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1. Preface

1.1 Introduction

HOOD (Hierarchical Object Oriented Desigins a design method, which is used after
the requirements analysis activities and covers architecturghdeketailed design
and coding",;. The method resulted from merging methods knowalesgract ma-
chinesandobject oriented desigand was further adapted to the needs of European
software industry as an attempt to unify and integrate object di@n#and advanced
software engineering concepts and notations [Heitz92].

1.2 History of HOOD

The HOOD design method appeared in 1987, at the request of the European Space
Agency (ESA) for a design method that would fit the needs of commal-time
software, such as those encountered in space applications; the methodittne

Ada programming language as its target language. The bid was won by aieonsort
consisting of CISI Ingénierie (France), Matra Marconi Spaan@e), and CRI (Den-

mark). HOOD resulted from merging Matra's experiewdd Abstract Machines
[Mach85] and CISI's experience with Object Oriented Design [Booch86} iRl
provided its experience on the formal definition of the method. This eesultthe

first version of the method, HOOD 1.

HOOD 1 was never really used for actual projects, but it served as ddpasism-
proved and more industrial version, HOOD 2. HOOD 2 was used industrially for the
EFA (Euro Fighter Aircraft). The notion of a common representation of de@lgns
SIF, explained in section 19.3) allowed to freeze the interfacegéetilie subcon-
tractors.

In September 1989, HOOD 3.0 was released by the HOOD Technical Gro®),(HT
a group of experts founded by ESA which is in charge of the maintenaneeadunsd

tion of HOOD. In July 1992, HOOD 3.1 [HRMS3.1] was adopted by the HOOD User's
Group (HUG) as the official release of the method. It wasvatugon from release

3.0 that incorporated feedback from over two years of experience on yaogerss.

After an evaluation phase on small pilot projects, the method wasrcfashe CO-
LUMBUS Manned Space and ARIANE-5 programs. Since, it has been ddopte

1. Chapter 2 will detail the precise definition bése terms.
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EUROCOPTER, the French Navy and by several other large projeasospace,
defence, transport, energy and nuclear applications.

However, the context of software development is a moving taddgect oriented
method have gained wide acceptance in the meangriensive use of HOOD
showed some difficulties, and there was a desire to support otheamrogrg lan-
guages. At the same time, C had moved to C++ [Stroustrup91] and Ada 83 [Ada83]
had been replaced by Ada 95 [Ada]. For these reasons, an update of the method be
came necessary. This was achieved in 1995 as HOOD 4 [HRM4]. This is the current
state of the method, and the one which is described in this book.

With thousands of engineers trained in Europe and the availabilityeradéool sets

and companies providing support for using the method, HOOD is spreading continu-
ously within the industry. The Hood User’s Group has been set-up as aafiaieal

non profit organization and is in charge of controlling the evolution of the method.

1.3 Structure of the book

This book is organized in four parts that provide a gradual approach HOO®
method.

Part 1 introduces the basic notions of HOOD; starting from general saftessgi-
neering notions, it provides enough information to allow the readerderstandan
existing HOOD design, at least at the level of the gdraructure. The part con-
cludes with the presentation of a full HOOD design.

Part 2 then goes into deeper details, and a more formal presentationrméthed;
this corresponds to what the reader needs to know about the formalsite to new
HOOD design.

Part 3 discusses the methodological aspects, i.e. the process that bringswinoie a
page to a full design.

Part 4is a full scale example, that shows a full design from thg padses on down
to actual code.

Annexesare included to provide the reader with supplemental information, such as
bibliography, summary of acronyms and notations, and a full index.

As is common nowadays, we have usdbar i er font to represent programs and
names that appear in the textual formalism of HOOD.

Paragraphs of this style provide additional infatioraof less importance, or extra details
on a particular point. They can be skipped at fesiding.
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1.4 About this book and other related materials

There is a number of publications and documents about HOOD. Apart frobotk,
two documents are of interest to the HOOD desigtitee:HOOD User Manual
(HUM) and the HOOD Reference Manual (HRM).

This book is intended to give a first introduction to HOOD and to presganeral
overview of the method,; it isot intended to cover all the details that are necessary
before being able to start a full-scale project with HOOD, bergresent the main
ideas that would allow a project manager to make a conscious decision when choos
ing a design method.

The HOOD User Manual [HUM96] aims at presenting miaehnical details for
those who intend to use HOOD. It provides a thorough coverage of implermentati
details and covers examples on how to best use the method for varioocatagptio-
mains.

The HOOD Reference Manual [HRM4] is the official definitiortHDOD. It is very
formal, and serves the need for a "standard" of HOOD, in order to insucgperar
bility of tools. An educated HOOD user may look at it in order éoifgl some fine
details, but it is not intended to serve as a pedagogical manual.

Information about HOOD can also be found on the Internet. Most tool venda's ha
their site, and there is a site dedicated to HOOD:

http://www.hood.be.
You'll find information about the HOOD User Group, the HOOD method iéswl
its tools. You can also download the reference manuals (HRM and ldbd/gome
relevant papers.

Let us finally stress thaio book will ever allow one to become a HOOD designer (nor
for any other method): actual training with hanasexercises, availability of a
HOOD tool, and assistance of an experienced tutor in the beginnings, are a must.

1.5 Acknowledgments

This book has been written on behalf and with the constant help and guidéimee of
HOOD Technical Group, which deserves collectivelynay thanks. Of course, a
group is mainly a collection of people, and some of them had a rearaditsg influ-

ence on the form and content of this book. First, my deepest thanks and appreciation
go to M. Heitz (CISI), the main designer of HOOD and head of th@ Bl®echnical

Group, for his many advices, careful readings, and sometimes ligelysdions on
issues where we didn't necessarily agree, but where we were felylatde to come

to conclusions that were acceptable (and happily accepted) by alipzarts. | grate-

fully acknowledge the help of other members of the HOOD TechGitaup who

were able to devote some of their time to reviewing earlieiores®f the book and
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participating in the various coordination meetings: E. André (SEMA Group), P. Dis-
saux (TNI), C. Pinaud (Matra Marconi Space), and J-M Wallut (ENEwould also

like to thank people who provided me with some valuable inputs in the foconef
ments, reports, papers, and other documents. | was not always ablede dicectly

their information, but their participation helped to shape the form dbdlo&. This
includes A. Burns (University of York), A. Canals (CISI), D. Minguill@NES), P.
Panaroni (INTECS), and A. Wellings (University of York).

The help of companies that provided access to their tools for my expesiia grate-
fully acknowledged: TNI (Stood tool) and SEMA-Group (Concerto tool).

Finally, I'd like to thank my "naive" reviewer Jérémy Rosen. Heingtsumental by
knowingnothingabout HOOD beforehand, and contributed a lot to making this book
more understandable.



Part 1 :
Industrial software design issues

Software design is an integral part of the development of many iralystoducts;
too often however does it rely more wizardry than on industrial, fully mastered
process.

What makes the approach we describe here unique, as supported by thet¢@©D
od, is that it takes into consideration many industrial camgs within the design
framework itself. Such constraints include working with sutiactors, hardware
constraints, reuse, and long-term life cycle.



2. Hierarchical and object oriented design
Issues

In this chapter, we will recall the most basic notions of objeehted design and oth-
er software engineering principles, which form the basis of HO®Well as many

of other design methods. The goal is simply to explain how some basscaermsed

in this book, since there are many diverging definitions of them.

2.1 Design: breaking software into modules

Before discussing about object oriented design, it is itapbto understand what
design is about. A software product is generally too big to be dealt withsasgle
big chunk; it is therefore decomposed imodules Design is the activity that starts
afterrequirements analysend whose goal is tdentify and define software modules
Actual production of the modules is the task of¢bdingandtestingphases.

The goal of analysis is to provide a high level description of the requitenvehile
design is oriented towards identifying and describing software sotut&though
traceability from analysis to design is of utmost importance, it doesiean that the
design should be a mere rewriting of the analysis. On the contramyn deaicreative
process that takes into account the constraints and paradigms of aosofiware.

It must find a solution which is, at the same time, a sat®@fiasblution to the prob-

lems described by the analysis phase, while being efficient (in the broad sense) from
a software point of view.

For example, the analysis often describes the problby classifying the data in
terms of "is a" relationships: a client "is a" person, a vilmadetector "is a" sensor,
etc. This can be sometimes translated at design level ti@ngheritance mecha-
nism, but it is in no way mandatory, and alternative solutions (as siwhypuld be
investigated, and may well be more appropriate. Sharing propertiealyasia level
does not necessarily involve sharing implementation code!
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2.2 Object orientation

We said that the goal of the design phase was to define madoleso decompose
a software piece into modules is what differentiates the vamatisodsit is there-
fore a central part of every design method

Early design methods were functionally oriented: modules were dedtwrding to

the main functions of the program, and to the order in which they we@mped.

This approach was, and still is in many cases, very effective, but over time a number
of drawbacks appeared, especially due to the strong temporal couplingrbetace

ules, difficulties in defining reusable modules, inability to deal wathcurrency, etc.

A solution to a problem can normally be described using very common notions from
the real-world. For example, it is quite natural to tell peoplditk on a button on

the screen with the mouse. Of course, there igaldbutton on the screen, and even
the fact that the pointer on the screen somehow follows the movementsrafiibe

is a pure artifact; however, these compotgectsbehave as if they were real objects,
at least as far as their computer usage is concefimey. areabstractionsof real
world objectsObject oriented desigoonsists in decomposing a program into mod-
ules that represenbjects as abstractions of real world objects. Since objects normal-
ly have both properties (colour, shape, etc.) aperations (being pressed for a
button, etc.), computer objects embed hadba structuresandprogram structures
that belong to a common entity of the problem domain. This is knowncapsula-
tion, and is often used as a definition of a computer object.

2.3 Abstract state machines

An abstract state machine is the most elementary way of represantbbject. It is
a module that encapsulates the states of the object and providegopdoaact on
this state, or to direct the object to perform some actions. 8ircebject has states
that can influence its behaviour, it is called a state machiitomaton. Moreover,
these states are normally hidden. In Ada, the machine would bemeied by a
package, and the states would be encapsulated as variables of the padyade
C++, the variables would not appear in the ".h" file that definesrterface. Since
the actual state variables are hidden to the external world, their inteucaliist can
be quite different from what appears to be to the users of the :abjectal state is
abstract

For example, a rail needle appears to have only two states: LefigitdActually,

the object that deals with the needle has a much more complicatedwhile it is
moving, the needle is neither Left nor Right; moreover, the object mabld& deal

with complicated cases, like when the needle is frozen, and several attempts must be
made to move it from one position to the other one. But thanks to theserfatzon
mechanism, such a complexity is hidden to the user.
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2.4 Abstract data types

When an object is represented in a computer as an abstraniathaiae, there is only
one occurrence, or to use the official term, onlyiostanceof the object. One mod-
ule equals one object. It is however often the case that dataoneeexchanged be-
tween objects, or that similar objects must be created. Tharaded to describe a
common model for those data, from which many instances can be made.

Such a model that allows to declare several instances witlaitine groperties is, in
computer language termsgdata type A data type is used to represent entities of the
real world: a length, an employee's salary, a telemetry record hetoriew of the
data that makes sense for the user of the type is callathsbractview; but this ab-
stract view has to be translated into the much simpler typesahde handled by the
computer. This simpler view is called tineplementatiorof the data type. For exam-
ple, a printable character represents an element that caachéueit is generally im-
plemented as a byte in the machine.

Normally, the user should not depend on the representation of the absti&athien.
language (or the method) allows to define the data type in such a wayetlaatual
representation is hidden and that the data type can be operated upon only through a
well defined interface corresponding to the abstract view, then oslgltisiract view

is accessible, and the data type is calledlemtractdata type.

2.5 Aggregation

Real world objects are generally madepafts that are themselves objects that are
assembled to build a higher levebmpositeobject. This is also true of software ob-
jects: a button is made of a frame and a label, a pixel incKidesl Y coordinates as
well as a colour, etc. The process and relationships by which anisbjede of sev-
eral sub-objects is calleygregation

Note that the properties of an aggregating object are generallediffeom the prop-
erties of the aggregated parts. An aggregating object has its owntigseand the
aggregated parts only serve to implement the global object.

Aggregation is a powerful mechanism for construgtaijects, and some design
methods do not require any other form of relationships between objectstererdi
tiate these methods from others that rely on the mechanism of inheritancatgatese
next), they are sometimes calleject baseanethods.

2.6 Classes and inheritance

It is sometimes necessary to build a new type of object by extendipgpierties of
an existing type. For example, a monitoring system to detect a curreltaolvean
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be thought of as a normal amperemeter (which may already existanvéxtra fea-
ture that allows it to trigger an alarm when some predefinedieegceeded. In this
case, it makes sense to define the monitoring system from the existing ampegremet
adding the new functionalities. Since the monitoringtesn will still have all the
properties of the amperemeteiisjitfrom an abstraction point of view, an ampereme-
ter. It is said to inherit from the amperemeter, and is considerdgelong to thelass

of all amperemeters. A class is a kind of abstract gg& which belongs to a set
whose members are interconnected by inheritance relationships, alkivaingg of
common properties.

Many people claim that inheritance is the most important featuigi@ét orientation.

It must be reminded here that often, the same effect can baeibtaoth by inherit-
ance and aggregation. For example, an alternative solution to the prexaoysie
could have been to define the monitoring system as a stand-alone batityptld
include @ggregation an amperemeter and an alarm system, but that would not have
been considered as being an (belonging to the class of) amperemeter.

This is really a matter of different ways of modelling real worlcgeots, and there is
no absolute best way of doing it. In general, aggregation provides bettendataps
and information hiding, while inheritance allows for quicker developmentade
reuse. Which one to chose depends on the project's constraints.

2.7 Exceptions

Normally, an operation provides some kind of service. Sometimes,dghieae ser-

vice can simply not be provided: either the parameters provided by kbeasalin-
consistent, or some external event prevents the operation fromai@entp do its
business... Defining the semantics of an operation when problems are encountered is
as important as defining the behaviour when all is well. Too ofterpdhi®f the se-

mantic is undefined, and can lead to unexpected behaviour when such a candition
encountered: when what would happen is not specified, the paflsumes that it
cannot happen.

Therefore, a complete description of the behaviour of an operationmolugta the
conditions imposed on the caller for the operation to be able to perform itpitask (
conditiong and the definition of error conditions that can prevent the operation from
succeeding. If such a condition is encountered, the operation must sidreat&dier,

in a non-ambiguous way, that the required service was not performesecdses (i.e.

not fully completed or not performed at all). This kind of signal ikedadn exception.

Some programming languages (including Ada and C++) provide aifuilecha-
nism for signalling exceptions. Other languages (including C and FORTR&M)
no such device, and exceptions must be signalled using a return code, foreexampl
However this does not change the principle: the caller has to know witethes-
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guested service was performed according to its expectations/sgpmifscor not, i.e.
whether an exception has occurred or not.

2.8 Generics

Sometimes, it is discovered that a number of objects are maoleliagcto a given
pattern, and differ only by some types or secondary operations. For example, the no-
tion of a bounded list does not depend on the kind of data that is held ifigt. thie

would not be cost-efficient to redesign as many lists as types baimguiated; it is

better to gather this commonality in an objecaplate This corresponds to the notion

of templates in C++ or generics in Ada.

A bounded list can therefore be seen as a parameterized objea,pahnaseters are
the type of the data being manipulated and the maximum size of tteult$t a ge-
neric object cannot be used in itself: it can only be used to enstaaceswhich are
regular objects obtained from the generic by providing values to the parsinkete
example, an instance of the bounded list could be a liseatur e_Poi nt s of
maximum size 100.

Since instances are all derived from a common model, a changemodes will au-
tomatically update all instances, making maintenance much easiéythaanual du-
plication of a "reference" object.

2.9 Concurrency

Most programs are defined as a lissefjuential actiond.e. a program is viewed as
various statements that are performed by a computer one aftehéneHowever, in
real life, it is often necessary to deal with several thatighe same timen a tennis
video game for example, it is necessary to control the movements qidutatles and
of the ball simultaneously. When one (or several) computers have to ddfetlent
activities concurrently, it is calletbncurrentprogramming.

There are several ways to deal with concurrency; the most commaoiesists in
separating the problem as several activities, cétilexhdsor taskg, each of them be-
ing purely sequential, but being executed in paraligh other threads. Note that
many real-world objects do have a concurrent behaviour of their owrgrawave
oven stops after the required time, without the cook having to stay irofr@gmwith

a watch! The same effect can be obtained for computer objetisy iinclude one or
several threads. Such objects are callgte objects.

1. In this book, we’ll use the more general termréttd"” to refer to the concept of "light weight pro-
cess". We'll keep the term "task" for Ada tasks.
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Concurrent programming induces a number of difficulties that have to be d&alt w
that are not found in sequential programming. The most important of the issues are:

* Implementability Although a convenient tool, concurrency may require support
from the operating system or the underlying executive, which is soe®tot
available.

» CommunicationSometimes, different threads need to exchange or share data. A
special mechanism must be provided to that effect; examples ofgaottanisms
aremailboxesandrendezvous

* SynchronizationSometimes, a thread needs to know whether another thread has
reached some point in its execution, or a thread must wait uettlaives an indi-
cation from another thread that it can proceed. A special (and impartese of
synchronization is needed when two threads can access some variaheror
shared element, at the same time. Special care must bedakeute that no cha-

0s results.
Note that communication and synchronizationrastorthogonal issues. For example, the
rendezvous is a synchronous communication, sinttethceads that communicate are in a
well defined point in their execution. Threads t@ndesynchronized by introducing an in-
termediate agent thread. On the other hand, maikbprovide asynchronous communica-
tion, since the sending thread knows nothing atibetstate of the receiving thread.
Synchronization can be achieved by adding an exéissage exchange.

» Race conditionsSometimes, the correct behaviour of a program depends on the
precise order in which threads perform a certain action, but it@alfficult to
guarantee that the right order happens in every case, since threadsaoate
concurrently. When incorrect behaviour results from threads executtagcae-
tions at inappropriate times, it is called a race condition. Rawditions are the
cause of very hard-to-find bugs, since they may never happen under debugging
conditions, but only on the real working system. Some common synchronization
primitives used to avoid race conditions inclsggnaphoresnonitors andpro-
tected objects

2.10 The client-server model

A useful paradigm when dealing with complex systems is to akerd-servemod-

el. It consists in breaking the system into modules that act eishegrvers, defined

by a number of services that can be requested from them, and tienise these
services. The principle is that a server provides the servigsumber of clients,
without having to know anything about the client; on the other hand, the client uses
the services, as defined by the specifications afit@nface without having to know
howthe service is implemented. A real-life example of a clienter model is a post-
office, where clerks provide services (sell stamps, acceptigat@@nyone who is in

line, while the clients queue up at the booths without having to know abauetie
anisms involved for sending a letter across the country.
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2.11 Issues with distributed systems

A complex system rarely involves only one program running on on@ingdut
rather needs the cooperation of several programs, often distributed twoaknef

computers, or several computers connected by an industrial bus. T8eatpraew
challenges to design, since it is far from obvious to determine howstesié the
parts of the system over the hardware configuration.

It is often tempting to account for distribution right from the stathe design. With
this technique, a physical architecture is first defined, therdgdgded which func-
tions are to be implemented on which computers. Then, when a fhé gfstem
needs services from another part on another machine, it calls it through network se
vices. The network is thus visible as a top element of the projecty krojects have
used this approach, but experience has shown that it had severe drawbackesT
important one is that the architecture of the software is diyehe hardware. If the
hardware design evolves, or if it appears that the initial distoibwti software mod-
ules over the hardware is unbalanced, it is often necessary to arogeparts from
a machine to another one. If the software is driven by the hardwiaremplies a ma-
jor redesign of the software architecture, sometimes veryndkeiproject's life cy-
cle.

Moreover, the precise hardware configuration may not even be fixedghmsing
of a project. Now that portable, standardized, middleware solutionsgsicRBA
[OMG91]) are available, and that rapid evolution and changing priclkardivare
makes economics forecasts difficult, it is increasinglydase that the supporting
hardware is chosen late in the development process.

For these reasons, it is generally regarded as a betteggtratedesign the software
independently from the distribution issues, and then deal with distributeomiage-
pendent step. On the other hand, a hardware architdwate be designed, often
quite early in the project. This means that both aspects must eoolgerrently, and
that there must be a simple, versatile, and powerful way of mapping the sofievar
sign over the hardware structure.
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HOOD is an architectural design method, helping a designer to pattit@oftware
into modules with well defined interfaces that can either betfjireaplemented or
further partitioned into modules of lower complexity. It supports functiapptoach-

es as well as object basauld object oriented design. It integrates both modular pro-
gramming, centered on client-server and composition relationships, anidaimter
programming.

HOOD was developed as a design method, with special considerationefiodevel-
opment activities that occur at the same time: smooth integratibimequirements
analysis, concurrent development of independent parts, automated ocedatiga
and testing, client-server and post-partitioning support. The integratibresd# as-
pects results from the return of experience gained from using pressues of the
method on industrial projects, thus making HOOD the architectural desitnod of
choice.

3.1 Obijectives of industrial software design

Complexity

There are several issues that make software development shwalleaging endeav-
our. But encompassing all the others is the issw®miplexity It has long been ob-
served that the human mind is limited in its ability to handle contgl@Miller56];
at the same time, software becomes increasingly complex. Theggdeoch points
out [Booch91], "the fundamental task of the development team is to entheder
lusion of simplicity". But this does not happen through wishful thinking: desggh-
ods are intended to guide the developer into achieving this goal.

One of the issues that makes software complex is that these\aeal aspects to it:
whatto do,whento do it, anchowto do it. A design method can help iEgparates

concerns allowing the various aspects to be dealt withhwitt introducing any

coupling between them.

Reuse

Software is rarely entirely neweuseof existing modules in new projects is often a
concern. It is not something that happens by chance, and a structuresisamgdn
order to identify the pieces that can be reused, at design levellaswat code level.
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Hardware vs. software

Most modern systems involve a network of computers, or at least several collaborat-
ing processes. The hardware architecture is often driven by extensdlerations,

such as cost, power consumption, network bandwidth, etc., that cdecedsarily

map the software constraints; on the other hand, software is dedelpeurrently

with hardware, and cannot rely on a definitive hardware architeoreover, soft-

ware changes and evolution should not have an adverse effect on theesfésdiof
hardware usage. For these reasons, a design method should allow concuelent de
opment of hardware and software, and provide for a late mapping of sofipan
hardware as well as for an easy remapping if necessary.

Traceability

It is a fact of life that requirements keep changing, long aftéguléss started. Eval-
uating the impact of a change is difficult, but it can be easéeériétare goottace-
ability documents, that tell precisely which parts of the design are impacted.

Partitioning

Finally, large projects are seldom built as one piece. Thereeis @fbrime contractor
who delegates part of the development to several subcontractoggolbiaé design
process is split into several concurrent activit®gen if the project is completed
within a single company, it often requires several development tedmssiniplies
that software must be partitioned between the various proponents, asghittaio-
nization and consistency checks have to be done between looselypalatzdants.
This aspect has a real impact on software design: what gosdfisvare architecture
if itis not feasible in time by the people in charge? It alq@igs that a design method
must provide a common language for expressing strictly defined interédlosang
subcontractors to understand what they have to do, and allowing the primetoontra
to check the resulting design against the specifications.

3.2 The HOOD approach to design

HOOD is a desigmapproach that uses standardized (textual and graphfoatal-
ismsto express the results of the design. A numbarle§ elaborated from industrial
experience, apply to the design, and these rules can be checked by autoosited
The final goal is to achieve the best possible quality design.

3.2.1 The hierarchical approach

Since HOOD is aesign approacht provides a framework to guide the developer in
the design activity, by describing and refining a software model frotraabstruc-
tures and concepts towards machine code. Each step produces piedesfidédting
the associated design activity, that can be reviewed and checked ggalitg crite-
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ria. Moreover, HOOD is hierarchicalapproach: it defines high level structures that
are refined into more detailed ones; the desigesenhas to cope with all the
project’s details at the same time. This dramatically redtimesomplexity the de-
signer has to deal with at any moment. The hierarchy can be organtpediag to
management constraints, such as subcontracting or other organizational aspects.

An original aspect of the approach is separation of concerngach module in-
cludes separate descriptions for interfaces, functional aspeetsnddeling, and be-
havioural aspects. The descriptions are kept inudpa, making it easy to apply
dedicated development skills, and rigorous methods. For example, Rate Monotonic
Analysis [Klein93], State-Transition or Petri nets [Reisig85] ysial automated test
scenario generation, can be applied to the behavioural part without relying on an im-
plementation of the functions, while functional parts use abstedetrsiachines, pre-
conditions and post-assertions for functional proofs.

Separate hierarchies are defined for reusable software comportaatallows for
introducing a reuse policy as a natural step in design. Moreover, the nasigsterh
configuration (see section 12.3) allows precise tracking of which compsajuesign
pieces as well as software components) are being used in each project.

Traceability with requirements as they are refined, followed fiye@ solutions, is
still a problem in managing large projects. HOOD refinement priegestipport a de-
velopment approach that encompasses the different design phases ardweipg

consistency and traceability of a design solution, from requiremeitgptementa-

tion, even in the presence of unstable or evolving requirements.

Finally, the method includes an abstract model of distribution (the Mrbaes, see
section 6.3) which is orthogonal to the structural design. A separptéssised to
map the logical architecture into the physical one; this ensures imatbrpe=e and ease
of relocation between software and hardware.

3.2.2 Balancing graphical and textual formalisms

HOOD includes the definition of graphical descriptior(i.e., boxes and arrows). It
provides an abstraction of a solution with a clear, high level and easyderstand
formalism. It offers a reduced, but consistent view of objects, éndsahierarchical
refinement and easy understanding of the solution.

The notation is intended gupportthe approach, not to replace it. It is a convenient
way to reason about software and to make a mental picture afhtteature, but not
more. Therefore, the graphical description is complementeddxtueal description
which includes all details. It allows formal expression and refergrof the object's
characteristics and properties by an Object Description SkelemﬁlloT his con-

1. HOOD uses a number of abbreviations like this &mmex A summarizes those that are used in
this book.
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cept helps structuring the descriptions into separate fields which suppapaier
control and program description notations. Finally these descriptioricaastated
into a target programming language (Ada, C, C++, or FORTRAN, for example).

The textual notations leave provisions for both informal and formal tabbsying
the definition of a documentation skeleton which can serve as a fraknw a step
by step integration of advanced notations (like Petri nets for exariplels can be
used to capture and formally verify the characteristics of objects.

The graphical notation recalls the context of the design piece, butrhadgsmple-

mentation details, thus decreasing the design complexity, while thelteatation

keeps all the details, including full traceability and control of dep®sids between
modules, with full consistency checking. These notations allow to use pbsieutc-

turing concepts for describing and organizing a system as a setrobimtected hi-
erarchies of objects.

3.2.3 Design quality control: HOOD rules

Proper usage of HOOD requires obeying by a number of rules. Rules may appea

a nuisance to the stand-alone designer if they are perceived easnamastrictions;

on the other hand, they can be of great help when they are pdresiyzoviding
guidance, common guidelines, and thus forming the basis of quality assurance. The
rules are summarized in section 16 of the HOOD Reference Manual. EachasHe
signed a number for easier reference, that includes a lettetdbsifies the rule, and

an ordinal number. The keys for the rule letters are as follows:

C | Consistency & completeness P Provided interface
G | General definitions R Required interface
| | Include relationship U| Use & inheritance relationships

O | Operations V| Visibility

HOOD rules are of three kinddefinitions methodological rulesnd usage rules
Definitions are simply statements of the main method elementholi@ogical rules
result from the very structure of the method’s entities . They beushforced, or else
the design would be inconsistent. Usage rules come from industrialengeerrhey
are intended to help the designer and provide a basis for quality assumainthere
may be cases where an out-of-norm situation may lead tobegtng by the rule.
Such exceptions must be documented and justified in the design documents.

In the book, we introduce rules as we encounter the corresponding situbtgraré
presented in a special box, to stress that they are formal rules, as follows:

Reference numbe*r Kind

Text of the rule.
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The reference number is as given in the reference manukinthie one of "Defini-
tion", "Methodological”, or "Usage", and the text is the text of theaslgiven in the
reference manual. Note that "Usage" rules are not formal aneshus have no ref-

erence number.

There are alsoode generation rulesvhich define how to map HOOD concepts onto target
languages. We will not address these here, sirggeate mainly a concern for the tool de-
signers.

3.2.4 Supporting the method: HOOD tools

HOOD was designed right from the start with consideration for sagdport. What

this means is that tools were not added later, but that itatleex considered that tools

were in any case necessary for any serious software development. The notations, the
rules, and even the format of the design documents have been designedfprde

duced by tools and for being reviewable by tools.

What do the tools bring to the designer? First, they help with the dedigity itself,

by providing graphical and textual editors. They can generate documents according
to various documenting standards (like DOD-2167A, DOD-198ASA PSS-05
[BSSC91]). They check and insure consistency betweerefiregentations. They

can enforce HOOD rules, and provide various analysis of the design. For example, a
typical output of such a tool is represented on figure 3-1.

fhome/sunfred/tmp/rosen/errors.tat

File Edit

Checking of the system fhome/roth/waterlock
Date of check: "10.7.97 13:32" |
Set of HOOD rules for check: "default set"”

1 Flip_Flop

1.1 G9-0BCS

An active object shall have an "OBCS" while a passive one should not.

(HOOD Reference Manual 4: rules G-9, C-1, ODS—10 to ODS—12)

The "object Elip_Flop”, whose type is defined by the "passive”, does not conform to
this rule.

1.2 HPC—-1-8—-INT-ATT

The attributes of a type must be defined in the INTERNALS section.
(HOOD Reference Manual 4: rule HPC—1-8)

"provided_type Instance” does not conform to this rule.

1.3 HPC-2-1-CLAS5-MEMBER-OP

It is not possible to define the ADT related to a class in one terminal object and some
of the class membetr operations ih another terminal object.

(HOOD Reference Manual 4: rule HPC—2-1)

Therefore type "identifier instance” of operation "Is_Set { Me : IN instance )" must be
defined in terminal object "object Flip_Flop".

1.4 Detected errors

Number of detected errors : 3

2 Lizhts_Controller

Figure 3-1 : A HOOD checking to¢Concerto, SEMA-Group)

Moreover, it is possible to extract parts of the design for procebgigher tools,
like proof making tools for example.

Several tools are currently available from various vendors, andsthisompetitive
market. HOOD defines a standard representatioresigas (the Standard Inter-
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change Format, or SIF, see section 19.3) that allows a design producedlty de
read by a different tool. This way, several subcontractors on a pnegdinot use the
same tool in order to exchange design documents.

3.3 From analysis to design: scope of HOOD

HOOD supports identification of a software architectfter requirements analysis
activities and leads naturally into detailed design where operatiafgeats are fur-
ther designed and implemented. This detailed design description mayHsz fert
fined into target language descriptions up to a pointrevitiee target code can be
generated. Figure 3-2 indicates HOOD applicability withisimplified life cycle
model.

Requirement analysis | Architectural design | Detailed design | Coding | Testing

e i

Figure 3-2 : HOOD in the development activities

Although HOOD is not a requirements analysis method, it handles "desjgme-
ments analysis" activities during the transition from requirementgsaasab design.
From this point on, it covers all phases of architectural desghdetailed design
down to coding, which can be greatly automated, and testing.

HOOD concepts are intended for easy integration of design with othelogment
activities. More precisely, HOOD object properties have been defireder to ease
interface mastering, testing and integration in the cortepiarallel, multi-people
team developments. This implies that HOOD is rathmirg at better filling the
needs of the prime contractor and integrator than those of the low level pnogrram

3.4 HOOD compared to other methods

As noted above, the challenge for a design method is to guide the developer in order
to design complex software while giving it the look of simplicity. Manygiemeth-

ods fell into the pitfall of trying to accurately represent altr@f complexity of the
problem to be solved, while HOOD focuseshatiing the complexity by organizing

the development in such a way that the designer, at any one moment, dolgdyzes

with a well defined and bounded part of it that is within the readtunfan under-
standing. This is the key concept that introduced the notibrecdrchical design.

Analysis methods, such as OMT [Rumbaugh91], are very efficient methoaspfor
resenting the properties of system. As such, they are very freggi@aements analy-
sis method, and can actually be used as the input to a HOOD d@esighe other
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hand, there is no clear module interface definition, so using designmethod will
badly lack context restriction, interface definition, testing and integration support.

The so-called object oriented methods (actually, inheritance based methods) provide
excellent flexibility when in the exploratory stages of a projectjtdatoften at the

cost of difficulties in traceability, testability and maintenarmyelimiting inheritance

to data structures in a very controlled way, HOOD achieves many bétigdits of

these methods, without the drawbacks.

Finally, a special mention should be made to expthe relationships between
HOOD and UML, the Unified Modelling Language [UML]. UML is a very geaie
languagethat can be used to describe various systems; it has been desigreed-by m
ing concept and notations from OMT, Booch and OOSE methods. UML includes a
graphical representation of the formal language. UML (purposely) doeschate
anydesign processt is rather expected that various design processes be defined us-
ing this language. The general notation can be specialized, by identifyiam cses

of the constructs as bearing some special semantics; suchigpgora are called
stereotypes

HOOD concepts can be described using UML, adorned with a number of atehoc
reotypes, and the HOOD method itself can be described using Udinata-model,
the same way as UML is itself described using its own metaimodesense, HOOD
can be seen as one of the many possible design processes obtainezaliyisge
UML. HOOD is not UML, but HOOD is compatible with UML.

HOOD notations differ in a number of places from UML niotas. On one hand,

when the same need arises in both approaches, it would make no seveset @ dif-

ferent shape of arrow, and HOOD uses the same (or similarjomstais UML; on

the other hand, when a stereotype is a cornerstone of the method, it does make sense
to identify it by a special symbol to make it more easily recogreztiian a simple
annotation on a standard diagram. Deciding which level of concepts isavgpecial

symbol is a matter of judgement, but the apparent differences bettveeratations

should not be taken to be more than what they are: various ways of népigefiee

same underlying model, and it is absolutely possibldesign a HOOD tool that

would, at a user mouse click, present the design using either notation.

3.5 Summary

HOOD is a hierarchical design approach that incorporates the nofiobgect ori-
ented design into an industrial process. It includes a notation and a plesigss.
The formalism is supported by a set of rules which are enforced by tools.
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4.1 Objects and modules

Objects are the most basic entities manipulated by HOOD. Treevau@ous kinds of
objects, that will be detailed all along this book; some represemctsbjn the sense
of classical OO techniques, but others do not. To avoid ambiguity, weushathe

termclass instancevhen we want to refer to an object as an instance of a class.

A HOOD object is a basimodule a conceptual unit of design and encapsulation. It
may have an internatate and is defined by theervicest provides These services
are used by other objects, which actkesntsfor thisserverobject. A fundamental
aspect of HOOD is that interactions between objects always follow this-stierdr
model: a server is an object that provides services, but does not kmdwrio the
services are provided. On the other hand, a client is an object teahaservices,
but does not knowowthe services are provided.

Every HOOD server object featurepravidedinterface that defines the services that
can be used by clients. Clients do not need to know (and, to be ltamegitknow)
how these services are implemented. This enforces the softwganeering principle

of encapsulationBut of course, clients do know which services they needhE
HOOD client object must also includeejuiredinterface, to describe which services
are being used.

A server may require other services in order to perform ks tds this case, it will
act as a client to other servers; generally objects act both as clidrdsraers at the
same time. They will thus exhibit both a provided interfacea required interface.
Those interfaces should not be confused: the provided interface detteibesvices
offered by the object to its clients, while the required interfapresents the opposite
view, i.e. the elements of the servers that the object needs to operate correctly.

4.2 Description of objects

An important aspect of a method is how to document the design piecestgpbpr
HOOD). There is a tension between the need to give a simple vibe& désign, that
will allow any person new on the project to rapidly understand the bgéenatture,
and the need to have a thorough, complete and detailed documentation seveil
as a repository from which various pieces of information can be extracted at will.
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HOOD solves this difficulty by providing two descriptions for each object: a graphi-
cal description and a textual description. The consistency between thesgtioes

is ensured by the tools; a tool that would simply allow for drawing @rtmetween
boxes and provide a simple text editor could definitalyqualify as a HOOD tool!
Fortunately, there is a competitive market for real HOOD tools that provideghis
ical link between textual and graphical descriptions.

4.2.1 Synthetic view: the graphical description

The graphical description provides a general view of the object amdiitsfeatures,
without going into detailsGraphical views are in general easy to understand and help
greatly in figuring the general picture, as long as they stay simmplapatoo big, and

do not become overloaded with symbols, arrows, etc. That's why a graphical view is
appropriate for general pictures, but should not be used to give precise details.

The graphical symbol for a simple HOOD object is given on figure 4eteldophis-
ticated forms will be given as we encounter them in the course of this book.

Provided interface ( N\

-~

Name of the object

Internal structure

/

J
Figure 4-1 : Basic representation of a HOOD object

The object is represented as a container with its name on topbard@antaining the
names of the provided services (the provided intejfan the left. As mentioned
above, an object generally also requires services from other objeete fequired
objects are represented as small boxes, containing only the nameetzjitined ob-
ject, that appear on the border of the object, as represented on figuhote that

[ )

} Required objects

Figure 4-2 : Required objects

only the objects are represented at this lewalthe precise required interface; these
diagrams are intended to repregietglobal framework of the objefair this level of
decomposition, not the details of the dependencies.

Some object may have special properties that are of interdst ¢hent; in this case,
a distinctive letter appears in a box at the top left corndreobbject. For example,
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some objects aractive,i.e. they include their own thread(s) of control; this property
is represented with a\" in the upper left corner, as represented on figure 4-3.

[A Name |

(

Figure 4-3 : An active object

When an object appears on a diagram as a server, no internal stisidispayed.
It's only when design is focused on itsplementatiorthat the internal structure is
shown. Otherwise, the strong solid line that surrounds the object igdireraind of
its "black box" nature.

4.2.2 Detailed view: the textual description

The textual description is intended to keep as much information ablpadsout the

object. It includes a lot of informations that were found relevasbmoeprojects, but

many are not useful faveryproject; actuallyno project will needall the sections;

that's why it is allowed to leave some of them empty. The textsarigion is there-

fore long, detailed, and almost impossible to read from end to ends Bhikeliberate

choice: textual descriptions are easily processed by tools, allowidgsigner to just

view the interesting part for a particular task at hand. Figurshbws an example of
such a tool.

Stood - ods text editor [Waterock] |_ (O] x|
¥uindow  viools
sections : modules :
...................................... L PPN
4| oBJECT 1 STEM_COMNFIGURATION
module type d
pragmas Migsion_kanager
DESCRIPTION Operatar

FROBLEM Secured_Wait
Statement of the Problem itext)

7 Secured_Driver

Referenced Dacuments {text)
Analysis of Requirements
Structural Requirements (text)
Functionnal Requirements (text)
Behavioural Requirements (text)
Local Enviranment
Farent General Descripion (text)
SOLUTION
General Strategy (text)
Identification of Child Modules itext)
Structural Description
Identification of Data Structures (text)
Idertification of Operations (text)
Grouping Operations (texf)
Eehavioural Description
Identification of Local Behaviour (text)
Justification of Design Decisions (text)
IMPLEMENTATION_COMNSTRAINTS (text)
PROVIDED_INTERFACE
TYFES
type description (text)
child class inheritance

i
Statement of the Problem {text)
A(The system is in charge of operating an automatic lock system.
There are "bells" on each side of the waterlock, and one in the middle. Traffic lights on hoth side to
tell the boats when they are allowed to proceed through the gates
‘When a boat arrives, it rings the hell. When the gate opens, the light turns green and the boat enters
the lock and then rings the middle hell to signal it is ready.

There is also an emergency stop button in the middle; if it is pushed, all water flows must be stopped
as fast as possible. &ny failure of the software must be treated as an emergency stop.

Figure 4-4 : An ODS editor (Stood, from TNI)
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HOOD defines a fixed format for the textual description of dbjethis format is
called theObject Description Skeletonr ODS. The ODS is organized as a (possibly
quite long!) sequence of "sections"”, each starting with a keyword. Fompéxathe
provided interface of an object is described in the part of the G&Starts after the
key wordPROVI DED | NTERFACE. A section may contain informal text, or formal-
ized texts, depending on the section and how far the design has progressed.

The main sections of the ODS are (see figure 4-5):

irpenertaton coject
Definition of internal elements

ot

Visible part Internals
Visibility wall
Figure 4-5 : Structure of the ODS

Client

* A headetthat gives the name of the object and its kind (passive object, eleisge
etc.).

* A descriptionsection which includes only informal text for the "natural language”
description of the purpose of the object.

* An implementation constraintsection that describes particular conditions that
must be met by the object due to the requirements of the implementation environ-
ment, like an upper bound to the memory used by the object, for example. This
kind of constraints can be discovered at any stage of the developmém of t
project, from requirements analysis to coding, and must immediatetippde
mented in this section.

* A provided interfacesection that describes the various services that are made
available by the object to its clients. Note that "services" imelyde things like
types, constants, etc. and are not restricted to only subprograms.

