
* N
L L L] )
SWALY SHALZ . WALE HALé F
L] L] -
[] L) L r t
St LHALZ , WALS PWALS HALS H
‘ﬂ L] L3 -
r [ ] L4 L *
ALY yHALZ + WALS +HALS AWALS Mirer 3
P ' ™ o o L) H
v
; .
JLategory i
4 ‘.
(Flickoption
f] H
R IceType H
I H
(CEquiptype
(G0ptype H
P . 14 .
(CEquip SGindication
* y
* = 4 : L)
SEquip Mlndication | GIndRiceOption;
K] L -
I ] . L) r r
AWALOTYpe g
' 7 H
+BUALOTYpe JGHALOWAL1TYpe
L 3 -
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AN OBJECT-ORIENTED COMPONENT-BASED APPROACH T(} BUILDING REAL-TIME SOFTWARE SYSTEMS

Top L GMALTType

+ ‘.
Top JHALZType '
¢ L
Top SEHALSType H
* i -
“Top B SEHAL H ’
. . . H
Top (Respensibilicy;
Yop (Locatiun H
L] i
. Tep LLegset H
- H
fop LegSet ke H
. : I‘. r l"
T Yop JUALD .
. . . 4
Top HALD SHALT ;
o~ . .. H
Top MALD ALY SHALZ ;
) -~ ot - + hH
Top : SHAL ALY WAL2 v WAL H
T : - . ' n
’ . - . L L)
3

CLASS/ PREMARY TABLE DEFIHITION

CLASS TABLE CLASSID
< .

Top K stapy
Cotedgory +CATEGORY yont_id;
Equipaent LEOUIPHENT seae_id 2
Flitkoption FLIEK DPTION <FL_option;
GRiceType 6 _RICE_TYPE (rice_typer
GEquip G _Eolirp N-..H :

GEquipType  ,B_EGUIR SYPE a type;
SGraphElent @ BRAPHICS ELEMENT ,araph_slmni;

Goplype «G_OP_YYPE «9p_type; -
GSevarity JB_SEVERITY (Severity;
GALOType G WALD_TYPE " nl0_typs;
LT Type HHALT_TYPE Sall_types
GUALDHALTType ,GUWALD ALY TYPE ,wali_types
GEPITypa GEHLTYPE - cputype:

- GHAL2Type +A_HAL2_TYPE © o GHal2_type:
GUAL¥Type 5 _WAL3_TYPE wal3_type;
SALFIndType G_WALS_IHD_TYPE |, ind_type;
Glpdicutfon ,6_INDICATION +ind_td;
GleedRicedpeion, 6_IND_RICE_OPTION ,rice_typer
AL WAL - oval_teeel;
GUALFRGLY G WAL_FAULT (fault_fd;
Irdfcation  , THDICATION HAnd_id »
IndRfeegption ,IND_RICE OPTION  ,rice_type;
Uptink 2 IHD_EINK JOUE_BtLr;
Bownlink +IHD_LINK +in attr:

Ley LEG : oleg id;

Affacta JLEG_LINK Laffects_leg td
Affectedty  LEG LINK soffected by leg_td;
Legset (EGSET s 1d; :
Lecation JLOCATION ¢ loc_1d;

Apperdix E : , . ' - Pagetez



AN OBJECT-ORIENTED COMPONENT-BASED APPROACH TO BUILDING REAL-TIME sonw.qﬁs SYSTEMS

LocSequerce |, LOC_SEQUENCE Ble oy
Responsibllity, RESPONSIBILITY  ,resp code;

HALO . JWALD JHakl_oum;

L1 - JMALT Sk A_num;

WALZ SAL2 #HaL2_tium;

HALS JHALS LS _num; _ _ -
WALA SHALG Sunld_om; : -
HALS ' LHALS pial3 by

Wirel Ane JErit idy

Wirep - WIRE - eeri id;

3

_ ATTRIBUTE/COLUMN DEFIRITION

ACTIONCLASS  BABECLASS AYTRIBHIE ~  TYPE TABLE COHUN YYPE
p .

Cstegory, - Category,  cat_§d, OB STRING, CATECORY, CAT_1D, Chary
Category, Lategery,’ cat_type, OBJ_STRING, CATEGORY, CAT_TYPE, CHAR:
Category, . Category, cut; dree, 08J_STRIRG, CATEGORY, CAT_DESC, CHAR;

