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1. Introduction

In this presentation [ will firstly address the questions of why
Integrated Project Support Environments (IPSES) are considerad to be
desirable and what constitues a good IPSE. Then | will present Lwo
practical examples developed by Systems designars and finally | will
attempl to identify some underiying principles of tight!y controlled IPSEs.

2. Why are |PSEs required?

Thera are twe fundarnental reasons why IPSES are essential. The first
reascn is cancernad with the "headfull” problem: it is impoessible to
develop large systems by a single individuat, or even by 2 small team.
Therefore we need an IPSE to record and contral the interactions between
members of tha team. The second reasen is that it is impaszible for a
systom to bhe developed from cradle to grave using just a sigle tool
Tharefore we require an IPSE to recerd and controi interactions betwoeen
the various teols required throughout the project Tifecycle In oflier words
the Lools need to ke integrated.

Thus it can be seen that a fundamental requirement of an IPSE 15 to
enabie 2 tearn of peopie to work together in a harmonicus and cooperative
reanner. They must be able to work independently of each other as far as
possible, but it is essential that thay cooperate within a managerment
framework. Insuch a framework it is essential that each individual knows
exactly what he/she is expected to do and that the manager can find out
how well each individual is progressing with his allotted task. Finally, by
integrating the actual progress made by each indiviual, it is possible to
calculate a measure of overall progress. Note that by providing facilities
for progress to be measured by examining a database, it i5 possible to
obtain a much more objective measure or progress and 50 avoid such
subjective opinions as "90% complete”.

A further important aspect of teamwork is the need to check that the
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project defired quality assurance procedures have been followed Again,
such inspections can be performed via database interrogaticn and these
will show evactly what has been dcne. Once an object has been divelsped
and tested, and has passed all the appropriate quality assurance reviews,
it is possicle to place it under change control without any additional
operations such as copying . This then rneans that an object can not be
cnanged again unless such a change s properly authorised by the
responsible person.

3. What makes a good IPSE?

Some people believe that the essential property of a good IPSHE i3 that
it should nurture creativity by allowing the developer freedom,
flexibihity and extensibility. Other people believe that the essential
property of a good IPSE is that it should nurture ordertliness by
introducing control, discipline and accountability. It could be argued that
these apparently opposing vicws represent the respective views of
academia and industry. Alternatively, they could be considerad to be the
respective views of developers and managers.

It is my view that these twe different views are nol opposing views,
but are simultaneous requirements for an IPSE. I is essential that an IPSE
offers the 1east possible hindrance to develorers whilst at the same time
providing a sound and contre!led management capability. Anothsr way of
viewing this i3 that it is e39antial to recognine Lhal scrtwaie
development 15 a serious husiness which rnust be pertformed in 3
aisciplined manner by cooperating individuals Qnce this basie tenel has
been accepted, then the purpose of an IFSE becomes much clearar: it {4
there to provide facilities to help each member of the team - whether as
developer or manager or QA controller - but it must 3130 grovide a level of
policing which can catch people who transgress the rules - whether by
accident or by maliciuos intent. The key is to get the level of palicing
right so that law abiding merbers of the cornrnunity do not feel oppressad,
but unlawful members are apprehended.

4. Two example IPSEs.

Systems Designers has been involved in the development of |PSEsS for
almost 10 years now. Figure 1 shows each of the IPSES which have been
developed, and shows how they are related to each other. Context was our
first support environment and it provided an integrated sat of tools to
support the development of software using the MASCOT [1] aesign method,
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the programming language Coralt6 [2] and the host-target development
technigue. Context was deveiopad in the late 1970°s to run on Digital
POR11 hosts and most of the then available 16 bit microprocessor targels
It i5 now hosted on the VAX range of computers and has been (and still is)
in very widespread use for the development of embedded real-time
systerns for defence.

Although Context provides an integrated sat of tools, its database
supports only a single user at a time and can only hold a single version of
any object at a time. Perspective was developed in the early 1980's
specifically to address these perceived weaknesses of Context. It was also
aimed at a much wider market area than UK defence Consequently
Ferspective supports the prograrmrming language RPascal. Perspective ismy
first example IPSE and | will say more about it shortly.