* A visible OBCSsection that describes the (observable) behavioural properties of
the object

* A required interfacesection that describes the services used by this object acting
as a client. Together, the provided interface and the required cetetédine the
object as interfaces to the outer world.

» Several sectionglata flow exception floywthat give extra details about the servic-
es and the environment of the object; we will address these as we entoemter
later in this book.
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* Aninternalssection that describes how the object is implemented. It incligtes a
several subsections that will be described later. Everything dedan the inter-
nals section is behind a "visibility wall": no external module careddmn the
content of this section.

Most of these sections are mandatory. Sometimes however, a padextian may
not apply: in this case, the section is filled with the wW&@NE or simply omitted.

The description of the ODS given here correspontisd latest version of HOOD (4.0). Ear-
lier versions had slightly different headers orteoits for some fields of the ODS, which are
still accepted by tools for compatibility. The reaghould therefore not be surprised if some
forms not described here are found in actual, old€OD projects.

For example, the ODS for a simple object follows the following general structure:

OBJECT Object namei s -- Header
DESCRI PTI ON
Informal description
| MPLEMENTATI ON_CONSTRAI NTS
Informal description of implementation constraififsany)
PROVI DED _| NTERFACE
Formal description of the provided interface
OBJECT_CONTROL_ STRUCTURE
Formal definition of behaviour
REQUI RED | NTERFACE
Formal description of the required interface
DATA_FLONS
Formal description of data flows
EXCEPTI ON_FLOWS
Formal description of exception flows

| NTERNALS - - Visibility wall
OBJECTS
Declaration of objects that are necessary to thelé@mentation

( Several sections related to internal elementsdestribed here.)

OBJECT_CONTROL_ STRUCTURE
Formal definition of the implementation of the belar
OPERATI ON_CONTROL_ STRUCTURES
Formal definition of operations
END OBJECT Object namg

4.3 Design refinement: the "include" relationship

The "include” relationship, which defines objects as parents of other childpligec
the main originality that differentiates HOOD from all otherembjoriented methods,
and gives the 'H' to its name - that's how the project is organiteeraschiesof ob-
jects.
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4.3.1 An example

Let us consider a television set. A television is a kind of box whiehacts with the
external world: an On/Off button, channel selection buttons and a sound vaome ¢
trol. Moreover, it needs electricity in order to work.

For most users of the television, this is all they need to know abblawitever, if you
open the television, you discover that the television is no single bigqgfietectron-
ics: it is assembled from various parts, each with a very préaigtion; and each of
the controls of the television is actually a control of one of theds. paor example,
the On/Off button is actually a switch on the power supply; the sound vaduarm-
tentiometer which is logically part of the sound amplifier; etcsEituation is repre-

sented in figure 4-6.
9—c o | Audio
= _,0 O . g
f@/ T = amplifier
Volume I

Channels

Tuner

On/Off
Power

Figure 4-6 : Operations of a television set

In HOOD terms, we would say that the services of the televisiomatemented by
services of the various boar@scternally the user sees the services as functionalities
of the television, buaictuallythey are services of the subparts. Once we see the inter-
nal structure, the television, as a whole object, disappearg!st Bconvenient name
that refers to a well organized set of subparts that do the actual work.

4.3.2 Parent and child objects

A high level object (i.e. the first objects to be defined in a desigty)be decomposed
into child objects; the initial object is calledoarentobject.

I-1 | Definition
A parent is a module that includes at least one other mogule.

[-2 Definition
A child is a module which is included by a parent.

As any object, the parent object has an interface that defines the serviceslggrovi
however, it does not implement any service diredtigy are all implemented by
child objects. The goal of a parent is thukittethe internal complexity of its imple-
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mentation. This corresponds to the notiorsebsystenfound in other methods: a
closed subset of a system that can be viewed externally as one single piece.

Graphically, a child object is represented inside its parent. MRLEVENTED BY
arrow connects each service provided by the parent to a servichilaf hat imple-
ments it. Figure 4-7 gives a representation of the television using this notation.

e A

Television set

( Tuner )|
SeleCt_Channel Select_Channel
Set_Volume —
.— T ( Audio amplifier )
Switch_Power Set_volume
(__Power supply )

Switch

Figure 4-7 : HOOD representation of a television se

Note that the user sees, for examphglamebutton but the corresponding operation
is calledSet _Vol une. This is because the names are chosen to shomcesthe
button is the object, bgetting the volumis the service provided by this button.

Thel MPLEMENTED _BY arrow is the dotted arrow that goes from a provided opera-
tion of a parent to a provided operation of a child. For exampl&ahech_Power
operation is "implemented by" ti#&ni t ch operation of thd?ower _Suppl y. In
common words: the switch that appears on the television is actuadiponent of

some hidden part inside - the power supply. Note that the operation fhaments
something may or may not have the same name as the operation being implemented.

I-6 Methodological

Each operation provided by a parent shall be implemented by
one operation provided by one of its children.

A parent isrequired(as opposed to simply allowed) to implemewéryproperty by

a corresponding property of a child; a parent israpty shellvhose only purpose is

to provide to clients a simplified view of the subsystem of all children. No code (nor
data) is allowed directly within a parent. If it appears thatestumction could be im-
plemented directly in a parent, a special child must be created to this purpose.

This ensures that a parent is completely definethbyset of its children, with no "glue

code" at parent level. It addresses the needgoire contractor, who must control the in-
terface of the parent, but delegates the developaiehildren to subcontractors; each child
thus represents a well defined contract. This $rttie integration effort by mastering the
interfaces, while leaving full freedom to subcontoas for the implementation of their part.

How many children are allowed in a parent? There is no definiteeans this ques-
tion. If there are too many children, relationships between themdédreery com-
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plicated, but on the other hand, too few children will lead to spurious decompaosition
levels. In practice, the following rule of thumb can be used:

Usage

A parent should be decomposed into 5 =2 childfen.

Of course, the decomposition process is not limited to one levehdtre design
process, each child object will be further decomposed into more olgadtso on
until the objects are deemed simple enough to be implamienin the target lan-
guage. Objects that are not decomposed are ¢ali@hal objects and correspond to
a module in the target language. Their description includes the associated code.

G-5 Definition
A terminal module is a module which has no child modules.

Conversely, the object from where the design is staredthe topmost object, is
called theroot object.

G-2 | | Definition

A module which does not have a parent is called a ROQ[T.

Let us finally stress an important feature of the hierarchical mechafislOOD. It
is often the case that a system has connections with the exterttgland it is logical
to show these dependencies at the top level of decomposition. For examsea,
important feature of the television that it features a sound votemeol. However,
dealingwith these connections is often a low level implementation detad.hier-
archical mechanism allows the high level object to implementuthetionality by
some child, who will in turn implement it by some lower level chiftj ao on until
the proper abstraction level is reached. In our example, the television vamdhit
Set Vol une to the electronic board, which will transmit it to the audio angp|if
as pictured in figure 4-8 below.

This figure is for explanatory purposes; on a @OD diagram, yowneversee several
depths at the same time

r

Television set

[ Electronic board
[Audio amplifier )

Set_Volume

Set Volume |
| Set_Volume

(

. J

Figure 4-8 : Transmitting a connection to innedaan
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We see that the transmission of implementation solves the cotitadietween a
strong encapsulation mechanism and the need of having cedtinete appear in
high level specifications, while being implemented by a low level module.

4.4 Client-server and the "use" relationship

The picture of the television given in figure 4-7 does not show all th& ipahe tele-
vision, nor the relations between these parts. For example, the yzartaiase power
provided by the power supply; moreover, there is a device (not connected to the out-
side) that is used to amplify the video signals. In other words, sothe ohild ob-

jects provide services to others. We can even have child objectsfilementno
property of the parent's provided interface, but that are used only ihteFiglre

4-9 shows a more complete representation of the television.

.. )
Television set

Audio amplifier

Video amplifier

Set_Volume

Set_Volume

E

Select_Channel
Switch_Power [_Tner )

Select_Channel A

Provide_Video
Provide_Audio
| 1

\A

Power suppl!
Switch
Provide DC
J

Figure 4-9 : The television set with "use" relasbips

We see on this picture that the "use" relationship is represbpta bold arrow (the
USE arrow). The arrow always gofem client to servelit isnotrelated to the direc-
tion of the flow of data. It is a very rough information, only intended to skibivh
objects act as servers for which clients; it does not show, for example,semdte
of the server is being used by the client. This more detailed infemiatmanaged
by HOOD, but in the textual part: it would be too detailed for the graptescrip-
tion. Once again, the idea is that the graphical description is oimhpsessynthetic,
and general view, while the textual description holds the full information.

Note that we have added more services to some child objectgetioalyaneeded by
their brothers, and also another chNdl deo anpl i fi er) which corresponds to
no operation from the outside (parent provided operation). This demonstfates a
damental benefit of the HOOD approach: the outside view (as seziefg of the
Tel evi si on) is simplifiedandreducedas compared to what actually happens in-
side. The parent object acts as the television box, whose purposiedisdt the in-
ternal circuitry.
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Finally, note that a client that uses a server does so through itdgatanterface, the
only thing that is visible; the client knows nothing about the strategy usée bgrv-
er to provide the services, and especially it does not know whetresriles is a ter-
minal object that implements the functions directly, or a parentavhesrices are
implemented by children. This means that changing the strategy used leyvitie s
will never affect the clients. It is perfectly allowable (audually recommended) to
start with a prototype implementation of the server as a teroljatt, and once the
behaviour is validated, provide an actual implementation by furéfiering it into
children.

4.5 Uncles: Combining the "use" and "include” relat ionships

45.1 Uncles

Consider the situation depicted on figure 4-10. This describes thevesof decom-
position of a robot arm used for painting cars. We see that the rohateés two main
parts, the physical arm and the driving device. Obviously, the driving devie¢hese
physical arm.

( Painting robot h
Paint pairt
- l

Physical arm
L Move

Figure 4-10 : A painting robot.

J

Consider now what happens at the next level of decomposition. If we atiedydyé-

ing device, we'll split it into a trajectory tracking system thidittve in charge of com-
puting and controlling the movements of the arm in space, a movementsiathdia
will hold the data corresponding to basic movements, and a controller thagtahll f
the data from the data base and use them to drive the tracking ¢ffgtem4-11).

The interesting point in that example is that the driving deasca wholeuses the
physical arm, buactually, when decomposed, we see that only one of its children re-
quires it: the tracking system. To summarize the situation:

» The driving device uses a brother, the physical arm. The physicas gart of the
required interface of the driving device.

» Since the driving device is not a terminal object, it is only an esipell. There
must be some child (the tracking system, see figure 4-11) thatlpcagplires ac-
cess to the physical arm.
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( Driving device

Paint

( Physicalarm )

Figure 4-11 : The driving device.
» As viewed from this child, the physical arm is a brother of iteqalt is therefore
called aruncle.
U-3 Definition
An uncle of a child module is a module used by its parer

—+

This situation is very common, and results naturally from the decomposition mecha-
nism of HOOD.

In the graphical description, we cannot have arrows pointing outside tietcoip-
ject (since we want to focus our view on the object itself). Thereforegsiact rep-
resented by boxes at the edges of the objectlUSEdarrow can refer to them, as
pictured forPhysi cal _Ar mon figure 4-11.

Let us stress now a very important aspect of this mechanism.déotise situation
exemplified on figure 4-12 below.

The following figure is just intended to explairetmechanism. On a real HOOD diagram,
you never see global relationshgsdinternals at the same time.

( Parent_A )
'
( Parent_B W
(@) per

Oper

L Y

Figure 4-12 : Uncles and operations implemented bkild

At the upper level of design, we see that ent _AusedPar ent _B. But at the next
level, we see that it is becau@® | d_A needs it (it requires operati@per ); there-
fore, Par ent _B appears as an uncle @i | d_A. On the other side, we see that
Oper is implemented byhi | d_B. Therefore, at execution tim€hi | d_A will

call the operatiol®per of Chi | d_B. This does not appear at design level, since the
tools enforce the strict layered structure of the design, but thekioobs it, and the
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generated code will result in a direct call to the actwaintual operation. In other
words, the layered design structure does not end up in useless calpm@gsams
that will just call other subprograms. There is no efficiency pgmalthe generated
code for the design structufEhe parent-child implementation model solves the con-
tradiction between avoiding excessive nesting levels at run-time, and excessive c
plexity in the designThis important property is not shared by many othesigh
methods, and is a very positive effect of using HOOD, since the desayearot dis-
couraged from a rigorous design by efficiency considerations.

If the target language is Ada, renaming declaratzam be used to keep a code structure that
matches the design structure for traceability reaskh the target language is C++, the same
effect can be achieved with macros or inlined fiomg. See the code generation rules in
section 17 which describe implementation techniques

4 5.2 Environment

Sometimes, a deep-level child needs the services of an objeceneng, for exam-
ple, some reusable module, like a graphic or mathematical libraige 8iis library
is not part of the current design, it should appear as a top-level, separate, hierarchy.

Normal HOOD rules require that a module used by a child be aldedas being
used by its parent, since the child is part of the parent. If wanfatrictly this rule,
the library should be part of the required interface of every parerd,thp top-level
one. This would clutter up the graphical description with a lot of sriblat are not
really interesting from the point of view of the logical structure.

To avoid this, root objects from a different hierarchy are cafedronmentand are
allowed to only appear at the decomposition level where they add sagnifndor-
mation. In a sense, they ameplicitly uncles of any object, without being part of the
required interface of the parent. Because of this sppaiglerty, they are marked
with an "E" in the left part of the box.

( Graphical_Interface W
[

C

E | X-Window

Figure 4-13 : Using an environment object

On the example of figure 4-13, objects ins@ephi cal _| nt er f ace may refer
to objectX_ W ndow even if the parent object @& aphi cal _|I nt erf ace does
not refer to it.

Once introduced, environment are normally propagated to all lower lavelther
words, environment objects are allowed to enter the design treebagladoor”, at
a level where they become significant. But once entered, they stayplikencle. This
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avoids adding too much complexity to the diagram, for those objects whiclotare
part of the software to be developed explicitly.

The notion of environment is very handy for representing the components tja esc
the normal hierarchical design, because they are used at any dedgritiesseome-
times called "software buses" ([Rosen95-2]), by analogy with powes lisdec-
tronics, that can be used at any level irrespective of the |agiocature. For example,
the television requires power from the power plant. The power plant isoteepart

of the required interface of the television, but it is clearly $bimg "external” to the
design of the television itself. It should appear as an environment object.

4.6 Other design issues

4.6.1 Splitting operations: OP_Controls

Sometimes, a provided operation of a parent does not match exactly cateoopmE
one child, but rather a sequence of operations from one or severalrcHidrexam-
ple, an active object generally featur€d ar t operation to initiate its activity. If the
object is decomposed into several active childrefstita t operation should call the
St art operations of every child.

It would be tempting to have a procedure in the parent that simpéythallvarious
operations, but this would break the principle that a parent objenbh@seration of

its own. The operation could also be added to any child, but this would be a poor de-
sign, since it would not be logically related to the object that libsikerefore, an
intermediate module has to be introduced. However, ittisrall "object” in the
sense that it does not correspond to any real-world object, nor has it thei@sapfert

an abstract state machine. It is rather an object reducedhgleéfsinctional abstrac-

tion, just here to express a sequence of actions. Since it ispreialsHOOD intro-
duces a special kind of object for it: it is called@mPeration contro(OP_Control).

G-7 Definition

An OP-Control is a terminal module without internal data ded-
icated to the implementation of one and only one operatign.

An OP_Control appears ascaild of the parent, andhustcorrespond to an
| MPLEMENTED_BY arrow. It is represented as a simplified objestoa figure
4- 14. Note that there is no provided interface: only the operation namgaiiscant.

( Operation_Name W

.

Figure 4-14 : Representation of an OP_Control
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An OP_Control appears normally on the diagram, @88 arrows show which ob-
jects provide the operations being called. The etamof the active object with
St art operations would appear as on figdrel 5.

(A | Parent_Object )
@ Al chid_1
Start
A |
(A chids ) (AT chidz )
L ! Start
J

Figure 4-15 : Using an OP_Control

In practice, OP_Controls are seldom used; as soon as things gebtrplicated, it
is better to provide a full-fledged object.

4.6.2 Grouping operations: operation sets

Sometimes, an object provides a set of operations that are logelatlgd. For ex-
ample, an iterator used to provide a walk through a data structunestean initial-
ization operation, a way of getting an element and skipping to the next ora and
operation to check for the end of the structure. Applied to a filewtiigd correspond

to theOpen, Get andEnd_Of _Fi | e operations.

It would be possible to simply mention these operations in the providethosef

the object. However, this would not show the logical connection betweepéha-

tions, and could lead to too many operations in the provided interface. For these rea-
sons, such operations can be grouped intop@mation setAn operation set has a
name of its own and appears as only one element in the graphicgbtitasaf the

object. To differentiate it from an single operation, the name afibeation set ap-
pears within curly brackets, as shown on figure 4-16. Note that the oigggrovide

other operations, not included in the operation set.

Data_Structure |

Add_Element
Retrieve_Element
{lterator}

(

Figure 4-16 : An object with an operation set

An operation set may include other operation sets, but nothing else thatioogera
and operation sets. This ensures that eventually only operations are prbuidée;
operation sets provide a convenient way of building a tree of operation groupings.
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On most tools, it is possible to represent operation sets in "opéclosed"” repre-
sentation. In the latter, only the name is displayed (digume 4-16) while in the
former, the components of the operation sets are displayed. This #ilwssigner
to see the level of details which is appropriate to his/her canegthe moment. The
same object in "open" representation appears on figure 4-17.

Data_Structure

Add_Element
Retrieve_Element
{lterator
Get_First
Get_Next
Is_Exhausted

1

C

Figure 4-17 : An object with an open operation set

4.6.3 Sequential or concurrent execution: active objects

Normally, an operation is executedquentiallyby the caller thread. Alternatively,
the operation may be executed by another thread of conttzehalfof the caller, al-
lowing concurrent execution of the client and the service. This important prop-
erty, since it requires a cooperation between the threads involpeatoaol

HOOD offers various communication protocols that e detailed in section 11.4.

For this reason, operations that aotexecuted sequentially are marked with a little
“"trigger" arrow, and an object that provides such operations is mariedwA' (for
active. Other objects are said to passive It must be stressed that an active object
is not simply the representation of a thread, but an object whoseiopemagy in-
fluence the temporal behaviour (through scheduling, etc.) of the calienpfmen-
tation leve| active objects use tasks, processes, or threadgrovided by the
language or operating system, but an active object is a higher level notieram-
ple, one HOOD object may correspondsé&veralcooperating threads of control.

4.7 Summary

HOOD objects are basic design units, based on a client-server woadject is ei-
ther terminal or decomposed intbild objects. Aparentobject is an empty shell
whose purpose is to hide the implementation and lower the complexity désign.

Objects use each others, and the "use" relationships is tracsd atirdesign level.
An object that is used by the parent of a child is calledrahe while a root object
that can enter the design at any point is calleersmronmenbbject

Special objects used for functional modelling are call&d Controls Logically re-
lated operations can be grouped ioperation setsObjects may bactiveor passive



5. Data modelling in HOOD

HOOD makes a clear difference between objects and data. Qlnjeide procedur-
al services, while data are informations exchanged between objebtsbyservices.
Other design methods have taken the opposite view: everything is an abjaetin-
stance of some defining class. This provides for a unification of concegtspli-
cation from a theoretical point of view, but unification can easiylto confusion.
HOOD'’s choice is rather to separate concerns; separatingdyaia from structur-
al and functional analysis reduces the complexity that has to be dealt with .

5.1 Data flows

In the previous chapter, we saw that the graphical description tells whextioaje
clients of which servers. However, this is not sufficient tdewstand the relation-
ships between client and server, because most of the time they exdhtan(jbe pa-
rameters of the provided operations), which are part of the purpose of the server.

The flow of data is documented on the graphical descriptiondaiti flowarrows,
which are small arrows in the direction of the data flow: tolwadne server (in the di-
rection of thdUSE arrow) if the data is consumed by the server, from the sermer if
data is produced by the server. A double arrow is used for data thatlcthsitays
between the server and the client.

A double arrow may correspond to data that is niediby the server and returned to the

client in one operation, or to data provided togéerer in one operation and returned to the
client in another one. It shows the flow of datdweenobjects not individual operations.

4 Automatic Teller )
ard_Data L hierace
-
Dispense_Cash
Commandsl TMessages
CaShT Controller
Data_Blocks ¢
Account balance - j

' E | File_System '

Figure 5-1 : Data flows
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Each data flow arrow is documented with a hame, an informal texhvelfistracts
the information exchanged between the objects. Those arrows are put aloB§ the
(or1 MPLEMENTED _BY) arrow, as pictured on figuie 1.

This example shows the general organization of an autoneditc machine. The
Control | er sends messages to theer | nt er f ace, and gets commands from
it. It uses the custom@&at a_Base to update the account balance. Da¢ a_Base
exchanges informations in the form of data blocks witlFtHee _Syst em an envi-
ronment object.

Note that this figure doasot show which operation of the user interface is used to
send commands. It represents major data flows betalgents and is not intended

to show the precise flows for eagperation Actually, it would be an error to try and
show all parameters that are exchanged by the wapoovided operations. The
graphical interface just shows flows that are useful for the utageling of the archi-
tecture. Of course, a complete description of all data flows is a veortiamt docu-
mentation, but like any detailed description, it is kept in the textual description.

5.2 HOOD types

Every data in HOOD must be typed. A HOOD type defines the propeftaata and
parameters exchanged between objects, such as the set of vallbetothgto the
type and the set of operations that can be applied to the data.

A type is recognized by itsame and data declared with different type names are dif-
ferent in nature, even if at machine level these types are egpedsdentically, or
with compatible machine types. This principle is cafigdng typing

Although programming languages have various levels of typing, at design level, the
focus is on the description of logical properties, not machine impletn@amtThere-

fore, strong typing must be applieen if the target language is not strongly typed

In this case, the high level types of design will be implementddtivit lower level
types of the language, but the strong typing must be preserved at design level.

There is a hierarchy of types, according to their dependence to thddagyege and
their degree of generality:

» Basic types.
» Abstract data types
* Classes

5.3 Basic types

Basic types are types whose value set and operations are atgiied by the un-
derlying language. Basic types cangoedefinedor user defined



Abstract data types 51

A predefined type is a type which is part of the definition of the laggughey in-

clude predefinethteger typeglike Integer, Int, etc.), floating point types, fixed point
types, boolean types... Such types vary not only with the language, but also with the
machine, and sometimes with the compiler, even for the same langutigeesame
machine. They suffer inherently from portability problems, but there asaalsgher

level issue: they do not belong to fireblem domainFor example, it makes no sense

to add a length to a voltage. If they are both representEd@&T, no consistency
check can find such nonsense. So, it is generally better to avoid predefined types.

A user defined type is a type whose definition is provided by the users kit least
anamethat makes it different from other types. In the previous examplEN&TH

type can be defined that would be different frolCh TAGE type. Both types can be
implementedy a predefined type, but at design level, they are different types, thus
improving possible consistency checks. Some languages (like Ada) can en&trce
kind of strong typing for user defined types, while others (C, FORTRAN) cannot.

The properties of basic types (set of values, operations) are deyitieel rules of the
target language. For example, the following (Ada) definition:

type Counter is range 1..1000;

defines an integer type whose values are integer numbers in théroandeto 1000
(independently of any machine representation), with the usual aritilanegiera-
tions. On the other hand, the following (C) definition:

typedef int Counter;

defines an integer type of target-dependent range, with the usual éictiropera-
tions plus logical operations such as "shift", "and", "or", etc.

5.4 Abstract data types

Basic types are still very elementary. It is often useful fméanore evolved data
types, whose precise implementation is hidden and that can be acoagseylop-

erations representing a well defined interface. Since the propertiesseftypes are
not linked to any concrete implementation, they are called abstract data types.

Abstract data types are convenient for describmgfies of the problem domain.
Since such types involve some structuring, as well as the definitibaiobehaviour,
the data structure requires an analysis, and can be thought of as adengfrmarious
semantically important parts.

5.4.1 Introduction

HOOD provides a special construct to describe abstract data agpaspecial kind
of object, called a HOOD Abstract Data Type (HADT). It isresented like a regular
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object, but with square instead of rounded corners, as shown on figure 5-AcAbstr
data type uncles (or environments) are represented as uncles with square corners.

Name of the HADT

:j Uncle object

Uncle HADT

A

Provided interface

P E Environment HADT

Internal structure

Figure 5-2 : Graphical representation of a HOODralss data type.

An HADT is an object whose provided interface exports a type, caldeddin type
and operations, all of which accept one or several parametersrofthaype. The
mandatory parameter of the type is calledrdeeiver and must have the name.

Depending on the target programming language, thi¢rbe an explicit "me" parameter in
the corresponding subprogram, or it will corresptmthe implicit parameter called "self",
“"this" or "current".

G-8 | Definition
An abstract data type is an object which provides one|and
only one main type and operations whose receiver is of| type

the main type.

Only the typenameis exported; the actual type structure is completely hidden, and is
defined in thd NTERNALS of the HADT. Since it is not possible to modify the struc-
ture directly, operations (callednstructory must be provided to construct values of
the type.

From a client point of view, the HADT is assimildtto its main type, i.e. it is used like a
type, but the object structure serves to encapsthattype with its associated operations.

An HADT object is a regular object; it can be either termimatlecomposed into oth-
er child objects that implement it. It can be a root (environment) objeatcloitd of
some parent.

For example, figure 5-3 represents a fruit basket HADT. Sinsait HADT, the user
may declare variables of type ui t _Basket . It is possible to perform operations
such asAdd_Appl e, Renove_Mel on, or Nunber O _Frui ts, to change or
guery the content of such a varialllewthis variable is implemented is hidden.

5.4.2 Data refinement: the structure view

An HADT differs from other objects because its operations dstamd by them-
selves, but operate on data belonging to the main type. In order to use an HADT, the
client must first declare one or several variables of the type to which the various
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Fruit_Basket

Add_Apple
Remove_Apple
Number_of _Apples
Add_Melon
Remove_Melon
Number_of Melons
Number_of_Fruits

Figure 5-3 : A fruit basket HADT

operations are applied. The client therefore uses the HADT fomits type,not di-
rectly for its operations. This is still clearly a "use" tielaship, but of a different na-
ture than the one we have seen before: it is called a "type-use" relationship.

At this point, it is clear that there must be a way of representing graphically this new
relationship. But putting new kinds of arrows on existing graphs would queskdiy

to an excessive complexity. As usual, HOOD prefers to separaterieenEer this
reason, relations between data structures are represented enemtlkind of graph:
thestructure viewThe graphical description that we used until now is calledlthe
ent-servewriew. It is possible to display the structure view of every kind of olperdt,
since it is used to describe the relationships between dataustsydt is especially
useful for HOOD abstract data types.

The structure view shows the parent and child objects like the-skever view, but

the relations between the objects are differeriSE arrow in the structure view de-
notes a "type-use" relationship, which shows that the client ugps defined in the
provided interface of the server for one of its datdPLEMENTED_BY arrows are

also possible on a structure view, but they always go from a proyipetb another
providedtype They mean that a provided abstract data type is actually implemented
by another type provided by some child.

A full example of a structure view will be detailgdsection 5.6.

The structure view does not replace the client-server view: bethemmessary. The
client-server view expresses the structure of the servicesysdwownhat), while the
structure view depicts the structure of the data that are exchanged alongtithre- rela
ships of the client-server view.

5.4.3 Aggregation

The "type-use” relationship is not the only way an abstract datadypdeecused: it is

also possible taggregateone or several abstract data types into another one. To state
it simply, theaggregatingtype is made of several parts (components), and each part
is of anaggregatedype. The aggregating HADT is a client, since it includes elements
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provided by other (server) HADT. This relation is represented ortrihetlge view
with anAGGREGATI ON arrow, as represented on figure 5-4.

Name C

Figure 5-4 : Aggregation arrow

An AGGREGATI ON arrow joins the aggregatingpe to the aggregatdéype. The ar-
row is labelled with the name of the component in the aggregating typle.cBm-
ponents are calledttributes they are part of each instance of the type. Sarce
HADT can be non terminal, aggregated HADT may be children, as svetides, of
the aggregating HADT.

Note thatAGGREGATI ON arrows show the major aggregations, there is no obligation
to have one for each component of the underlying structure. If components are basic
types, there is no HADT to point to, and there cannot be any arrow teeaptieem.

The "aggregate" relationship should not be confugitld the "type-use" relationship de-
scribed before. A "type-use" relationship means tihe client declares variables of a type
provided by the server; it is a relation frafata (type instance) to typ@n the other hand,
the "aggregate" relationship means that a typeilsfoom other types: it is a relation from
type to typeThis is why it is necessary to provide a différend of arrow for aggregation.

5.5 Classes

5.5.1 Introduction

Sometimes, different types share some common properties. In such odses)ar-
ing for common behaviours can be obtained throangleritance Inheritance is a
powerful tool, but it may increase the complexity of the design, antbHae con-
trolled. Therefore, HOOD defines a special kind of HADT, callethas for which
inheritance is allowed. Only classes may use inheritance.

A class is represented like a regular HADT, withCaih the upper left corner. The
same notation applies naturally to uncle classes also, as represented on figure 5-5.

C B Name of the class
Provided interface
Uncle object
EN
Uncle HADT
- C Uncle class
Internal structure

Figure 5-5 : Representation of a class.
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5.5.2 Inheritance

As any abstract data type, a class may be defined and refiagdt®gation describ-
ing how they are assembled from other components; in addition, they caherse
itance expressing that the new class is an extension of an existingloles#tance
is represented on the structure view with an arrow whose forwes gn figure 5-6.
An inheritance arrow joins subclasgo itssuperclass

ﬁ>

Figure 5-6 : Inheritance arrow

Inheritance in HOOD has its conventional meaning: the subclasshgatata struc-
ture and the operations of its superclass. Details of the inheritanbamsn (espe-
cially whether and how multiple inheritance is allowed) aredetiie target language;
the reasons for this are:

» Languages differ in their views of inheritance, and imposing a patiocutcha-
nism would lead either to not benefiting from all possibilities ofdinget language
(if too restrictive), or inefficient implementations (if too liberal).

* Inheritance isot a driving aspect of HOOD; it appears only at the level of the
leaves of the design tree, as a convenience when useful. Therefisrthecstruc-
tural issue involved when a design is used with different languages.

A class may inherit from one or several (if multiple inheritas@cceptable) classes,
which may themselves inherit from other classes. Inheritanceftherdefines, in it-

self, a tree structure (or to be mathematically correctitiadan the general case).
Combining two independent tree structures would quickly lead to an excessive com-
plexity. Therefore, when inheritance is used, it is necessary to famiturther par-
ent-child decomposition at the same time.

[-14 | Methodological

A class shall be terminal.

On the other hand, a class may be a root, or a child of another objetheWdhelass
should be a child or an environment is a design decision. A child app&araslipa
when a class is only used for the implementation of the enclosingt,obfgle a re-
usable class appears as an environment that will be available to the whole project.

As a class is an HADT, it can also aggregate d##dDT, or even classes. However, since
a class is terminal, the aggregated HADT musttiernalto the class. It is important not
to confuse aggregation, which describes (visiblgiata structure as gathering several other
structures, with parent-child decomposition, whiehn internal (and hidden) structuring.
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5.6 Example

In this exampl& we show how we can model a company as an abstract data type. The
object provides a number of services, some of which are relateddortipany itself

(for example providing the gross income), while others are related to the employees,
i.e. the people who work for the company (for example, whether a givenyaaplo
previously worked for some other company). In a real project, therel\weuinany

such operations, but we'll show only one of each for the sake of the example.

The structure view of the company represented on figure 5-8 describes oumimodel
the company, while the client-server view on figure 5-7 shows the proedades..

General_Company
| Company
Gross_Income | I = *
Worked_For | Gross_Income Employee
|EmEIoEe List: List
{List_Operations}
| I
Employee
\Worked_For -
Ci
B | ompany Company _List: List
erson
{List_Operations}
Name e ——
Address
| I e

Figure 5-7 : Client-server view of the company

General_Company

Company | | ComEanz -
Employee Company 6
| | EméloEe List: List

List

|

Employee I

Employee

| o

Person |Com§an§ List: List Jed
Person <j}— List
———— | L

Figure 5-8 : Structure view of the company.

1. This example is derived, with permission, frora éxample presented in [Canals97]
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We see a modul€&ener al _Conpany which provides two typeS€onpany which
represents the company itself, &npl oyee which represents the employees work-
ing for the company. These types are implemented by corresponding child modules.

The company aggregates a list of its employees (the listiggetbvided by a generic
module, as described in the next chapter), and similarly an employegaiggra list
of the companies he/she worked for. Note that each of these lists "g/pen@isype
of their components (black arrows), i.e. a list of employees haake use of the type
Enpl oyee itself, and conversely for the list of companies.

Enpl oyee is represented as a class rather than a simple HADT,ws&egpect to
have various kinds of employees that will share common properties. fiitsninem

the clas$er son, which represents the characteristics of a person in generah{whe
er an employee or not). This shows that an emplmsya&ind of person.

The client-server view shows that the services offered are impledhbytthe corre-
sponding child modules. We see also that the &lap$ oyee uses operations from
Per son, and that each @onpany andEnpl oyee modules uses operations from
the corresponding list type€R_USE arrows).

5.7 Summary

HOOD clearly separates data analysis from functional analysis. The maeric@ic
for data exchanged between objects, representediatighflows

Every data is typed. HOOD recognizsssic typeswhich represent the elementary
types of the programming languagabstract data typesvhose internals are hidden
and that can be accessed only through their provided operationdaasels which

are abstract data types that aamerit from one another, but cannot be further decom-
posed into child objects.
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6.1 Exceptions: designing for reliability

A reliable system is one that can produce an appropriate behaviour opdecam-
stances, including unexpected ones. An important principle for the design of reliable
systems isnutual distrustif a server requires some conditions to be obeyed by its
callers (like not providing a negative argument tioogy function for example), it
should not assume that the condition will always be met: it should tbek it, to

avoid transforming a small error into a potentially huge problem.

However this principle immediately raises an issue: what to tthe i€ondition isiot
met? It is not possible to return normally to the caller, sihegd¢quired service has
not been performed. There must be a mechanismetfgpanabnormal return
which is clearly distinguishable from a normal metuThe HOOD element that
achieves this is called axception

An exception is an entity which has a name, and can be declared Itg @bgoding
HADTs and classes), in the same way that they declare typesratiopg. It speci-

fies the potentiality of an abnormal return of control (to the clienipduhe execu-

tion of an operation. When the corresponding situation is detected, dmviioback
immediately to the client in order to notify it. The flow of exception is tpEosite

to the normal control flow and this is shown by a line crossing thé "ois&mple-
mented-by" relationships. This line is marked with the exception nark@fsexam-

ple, figure 6-1 shows a diagram with exception fwn USE and

| MPLEMENTED_BY arrows. It represents a temperature monitor that gets tempera-

(" .
Temperature_Monitor
Monitor_Failure
Get_Value..| | et value

Sensor_Failure

Sensor_Faile  Sono 7
- Senor 2

Get_Value

Get_Value

Figure 6-1 : Exception flows
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ture from two sensors. If any sensor fails, it gets the valuetfierather one. If how-
ever both sensors fail, then the monitor as a whole reports failure

The last issue with exceptions is hovwhamdlethem: what should the client do in the
case of such an abnormal return? It is up to the client to define goine response
mustbe defined; otherwise, the exception may propagate to other levelstieatot
supposed to receive it, and the correct behaviour of the program wiltisk. & his

is why exceptions appear so prominently on the grapliescription. Moreover,
HOOD rules (that will be developed in section 9.3.2) ensure that wblenacalls
an operation that may raise an exception, it must define what happens to it.

6.2 Generics: designing for reuse

6.2.1 Generic definition

A generic object is a representation of a pattern of objects whitlbe reused and
parameterized by types (including HADT and classeshstants and operations.
These parameters define floemal parametersf the generic object.

R-9 | | Methodological

The formal parameters of a generic can only be types,|con-
stants or operations.

Generics are only allowed as root objects (they cannot be childraentbka object);
on the other hand, they magefreely siblings or other environment objects.

Generics cannot be child objects because they tachally provide services; they are just
models. Onlyinstanceof generics (see below) can.

A generic appears on the graphical representation as an object GgdHADT or
class) with a special uncle named "Formal_Parameters”,fiddrity an "F", which
holds the definition of the formal parameters. Figure 6-2 represents a generic unit

[ Generic_List )

Add_Last
Get_First

L

F | Formal parameters)

Figure 6-2 : A generic list

A generic is either terminal, or decomposed further into child objastasual. The
formal parameters are really considered as an uncle; wherdaotlhiile generic re-
quires a formal parameter/USE arrow has to be drawn towards the formal parame-
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ters box. If the children of a generic are further decomposed, theyimoluste the
formal parameters of their parent in their required interface, as for any uncle.

A generic object (or a non generic object) canmatha generic child, since a generic is al-
ways a root object. Note that this rules is mosgrigtive than the rules for the equivalent
structure (C++ templates or Ada generics) of thgelanguages. On the other hand, noth-
ing prevents a generic from including a child tisaéninstanceof a generic, i.e. a regular
object built after the template.

6.2.2 Generic instantiation

An instance of a generic is a regular object, obtained from the gdayeproviding
actual values to the generic formal parameters. These parameigrbe provided by
objects that are directly visible from the instantiation locatio@y may be supplied
by environment objects, or siblings. As always, checks are performedut@ énat
the actual parameters match the types of the formal ones.

Single instance

An instance can be either a child object inside some parent or gnvaonment)
object. Since an instance is a normal module, there is no speciakregptes for it.
However, its name must be followed by the generic name (in the refddergraph-
ical description) to remind the reader that the object is amirestéhe name is "typed”
with the name of the generic object. For example, a list of measumts would be
represented as on figure 6-3.

(Measure_Points_List : Generic_List\

Add_Last
Get_First

- J

Figure 6-3 : Instance of a generic

Multiple instances

Sometimes, generics are used to provide a set of identical (modutopsmameter-
ization) objects. For example, a plane with four engines requires one object to repre-
sent each of its engines; but since the engines are identisdieitér to design them

only once as a generic, and then make four instantiations.

To show these similarities, the representation of several idéggaeric instances is

a double shaped object or class with an indexed generic name "typed" with the name
of the generic object. The names of the instances are gener#tedgasneric name
concatenated with the successive integer values of the index range.6-#yshows

how the airplane's engines would be represented.
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4 )

Engine[1..4]: Generic_Engine

Start
Stop
Set_Thrust

t ,

Figure 6-4 : Similar instantiations for the enginésn airplane
CGeneri c_Engi ne is the name of a generic; the airplane has four similar exgine

namedEngi ne[ 1], Engi ne[ 2], etc. The objects (instances) are independent, but
each has the same operati®srt, St op andSet _Thr ust .

Since instances are made after a generic model, they have exactly the seateint
as the model. The provided interface is a copy of the generic onés (tluise auto-
matically by the tool when an instance is declared) and is norregliggented on the
graphical description. On the other hand, although an instance inheritsl gvevi-
ronment (required interface) of the generic, this imported inter&otshown in the
graphical description. This is because the required interface i@dgcern to the
designers who deal with the generic, not to those who will use the instance.

Dragging in the whole required interface of a geneould require including objects used
by the generic into the required interface of theept of the instantiation. It would clutter
the design with irrelevant information, since tlemgric itself should be seen as a black box.

Note that multiple instances of a generic, whether obtained by kesteantiations
or by one multiple instantiation, are identical. Therefore it makes sehse¢ mul-
tiple instances only if there is some hidden internal stateadhnatary over time inde-
pendently in each of the instances, either because there are tatbabsiables, or
because the object is active. Otherwise, calling a seprmaded by any instance
would be strictly equivalent to calling the same service provided bh@niostance.

6.3 Virtual nodes: designing with distribution

HOOD has been designed with a great concern for distribution. Thissrties it al-
lows the design of distributed systems without letting the distribaspects clutter

the whole design. It does it in the usual way: by separating concerns and isefating i
sues. Three independent views are important in a distributed system:

» thelogical space viewconsisting of a set of design trees. This is a set of software
modules and is what we have been dealing with until now.

» adistribution space vieywhich deals with the definition of indivisible units of
distribution, but still as logical entities. This will be the malmect of this section.

» aphysical node space viewhich deals with the definition of physical nodes by
configuration of distribution units. This is the available hardware.



62 Other HOOD features

The distribution space is modeled as a hierarchyirtdal nodes They are called
nodes because theguld be units of distribution, but they avetual nodes because
they do not necessarily correspond to the physical nodes. Bctsaveral virtual
nodes can be implemented on a single physical node.

A virtual node is represented as an object, with a "V" in the upper leiéca@s rep-
resented on figure 6-5.

C

Figure 6-5 : representation of a virtual node

A virtual node is represented as an object withozipged interface, although it is generally
empty. The reason is that this provided interfanele used to specify communication pro-
tocols, and other implementation details when #reynot automatically taken in charge of
by the tools. Similarly, virtual nodes can ha¥&E arrows between them. Using these fa-
cilities is beyond the scope of this book.