© Categury, Catepary, alarm_lebel, O STRING, CATEGORY, ALARK_LMIEL, CHAR;
tategory, Cataegory, urgency, 004_SHORY, CATEGORY,  LRGENCY, HUHBER}
Cutegory, Category, geverity, paJ_STRluG, CATEGORY, SEVERITY, CHAR}
Categary, Category, graph stmnt, 064 STRING, CAYEGORY, GRAPH_ELKNT, CilAR;
Equipment, Equipment,  egt_id, ©aJ_STRING, EQUIPMENT, EoT_10, CHAR}
Indieation,  Equfpment, eqt_id, 0AJ_STRING, IMDICATION,  EOT_IO, CHAR;
IndRicebption, Equipment, eqe_id, OHJ_STRING, IND_RICE_OPTION,EAT_IO, CHAR}
UpLTnk, Eepulpiient, &t id, OBJ_STRING, TND,_IHK, Ear_io, THAR;
Dounl.Ink, Foufpment, eqr_id, OB _STRING, IND_LIHK, WP_EOT_19, CHAR}
Wirel, Equipment;, vqt_id, OBJ_STRING, WIKE, EQT_Ib, Chait;
Equipment, Equipment, descreiption, OBJ_RTHING, EGUIPHENT, OESCRERTION, - Chag;

- Equipment, Eguipmant, froquency,  OBJ_STRING, EQUIPHERT, FREQUENEY, CHAR;
Ecuipnient, fquipment, aequence_ne, 09J_SHORT, ECUIRMERT, SEQUENCE_¥0, HUMBER;
Equipment,  Squipment, code, OLJ_STRING, EKITEHENT, CODE, CHAR}
Equipment, ~quipment, loc_id, DaJ_STRING, EOUIPMENT, Lot D, GHAR:
Eouipmant,. Zquipment, yraph_elmnt, 00J_STRIMG, EQUIRMENT, BRAPH_ELMNY , CHAR;
Fiickoption, Flickoptien, Fl_option,  CBJ_LONG , FLICK_DPTION, FL_OPTION, NUHBER;

Flickbption, FiEckoption, set_fl_t.o, OOJ_SHORT, FLICK DPTION, SET FL 1.0, HUNEER;
Flickoption, FlickDption, reset_fl_t o, OBJ_SHORT, FLICK DPTION, RESET_FL.T O,  HUMBER;

Flickoption, FlickDption, fi_thresh,  ©BJ_$LOAT, FLIGK_OPTION, FL_THRESH, FLOAT;
Flickoption, Flickntion, fi_decay, DBJ_SHORY, FLICK_OPTION, FL_DECAY, HUMBER;
Flickoption, Flickoption, . ft_dess, DEJ_STRING, FLICK DOTION, - FL_DESE, CHAR;
GRiceType, tRicaType, rice type, OB _SYRING, 6 _RICE_TYPE, RICE_TYPE, LHAR;
GRicelype, GRiceTypa, description, OBJ_STRING, G RICE_TYPG, DESCRIPTION, GHARy
GEquip, aBquip, eode, ORI _STRING, G ECULP, COOE, : CHAR;
Equipment, atqulp, ode, ABJ_STRING, ERUPHENT, COOE, _ CHAR;
Gindicatlon, GEquip, * oode, OB _STRING, G_YNDICAYION, CoOE, CRAR;

- GindRiceOption,GEquip, - code, OBJ_STRING, G_tHD_R1CE_OPTION,COOE, CHAR;
GEquip, GEquip, type, oBJ_STRING, ¢_Eoute, TYPE, CHARZ
tiEqaip, B&quts, dessription, OBJ_STRING, G_EQUTP, DESERIPTION, CRAR;
GEqulp, GEquip, wanufacturer, OBJ SYRING, G _EULNP, HANUFACTURER,  CHARy
nEquip, GEquip, paMer, OBJ_STRING, €_EGUIP, POVER, : CHAR;
GEcquip, SEquir, modal , DBJ,_STRING, & EOUP, HOREL, CHAR?
GEquip, . GEguip, gieph_elmnt, OBJ_STRING, G_ERIIP, GRAPH_ELHNT, CHAR;
GEquipTYpe,  GEmipYyze,  type, DBJ_STRINE, G_EOHP TYPE, TYPE, CHAR;
G¥quip, GEquipType,  tvpe, OFJ_SYRING, G_ESUIP, TYPE, CRAR}

StouipType,  GEqulplype,  descriptien, ODOJ_STRING, G _POUIP TYPE, DESCRIPTION,  CHAR:
thraphElmnt,  GGrepbElent,  graph_elmnt, OBJ_SVRING, G_GRAPHICS_ELEMENT,GRADH, ELMHY, CHAR:
GorophElmat,  GhraphBlent, clmnt_val,  OBJ_LOWG, & GRAPHICS ELGMENT,ELMNT_VAL,  NUMBER}
GiraphEluat, GGraphEtmnt, description, OBJ_STRING, A_GRAPHICS ELENENT,DESCRIPTION, GHAR;
Getyps, © Goplype, op_type, BU_STRING, & OP_TYPE,  OP_TYPE, tRAR:

Appendix E | | - Page 193



AN OBJECT-ORIENTED COMPONENT-BASED APPROACH TQ BUILDING REAL-TIME SOFTWARE SYSTEMS

APPENDIX F: ~ CLASS EXAMPLES

Appendix F contalng examples of class definitions as referred to in this report, in the form of
. abbreviated listings of the C++ Include files. The filenames are; DktSummary.h, M:mﬂisplay h.
LinePerfDisp.h, WAL.h and Docketh, '
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50
51

L0 bl b

#* Thizs line le for identi‘ication irr the *simtt

commandl >}
2* E#kttumry.b 3.0 9501519 G5436:57 &shn Av D¥F 1 {C) BEU-Dats (Pty) Lid,

=

5 3
/™ TITLE RLOcKs *r
VA T *f
Ll . =
::'.: Namp £ OktSummary.h :::
; 1.0 Mmber & ASLAM Revr 0.00  Rel: 0.00 :.;
*  Seftesre Swveloped By o BSM-DATA i
" Privete Big 135 *f
” Halfuay Heuse *f
” *f
Ll - *
g Fuetion = This Is dhe Sntorface for the DockeiSummary l:llss.:ﬁ
I~ *F
2% Histocy H =
" 4
£ Event Tata Author Approved :‘{
Fad iffentlon 92}‘03!19‘ PGF 0x *f
od wm 90319 PF -oma .t
i~ llpluentarim 92/0371% PGF K *
i potiots i X *
!' 'f
,l’ ‘ "
I Revisgions: Revision Lar Au Anproved -,

n S -y P Fox :?
* Revisfon Description:

7% memeezes cssae e
~ 0.00 = Kone 5
" *r
” *
g Functional Specification: :ﬁ
" ~r
£ provides support for docket wmmwring In afther tha st of =f
i+ dockets conttolled by the operator position or dockets In o
7= any general display List. *y
” o N . 7
I £
#ifpdet m:m;_xmm

Rdatine DOCKESUNMARY SNCLEDED

Minelude  WOH.h™

Fincluds  “Rromlypes.km

i .l'
I* Clasg naie: DeckerSuvmary -
P w:ripﬂm. This class contskne the sumsry infarmation for *f
}': dnch:; It abso provides sethods for the mnipuistion o! :{
r~ ;?h “to the docket sumwn Sy infm:tm are done by RIOK, *F
~ ] ﬂu nr.npﬂun of changes to the docket*s category *

—

asaaaasaasazasaaaaassaazaaﬁmaxassmawms

f2

Pate ¢ Wed Jun 27 11345128 1993

Fial
’m

Page 1

filker or delwy, which are controkied internally fa the Iﬂl.:;

r.lnss DocketList;

Ll

cinss  DotketSwoary
¢ publie Linkist
publics
}" Function names Dock wELG™) ' b
% Deseription:  Creaves o imt from the diven L1at of = *F
” uttributes sod vabues. 1 matched pair of records gives the 7
”~ identTfiare and values *
" ) f
‘ DocketSumaery  (SwmiVslue  “rec 7% lttri’butc records ‘:’
SoaiContext frren J*  oming XTOH *y
SomiError  Serr); % ecroc peteen -
L N . ; : J"
7 Functfon naze ; ~DocketSu £
1* Deserd iw s The destructor s fivoked s & result of an *
g !I C(REMVE YALY to the parult DockptList. :}
i ~DocketSumary (3; ’
7 Fuiction nvoe : Set¥alues Y
£* Deseriprion :  This method handies SET_IHD (KCUVALY to alter 7
~ " the values of arzeibutes. *
Fnl =
L . f
SomiErrer  Setvalues
{Sonivalue ’n:rihu’nsl, *  attribute records L'
" Attributes i .
SmijErroy DoSet .
{Snivaloe *aterfbutesdr 7* - attrlbute records *F

J" lttri!mte values 7

draf [ORE Fﬂzﬁ*-il,
ket_11me

. :onu
. char ld"nm 10 SITE + Y3
char it DX _TATECORTES « 117
short w7encv
char ? :-:mn SEZE + 117
ai-lm- foe F L10C SI2E + 115
ong

flags;
char rags_ code [PCONE.SI2E + 1)
ch fﬂu E.! }

4% subiist idcntifier (A0, F, 2 for #imac) *7
char  sublfazz |

/* categocy Tilter =/
char ot _filte
:hutlc cher caf_iat | fltur

r (MAX_CATEGORTES + 1))
FEQORIES + 1)7
_Prev zat (HAX_CAT IEE + 11;
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frinted by reviston 3.6 of lpet.c

Filie Nove & BhtSuwary,h
120 J‘i dn:k 13 ti’m -4
12 Teimr;  f* scrive timer 7
122 l‘m e met-' r- indicates vhether delay was zet *F
13 nt delay; timeout delay for dosket 7
;g time t dal wEapiry, l* md aof timecuz perfodf L4

178 e auner node T
1 Scaifontext rioay

129  private:

Cote = Ued Jony 2T 15065528 {000

138 Pocketsumary (37 % hide the difsult constructor v

131
3 ¥

33
15 Seodif f* DOCKERSURMARY THZLWOED 7

fage 1
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o ¥ipueddy

Frinted by reviston 5.4 of lprt.c

Oute ¢ Wed Jan 2F 19sA1s45 1993

bot tine singla tield

File ¥ome 2 Histisp.h . R ' S S
{ % Thix Lipe ix for fdentiffcatTon by the "sbat’ comendt *f - I o tns wirich the MNI axTite, the oter nee, and the date and cime. *#
2/ Omdisbizpoh 3.2 93701435 12:33164 asien Ay [MNID (cJ sow-Datw {Pty) Lrd, * 61 Thw seeond hander Line mtlim in:lomtinn pertinent o the 4/
I o 4 /. dlsplay. There 2 sise » top-of-dispisy macker Clne and a A
3 ! * o /4 &3 e bottomrof-displey merker 1ine. The sort keye of the top end 7
& " bl A 5 v battom markers wrx 59 to 'A' ond FIf respactively. *f
5 = YITLE AbocK:s *f &5 Dieplays cerlfved frok this clags can wet tp tho sort keys for ¥/
? j’: FrTFIITTITEM :j g ﬁ “mi in the display actording to thelr needs. ::\:
&/ Yme : pisnisplay.h "/ 8 F dd Tiwiwap
o * &% eless  WHITop;

W /% 1D, mber I ASLAN Rev: 0.00 Rel: 0.00 i 0 cless  AfmacDisplay:

H » W Fie) pubtf: Gt_KappeddindmeG:

12 /= Software Developed By ¢ BSW-DATA A ”

B3 op Private Bag %35 W 7% pblle: . N

L Halivay House Wi L " ik !
- L 1485 Wi 75 /™ Function nw Hlmisptw Wi

| T . *f 7% I~ neserfptim t The mtn:tor for this clziz will 1mmbe the */

W/ Futln ‘I'hll is the fnterface for the y FL N id baae clmes constries create the mepped windon, It Witk of

15 HEmwchisplay class, * n - thent set up the fmt hnder Elne ot the top and bettom  *f

b "} ™ i~ wsarger Lines, -

% omow A 50 fenesniseiran : v o

] 13 : ' ] f

I i = 52 Mienachisplay € Gy Display Zdispley

& 55 Bt Date Author Appfowed i Al « char Tuindeutitle

% I ) b B + char ‘di Ttle

s M. Speeiﬁutim Y2/03/23  PGF XXX Wi L] e Int rFiele

256 /% pexipgn PEF e * 85 s Int HmFinld:

Fr llplmtim 92703723 FOF Xy o ar ¢ WITop ’ il B H

2/ v it *} 88 N

W o 0 '

3L s ) M 90 J* Functfen nese ¢ ~HumoeDocke thdsp -

31/ Revisiontr Kevistos Eate Autivar Approved - 91 J* Deteription & the destructde fnr this :m: vill st down £/

;%‘ £ . .00 WK 000 xxX :{ g . ..;: the display. :4;

34 St Revizicn poscription ’ o L '3

3§ JF rrzsdcusswssyxczzzcx .y 25 =Mimnachispley &3

3&  /° 000 - Hone b 95 .

T AL *f 9 ¢ A

3B - ) ) rr 98/ Funcrfon pene: CloseDisplay -

3% Fonctionsl Spacificitfon: il 92 /% Sescription: This {z 8 virtal fl.m"lm wizh fu sctivated vhen o/

£ I o *f b the cr_Msppacdi{ndowt’s close button 12 cticked, The base  f

8 Wi 1w > clags Tunction does nothing - di!rlm derjved from thix *,f

g f; Implecants the general form of all Hisaic displays. *; . 1% .;: clusa can apeeify ather functiona t:y. ‘;

&% e : ' 4 f thnd i 4

45 105 virwal wld ﬂumispinv 4R

&5 Wifrcef NIMIACDISPLAY_LHC1LOED {05 ) _

&7 Fdefine WIMEACDISPLAY INCLLOED wr s ' /s

.1 68 functiog namet RepartEeree oy

9 Fifdef U 9 /v Description: Xaises an erroe dislog te fnform the Laer. *f

¥ sn:lr.l:h 'u.lllhpni R 1 m "prlm:f'—nyh armument [Teel - g

51 el 1~ b

5 r in:lr.ﬂe g pxaG. 112 ¢ '

ssz Terntif %g void RepartError (char *forsat, «..);

2 e HimacD] sy %o ned  topark ~* ¥ disptay sarker A

1% Clasz nane: E Napx ¥ o 5| ar mar| R

LT ngm-f Toer: This cl:gc i-p{aenu the botlc #ionss tzat dixplay., *f 117 GY_Meppedt ineG botHarks . i~ ﬂ‘fm of gtsf -¥ tarkir %/

5/ HKimaz :liwllrsl two hoader Llnes, the firet containieg *f ' 14 & fElelds topFieldy /% tog Line single field A

5¢ r.- dfsplay title, the cperater positicn nine, the node rumber *f - 119 Gt_Napp alaG botField; Fd

=
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4 Xipuecidy

Printes by revislon 3.4 of Tpct.c
File #mne ¢ NiaDisp.h

120

12t /* Rewcts to winde: ¢loge 2

122 statie void ClossCal{bazk hmd e, m{d *ed)y
126 1= Reacts to wrror dialeg cloae *F

E.s 3 statfc aid ErrorClosec®  {void *od, vald *ed);

127
T28  Ferdif % MINKACOISPLAY_INCLGED *7

_Date : Wed Jan 2F 1¥aé8sds 1903

Paps 3

| SWFLSAS FHVMIFOS FWLL-TYIYH DNITTING OL HOVOYJdV GBSVE'JNHNOJWOO JFINANCEIINE0 NV



o Xpuaddy

661 2Bug

Prinzed by revisien 3.4 of lpet,e
File Nuwe 3 i ipePeripiap b

2% This Lline {x for fdmuitication by the suhst’ comand] &f
{; ﬂ(}lﬁm’lr!ﬂq’.’l F.2 930725 12:54:08 Aslan O DMI I {C) DSW-Data {PLYI L

Bate s Sd Jan 27 T5s51127 1993 _ Pages ¥

THILE BLoek:

EIITCETTT L

Rase 5 LineParfpfap.h

Software Qeveloped Sy  ISRDATA
Frivate lag 135

¥l fumy Rouge
m“l?
function =
History H -
Event Baze Author

Spectfication SRS
Dasloen QAF12504
Taplamentation LR
Audit

Zevision Description:
R o g STy
0.00 = Koxw:

functicai Speclffcationz

B R Y N RO N N NS B S R R RR S B ot b runanen
EE SN A e e N S S SR A R A S

1.0, Nuber = ASLAR Rove 0,00 Eale 0.00

Rovisicns: Revisfon Date Huther
. 00 WO T

Approved
o -

#:fncdef LINEPEZROISP_RCLIDLG
Wceting LIEPERFUISP_THCLUOER

4 Include £1Yes =7
#insfucy #OM M

ltxle "4 Ton N
Aincludy "Wisdisp. v
l'lfdlf
¥

'adn CIEPSARXE .
£ include *Tepat hy
faodif .

%25&3%&3238853&3&‘

£0 7= pufine thy maximom moxber of ourstationg 5
gg Foafing BAY_{ I‘IJTET.NTINS' 28
[ &% /™ Gefine - mgth for thi di’ipu]r identifiar *7
* ‘} : ﬁ #define ¢ P_LENGTHR
bA &5 /= bevermyn: ot of profile data 7
:; g Fefine STLP PROFICE_LINE i &
*f & oefipe ot ey *p
*f o fofine STLP K1 l“ﬂ SORT .o
Wi i ne SELA MIWTE SRt g
7 z e SELETWURCY HEADING-SGRT  #H*
= 7% J* Urtermine the colum posltionk *7
ut 75 define STLP DOTSTATION POS )
= 75 Kdefine SILP_LCTATION 3
= ¥ #define STLPTETART_DATA POS [
:; g #define sm‘mm ISTARCE £
L 30  J* The xax nwber nf tines 'J'
:f g; ﬂlfine STI.P F MAX_LINES 5p
i . B Mdefline LOCATION SIZE 4 .t
:; g #iefine HAX DA F
> B35 typedef struck
R4 a7 outstatiph_nun;
F B char locat fonILOCATICON SIZE);
-y a5 shore proﬂle :_dataDiax DATAY;
« o inc wlemonts;
o; H
4 92 ) tinePerfarmence;
:; ?!E /= L1n rpe fi dats type */
i riormance e ype
4 75 Typedef exm {
«f ] Holes = B,
:{P _3; ’ KITES
STLPRatEType;
= .9 .
Wi 100 !
7 10y J" “chass, 1 tlne?emls ey o
* . 102 /* Beseription t Thix :lns §& & copteiner for the cetsil Linox of the 47
W i3 = Line Pecformance Bisplay. When the vipe Perforsance Diapley fa *7
' i srlacted by this cperator, m Instance of thic clese is created tn v/
w the W17 ¢ oblact tree, and an K ACTION rtquut s gent to Rtimi to *f
ns s natify it the detalls wre requived at the MdI. W
o The Ruma %{{1 then generste wn ¥ 5E7 tuplm} directed st thix =7
198 g snabemew for sll outstetien tlne parfocmance Snformation, - *
;t‘lg ” This display Ia pot sctive, . =
F | B L
111 slaxs
12 Elass umﬂnl:pur s phils oumie
13 Pblir.' nlmnnisphv
e ¢
"5 pelva :
116 :utln Logical {irstlinatasce;
:g - statle ClpssiivePrint  *BluePsint:
110 pbtlc &
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o xipueddy |