A virtual node is either terminal (and corresponds to an executaivlpl@dmented by
software), or decomposed into child virtual nodes (system level)fdhedefining a

tree of virtual nodes. In simple cases, this tree may be onlyetvetsldeep: level 1
represents the whole system, and level 2 the various servers. Haweagrbe more

convenient to define more levels. For example, an airplane may be divideddas-

senger subsystem, a control subsystem, and a flight subsystem. Easke afidlygor

not) be divided into more subsystems, as pictured on figure 6-6.

(v|  Airplane

V| Passengers

_fl/ | Passengers |

) Individual_Comfort
v| Flight V| Control -
Public_Address
. -
\ \
J

(V[ Flight
(v| Auto-pilot
J

Figure 6-6 : VN description of an airplane

Note that this decomposition means that the passenger subsystem #gttteel-
system are considered independent enough to form different (but pctsilggm-
municating) entities. It doemtrequire them to be on different computers, they could

S

J




Summary 63

all be implemented as subprocesses of a global centralized bmutyngalthough
this would obviously not be desirable!).

The previous partitioning was related to the logical structure gbribject; it is not
necessarily the case. For example, if it is expected thatensysdll involve several
local networks, connected by a wide area network, it could be appropragsdribe
the hierarchy of networks as a hierarchy of virtual nodes, as pictured on figure 6-7.

r

V Company IS
(| Gerrnan branch)

I

V| Frenchbranch
ﬂ Marseille branch

I [Toulouse branch
I

i—
\Er < S ctC...

Figure 6-7 : A hierarchy of networks

Once again, this describesogical structure of the system, there is no commitment

to which parts of the software will run on which virtual node - and nautment to
aphysicalstructure. For example, the Toulouse branch may run its programs on a ma-
chine which is physically in Paris, and also running the "Paris branch" virtual node.

A final note: the notion of virtual node is very handy to include in agdesirepre-
sentation of aspects that are not related to computers, like humarooperechan-
ical devices, etc.

6.4 Summary
Exceptionsare the way to signal a client that the desired service coulsbroatmplet-
ed by the server.

Genericsallow to make several similar objectge(eric instancgsfrom a common
template Formal generic parameterllow the instance to be parametered.

Virtual nodesprovide a logical view of the distribution of a system that decouples i
from any physical decomposition.



7. A design example

In this chapter, we show an example of a HOOD design. The readdnésposition
of a project reviewer, i.e. we will present the structure obgept without explaining
how it was obtained. The goal is to present how the HOOD "languag&taased
to describe an existing project; the process that is used to dgsigject is of course
extremely important, but it will be addressed later, in the third part of this book.

7.1 Introduction

This example shows the structure of an Electronic Mailing SysEWS]. The sys-

tem allows various people on a network to communicate by electroriclingin-
tended to work under a windowing environment, such as X-Window, with a nice user
interface. Each user may send letters to other users, redsgrs, leeply, etc. There

is a centralized data base of users, which is managed by anstdatoni Only the
administrator is allowed to add or remove users in the data baseud/parameters,
such as window appearance, automatic text in messages, etc. can be configured.

7.2 General structure of the Electronic Mailing Sys  tem

Figure 7-1 presents the client-server view of the first decomposével of the EMS,
and figure 7-2 presents its structure view. Note that at this poisit;dally asystem
view: although it is designed as one HOOD object, it involves sgwergtams

The provided operations of the whole systemBaret , which represents the actions
that are necessary to start the EMS when the computer is turneasowhich rep-
resents the call by a user of the program that allows to send or re@sg8ages, and
a number of operations (represented here as an operati@seCal | _Backs),
that represent theall-backsissued by the OS following user interactions. Since the
origin of the events (like mouse-clicks) is external to the systemmust represent
the functions that are called in the provided interface. Note tlsabp@ration set is
represented here in "open" state: we see that it includesdtirer operation sets, cor-
responding to various screens: ¥ | _Tool Cal | _Backs set for the regular
mail tool screen, thd&dni ni strati on_Cal | Backs for the administrator’s
screens, and ti@onf i gur ati on_Cal | _Backs for the screens dealing with per-
sonal customizing. These operations setsatepen here, since the precise defini-
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Figure 7-1 : Client-Server view of the EMS
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Figure 7-2 : Structure view of the EMS

tion of the call-backs is irrelevant for the current level ofiteet@Jl _Cal | _Backs
also includes aexi t _ens operation which is the call-back to stop the program.

65

Internally, the system is decomposed into several children. We hadedédre to
separate the user interface from the various functions to berpedove have there-
fore aGUl object which implements all user accessible functions, whichrootst
the various requests, and then uses the specialized objects tvaffentecute the

various functionsAdm ni st rati on is in charge of managing the user data base

(with operationsAdd_User , Del et e_User, andChange_User), Confi gu-
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ration is in charge of managing user preferences (with opesafibor e, Re-
trieve, andDefault _Settings), andMai | _Tool is in charge of actually
sending and receiving the letters (with operatidead, Wi t e, and Repl y). We
note the kind of data exchanged between@Ue and the various servers along the
correspondingJSE arrows T_Di rectory_Dat a, T_Confi gurati on_Dat a,

and T Letters), as well as the fact th&onf i gur ati on may raise the
Unaut hori zed_User exception if someone who has not the administrator’s priv-
ileges is attempting some operation.

TheMai | _Tool is the interesting part. It is in charge of transformindg.et t er s

(i.e. the high level notion, as viewed by the user) intbessages (i.e. the things

that are exchanged over the network). This may involve adding headers, encoding the
letter, etc. Those messages are put ifdofd er (with operations?ut _Message,

Cet _Message, andSi ze) that serves as a temporary storage for the messages. A
Mai | _Ser ver object is in charge of picking up the messages from the buffer and
sending them to thidet wor k (represented as an environment object that will include
OS functions to access the network), and also getting the messageldrnetwork

and depositing them into theuf f er . SinceMai | _Ser ver implements th&oot
operation, we see that it is started when the system is started.

TheT_Messages play an important role; they are the basic data exchanged between
theMai | _Tool and the network. They have to be created by an object, but are de-
stroyed by another object. This calls for making them an independent module, but of
course sinc@&_Messages is actually a data exchanged through operations, this will
be an HADT (with operation€r eat e andDel et e). If it is later discovered that
there are actually several kinds of messages, the HADT magvaille into a class.

The same remark applies to the typd_et t er s.

We note on the client-server view (figure 7-1) that thene I4SE arrow fromBuf f -

er to the HADTT_Messages: this shows thaBuf f er does not create nor delete
any message. On the other hand, since mesaagparameters oBuf f er opera-
tions, this arrow does appear on the structure view, as represented on figure 7-2.

We note also on this figure that Messages aggregate§ _Lett er s, since mes-
sages contain (among other things) the letter itself.

7.3 Structure of the GUI

We won'’t detail here all the components of the EMS, but we’lihge more details
for the GUI object to show an example of structural refieet. The client-server
view of the GUI is represented on figure 7-3, and it structure view on figure 7-4.

Quite naturally, each of the operation sets is an@nted by a dedicated child:
Configuration_QGUl,Adm ni stration_GUJ , andVai | _GUl . Note that in
general, most of the code for these modules will be generated with an Udacéter
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Figure 7-3 : Client-Server view of the GUI
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Figure 7-4 : Structure view of the GUI

Management System (UIMS). In addition, there must be a kind of fttvelraw
the initial screen and also terminate the system. This is dore bpitn_Scr een
object, which implements the operatidisn andEnd_Run. Each of the GUI ob-
jects also features a (non export@d} i vat e operation: when called, it will draw
the corresponding screen and activate the associateacéll On the other hand,
there is no provided function to deactivate the screen, since thisapplen from a
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user click on a "Quit" button in the corresponding screen, and is therefore internal to
the object.

We also discover an object which is purely internal,@helLi ne_Hel p. Itis in
charge of managing help windows. Help contexts are described as a dathitipe
is exported byOn_Li ne_Hel p, as can be seen on the structure view on figure 7-4.

7.4 Distribution

We can now decide how to split the various parts of the system oetwark. Each

user will reside on one node, while tdei | _Ser ver will be on a dedicated server

node. The administration system is a global resource that is rntedredeany special

user, but must be shared by all users. For this reason, we may decide to map it to the
server node. This can be defined using an allocation editor, like the éigeren7-5

which shows which objects are allocated to the ri#etever _Node.

hain_Screen

hail_GUI

Server_Mode

Root_Mode [EVETEM_CONFIGURATION]— EMaystemH

kdail_Server

Figure 7-5 : Allocation of objects to VN.

7.5 Comments on the design

An important characteristic of this design is that we isolatelone object every-
thing dealing with user interfacing. This solution has the benefit Wieaything relat-
ed to the presentation layer is gathered in a single object, makiagiétr to change
the appearance of the screens. Moreover, screens are often geusirsgeGUI de-
sign tools, in which case it is more convenient to keep all presemtstpects togeth-
er. However, an alternative design could have been to encapsllilagpects of a
function into a corresponding object, as represented on figure 7-6.

In this case, there is @Jl object at all (but th&ki n_Scr een object needs to ap-
pear at the upper level), and each "problem domain" object implements italbwn
backs. Note also that we had to adét ap operation to each of the "domain" objects
to allow theMai n_Scr een to stop them.

This alternative solution makes it easier to add new functionsy(birey to be added
is concentrated in one object, including the ustsrface), but on the other hand
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Figure 7-6 : An alternative design of the EMS.

changing the global appearance of all windows would necessitate changes ih severa
objects, instead of only one in the previous solution.

Our goal is not to claim here that one solution is better than the ttbg are both
acceptable, and the trade-off is between various models of evolutiba system.
However, the interesting point is that itvisry easyto rearrange the design to trans-
form one of the solutions into the other one. This involves just moving somésobjec
and rearranging some arrows, an easy task with current tools. All exteypeitps

are preserved, and the designers can be assured that the syatesmodes will still
behave as before.






Part 2 :
Formalization

In the first part, we have exposed the main notions involved in a HOS@ndélow-
ever, a rigorous design process needs more than notions; precise defanéginasd-
ed, as well as standardized representations, in order for highdelsetd be able to
process and analyse the design, and to help the user to identify incoresstEhis
part will now take a more formal and detailed view at issuagstieao be dealt when
writing a complex system.

There are several important views of any project: structuealiow the project is
broken into modules), functional (i.e. the description of services to barped), in-
formational (i.e. the representation of data), and behavioural (i.e. thectitrsabe-
tween the various services). How to address them is a fundamesutatteristic of
any design method. A very important feature of HOOD is that thesetasare dealt
with separately, therefore enforcing the principle of separation of concerns.

One chapter of this part will address the issues related hooé#Hrese aspects, while
the last chapter will address how the project itself is model@dwhole. Each chapter
concludes with a "practical tips" section that gives tips, advicessperience result-

ing from industrial usage.



8. Formalization and refinement of the structural
decomposition

8.1 "Include" relationship

The decomposition into child objects is part of the implementatiomeoblbject. As
a consequence, the "include" relationship is formally described INNRERNAL S
part of the ODS. Thé NTERNALS include a section nam&BJECTS giving the
name of included children, plus, for each provided element, a description @fieow
implemented, according to the following structure:

| NTERNALS
OBJECTS
Child name

TYPES

provided_typel MPLEMENTED _BY Child_Name Type Name
CONSTANTS

provided_constant MPLEMENTED_BY Child_Name Constant_Name
OPERATI ONS

provided_operationl MPLEMENTED _BY Child_Name.Operation_Name

Note that here, as well as everywhere in HOOD Jament that belongs to a module is re-
ferred to by giving the module name together wliid ¢lement’'s name.

Of course, a child name given in th&/PLEMENTED_BY clause must be one de-
clared in theDBJECTS section! Note that with HOOD tools, these sections are filled
automatically, since the information can be inferred from the graphical destript

We have seen that a parent is only an empty shell. This is foremdtlyced by the
following rules:

C-21 | Methodological

A parent has no internal operations.

C-23 Methodological
A parent has no data.

This implies that the only way for a parent to provide operations is to have them im-
plemented by children.



Provided interface 73

Some common sense rules ensure that the "include" relationshipsdefingper tree:

-4 Methodological
A child shall not have more than one parent.

I-5 Methodological
A module shall not include itself.

8.2 Provided interface

The provided interface is the most important part of an object, isideénes the ser-
vices provided by this server object. Within the ODS RRéVI DED_| NTERFACE
section has the following structure:

PROVI DED | NTERFACE

TYPES

Declaration (and potentially definition) of provideypes
CONSTANTS

Declaration of provided constants
OPERATI ONS

Declaration of provided operations
OPERATI ON_SETS

Declaration of provided operation_sets
EXCEPTI ONS

Declaration of provided exceptions

Elements defined in the provided interface, and only those, are acedssiblout-

side the object; elements defined elsewhere are completely hiduele$igner of

an object knows exactly what can be accessed by clients, and what is completely un-
der his/her responsibility.

V-11 Methodological

An entity (operation, type, constant, exception) not declared
in the provided interface of a module can not be referepced
(i.e. is not visible) outside this module.

This rule is strictly enforced by the tools: a client cannot uséhargyfrom a server
object unless it has been declared in the provided interface of the server.

Since a parent must implement its services by the provided seovice€hildren, it
must have access to them:
V-16 Methodological

The provided interface of a parent has visibility on the provid-
ed interface of its children for implementation.
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8.3 Required interface

On the client's side, a client object must declare IRE3UI RED | NTERFACE the
services (and server objects) that it uses.

V-10 | | Methodological

A module has visibility on outside world only through its
quired interface.

_1
P

The required interface lists the subset of the services provided by the seicleisv
actually used by the client. This provides traceability (knowing whadirsy used by

a module), but is also a great help to testing and maintenance,ashighmary con-

cerns of HOOD: a precise specification of the required inteidatines the test envi-
ronment for unit testing.

Within the ODS, th&REQUI RED | NTERFACE section. has the following structure:

REQUI RED_| NTERFACE
OBJECT Object_name

TYPES

Names of required types
CONSTANTS

Names of required constants
OPERATI ONS

Names of required operations
OPERATI ON_SETS

Names of required operation_sets
EXCEPTI ONS

Names of required exceptions

OBJECT ...

There is onéOBJECT subsection for each required object, which gives thecbbje
name, and lists which operation, type, or other service from the object is being used.

R-1 | | Definition
OBJECT fields shall list all of (and only) actual modules {(i.e.
siblings and uncles) required by the module.

R-3 | | Methodological

For each actual module, the list of all required resources
(types, constants, operation sets, operations, exceptions) shall
be given.

These rules imply that there is no other way for an object to@soesething than to
declare it in the required interface; each object must accurately docwmeh ele-
ments, from which object, are used. Tools even check that an exteryausad in

the codeof an object has actually been declared in the required intetffi@cezquired
interface is not pure documentation, it is kept true and accurate under tool's control.
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Of course, the tools check also that the name sdraice in a required interface
matches the corresponding declaration in the provided interface of the server:

C-28 | Methodological

The reference to an entity in the required interface of a client
module shall be consistent with the declaration of that entity
in the provided interface of the server module.

In other words, all client-server relationships are traced andeti@n both sides of
the relation. The required interface tells what services aesgary to a client, while
the USE arrows clearly show which clients use a given service.

8.4 "Use" relationship

A child may use the services provided by other child objects of its parent:

V-15 | | Methodological

A child has visibility on the provided interface of its siblings.

On the other hand, a chitinnot use its own parent as a server

V-14 | | Methodological

A child has no visibility on the provided interface of its pargnt.

In the television example, various boards need power from the power suphe but
internal parts are not allowed to consider the televiagoa wholeas something they
can use.

To permit a child to use its uncles, we need the following rule:

V-13 | Methodological

A child has visibility on the required interface of its parent.

As always, HOOD tools will check the consistency of the design, and espdtlly t
an uncle can appear in a child's description if, and only if, it is lactulrother or an
uncle of some parent (the process can extend several levels dovenis fidtmally
stated by the rule:

u-4 | Methodological

If a child module OP_uses an uncle, then it shall als¢ be
OP_used by its parent.

The termOP_usesn the previous rule refers to the "use" relatiopsdescribed here. This
special term is needed in the formal rule to défdrate it from the other form of "use" re-
lationship (type-usé).
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Conversely, if a parent requires some brother (or uncle), it mtlsé loase that some
child also requires it, since the parent is an empty shell wigroperties of its own:

U-5 | | Methodological

If a parent OP_uses another module, then at least one [of its
children shall also OP_use it.

8.5 OP_Controls

Since an OP_Control is restricted to a single procedure, it has a simplified ODS:

OP_CONTROL OP_Control_Name S
| NTERNALS
OPERATI ON_CONTROL_ STRUCTURES
Only one (regular) OPCS allowed here (see page 84)
END OP_Control_Name

There is no provided interface since it is a simpl®cedure, and the
| MPLEMENTED_BY arrow that points to it (there must be one) tells what it is doing.

C-24 Methodological
An OP-Control has no provided interface.

If processing requires the use of internal data, it createsdepeies on the corre-
sponding data types: a full object must be used.. The following rule entbatean
OP_Control is only an "adaptor ring" between a provided operation of a jpant
several children, and cannot be used to provide higher level functionalities:

C-25 Methodological
An OP-Control has no data.

8.6 Generics

8.6.1 Generic module

A generic object has the same ODS as a regular with,the addition of a
FORVAL _PARANMETERS part immediately after the header of the ODS:

FORVAL _PARANETERS
TYPES
Names of required types
CONSTANTS
Names of required constants
OPERATI ONS
Names and signature of required operations
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Note that thé-ORMAL_PARAMETERS is similar to arOBJ ECT section, since the for-
mal parameters are considered an uncle. The formal parametgigen in the target
language syntax.

R-10 Methodological

FORMAL_PARAMETERS field in a generic definition shall
list all formal parameters, i.e. types, constants and operations
required by the generic itself or any of its descendants.

In the client-server view, a "use" relationship toward the "FormahnReters” uncle
is represented if, and only if, a child requires execution of a sepvavided by the
object’s formal parameters. Conversely, in the structure viewpa-tise", an "inher-
it" or an "aggregate" relationship toward the "Formal_Parameaiard® is represent-
ed if, and only if, a child of the generic requires a type, inherits or aggregates one.

Generic_Name
[C] class B ( Object A )

D

F Formal_ParametersJ

Figure 8-1 : Client-server view of a generic

On figure 8-1, we see th@bj ect _AandC ass_B use some operation that is pro-
vided by the formal parameters. On the other hand, figure 8-2ssti@structure
view of the same object.

4 .
Generic_Name

[C] class B (C Object A )

. —2%

F FormaI_Parameters]

Figure 8-2 : Structure view of a generic

Here, we see th&@bj ect _A "type-uses" a formal parameter, i.e. it declares an ele-
ment whose type is provided by a formal parameter. On the otherClaasls B
aggregates a type, and inherits from a type, that are both provided byntlaé ffar
rameters.
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8.6.2 Generic instance

The only things that must be defined for an instance of a genetiweaaetual param-
eters. Of course, these parameters may be provided by other objeetsy¢hinere

is also aREQUI RED | NTERFACE section, but only objects (and the corresponding
services) needed by tlRARAVMETERS part may be mentioned. The full ODS for a
generic instance has the following structure:

OBJECT | CLASS Generic_Instance_NameS | NSTANCE _OF Generic_Name
[ | NSTANCE RANGE lower_bound.upper_bound]
PARAMETERS
TYPES
Formal_Type Name> Object NameActual Type Name

CONSTANTS
Formal_Constant_Nanse Object_NameActual Constant_Name

OPERATI ONS
Formal_Operation_Name> Object NameActual_Operation_Name

DESCRI PTI ON
Standard fields
| MPLEMENTATI ON_CONSTRAI NTS
Standard fields
PROVI DED _ | NTERFACE
Copy of the generic’s provided interface
REQUI RED _| NTERFACE
Standard fields
DATAFLOWS
Standard fields
EXCEPTI ON_FLOWS
Standard fields
END Generic_Instance_Name

Note that if a formal parameter is an operation, an actual apehets to be provided
for the instantiation, and this operation will be called from thtant®; therefore, a
USE arrow must be drawn between the instance and the server (brother, uncle or en-
vironment object) that provides the operation. On figure 8-3, we see an example of a

( Simulator )

1

ﬁExponentiaI_Law : Generic_Generatoﬂ

- )

[E | Mathematical library ]

Figure 8-3 : Dependencies of an instance
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generic random number generator that can be parametered by a functidey ito or
provide various probability laws. It has been instantiated as an expoigemntsator,
by using the exponential function provided by thatimematical library. There is
therefore a dependence from the instance to the library.

8.7 Practical tips

8.7.1 Provided interface

The provided interface is extremely important, since it is whatvalthe object to be
used by clients. In practice, not all aspects can be describedljolimaa good prac-
tice to add to each element of the provided interface a free-x¢xakelescription of
the semantics of the element, including boundary cases, error cases, etc.

In some cases, it may be appropriate to duplicate this informatjmadas where it
is convenient to have the documentation readily available.

8.7.2 "Use" relationship

Some usage rules are intended to enforce software engineering principles:

| Usage

The "use" interconnection graph of a set of objects shoulf not
be cyclic.

This means that objects should not use each other circularly, like obj&;tandC
on figure 8-4. Such a circular relationship would raise structurasssince each ob-

Object A Object_C

Object_B

Figure 8-4 : Circular "use" between objects.

ject is at the same time a client and a server; itasigly coupled, since no object can
be made independent of the others; and it would also hinder the tesispieetice
shows that such a structure often results from an incorrect decomposibbjectt:
either from operations that have been allocated to the wrong objestfitbes that
have been split in two different objects when they shouldn't have been.
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If the circularity comes from a service being a#lterd to the wrong object, the solution is to
move the service to the proper object (fron) ect _AtoOhj ect _Cin the example).This
means thabbj ect _A would callObj ect _C, rather than the other way round; note that
this has no influence on the direction of data 8o¥n example where the direction of the
call was similarly reversed can be found in thalfexample, see section 20.3.5

Usage
The "use" interconnection graph should be of as low complex-

ity as possible, i.e. objects should use as few other objects as
possible, but they should be used as much as possible.

The graph of "use" relationships is the highest level descriptidmreddlution. It is

therefore important to keep it as simple as possible. If too mangtebye using each
other, it might be better to isolate sub-graphs. Figure 8-5 shgnapa of objects
which can be interpreted as three strongly coupled obgoB D) used by objecA.

Object_A Candidate
subsystem
'/
Object_C
|\

Figure 8-5 : A complex "use" structure

The graph can be simplified by considering Baf andD make up a subsystem, and
encapsulating them into an object, as represented on figure 8-6. Thihavayira
complexity that results from the coupling between objedtglidento A.

~

( Object A ) (" Subsystem

J

)

-
\
[ Subsystem

Figure 8-6 : Reducing "use" complexity

Note that operations of objedssandC that were previously used directly Byare
now operations of the single obj&ttbsyst em which are implemented by the cor-
responding operations BfandC. The structure is more understandable and simpler.
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8.7.3 Environment or child object?

It is not obvious whether a required object should be made a childeovaonment
object. Making it a child means that it is included in the parent, ardinectly usable
outside. But, making it an environment means that it becomes a top level thigject,
can be used everywhere, therefore weakening the strict hieedrdbgign. There is
no simple, general answer to this issue, and it must be dealbnvdhcase-by-case
basis. Here are some hints that can be helpful to the designer.

 If the object is implementing some operations of its parent, HQ@E3 require
that it be made a child (operations can be implemented only by children).

( Parent

ﬁ

Figure 8-7 : Implementing some parent operation

Must Be Chl|d

« If the object requires some other child which cannot itself beanoament, then
it must be also be a child.

[ Parent )
Child
Oper
s
N

Figure 8-8 : Using another child

» If the object represents a library of software components, andiabpsome off-
the-shelf library not designed by the current project, it has to be an environment.
 Ifachild has all or most of its provided interface re-exportatslparent, it is like-
ly that it has to be moved up or put as an environment (unless it segoiree
brother objects, in which case the previous rule would apply). Therebisradit
in having an (internal, hidden, independent) child, if it is used from the outside.
» If a child object is heavily used by several brothers (and deep neplitaway be
a reusable entity that should rather be an environment. Otherwise, igdusa”
relationships through several levels of decomposition would clutter the design.

8.7.4 Starting active objects

Since an active object has a life of its own, it must be stattsome time. In Ada,
tasks start automatically. In other languages, there may be a "start" operation.

| Usage

An active object must have a "start" operation
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HOOD recommends to provide a "start" operation for each activetolo@ecake sure

that the point of activation is perfectly deterministic and contiptleis applies also

to full designs, since they must have a starting point. If an activetalges an Ada
task for its implementation, this task must provide a synchronizationfpotte be-
ginning of its actions, like an entry or a call to a protected object. Moreover, it could
be useful to add &t op operation to correctly stop the activity of the object.

8.7.5 Redundant systems

A redundant system is one where some functionalities are handled in parallel by tw
independent computers; in case of a hardware failure in one of tieeothér one can
be used to provide a back up and ensure continuous operation.

Of course, the redundancy should be hidden to clients, and both systemslare sim
It is therefore natural to make the server generic, and to haviestemces. A dis-
patcher will direct the requests to the servers, as pictured on figure 8-9.

4 )
Secure_Server
Dispatcher
Operation_1 Operaion 1
Operation_2 Operation 2
(Serverfl:GenericfServe“ (Serveer:GenericfServe“
[ [
Operation_1 Operation_1
Operation_2 Operation_2
J

Figure 8-9 : Model of a redundant system.

Of course, the duplicated servers will normally be allocated terdiit virtual nodes,
in order to allow for a distributed implementation which is nearmgs$redundancy is
intended to allow to recover from hardware failures.

8.8 Summary

The ODS of an object includesP®OVI DED _| NTERFACE section that formalizes
all the provided properties, and an extensti#&Ul RED | NTERFACE that formal-
izes every required property from any object udadaddition, generics have a
FORMAL_PARAMETERS section to describe their parameters. limgtance of a
generic, there is a matchiRARAMETERS section to provide actual parameters.

Visibility rules, which are checked by the tools, ensure that only operations declared
as being used are actually used by the code.



9. Formalization and refinement of functional
aspects

9.1 Operations

9.1.1 Specification of operations

Each provided operation is described in the provided interface of the ntioglibeo-
vides it. The formal description includes the operation’s name, theshand types

of all parameters, and if the operation returns a value, the type wdttirned value.
This is called thesignatureof the operation. Each parameter is further qualified as
"I N' (a parameter which is not changed by the operati@JT™ (a parameter whose
value is provided by the operation, the previouligabeing irrelevant) and

"I N QUT" (a parameter whose value is modified by the operation).

The syntax of the description is inspired by Ada, but is actually indepeindenthe
target language. The tool will transform this description into the agptemyntax
for the language. For example, imagine an object that provides an opesdlszh
Saf e_Add that addd/al ue toVari abl e, and tells in a boolegdBuccess if the
operation was performed or if it overflowed. There is also a funtigat e that
returns the opposite of its argument. The description of these operations would be:

PROVI DED_| NTERFACE

OPERATI ONS
Saf e_Add
(Val ue : IN I nt eger;
Variable: I N QUT Integer;
Success : QUT Bool ean) ;
Negate (Value : IN Integer) return Integer;

Note that the difference between a procedure dnddction (in Ada terms) is the presence
or absence of aet ur n in the declaration. In C/C++ terms, if there isrred ur n, it cor-
responds to a function that retunsi d.

Internal operations

In addition to provided operations, a terminal module may meechal operations
that are local subprograms, only used within the object itself, and notledoa the
outside. Since they are not visible, they are declared inNERNALS part of the
ODS, in theOPERATI ONS subsection, with the same syntax as provided operations.
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9.1.2 Implementation of operations

A terminal object (whether a regular object, an HADT or asglastually implements
its provided operations in code. The implementation of each operaticstishael in

the ODS by a structure called t&®eration Control Structur€OPCS)How an op-

eration is implemented is, of course, not visible from the outsiuerefore, the de-
scription of the implementation of operations is part oftNEERNALS section of

the ODS. Every operation, even internal omesstbe described by an OPCS.

C-18 Methodological

Each provided and internal operation of a terminal module
shall have an OPCS.

Note that we are talking here abaetminal objects; non-terminal (parent) objects
have no OPCS, since they implement their operations by child objects.

C-22 | Methodological

A parent has no OPCS

All operations are described in tBPERATI ON_CONTRCOL_ STRUCTURES section
of the ODS, each with abPERATI ON subsection. The structure of this section is as
follows:

OPERATI ON_CONTROL_ STRUCTURES
OPERATI ON operation_name
DESCRI PTI ON
Informal description of HOW the service is impleteen
USED_OPERATI ONS
Operation_Name

PROPAGATED_ EXCEPTI ONS
Exception_Name

HANDLED EXCEPTI ONS
Exception_Name

PSEUDO_CODE
Operation main algorithm
CODE

Actual code in target language
END_OPERATI ON operation_namg

- Description of other operations

Of course, irrelevant subsection can be omitted. Here are somealatails on the
meaning of the subsections:

» USED_ OPERATI ONS lists every operation called by this operation. It must be
consistent with th&@EQUI RED | NTERFACE!
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* PROPAGATED_EXCEPTI ONS lists every exception that is raised within this op-
eration andhot handled locally (and thus returned to the caller).
 HANDLED EXCEPTI ONS lists every exception that is raisadd handled within

this operation (and thus, not known to the caller).
Note that when an operation raises an exceptierexbeption must appear on the client side
either as &PROPAGATED EXCEPTI ON or as aHANDLED EXCEPTI ON: The designer
cannot inadvertently forget the exception.

» PSEUDO_CODE gives a pseudo-code structure for the operation. This is generally
very important if the code is in a low-level language (i.e. assejnbléargenerally
useless and best avoided when the implementation language is (atrtieseame
level as the pseudo-language (Ada). In this case, a simple outline fahthe
can be given in thBESCRI PTI ON section.

» CODE gives the actual code of the operation in the target language, including pos-
sible local declarations (local variables, local types, etc.).

Depending on the tool and the target language, it may or may not be possit@deko

the consistency of th€ODE section with regard to the other sections, i.e. that only
USED_OPERATI ONS are actually used, etc. Even if such an automated control is not
possible, it is generally quite easy to check consistency manually tlsengeanular-

ity of operations is such that the amount of code involved is quite small.

C-16 | Methodological

An operation listed in the USED_OPERATIONS field of an
OPCS shall be either a required operation, an internal ¢r a
provided one.

This rule explicitly forbids using operations that are not officiallglaieed in one of

the relevant sections of the ODS, ensuring in turn that they have an OPCS. The prin-
ciple is thaho codeeven for very little things, should be without at lessheformal
declaration at design level, and that there must be an expliciblie&dh operation
being used: once again, total traceability is guaranteed.

9.2 Operation sets

Operations that are members of an operation set are declarediyn@ndavidually)
in the textual description, but their name is followed by the keyWaBER OF
and the name of the operation set to which they belong. Simil&ENBER OF is
used to declare an operation set which is itself a member of anptration set. Of
course, an operation set can be part of the provided interface of amimatebject,
but then the full set has to be implemented by some child.

O-4 | Methodological

An operation set of a parent can only have operations and/or
operation sets as MEMBER_OF elements.
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This rule shows that an operation set can only provide operations (i.e.anextap-
tions, etc.). An operation sedninclude another operation set, but it does not contra-
dict the previous statement, since everything will end up being operations.

When an operation set is provided by a non-terminal objeck,NMERNALS of the
parent object include anVPLEMENTED _BY link to the child’s operation set, and a
corresponding arrow joins the two operation sets, as represented or9figure

( Data_Base )
{Query_Operations}

{Administration} {Query_Operations}

Administrator

{Administration}

_J
Figure 9-1 : Operation sets implemented by children

Here we see the most general view of a data base systemaides® very different
kinds of operationsgueries andadministration functionsSince each kind includes
many operations, we simply represent them as operation sets. Wexthievel, we
see that the queries are implemented Qy&r y _Engi ne object, while administra-
tion functions are implemented in &dmi ni st r at or object. The operations are
still described as operation sets in the children.

9.3 Exceptions

Exceptions are used for dealing with abnormal situations; they areurg haked to

critical events, and it is very easy to overlook that an exception aaisled at some

point. For these reasons, HOOD requires a very precise description when exceptions
are involved.

9.3.1 Server side

In the PROVI DED_| NTERFACE of the ODS, a section nam&XCEPTI ONS de-
scribes exceptions raised by the object. The structure of this section is as:follows

PROVI DED | NTERFACE
EXCEPTI ONS
Exception nameRAl SED BY Operation namg

This tells precisely not only which exceptions ¢enraised by the object, but also which
operation(s) raises a given exception.
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As other elements, tHENTERNALS section describes the implementation of excep-
tions in theEXCEPTI ONS subsection. If the object is terminal, it simply includes the
list of all internal exceptions:

| NTERNALS
EXCEPTI ONS
Exception_name

This section may seem redundant with tHeXCEPTI ONS section of the
PROVI DED | NTERFACE, but it is not. It lists exceptions defined by therent module,
while the section in theROVI DED_| NTERFACE lists all exceptions that can be raised by
the module, including exceptions declared by anatiedule and propagated by this one.

If the object is not terminal, the exception has to be implementsdrhbg child. In
this case, th&XCEPTI ONS section tells who is implementing the exception:

| NTERNALS

EXCEPTI ONS
Exception_namd MPLEMENTED BY Child_name Exception_Name

9.3.2 Client side

Exceptions raised by a server propagate to its clients, andpastiant to make sure
that the client is aware of the possibility of an exception being raised.

Firstly, the exception flows from the graphical description are dhestm the textual
description in th&XCEPTI ON_FLOWS section. It has the following structure:

EXCEPTI ON_FLOWNS
Exception_name<= Object_Namg

This describes exceptions @tjectlevel, i.e. "this exception can be transmittedhfrthis
server to the current object". Note that an exoeptiay be raised by several operations.

Then, since the exception has to be dealt with by the current objecistitalso be
stated in theREQUI RED | NTERFACE under the correspondif@JECT subsec-
tion, as any other entity (see 8.3).

Finally, in a terminal object, each operation must describe wihae# with raised ex-
ceptions. In the OPCS,RROPAGATED EXCEPTI ONS subsection lists the excep-
tions propagated by the operation, an#ANDLED EXCEPTI ONS lists all
exceptions that are handled within the operation, and thus not propagated further.

C-17 Methodological

The propagated exception list in the OPCS shall be a spbset
of the provided exception list in the provided interface.
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This rules means that only exceptions that are declared in the graviddace can
be raised in an operation; or taken the other way round, it mearadl thateptions
raised by an operation must be declared in the object's provided int@tiegcrule is
intended to make sure that the client is aware of all potentially raised exceptions.

Conversely, the set of exceptions appearing INBKEEPTI ONS section of the
PROVI DED_I| NTERFACE is the union of all exceptions appearing in the
PROPAGATED EXCEPTI ONS of the various OPCS. This can appear as redundant,
but it means that it is easy to find the information by looking initite place, de-
pending on the granularity of the information needed. It does not involve extra work
for the designer, since the tools make sure that consistency is enforcet,aanid-fi
matically most of the sections.

9.3.3 Internal exceptions

Terminal objects are allowed to have internal exceptions, i.e. eansmeclared in

thel NTERNALS part of the ODS. Such exceptions may be raised only by internal op-
erations, and aneot allowed to propagate through provided operations: tiestbe
handled before control is returned to the client. This ensures thatxelyt®ns that
actually appear in theROVI DED_| NTERFACE can be raised in the client.

C-11 Methodological

Only exceptions listed in the PROVIDED_INTERFACE EX-
CEPTIONS field of a module shall be propagated by opera-
tions provided by the module.

Note that this rule is more restrictive than the/weaceptions work in most languages that
provide a built-in exception mechanism.

9.4 Practical tips

9.4.1 Naming conventions

Giving proper names to operation$\i a secondary issue, since it will have an out-
standing influence on the understandability of the design. Like most hes,dre
exceptions, but in general the following guidelines can be observed:

» Name procedures (operations that do not return a value) with actlmntiiat ex-
press what is being performed. For exampBkad_Keyboar d is a better name
for aprocedurethanUser _| nput .

» Name functions (operations that return a value) with a noun deggthe value
returned. For exampldJser | nput is a better name for &unction than
Read_Keyboar d.
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» Name the operations according to the client’s point of view. For exarhplserv-
er provides samples of some physical parameter, the operation shoualiiede c
CGet _Sanpl e rather tharPr ovi de_Sanpl e, since the client is actualgyetting
the samples.

9.4.2 Error managers

Exceptions are a powerful tool, but it does not mean that any error enealinte
program must be turned into an exception. In general, it is a good ptadetne a
policy for dealing with errors. Often, there will be an environment olijed will be
in charge of managing errors; with such a centralized error maiageasy to make
sure, for example, that all errors are logged in an error histeryffie error manager
may or may not, depending on the project's policy, raise an exception.

Note also that a HOOD exception does not necessary map to a lapgoaggon. It
is perfectly allowable to map HOOD exceptions to a return code,dadvhat care
is taken that the error codes are always checked on operations return.

9.5 Summary

Each operation is described in details in the ODS by a secti@d ¢adOPCS (OP-
eration Control Structure). TH@PCS provides all details for the operation, from in-
formal description down to actual code. Every elemmesed by the operation is
documented.

Exceptions are documented in such a way that it is easy to checkf(eudt ¢io for-
get to define) what happens when an exception is raised by used operations.
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structures

As mentioned before, the properties of every data in HOOD is ddfingsl (manda-
tory) type. Variables can be defined only in terminal objects, sincatpalvgcts are
empty shells. On the other hand, parent objects can (and often do) define types.

10.1 Description of types

The syntax for declaring types and data (even the very notion of type) varies consid-
erably depending on the programming language. This raises an issue, degigrat
level, we want a high-level, language-independent, view of the types,autdimatic

code generation implies that the types must be dectamdwheraccording to the

rules of the target language.

This issue is solved by separating tleelarationof types, constants and data, which
is basically announcing the existence and meaning of the entity in a langdage
pendent manner, from itefinition, which gives the details of the entity using the tar-
get language syntax.

The most important types, from a design point of view, are those that are declared in
the provided interface of some object. Since types are used to define data exchanged
by operations, they must be related to parameters of the provided operations:

Usage

An object should not provide any type which is not used as the
type of some parameter of an operation.

Sometimes, types are really abstract: clients do not know how thayplemented.
In some other cases, the type needs to be fully known to the clieekaimple if it
is used to return some data to the client. Therefore, two cases may occur:

* itis possible taleclare(but notdefing the type in the provided interface; only its
name is accessible by clients (it is callggri@ate type). Its structuredefinition)
is hidden to clients and will be described in EtMTERNALS, as a full description
if the object is terminal, or ddVPLEMENTED BY a provided type of a child ob-
ject if it is a parent object.

* itis also possible to declasaddefine the type in the provided interface; the struc-
ture is then fully accessible to clients (it is calladsibletype). For a terminal ob-
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ject, the type structure is fully described in BROVI DED | NTERFACE, and for
a non-terminal object, the type structureM°LEMENTED_BY a provided type of
a child object.

Types of internal data (which can only appear in terminal objeaid)eaither inter-
nal types declared and fully defined in tHéTERNALS, or types provided by another
object (HADT or class, either as local objects or environmemighel latter case, the
dependence to the external object requires a "type-use" relationshquieég, "type-
use" relationships follow the same rules as regular ("OP-use") relapsnshi

U-6 | | Methodological

If a child module TYPE_USES an uncle, then it shall algo be
TYPE_USED by its parent. This rule is implicit for envirpn-
ments.

u-7 Methodological

If a parent TYPE_USES another module, then at least one of
its children shall also TYPE_USE it.

10.2 HADT and classes

10.2.1 Global and instance attributes and operations

HADT and classes encapsulate attributes which are part ofdimetype definition:
each instance (variable) includes its own set of attributes. &tridfutes can only be
accessed as members of a specific instance of the HARTass. They are often
calledinstance variablesn OO languages. Attributes may bisible (they can be
modified directly) if they are declared in the provided interfadb@HADT or class.
Access to the attributes may also be restricted by declaengagprivatein thel N-
TERNALS of the ODS.

HADT and classes may also include data that are declarea withobject itself and
are thus accessible from all operations. Such data play the weleabis callectlass

variablesin OO languages: they are unique and conceptually shared by all instances

of the class. Such data appear inlti\dERNALS data field of the ODS. Similarly,
operations may be global to the HADT or class, and play the rakass methods
such operations are specially useful to access values of cladslemarBy analogy

with the receiver parametemg" of instance methods, such class methods must have

a parameter of namen/Cl ass".

Note that the re" and 'hyCl ass" parameters may disappear at code generatiorg sinc
they constitute the implicit parameter in languagigsh as C++.
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10.2.2 Aggregation and inheritance formalization

The main type of an HADT or class appears as a regular typeprnavided interface
of the object, but the syntax is extended to reflect the aggregation and ndecata
rows. The ODS for a main type has thus the following structure:

TYPES
Main type name
I NHERI TANCE
class name

ATTRI BUTES
HADT or class name

Of course, thé NHERI TANCE subsection is only allowed for a class (not an HADT).
On the other hand, for a non terminal HADT, this description willdpéaced with
anl MPLEMENTED _BY clause that designates the child that implements the type.