D02 abey

erinted by revizion 3.4 of Ipet.c
File Neme 3 tineforiisp.h

20 . ‘
11 7 Fuwlon nae ; LinePeciolapley {conatructec) ]
122 = petcription  : This coetrucks the Line Performance inplnv. it A
23 notifTes Rica of exfatence vin an WALYIGN request to the UNLE 7
1% B !n the fton. Thls inetance Ic creatud as a child of the KHT roor *f
}g I ohject, : . i
H N rF
1”7 LinePerfol, SErres Twrro :
i i, T,
ry £
130 Sofvalue g
31 ) Somivalve *yalug,
132 . MEject “refDbf,
133 Rracsage *ox meY,
124 . Rapaleck *respl;
% . : - ':
157 7% Function nase ¢ w-umwfnt.pur mmrumn -
13 54 peecription & The destruct tl be {rwvoked ﬂm the. Line >4
:g £~ Perforsnce Dliplay I< closed, . . 'j
# * tinevertoisplayy 3
w3 g o ;i
LT mt; Satind A
s pxian =z l‘hls merbor {5 fovoked hen a SET_ING Is peceived for-7
gié ~ display, A ‘j
i F
158 wvold Setind{mMessays rx_ped,
147 Rspa *resp, |
150 Soal Vulue *stirflodiist):
k= .
152 ¢/ {
153 /* Foxtion fase ¢ mfum Wi
154 7= pescription % bardies the resporar to the Aetitviey iuuetl b tom *7
)‘Eg I~ £OASEIACTOr. *7
L7 " vafd ActiceCnfiRiNesage *raeeg); ’
159 ki /
180 1* Feriet Ton, pane % rumn:u: ok =
:g; J/*  descriptfon z Putz together cie act'lnn request ard is:uu It, !
- void rmmm!mmrm !
164 kel ’fmlﬂ};
185
186/ o d !
157/ Brctien name 5 S tioninfo : bl
:g J*  pascription s Avtaables tbe sction Inforsation SomiValue *;
i " vafd Setuphctioninfofsonivalie AL
12/ ' chand |
173/ Functlon pawa ¢ Closed fselay L7
‘}g " hmr!f:i’m : Thiz frlvahs the eumuu:tnn L . *r
7 '
3# virtal void ClossdTaplayl);
178 7 * -
1% s+ Foction nooe 1 ExtractPerfornancs b4

[

Date @ Wpd Jon 27 11356227 1993

EUNHE YRR

L Peger: 2

Pl n:scriptf_?ms This eagracts the performance values from tho A

i recard. stores thew Tn- Khe mexber steocturc, >

Som{Etrar Eutru:?zrfnmﬂﬂu *somi¥al,
faePerformance  *perf _ptr:*

Fuictlon name ¢ Farnit playline

putpases,

wold Fumm{splmlmtlirﬂtffor?u;: ) :Hmnrf;tr,
3 inlde 'field_ptr)}

~ h;}l}h

7 - fuerion name 5 AT feldToline ' ny
£%  Gesetiption 3 Addy o flatd to the line, 4

veld AddFfeidTolinetGe Kapped {neg *Ling_ptr,
{eldd  *fiel T,
furw 'fllldfgtntig
7* Tube and secuence mxbers ¥/
seacie fnt | nextTube; J* Increments to give new tube 7
int vabey Fi f{kJ for this n‘fsnl&? *
Hexe sptpence exsectad 47

“int : seqy
I* Creation statug %7 . . :
int clen £+ 1 = succeasfully created */

2 Lioe pecformence structure =/

LinePerformoce n%mmftumx_msnum L 3]
‘LinePesformaince hwrly_pmﬂleMw:ﬂM:M: * 21
fi hourly,prof Te_gounty

route _fiumr

fong e

] e
shart STarwp_node nuay
* Disptay Infecmatioe 47
HilTop .

myTep; :
char disy ivwne [RTSFLA LEMGTHE ;
irost pll‘}‘_ O Y. IR 1 H

& i

I

B el
pratected

luwlx Msnﬁms * 21-
el AR OUTSTATIONS * 217

.:"' function name z BitpleyXicEinfo .
& Deseripeion = Di:pgm the RICE infarmetion, : - A

" void DisplayRICEIntol};

:"" Functicn nane @ OFsplayBourlyProffle : "

¥
*
Description ¢ Formals the dlu fn the required format for diiptay :f' :
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iug efied

Printed by revision 3.4 of [pri.c

File tane = LinePorf0isp.h ’ Dake 3 Med Jsn 27 T¥:T42T 1998
g:gl £~  pascrintion 2 M:glm w Line of hourly profile data, -
¥

22 wtd Dilplaﬂwlyl’mfﬂﬂl.!ne?eriMe "perfaruut L ptriy

¥, :
£ Foictlon naee ¢ Display¥ourfyProfflet=adl
= Beseriptfon 1 Gizplays the headings for ge hourly profile dats. 7

" vold visplaytiourtyfrofitetesding(;

% Faretlon nume v ﬂ'lgll‘#iﬂ.&wmfie _ w
2% pmyeription  © Dispiays 3 {ine of sintte profile data, -

void bisplayinuteProf {lelLinePecforsance  “performance pted;

7*  Funetion vame t pispluinutePeot letending s
fe  peseription  : Ufepluys the hesdings for the winute proffle data, *7

vold DispimyinutepeofiieHeading();
¥ § £* clase LinePerftispley 2/
Hendif /= LIKEPERFOISP_INCUIDED %7

BURRSNNORR TR

RERE
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202 obvg

Printed by revision 3.4 of l'.prt,e

Date = Med Jon 27 08210:25 1993

-FEle Hame 2 WALk Page ¥
1 /= Thie Line §x for icentification by the "whatt comardl *f &) :
§ F* Xn AEX NU% Asten Av [R0M] (C) D5U-Data (hty) Led, *f 232 publ S

F inainini /i |
" *y & 7 & ‘s
S 7% FITLE 30CK: * £ M . _ *f
A mzooversse i & 1 Hoee 2 MALZIMAL . =7
F i = &7 g~ -
& F5 e £ WAL *r &8 /* femeription A
F ) : 7 &8/ The mtru:hur for this m]eet . Wi
%g g 1.0, Wurber s ASLAK. Rev: 0,00 Rel: 0,60 :f ;Il} »y
. " Y

12 f*  Softwers Developed Hy t nsw-mu » SR m. €3
1% te Hag X35 Wi -

W !Ialfuay zouse *f W S
13 1685 ~ Hoom- -
L *f TE S Neme T UALzz=MAL Wi
17 /= Fuction ¢ Clas dafIniticn for WAL. Wi W 7
18 v . :j 7 /* Deseription Wi
v o (i M The deltru:tor far this m,l'!ct o
28 f= gistory H . * B *f
2t - = - B8 '
% }v: Ewvent Pate Author Appeoved - ::: _ g ~HALLY;

2 g speciffcation 20901 Py - A% * [ * o d 'S
25 v pesign S2709/01 - = 5o L 7
L o Taplesentation bl FEZ A8 * L8 % N  Dolipdete '\!fl'ml' b Wi
2T hxit KXFERIT o 4 b4 [T "J'
22 ¢ . i - 88 ¢ Description
I o 7 8 7 Thisw rtl.lll function allovs ﬁoupdnn fo be treated uwlmllrf
30 A pavisionss Revisfon  pate Author Approved = u o
O 4,00 podridsid xx XX 7 . *f
ET o * 92 wirtual void nwgdnnt
33 J* Revizion nu:rip-iuu. *r .3 short o, #* The wal Td punber *F
L ~F 9% Logical flag, : #* Forced update flag o
3z 4,00 ~ Hone WA k] long release mm 3 " £% The liteat re:me L *f
A - 3o :

. . I b J
38 / Functiooal Speciffcation: *r o . . o
E I L : Wi 39T dame t ConfigStatus ¢ vlr:ull. ) *r
L1 A o * 1 ‘F
2% y* tefinition for the WL ctase -t *f W7/ Oeacription :
@ n i 102 /e s virtusl function sllous the zonfig stesus 1o be nnbl!shed*’{
8 Wifpdef WAL_INcIlOED e ; '’
45 #ddafIna VAL aNCLUDED 105  virtusl Lngi:ll Conﬂssnmt /% Eatirn troe TF busy -
&ty #include *CH_B" ] vnicd .
&7 _ 107 .
- I, ¢ 108/ " 1 b '
Lo =f 08 *
56/ tless Name :z WAL *t W/ Kooe £ Stoplonfig ¢ virtual } .
L =r 191 = N
52 = nas:rfgtion 7 1m2 vgt *}
52 ¢ This closs forss the bste elase of the Yorld kecess l.ml i [ I3 /= Thic wul fm:tfm allous the conflguration to bs :tcppad *f
55 J* hierarchy. 1T allews the confipurstion pzoc=ag to do 1ts thing *7  1&: *f
55 /¢ witheut Imrtng to know vhar level or class It 1s decting sfth, *7 s F
g; Fid * ﬁg virtuat vofd Stupl:hﬂnt wold };

¥ r

55 glags tal » p\hlfc CHOblect £ N8 ¢ . . L
59 nug g . A Wi
80 privere: 120 M Nam + SendTontlp . "
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g0z ebed

frinted by revisfon 3.4 of Ipct.c
Flie Uane ¢ WiLT

Date = Urd fan 27 Q8:10:25 1993 .