10.2.3 Abstract classes

Some classes are intended to serve as a common notion gathering moiesgecifi
classes, but a direct instance would make no sense. For examsplegiul to gather
in a class all the properties that are common to all widlgets it is not possible to
create a data that would be a pure widget, without being somethingspemiéic (a
window, a button, etc.) at the same time. Such classes areatadledct classes

W' | Methodological

If a class is abstract, then its main type cannot be instantiated.

This rule enforces that the only purpose of an abstract cladsasriberited by other
classes. A class is defined to be abstract by putting the ABBGRACT behind the
name of the corresponding type declaration in the ODS.

Similarly, it may be necessary to express that some operatigmoaiged by all sub-
classes of the abstract class, but no implementation can be gnmementations
must be provided by the subclasses. Such operations are declabstrast opera-
tions and are defined by putting the wakBSTRACT behind the name of the corre-
sponding operation declaration in the ODS. The folling rule ensures thbsaact
operation can never be called, since it has no implementation:

O-7 Methodological
An abstract operation shall only be defined in an abstract
class.

1. A widget (vindow gadgétis a common term to designate buttons, windoves)ums, etc. that ap-
pear on a screen.
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10.3 Constants, variables and parameters

10.3.1 Constants

A provided constant is declared in the provided interface and only its nantess a
sible by the clientsnpt its value). This is because the name describebtheal
meaning of the constant, while the value is only an implementation. detagxam-
ple, a file system may export a variable naied_Of _Li ne_Mar k which defines
a special character used to mark the end of the WWiech character is used (the
ASCII character Line_Feed for example) is not important to the client.

The structure and value of the constant is given ih NiEERNALS of the ODS, un-
less the object is not terminal, in which case the constaiWREEMENTED BY a
provided constant of a child object, as usual.

10.3.2 Data

HOOD objects exchange data via parameters of operations. Datalgée declared
in terminal objects, in theNTERNALS of the object. They can be of any accessible
type (including, of course, a type provided by an HADT or class).

No data can be declared into tAROVI DED | NTERFACE of an object: it is recognized
that such "public" variables would be error-proffi@n object logically exports some data,
it must provide procedures to query or changedtse, See practical tips in section 10.4.2.

Note that data are not represented on the graphical description (exakgia flows).

This is because data can only appear in tHEERNALS of an object, and the details

of | NTERNALS are never represented on the graphical description. In the textual de-
scription, data appear in tlATA field of thel NTERNALS part of the ODS:

DATA
Variable declarations

10.3.3 Data flows

In the visible part of the ODS, a section narddd A _FLOWS describes the flow of
data between the current object and the server objects thatdrélbie structure of
this section is as follows:

DATA _FLONS
Data name => Server object name
Data name <= Server object name
Data name<=> Server object name

The little arrow symbol indicates the direction of the flowsit=>" for an "in" pa-
rameter (provided to the object}:>" for an "out" parameter (provided by the object),
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and '<=>"for an "in out" parameter (exchanged both ways with the object)s&bis
tion is filled automatically by the tool from the graphical description.

10.4 Practical tips

10.4.1 Naming conventions

As for naming operations, it makes sense to have uniform conventiorestiorg da-
ta. Variables should be named with a simple noun expressing the usie cdtitent,
while types should have a name that starts With',"and is a plural of the designated
entities. For example, the type of messages in the exampékiion 7.2 is called
T _Messages; A variable of that type could be call€dr r ent _Message.

10.4.2 The "good" data

In practice, data encountered in a HOOD design are of three kindsngtars, at-
tributes and internal data (internal to a full object, or only to aratipa). There is

one kind of data that doestbelong to HOOD: global (shared) data. HOOD rules do
not allow an object to provide directly variables; they have to be enetgs and ac-
cessed or modified through provided operations. For example, if an object provides
some kind of counter, it is not allowed to let the corresponding vauiaeletly ac-
cessible; operations, such as procedures enrent andDecr enent , and a func-

tion Cur r ent _Val ue, must be provided to change or get the value of the counter.

There is of course a reason for this: global data are widely recognized as peorly re
able and maintainable. By forcing access to variables through a procedurateterf
one ensures that all modifications are made through a single weédlatcess point.

It makes tracking changes to the data much easier, and is egpegmlitant in the
presence of concurrent accesses.

Uncontrolled concurrent access to shared variatdesd result in race conditions. Concur-
rency constraints can be put on operations to ptehés; see section 11.4.

10.4.2.1 Parameters

Parameters are data that are being exchanged betweemntaackl a server object
through operations. Since a client can only call a server thatdekksed to use, data
can only be exchanged between objects which are related by a "asehstlip, or
along an MPLEMENTED_BY arrow.

Except for the simplest cases, parameters are instancedXdf biAclasses. They are
documented on the graphical description as datag$lalong theUSE or
| MPLEMENTED_BY arrows.
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10.4.2.2 Attributes

Attributes are data members that are conceptually part of thmtidef of an object.
In the Conpany example on page 56, we have seen that an employee had a list of
companies as an aggregation attribute, and inherited the attributpermsioa. Such
attributes appear on the graphical description as aggregation or inheritance arrows.

Like for global data, HOOD requires all access to attributes to be perfonnodh
provided operations of the object, or functions having the same name as the attribute
and returning its value (i.e. read-only access to the attribute)piidvigles complete
control of access to the attributes.

10.4.2.3 Internal data

Internal data are variables that are used as temporaries for the executi@pefa
tion, or as hidden storage to keep some information between calls. Sadodat
appear on the graphical description, since they are only implementatios. s
that are local to an operation are described IrDEA field of the OPCS, and data
shared by several operations are described iDAR®A field of thel NTERNALS.

10.4.3 HADT or class?

When designing and HADT, it is often an issue to decide whether toitreaktass
or not. The commonalities and differences between a plain HADT cladsaare the
following:

» Both HADT and classes are structured data types, and can tefinsttucture by
aggregating other data types.

* An HADT can be decomposed into child objects, possibly defining other (sub)
HADTSs, while a class is always a terminal object.

» Classes may extend existing properties through inheritance, but not HADTSs.

In short, the main difference is that a plain HADT is refined througpdhent-child
decomposition mechanism, while the class is refined through inheritance.

HADT are therefore more appropriate for high level constructsidet to be refined
into several participating types that do not share comnebiabours. Classes are
more appropriate for final data types that belam@ tset of types with common,
shared code. Classes are also appropriate to describe off-theedtvedfre compo-
nents that are provided as class libraries.

10.4.4 Avoiding too many root classes: class libraries

It is often the case that several classes are closely related {mfbugh "inherit" re-
lationships). In order to avoid having too many root classes, and toteisoeou-
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pling, it is usually better to define related classes as chittfrarparent "class library
object". This provides the OO designer with theassary encapsulating facility
which is lacking in many other popular methods.

A class library is just a usual object, which re-exports the types and operations of in-
cluded HADT and classes, as pictured on figure 10-1.

Vs

Widget_Library
T1_HADT
type T1 type T1
{T1_Operations} {T1_Operations}
type T2 | ———————— |
{T2_Operations} | m
type T2
{T2_Operations

Figure 10-1 : A class and HADT library
For a client, the whole library would appear as an uncle, as on figure 10-2.

( Parent_Object )

|
- CHILD_CLASS

— I

Widget_Library
Figure 10-2 : A client of the library, structureew

This figure tells that the CHILD_CLASS inherits and aggregates from typieede
in the Widget_Library; it doesn't tell which types are reg@ted or inherited, and
there is no reason to believe that both arrows relate to thetgpend he real infor-
mation content of the picture is: "CHILD_CLASS requires the Widgetary for
aggregation and inheritance purposes”. Once again, the ggagbscription only
shows the main dependencies that build the logical structure. Of calutise details
about what is aggregated or inherited can be found in the textual description.

10.4.5 Controlling instances: object factories

Regular (non HADT) objects are often abstract state macHoresne object in the
diagram, there is only one instance. On the other hand, an HADT defigesranb-

el; there is an unknown number of instances in each of the objeais¢hthe HADT
(i.e. each object may declare variables of the type at will).
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Between these extremes, there is some time the need for mnedigte paradigm:
when several instances are necessary, but nevertheless thebbe sarse control on
the management and number of instances. This can be obtained by usbjgcan
factory. An object factory is a regular object that resembles an H&DRRat it pro-
vides a main type, and associated operations. However, the main typelysasref-
erence typeto the real (and hidden) abstract data type. In addition, theést@
operation that is used to obtain a reference to a new object. Typaadi},toCr e-

at e would allocate the new object from the heap, or from an arrayttotia¢ facto-
ry... The important point is that the factory managkshe objects, and that only
references to the actual objects are exchanged between clients.

This is a common situation: for examples, when opening a file, the operating syste
often returns dile handle which designates the actual file description table. For se-
curity reasons, the file description table is entirely managed by thetiogesgstem,

and not accessible to the user.

Since the object factory is an objecanager it is an abstract state machine, and as
such is represented with rounded corners, although its provided intertkselike

an HADT. The difference in the notation allows to show thestiffice. A typical
structure of an file manager would be as on figure 10-3.

( File Manager )
Handle_Manager
e R _
Read ~.»-[Create I_TE
Associated_File Read
*Data
T_Handle+ T_Handle* I

T_File
-

Read Rela
El?a T_File )

Client-server view

( File Manager )

T Handle Handle_Manager
T _Handle i

|\ ) T _File
Read Rela |

Structure view

Figure 10-3 : An object factory

1. i.e. a pointer, or an index into an array of attata.
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On this picture, we see an object factdty| e _Manager , whose purpose is to en-
capsulate the typ€ _Fi | e (defined in the HADT objecE_Fi | e). This type has an
operation associated to Read (for simplification, we did not represent all file op-
erations). Clients of the file system only have accessdteesenceto T_Fi | e ob-
jects, through the provided tyge Handl e. They must first create objects through
calls to theCr eat e operation, which is implemented in the child
Handl e_Manager .

Operations on files, such Read, are implemented by an OP_Control whose role is
simply to get the actudl Fi | e associated to & Handl e (thanks to the operation
Associ at ed_Fi | e of Handl e_Manager ) and then call the actu&ead pro-
vided byT_Fi | e.

Since the real _Fi | e type is inside the object factory, itgsiaranteedhat no in-
stance of typd Fi | e can be created except by calling Greesat e operation, and
therefore that all instances are managed and controlledmgl e Manager .

10.5 Summary

Data manipulated by HOOD are either elementary types of thd tanggiage, ab-
stract data types (HADT) or classes. Abstract data typesfmed through parent-
child decomposition, while classes are refined through inheritance.

Data instances are either parameters of operations, attributaseipart of the logi-
cal description of an object, or local (hidden) data. Fields of the &% precise
tracking of all properties of the data.



11. Formalization and refinement of behavioural
aspects

The behaviour of an object is the description of the various ¢onslithat govern
how the objecbehavesas opposed to what it does (the functional formalization).
This "behaviour” covers such various issues as whether some conditvent® Hee
met before a given service can be called, whether a requesitnetbut if not ser-
viced within a given time frame, etc. This includes all the dynaspeects of the de-
sign, as opposed to the static description provided by the OPCS.

11.1 Defining execution conditions: operation const raints

Given the client-server model of HOOD, the behaviour of an objectireedeby the
conditions that allow operations provided by a server to be (successhllgg by
clients. These conditions are caltamhstraints since they restrict the way the provid-
ed services can be used. Many provided operations maglled without special
care: computing a sine function, for example, can be done at any timeo[&reh
tions are said to benconstrainedi.e. no special constraint applies to them, and they
are insensible to external events. On the other hand, the service piovatede oth-
er operations can be granted only if certain conditions are met. Fopkxgou can
push data on a stack only if it is not full, and you can pop data only if it enmuatly.
Such operations are said todmnstrained Many kinds of constraints can be invent-
ed, but HOOD limits those that can be used to a small numbesiofdyees, because:

» They are sufficient to describe systems and to implement higher levels protocols

» They can be easily modeled and allow tools to perform proofs sucheas alug
deadlocks, schedulability, etc.

* They provide a common language allowing designers to easily understand the
properties of objects defined by other people.

HOOD defines three, orthogonal, kinds of constrasteteconstraintsconcurrency
constraints, angrotocol constraintsOrthogonalmeans that each kind of constraint
describes a different aspect of the behaviour; it is thus possistath one (but only
one) constraint of each kind to any operation. Thgoua constraints will be de-
scribed in full details later in this chapter.

Constrained operations are represented witigger arrow, as on figure 11-1. The
arrow may be labelled with the constraitkiisd, but the precise constraint is not rep-
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resented: as usual, the graphical description only warns the redadibetbaeration
has some constraint; the precise description can be found in the textual description.

( Stack w

|
Push

Pop

L

Figure 11-1 : A stack with constrained operations

Ny

11.2 HOOD execution model

When an object provides constrained operations, there is a special strhetQ®; t
ject Control StructurdOBCS), which is in charge of providing the correct behaviour
for constrained operations. Since constraints are not particulaingla operation,
but generally depend on the state of the object as a whole, thereG8Q&in the
object for all provided constrained operations.

From a designer point of view, the OBCS is primarily a descriptidheo€onditions

that allow (or not) a service to be provided; howeveroae generation time, the
OBCS is generated as a special module that actually checks and enforce®tise va
constraints. Since the functional part may relytlom constraints being met, the
checks must happdrefore the service can actually be providéde OBCS acts as a

kind of child unit, inserted between the interface of a provided operatid the ac-

tual functional code as described by the OPCS for the operation. The way the OBCS
interacts with the execution of operations is pictured on figure 11-2.

-~ )
4 )
“Zg|Operation_1 iOperation_l:OPCS
~=w|Operation_2 :Operation_Z:OPCS
_ _OBCS |
Operation_3 =Operation_3:OPCS
§ Y,

Figure 11-2 : Object execution model

This figure is for explanatory purposes; in pragtibhe OBCS is never represented explicitly
on a graphical description.

We see that an execution request for a constrained operation israetioroughthe
OBCS. In other words, when a client caliser at i on_1 or Operation_2, it
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calls a special operation of the OBCS that will check thaa@licable constraints
are met; only after this check has been performed will the G $e actual oper-
ation, i.e. the one that is described by the OPCS (the senralfg nce there is one
OBCS for all constrained operations of the object, it can account évaations be-
tween the various operations. On the other han@nwthe client calls anncon-
strainedoperation such &per at i on_3, the OPCS code is called directly.

This picture shows how the concept of OBCS is used to separaterratkethe be-
havioural parts are described in the OBCS, while the OPCS destirdactions to

be performed, assuming that all constraints applicable to the apeaati met. This
means that when the designer is working on the functional part, he/shetbese

to care about the behavioural aspects; conversely, when studying the behavioural as-
pects, it is not necessary to care about the functional aspects.

Or to state it differently: in the OBCS, you deathaconstraints and assume that services
are performed OK. In the OPCS, you deal with sevjiand assume that all applicable con-
straints are met.

This separation has many other benefits: during development, it is passdbleck

the behaviour by replacing the functional parts with prototypes; during maintenance,
the kind of bug (behavioural or functional) immediately determines whitisipauld

be investigated; etc. Note that there is a number of methoddRattonic Analysis
[Klein93], Petri Nets [Reisig85], SDL [CCITT89], ROOM) thate specialized in
formalizing or proving behavioural aspects of a system. Since the bela\pony-

erties are physically separated from the functional ones, isysteaxtract them in
order to process them with proof making tools.

11.3 State constraints

In the stack example, the constraints simply allowed (or notatipes to be per-
formed according to some internal state (whether the stack ,i®fufity, or in be-
tween). Such constraints are cal&dteconstraints. Note that some conditions may

be knownafter an operation has been performed; for example, after a push, a stack
cannot be empty. These conditions are known as preconditions and pastrasse
[Meyer88]. State constraints are the HOOD way of representing the same notion.

Object State Transition Diagram

As said before, an object can be in one of several states. Intatgloaly a subset

of the provided operations can be performed, and the current state clanuydmg

to the operations being called. HOOD providdsgect State Transition Diagrams
(OSTD) as an easy way to describe the states of an objetteatndrisitions between
them. The OSTD is therefore the part of the OBCS that foresasiate constraints.
Although it is represented graphically, it is part of the textualrgesm, since it is a
detailed description of the behaviour of the object. It can be found as a subsection of
the OBCS section of the ODS.
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There is a text equivalent to the graph, but wémwat describe it here, as only the graphical
description is of interest to the user.

An OSTD is represented as a box with rounded corners, with its naheestap left
corner, as pictured on figure 11-3.

OSTD name
State

Transition

Other_State

Transition

Figure 11-3 : Representation of an OSTD

* A state is a box with rounded corners, with the name of theistiatét is assumed
to be stable (it does not change except through execution of provided operations).

» Atransition is represented as an arrow, labelled with a camestraperation name.
Several transitions with the same label are allowed fromte &t another one (in-
cluding cycles). The transition is assumed to be executed in a null delay.

 Initial and final states are represented with ovals on the eddgks box (a white
oval for the initial state, a black one for the final statéje ihitial state corre-
sponds to the state of the object when the object is createdilsenoperation is
always constrained, it is marked with a trigger arrow.

It should be stressed at this point that the OSTD serves as a desdéoiptienclient
of the conditions that allow the operations to be performed fiaiis of thevisible
OBCS); itisnota description of the internal algorithm. For this reason, transitems
be triggered only by the execution of provided operations. If an operatiatied
while the object is in a state that does not allow it, the sspaanot be provided, and
the exceptiorX_Bad_Execut i on_Request is automatically raised.

Example

Consider the microwave oven represented on figure 11-4. It has a keybeatdrto
cooking time, a clear ("C") button to clear it, a "Start" buttmstart cooking, and a
"Stop" button (that can be pressed at any time) to stop it immediately.

S
S

PEEE (S

|
FIEE
FEER

%)
=
o
-
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A—-
Figure 11-4 : A microwave oven

|
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A first decomposition of the software to control this object isupext on figure 11-5.

( Micro-wave Controller )

.( Al Clock )

f | Control system ]

" Za|Enter_Digit
“ZelClear
" Zs|start
Zalsiop
T Second_Elapsed

L

Figure 11-5 : Decomposition of the microwave oven

J

The keyboard sends the digits to the control system as they are enteled, clock
provides a basic time reference by callBezond El apsed each second. It is not
possible to enter digits while the oven is cooking, nor can the clock hgecton
when the oven is stopped. This logic is represented with the OSTD onZXityuée

(" Micro-wave N

Sto
CO—{ Ready i"

| Second_Elapsed

Getting_Time

Second_Elapsed
_clap P,

Enter_Digit

Clear

Enter_Digit

-
Figure 11-6 : OSTD of the control system of thenmicave oven

Note the transitions which cycle on a state: it nsethat the current state is not

changed by the operation, as when a second has elapsed, but the cooking tiote ha

yet been reached. The annotated trigger is a short hand to specifysttiggeapply
to every state and make return from the current OSTD, as f&t the button, since
it immediately cancels any current operation.

11.4 Concurrency constraints

Concurrency constraints define the conditions that govern accesstica bg sev-

eral clients at the same time. By default, such access is wrained, meaning that
several clients can call the service simultaneously withoutragasiy problem. This
is the case, for example, with pure functions: there is no problewmo ithreads are
computing a sine at the same time. However, it is often thaltatssuch unrestricted
access could lead to inconsistent states, for example if theesemadifies the state
of the server. It is then necessary to limit and control the acdaisssTndicated on
the graphical description by putting predefined texts next to the trigger arrows.
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11.4.1 Mutual EXclusion Execution Request (MTEX)

MTIEX means that the operation is executed in mutual exclusion: i ttiread calls
anMTEX operation while some other client thread is currently executirigstheld
until the other thread exits the service. It is thereforeaguaed that no two client
threads can be executing the operation simultahgotle operation is protected
against race conditions.

Note that the MTEX constraint involves only one operation, irrespeatigther op-
erations that may be executing at the same time in the same object.

11.4.2 Read Write Execution Request (RWER)

RVER means that the operation is defined as possibly modifying the sth&eaifject

to which it belongs, and that protection against concurrent acceggastsd. This
implies that while a client thread is executing=MER constrained operation, no oth-
er client thread can execute RMEER or ROER (described next) constrained operation
from the same object. Note that here, mutual exclusioroigjettlevel, not abper-
ation level as it was the case with MTEX constraint. It corresponds to what
[Burns96] calls avriter operation controlled by aeader-writer monitor

11.4.3 Read Only Execution Request (ROER)

RCER means that the operation may access the state of the objectrfbupano
modification of global variables that would require mutuatlesion. As a conse-
guence, several client threauay execute simultaneousRCOER constrained opera-
tions, provided that no client thread is currergiecuting arRVER constrained
operation. It corresponds to what [Burns96] calteader operatiorcontrolled by a
reader-writer monitor

11.5 Protocol constraints

Protocol constraints define the conditions that govern the interactioedaretnclient
thread calling a provided operation, and a server thread in charge of pgahielicor-
responding service.

In a normal operation call, the client is in a sense "blocked" while the sés\wexe-
cuted. However, it is sometimes not necessary (nor desirable) kochertt activities
while the service is being performed. A typical example is sgmaliine to a printer;
it would make no sense for the client to wait until the line isted before being al-
lowed to go on with processing. This typically requires "someonetelgetform the
operation, aerver threadAn operation which is performed by a server thregads
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tocol-constrainedConversely, a protocol-constrained operation iregua server
thread to execute it, and therefore can only be part of an active object.

0-1 | Methodological

If an operation is protocol-constrained, then it shall be pro-
vided by an active module.

Protocol constraints are indicated on the graphical description by ppitédgfined
texts next to the trigger arrow, like concurrency constraints. Theraaoelis forms
of protocol constraints, which are described in the next sections.

Since protocol-constrained operations are exedwyesl dedicated server thread, it is easy
to distribute them on a network with remote servers

Protocol-unconstrained operations

Operations to which no special protocol constraint apply are simply exkeoutthe
client thread, there is no server thread at all. This is the tssugprogram call proto-
col", and it is the only allowable protocol for a passive object. Nateit an active
object has (by definition) protocol-constrained operations, itatsyprovide proto-
col-unconstrained operations at the same time. Imagine for examplgect used to
communicate on a network. It has of courSend_Message and
Recei ve_Message operations, but also operations to query the statistitiseof
transmission. The situation is represented on figarer.

(A Network_Interface A

Send_Message LSER (AT Sender Agent )
L

LSER
L
HSER
s

Send_Message

Get_Message l
o HSER (AT Recever g
Get_Statistics —, Al Rocove Ao

vy

) { Statistician \

Get_Statistics
Register_Transmission

< J

Figure 11-7 : A network interface

TheSend_Message andRecei ve_Message operations are implemented by ac-
tive children, but theSt ati sti ci an object is passive, and the
CGet _Stati sti cs operation is typically unconstrained.

11.5.1 Highly Synchronous Execution Request (HSER)

In this protocol, the client thread is suspended until the required service hasibeen e
tirely performed. From a client point of view, it behaves almostdikenconstrained
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request, except for an important issue: timing. The server may notilabkvat the
time the client issues the request, in which case the clieatthvill have to wait until
the server is ready. This is sometimes called a WAIT_RERiInYheunication proto-
col in the literature. The protocol of 8SER is represented on figure 11-8.

HSER

_> Thread executing

""""""""""" Thread not executing

Provided operation

Server thread >

Report

Internal or external event \/l

Request

Client thread >

Figure 11-8 : HSER protocol

That the server thread may have to wait for sonemelvefore servicing the request should
not be confused with state constraints: when & stastraint applies, and the server is not
in a state that allows it to serve the request,atempt to call the service will result in an

exception being raisechmediately With anHSER, if the server is not in a position to accept
the requesat the time it is issuedhe request is put on hold and will be accepaéer|

11.5.2 Loosely Synchronous Execution Request (LSER)

In this protocol, the client thread is suspended until the required service has been ac-

cepted (i.e. the server arrived to "take the orders"), but not nebessdrely per-
formed; the client thread is released while the service mgylpgrformed in parallel.
This is sometimes called an ACKNOWLEDGE communication protocol intére li
ature. The protocol of BSER is represented on figure 11-9.

LSER

_> Thread executing

------------------ Thread not executing

Internal or external event
Provided operation

Server thread >

Acknowledge

Request

Client thread >

Figure 11-9 : LSER protocol
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11.5.3 Asynchronous Execution Request (ASER)

In this protocol, the client thread is not suspended at all. Isgrsds a signal to the
server to trigger execution of the operation, and proceeds without any sospdnes
protocol of arASER s represented on figure 11-10. Interrupt handler routines are rep-

ASER Server_Obiject
_> Thread executing

--------------------- Thread not executing

Internal or external event
Provided operation

Server thread i >

Request

Client thread >

Figure 11-10 : ASER protocol

resented as special ASER-constrained operations that aezl"dallthe hardware in-
terrupt; they are documented with a [aA8ER_BY _| T next to the trigger arrow.

A client thread calling aSER constrained operation is not suspended; fromatstf
view, calling anASER is not different from calling a protocol-uncongtied operation

11.5.4 Reporting Loosely Synchronous Execution Request
(RLSER)

In this protocol, the client thread is suspended until the required service has been ac-
cepted, like for a requldrSER. However, the client needs the results of the process-
ing at a later time. ARLSER is equivalent to submitting a request a4 8&R, and

then waiting for the output with aiSER. However, these actioisgetherdescribe

the interaction, and cannot be separated. Hence the need for aslapectialr this
communication protocol. The protocol oRASER is represented on figure 11-11.

11.5.5 Reporting Asynchronous Execution Request (RASER)

This protocol is similar to aRL SER, except that the request is submitted to the server
as anASER rather than aslaSER: the client does not wait until the server accepts the
request, but goes on immediately. It fetches the result at a later time WBERN

The protocol of &RASER is represented on figure 11-12.
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RLSER

_> Thread executing

--------------------- Thread not executing

Internal or external event \/l

Provided operation
Server thread i ﬁ- >
Acknowledge Report
Request
Client thread >

Figure 11-11 : RLSER protocol

RASER

_> Thread executing

--------------------- Thread not executing

Provided operation

Server thread >

Report

Internal or external event \/l

Request

Client thread L >

Figure 11-12 : RASER protocol

11.6 Time-out constraint

In the description of previous protocoMSER, LSER, RLSER, RASER), we said that

the client had to wait for the server to be ready to acceptdhest or to get a report
from the server. However, in many real-time systems it is upéaigle for a client to

be blocked for an unknown amount of time; in a fail-safe systemnédsssary to
provide some escape mechanism for the case where the server is down aad-never
cepts the request.

For these reasons, the time-out constrdi@) @llows a client to request and check
that an operation is executed within a given period of time. The time-outnsathe
imum elapsed time before the request is taken into account or exdguthe server.
TOcan only be combined with the above protocol constraints. A defaulbtitneal-

ue is attached to the operation, but the client may override it at request time.

It would not make sense to a@i®to anASER, since the client is never suspended.
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When arOconstraint is added to a request, the client control flow wilimeseither:

* when the time-out has occurred or
« when the service has been acknowledgé®SER TOER) or completed
(HSER_TCER, RLSER_TCER, RASER_TCER).

A TO-constrained operation has a default "out" boolean parameter toetallient
which of these reasons terminated the execution request. On theid¢héneserver
thread continues its execution (until the nominal end of the operationiloarueix-
ception occurs), whether the time-out occurred or not. This is bedsuszitiests
times out, not theervice If the service has some "out" data, they are discarded.

For example, the protocol ofHSER_TOER is represented on figure 11-13.

HSER_TOER [AlServer_Object
_> Thread executing
Oper

--------------------- Thread not executing

\

Delay not

exceeded
Server thread i

Provided operation

Internal or external event \/l

Execution time|
Request

Client thread | >

Delay
exceede
Server thread ‘

!

Internal or external event
Provided operation

v

Failure

Execution time

Request
| J

Client thread

v

Figure 11-13 : HSER_TOER protocol

11.7 Practical tips

11.7.1 State constraints

State-constrained operations should be entirely described by the OSalzoAse-
guence, every state-constrained operation should appear at least thece©STD.
Conversely, every operation used in the OSTD must be state-coedt(this last
condition can be checked by the tool).
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In highly critical systems, it is common to mention every provided constrained oper
ation as an exit from every state. This ensures that thenga$f defined behaviour
under any circumstance, rather than relying on the exception mechanismek-
pected service requests.

11.7.2 Consistency of protocol constraints

There are some incompatibilities between constraints, and appropriate eusg@r
(and enforced) to avoid them. For example, a protocol-unconstrained operatien is
that cannot "block” (i.e., it is always running). This would not hold ifaperation
called another operation that could block; the "unconstrainedness" nitastdigve.
This is enforced by the following rule:

| | Usage

Unconstrained operations should not use protocol-¢on-
strained operations, except for ASER constraints.

The rule does not extend ASER constraints, sincASER-constrained operations are
just signals that do not block the caller.

11.8 Summary

The behaviour of an object is the description of the various conditioosnsiraints
allowing a service to be provided. There stia@econstraints describing the states of
the object that allow operations to be perfornmashcurrencyconstraints that define
if and how concurrent calls to operation are allowed paatbcolconstraints that de-
fine interactions between the client thread and the server thread.

Constrained operations are performed througlOthject Control StructuréOBCS)
which enforces and regulates the various kinds of constraints. Thisemnfoecsep-
aration between the behavioural and functional description of operations.



12. A model of the global project organization

HOOD provides not only a well formalized model for its variougtiest but also a
very convenient model of the organization of the whole project.

12.1 The HOOD design tree

We have seen that a HOOD design started from a root object,abateagomposed
into child objects, as represented on figure 12-1. The whole system icgordsented

D root object I Object 1 I

terminal object > Design level 1

Y Y Y 3

Object 2 Object 3 Object 4

> Design level 2

Vobject n % ‘ Object m ‘
. > Design level 3

Figure 12-1 : the HOOD design tree

as a tree where branches are parent objects broken into childresaeesirepresent
terminal objects. This tree is called tHOOD design tre¢HDT).

Although we represented only a single tree here, it must be remembered that, but for
the simplest designs, a full system involves several subsysternsyigads own de-
sign tree. So in general, a complete HOOD design consists in a set of design trees.

12.2 The global project picture

In the various HOOD design trees that make up a project, soraetaedly designed
by the project, while others are environment objects representinghzitsve been
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reused from other projects, commercial components, etc. Since & projedes var-
ious kinds of trees, it is convenient to group them into "spaces".

12.2.1 Object space

This space comprises all "regular" design trees, i.e. all non generic, nohvirtiga
root objects and their descendants. It is the only place where astealited, code
can be found.

The complete object space includes all roots; however, a designvtaaimis a sub-
contractor to some prime will be concerned only by its own systemstgrjelus
other HDT that areisedby it and appear as environment objects. Other objects, not
viewed by the current system to design, are irrelevant. In general, each desligne
only have a partial view of the complete object space of the project.

12.2.2 Generic space

The generic space includes all the generics that are pdue pfaoject. Generics are
considered as a different space, because they are always root @bhjessequired

by the method), and they do not constitute objects by themselves; they aredust m
els, not actual code. A generic itself is not part of the eventual progithou@hin-
stantiationsof the generic are).

Like for the object space, only a part of the whole generic spamnied by the sub-
contractors.

12.2.3 Virtual node space

If the system is distributed, it will include a virtual node tiea. similar reasons, the
virtual node hierarchies are defined in a separated virtual node Jpeg is the space
where executables are defined. In general, the virtual node spaceasconicern for
the prime contractor and the integrator.

12.2.4 Physical node space

Although physical machines are not really part of the software debmyspttware
designer will have to map the virtual nodes onto a physical arairgettis therefore
important to have a picture of the physical architecture in the d@$igmpicture con-
stitutes the physical node space.
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12.2.5 The global picture

A whole project is organized as a set of spaces and hierarchrepresented on fig-
ure 12-2. On this figure, we see the various HDTs as "planes" \ahactplugged"

Generics

& S ﬁ

Virtual nodes ;;
LIS L

Physical nodes - =

Distribution

Figure 12-2 : The HOOD Design Model as a set oEspand hierarchies

into the generic space, the space of reusable modules. If the applisalistributed,
the various nodes are projected onto the virtual node space, whiclsifz@lfected
on the physical node space. Note that the physical node space is hiddethbefow
tual node space, and as such not visible from the object space.

12.3 System Configuration

A system to design is defined as a set of root objects. Thereenofl cours¢he sys-
tem to design, the one that includes the whole project, but each subconirhetiso
have its own partial view. A set of root objects that descripestel or global system
to design is called system configuratiol.here will be therefore two kinds of system
configurations:

» the global system configuration of the project. If the project involves seugdral
contractors, this global configuration is maintained by the prime contractor. It de-
fines the configuration of the whole project by integrating all hierarchies.

» the local system configuration of a subcontractor. Such a configuratairigast
the one defining the context of the hierarchy associated to the locébpleesat.

The subcontractor will enrich it with new environment objects andetaas he
progresses in the refinement of his object/subsystem hierarchies.
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Of course, the global configuration is defined as the union of all locéibtirations.
It is the duty of the prime contractor to ensure that all neweziesdefined by a sub-
contractor are included in the global configuration, in order to ensure tEmTyi©f
the global HOOD model.

V-17 | Methodological

A module has visibility on environments and other rootg de-
clared in the system configuration.

Note that there could be a contradiction between the notion of enviro(neeseble
components that are available to everybody), and the strict contraleegyiHOOD
about who uses what in the system. The above rule states that a cathde use
another (environment) module unless the other module has bedioned in the
system configuration; in a sense, the system configuration plays ttué aolequired
interface for the whole system. Given several systems sharirg eavironment li-
braries, the system configuration traces which components are wgeiglinsystem.

As everything else, the system configuration is formally describicaniODS of its
own. Its structure is:

SYSTEM CONFI GURATI ON
ROOT_OBJECTS
Root_Object_Name

ROOT_GENERI CS
Generic_Namg

ROOT_VWN
Virtual_Node_Name

END

12.4 Summary

A whole project includes several hierarchies of objects, geraritsirtual nodes. It
is split into partial views that include only the hierarchies @natmeaningful from
each subcontractor's point of view.

Each view is described by a system configuration. There is a glatahsconfigu-
ration at prime contractor level which is the union of all local system configusat

The consistency between the global view and all partial views is enforced.



Part 3 :
The design process

In the previous parts, we have seen how a HOOD design was reéptesé/e will
now focus on th@rocesghat will lead to a well structured design.

Design is a creative activity, that involves a lot of personal akil knowledge. As
Booch pointed out, "the [software] professional [...] must have a dual natuseias a
entist/artist” [Booch87]. But, as@oduct software is subject to industrial con-
straints, and should not rely ovizardry. It is therefore important that, although
creative, the design process be driven, conducted in a systematic \wayinfpln-
dustrial considerations such as readability, traceability, and ease of evolution.

HOOD proposes a process that helps the designer in creating designs néamgdsi
complexity. There are actually, two aspects tohiat tcorrespond to two different
views of the design:

» abasic decomposition process defines the activities necesbaeak down a giv-
en object into children, from a root object down to terminal objects i§hihe
view which is important to the individual designers.

» ageneral process for driving the whole project development procesbhegsioe
approach and activities to perform along the architectural design praskeirno
organize the system according to the development constraints of the.prbjec
is the view which is important to prime contractors and project managers.



13. The basic decomposition process

HOOD diagrams may be used in many ways, and it is possible to usevitinemt
any method at all. Experience has shown that it is error-prone andst@fficient.
It must be understood that the notations are there just to supporgardetiiodand
capture its results; they do not replace a rigorous process.

It is therefore necessary to provide guidance on how to go from a blantopagel
design, in a way that is consistent with the goals of HOOD. On the ludind, it is
impossible to define a design process that would fit everyone's needsa\ivie¢mod
attempts to define too precisely a step-by-step design process, @achiprpractice
defines its own variations, and nobody applies the method as definedefettemce
book. To tell the truth, this is what happened with previous issues of HOOD.

For these reasons, HOOD does not impose a precisgndasicess, but provides
guidelines that are to be followed in order to get the expected Iseinefit the meth-
od; it is the job of the method director to define precisely how ttieodes to be ap-
plied in practice. An example of this is described in section 1i3fds the spirit of
HOOD, and provides a sound basis for defining a custom process thateualint
for the habits of the company and the constraints of the particular project.

13.1 The iterative process

HOOD is a top-down design method. A top-down design method is onstainist

with general modulespjectsfor HOOD), which are then broken into more refined
ones ¢hildrenfor HOOD). Although this idea is widely accepted, it is sometiares

gued that the opposite way (bottom-up design) can also be used. Whilefgotigef

for rapid prototyping, building an application starting from elemenaigks does

not allow for an organized, global picture of the design process and as such does not
meet the requirements for big, long lived, and safe industrial projects.

Therefore, the design of a software piece should start with thatmefiof asystem

to designwhich is extracted from a set of requirements, possiblgilddtafter re-
guirements analysis. It is initially defined aat object, which is then broken down
into several lower level objects, that are similarly refined timey reach a terminal
level. A terminal level is achieved when the complexity is low enooigiiow direct
implementation in a target language, or when it corresponds to designs, cotapone
or environment services that already exist and can be reused.
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The process of breaking down an object into children is calleldatbie design step
If an object is terminal, it has to b@plementegdincluding coding in the target lan-
guage. Building a full design will consist in performing a successionsié dasign
steps and implementations in an iterative manner, until the systally implement-
ed. We address in this chapter only the issues of developing a singletdes; how
roots are identified, and how the whole process is started is agliires®ction 14.2.

In practice, design is not an easy task. It is not performediagla step, but rather
as a succession of steps, going from an informal description of theoedhat may
still miss many important aspects, to a completely defined ODS. Errors, ineansist
cies and missing features are often discovered long after an bagebeen initially
defined, requiring some reworks. Design is best viewed as a setwarging cycles,
rather than as a straight, top-down line.

13.2 The refinement process

The previous description of the iterative process should not be understoedraag
that each object should be completely defined before lower level obgttse de-
signed; actually, it is a goal of HOOD to replace the classical vaitarbdel with a
progressive refinements process. However, there are two kindsnefimehts, and
HOOD allows them to be managed simultaneously without interference:

* Refinement by adding more details to object descriptions. At the time an isbjec
identified, its properties are generally not precisely known. The ycpikoceeds
by enriching the descriptions of an object with more and more details &sa-
tures of the object are more precisely understood.

* Refinement by decomposition. An object is initially defined as an interface, with-
out regard for its implementation. It is then refined by decomposingpitchild
objects, that will be later decomposed, etc.

How can these processes be managed independently? Each refinemsrihkave

tial model (the view of an object provided to clients) invariant. Ifiteesteps of de-
sign, the services are only vaguely defined and incompletely mngpieed. As the
refinements progresses, the definition gets firmer and firmerhandplementation
moves toward a complete implementation; but from an external poirgwftiie ob-

ject stays the samEor example, a first level of description is composed of three ob-
jects and represented by the design tree on figure 13-1.

Root Level 1,
Object Date T1

object | | object | | object
A B C

Figure 13-1 : A HOOD initial model
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Later, a second level of description is refined by further decomposing clojects.
The level 1 view is kept unchanged, but a level 2 of refinement has been Haeled.
design now includes 9 objects, as described by the design tree on figure 13-2.

Root

object LeVeI 1,
Date T1
Object A Object B Object C
| |
1
Level 2,
>
Object Object Object Object Object Date T2 T1

A_Child1| |A_Child2| |[B_Child1| |B_Child2| |B_Child3

Figure 13-2 : A refinement of the initial model

This concept of initial invariant model development is fundamental arcifispe
HOOD: a development step will thus allow to freeze, prototype andatala new
model refinement, that is still consistent and equivalent to the initial one.

13.3 The basic design step

As mentioned above, the basic design step is the process that alloeak an object
into child objects. It is therefore thedy of the basic loom the iterative design pro-
cess. It is recommended to decompose the basic design step into asefaein:
ities, i.e. something that has to be performed, and produces some recogmnitpibie
to preserve the results of the activity and to allow formalr(fmrimal) verification.
This is not intended to hamper the creativity of the designer, but tapraxdiommon
background to all designs within a company, for example; it makes maingelyanc
people other than the initial designer much easier, since thesommon language,
and a common design framework to all designers.

HOOD does not mandate a precise set of activities to perftwasia design step (an
implementatiorof the basic design step); this should be defined by the method direc-
tor. However, there are important aspects that should be addresssdiypkmen-
tation of the basic design step, and we'll present them in the following sections.

13.3.1 Understand the problem

The first activity of a design should always be to understandreally has to be de-
signed. The goal of this phase is to integrate all facets of dlvepn, before devising
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a solution. This is where requirements can be reworked andegdaiitim a design-
er’'s point of view.

It cannot be stressed enough that thigery difficult and that many inconsistencies,
that often appear much later in the design process, originateint@rrect under-
standing of the problem. This is not restricted to HOOD nor eventivasefdesign;
taking the habit of analyzing the very nature of problems before trying to solve them
can prove very effective in everyday's life!

The difficulty comes from the fact that most people see the prslaaiy through the
way to solve them. For example, consider the driving device for the robdt@n
section 4.5.1. An incorrect formulation of the problem would be:

Send a sequence of orders to the physical arm as required by the defined se-
guence of movements.

This is however the description ofsalution The problemit is intended to solve
should rather be formulated as:

Let the robot arm follow the path defined by the current painting trajectory.

A word of caution: generally, designers do not fully understand the impodétigs

step. They tend to jump directly to drawing boxes and arrows (makingch skea
solution), then fill in the required document parts just to please the quality assurance
people. They often accomplish this by simply "cutting and pasting" from péntey

of the design. The designer has a feeling of doing useless stuff, amdulergor-
mation in the document is redundant with other parts. Designers musale and
project leaders should enforce, that this first step be pesfibhrand if possible re-
viewed, before any attempt to implementing is started.

This activity is by nature informal; its output is necessarily strewtext that must

be kept as part of the project's documentation. At the least, a syrofithe defini-

tion of the problem, and constraints imposed by the outside world, should beoput int
the informal fields of the ODS DOESCRIPTION and

| MPLEMENTATI ON_CONSTRAI NTS).

13.3.2 Refinement lines

Once theproblemto be solved is defined and understoosplationhas to be found.
This involves three main activities, also calteinement lines

* Themodular decomposition refinement lirkhis refinement line expresses a so-
lution by decomposing the system to design into child objects (or decidinpehat
object is terminal). Standard decomposition criteria are applisédban alloca-
tion of functions to objects with a concern of defining loosely coupled objects
with minimized provided interfaces.
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» Theabstract data type refinement lin@bjects previously identified exchandg-
ta: this refinement line identifies and refines the data being exchanged, leading to
the definition of HADT objects and classes. Each data flow idedtifi the previ-
ous line can be implemented as a basic type of the target languagenstarzcei
of an abstract data type, or as an instance of a class. Theapeatithe data are
identified as the client objects are further refined, therefore this refimesger-
formed in parallel with the modular refinement. Since HADT dadses are just
special kinds of objects, they will in turn be designed through modular decompo-
sition and abstract data type refinement.

* Thelogical to physical refinement lin&Vvhen a system is distributed, there is no
reason to believe that the physical architecture (where objectsuddyaexecute)
match the logical architecture, as results from the decompositiréfinement
line maps objects into virtual nodes that fit the targets' constraints.

Each refinement line is eventually translated into an updategatian) of ODSs and
associated documentation. Actually, the whole development process canlas a
succession of improvement to the formal view of the system thatatiwus ODSs
for the current design tree provide.

13.3.3 Design activities

According to the principles summarized above, the following activitiesld be part
of any implementation of the basic design step:

* The starting point of the step should be to define the system to designrdsr-
face (a set of provided and required services) to its environmephiGally, this
corresponds to creating a new box, with the provided interface and the hatles t
appear to be necessary at this point.

 Identify the key child objects. These are the objects used to iraptgonovided
operations, as well as objects that appear to be necessary tthaifowio commu-
nicate. Graphically, this corresponds to drawing child objects,
| MPLEMENTED_BY arrows, andJSE arrows.

» Define the implementation of the communications and data flowgh&elly,
this means decoratingVPLEMENTED_BY arrows andJSE arrows with the most
important data flows, and adding exception flow marks where appropdéte.
course, this applies to arrows drawn towards uncles as welhaswes connecting
child objects.

At this point, note that there is a fundamentaledénce between HOOD and other design
methods. Whereas several methods identify clagséfseobasis of analysis techniques that
are mainly derived from the Entity-Relationship rab@&xtended with inheritance, the

HOOD design approach leads naturally to the idieatibn of classes, from the definition
of logical interfaces, as abstract data types fmecommunications between objects.

» Design the data types. At this point, it is necessary to decidbevlibe data types
that were identified are basic data types, or higher level dats tiyaewill be im-
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plemented with HADT or class objects. In the latter case, leglddrresponding
objects to the current design, with the corresponding arrows in the sxiessr
view and in the structure view.

* Document ODS fields that were not automatically filled by the fowh the
graphical description.

Of course, the main output of these activities will be the ideatitin of new objects,
whether regular objects, HADTSs or classes. A basic design slidpawe to be per-
formed on each of them, and this is where the method will iterate.

13.3.4 Justification of the solution

The last activity of a design should always be to justify the adoptatiasn, (when

not obvious). Once a solution is accepted, the reasons that lead wutiahshave

to be kept. Preventing the return of previous errors, and insuring that eseny de-
cision resulted from a conscious choice where alternative solutions were cehsider
are the goals of this activity.

The issue is that a design activity invohedwaysbalancing trade-offs between pos-
sible solution$. Often, there were conflicting requirements, several solutionsimere
vestigated, and there were sound reasons for clposia solution over possible
alternatives: a solution that looked appealing at first sight evéngsrdwed unim-
plementable, or unacceptable for various reasons, and some altesnattian was
preferred. Later in the process, the original designer will haoxgeedh and someone
else will look at the design and say "Hey, those guys were reaflidsthey didn't
use the obvious solution!".

The design choices (solutions that hawebeen adopted) are an important part of the
solution, and the knowledge that has been acquired through the design protess has
be kept. It is therefore important to documenttiséification of the adopted solution

This piece of documentation will serve for the review process, andiakome ex-
ternal constraints change, in order to be able to decide whether tle@ cobagion is

still the appropriate one, or if some other alternative has now to be preferred.

For example, a solution can be preferred, because a more elegaotéaeusable,
or safer) one would have exceeded the available computing power. lbjbet pater
decides to move to a more powerful computer, this design decision may be reversed.

13.3.5 Ordering of activities

Let us finally stress that although we had to enumerate theti@stsequentially, they
arenot to be followed in a linear order; it is recognized that design invohamsng

1. If you see only one solution to a problem, itgloet mean that it is the only one; it means tloat y
didn't see the other ones.
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forward and backward as the solution is refined. Problem understandiogiegser-

formed first, but the creative activities involved in finding child otgeare iterative
(by successive refinements), and overlap with similar activiiiethe children. It is

also often the case that the better understanding of a child’s pespiatieloped dur-
ing its design leads to some adjustments in the parent.

13.4 A typical workout of the basic design step

We said that the precise definition of the basic design step should be adagsed t
development's context. We'll present now an example of what such an enpdem
tion would look like. This example is derived from the (maenfal) process that
used to be mandatory with previous issues of the method; it reflectsperience of
years of development with HOOD, and can serve as a sound basisuiiom im-
plementation of the basic design step.

In previous issues of the method, the activitiethefbasic design step were rigidly defined,
and design documents had to follow exactly thedbdssign steps. These documents were
organized in chapters that corresponded to theites; they were numbered H1 for the
first one (with subdivisions H1.1 and H1.2), H2 fhe second activity, etc. Although this
proposed implementation is based on this oldecttra, we have not kept the numbering
scheme, since evolution of the method would havealowed to keep it consistent.

13.4.1 Activity 1: problem definition

13.4.1.1 Activity: Understand the problem to solve

This activity includes two parts: first, the designer states the problemhemanal-
yses and restructures the requirements with respect to his own designer's perception.

a) Statement of the problem

The designer states the problem in one correct sentence, giviegraanot precise
definition of the problem as well as the context of the system tgrdei this level,
it is of utmost importance to really state greblemwithout being "polluted” by any
possible implementation.

We'll illustrate the design process with the example of amairkservation system.
The problem to solve can be stated as follows:

This system is the basic workstation for all on-ground commercial btgfin
charge of all commercial transactions, such as selling tickets, makinyaese
tions, moving people between flights, attributing seats in the plane, etc.

Although the system itself is unique, not all staff have accessftmetions;
the system must thus include some kind of authorization procedure. bhaenust
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highly available and reliable. Under normal conditions (i.e. 80% of the time),
a transaction must respond within one second; in no case should a transaction
take more than 20 seconds.

b) Analysis and restructuring of requirement data

Once what the problem has been clearly stated, it is important to understanubthe
rametersrequirementsor otherconstraintsthat affect the problem. We are not talk-
ing about constraints on the implementation at this point, only thodedloaiy to the
problem domain. Part of the understanding of the requirementsiateohow the
piece under design is to integrate with the others. At this stage,sigaeiewill also
define the software environment of the system to design.

The designer gathers, analyses and organizes all the informatiomtetelies prob-
lem, clarifying all points which are not yet clear. Theretare reasons why some
points might not be clear:

» The designer did not fully understand the requirements
 The requirements are incorrect, incomplete, self-contradictory, lwraise
flawed.

Note that these reasons are not exclusive! In any case, the impaitat at this stage

is to identify any such points, and to discuss the issue with the odgifathe re-
guirement. When the object to design is a root of a design tree, the requirements will
come from the client (a real client, or some system designdeatmgher level). This
process is actually the transition between requirementgssédescription of the
WHAT), and the design (description of the HOW). When the oltigedesign is a

child, the requirements have been set by the design of the parent;igmedsisould

go to the author of the parent object to discuss the issue.

For example, our airline client has stated a desired response time, biltenot
number of workstations, nor the maximum number of transactions that can oc-
cur simultaneously! It may well be the case that the client intér@dsolution

to be extensible, i.e. that hardware be improved as the number of workstations
increases, but it has an impact on design, since the solution in that case must
make sure that there is no bottleneck that would prevent such an ertizosi
providing the desired increase in transactions power. These points must be
clarified right from the start.

It may seem logical that a same person designs the parent #mel @lildren; how-
ever, in this case, there will be no critical review of the mequénts (as long as the
designer understands his own requirements!). Therefore it may be gducpwve to
systematically mix-up objects among a team in such a way thahghenentors of
an object are never those who have set the requirements for it.

There are various forms of requirements. Since HOOD will impfregraach kind of
requirement in a separate, well defined entity, it is importaokassify the require-
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ments into functional, behavioural and non-functional ones, and to pediesign
sensitive analysis upon them.

For example, the functions provided by the airline system (makeraatsa,
attribute seats, handle authorizations, etc.) are functional constraints. The
mandatory response time is a behavioural constraint. Availability and reliabil-
ity are "other" constraints.

Finally, it may be useful for some applications to produasea manuabutline of
the system to design at this point. This ensures that the providecefeare not in-
fluenced by the underlying implementation.

13.4.1.2 Outputs

Since analysis of the problem is such a crucial step, it is exiyyemgobrtant to keep
the outcome of it, and especially for traceability. At this stagan only be informal
texts. The output is organized in two sections:

a) Statement of the problem
A description of the problem and its context in a few sentences.s€htion can be
put into theDESCRI PTI ON section of the ODS.

b) Analysis and restructuring of requirement data

An analysis of the constraints and requirements that apply to the object. This section
may either be put into tHBESCRI PTI ON section of the ODS, or in a dedicated doc-
ument that parallels the ODS. It is mainly an update of the regeives which should
include, as needed, the following subsections:

» analysis and definition of the object environment
 analysis of functional constraints

» analysis of behavioural constraints

» analysis of data model constraints

 analysis of non-functional constraints

» user manual outline

13.4.2 Activity 2: elaboration of an informal solution strategy

We are entering now what we called the "creative part" of desdivities 2 to 4 are
presented in a "normal” order, i.e. the one that would happen if everyhmger-
fectly foreseen and specified right from the start. In practice, thegs sill be con-
ducted more or less in parallel. For example, an informalisolggn be sketched
(activity 2), from which children are identified (activity 3) and fatiped (activity
4). At this point, it can be realized that the solution exhibits soc@nsistency, or
can be improved. In such a case, the designestiterate, i.e. rework activity 2 to



A typical workout of the basic design step 125

state the new solution, then adjust outputs from activities 3 and 4laggr The big
"Not-To-Do" would be to update the formalized solution that results from activity 4,
without reworking the output of the previous activities. Moty would the docu-
ments be inconsistent, but this would be equivalent to jumping directlgdu@on
without performing the necessary analysis.

13.4.2.1 Activity: Refine and work out a solution

This phase has as goal the expression of a solution. This is thergaiste part of
design: once the problem is described and understood, a solution has to be found. At
this stage, the designer describes onlinormal solution: he/she identifies the main
abstractions involved in the solution, the various actions that happen beheeen

and gives &cenarioof how the solution works accordingly (including, if necessary
degraded modes). The description is informal because it is exprassattiial lan-
guage, and tries to avoid any computational detail, as well as forefardnces (e.g.

how a child object will do its work).

13.4.2.2 Output: Elaboration of an informal strategy

The output of this activity should be a clear text explaining the solutioatural lan-
guage. As the design evolves, it must be kept consistent with the graptddektual
descriptions elaborated during the following activities.

For example, a possible solution for the airline reservation systarhecexpressed
as follows:

The system is split according to the various domains involved. A stig@en
ager is in charge of formatting the screens and getting orders from tina-ope
tor. A data base is in charge of all information storing and retrieval. In
between, a controller is in charge of doing all the "intelligent" work.

Typically, the controller will get orders from the screen managandate

them into one or several requests to the data base, get the respongbherom
data base, format the response into logical screens that are sent back to the
screen manager. Dealing with physical screens (i.e. actual presentadion) i
purely the job of the screen manager.

13.4.3 Activity 3: formalization of the strategy

13.4.3.1 Activity: Refine and work out the selected solution outline

This phase has as goal the extraction of the major concepts ofdhmanttrategy,
in order to achieve smoothly a formalized description of the solufionceptdn-
clude the objects involved, their relationships, and the actions they perform on data.
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The designer refines the strategy by producing textual descriptiongekatnt ob-
jects and operations, and a graphical description that aumes the architecture.
The idea is that a solution which can be expressed clearly in niaiugalage is an
already mastered solution. Let us stress again at this poindénafying "good™ ob-
jects is not easy, and that it is often necessary to rework this step.

13.4.3.2 Outputs

The output of this activity is a graphical description representiadpteaking of the
parent object into children, with a set of textual descriptions of the children.

Since this is a difficult step, it is better to clearly sapathe issues, and to organize
these descriptions according to the following subsections.

a) ldentification of objects

The designer expresses, from the strategy text, how each childsolgeks with the
others and what they do, which functions they embed. The output is a testrg-de
tion of the child objects required by the solution. These descriptiontateitl serve
as Activity 1 for the children: define the problem that they solve.

Here is the identification of the objects from the informal dpson of the airline
reservation system:

There are three top-level objects: the SCREEN_MANAGER, the [BWNIE
and the CONTROLLER.

Data exchanged between these objects are ORDERS, LOGICAL_SCREENS,
and REQUESTS to the data base, that trigger REPLIES from the data base.

b) Identification of operations

The designer identifies all operations, to which object they belong, whjehts can
use them, and gives for each one a textual description. It is ofteficisrte first
identify the operations (i.e. what has to be done), then assdbie operation to a
child (i.e. which object is in charge of performing the operation). Thigyder may
point out all attributes relative to concurrency, synchronism, periodic executien. T
result of this phase is for each child object, a textual descriptitre operations it
provides to its users.

The description of operations for our example would look like:

An operation GET_ORDER to get the next order from the keyboard. This oper-
ation belongs to the SCREEN_MANAGER.

An operation SEND_SCREEN to display a logical screen on the terminal. This
operation belongs to the SCREEN_MANAGER.
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There will certainly be various kinds of requests to the DATA BA&E00
early at this stage to define them precisely, so we'll just dafirgperation set
DATA_BASE_REQUESTS that belongs to the DATA_BASE.

c) Graphical description

Now that the breaking into objects is defined, the designer will cathteiraain rela-
tionships between the children, and the features of the parent theynend| in the
graphical description.

This description will include all the "use" and "implemehts/" relationships, to-
gether with the most relevant data and exception flows.

It is appropriate to stress at that point that the graphicatigéen is only an abstrac-
tion of the textual descriptions: as a result not everything shoulddvensn the di-
agram, but only the most relevant information eggime understanding of the
architecture. Of course, the consistency with the textual descrimiiist be ensured,;
but generally the tool will take care of it.

The structure of the airline reservation system can now be picsren figure 13-3.

( Airline Reservation System h
! Controller )
Rﬂ)"fs Logicai_icreen
+ Re@e:ts O?j:r *
( Data_Base \ Ir Screen_Manager \
(Data_Base Operations} Get_Order
Send_Screen
| C

J

Figure 13-3 : Graphical description of the airlreservation system.
13.4.4 Activity 4: formalization of the solution

13.4.4.1 Activity: Formalize the reviewed solution in the ODS

The goal of this phase is to obtain a detailed description of theosolith all the
characteristics of the object formally stated. Therefore, thps<onsists in filling all
the fields of the ODS. Note however that a number of fields caedeced from the
graphical description, and are generally automatically filled by the tool.
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13.4.4.2 Outputs

The formal output of this activity is naturally a set of compl&@&s. Actually, this
activity involves two kinds of formalization:

» Since child objects have been defined, their ODS must be createliintlude
their informal definition, to serve as a starting point when they willbtbér de-
signed, and some other information that can be deduced from the graphical de-
scription (like "use" relationships as well as some operations...)

» The complete definition of the parent object's ODS. From then orcamegletely
and formally described, and will remain the unique reliable piece afndewata-
tion for detailed design and code generation.

13.4.5 Activity 5: analysis of the solution

13.4.5.1 Activity: review and justify all design decisions

Different activities can be performed in order to check the dmees of the solution:

 Justification of the design solution

» Consistency and completeness validation

* Identification of reusable objects

* Identification of potentially generic objects

* Analysis of the dynamic behaviour, which may include state transitionlingde

» Post-analysis design update. If necessary, update the design stepslN awd
cording to the requirements discovered in this step.

» Traceability entries: this is the right time to define whiequirement the current
design is fulfilling. The designer can thus define entries in a traceabilitixroa
directly within the ODS.

* Risk analysis, in order to identify critical issues in the solutigarms of technical
and management risks. For technical risks concerning failure manageetent
tion means and recovery actions have to be studied and the solutiorbbagoto
dated if necessary.

13.4.5.2 Output: Analysis of the solution

A document should gather the results of the various checks that have theemnquk

It can be a "stand-alone" document, or it may be attached to tBeoDihe parent
object under decomposition within tRESCRI PTI ON field. In that case this valu-
able information is immediately available in case of latera@fishis object/solution.

For example it is not as obvious as it may seem that the operation GET_ORDER be-
longs to the SCREEN_MANAGER. A justification for this decision could be:
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An alternative solution would be to make SCREEN_MANAGER an independent

entity that would send orders to the controller. In this case, we wolliérrat
have a RECEIVE_ORDER operation in the controller.

This would provide for a better solution if we wanted to process seneeral

guests simultaneously, while the adopted solution only allows for a basic
Get_Order - Process - Display result cycle. However, we have no requirement
for concurrent processing of requests. On the other hand, the adopted solution
provides for a better encapsulation, since the SCREEN_MANAGER is in
charge of user interaction, and nothing but user interaction, without any knowl-

edge of the other modules in the system (i.e. it is a pure server).

13.5 Terminal implementation

When considering an object identified by a previous step, it has to bedlatidther
the object is further broken down or not. If not, then the object is telramahas to
be implemented.

This activity corresponds to what is often caltedailed designwWhat remains to be
done at this point is filling theNTERNALS part of the ODS of the object. Note that
it involves more than mere coding: for example,@RES sections include descrip-
tive subsections that have to be properly documented.

13.6 Summary

The basic decomposition process is the methodological approach thathkealds
signer from a set of requirements to a completed design, organiaduexsirchical
structure called the HOOD Design Tree.

This process involves iterating over a basic design step, which sizeste activ-
ities to be performed for breaking parent objects into children. Thamrecommend-
ed, but not mandatory basic design step defined by HOOD. When an ishjet

further broken down, it is implemented in the target language.

HOOD acknowledges that no strictly top-down model cfigie can be effective;
therefore, the approach favours progressive refinements of the initial design.
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14.1 Prime contractor's activities

The development of a system involvegemeral processwvhose responsibility be-
longs to the project manager, or when subcontractors are involved, to the prime con-
tractor. These activities are supported by HOOiway that enforces the
independence between them.

14.1.1 Activity 1: Define the logical architecture

This is the definition of the logical (as opposed'physical”) decomposition: a
HOOD design is first produced, ignoring all physical and implementatiaisianhd
constraints. The principle is to produce a "clean" solution, ignoring all non-function-
al-constraints, as if an ideal target with unlimited power wereablail and then re-
work it to add more features dedicated to the imy@etation of non-functional
constraints such as performance, reliability, distribution.

This activity is achieved by iterating over basic design steps. Nate¢he same de-

sign pattern is applied in the same way throughout the design, from thaostarto

the final phases. This provides a unique systematic approach for desaynssite

and complexity, and helps unifying management procedures, distributing the design
and development, and defining milestones to provide visibility over work in peagres

14.1.2 Activity 2: Select reusable components

Before starting designing pieces anew, it should be investigated whithgxism-
ponents may be reused. The infrastructure includes all the pietasstih@cessary to
the project, like communication services, operating system, archiving system, etc.

14.1.3 Activity 3: Decide the distribution strategy

We have seen the importance of the virtual node concept to maintain a logical archi-
tecture that is not driven by the physical architectures Toes not mean that the
physical architecture can be totally ignored: at some point, a mappmddgical to
physical must be defined. Similarly, the virtual nodes are intended t¢hieoactual
objects of the system. This also requires a mapping activity. Thistacirisists in
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building a logical view of distribution, or partitioning, and describingsita virtual
node tree. Therefore, the following steps have to be performed:

» Make an architectural design without accounting for distribution.

» Define a model of distribution as a tree of virtual node.

» Define the physical architecture (unless it is defined by the requirements)

» Partition the software by deciding which objects from the architectural design a
associated to which virtual node.

The important aspect of HOOD is that each of these stepdapendent, and that it
is possible to change the various mappings at any point in time. Of dbarag hap-
pen that two communicating objects that used to be on the same nodavarttm
different nodes; in such a case, the local calls will changertotesprocedure calls,
a modification that can be dealt with by the tools. But this will reveffecion the
logical structure of the project.

Why is it so important to maintain such an independence? Imagine, foplexam
system distributed over two processors. Allocation of objects to paysedsuld be
consistent with the logical structure, while minimizing network comgatian bot-
tlenecks that can be induced by too many data exchanges between olgeatsdll
to different nodes. Although these exchanges can be simutatedertain extent,
some trial-and-error can be necessary to determine the loestiaih scheme. More-
over, an evolution of the functionalities, or the addition of a processorguarse
some previously optimal allocation strategy. By keeping the logicaltsteumde-
pendent from the physical structure, the allocation strategy can be dizigy time
in order to provide an optimal throughput over the network.

14.1.4 Activity 4: Physical architecture

This activity involves describing the actual ungery physical architecture, and
mapping the logical partitioning onto it (i.e. deciding on which physical nade e
virtual node will be implemented).

14.2 Initiating the design

The basic design step describes how a parent objeeic@mmposed into children.
However, when a new project is started, there is no parent obgtatttrom! On the
other hand, it is beneficial to initiate a design in a way that is consistenheitbgt

of the method, although the project manager mus tato account special con-
straints such as subcontracting, parallel development, reuse, system design, etc.

Initiating a design thus consists in moving froequirementgo a first HOOD repre-
sentation of the system. An analysis of the requirements is performed, and translated
into adesignby performing the following steps:
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» define the system to design (at this point: the whole project) imsesface to its
environment.

* Represent the system to design as a single HOOD object.nyilabgect, it has
a required interface which, in this case, represents the "extesrdl to which
the system is connected. This external world is represented asneneirt ob-
jects. It may also be obvious (or required) to reuse some existingsoligec
example, an existing data base management system.

» Define a first version of the system configuration, which includesybem to
design itself, and any required objects known at that point.

» Define the services that are provided to the environment.

» Define the dataflows between the system and its environment.

» Perform the first basic design step (decompose the root systksigm into child
objects)

» Perform a basic design step on the root object, in order to acHiestadacom-
position. Like for any child object, it has to be decided whether theetodre
kept as children, or promoted to environments. At this stage, it is generally the
case that most if not all the children are promoted to environmerts,they
are normally, weakly coupled, and likely reusable. This almost alwayeha
if they correspond to parts of the projects that are subcontracted, siscdihe
contractors will get (partial) system configurations correspondirtgeioparts.

» Update the system configuration to include the new root objects trabkan
identified.

From then on, it is possible to iterate basic design steps dowemel af detail which
allows for direct implementation and coding.

14.3 Subcontracting

In a big project, it is often the case that the development is giagritne contractor
who will partition the work and delegate parts of itstdocontractorsSplitting the
work and managing the subcontractors is a difficult task for the momigactor; the
HOOD approach has been designed in order to ease that task.

Defining the work breakdown and allocation to subcontractors is a complesssr
that depends on multiple factors, including the industrial organization de6rseip-
port the project. The task definition work generally includes the following activities:

» Elaboration of a HOOD initial modellhe top-level system is split into as many
objects as can be developed in parallel. In general, many of thests alpgeenvi-
ronments to enforce independence, but it is also possible to have cadtsobhis
elaboration of the initial model may constitute in itself a sub-pt@jed is certain-
ly not an easy task: depending on the validation effort, it may take upd300%d
of the project resources.
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Definition of HOOD system configurations associated to subcontracted ®bject
The bounds of the developments given to each subcontractor are defined by parti-
tioning the global system configuration into local system configurationsrtha
clude only the parts of the system that are either used or tedleped by a given
subcontractor. If necessary, confidentiality constraints are enfbyaeat includ-

ing unnecessary sensitive modules in a subcontractor's system configuration.
Definition of the virtual nodes architectur€his task is performed either in paral-

lel with the elaboration of the initial model, or later. The aggttitre which is set-

up (and possibly prototyped) should be compliant in terms of performances, targe
system, and possibly to a domain application generic model (extractedthr
capitalization of the know-how in the domain).

Allocation of objects onto VN his task allows grouping objects of the initial
model according to physical and/or organizational constraints. Note fextdie

ing on the project's structure, sharing of the responsibilities betivegmiine and

the subcontractors, etc., this allocation task can be performedtsittier design-

ers as part of the basic design step, or by the prime at the time of integration.
Elaboration of associated Technical Requirement Specificatidms document
defines, for each subcontracted object, its precise behaviour and psopéotie
mally, most of the required information has been put in the descriplda bf the
associated objects; most of the document can thus be produced by exinémting
mation from the various ODS associated to the initial model

Contractual allocation of development tasks to subcontracfasording to the
work breakdown established above, the prime contractor must choose the subcon-
tractors and define the contractual conditions.

A main difficulty in subcontracting is finding the "right" granularitybw€akdown. It
must be fine enough to provide the subcontractors with a well defined, bouskled ta
but if it is too fine, there is a serious risk of doing the work of the subcontractors.

The work of the prime contractor is not over as soon as the subcontractdthparts
been assigned to subcontractors. His duties include the follow-up of theimter
gration and validation. There are several levels of validation tha&teasily dealt with
in the HOOD model:

Level validation The prime contractor may participate to formal reviews per-
formed by the subcontractor when major design steps are reaclseaisaful for
detecting early deviations from the requirements, for synchronizing théepa
developments by several subcontractors, and for factorizing developmess ac
teams, since the prime may discover objects that are used by several teams.
Update of system configuratiofhe system configuration of subcontractors is up-
dated at the time of these reviews, since root objects of eaalsi®mtem config-
uration are likely to be common resources at global system configuration level.
Pre-integration of subcontracted object/subsysteggcontractors can be pro-
vided with (at least) prototype implementations of used moduleshiatdidn't
develop themselves. The HOOD contractual model enforces that these prototypes
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will match the actual components, therefore providitesaharnesso the subcon-
tractor, who will be able to start pre-integration on its own site.

* Final Integration and validationThis task must be performed on the prime con-
tractor's site. The prime will take all the various subcontracted pattsu them
together to check the global behaviour of the system. Once again, the eDOD
tractual model enforces the consistency of the various views, so argpdiscies
should have been found earlier, and the final integration should proceed smoothly.

14.4 HOOD and development standards

We have seen that the HOOD modular decomposition proceeds by succssive
ments in two directions: consolidating objects and refining the decongpositic-
ture (see section 13.2). This is beneficial for the designer'stacbuit raises some
concerns from a manager's point of view.

Most management activities have been organized according to theatlasgerfall

model, also called the "V" life cycle. This is a comfortable nhtmi¢éhe management,
since it defines planed steps that are easily tracked agasnfiinare development
plan: architectural design, detailed design, coding, unit testing, integration, etc.

The definition of these activities, especially architecturalagatdiled design, do not
fit very well with the model of progressive refinement of HOQDalsense, it is ben-
eficial, since HOOD is precisely intended to break the classatriall model with
its well-know drawbacks; however, a bridge is to be found with manage¢ewnt
niques, if simple questions like "how is the project doing?" are to be answered.

The best way to address this issue is to map HOOD activitieslassical activities.
This can be achieved by considering the object as a unit of configuration, thus:

 architectural design corresponds to a set of refinements by decomposition.

» detailed design corresponds to a set of refinement activitiearighment of de-
scriptions of terminal objects using stepwise refinement on pseudoacodar
code descriptions. (A parent object is fully defined by its childreall thildren
are specified, then the parent is also defined).

However, an architectural design review has to apply to a model tieeaechitec-
tural choices have been made and validated. Architectural designse¥ieuld only
be applied to significant models, where some validation has been performed.

14.5 Configuration management

Configuration management is the process used to master the debhitiencompo-
nents of a project. It involves archiving the various elements, and ketepokgof
which version of which module is part of a given version of the product.
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Configuration management is not limited to code; the state of afjrddecuments
must be kept as well, in order to be able to reconstruct the corapbbtxact state of

the project. All the elements that must be kept under configuration control ack calle
configuration items

The configuration of a HOOD development is defined at any moment bydtes
configuration and associated ODSs. Therefore, yiseem configuration and the
ODSs corresponding to all the elements in the various trees includiee system
configuration are configuration items.

With a HOOD toolall the code can be generated automatically from the ODS; in this
case it isnotnecessary to keep the code at all, since the precise stadegpobject can

be regenerated from the ODS. The codebe archived, but it will serve as a short-
hand or as a mean of verification: if the code regenerated by this toat strictly
equal to the archived one, the configuration is inconsistent. Note howevbigan-

plies that the HOOD tool itself has not changed in-between! Secdonfiguration
managers archive also the old version of the tools whenever a new one is installed.

In practice, it may happen that the code, as generated by the tool, mesobled
before being used. For example, it may be necessary to modify the geécedddor
adjustments that are beyond the scope of automated code generatithgsiekéat
are necessary to adapt it to particular target constraintsi¢adoli Ada pragmas such
as pragma IN_LINE, SUPPRESS CHECKS, representation clauses, etc.).

To be honest, this can also happen because o$affigiency (or bug) in the code generator
of the HOOD tool.

In such cases, it is tempting to make the eventual code a configuration iteimetoget
with the ODSs. Feedback from early HOOD projects shows howevat ihaetter

to keep ODSs as the basic configuration item, and to use scripts @ohior com-
mands such as Shell procedures, SED, or MAKE ublahex environments) that
make the necessary transformations upon the generated code. Otheragoog for
using such scripts will be detailed later as we address thesiss target language
generation, but for now let us simply note that this allows to autcaligtgenerate
code from the ODS, therefore bringing the designer back to the situatienpsrfect
HOOD tool. Of course, such scripts are also configuration iteimslar to be able to
reconstruct the complete project.

Some tools may allow items of finer granularity than the ODS to baatat. If the
ODS is the coarsest configuration item that makes sense, some prggdesel the
need to define such finer elements as configuration items. Thidepend on the
constraints of the project and available tools.

How often should a new configuration be created? It depends obviously on project
constraints, but there are some major milestoneselgaire a new configuration.
These are the end of the architectural design phasendheféhe detailed design
phase, and the end of the coding phase.
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The first configuration of a project defined at the end of the anthitd design phase
corresponds to the definition (and optionally to the prototyping) of an ini@DEl
model defining a contractual reference state. The test sp&oifiead test plan will
be derived from this configuration, as well as traceability activities.

Note that creating a configuration at the end dhiied design isiot useful: the
HOOD model is a smooth evolution by successivensgfients from the initial
HOOD model down to code. There is therefore no identifiable pointvitiatd mark
the end of a detailed design phase, and it is generally bettet have a formal de-
tailed design review. Such a review point can be artificially défibat experience
has shown that the state is often not quite stable, and therefoealhotweaningful.

It is rather better to proceed to a second configuration at the émelaiding and unit
testing phase. Such a configuration may be thoroughlgwed (inspections, au-
thors-reader cycles) and will form the first stable \@r=f the project. From that
point only, the design will be put under change control and every code modificati
will lead to a change within an ODS, and a regeneration using autotoatedhat
will require a rerun of the unit tests and regression tests to validate the atauhfic

14.6 Human factors and HOOD management

Human factors are as important with HOOD designs as with any tether effort.
HOOD is a proven effective method, provided it is correctly usecpplied. Proper
training is therefore of utmost importance, and analysis of diffesithat have arisen

in some HOOD developments showed that very often, improper trainindpevesot

of the problem. The main issues where lack of understanding of the methoddhas lea
to difficulties are:

 Insufficient training in object oriented thinking?eople trained to other design
methods tend to carry over their usual way of thinking, and call "objduigj's
that are merely functional modules, for example. Sometimes, an ascbivdrs
that, although the design uses OO terminology, it is actually a functowlaita
flow model. This leads often to inconsistencies that are difficult to resolve.
Assuming, that an OO structure is intended. HOORIu&s can be used to represent a
functional decomposition, if this is the way thejprct works. There is a problem only when
the project is assuming OO decomposition, but thgammers do not apply it correctly.

* Producing documentation for the documentatidocumenting the fields of the
ODS is intended to guide the developer in the design process. Howevear&ols
very efficient to producing a lot of paper. If the designers confuse ityuaiith
quality (or if they are judged on the quantity of produced paper!), they cathgive
illusion of a huge amount of work, while the actual progresses are rather slow.

» Using the method and the tools backwa&@dme designers tend to jump into cod-
ing, then fill the documentation fields of the ODS because qualityaassaiwould
not accept it otherwise. The recommended approach leads to fillingatioeis
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documentation fields gradually, going from informal to more and more fateaal
scriptions, eventually to code. If taken backwards, it makes no sensske de-

scriptions more and more informal, so the designer will repeatstmee

information in the various fields. He will be frustrated by uselepstitions, and
will not benefit from the gradual refinements approach of the method.

» Decomposing the project according to available peophe development team is
often in place before the start of the project, and it is tempting to define a first de-
composition that maps the split of work between participants. Althdugight
seem to simplify the work of the program manager, it will racelyespond to a
logical, maintainable solution. Moreover, it is extremely suscepbldechange in
people. If one of the team members leaves, the whole project may be at risks.

A practice which is highly beneficial for teams that are neM@®D is tutoring. Tu-
toring consists in having an experienced tutorharge of supporting "on-line" a
project team that has been recently trained in a new technology. His main tasks are:

» looking over the shoulders of the designers to check that the new technaogy is
rectly used and applied,;
» providing additional support and training when needed.

Tutoring is very beneficial to HOOD projects, especially when th i€ new or has
very few HOOD practice. When a new HOOD project is starteg@nized HOOD
tutor should be allocated to the team: experience has shown thastloé orrecting
errors increases dramatically as the design is more advancetbr Avhose experi-
ence avoids mistakes in the beginning generally proves to be very cost efficient.

It is therefore important that the tutor be available right atltd®eation of the top-
level design, and that he injects back all his experience to theeaew Areas of ex-
pertise where the tutor may be especially useful include:

» launching the project, configuring the HOOD tool set, and the development envi
ronment

» defining the project approach

» author-reader cycles on the first informal strategies

e etc...

14.7 Summary

Large projects are under the responsibility of a prime contractorgvdudies include
the management of the project, the general architectural decisimh#)e breaking
of the project into units submitted to subcontractdise hierarchical structure of
HOOD has been designed to ease these tasks.

The prime contractor is also in charge of maintaining the configuration andainteg
ing the various pieces. Human factors such as proper training play anantpole
in the success (or failure) of a project.
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In this chapter, we give a description of the design documentation stidiatkescrib-
ing and checking HOOD designs. We are talking here aesigndocumentation,
that should not to be confused with a fubjectdocumentation which may need ad-
ditional items depending on the documentation standard used by the project.

The method gives recommendations alvaatis to be documented, but imposes no
particularform of documentation. The important issue is for the inforomato be
here, not how it is presented: each project has its own standarddoneittation, and

it is impossible to fit everyone's needs with one single model.

The last issue with documentationnkereto store it. Documentation is more easily
updated and retrieved if it is kept in a place that is easikysadae to the designer.

For this reason, the ODS allows all documentation associated to an obje&efat be
together with the object, including informal texts (especially inDIEBSCRI PTI ON

field). Most HOOD tools are able to extract this information in otdéorm various
design documents, meeting the project or company-wide documentation standards.

15.1 Why is documentation important?

Everybody tells that documentation is important, but why? The answermbwiotis,
since it is so difficult to get proper documentatiomireoftware engineers... The
main issue is that in an industrial project, no knowledge or understayaimegd by
a designer should be lost to the team. Moreover, a design is raealgt by the person
who wrote it. The difficulty is that documentation must be writteh wiis "unknown
reader” in mind, with the goal of transmitting all the knowledge gainékebglesign-
er while studying various solutions to a problem. Formalizingudeentation is at
least a way of ensuring that no mandatory or important part has been forgotten.

The HOOD documentation is intended to favour communication and explanation of
a solution within a development team. It describes the softwalifeaent levels of
details and abstraction. It allows quality assueateams to check that both the
HOOD approach and description standards have been enforced during the develop-
ment. Documentation also serves to supporting author-reader cycles.
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15.2 Relations between documentation and design fra  gments

One of the benefits of object oriented design is that all the pgrepédata structures,
program structures) that belong to a real world object are encigokima single de-
sign object. This should extend to documentation as well: all thetaggen object
should be found in a single place.

This is achieved in HOOD by gathering in the ODS both high-level, infodimal-
mentation (like a free text describing the general purpose of the object), ahebdetai
elements (such as the code in a terminal object). ThereforePBesdhe main doc-
umentation unit.

Of course, the ODS is only a logical concept; a physical representation of an ODS is
a piece of text grouping the contents of the fields of an ODS into arhreadable

form. This latter may take different layouts according to the docanhentfeatures

of the HOOD tool set and the purpose of the documentation. It is ofteasbdhat
documentation matching certain contractual requirements is extfeatethe ODS.

The associated notations and formalisms can in fact be used for:

 informal verification (through author-reader cycles) of textual descriptions
» design verification (designs checks, pseudo-code)

» code generation for prototyping

» code generation for final products.

In practice, there are two kind of documentation:

» therunning documentatigra set of ODSs maintained by the HOOD tools, that acts
as the fundamental design data base, gathering in a structured fouohamfor-
mation as possible

» external documentatighat serve a very special purpose: peer reviews, traceabil-
ity matrices, architectural document, formal parts for autonvatigications, etc.
These documents can be automatically produced from the running documentation.

A special mention should be given to the separation, in the ODS, oPG&©and
the OBCS, which allows concurrent analysis of real-time behaviouthigeith the
development of sequential code.

It must be understood that the goal of HOODasto produce huge amounts of doc-
umentation. It is true that this "central design data base" coalteps to produce
almost any kind of documentation, and can be easily abused of. But thetoléa is
able to issue, at any time, any form of document that can be desired.

15.3 Generating standard documents

Sometimes, the eventual client requires a documentation in sordarstdormats,
like the DOD-2167A, DOD-198A, ESA PSS-05, etc. These documents arellyenera
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organized following a waterfall model, while HOOD documentation folltvesde-
composition into objects. However, this is more a difference in pagganthan in
content: the necessary information is present in the ODS.

Providing a documentation to some standard format is more an issueofiagtand
reorganizing paragraphs extracted from the ODS rather than an extra dationent
effort. Actually, many tools are able to do this extraction automatically,ecandate
documents in the format of various standards from a HOOD documentation.

15.4 Trends in documentation

Most documentation is eventually produced as paper; however, the raw afrnmamt
per, and the difficulty to make sure that the document at hand is effechieatyast
recent issue call for exchanging documents as computer Tiles was long ham-
pered by the difficulty in finding an appropriate, portable, common documenttforma
that could be viewed and processed on various platforms.

Such a format now exists: HTMLIt is sufficiently well defined for the purpose of
documentation, there are browsers to view it on virtually any machiné,@odides
hypertext facilities that are very convenient to relate various pathe document.
Current HOOD tools are able to produce the documentation as HTédl ds a con-
sequence, it can be expected that in the future paper will be draltyatduced, and
that deliverables to customers will include only SIF and HTML files.

1.Hypertext Markup Language, the format of docum@xichanged over the Internet.



16. Design reviews

HOOD is intended to serve the needs of large scale industriatistdjethis context,
a designer's work has to go through several review steps in orderctepésa. These
review are intended to improve quality and make sure that one penson'samnot
put a whole project at risk. HOOD provides support not only for the desigriexiso
to all the people in charge of reviewing and accepting the designs.