T I o *r
w2 r* nucri fon & *
;g " & cltrant cohflguration Yo the apecifted dest context. :‘{
s g .
R e T e
v Tl T
128 share vali_Td, L ? d value =
12¢ SomiContext *cun:mtt, 2% The dectication context *f
136 l.ngic.n *laxt _config, * Lant configuemd Level *f
181 . len I* Current ievel . *r
:E Lugfnl fncermental 35 * 1teramental tpdate *r
5 0 - g
E; ;: Hame & SendCeasteiction { virrual ) :::
13 g~ peser £|t~‘m : ' W
:3; fr‘: . Trlt derived classes to send the confipurat{oe data, :;
%
12 virwal sowfErroe Sedcreatesctfont 7% Matuen ereoe f fafted o/
5 Logtesl "l wvalid, * WAL mtrx wlld fiag */
ik share  smll Td, UL fd *
::i SomiContext *context i H F il nﬂ:iut!m context *°
LT H
18 Fendif

PRE £
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o qpusddy

Brinted by revision 3.4 of tpriue

Tuse ¥ Ued Jun 27 DOEZ5:50 1993

0z obed

. Fite Hsee £ Dockek.h . Page: 1 -
1 7% Thiz line {5 for fdentification by the *shot? commend] *r A1
§ J* BUX XEX Z0X Aslan Av [RTOMI (C) 8S5i-Data {(Pty) Led, =7 " gsz o pod
¥
& M Wi &% /% Plase Hame @ Dockat W
& 4 TITLE BOCK: WA & g }
? _ }_‘: TrErrerTTETs :;: g ﬁ beyeriptions :i
7 ) .
3 /T Haa 2 bocket,h B A 88 /* Esch Bogket mgt malnkafn Lfaes af the fstiauing obloct typess *7
g ™ *p & /* 1. Xates } Thik ix » generslised obrject which s used to &
5 LD Kumber 5 ASLAK Revy 000  Rel:z 0.00 »f 7w o ceataln the Kote Informetion st follows: -wr
"o . 7 L o The date and £ise of entry, b
12 J*  Softusre Developed Sy 2 BSU-DATA Wi E T i A usn?e renk, ay
E ;: :f{}ﬂtl’ ;:3‘ a5 ::: : E f’: - The lluteﬂiln orsati{on ::t:iugn-g iivar the fol.lgffns. :;
alfuey . g grougst The Operatir ¥ ral Metsages, Cleas
L 1685 -} ™ e todes, Hand Erazed indientior A
15 /5 W4 FC I refarerce messages.
ir / Fuetien @ Yhe Oocket handling Objest, o mwr~ : .
ia g ~/ A 4 2, Marpa 1 This the alarm sbth the followtng *f
L i A L B Hielda: 4
20 7~ Hlstory H -y B Sty t date and tice, Alarm Cstégary, Alarm L7
21 7 ar g degeription, Alarm urgency, Decursnce cmnter, W4
z Event Dte  Authar  Approved 4 g tatal curatfon of the atarm. A
‘2 /= fpectiication P2H3/30 - pEB find *y . B& /% How §E warks: .o
B 70 Jemiencat Do mwo 85 7% oo recelpr of 2 feLAl the LogleatEquimenittroop o
rplemencation - reeeipt of 3 Arm Tequest the cal .
T k.l?i! WIrR be] i T ol ebiect uilt have tl}'purfuru the foliowing antics: 74
2 ) . * 8 = f. kak esch focket §n e linked List vhether or not they =/
F : : .y - coer ecapt the slers. . "
38 /M Revislos: Revizlon  Date Authar Approved WA 90/ 11, If the alars can ot be acceptest ther a new dacket mmt  *f
L d [-X ) WO oot 7 L o~ b Tnstpntisted and given the sfarm for furthyr . %
®» . -y a processing, Of course the chlect must add 1tcelf to the */
33 s+ Revislon Description: o 9 g contafoment tree once it has & Docket Refererce rber =/
b T p—— _g T which i germrated by Oreflien i
35/ 050 ~ Hooe > ¥ % 111, whenevor a New Alarn fs procassed then that alarm mist
3% ay L I ba checked sauirst the GeneralFilter in the csae of the
o - 9T Sockat status been future and sgaimat the Docket alom
38/ Fuctionsl Specifications * Lo fikter Tn the caxe of & Curpent Docket, IF & mw alacm
32 ) o W §s been sdded than the alsrm mgt be ch sgainat the
i W 16 i~ dockets alacw scceprence ties Windew, *;
41 f» This class provides for the crestioo/sanfputation of feult foge 4/ w o
&2 f* ( calted dockets ). The actusl crastim and sanfpulstion of b 102 /& Things that Docker showld be abie ta dos
45 /¢ thoxs dockets is performed by the togiealEqpripmintiroup GhJect 7 m :
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