16.1 Authoring reviews and quality assurance

Several kinds of reviews are involved during designs. We distinguightivertwo
most important oneguthor-readers cyclegndquality assuranceOther kinds of re-
views exist, like the final control by the customer, or audits by expevtsen some-
thing goes wrong and the origin of the problem has to be investigated.

Reviews are intended to increase the quality of software, bugasly turn into a
heavy bureaucratic process. It must be stressed that insisting on too muctptermal
perwork gives the illusion of quality, but may also seriously hamper the productivity
of designers without an increase in actual quality.

16.1.1 Author-readers cycles

Author-readers cycles happdaring design, and are relatively informal. When an
authordesigns a piece, he sends it for review teaderwhose role is to review it,
trying to find flaws, inconsistencies, better solutions, etc. The readeld check the
main ideas (informal strategy and operations descriptions) rathepitimnt every
subsection of the ODS. In a team, it is often the case that eachanacts simulta-
neously as an authandas a reader for other members.

The risk with author-readers cycles is that they can have a negfégeon schedule,
if the author is blocked waiting for the reader to return his commethizt may well

be simply "everything's OK". A good basis is that any document submitteddoer

should be returned within a week, or be assumed to be OK. Othenlags become
too important and the process hinders the design elaboration.

Author-readers cycles can be made more efficient by careful planhthg.readers
know whenthey are to receive reviews, they can plan their schedule for sthate
sponse times. Alternatively, they can receive informatioroatroontinuously and
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read the designs as they evolve. This practically requires thatttieer and the reader
share the same tool, allowing simultaneous creation and review.

16.1.2 Quality assurance

Quality assurance is a much more formal process, that takesfitxagsitial design,
to check that the design meets the quality criteria of the prajettan be incorpo-
rated. It focuses on completeness of documentation, consistency, traceability, etc.

The first task of a quality assurance team is to definedd petcisely outlinedjuality
criteria, to be used later as a yard stick for the evaluation of projeath. Siteria
should allow, as far as possible, for objective assessments. Fgplexeather than
stating that "a procedure should not be too long", it is better talsétéa procedure
should not be more than 50 lines long". This kind of criteria should not bettaken
strongly: it is often the case thaat obeying by a rule is necessary to a higher quality
code. However, any deviation from a rule shoulguiséfied The criteria serve as an
objective mean of identifyingotentialproblems, but the final decision about whether
it is actually a quality fault or not has to be taken after careful inspection.

As far as possible, criteria that are measurable by toolsdsbeullefined. There is
always a risk of overlooking something in a manual inspection, that dasdsmed
with the help of automated tools. For example, inspection tools can loweuthe

code, with a result presented as a "star diagram" as on figure 16-1.

Comments

Measured module

Quality standard

Fan-Out Avg. code length

Fan-In Complexity

Figure 16-1 : A star diagram

Such a diagram should not be interpreted as an absolute quality méasweeer,
experience shows that when a diagram significantly differs fromaghal shape of
other modules in the project, there is often a quality problem thairth looking at.

16.2 Preparing reviews

A HOOD design is a set of documents. Ideally, when dealing with a compéatk ch
of a design, the following documents (or document parts) should be available:
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* a description of the system configuration;

» for each hierarchy of the system configuration, the design tree;

» for each object or class its ODS, and especially the most important pactip-des
tion, interfaces, and behaviour;

» avalidation report about the verifications (if any) that have bedorpexd during
the design process.

Of course, the world is not perfect, and some elements may bagrossncomplete,
especially during author-reader cycles that happen before the design is complete.

ODS provided for review can be computer files or paper documente llater case,
the documents should be structured in in a way that eases reading and understanding
of the design.

Organization

A full design is a linear document of a tree architecturearttbus be organized as
"depth first" (taking the first object at the first level, thenfirst child, then the first
child of this child, etc.) or "breadth first" (taking all firsv&d objects first, then all
second leve objectsl, etc.) Experience has shown that "breadtlofgatiization is
easier to manage, since top level objects are not diluted in a sea of lbabjects,
and since it follows the natural path from high level concepts to low-level details.

Although a HOOD documentation tends to produce auto-sufficient documeats, ref
ences to required objects may force the reader to navigateemesgeeral related
ODS. Hence it is always necessary to have a "map" of the obgeetization: the sys-
tem configuration allows to define the context and the scope of that verification.

Furthermore it is important that in a document submitted to a reae®WDS appears
onlyonce even if it used in multiple places, otherwise confusion will teBuit even
so, there may be some time redundant parts between the desceppeasing in the
parent ODS and the ones appearing in child ODSs.

Such redundancy adds volume to the documentation to read, without any real benefit
An acceptable compromise consists in allowing child ODS fieldsftr to (rather

than copy) a parent ODS field. However such referencing should not benayist

but only be allowed for the parent information which is not distributed as®reyal
children. Moreover it should not be used across several level of decomposition since
this would make the reading of a deeply nested child very uncomfortable.

16.3 What to check in a HOOD design

16.3.1 Looking for the "good" design

The idea of a "good" design is very subjective: every designer desaish@®duc-
tion as "clean”, "elegant”, "understandable”, even if he is the only one able to under-
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stand it... Moreover, there are often several ways of achievingiree gaal. Some
people tend to think naturally in functional terms, while other favounapositive
OO approach, or a classification approach.

Therefore, the review process should also be guided in order to knowovatesick

in a HOOD design. The main issue is to make sure the designgsstentlt is per-
fectly possible to use HOOD with a functional approach, as well as withg0@m-
position; but a functional approaaha project that made the decision to follow an
OO0 approachs a design flaw.

Following is a list of some common errors that are found in HOOD designdyand t
should be looked for in the review process.

* Objects not linked to proper abstractions. In an OO design, an object sleauld
map a real-world object, or at least a well identified enligt tmplements every
aspect of one notion.

» Operations improperly attributed. Often, an operation involves two or aibre
jects. It is a common error to attribute the operation to the wrong object.

» Functional deviations in OO projects. People often think according to their previ-
ous habits, and if not sufficiently trained in "OO thinking", tend to analyse
problem in terms of functionalities, not objects. The modules tend puitsdy
functional. A good clue of this happening is when many objects have n&mes li
"manager of...", "handler for...".

» Data flow deviations. This is the symmetrical problem for peoptestomed to
data flow oriented methods.

» Design after coding. Sometimes people rush to drawing boxes and arrows]| the
the problem analysis sections. A clue of this happening is when the various levels
of descriptions repeat each other, instead of going from informal to more formal.

16.3.2 Design evaluation process

The general evaluation process involves three major directions:

» consistency of decomposition (i.e. are parent-child descriptions consistent?),
 traceability (i.e. have all requirements been taken into account and where?),
» software engineering quality criteria (i.e. do we have a "good design"?).

Depending on the kind of review, emphasis on the various aspects will viargthA
odological review will primarily check for errors in understandingrttethod and in
applying software engineering principles. Qualissarance review will mainly
check the consistency of parent-child descriptiansile the final customer will
check out requirements implementation and testability. But more eragirasome
aspects does not mean that other ones should be ignored,; it ihatemicuistomer
shouldalsovalidate the quality of the design which is being delivered to him.

A general outline of a review process can be sketched as follows:
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» Evaluate the design through "successive validation steps", by checking ame by
the decompositions of parent objects into children, level bylevel. Thiggsoc
mimics the "successive design steps".

» For each level, and before going to the next level of decomposition, check the
traceability analyses.

* Finally evaluate the decompositions through quality criteria (reeségbility,
software engineering quality, HOOD rules, etc.)

These activities may be done in a collaborative way by people havingediffeack-
grounds. But they all must have knowledge of the HOOD methdde¢raigh for
people evaluating design quality), as well as a good knowledge of the regplisem
and its environment (rather high for people checking traceability).

16.3.3 Reviewing the tree structure

A complete review should start from the more general informatensystem con-
figuration. It allows a first understanding of the partitioning of theesygsand of its
environment. The system to design is itself described through seienaichies of
HDT. The analysis of the tree structure gives a global view point on théeatahne.

A design reviewer should always keep the design tree in mind, in orfidliote its

own navigation philosophy. We recommend to navigate "horizontally", level by level
down to a level close to terminal objects. At that time, it maggdpopriate to con-
clude with "vertical navigation”, since low level objects have \i#tg to do one with
another if they belong to distinct hierarchies. Moreover it may beesttag to look
globally at subsystems: in certain designs, subsystems are highéylrafat it may
useful to shift to vertical navigation.

The analysis of the design tree may highlight problems related tputigy of de-

sign. One may observe for example that similar objects have been developed several
times: they could be promoted to an upper level as common objects, odaefiae-
vironments. Some errors in understanding the method can be also detedtex suc
useless objects or decomposition levels (decomposition of an object ingheaoh-

ject, or into only OP_Control ones). Finally, examining the structure of a design tree
may highlight apparently strange partitioning. These may result from gason®or

from design flaws; a well justified design decision must be provided.

16.3.4 Reviewing ODSs
After checking the global tree structure, each element (i.e. indi@ID8s) has to be
inspected. Some simple rules insure a better efficiency of this process:

* ODS analysis should be done tree by tree.
» the evaluation should start at level O.
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» an evaluation should first check the implementation of a parentispéoifs into
child objects.
» an evaluation should then trace requirement support child by child

It is also recommended to check REQUI RED_| NTERFACE since this allows also
the detection of inconsistencies in the use of the HOOD method, stiehcl by a
parent object of an operation provided by a child.

Knowing that the information contained in the fields of a parent OQ&nsrally dis-
tributed in some child ODS fields (such type of redundancy is unavoidale)eic-
essary to check its consistency:

» Ifthe text elaborated in the parent ODS fields is refinedarchild ODS fields and
IS no more consistent/compatible with the parent ones, it has to bedooutf and
the information in the parent ODS corrected.

* if the text elaborated in the parent ODS fields refers taliiid ODS, this may in-
dicate that the documentation of the parent object was producetheftdrild’s.
This in turn may be a clue of the method not being applied top-down, and should
be investigated.



Part 4 :
From design to code

Eventually, every design must be turned into target language code. HOQDst-
ted to making this last step as automated as possible, thereforg tiae level of ab-
straction that the designer has to deal with.

How this is achieved is the purpose of this part.



17. Mapping HOOD to programming languages

As adesignmethod, HOOD is independent from programming languages. However,
the design must eventually be translated into code. In a program text, the various no-
tions, such as data modelling, functional or behavioural aspects, etonapketely

mixed. It is where the method makes the difference, by keeping tremetsaepa-

rated, although they use the target language itself to desalgmithms and data
structures in terminal objects. In short, the design inclaflesecessary pieces of
code, but organized in a way which is appropriate to design and does nofdiap a

er program: description of actions are in the OPCS, code dealingrstocol con-
straints is in the OBCS, and possible state transitions are described in the OSTD

17.1 Tool support issues

The tool is in charge of automatically generating the code by gatherinvguioels
pieces from the design to build a correct, complete program in tet tanguage.
Ideally, the designer would always work in the design tool, and regemtieeatede
after any change. This may prove impractical for various reasons:

* Some tools are not able to generate a complete code from the designmanual
adjustments are required. It is not a big concern if it is done only botean
prove very painful and error-prone if it has to be done every time & cmaalge
is done into the code. As mentioned before, this can be mitigateadjtirstments
are automated by external tools, I&teell scripts If these scripts are considered
part of the code of the project, the result is the same as with a "perfect” tool.

* In some projects, the design has to be frozen at some point, anth&omn the
development is not allowed to change it any more.

* The generated code may not meet coding quality criteria or coding styles.

In such cases, the programmer will generate a first draft afatie, and then work
on the generated code. This entails a risk of design documents not corneggondi
the code any more. The designer must make sure that any change to tisereode
flected into the design. Some tools now includeerse codindeature, that allows
the design to be updated automatically from the code in case it was changed.

In any case, traceability between design and code needs to know how gederis
ated from design. Some uniformity in this area is desirable, to etimirthis trace-
ability does not depend too much on the particular tool being used. Forasios e
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HOOD definesode generation rulethat outline how the various HOOD features are
mapped onto language constructs. It is not the purpose of this ta@sdribe all
such rules; they are mainly a concern for tool builders. We willonlgritesthe most
important ones to show how the gap is bridged between design and code lamd to a
the user to check the generated code.

17.2 Principles of target language mapping

General principles

The target language features should be used as far as possible 8 EXPED con-
cepts, unless there are some good reasons to choose an alternate sotugicsmmF
ple, target language encapsulation facilities should be used to ma@b H©dules
and visibility rules as closely as possible; if the language providepgons, they
should be used to implement HOOD exceptions, unless project rules foehidif
the language offers concurrency, it should be used to implement actigspbgess
the use of some commercial real-time executive is mandated;ret main idea here
is to try to narrow the gap between design and implementation, intorelase trace-
ability from design to implementation. Of course, this will be maslg achieved as
the implementation language is of a higher level.

Note that the previous statement should not bersede the language is here to implement
the method, not the other way round. For examaleguages often allow structures that are
forbidden by the method (like direct access to glafariables for example). If a program-
mer complains that "the method does not allow fwress what he/she wants to code", it is
a clear indication of code-before-design!

HOOD run-time library

The implementation requires a set of specialized services, prawydddOOD Run-
Time Library (HRTL) which is a set of software modules used for thepmmapof

HOOD concepts. The precise content of the HRTL depends on the toolisboibit
a problem since it is used only from automatically generated code.

However, since code is intrinsically at a lower level of abstiat¢han design, code
generation will inevitably loose some high level information. It is beiaéto keep
as much information as possible in the code, since it is what tigneesvill first
look at. Therefore, high level information that cannot be translatecaingouage fea-
tures should at least stay as comments in the generated codd@atisteeh comments
can adopt a standardized format that will ease the job for reverse coding tools.

Identifiers

Target language identifiers should be kept identical to HOOD idestifldis may
not always be possible (for example, some languages have restrictitmes mmaxi-
mum length of identifiers; C does not allow several (global) omeraivith the same
name; etc.). Sometimes, a HOOD entity has to be mappeskveoaltarget language
constructs; in this case, automatically generated identifiers stadthe form of the



150 Mapping HOOD to programming languages

HOOD identifier, with some additional name appended. For example, ariopera
(OPER for example) of an object is normally generated as a procedure with the same
name; however, if the operation is constrained, the plain GHER should be re-
served for the operation called by clients, in this case the entryiptiet OBCS that
controls access to the procedure. A different name must be useddotiuhkopera-

tion, as described in the OPCS. A good name woultH&S OPER.

OBCS

A special mention should be made for the implementation of the OBCS. Shase it

to deal with many aspects, going from state constraints to distribttemplemen-
tation of the OBCS is organized as several layers. There apegvanplementation
techniques, depending on the capabilities of the programming language. Imthe ge
eral case, a call to a constrained operation follows the modetqucon figure 17-1.

Executed by
Request ((_Local Server client thread

Operation .
X

Client_OBCS

Server [[| oPCS_Header { Seize semaphore
— Check FSM

-

OPCS_Body

OPCS_SER

OPCS_Footer { Release

J semaphore

Figure 17-1 : General structure of a call to a tmirsed operation.

In this example, the server is not located on the gaimgeical node as the client.
When the client issues a request to an operation provided by tee, seactually
calls an operationdPCS_ER, for OPCS execution requégtrovided by a local "im-
age" of the actual server. THOPCS_ER (there is one for each operation) will trans-
mit the request to a special module, @he ent _OBCS (one for each object) which
is in charge of routing the request to the actual server. On theimgceode the re-
guest is transmitted to ti@PCS SER (for OPCS server execution requetsiat will
perform the actual operation. This is in turn made of three parts:

* A header part, that seizes the semaphore that ensures the proper concomenc
straint, and then checks the Object State Transition Machine (Q&fd/raises
an exception if the state of the object does not allow the operatierperformed.

* A body part, which is the actual code for the operation. This is thbadesigner
has actually put in the OPCS for the operation.

» A footer part, that releases the semaphore.

Server_OBCS

Executed by
server thread
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The return status will then be transmitted back to the dhlteugh the network by
theSer ver _OBCSto thed i ent _OBCS.

Depending on the tool and on the kind of constraint, the various parts of the code for
the OBCS (Client_OBCS, OPCS_Header, etc.) may be automaticadlyaged (with

the help of some environments or OS libraries), or not. Even when theaode
automatically generated, the tool maijow the user to provide the associated code
manually, if closer control over the communications is desired. Teetfeat, there

is aCODE section in the OBCS that allows the designer to provide an actpks-
mentation for the OBCS. Often, this code involves (global) data tbgiaat of the
stateof the object, and as such participate in the constraints associatedemper-
ations. They should be declared as local variables within the @& ures that the
OPCSs of various operations cannot access them, and thedpheation between
constraint management, which belong to the OBCS, and functional behaviazir, whi
belongs to the OPCS, is enforced. As an example, here is the gewedaddr an
OPCS_SERIn Ada:

-- OPCS Header
begin
HRTS Semaphor es. P;
HRTS FSM Fire (...);
exception
when X Bad_Executi on_Request =>
HRTS Senaphores. V;
raise;
end;

-- OPCS body
Actual code of operation

-- OPCs footer
HRTS Senaphores. V;

And here is the same code in C++:

/| OPCS Header
HRTS_Sena. P;
EXCEPTI ONS_SET(" X_NONE") ;
OSTM fsm >FI RE(. . .);
P_FSM_EXCEPTI ONS_HANDLE() ;

/| OPCS body
Actual code of operation

/'l QOPCS footer
HRTS Sena. V

Of course, the previous general description is for the most geasegland it does
not mean that all those layers are generated fdr eanstrained operation! Only
those that are relevant to the particular constraint do actually produce code.
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17.3 Ada mapping

17.3.1 Objects

Objects are mapped into packages, whose visible part correspondpriovided in-
terface of the object. Child modules are mapped to private childréneiofparent,
therefore enforcing HOOD structure and visibility rules. For ieamodules, the
implementation corresponds to variables, constants, and bodies of subprogtans i
corresponding package body.

17.3.2 "Implemented-by" relationship

Operations of non-terminal modules use a renamigatation to reflect the
| MPLEMENTED_BY clause. For example, a structure is represented on figur2:

e N
Parent
Operation_1 |
<—
Operation_2

Child_2

Figure 17-2 : A HOOD structure
It would translate into the following Ada structure:

package Parent is
procedure Operation_1;
procedure Operation_2;
end Parent;

private package Parent.Child 1 is
procedure Service_ 1;
end Parent. Child_1;

with Parent. Child_1;

private package Parent.Child 2 is
procedure Service_ 2;

end Parent. Child_2;

with Parent.Child 1, Parent. Child2;
package body Parent is
procedure Operation_1 renanes Parent. Child_1.Service_ 1;
procedure Operation_2 renanes Parent. Child_2. Service_ 2;
end Parent;

Note that (private) child packages and the renarasigody are new features of Ada 95.
Ada 83 code generation rules would require themegmg to appear in the package specifi-
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cation, therefore requiring more recompilations wiiee packagPar ent evolves from a
terminal to a non-terminal object.

Since HOOD objects map to packages, the requirgectsdbcorrespond tai t h
clauses, and the same dotted notation is used to refer to the prandedssand to
the corresponding Ada elements.

17.3.3 HADT and Classes

HADT and classes are mapped to packages that define a "togtrtype whose
name id nst ance, as suggested in [Rosen95-1]. It is a regular type for an HADT,
and a tagged type for a class. The formal controlling parameter of thdg@per-
ations has the namég".

In the method, the controlling type has the sameenas the HADT. However, a direct

translation would provide a type with the same nasmi¢he package that contains it. This
would be allowed by Ada, but would be quite configsiThis is an example of automatic

name translation performed by the tool.

17.3.4 Exceptions

Exceptions are normally mapped directly into Ada exceptions, or to speciates
of the HRTL if the use of exceptions is disallowed.

17.3.5 Generics

A generic is mapped into the corresponding Ada generic unit.

17.3.6 Concurrency

Although a HOOD active object is not a direct image of an Ada tasknghlemen-
tation of active objects generally uses Ada tasks in a straigltfdmuanner. Simi-
larly, protected objects can be used to prowfieX, RAER andRCER constraints.
Alternatively, as for any language, implementation of concurrency maypmneter-
vices of the HRTL or of an underlying OS.

17.3.7 Distribution

Ada provides various levels of support for distribution, from lightweigbks to a

fully distributed execution model and a standardized interface to CORBA. There are
therefore various implementation strategies for HOOD virtual nodes. It th wot-

ing that the virtual nodes concept maps nicely to the distributed anAela &5, but

an implementation over CORBA is also feasible.
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17.4 C and C++ mapping

A number of HOOD notions have no direct mapping into the C/C++ languages. The
mapping thus relies on HOOD run-time libraries provided with the tool.

17.4.1 Objects

In general, a HOOD object is mapped into a C/C++ mqdigéined through two
files: aheader file(the ".h" file) and dody file(the ".c" file). The file is named as the
object it implements. The provided and required interfaces aredrath$hto decla-
rations of the header file, while the internals are translatedcomments, pre-pro-
cessor directives and declarations in the body file.

17.4.2 "Implemented-by" relationship

C/C++ have no scoping rules for global functions: every exported subprogveam is
ible. Therefore, if an operation of a parent is implemented by an operatochdé
with the same nameothing needs to be generated: simply calling the function will
resolve at link time to the appropriate implementation. If the provagedation is im-
plemented by an operation witlddferentname, a C/C++ function is generated with
the provided name, whose (inlined) body only contains a call to the impldmenta
function. Since the function is inlined, it will eventually resolve sinaple call to the
implementation function, and no overhead will be incurred.

17.4.3 HADT and Classes

A HOOD class can be mapped into a C++ class or into a C++ module.

17.4.4 Exceptions

Exception may be mapped to C++ exceptions, or to a set of services provided by the
HOOD run-time library.

17.4.5 Generics

A generic class is mapped into a C++ class template. Otherdfigesierics may use
macros, or the generic substitution may be performed birbegtthe HOOD tool.
Some additional generation rule make sure that the full HOOD siensapteserved.
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17.4.6 Concurrency

Neither C nor C++ provides, at language level, any support for concurreischus
necessary to use the services of an underlying executive or operaténg.4yspend-
ing on the tool's capabilities, this may require extra design steps tkeconcurren-
cy notions of HOOD are of a higher semantic level than most OS primitives.

17.4.7 Distribution

Distribution is treated the same way as concurrency, through sepwiséded by the
OS. Implementations may use the services of a CORBA broker, or any othgyr facil
available for the target system.

17.5 Other languages

There are no formal rules defined by HOOD for other languages. It istexd®ow-
ever that code generation for other languages will follow the spihe rules for Ada
and C/C++. The object oriented architecture shddpreserved and the HOOD
structure echoed in the generated code as much as possible. AsrdGhe++, a
HOOD run-time library may have to be defined. Modularity aistbility mecha-
nisms of the language should be used, or simulated by whatever deawedable.
Some tools on the market are able to generate code for FORTRAN $eandava.

17.6 Adjusting mapping rules: HOOD Pragmas

Pragmas are directives included in the ODS fields to add infamditected to the
HOOD tool (as opposed to the human reader). They are used to giveigmedas
better control over documentation and code generation. Some pragmasreee lo\efi
HOOD , but tools can have pragmas of their own.The syntax of a pragma is:

PRAGVA Pragma_l dentifier Optional Paraneters

Many pragmas defined in the HRM are provided to improve tools interopgrabil
They can appear only in SIF files (see section 19.3), and are of restritethe user.
We will just describe here those that can be used directly by the designer.

17.6.1 Target language

This pragma may be added at the top of the ODS to identify the langeage for
the implementation of the design. It tells the tool how to generatstioeiated code.
The form of the pragma is:

PRAGVA Tar get Language (Nane => | anguage)
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The default fotanguageis Ada.

17.6.2 Mutex code generation control

This pragma may be added to tleCS_HEADER section of the ODS to inform the
code generator that the logic of the program is such that no racd@musdan appear
when accessing the OSTD, and that it is not necessary to gerwat®r mutual ex-
clusion at that point. This increases the efficiency of the gedecatte, but should
be used only when it is absolutely certain that the condition is met. The syntax is:

PRAGVA Nonut ex

17.6.3 Testing support

It is important, when designing a module, or even a single operation, to defne
can be unit-tested. On the other hand, test code does not belong to thegirlgast
in its final delivered form. Two pragmas are defined, that helptonaatically build-
ing test harnesses: pragi@as at the object level, and pragr@®_TEST at the op-
eration level. They allow the code generation tool to include (or nogseciated
code used for debugging or testing purposes.

PragmaOP_TEST is used to specify preconditions (conditions that must be true when
the operation is called), post-assertions (conditions that musteoe/iien the opera-
tion is complete), etc. For example, a precondition could be:

PRAGVA OP_TEST(

OPERATI ON => Pop,

Test Nane => Stack_Consi st ency,
Descri pti onFi el d=> PreCondition,

Code => --| Lengt h(Stack)>0]--)

The meaning of this pragma is that it applies teraponPop, it is called (for tracing pur-
posesft ack Consi st ency, itis to be checkebeforecalling the operatiorPf eCon-
di tion), and it checks that the length of the stack é&atgr than zero.

PragmaOTS may be added before tB#\D of the ODS to add a number of informa-
tion fields to support the assembling of unit test software for thecobj features
fields that are similar to those pf agma OP_TEST.

17.7 Summary

HOOD permits code to be generated automatically from th@mleSvery HOOD
tool provides code generation facilities. The generation strategy mhekiesst use of
target language features to keep the structure of the code as<lpsssible to the
structure of the design.



18. Hard real-time systems

There are several levels of real-time systems, deperadirigpw tight timing con-
straints are. It is common to distingusbftandhard real-timesystems; while with
the former, it is acceptable to miss some deadlines, therattdrabsolutely process
every event within the required framework. Failing to do so might tiekatfor cost-
ly systems, like a rocket ship, or for human life.

Quite understandably, software that is part of a hard real-titensysust meet much
more stringent requirements than other kinds of systems. Studies havehdact-

ed in order to formallyrovethe real-time behaviour of such systems. HOOD pro-
vides a convenient framework for organizing and developihgoats of systems,
including hard real-time ones; however it does not provide direct suppadinefspe-
cial demands of hard real-time analysis.

For this reason, the European Space Agency ordered a study that wasezbbguct
British Aerospace and the University of York, antieh produced a variant of
HOOD called HRT-HOOB. HRT-HOOD is based on the version 3.1 of HOOD with
special features for analyzing the real-time behaviour of sys#&m®est of tools has
been developed to support this method, and some results of the study were-incor
rated into HOOD 4.

18.1 Hard real-time specific issues

HRT-HOOQOD is fully conform to the spirit and main principlesH®OD, it is just
more specialized for hard real-time systems, with a spatighasis on provability
of real-time behaviour. This of course requires enmformation about real-time
properties of objects than what is provided in HOOD.

The timing analysis is based on the notiomofst case execution timat must be
measured for each terminal operation. In the case of objecketiate (more or less)
randomly, an upper frequency of requests must also be defined. Riuagettime
may be allocated to operations, and it is possible to stop an operatibasehaust-
ed its budget. In this case, a rescue process can be defined ihechsdget is ex-
hausted. Of course, for schedulability analysis, the total time oj@tionplusits
possible rescue operation must be taken into consideration.

1. HRT stands for "Hard Real-Time".
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18.2 Additional features of HRT-HOOD

We will just summarize in this part the features that wggtish HRT-HOOD. For
more information, the reader is referred to [Burns94], or to [Burns95] for a complete
description of the method.

18.2.1 Sporadic, cyclic and protected objects

In addition to regular passive and active objects, HRT-HOOD dedmasdic cy-
clic andprotectedobjects. The precise definition of these objects is as follows:

» PASSI VE objects have no control over when invocations of their operations are
executed, and do not spontaneously invoke operations in other objects.

» ACTI VE objects may control when invocations of their operations are executed,
and may spontaneously invoke operations in other objects. They are equivalent to
HOOD active objects, and suffer no special constraint.

» PROTECTED objects may control when invocations of their operations are execut-
ed, but do not spontaneously invoke operations in other objects. They are used to
control access to shared resources, and behave somehow like monitdiessor A
protected objects. Since their operations are constrained, they haveCa) B
they do not include any thread.

» CYCLI Cobjects represent periodic activities, and may spontaneously invoke op-
erations in other objects, but the only operations they provide are reghédts
demand immediate attention (they represent asynchronous transfersrof).cont
They include a thread, and may have an OBCS if they provide operations.

* SPORADI C objects represent sporadic activities, and may spontaneously invoke
operations in other objects, but they can have only a single provided operation
which is called to invoke the SPORADIC object, plus extra operatitich are
requests which demand immediate attention (they represent asynchramsus tr
fers of control). They have a thread and an OBCS.

18.2.2 HRT rules

Analysis of real-time constraints cannot be performed in the geresal It is thus
necessary to impose additional rules that will constrain the disigose forms that
are amenable to analysis.

18.2.2.1 Decomposition rules

As in HOOD, objects are decomposed using the parent-child model. ieakob-
jects should all b€YCLI C, SPORADI C, PROTECTED or PASSI VE, because these
are the objects on which schedulability analysis can be perfoAaad.VE objects
are used at higher level, to represent activities that will berdposed into children
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with different properties, that can therefore not be transmutéakeir parent. Other-
wise,ACTI VE objects are allowed as terminal objects only to model background ac-
tivities for which timing is unimportant.

All forms of objects are allowed to be non-terminal, however theamas have con-
straints on allowable forms. These constraints are:

» ACTI VE objects: no constraint

» PASSI VE objects: may not contain any active object
Note that this is not the case in HOOD: a passbjea may include active ones, as long as
the passive nature of the parent is not violated ttie provided operations are not protocol-
constrained).

» PROTECTED objects: may includBASSI VE ones, and onBeROTECTED object.
Itis not possible to implement the operations nba-terminaPROTECTED object through
several children, since it would break the inhesgnticity of PROTECTED objects.

* SPORADI C objects: may include at least 082ORADI C object, along with one
or morePASSI VE andPROTECTED objects.

* CYCLI Cobjects: may include at least c@¥éCLI C object along with one or more
PASSI VE, PROTECTED andSPORADI C objects.

18.2.2.2 Usage rules

The common background to these rules is that an object that is desddvelonging
to a certain kind should not use operations that would violate the predertigat
kind. Therefore:

e CYCLI C andSPORADI C objects may not call arbitrary blocking operations in
otherCYCLI C or SPORADI C objects.

» PROTECTED objects may not call blocking operations in any other objects.

» PASSI VE objects may not call any synchronization operation.

18.2.3 HRT execution model

We have mentioned that some operations perémymchronous transfers of control
(ATC). It means that when the operation is invoked, the object immegdiaaves its
current activity to process the request. lhaglike an interrupt, since the object will
not return to its previous activity. Examples of ATC include notifyangobject that

its maximum run-time for an operation has elapsed, or mode changes in a system.

On the client side, the operation is triggered without waiting for completion, as in an
ASER. It is therefore called aasynchronous AT©@r ASATC. Other forms are de-
fined, in forms similar to ahSER (LSATC) or to anHSER (HSATC).

Operations on a PROTECTED object are always constrained,aanidecsynchro-
nous or asynchronous. Therefore, operationsRR@IECTED object are labelled as
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PSER (protected synchronous execution requestasPAER (protected asynchro-
nous execution requ@sA PSER can also have a time-out conditidfOER _PSER).

18.2.4 Real-time attributes

In regular HOOD, real-time constraints are more or lekgmally defined in the
IMPLEMENTATION_CONSTRAINTS part of the ODS. Since reat& analysis is
the goal of HRT-HOOD, a more refined structure is needed. A netiosecalled
REAL-TIME_ATTRIBUTES, is introduced in the ODS. It defines thmihg prop-
erties of the object, such as for example:

» DEADLI NE: Deadline execution time for the execution of a thread@fG@LI C
or SPORADI C object.

« THREAD WCET: worst case execution time for the execution of a threadCyf a
CLI Cor SPORADI C object.

* PERI OD: period of execution for @YCLI C object.

 MAXI MAL_ARRI VAL FREQUENCY: maximum arrival frequency of events for a
SPCRADI C object.

* | MPORTANCE: describes whether the object represents a hard or softmeal-ti
thread

* eftc...

18.3 HRT execution model theory

The execution model can be tailored to different forms of analysiexaonple it can
be based on the Fixed Priority Scheduling theory, a preemptive priority based model
that assigns priorities according to deadlines, with a blocking poliegdenmediate
Priority Ceiling Inheritance. A precise description of these thewroesd go far be-
yond the scope of this book, but it is enough to state here that they afjoovéothe
real-time behaviour of a system. This means that, knowing the weesegacution
time of each sequence of code, it is possible to state whether a hard resistene
will meet all its deadlines or not. Note that the precise aéiparof functional code
(OPCS) versus reactive code (OBCS) is a great help for anafgsilhime systems.

18.4 Tool support of HRT-HOOD

Two tools have been developed, not counting the adaptation of existing HOOD tools
for HRT-HOOD: a schedulability analyzer, and a scheduler simulator. The former is
in charge of analyzing a design and estimating worst case execution times, while the
latter is in charge of performing a run-time simulatafrthe system behaviour in
terms of predicted scheduling events and their associated time of occurrence.



19. Preserving design investment: the HOOD
"standard"

19.1 The HOOD Reference Manual

HOOD is not astandardin the official sense, since it has not been adopted by any
standardization body. It is however defined by an official document, tl@IHRef-
erence Manual [HRM4]. The HOOD Technical Group (HTG), which incltigei-

tial designers of the method, representatives ofOCtools vendors, and
representatives of main users, is in charge of the maintenadaevalution of the
method. This is done under supervision of a larger group, the HOOD Usetip G
(HUG), whose purpose is to gather all the people using, or interested into, HOOD.

The HOOD Reference Manual contains the complete definitidhe formalisms,
and constitutes the official definition of the method. Like any referemenual, it is
intended to serve as unique, formal, definition and not as a text book; riaslimot
recommended to beginners, but it helps tools designers and quality revievesr
certain what is, or is not, HOOD.

19.2 Formal definition of the ODS

The ODS is the core of the method, since every information aboutga diesiuding

the graphical description, can be deduced from the ODS. The HOOER Reddvian-

ual provides a complete description of the ODS in Bf¢Fmat, together with a de-
scription in YAC syntax, in order to make sure that all tools process the same ODS.

This syntactic description is complemented with a number of senratex whose
purpose is to enforce the rules of the method. A complete descriptibe fifrmal

ODS would go beyond the scope of this book, but the interested reader is directed to
annex H of the reference manual that provides all necessary details.

1. Backus-Naur Form, the standard way of descrithegsyntax of a language.
2. YACC is a tool commonly found on Unix systemsttherves to automatically generate language
analyzers. It stands for "Yet Another Compiler Cdep.
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19.3 Exchanging designs between tools: the Standard
Interchange Format

The ODS defines only a logical view of a HOOD design. The Standanctiinge
Format (SIF) is a file format standard that defines a concrete féence a SIF rep-
resentation of an ODS is a valid one, but may not be a very readableescGihk
is basically a text file that conforms to the formal definitadrihe ODS, with a full
ASCII representation. SIF is an important featuréd@OD: this notion has been
present from the earliest issues of the method on.

The goal of SIF is to provide a common language that allows for exchangiggsie
across HOOD tools, as well as for allowing HOOD designs to Hgzaua checked
or otherwise processed by external tools. Moreover, since SIF defiepseaenta-
tion of the design as a regular file, it is possible to manage dehkigisame way as
documents or code; they can be for example baselined, or puteord@guration
control (see section 14.5). It is thus a key feature for integrat®@D tool sets into
software development environments.

In order to define a minimum base for interoperability, it is exquettat each tool
should be able to import or export SIF files corresponding to (at least):

* A system configuration

* A complete design tree

* One module (object, generic or virtual node)
* One module and all its descendants.

These goals have been met: every tool currently on the market accepts angenera
SIF files. This means that in the case of projects inaghgeveral subcontractors,
possibly from different companies even in different countriesnibisiecessary that

all participants use the same tools. Each may use the tooltdasisfamiliar with, and
exchange designs with other partners.



Part 5 :
A full design example

We'll conclude the book with a full, realistic, example of the uskehtethod. The
constraints for a book like this one will not allow the full SIF andegated code to
be given here (and this would be quite boring to read linearly anyway), putahe
be downloaded from the HOOD web site. Similarly, it is not possibdédow the cy-
clic aspects of design, which involve errors, corrections and varioasates before
a satisfactory design is achieved.

The design is presented in the order a designer would encounter the prolfiains,
is not necessarily the order in which they are to be documdrte@xample, we may
discuss issues in the phase "elaboration of an informal strategy”, becalhiig
that phase that the designer will consider them. On the other haedrithgponding
design documentation may have to be placed in the chapter "Justificatiensolu-
tion".

Some relevant parts of the ODS that correspond to the stepsetiialiyadescribed
in the following chapters are given in annex E.



20. Starting the project

20.1 Requirements

A water lock is a device found on canals and rivers that allow bwogts past water-
falls or other differences in the flow level. Our goal is tomefn automated lock
system, i.e. one which is fully operated by a computer without a humanapErgt
ure 20-1 shows a picture of the lock.
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Figure 20-1 : The water-lock system.

There are three poles hanging over water: one on each side of thetbokgean the
middle, and traffic lights to indicate when boats are allowed tcephcThere is also
an emergency button, used to stop the whole system icaeeof an emergency.
When a boat wants to enter the lock, it rings the system by pullipmptbewaits for
the green light, and enters the system. It then rings the middle polethe tgystem
that it is in. All the rest is automatic.

20.2 Initiating the design

To initiate the design, we have to translate the requirements into a single bBI®OD
ject that will form the basis of the design. This object represhatwhole system and
is defined as amterface to its environment
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Here, the way the environment interacts with the system is sithpléhree poles, and
the emergency button. HOOD reminds us to add another interactionathef she
system.

Note that we just made a very important decision, that is far from being obwieus:
included all the hardware (the gates and the traffic lighssjethe system. We could

have considered that the system included only the computer part, and lizad-al

ware control was external interactions. This would have certaintiebease if we

had been provided with some existing hardware, with already well défiteethces,

and which could be viewed as reused components. However, in the present case, our
work involves defining the interactions with these hardware pieces, so it k@Egms

cal to include the modelling of the hardware interactions into the design.

At this point, we can picture the system as the object represented on figure 20-2.

(A Lock System h
ASER by Power-on
ASER by IT: Start
ASER by <= | Emergency_Stop
ASER blez> Upper_Bell
ASER by IT Middle_Bell
Lower_Bell
Y J

Figure 20-2 : Global view of the lock system.

20.3 The first basic design step

20.3.1 Problem definition

Here we state our understanding of the problem. It may seemitate@ part of the
requirements, but it should be remembered that we are hedesigadocument, and

it is normal to recall what has to be done. It is also more precise, becausesvte ha
add information which will be important to the design although it may nat baen
stated by our client.

20.3.1.1 Statement of the Problem

The system is in charge of operating an automatic lock system.

There are "bells" on each side of the lock, and one in the middl&cTigtits on both
side tell the boats when they are allowed to proceed through the gates.

When a boat arrives, it rings the bell. When the gate opens, the lightgneen and
the boat enters the lock, and then rings the middle bell to signal it is ready.
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There is also an emergency stop button in the middle; if it is pushedter flows
must be stopped as fast as possible, and if the gates are movingu#testap im-
mediately. Any failure of the software must be treated as an emergency stop.

20.3.1.2 Behavioural Requirements

The system is intended to be operated without human assistance.
Boats can arrive at any time, so requests have to be queued.

When the emergency button is pushed, the system must return to a tstiehldes
fined as closing all flows and stopping the gates at their current position.

Extreme care must be taken to not perform an hazardous operatioagsymning
the lower gate while the system is full of water).

20.3.2 Elaboration of an informal strategy

In an object oriented design, we model our solution according to real-woedtsbj
The best way to design a solution is therefore to observe how a mateddeck
system would function.

The system includes two main gates that can be opened or closedsapdbaide
small underwater doors that allow water to flow in or out. The twesgare identical.
The system also includes traffic lights that can be set to rgtken. The person in
charge (let's call him the manager) waits for boats to armktreen operates the de-
vices accordingly.

In the real world, the manager can always look at both ends of thenkdslkea wheth-

er boats are waiting. However, this information is only important wiesystem re-
turns to the idle state (after a boat has exited the systertt)isAioint, the manager
must make a decision about which action to perform, like letting theboextin, or
returning the system to the other level without any boat (which isseya§ for ex-
ample, two boats want to go down in a row without any boat going up). Lésscal

an action anission Missions have to be queued and optimized (don't make a mission
without a boat if a boat is waiting that could be let in). So we'll consideria is
some kind of controller who tells the manager the next mission to be performed.

20.3.3 Formalization of the strategy

From the informal strategy, we can identify several objects andTagadescription
we give is actually the "statement of the problem” for each of the identified objects

In this example, we use Courier fonts to refer @®D objects, to differentiate them from
informal descriptions. For example, the requestrodiar is represented as the HOOD ob-
jectRequest _Controller.
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20.3.3.1 Identification of objects

a) The request controller
The request controller accepts requests from boats throughgoellssilt provides the
next mission to the gate manager. Requests are optimized.

We note here the notion of "mission”. It is clearly a data typeashabvided by the
Request Control | er.

b) The mission manager

The mission manager is in charge of executing a mission, controlliogeathtions
to move a boat up or down. There are also missions with no boat (thgenahauld
then not wait for the "boat inside" signal).

It is OK to request a null mission, i.e. go down when the water is already. dong
can be useful to ensure a proper state at start-up, for example, and is harmless.

c) Lights_Controller
The lights controller is in charge of turning the lights red or green.

d) Gates

We said that there were to identical gates. We really need twasobjece we have

two real world objects, but on the other hand we do not want to duplicajasiéhis
calls for making the gates instantiations of a coomngeneric model
CGeneri c_Gat e. Of course, there must be some difference between the gates, sinc
they do not operate on the same physical gates! Let's assume yhadvleea generic
parameter that tells the physical address of the devices theyeoper&nd since we
want to be able to change the hardware configuration easily, let'sgmytteng re-

lated to hardware in a separate environment object dddled_Conf i gur ati on.

20.3.3.2 Identification of operations

We'll start the identification of operations from the provided opmratof the lock
systemUpper Bel | andLower Bel | operations are, from the point of view of
the system, mission requests. They are dealt with bipgljeest _Control | er,
but we will call themJp_Request andDown_Request since it is the appropriate
meaning, as viewed from tiRequest _Control | er.

TheM ddl e_Bel | , on the contrary, has nothing to do with missions; it is just a sig-
nal that the boat has entered the water lock, andficoncern only to the

M ssi on_Manager . We will therefore implement it by Boat _| nsi de opera-

tion of theM ssi on_Manager . Note that the three bells appeared identical at the
upper view, but that we discover here that they actually play diffevkas. The en-
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capsulation mechanism of HOOD allows us to keep the views thatcesteappropri-
ate to each level.

TheEmer gency_ St op operation is intended to immediately stop all ongoing oper-
ations. Since these operations are controlled btlssi on_Manager , the oper-
ation must be implemented by an operation ofMhesi on_Manager .

We said that the role of tHeequest _Control | er was to accept requests and
provide missions to th&i ssi on_Manager . This implies that the
Request _Control | er must provide &Next _M ssi on operation that returns
the next mission to be performed.

The lights controller must have operations to set the upper light atalteelight.
These operations must have a parameter, the colour to set the light to.

Finally, we didn't yet decide how the glolstlar t operation would be implemented.
Since it appears thd ssi on_Manager is the real central part of the system that
drives all other objects, it makes sense to implement it&tyaat operation of the

M ssi on_Manager . It is understood that this operation has to call thesitde

St art operations of all other objects.

In this case, it is consistent to keep Messi on_Manager in charge of all supervision;
that's why we preferred to delegate 8teop operation to it, rather than use an OP_Control.

Note that we didn't define at this point the operations of the (gegatie3. We cer-
tainly do know that the gates will be managed byMhesi on_Manager, but it is

hard to tell at this poirttow the gates will be managed, and therefore what are the
correct provided operations. Moreover, we decided that the gates would bie,gene
and a generic is always a different root of the system. For thasens, we'lilelay

the definition of gates operations until later, when we understand Wwéters really
needed.

20.3.3.3 Graphical description

At this stage, we can represent our design as pictured on figure 20-3.

Of course, the gates should provide operationspeusee here just an intermediate state,
until the gates are further refined.

20.3.4 Formalization of the solution

The formalization of the solution involves filling the various fieldghe ODS. Al-
though it is an important step, it is essentially an activity viightool. The reader is
referred to annex E, section 2. for the listing of the resulting ODS.
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Figure 20-3 : Breakdown of the lock system
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20.3.5 Analysis of the solution

There are some issues that need justification in our solution.

First,Next _M ssi on is an operation called by ssi on_Manager . An alterna-
tive design could have been to makeReguest _Control | er an active object
that sends orders to tiv ssi on_Manager . Historically, we first designed it this
way, but it raised difficult issues since it makes sensaisew missions only when
theM ssi on_Manager is idle, and it implied that theequest _Control | er

had to be aware of the internal state of Mhessi on_Manager . By having the

M ssi on_Manager call theRequest Control | er, the problem disappears
since theM ssi on_Manager requests a new mission only when it is ready to ac-
cept it. On the other hand, this implies that Remuest Control | er has to
memorize outstanding missions.

Then, we chose to have only one object to manage both traffic lights. Weasoul
well have had two objects, but since they are really simple there need to have
several objects, and this solution has the added benefit that welthagrae consis-
tency checks, like making it impossible to have both lights green at the same time.



21. First level objects

Now that we have broken the global project into the main objects, mwgocan with
the next level. In the real world, these objects could be subcontractiéiegtent part-
ners.

21.1 The Mission_Manager

21.1.1 Problem definition

As stated before, the mission manager is in charge of executiisgiamcontrolling
all operations to move a boat up or down. It operates the gates as needed.

There is a requirement that a mission can be stopped at any tidntneadoors re-
turned to a "safe" state. A safe state is defined as clalifigws, and if the gates are
moving, immediately stop them at their current position.

21.1.2 Elaboration of an informal strategy

Apparently, managing a mission simply involves a very linear suocest steps.
However, two requirements make this more complicated:

» The requirement to be able to interrupt the action at any time
* The requirement of protecting operations to make sure that no so#twarean
lead to a dangerous situation.

The problem with the first requirement is that Emer gency St op operation is a
kind of interrupt (an ASER in HOOD terms). The simplest way & d&th it is to
simply set some kind of boolean flag to state that an emergency stogemagquest-
ed. But we want to avoid having to test that flag in many placeg gimould in-
crease the risk of inadvertentiypt testing it. We can now note that although it is
important to check it, there is no hard real-time constraint agedawith it. When an
emergency stop is requested, it will take several seconds to stgptésemotors...
Therefore it is sufficient to check for an emergency stop at plabere the system
needs to wait. We will therefore need a sirg#e t procedures, with the following
important design decisions:
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» Every time the mission manager needs to wait for some eveiit,dowo by poll-
ing the state of an object, and the loop must include a call éihie procedure.

* When theEmer gency_St op is triggered, th&\ai t operation will return with
an exception.

» There must be no unbounded loop outside the mission manager.

To satisfy the second requirement (make sure that notdwmmapperation is per-
formed), we decide to not operate the gates directly, but through atdddidaver"
that will act as an abstract state machine that will prevgnireonsistent operation.

21.1.3 Formalization of the strategy

21.1.3.1 Identification of objects

From the informal strategy above, we see that we'll ne€gpanat or object that
will do the actual work, &ecur ed_\Wai t object to manage th#ai t operation as
described, and &ecur ed_Dri ver object to access the actual gates operations.

We also noted the presence of a "flag”. This flag may be se¢sied tasynchronous-
ly, therefore some concurrency constraints will apply to it. This islglearabstract
data type. The real-life object whose behaviour maps best our requisama hard-
ware flip-flop, so we will call this objectl i p- Fl op.

21.1.3.2 Identification of operations

As discussed before, tigrer gency St op operation must be implemented by an
Emer gency_ St op operation of th&ecur ed_Wai t object. This object must also
provide theWai t operation, and ahni t operation whose main purpose will be to
make sure that the internal flip-flop is initially reset.

TheBoat _I| nsi de operation must be implemented by a similar operation from the
Oper at or . We note here that we don't know precisely when that operation will be
called, and we require tii@er at or to test for the arrival of the event. This is very
similar to theEner gency_St op, and we'll take advantage of our Flip-Flop data
type to memorize it the same way.

Operations on the&l i p- Fl op are taken from our hardware modsét , Reset ,

and a query functiohs_Set . Since we mentioned that these operations must be pro-
tected against concurrent accesses, we'll d&ateandReset as RWER opera-
tions, and s_Set as a ROER operation (it does not change the state of the flip-flop)

The operations on théat es_Secur ed_Dri ver are all operations that act on the
physical state of the gat&pen_Upper Gate, Cl ose_Upper Gat e,
Open_Lower Gate, Close _Lower Gate, Open_Upper Fl ow,

Cl ose_Upper _Fl ow, Open_Lower _Fl ow, andCl ose_Lower _Fl ow.
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21.1.3.3 Graphical description

We can now summarize our design decisions in the graphical descripgiore #1-1
represents the client-server view of the mission manager, whilef21-2 represents
the structure view.

rA |Missi0n Manager

ASER ot
igEE ZI Emergen {_Stop

‘ Secured_VWait Flip_Flop
Emergency_stop E&EE 3: Egget
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Figure 21-1 : Mission manager, client-server view
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Secured_Driver
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STAMDARD

Figure 21-2 : Mission manager, structure view

Note the dependence on STANDARD, a module thatides all the predefined types of the
language. If we want to use standard types in ¢inéraller, this must be described as any-
thing else!
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21.1.4 Formalization of the solution

TheSecur ed_Dri ver servesto provide constrained access to the gates operations.
Since the conditions that allow its operations to be called arefpextnterface, they
have to be formalized at this point; see the OSTD on figure 21-3.

Close_Lower_Gate
Open_Lower_Flow

start
Lower_Gate_Open

3
Close_Lower_Gate mm =t Open_Lower_Gate
F

Close_Upper_Gate

Open_Upper_Flow e

Flowi

e Close_Upper_Flow

Gates_Closed_Hater_Down

Open_Upper_F1ow Clase_Lowetr_Flaow

Flowing_Dawn

Open_Lower_Flow

Gates_Closed_Hater_Up

Open_Upper_Gate - Close_Upper_Gate

Upper_Gate_Open

Figure 21-3 : OSTD for the secured driver
The complete ODS for the Mission_Manager can be found in annex E, section 3.

21.1.5 Analysis of the solution

TheGat es_Secur ed_Dri ver objectis really here for security reasons, i.e. make
sure no dangerous operation is performed. Some security could have beemgut in t
gates themselves, for example that the flow opens only when the ghitsad. How-
ever, the most important checks involve both gates at the samdédimaggmple that

both gates are not open at the same time). Therefore, the conttol baghut at a
level that controls both gates simultaneously.

For example, we note on the OSTD that the two nuastgerous operations
(Open_Lower _Gat e andOpen_Upper _Gat e) are never triggered by transitions
that originate from the same state; moreover, the only way tchexstates where a
gate is open is through the correspondihgse operation. This proves formally that
the doors cannot be open at the same time.

21.2 The secured driver

This is a terminal object, therefore no further design steps adedeThe implemen-
tation of provided operations is very straightforward, since each ofdimepty calls
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the corresponding operations on the appropriate gate.The real added-vailsielof t
ject is the state constraints; in a sense, this object is there esseotiglydBCS!

See annex E, section 5. for the ODS.

21.3 Request controller

21.3.1 Problem definition

The request controller accepts requests from boats throughgoellssilt provides the
next mission to the gate manager. Missions can be either to go up orvatwor
without a boat inside. There are therefore four possible missions.

Requests are optimized: a mission with no boat inside should be providednemy w
no boat is waiting to go that direction.

21.3.2 Elaboration of an informal strategy

At first sight it could seem necessary to keep a queue of pendingteeqoeted in
some clever way. Actually, it is sufficient to maintain two coudunsatisfied "up"
and "down" requests. If no counter is 0, the request controller altethatenissions.
Of course, the counter should be decremented after a mission & isso@&y happen
that two "up" requests, for example, are to be served in a réw fdobwn" counter
is zero. In that case, a "Down_Empty" mission mbgt sent to the
M ssion_Controller.

If no mission is waiting, it would seem logical fdext _M ssi on to wait until one

is requested. But this would violate our decision that there should be no wait outside
theM ssi on_Cont rol | er. Therefore, we will returblo_M ssi on in that case.
TheM ssi on_Cont rol | er can enter a wait, and re-request a mission later.

21.3.3 Formalization of the strategy

21.3.3.1 ldentification of objects

The Request _Control | er is a terminal object. The only issue is whether the
counters are simple variables, or instances of a more sophi$ta=tte type. Since
requests can arrive at any time, protection against concurrens éaztles counters is
necessary. We identify therefore the need for astr@trt data type, the
Pr ot ect ed_Count er . Although we identify it at this level, there is nothing spe-
cific to the lock system in this object. It seems more appropriate to turn &rirgo-
vironment HADT to make it reusable.



Generic_Gate 175

21.3.3.2 ldentification of operations

ThePr ot ect ed_Count er data type must featurencr enent andDecr enent
operations, and @ur r ent _Val ue function that returns its current value.

21.3.3.3 Graphical description

There is no graphical description for a terminal object (since it is not decomposed).

21.3.4 Formalization of the solution

See the ODS in annex annex E, section 7.

21.3.5 Analysis of the solution

We don't need the current value of the counter, only to know whether it & not.
But this kind of object is very general, so providing the ger@rak ent _Val ue
(rather than a simples_Nul | function) makes it more reusable.

21.4 Generic_Gate

Now that we have analyzed how the system works, we can return to th&éatebhi
the generic gates.

21.4.1 Problem definition

The generic gate abstracts all services to operatgatss. The gate includes two
main devices: the gates themselves, and the underwater door that controls the flows.

Because of our constraint of not having any wait outside the mission mamage-
eration should be blocking for a long time.

21.4.2 Elaboration of an informal strategy

We did not decide previously of tipeovidedoperations of the gates. We need to do
it now. This can be seen as a refinement of the previous view of the gate.

Obvious operations are opening and closing the gates, and opening and closing the
flows through the doors at the bottom of the gates. Since these opeaatianste

long, and no blocking is allowed, we must provide some way of knowing whether the
operation is still going on or terminated. We could have one interrogatictidn for

each operation (something liks_Gat e_Openi ng, | s_Gat e_C osi ng, etc.);
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however, we note that not two such operations are allowed at thaisan&here-
fore, a singl&per at i on_Conpl et ed function is sufficient. And since we rely on
not allowing two operations at the same time, we ioé¢ we need an exception
(I''l egal _Oper ati on) if ever a request were issued while the previous operation
is still going on.
It is of course a safety feature due to the priecgd mutual distrust; the exception should
never be raised in practice.

Finally, we need to know when it is safe to open a gate, i.e. when tiheisvizvel on
both sides. The simplest way is to have a device which sensesdberpreifference
across the gate, and provideEqual _Pr essur es operation.

Now that we have refined the definition of the gates, we need tdlgataaign an

implementation strategy. At this level, driving the gates reallynsi@perating the
various motors; much of the work will be done by the hardware. Itsappropriate
to have some data that represents the motors. Actually, we can viesvas gla¢ ag-
gregation of two motors (for the gates and the flows) and onereiitial pressure
meter. We can therefore decide to make the generic gate adkohject that will

aggregate the abstractions of the various hardware devices.

21.4.3 Formalization of the strategy

21.4.3.1 ldentification of objects

From the previous informal strategy, we have cleaintified two abstract data
types: the motors and the pressure-meter. However, these modabsteaetions of
hardware devices; they will be reused if the same hardware is reused. It nmaslees se
then to define them as root objects.

As for the motors, we have two of them: one for the gate, and one ftwwhé&loth-

ing tells us that they are the same, or that they are commandszahibavay. It seems
more careful at this point to consider that we have two diffek®ts. To avoid a
multiplication of root objects, we will gather the motors (and possilbigrs that may
be designed later) inmaotors library, that will act as class library (see section 10.4.4).

21.4.3.2 Identification of operations

ThePr essure_Met er just needs akqual _Pr essur es function.

The motors can operate both ways. We ne8dta Mot i on operation which will
take an argument telling the direction (a provided data type with two v&lues;

i ng andC osi ng). The motor will automatically stop when it reaches the end of it
run (this is done by a hardware switch), but we need to know when ti@gsstd-
tained, so there is drs_ St opped function. Finally, we need to stop the motor at
any time, in the case of an emergency. We add there&ire@ Mot i on operation.
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21.4.3.3 Graphical description

We can now represent the client-server view of the generiagate figure 21-4, and
the structure view as on figure 21-5.
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Figure 21-4 : Client-server view of the Generic_&at
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Figure 21-5 : Structure view of the Generic_Gate

21.4.4 Formalization of the solution

The ODS for the Generic_Gate is given in annex E, section 8.

21.4.5 Analysis of the solution

It may not seem necessary to have a separate operatiinofjor Mot i on, since an
alternate solution would be to add a third value to the parameSat ofivbt i on,

like I dl e. However, stopping the motor can be done at any time (it is an ASER)
while the hardware may require tigdt Mot i on be called only when the motors
are stopped. By providing two different operations, we may enforce this bahavi
with state constraints.



22. Other objects

We won't describe in details all the other objects, since they arm&tiand include
mainly code. Here are however some remarks of interest abaubtplmentations.

22.1 Motors library

We have seen that this object gathered the various kinds of motocs.dduirse, we
don't want to duplicate code if by any chance the motors are compatietalls
for making the motors classes that inherit from a common modelyvdiatall the
Root Mot or . Since this class is intended to serve only as a common rooptsall
sible motors, it should be abstract.

The client-server view of the motors library is representedgundi22-1, while the
structure view is represented on figure 22-2.

Motors_Library

afe_fotor_| ﬁ:era 0
Sef”_Motidr#
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|5_Siopped#

Flow_Motor_Operations |
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C| Gate_Motor
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Flow_Motar
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Stop_Motion
Iz ol

foppe

L, -

Figure 22-1 : Client-server view of the motors dikyr

22.2 Lights_Controller and Pressure_Sensor

These are very simple objects, that just sense or activate someateddwices. We
made them environment objects because they are direct images of the corresponding
hardware devices.
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] n
Gate_hotar Root_NMotor

Instance
Diireciion

I

E | Hard_Configuration

Figure 22-2 : Structure view of the motors library

22.3 Protected counter and Flip_Flop

These are very simple terminal objects, except for their comayri@nstraints. In
Ada, they can be implemented in a straightforward manner with pedtebjects. In
C++, they would be protected by @RCS HEADER that would seize a semaphore
(and of course, a@PCS_FOOTER to release it), as explained in section 17.2.

22.4 Gates instantiations

There is nothing to be done @¢signlevel for an instantiation; however, it is de-
scribed, as anything else, by an ODS. However, it is entirely aut@iyaienerated.
As an example, the ODS for Lower_Gate is given in annex E, section 9.

22.5 Hard_Configuration

This module is intended to allow a simple reconfiguration of the system. We assume
that there is some kind of "address" which allows to identify anyemébardware.

The module exports a tydeevi ce_Addr ess and two constants of that type,
UG_Addr ess andLG_Addr ess, corresponding to the base addresses of the upper
and the lower gates. By "base address", we assume that otheresldiles$he phys-

ical address of the motors, can be deduced from this base address.

22.6 System configuration

As an example, the ODS for the system configuration is given in annex E, section 1.
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Annexes

These annexes are taken in part (with permission) from the HRM and HUM.



A. Abbreviations

HOOD uses a number of abbreviations. All those used in this book, assxssme
others commonly used, are defined in the following list.

ADT Abstract Data Type OBCS OBject Control Structure

ASM Abstract State Machine OoDSs Object Description Skeleton

ASATC Asynchronous ATC Oo0D Object Oriented Design

ASER Asynchronous Execution Re-OPCS OPeration Control Structure
quest (O Operating System

ASCII American Standard Code forOSTD Object State Transition Dia-
Interchange of Information gram

ATC Asynchronous transfer of con-OSTM Object State Transition Ma-
trol chine

BNF Backus Naur Form PAER Protected asynchronous exe-

FSM Finite State Machine cution request

ER Execution Request PSER Protected synchronous execu-

ESA European Space Agency tion request

HDT HOOD Design Tree PDL Program Design Language

HOOD Hierarchical Object Oriented RASER Reporting Asynchronous Exe-
Design cution Request

HRM HOOD Reference Manual RLSER Reporting Loosely Synchro-

HRTL HOOD Run Time Library nous Execution Request

HSATC Highly Synchronous ATC SIF Standard Interchange Format

HSER Highly Synchronous Execu-TOER Timed Out Execution Request
tion Request TOER_PAERTIimed Out Execution Re-

HTG HOOD Technical Group guest-Protected asynchronous

HUM HOOD User Manual execution request

HUG HOOD User Group TOER_PSER T Timed Out Execution Re-

LSATC Loosely Synchronous ATC guest-Protected synchronous

LSER Loosely Synchronous Execu- execution request
tion Request VN Virtual Node

MTEX Mutual Exclusion constraint VNT Virtual Node Tree



B. Summary of graphical notation

Passive object
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I
Operation_1

= Operation_2
~=»|Operation_3

(
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F Formal_Parameters
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C. Glossary

Abstract class

A class specified with the keywombst r act . An abstract class cannot be
instantiated (it can only be inherited). See section 2.6.

Active object

An object which provides some protocol-constrained operations. See section
4.6.3.

Actual parameter

A parameters provided to an instantiation of a generic in order tmmptaze
the instance. See section 6.2.2.

Aggregation

The property of amggregating typehat includes several components belonging
to anaggregated typeSee section 5.4.3

Class

A special form of HADT that allows inheritance. A class mhesterminal. See
section 5.5.

Constrained operation

An operation that is constrained in its execution either by the internal stage of t
object, by concurrency requirements, or by a communication protocol. See sec-
tion 11.1.

Control flow

Direction where the execution of a thread goes when executing an operation of a
server. Indicated by tHdSE relationship. See section 4.4

Data flow
Flow of data exchanged between client and server objects. See section 10.3.3.
Design process

Successive break-down of a system to design from the root objedeumiihal
objects are reached. See section 13.

Environment

A root object which is not part of the current design and serves dok-blox
reuse. See section 4.5.2.
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Exception flow
Flow of exceptions propagated from a server to a client alongSkeelation-
ship. See section 6.1.

Formal parameters
Types, constants and operations parameters of a generic. See section 8.6.1

Generic
An object pattern to represent a reusable object that can be penetheith
types, data and operations as formal parameters. See section 6.2.
HOOD abstract data type - HADT
An object exporting a type named as the object, and whose provided operations
all have a receiver parameter of this type with nameSee section 5.4.
HOOD design tree - HDT
The hierarchy of objects resulting from a design process appliedast and
consisting of the successive decompositions of parent objects irdoobieicts.
See section 12.1.
Include relationship
Relationship expressing that an object is decomposed into a set oblgjeids
that collectively provide the same functionality as the parent. See section 4.3.
Inheritance
The property of aubclassof being defined as a specialization asuperclass
from which properties (attributes, operations) are inherited. See section 5.5.2
Instance
A data that represents the instance of an HADT or class. See 5.
An object that is instantiated from a generic and customized thrattghl a
parameters. See section 8.6.2
Internal operation

An operation that is defined in a terminal object to support the Steprefine-
ment of an OPCS and implementation of provided operations. Internal opera-
tions are not shown on the graphical representation. See section 9.1.1.

Non-terminal object
An object which is decomposed into child objects. See section 4.3.2.

Object Control Structure - OBCS

Part of the ODS of an object that defines the various constrasattapply to
provided operations. See section 11.2.

Object Description Skeleton - ODS
The formal textual description of an object. See section 4.2.2.
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Object State Transition Diagram - OSTD
Graphical representation of the state constraints that apply to ect,cdy a set
of states, and transitions triggered by provided operations . See section 11.3.
OP_Control
An object that implements the mapping between one parent operationvand se
eral child object operations. See section 4.6.1.
Operation Control Structure - OPCS
Part of the ODS of a terminal object that defines the contadtsire / logic of
an operation. See section 9.1.2.
Operation set
A set of operations represented as a single provided entity in oréaseé the
representation of long lists of operations. See section 4.6.2.
Passive object
An object which is not active. See section 4.6.3.

Physical node

The physical processor or computer on which virtual nodes can be configured.
See section 6.3.

Provided interface
Property of an object which defines which services are availablado abjects.
See section 4.1.
Required interface
Property of an object which defines servers and associated items required for the
implementation of that object. See section 4.1.
Root object
A top level object which has no parent. See section 4.3.2.

System configuration
The set of root objects defining the scope of a design. See section 12.3.

Terminal object
An object which is not decomposed into child objects. See section 4.3.2

Use relationship
Relationship expressing that an object requires one or more services provided by
another object. See section 4.4.

Virtual node

A unit of distribution defined by allocation of HOOD objects, and used to define
distributed systems. See section 6.3.
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E. ODS of the water-lock system

We give here the ODS for the main objects of the water-coolrsy3tieey arenot
presented in raw SIF format, but as they result from a design doatmoeréxtrac-

tion tool.

1. System configuration

SYSTEM_CONFIGURATION IS
ROOT_OBJECTS

--| Hard_Configuration]|--,
--| Motors_Library|--,

--| Pressure_Sensors|--,
--| Protected_Counter]|--,

--| STANDARD - -,
--| Waterl ock]| - -
GENERIC
--| CGeneric_CGate|--
END
2. Waterlock

OBJECT Waterlock IS

DESCRIPTION

PROBLEM

Statement of the Problem (text)

The system is in charge of operating an automagtk system.

There are "bells" on each side of the water-caal, @ne in the middle. Traf-
fic lights on both side to tell the boats when tleag allowed to proceed
through the gates.

When a boat arrives, it rings the bell. When th&e gagens, the light turns
green and the boat enters the lock and then rirgsiddle bell to signal it
is ready.
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There is also an emergency stop button in the mjdéllit is pushed, all
water flows must be stopped as fast as possiblg féilure of the software
must be treated as an emergency stop.

Analysis of Requirements

Behavioural Requirements (text)

The system is intended to be operated without humsaistance.

Boats can arrive at any time, so requests have tubued.

When the emergency button is pushed, the systent metusn to a stable
state, defined as closing all flows and stopping glates at their current
position.

Extreme care must be taken to not perform an hamardperation (such as
opening the lower gate while the system is fulivater).

SOLUTION

General Strategy (text)

The system includes two main gates that can beaspenclosed, and small
underwater doors that allow the water to flow iroat. It also includes traf-
fic lights that can be set red or green.

A mission consists in moving the water up or dowith or without a boat,
at the request of boats arriving. Since requestsniesions from the boats
have to be queued, there must be a request centtiodit provides missions
to a mission manager in charge of controlling exieowof the missions.

The precise hardware interface is not defined; vawneghere must be some
kind of "address" to identify the various hardwdevices.

Identification of Child Modules (text)

Gates

abstraction of the hardware gates. Control all af@ns on the physical
gates. The two gates are identical, therefore ti#ybe instantiations of a
Generic_Gate model.

Lights_Controller
abstraction of the hardware lights. Control théirsgtof both lights.

Request_Controller
receives requests from the boats, and provides them the
Mission_Manager, in an optimized order.

Mission_Manager
Processes a mission by operating the gates.

Hard_Configuration
A simple data repository that provides the "addre§slevices.

Identification of Data Structures (text)
T_Mission
The kind of mission. Can be either No_Mission, UpthABoat,
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Down_With_Boat, Up_Empty, or Down_Empty.

T_Colour.
The colour to set the lights to (Red or Green).

Identification of Operations (text)

Mission_Manager

Start: Start of the system.

Emergency_Stop: Interrupt when the emergency bustpashed.
Boat_Inside: Interrupt received from the middld bekignal that the boat is
inside.

Lights_Controller
Set_Upper_Light, Set_Lower_Light: To turn the cepending light Red or
Green.

Request_Controller
Up_Request, Down_Requets: interrupts received doasithat a boat is
ringing the lower bell or the upper bell, respeeiyv

Identification of Local Behaviour (text)
Mission_Manager is the only active object. No ofierais allowed to block
outside the Mission_Manager.

Justification of Design Decisions (text)

Interfaces to the real hardware devices are emioeidthe corresponding
abstractions, rather than being part of the systeéenface. This is possible
because the definition of the interfaces is notasgul, and avoids a global
dependency to any hardware implementation.

We chose to have only one object to control baght§ to avoid too many
small objects, and to add the possibility of crosetrols of the lights (like
not having both lights Green at the same time).

The No_Mission value is necessary because we dedide no operation
should block outside the Mission_Manager (see aimlyof the
Mission_Manager).

PROVIDED_INTERFACE
OPERATIONS

Start

operation spec. description (text)
initialization of the system, performed when thevpo is set on (called by
hardware).

operation declaration (hood)
Start;
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Emergency_Stop

operation spec. description (text)
interrupt handler called when the emergency buisopushed. called by
hardware interrupt.

operation declaration (hood)
Enmer gency_St op;

Middle_Bell
operation spec. description (text)

interrupt handler called when the middle bell isgucalled by hardware
interrupt.

operation declaration (hood)
M ddl e_Bel | ;

Upper_Bell

operation spec. description (text)
interrupt handler called when the upper bell isgrucalled by hardware
interrupt.

operation declaration (hood)
Upper _Bel | ;

Lower_Bell

operation spec. description (text)
interrupt handler called when the lower bell is gucalled by hardware
interrupt.

operation declaration (hood)
Lower Bel | ;

OBJECT_CONTROL_STRUCTURE

constrained operations

Start CONSTRAI NED BY ASER --|By OS|--;
Energency_ St op CONSTRAI NED BY ASER --| by IT|--;
M ddl e_Bel | CONSTRAI NED BY ASER --|by IT|--;
Upper Bel | CONSTRAI NED BY ASER --|by IT|--;
Lower Bel | CONSTRAI NED BY ASER --|by IT|--;

REQUIRED_INTERFACE

OBJECT Hard_Configuration;

CONSTANTS
LG Address; UG Address;

OBJECT Protected_Counter;

TYPES
| nst ance;

OPERATIONS
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I ncrenent; Decrenent;

OBJECT STANDARD;

TYPES
BOOLEAN; DURATI ON;

INTERNALS

OBJECTS
M ssi on_Manager ;
Request _Controller;
Lower _Gat e;

Upper _Gat e;
Li ghts _Controll er;
OPERATIONS
Start

i mpl ement ed_by M ssi on_Manager. St art

Emergency_Stop
i mpl enent ed_by M ssi on_Manager . Enmer gency_St op

Middle_Bell

i mpl enent ed_by M ssi on_Manager. Boat | nsi de
Upper_Bell

i mpl enent ed_by Request _Control | er. Down_Request
Lower_Bell

i mpl enment ed_by Request _Control | er. Up_Request

END Waterlock

3. Mission manager
OBJECT Mission_Manager IS

DESCRIPTION

PROBLEM

Statement of the Problem (text)

The mission manager is in charge of executing aions controlling all
operations to move a boat up or down. It operditegates as needed. There
are also missions with no boat (the manager shithwdd not wait for the
"boat inside" signal).

It is OK to request a null mission, i.e. go downenhthe water is already
down. This can be useful to ensure a proper staséag-up, for example,
and is harmless.
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Analysis of Requirements

Functional Requirements (text)

There is a requirement that a mission can be stbppany time, and the
doors returned to a "safe" state. A safe statefimeld as closing all flows,
and if the gates are moving, immediately stop tla¢their current position.

Behavioural Requirements (text)

There is a requirement that a mission can be stbppany time, and the
doors returned to a safe state. See "Behaviougairements" of the water-
lock.

The system should be designed in such a way tkahiformally be proved
that dangerous operations, like opening both gatethe same time, are
impossible.

SOLUTION

General Strategy (text)

The actual actions to operate the gates a perfobyeth operator (abstrac-
tion of a human operator in a manually operatece)gatowever, the
requirement of provability implies that we need sospecialized object
through which all critical operations are performethich will prevent any
dangerous operation.

At some points, the operator will have to wait foovements to be com-
pleted. This is the right time to detect emergestops (the time to perform
computer operations in negligible). All waiting Wile done through a dedi-
cated operation of an object, which will sensedhergency stop. Since the
button might be pressed at a time when no waieiadycalled, it needs a
flip-flop to memorize the condition.

Identification of Child Modules (text)
Operator.
The module that provides the logic for controllthg gates.

Secured_Driver
an abstract state machine that prevents every damgeperation from hap-
pening.

Secured_Wait
An object providing the wait operation.

Flip_Flop:
a simple object to memorize a condition.

Functional Description

Identification of Operations (text)
Operator.
Start, Boat_Inside: implementation of the pargmtts/ided operations.
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Secured_Driver

Open_Upper_Gate, Close_Upper_Gate, Open_Lower_Gate,
Close_Lower_Gate, Open_Upper_Flow, Close_Upper_Flow
Open_Lower_Flow, Close_Lower_Flow: the various agiens that can be
requested from the gates.

Secured_Wait

Wait: the basic Wait operation. Raises "Emergerntitie emergency but-
ton is pressed.

Emergency_Stop: handle the interrupt from the esrarg button

Init: initialization.

Flip_Flop:

Set, Reset: change the state of the Flip_Flop.
Is_Set: returns the state of the Flip_Flop.

Justification of Design Decisions (text)
The Secured_Wait object may not seem necessaopg giwould be easy to
wait directly in the Operator object. However, hayia single wait point
ensures that every time a wait happens, an emergeog will be detected.

PROVIDED_INTERFACE

OPERATIONS
Start

operation spec. description (text)
Initialization of the Mission_Manager.

operation declaration (hood)
Start;

Emergency_Stop

operation spec. description (text)
interrupt handler called when the emergency buisopushed. called by
hardware interrupt.

operation declaration (hood)
Enmer gency_St op;

Boat_Inside

operation spec. description (text)
interrupt handler called when the middle bell isgumeaning that the boat
is inside the lock. called by hardware interrupt.

operation declaration (hood)
Boat | nsi de;

OBJECT_CONTROL_STRUCTURE

constrained operations
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Start CONSTRAI NED BY ASER --|By_OS| --;
Energency_ St op CONSTRAI NED BY ASER --| by IT|--;
Boat _| nsi de CONSTRAI NED_BY ASER --|by_IT|--;

REQUIRED_INTERFACE

OBJECT Lights_Controller;

OPERATIONS

Set _Lower _Light; Set_Upper_Light;
OBJECT Lower_Gate;

OPERATIONS

Close Flow, Stop_Gate; Operation_Conpl et ed;
Equal Pressures; Open_Gate; Close _Gate; Open_Fl ow

OBJECT Request_Controller;

OPERATIONS
Next M ssion;

OBJECT STANDARD;

TYPES

BOOLEAN; DURATI ON,
OBJECT Upper_Gate;

OPERATIONS

Close_Flow, Stop_Gate; Equal Pressures;
Operation_Conpl eted; Open_Gate; Cl ose_Gate; Open_Fl ow

DATAFLOWS

T M ssion <= Request_Controller;
T Col our => Lights Controller;

INTERNALS

OBJECTS
Oper at or;
Secured Wi t;
Secured_Driver;
Fl i p_Fl op;

OPERATIONS

Start
i mpl enent ed_by Operator. Start

Emergency_Stop
i mpl ement ed_by Secured Wi t. Emergency_Stop

Boat_Inside
i mpl ement ed_by Oper at or. Boat _I nsi de

END Mission_Manager
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4. Operator
OBJECT Operator IS

DESCRIPTION

PROBLEM

Statement of the Problem (text)
The controller is in charge of acquiring missiorani the request controller
and executing them.

Analysis of Requirements

Behavioural Requirements (text)
All waits must be performed through the Secured t\Maject.

IMPLEMENTATION_CONSTRAINTS (text)
The controller must respond to an emergency stgpas as possible.

PROVIDED_INTERFACE

OPERATIONS
Start

operation spec. description (text)
Initialization of the Operator

operation declaration (hood)
Start;

Boat_Inside

operation spec. description (text)
interrupt handler called when the middle bell ingumeaning that the boat
is inside the lock. called by hardware interrupt.

operation declaration (hood)
Boat | nsi de;

OBJECT_CONTROL_STRUCTURE

constrained operations
Start CONSTRAI NED BY ASER --|By OS|--;
Boat | nsi de CONSTRAI NED BY ASER --|by IT|--;

REQUIRED_INTERFACE

OBJECT Flip_Flop;

TYPES
| nst ance;

OPERATIONS
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Set; Is_Set; Reset;
OBJECT Lights_Controller;

OPERATIONS
Set _Lower _Light; Set_Upper_Light;
OBJECT Lower_Gate;

OPERATIONS
Close Flow, Stop_Gate; Operation_Conpl et ed;
Equal _Pressures;

OBJECT Request_Controller;

OPERATIONS
Next M ssi on;

OBJECT Secured_Driver;

OPERATIONS

Close_Lower _Gate; C ose_Upper Flow, Open_Upper_Fl ow;
Open_Upper _CGate; C ose_Lower _Flow, C ose_Upper_ Gate;
Open_Lower _Fl ow; Open_Lower _Gat e;

OBJECT Secured_Wait;
OPERATIONS
Init; Wiit;
EXCEPTIONS
Enmer gency;

OBJECT STANDARD;

TYPES
BOOLEAN,

OBJECT Upper_Gate;

OPERATIONS
Cl ose_Flow, Stop_Gate; Equal _Pressures;
Oper ati on_Conpl et ed;

DATAFLOWS
Duration => Secured Wit;

EXCEPTION_FLOWS

Il egal Operation <= Secured Driver;
Energency <= Secured Wit;

INTERNALS

OPERATIONS
Stop_Everything

operation declaration (hood)
St op_Ever yt hi ng;
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Go_Up

operation declaration (hood)
Go_Up(with_Boat : in BOOLEAN);

Go_Down
operation declaration (hood)
Go_Down(Wth_Boat : in BOOLEAN);
Main_Loop

operation declaration (hood)
Mai n_Loop;

Report_Error

operation declaration (hood)
Report _Error;

DATA
Boat_Signal

data declaration (ada)
Boat Signal : Flip_Flop.Instance;

OBCS CODE (ada)
begin
accept Start;
Mai n_Loop;
end OBCS;

OPERATION_CONTROL_STRUCTURES
OPERATION Start IS

used operations

Oper at or . Go_Down

Secured Wait.lnit

Li ghts Control |l er. Set _Lower Li ght
Li ghts _Control | er. Set _Upper _Li ght

operation code (ada)

begin
Secured Wait.lnit;
Set _Upper _Li ght (Red);
Set Lower _Light (Red);
Go_Down( Fal se) ;

END Start

OPERATION Boat_Inside IS

operation body description (text)
Memorize the signal into the corresponding Flip p-lo

used operations
Fli p_Fl op. Set

operation code (ada)
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begin
set (Boat_Signal);

END Boat_Inside
OPERATION Stop_Everything IS

operation body description (text)

This operation should return the system to the reestire state possible.
All flows are closed.

Gates are stopped as they are (including, possiblyopen).

used operations

Lower Gate. C ose_Fl ow

Upper _Gate. Cl ose_Fl ow
Lights_Control |l er. Set_Lower _Li ght
Li ghts_Control | er. Set _Upper _Li ght
Lower _Gate. Stop_Gate

Upper _Gate. Stop_Gate

operation code (ada)

begin
Set _Upper _Li ght (Red) ;
Set _Lower _Li ght (Red);
Upper _Gat e. Cl ose_Fl ow,
Lower Gate. d ose_Fl ow,
Upper _Gat e. St op_Gat e;
Lower _Gate. St op_Gat e;

END Stop_Everything
OPERATION Go_Up IS

operation body description (text)
Sequence of operations to move the water fromaier level to the upper
level.

used operations

Qper at or. Boat _I nsi de

Secured Driver.C ose Lower_Gate
Secured_Driver. d ose_Upper Fl ow
Upper _Gat e. Equal _Pressures
Flip_Flop.ls_Set

Secured_Driver. Open_Upper_Fl ow
Secured_Driver. Open_Upper_Gate
Lower Gate. Operati on_Conpl et ed
Upper _Gat e. Oper ati on_Conpl et ed
Fl i p_Fl op. Reset

Li ghts Control |l er. Set _Lower Li ght
Secured _Wait. Wit

operation code (ada)
begin
if Wth_Boat then
Reset (Boat I nside);
Set _Lower Light (G een);
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while not Is _Set (Boat_Inside) |oop
wait (1.0);
end | oop;
Set Lower Light (Red);
end if;

Cl ose_Lower Gate;

whil e not Lower_ Gate. Qperation_Conpl eted | oop
wait (1.0);

end | oop;

Open_Upper _Fl ow,

whi | e not Upper_Gate. Equal _Pressures | oop
wait (1.0);

end | oop;

Cl ose_Upper Fl ow;

whi |l e not Upper_Gate. Operation_Conpl eted | oop
wait (1.0);

end | oop;

Open_Upper _Gat e;

whi |l e not Upper_Gate. Operation_Conpl eted | oop
wait (1.0);

end | oop;

END Go_Up
OPERATION Go_Down IS

operation body description (text)
Sequence of operations to move the water from pipewulevel to the lower
level.

used operations

Qper at or . Boat _I nsi de

Secured Driver.C ose_Lower Fl ow
Secured_Driver.Cl ose_Upper_GCate
Lower _Gat e. Equal _Pressures
Flip_Flop.ls_Set

Secured_Driver. Open_Lower _Fl ow
Secured_Driver.Open_Lower_Gate
Lower _Gat e. Oper ati on_Conpl et ed
Upper _Gat e. Oper ati on_Conpl et ed
Fl i p_Fl op. Reset

Li ghts_Control | er. Set _Upper _Li ght
Secured Wait. Wit

operation code (ada)
begin
if Wth_Boat then
Reset (Boat _I nside);
Set _Upper _Light (G een);
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while not Is _Set (Boat_Inside) |oop
wait (1.0);
end | oop;
Set Upper Light (Red);
end if;

Cl ose_Upper _Gate;

whi |l e not Upper_Gate. Operation_Conpl eted | oop
wait (1.0);

end | oop;

Open_Lower _Fl ow,

whil e not Lower_ Gate. Equal Pressures | oop
wait (1.0);

end | oop;

Cl ose_Lower Fl ow;

whil e not Lower_ Gate. Operation_Conpl eted | oop
wait (1.0);

end | oop;

Open_Lower _Gat e;

whil e not Lower_ Gate. Operation_Conpl eted | oop
wait (1.0);

end | oop;

END Go_Down
OPERATION Main_Loop IS

operation body description (text)
Main processing loop of the system. Wait for miasiand execute them.
Provides the safety exception handlers catch akgtons.

used operations

Oper at or. Go_Down

Operator. Go_Up

Request _Control |l er. Next M ssion
Oper at or. Report _Error

Operat or. St op_Everyt hi ng

handled exceptions (hood)
Emer gency

operation code (ada)
begin
| oop
case Next _Mssion is
when Up Wth Boat =>
Go_Up (True);
when Down_Wth Boat =>
Go_Down (True);
when Up_ Enpty =>
Go_Up (Fal se);
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when Down_ Enpty =>
Go_Down (Fal se);

end case;

end | oop;

exception

when Energency =>
St op_Ever yt hi ng;

when ot hers =>
St op_Ever yt hi ng;
Report _Error;

END Main_Loop
OPERATION Report_Error IS

operation body description (text)
Called when an unexpected exception happens, sigredftware error.

operation code (ada)
begin
Text 1O Put_Line("Bug in software");

END Report_Error

END Operator

5. Secured_Wait
OBJECT Secured_Wait IS

DESCRIPTION

PROBLEM

Statement of the Problem (text)

Provides the single wait point for the system, aaddles the emergency
stop request.

Analysis of Requirements

Behavioural Requirements (text)
In no case should an emergency stop request be lost

PROVIDED_INTERFACE

OPERATIONS
Emergency_Stop

operation spec. description (text)
Interrupt routine for the emergency stop request.

operation declaration (hood)
Emer gency_St op;
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Init
operation spec. description (text)
Initialization of the Secured_Wait.

operation declaration (hood)
Init;
Wait
operation spec. description (text)
Actual wait routine
operation declaration (hood)
Wai t (How Long : in Duration);
EXCEPTIONS
Emergency

exception description (text)
Raised during a wait if an emergency stop has leeeived during the
wait, or before Wait was called.

exception definition (hood)
Emer gency RAI SED BY Wi t;

OBJECT_CONTROL_STRUCTURE

constrained operations
Emer gency_St op CONSTRAI NED BY ASER --| by IT|--;

REQUIRED_INTERFACE

OBJECT Flip_Flop;

TYPES
I nst ance;

OPERATIONS
Set; Reset; |s_Set;

OBJECT STANDARD;

TYPES
DURATI ON;

INTERNALS

DATA
Emergency_Signal

data declaration (ada)
Energency_Signal : Flip_Flop.Instance;

OPERATION_CONTROL_STRUCTURES
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OPERATION Emergency_Stop IS

used operations
Fl i p_Fl op. Set

operation code (ada)
begi n
Set (Energency_Signal);

END Emergency_Stop
OPERATION Init IS

used operations

Fl i p_Fl op. Reset

operation code (ada)
begin
Reset (Energency_Signal);
END Init
OPERATION Wait IS

used operations
Flip_Flop.ls_Set

propagated exceptions
Emer gency;
operation code (ada)
End Time : Calendar.Tinme := Cock + How Long;
begin
while C ock < End_Tinme | oop
if Is _Set (Energency_Signal) then
rai se Energency;
end if;
delay 0.1;
end | oop;

END Wait

END Secured_Wait

6. Request_Controller
OBJECT Request_Controller IS

DESCRIPTION

PROBLEM

Statement of the Problem (text)
The request controller accepts requests from bedsgh bell signals.
It provides the next mission to the gate manager.
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Requests are optimized. A mission with no boatdiesihould be provided
only when no boat is waiting to go that direction.

SOLUTION

General Strategy (text)

The simplest way to provide optimized request® ismaintain two counters
of unsatisfied "up" and "down" requests. If no ctuns 0, the request con-
troller will alternate the request.

Note that it may happen that two "up" requests, dwample, are to be
served in a row if the "down" counter is zero.Hattcase, a "Down_Empty"
mission must be sent to the Mission Controller.

If no mission is pending, Next_Mission returns "N&ission".

PROVIDED_INTERFACE

TYPES
T_Mission
type description (text)
Describes the various possible missions, i.e. goruown, with or without
boat, or nothing at all.
type definition (ada)
type T_Mssion is(No_M ssion, Up_Wth_Boat,
Down_Wth_Boat, Up_Enpty
Down_Enmpty) ;
OPERATIONS

Down_Request

operation spec. description (text)
interrupt routine called when the upper bell isgumeaning a boat wants to
go down
operation declaration (hood)
Down_Request ;
Up_Request
operation spec. description (text)
interrupt routine called when the lower bell isgumeaning a boat wants to
go up
operation declaration (hood)
Up_Request;
Next_Mission
operation spec. description (text)
returns the next mission to be performed, consigesutstanding requests

operation declaration (hood)
Next M ssion return T_M ssion;
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OBJECT_CONTROL_STRUCTURE

constrained operations

Down_Request CONSTRAI NED BY ASER --| by IT|--;

Up_Request CONSTRAI NED BY ASER --| by IT|--;
REQUIRED_INTERFACE

OBJECT Protected_Counter;

TYPES
I nst ance;
OPERATIONS
I ncrenent; Decrenent;
INTERNALS
TYPES
T_State

type description (text)
This type describes the state of the system whéhext_Mission" is
received, i.e. after sending an "up" mission, &i$sumed that the system is

up.
The "Unknown" state is the initial state. It for@$Down-Empty" mission.

type definition (ada)
type T _State is (Up, Down, Unknown);
DATA
Up_Counter

data description (text)
Counter of requests to go up

data declaration (ada)
Up_Counter : Protected Counter.|nstance;

Down_Counter

data description (text)
Counter of requests to go down

data declaration (ada)
Down_Counter : Protected Counter.|nstance;

Current_State

data declaration (ada)
Current _State : T _State := Unknown;

OPERATION_CONTROL_STRUCTURES
OPERATION Down_Request IS

used operations
Prot ect ed _Counter. | ncrenent
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operation code (ada)
begin
I ncr enent (Down_Count er) ;

END Down_Request
OPERATION Up_Request IS

used operations
Prot ect ed _Counter. | ncrenent

operation code (ada)
begin
I ncrenent (Up_Counter);

END Up_Request
OPERATION Next_Mission IS

used operations
Pr ot ect ed_Count er. Decr enent

operation code (ada)
begin
| oop
case Current_State is
when Unknown =>
return Down_Enpty;
when Up =>
if I's_Null (Down_Counter) then
Decr enent ( Down_Count er) ;
return Down_Wth Boat;
elsif I's_Null(Up_Counter) then
return Down_Enpty;
end if;
when Down =>
if I's_Null(Up_Counter) then
Decrenent (Up_Count er) ;
return Up_Wth_Boat;
el sif I's_Null(Down_Counter) then
return Up_Enpty;
end if;
end case;

-- No request pending
return No_M ssion;
end | oop;

END Next_Mission

END Request_Controller

209
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7. Protected _Counter
OBJECT Protected_Counter IS

PROVIDED_INTERFACE

OPERATIONS
Increment
operation declaration (hood)
Increnent (Target : in out I|nstance);
Decrement

operation declaration (hood)
Decrenent (Target : in out I|nstance);

Current_Value

operation declaration (hood)
Current _Val ue(Target : in Instance)
return Natural

OBJECT_CONTROL_STRUCTURE

constrained operations
I ncrement CONSTRAI NED_BY RWER
Decr ement CONSTRAI NED_BY RWER
Current _Val ue CONSTRAI NED BY RCER

END Protected_Counter

8. Generic_Gate
OBJECT Generic_Gate IS

FORMAL_PARAMETERS

CONSTANTS
Gat e_Addr ess;

DESCRIPTION

PROBLEM

Statement of the Problem (text)

The generic gate abstracts all services to op#ratgates. The gate includes
two main devices: the gates themselves, and therwader door that con-
trols the flows.
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Analysis of Requirements

Behavioural Requirements (text)
Because of our constraint of not having any watsiole the mission man-
ager, no operation should be blocking for a longgti

PROVIDED_INTERFACE

OPERATIONS
Start

operation spec. description (text)
operation to be called at initialization time tcsare a consistent state of the
gate.

operation declaration (hood)
Start;

Open_Gate

operation spec. description (text)
opens the gate itself

operation declaration (hood)
Open_Gat e;

Close_Gate

operation spec. description (text)
closes the gate itself

operation declaration (hood)
Cl ose_Gate;

Stop_Gate

operation spec. description (text)
stops motion of the gate at its current position

operation declaration (hood)
Stop_Gat e;

Open_Flow

operation spec. description (text)
opens the underwater door (lets water flow in dj.ou

operation declaration (hood)
Open_Fl ow;

Close_Flow

operation spec. description (text)
closes the underwater door (stops the flow).

operation declaration (hood)
Cl ose_Fl ow;

Operation_Completed
operation spec. description (text)
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returns true if the previous operation is completed the associated motor
is stopped.

operation declaration (hood)
Operation_Conpl eted return Bool ean;

Equal_Pressures
operation spec. description (text)
returns true if the pressure is equal on both sifié¢ise gate.

operation declaration (hood)
Equal _Pressures return bool ean;

EXCEPTIONS
Illegal_Operation
exception description (text)

This exception is raised whenever the gate receiva@smmand while not in

an idle state (i.e. there should be no more thahcmmmand active at the
same time).

exception definition (hood)
Il egal _Operation RAI SED BY Open_Gat e,
Cl ose_Gate, Open_Flow, C ose_Fl ow,

REQUIRED_INTERFACE

OBJECT Motors_Library;

TYPES
Gate_Mdtor; Flow Mtor;

OPERATIONS
Set _Mdtion; Stop_Mdtion; |s_Stopped;

OBJECT Pressure_Sensors;

TYPES
| nst ance;

OPERATIONS
Pressures_Equal ;

OBJECT STANDARD;

TYPES
BOOLEAN,

INTERNALS

DATA
Gate_Drive

data declaration (ada)
Gate Drive : Gate_Mdtor (10*CGate_Address+1);
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Flow_Drive

data declaration (ada)
Fl ow Drive : Flow Mdtor (10*CGate_ Address+2);

Sensor

data declaration (ada)
Sensor: Pressure_Sensors. | nstance
(10* Gat e_Addr ess+3) ;
OPERATION_CONTROL_STRUCTURES
OPERATION Start 1S

operation code (ada)
-- To be supplied later

END Start
OPERATION Open_Gate IS

used operations
Generi c_Gate. Operati on_Conpl et ed
Mot ors_Li brary. Set_Motion

propagated exceptions
Il egal Operation;

operation code (ada)

begin
if not Operation_Conpleted then
raise Illegal Operation;
end if;

Set _Mdtion (Gate Drive, Opening);
END Open_Gate
OPERATION Close_Gate IS

used operations
Generi c_Gate. Operati on_Conpl et ed
Mot ors_Li brary. Set_Motion

propagated exceptions
Il egal Operation;

operation code (ada)

begin
if not Operation_Conpleted then
raise ||l egal Operation;
end if;

Set _Mdtion (Gate Drive, Cosing);
END Close_Gate
OPERATION Stop_Gate IS

used operations
Mot ors_Li brary. Stop_Moti on

operation code (ada)
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begin
Stop_Motion (Gate_Drive);

END Stop_Gate
OPERATION Open_Flow IS

used operations
Generic_Gate. Qperati on_Conpl et ed
Motors_Library. Set _Motion

propagated exceptions
1l egal _Operation;

operation code (ada)

begi n
i f not Operation_Conpleted then
rai se Il1egal Operation;
end if;

Set _Modtion (Flow Drive, Opening);
END Open_Flow
OPERATION Close_Flow IS

used operations
Generi c_Gate. Operati on_Conpl et ed
Mot ors_Li brary. Set_Motion

propagated exceptions
Il egal _Operation;

operation code (ada)

begin
if not Operation_Conpleted then
raise Illegal Operation;
end if;

Set _Mdtion (Flow Drive, Cosing);
END Close_Flow
OPERATION Operation_Completed IS

used operations
Mot ors_Library.|ls_Stopped

operation code (ada)
begin
return Is_Stopped (Gate_Drive) and
I's_Stopped (Flow Drive);

END Operation_Completed
OPERATION Equal_Pressures IS

used operations
Pressure_Sensors. Pressures_Equal

operation code (ada)
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begin
return Pressures_Equal (Sensor);

END Equal_Pressures

END Generic_Gate

9. Lower_Gate
OBJECT Lower_Gate IS

PARAMETERS

CONSTANTS
Gat e_Address => LG _Address

PROVIDED_INTERFACE

OPERATIONS

Start
operation declaration (hood)
Start;

Open_Gate
operation declaration (hood)
Open_Gat e;

Close_Gate
operation declaration (hood)
Cl ose_Gate;

Open_Flow
operation declaration (hood)
Open_Fl ow;

Close_Flow

operation declaration (hood)
Cl ose_Fl ow;

Equal_Pressures

operation declaration (hood)
Equal Pressures return bool ean;

Operation_Completed

operation declaration (hood)
Oper ati on_Conpl eted return Bool ean;

Stop_Gate
operation declaration (hood)

215
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Stop_Gat e;

EXCEPTIONS
lllegal_Operation

exception definition (hood)
Il egal _Operation RAI SED BY Open_Gate, Cl ose Gate,
Open_Fl ow, Cl ose_Fl ow;

REQUIRED_INTERFACE

OBJECT Hard_Configuration;

CONSTANTS
LG Address;

OBJECT STANDARD;

TYPES
BOOLEAN,

END Lower_Gate

10. Hard_Configuration

OBJECT Hard_Configuration IS

PROVIDED INTERFACE
TYPES
T_Device_Address

type description (text)
Physical address of a device

type definition (ada)
type Device Address is range 0 .. +99;

CONSTANTS
UG_Address

constant description (text)
Base address of the upper gate.

constant definition (ada)
UG Address : constant T _Device_ Address :

LG_Address

constant description (text)
Base address of the lower gate.

constant definition (ada)
LG Address : constant T Device Address :

I
L

1
=

END Hard_Configuration
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plane example (multiple instantiation§0.
plane example (virtual node<p2.
robot arm example (unclgs43.
television example (parent-child decomposi-
tion), 39.
temperature monitor example (exceptigns)
58.
water-lock example (full design example)
163.
exception 23, 24, 58, 59, 63, 73, 74, 85,
86, 87, 88, 89, 102, 106, 109, 110,
149, 150, 153, 154, 171, 176.
O definition, 23.
0 HOOD definition 58.
O formalization 86.
exception flow 37, 58, 87, 120, 127.
0 HOOD definition 58.
0 glossary 186.
X_Bad_Execution_Requesi02.
exception to the rule30, 88.
execution model100, 153, 160.
HOOD execution modell100.
HRT-HOOD execution modell59, 160.
expert 15, 141.

F.

Fixed Priority Scheduling160.

221

formalism 16, 28, 29, 33, 139, 161.
formalization 71, 72, 83, 90, 99, 128, 168.
formalization ofxxx, seexxx formalization
formalization of the solution168, 173,
175, 177.
0 HOOD definition 127.
formalization of the strategyl 66, 171,
174, 176.
0 HOOD definition 125.
functional formalization 99.
FORTRAN, 23, 30, 51.
FORTRAN-9Q 155.

G.

general processgeeprocess, general
process

generi¢ 24, 57,59, 60, 61, 63, 76, 77, 78,

79, 82,112, 114, 128, 133, 153, 154,

162, 167, 168, 175, 176, 177.

O definition, 24.

0 HOOD definition 59.

O formalization 76.

0 glossary 186.

generic instantiation60, 61, 78, 112,
167.
O definition, 60.

generic spagell12, 113.
0O definition, 112

graphical descriptian29, 35, 42, 44, 45,
47, 49, 53, 59, 60, 61, 72, 87, 93, 94,
95, 96, 100, 102, 103, 105, 121, 125,
126, 127, 128, 161, 168, 172, 175,
177.
O definition, 35.

H.

HADT, 51, 52, 53, 54, 55, 57, 58, 59, 66,
84,91, 92, 93, 94, 95, 96, 97, 98, 120,
121, 153, 154, 174.

O definition, 51.
0 formalization 91.
0 glossary 186.

hard real-timeseereal-time, hard real-time

hardware 26, 28, 29, 61, 82, 123, 165,
167,171, 176, 177, 178, 179.
hardware architectur&6, 28.
hardware configuration26, 167.

n_
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hardware constrainsgeconstraint, hardware
constraint 19.
hardware interrupseeinterrupt, hardware
interrupt
hardware desigrseedesign, hardware
design
hierarchical desigrseedesign, hierarchical
design
hierarchy 29, 30, 38, 45, 50, 62, 63, 112,
113, 114, 143, 145.
hierarchical approagi28, 29.
HOOD.
HOOD 4 157.
HOOD-1, 15.
HOOD-2, 15.
HOOD-3.q 15.
HOOD-3.3, 15.
HOOD-4, 16.
HOOD abstract data typseeHADT.
HOOD design treell11, 129.
0 glossary 186.
0 see alsalesign, design tree
HOOD reference manual7, 30, 155, 161.
HOOD Technical Groupl5, 17, 161.
HOOD user manuall?.
HOOD User’s Groupl5, 16, 161.
HRM seeHOOD reference manual
HRT-HOOD, 157, 158, 160.
HSATC, seeconstraint, HSATC constraint
HSER,seeconstraint, HSER constraint
HSER_TOERseeconstraint, HSER_TOER
constraint
HTG, seeHOOD Technical Group
HTML, 140.
HUG, seeHOOD User’s Group
HUM, seeHOOD user manual
human factar136, 137.

Immediate Priority Ceiling Inheritanc&60.

implementability 25.

implementation17, 20, 29, 30, 36, 37, 39,
40, 41, 42, 43, 45, 46, 48, 50, 51, 55,
62,72,73,82,84,87,92, 93, 95, 116,
117, 120, 122, 124, 129, 130, 132,
144, 146, 149, 150, 152, 153, 154,
173,176, 178.

implementation constrainégeconstraint, im-
plementation constraint
implementation languagé5, 149.
of a data type
O definition, 22.
of operations 84.
of the basic design stef 18, 120, 122.
of the OBCS 150, 151.
of virtual nodes 153, 155.
prototype implementatiqrd 3, 133.
transmission of implementatipd 2.

inheritance 20, 22, 23, 27, 33, 54, 55, 95,

96, 98, 120.

O definition, 22.

0 HOOD definition 55.

0 formalization 92.

inheritance arrowseearrow, inheritance ar-
row.

O see alsanheritance based method3.

instance 22, 24.

class instanceseeclass, class instance

instance attributeseeattribute, instance at-
tribute.

name of controlling typel53.

of a generi¢ 24, 59, 60, 61, 63, 78, 79,
82, 91.
0 glossary 186.

ofatypg 22, 24, 34, 49, 54,91, 92, 94,
96, 97, 98, 120, 174.
0 glossary 186.

instantiation seegeneric, generic

instantiation

integration 27, 30, 32, 40, 133, 134.

final integration 134.
integration suppost33.
pre-integration 133, 134.

integratoy 32, 112.
interface 15, 21, 22, 25, 27, 28, 29, 32,

33, 34, 37, 39, 40, 51, 61, 94, 100,
105, 117, 120, 132, 143, 153, 164,
165, 173.
provided interface30, 34, 35, 37,42, 43,
46, 47, 52, 53, 61, 62, 64, 73, 75,
76, 79, 81, 83, 85, 87, 88, 90, 91,
92, 93, 97, 119, 120, 152, 154.
0 HOOD definition 34.
0 formalization 73.
0 glossary 187.
required interface30, 34, 35, 37, 43, 45,
46, 60, 61, 74, 75, 114, 132, 154.
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0 HOOD definition 34.
O formalization 74.
0 glossary 187.
interrupt 107, 159, 170.
hardware interrupt107.
iterative processseeprocess, iterative
process

J.

Java 155.

justification of the solution121, 128, 163,
169.
O definition, 121

L.

library, 45, 79, 81, 96, 176, 178, 179.
class library 95, 96, 176.
O definition, 95.
environment library 114,
HOOD run-time library 149, 154, 155.
O definition, 149.
OS library, 151.
life cycle, 19, 26, 32, 134.
LSATC, seeconstraint, LSATC constraint
LSER,seeconstraint, LSER constraint
LSER_TOERseeconstraint, LSER_TOER
constraint

M.

mailbox, 25.
maintenanceg24, 33, 74, 101, 118, 161.
maintenance of the methpd5.
MAKE, 135.
mapping
adjusting mapping155.
mapping logical to physical architecture
130, 131.
mapping software to hardwarg26, 28.
mapping to Ada152.
mapping to C and C++154.
mapping to programming languagés48,
149.

method 15, 16, 17, 19, 21, 22, 27, 29, 30,

31, 32, 33, 34, 40, 96, 101, 112, 116,
120, 121, 122, 131, 136, 137, 138,
144, 145, 146, 148, 149, 153, 157,
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158, 161, 162, 163.
analysis method32.
class methodseeclass, class method
data flow method144.
design methodl15, 17, 20, 21, 22, 27,
28, 32, 33, 45,49, 71, 116, 120,
136, 148.
inheritance based method3.
method directar116, 118.
object based methp@2.
object oriented methodl6, 33, 38.
requirements analysis method?2.
middleware 26.
module 20, 21, 22, 25, 26, 27, 29, 30, 33,
34, 38, 39, 41, 42, 44, 45, 46, 57, 60,
61,66, 71,72,73,74, 75, 76, 83, 87,
91, 100, 105, 113, 114, 116, 129, 133,
134, 136, 142, 144, 149, 150, 152,
154, 156, 162, 172, 176, 179.
0O definition, 20.
non-terminal modulg152.
terminal module41, 46, 83, 84, 152.
O see alsmbject, terminal objectd 1.
monitor, 25, 158.
reader-writer monitqr104.
MTEX, seeconstraint, MTEX constraint
mutual distrust58, 176.

N.

nephew 81.
network 26, 28, 63, 64, 66, 68, 105, 131,
151.

O.

OBCS 100,101, 102, 110, 139, 148, 150,
151, 158, 160, 174.
O definition, 100.
0 glossary 186.
Client_OBCS 150, 151.
Server OBCS151.
visible OBCS 37.
object
active object 36, 47, 48, 81, 82, 105,
149, 153, 158, 159, 169.
O definition, 24.
0 HOOD definition 48.
0 glossary 185.
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cyclic object 158, 159, 160.

0O HOOD definition 158.
environment objecteeenvironment
non-terminal obje¢t84, 85, 86, 91.

0 glossary 186.
object spacel112, 113.

O definition, 112
OP_Control objectseeOP_Contral
passive obje¢t158, 159.

0 glossary 187.
protected obje¢t25, 82, 153, 158, 159,

179.

0 HOOD definition 158.

root object 45, 48, 59, 60, 111, 112,
113, 115, 116, 132, 133, 176.
0 HOOD definition 41.
0 glossary 187.

sporadic obje¢t158, 159, 160.
0 HOOD definition 158.

terminal object43, 84, 87, 88, 90, 91,
93, 95, 111, 115, 134, 139, 145,

148, 153, 158, 159, 173, 174, 175,

176, 179.

0 HOOD definition 41.

0 glossary 187.

O see alsanodule, terminal modujed 1.
object control structureseeOBCS
object factory 96, 97, 98.
object orientation15, 23.

0O definition, 21.

object oriented desigi5, 20, 27, 33, 139,

166.

O definition, 21.
object state transition diagraseeOSTD.
object state transition machireeeOSTM.

OoDs 29, 36, 37,38, 72, 73, 74, 76, 78,
82, 83, 84, 85, 86, 88, 89, 91, 92, 93,
98, 101, 114, 117, 119, 120, 121, 124,

127, 128, 129, 133, 135, 136, 138,
139, 140, 141, 143, 145, 146, 155,
156, 160, 161, 162, 168, 173, 174,
175, 177.
O definition, 37.
0 glossary 186.
ODS keywords
ABSTRACT, 92.
ATTRIBUTES, 92.
CODE, 84, 85, 151.
CONSTANTS 72, 73, 74, 76, 78.
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DATA, 93, 95.

DATA_FLOWS, 38, 93.

DEADLINE, 160.

DESCRIPTION 38, 78, 84, 85, 119,
124, 128, 138.

EXCEPTION_FLOWS 38, 78, 87.

EXCEPTIONS 73, 74, 86, 87, 88.

FORMAL_PARAMETERS 76, 77, 82.

HANDLED_EXCEPTIONS 84, 85, 87.

IMPLEMENTATION_CONSTRAINTS
38, 78, 119, 160.

IMPLEMENTED_BY, 72, 86, 87, 90, 91,
92, 93, 152.

IMPORTANCE, 160.

INHERITANCE, 92.

INTERNALS, 38,52, 72, 76, 83, 84, 86,
87, 88, 90, 91, 93, 95, 129.

MAXIMAL_ARRIVAL_FREQUENCY,
160.

MEMBER_OF, 85.

OBJECT, 38, 74, 77, 78, 87.

OBJECT_CONTROL_STRUCTURE3S.

OBJECTS 38, 72.

OP_CONTROL, 76.

OPCS_FOOTER179.

OPCS_HEADER 156, 179.

OPERATION 84.

OPERATION_CONTROL_STRUCTURES
38, 76, 84.

OPERATION_SET 73, 74.

OPERATIONS 72, 73, 74, 76, 78, 83.

PARAMETERS 78, 82.

PERIOD, 160.

PROPAGATED_EXCEPTIONS84, 85,
87, 88.

PROVIDED_INTERFACE 37, 38, 73,
82, 83, 86, 87, 88, 91, 93.

PSEUDO_CODE84, 85.

REAL-TIME_ATTRIBUTES, 160.

REQUIRED_INTERFACE 38, 74, 78,
82, 84, 87, 146.

ROOT_GENERICS114.

ROOT_OBJECTS114.

ROOT_VN, 114.

SYSTEM_CONFIGURATION 114.

THREAD_WCET, 160.

TYPES 72, 73, 74, 76, 92.

USED_OPERATIONS 84, 85.

OMT, 32, 33.

OOSE 33.
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OP_Control 46, 47, 48, 76, 98, 145, 168.

O definition, 46.
O formalization 76.
0 glossary 187.

OPCS 84, 85, 87, 88, 89, 95, 99, 100,

101, 129, 139, 148, 150, 151, 160.
O definition, 84.

0 glossary 187.

OPCS_ER150.

OPCS_Headerl51.

OPCS_SER150, 151.

operation 21, 23, 24, 30, 32, 39, 40, 42,

44, 45, 46, 47, 48, 49, 50, 51, 52, 53,
55, 56, 57, 58, 59, 61, 64, 65, 66, 67,
68, 72,73,74, 77,78, 79, 80, 81, 82,
83, 84, 85, 86, 87, 88, 89, 90, 91, 92,
93, 94, 95, 96, 97, 98, 99, 100, 101,
102, 103, 104, 105, 107, 108, 109,
110, 120, 126, 128, 129, 141, 144,
146, 150, 151, 152, 154, 156, 157,
158, 159, 166, 167, 168, 169, 170,
171,173, 174, 175, 176, 177.

O formalization 83.

abstract operatiqro2.

actual operation78, 101, 150.

blocking operation159.

code of the operatiqQr85.
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0 glossary 187.
protocol-constrained operatipd 05, 110,
159.
0 see alsa@onstraint, protocol con-
straint
protocol-unconstrained operatioh05,
107, 110.
provided operation40, 42, 46, 49, 50,
57,64, 76, 83, 84, 85, 88, 90, 94,
95, 99, 100, 101, 102, 104, 120,
153, 154, 158, 159, 167, 168, 173,
175.
O definition, 40.
0 see alsaervice, provided service; in-
terface, provided interface
reader operatign1 04.
required operation85.
0 see alsaervice, required service; in-
terface, required interface
ROER operation104, 171.
RWER operation104, 171.
specification of operatign83.
state-constrained operatioh09.
terminal operation157.
unconstrained operatipd 01, 105, 110.
O definition, 99.
used operation84.
writer operation 104,

constrained operatigrd9, 100, 101, 102, operation control structureeeOPCS
104, 107, 109, 110, 150, 151, 158 0operation seseeoperation, operation set

159, 173.

O definition, 99.

0 glossary 185.
global operation91, 149,

operations 159.
OSTD, 101, 102, 103, 109, 148, 156, 173.

O definition, 101
0 glossary 187.

identification of operation126, 167, 171, osTM, 150.

175, 176.

implementation of operatiqr84.

instance operatiqr1.

internal operation83, 85, 88.
0 glossary 186.

MTEX operation 104.

operation call 104.

operation constrainseeconstraint, operation
constraint

operation declaratign/5, 92.

operation naming88.

operation sgt47, 48, 64, 66, 74, 85, 86,
127.
O definition, 47.
O formalization 85.

PAER,seeconstraint, PAER constraint
parameter23, 49, 50, 52, 66, 83, 90, 91,

93, 94, 98, 109, 123, 168, 177.
"Formal_Parameters" ungl®9, 77.
"me" parametgr52, 91.
"myClass" paramete91.
actual paramete60, 78, 82.
0 glossary 185.
controlling parametgrl53.
formal parametgr59, 60, 77, 78, 82.
0 glossary 186.
generic paramete?24, 60, 63, 167.
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0 HOOD definition 59.
implicit parameter 52.
IN OUT parameter83, 94.
IN parameter 83, 93.
OUT parametgr83, 93.

parent 38, 39, 40, 41, 42, 43, 44, 45, 46,
48, 52, 53, 55, 60, 61, 72, 73, 75, 76,
81, 84, 85, 86, 90, 91, 95, 96, 98, 111,

122, 123, 126, 127, 128, 129, 131,
134, 143, 144, 145, 146, 152, 154,
158, 159.
O definition, 39.
performance 130, 133.
Petri nets analysj29.
physical node61, 62, 131, 150.
0 glossary 187.
physical node spagél, 112, 113.
O definition, 112
post-assertion29, 101, 156.
pragma
Ada pragma 135.
HOOD pragma 155.
Nomutex pragmal56.
OP_TEST pragmal56.
OTS pragma156.
Target_Language pragma55.
tools pragma155.
precondition 23, 29, 101, 156.
prime contractorseecontractor, prime
contractor
process
basic decomposition procgesk15, 129.
O definition, 116.
design processeedesign, design process
general processl15.
0O definition, 130.
iterative processl17.
0O definition, 116.
light weight process24.
refinement processl17.
O definition, 117.
subprocess63.
[0 see alsdhread, task
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ASER protocal 107.

communication protocp¥8, 62, 106, 107.

HSER protocal 106.

HSER_TOER protocel109.

LSER protocal 106.

protocol constraintseeconstraint, protocol
constraint

RASER protocal 108.

RLSER protocal 108.

subprogram call protocplL05.

prototype 101, 118, 133.
prototype implementatiorseeimplementa-

tion, prototype implementation

provided interfaceseeinterface, provided
interface

PSER seeconstraint, PSER constraint

PSS-05 31, 139.

Q.

quality, 28, 30, 136, 141, 142, 144, 145,
161.
quality assurange30, 119, 136, 138,
141, 142, 144.
O definition, 142
quality criterig 28, 142, 144, 145, 148.

R.

race condition25, 94, 104, 156.
O definition, 25.
RASER,seeconstraint, RASER constraint
RASER_TOERseeconstraint,
RASER_TOER constraint
Rate Monotonic Analysjs29, 101.
readability 115.
real-time 15, 139, 157, 160.
attributes 160.
executive 149.
hard real-time 157, 160.
real-time systenseesystem, real-time sys-
tem
soft real-time 157.

program 21, 24, 25, 26, 30, 59, 64, 65, 89receiver 52, 91.

112, 148, 156.
program structure21, 139.

program manageid37.

protocol 99, 105, 106, 107, 108, 109.
O definition, 48.

O definition, 52.

redundancy82, 143, 146.

refinement 29, 66, 72, 83, 90, 99, 113,
117, 118, 120, 122, 129, 134, 136,
137, 175.
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data refinementeedata, data refinement

design refinemenseedesign, design refine-
ment

hierarchical refinement29.

refinement line 119, 120.
0O definition, 119.
abstract data type refinement ljrit20.
logical to physical refinement linel 20.
modular decomposition refinement line

119.

refinement processgeprocess, refinement
process

0 see alsactivity, refinement activity

relationship

"aggregate" relationshjib4, 77.

"implemented-by" relationshjb8, 127,
152, 154.

"include" relationship 30, 38, 43, 72, 73.
O definition, 38.
0 glossary 186.

"inherit" relationship 30, 77, 95.

"use" relationship30, 42, 43, 48, 53, 58,

75, 77,79, 80, 81, 94, 127, 128.
"OP-use" relationship75, 91.
"type-use" relationshipb3, 54, 57, 75,
77, 91.
0 glossary 187.
reliability, 58, 124, 130.
rendezvous?25.

request99, 106, 107, 108, 109, 110, 150,

157, 158, 159.

Asynchronous Execution Requestecon-
straint, ASER constraint

execution requestL00, 109, 150, 160.

Highly Synchronous Execution Requeste
constraint, HSER constraint

Loosely Synchronous Execution Requesg
constraint, LSER constraint

Mutual EXclusion Execution Requeste
constraint, MTEX constraint

Read Only Execution Requesgeconstraint,
ROER constraint

Read Write Execution Requesgecon-
straint, RWER constraint

Reporting Asynchronous Execution Request,

seeconstraint, RASER constraint
Reporting Loosely Synchronous Execution
Requestseeconstraint, RLSER con-
straint
unconstrained requgst 05.
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0 see alsmperation, unconstrained op-
eration
required interfaceseeinterface, required
interface
requirement20, 28, 29, 37, 116, 119, 123,
124,128, 129, 131, 133, 144, 145,
146, 157, 164, 165, 170, 171.
behavioural requiremenil23, 166.
conflicting requirements121.
contractual requiremenfl39.
data requirement49.
functional requirement123.
non-functional requirementl23.
restructuring of requirementd 24.
restructuring requirementd 22.
O HOOD definition 123.
technical requirement specificatioth 33.
0 see als@nalysis, requirements analysis
reuse 19, 23, 27, 29, 59, 128, 131, 145.
O definition, 27.
review, 133, 141, 143, 144, 145.
authoring review 141,
design review 134, 145.
O definition, 141
formal review 133.
methodological reviewl144.,
peer review 139.
preparing review142,
review of ODS 145.
review of requirement123.
review of tree structurel45.
review point 136.
review process121, 144,
review steps141.
RLSER,seeconstraint, RLSER constraint
RLSER_TOERgseeconstraint,
RLSER_TOER constraint
ROER,seeconstraint, ROER constraint
rule, 28, 30, 31, 33, 45,59, 60, 72, 73, 74,
75, 79, 81, 82, 85, 86, 88, 91, 92, 94,
110, 114, 142, 145, 149, 152, 154,
155, 158, 159, 161.
HOOD rules 30.
HRT-HOOD rule 158.
rule of programming languag®1, 60, 88,
90, 154.
RWER,seeconstraint, RWER constraint
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S state of the projectl 35, 136.
) state variable21, 61.
scenario 125. stereotype33.
script, 135, 148. strong typing 50, 51.
SED, 135. O definition, 50.
semaphorg25, 150. subcontractorseecontractor, subcontractor

server 25, 34, 36, 42, 43, 49, 53, 54, 58,subsystemseesystem, subsystem
62, 63, 66, 68, 73, 74, 75, 78, 79, 82 synchronization25, 28, 82.
86, 87, 89, 93, 94, 99, 103, 105, 106, 0O definition, 25.

107, 108, 129, 150. synchronization operatiorl 59.
O definition, 25. system 23, 25, 26, 28, 30, 32, 33, 40, 41,
0 HOOD definition 34. 62, 63, 64, 65, 66, 67, 68, 69, 71, 82,
client-serverseeclient-server 86, 93, 98, 99, 101, 103, 111, 112,

service 114, 115, 120, 122, 124, 125, 129,
provided service35, 56, 73, 99, 153. 130, 131, 132, 133, 134, 145, 155,
required service23, 58, 105, 106, 107, 157, 159, 160, 164, 165, 166, 167,

el 120. 168, 170, 175, 179.
ompty shell 40, 43, 48, 72, 76, 90, alrng;t?servatlon systenl22, 125, 126,
Unix shell 135, 148. critical system 110.

SIF, 15, 32’ 140, 155, 162, 163. data base management systér32.

O definition, 162 distributed system26, 61.

signature (_O_f an operatian) electronic mailing systep64.

O definition, 83. fail-safe system108.

software 15, 20, 21, 22, 26, 27, 28, 29, hard real-time systensgereal-time, hard
31, 32, 46, 61, 62, 63, 103, 112, 115, real-time
116, 119, 123, 131, 134, 138, 141, lock system 164, 165, 166, 167, 169,

156, 157, 162, 166, 170. 174.
software architecture26, 28, 32. monitoring system22, 23.
software bus46. operating system25, 48, 97, 130, 155.
software componen29, 81, 95, 149. real-time system108.
software component9. redundant systen82.
software constrainseeconstraint, software reliable system58.
constraint 28. subsystem40, 62, 80, 111, 113, 133,
software developmenfl 6. 145.
software engineeringl5, 16, 20, 34, 79, system configuration29, 113, 114, 132,
144, 145. 133, 135, 143, 145, 162, 179.

O definition, 113,
0 glossary 187.
global system configuratigril13, 114,

Standard Interchange FormsgeSIF.
star diagram142.

state 21, 25, 29, 100, 101, 102, 103, 104, 133
106, 110, 128, 148, 150, 151, 166, local system configuratignl 13, 114,
167,170,171, 173, 176. 133.
final statg 102. system to designl12, 113, 117, 119,
inconsistent statel 03. 120, 122, 123, 124, 132, 145.
initial state 102. O definition, 116.
internal state 34, 61, 101, 169. system view 64.
state constraingeeconstraint, state con- tracking system43.
straint user interface management systdo .

state of design documents35.
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system configuratiorseesystem, system
configuration

system to desigrseesystem, system to
design

T.

task 24, 48, 81, 82, 153.
0 see alsdghread
template 24, 60, 63, 154.
0 see als@eneric
test 27, 32, 74, 156.
regression test1 36.
test code 156.
test environment74.
test harnessl 34, 156.
test plan 136.
test process/9.
test scenarip29.
test specification136.
test support33.
testing phase20.
testing support156.
unit test 74, 134, 136, 156.
testability, 33, 144, 145.
testing,seetest
textual description29, 35, 36, 37, 42, 50,

79, 85, 87, 93, 96, 100, 101, 125, 126,

127, 139.
O definition, 36.

thread 24, 25, 36, 48, 103, 104, 158, 160.

caller threa¢ 48.
client threagd 104, 105, 106, 107, 110.
server thread104, 105, 106, 109, 110.

tool, 16, 17, 18, 28, 30, 31, 32, 33, 35, 36,
38, 44, 48, 61, 62, 68, 69, 71, 72, 73,

74,75, 82, 83, 85, 88, 94, 99, 101,
109, 121, 127, 131, 135, 136, 137,
138, 139, 140, 142, 148, 149, 151,
153, 154, 155, 156, 157, 160, 161,
162, 168.
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training, 17, 136, 137.
transition 29, 101, 102, 103, 128, 148,
173.
trigger, 103.
trigger arrow seearrow, trigger arrow
tutoring, 137.
type, 22, 24, 37,50, 51, 52, 53, 54, 57, 58,
59, 60, 66, 73, 74, 77, 83, 90, 91, 92,
93, 94, 95, 96, 98, 153, 172, 179.
0 HOOD definition 50.
O formalization 90.
aggregated typeb4.
O definition, 53.
aggregating typeb4.
O definition, 53.
basic type 50, 51, 54, 57, 120.
O definition, 50.
boolean type51.
controlling type 153.
data typeseedata type
elementary type98.
fixed point type 51.
floating point typg 51.
integer type 51.
internal type 91.
local typg 85.
machine type50.
main type 52, 53, 91, 92, 97.
0 definition, 52.
predefined type51, 172.
O definition, 51.
private type 90.
provided type 53, 90, 91.
reference type97.
tagged type153.
type declaration90, 92.
type definition 90, 91.
type naming 94.
user defined typeb1.
O definition, 51.
visible typg 90.

traceability 20, 28, 29, 30, 33, 45, 74, 85,U

115, 124, 128, 142, 144, 145, 148,

149.

O definition, 28.

traceability documenseedocument, trace-
ability document

traceability matrix 128, 139.

0 see alsactivity, traceability activity

UIMS, seesystem, user interface
management system

UML, 33.

uncle 43, 44, 45, 48, 52, 54, 59, 60, 74,
75,76, 77,78, 91, 96, 120.
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O definition, 43.
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