Ferspective is currently in use on over 50 sites througnout Eurepe and
has been successfully usad for the developermant of the avicnics soflware
for the new aeroplane known i4 the Experimental Aircraft Frogramme
(EAP) buill by British Aerospace and whichn was flying at the Farnborough
Air dhow during the weszk of the Newcastie conference txperience with
the use of Perspective has shown that its basic concepts are right, Lut
that, inevitably, improvements can ba mads. Some of tha improvements are
in the area of team facilities and better policing, but the manst
fundamental improvement was to make it into an "op=n" environment je -to
allow users the pessibility of adding additiona! todls. The resuiting
product is called Perspective kernsl TN1s Indicates that it i a
development rrom Ferspective and that it pro/ides a hasic sat of facilities
wnich form the karnel ¢f any bespeka 1PSE davaloped with it Ferspactive
kernel, or PK as we usually rafer to it, is my sacond example |P3E.

Figure | shows two environments being developed uzing PE. HOrzZaon i3
anew environment to support MASCOT3 [3] and Coral66, wnilst
Perspective/Ada 1s an APSE which incorporates the design language
discipline of Perspective. The other three boxes on figure | all refer to
Aspect. This is a collaborative project involving both industrial and
academic partners and is partly funded by the UK Department of Industry
under their Alvey inititiative. The industrial partners are Systerns
Designers, International Computers Limited and the Microcessor
Applications Research Institute. The academic partners are the
Universities of Newcastle c¢n Tyne and York. Peter Henderson describes
some of the results of the Aspect research project in another section of,
this report.
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4.1 pPerspective

The talk explained briefiy the motivation behind the development of
Perspective. Perspective provides a design language as a set of extensions
to 150 Pascal, which provides a formalism to represent the structure of
the real-time embedded syster heing developed. This structure can be
checked and recorded in Perspective's database, and then used to control
the implementation tearn so that no deviations from the designer's
intention are allowed. This forces the implementation team to either keep
to the designer's intented structure, or to report any problems and/or
suggested "improvernents” to the designer. If a modification is
considered necessary by the designer, then he can make the appropriate
changes in the full knowledge of the overall design concept and i55ue a
new version of tha design to the irnlementation team. Thus the designer
retains control of the design baseline.

Perspective also provides a developrment method to help in the
technical management of the software develepment. This is based ugcn thc
notion of identifying "milestones” along the development path. These
milestones correspond Lo one or a group of database itemn versions
achieving a particular status. These achiovernents are visible within the
datanhase and can be detected by running standard queries. Thus the
rnanager can obtain, from the database, a record of actual progress
achieved. This will ignore any progress towards a milestone and enly count.
actual milestones achieved. Thus a rather pessimistic view of progress
wiil be obtained by this mathod, but this 1s considered ta oe a gocd 1deq -
egpecially as it avoids the well known "9075 corplete” syndraori:e,

For more details on Perspective please refer to the Technical
Overview (annex A of this section) and the slides usad during the talk.

4.2 Perspective Kernel

PK provides a foundation layer, which is fundamental to the support
of openness, and set of project control facilities built upon the foundation.
The foundation consists primarily of an ERA database enhanced with
facilities derived from Perspective to support teamworking, version
management and configuration control. The project control facilities take
the Perspective notion of domains, with controlled sharing of item version
Detween them, and adds further facilities to support the notion that each
acmiain corresponds Lo ¢ne or more "roles” within the develcpment team.
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These roles incude the ability to act as a tecm leader (and deleqate
respansibility for part of the development to ather domains),

or to act as a QA reviewer (and either 2ccept and place an item version
under change control, or reject an iters version because the aporapriate
procedures have not been followed), or Lo act as deveiopment control
manager (and authorise further development of item versions previously
placed under change control), etc.

For more details of PK pl2ase refer to the P paper (annex
B of this section) and the slides used during the talk.

5. Conclusion.

In the early part of ry presentation and in the tvio examples, | have
stressed the importance of teamwoaork and the fundarnental requirernent to
support teamwork in IPSES. In this cencliding section | have identifiad
threa principles which need te be observed in any IPSE which purparts to
SUPPOrt tEamwork

The first grinciple is the "nead to knew” principle. This is related to
the equivalent security principle, but in terms of IP3Es it can be
Interprated more liberally, because the consaquencas of a person knowing
rmora than is actually necassary are not serious. In the [FSE world the need
Lo know orinciple means that each team member has A right to see only his
ewn objects. Objects belonging to cther dormains are normally invisitle
untess spacifically made visible by that domain This principle must be
irtarprated co that each tearm memb2t Car see the obyjects requirad ror the
task in hand. Perhaps rmore importantly, the team member must not be able
Lo see the private objects which other team merrpers are currantly
developing - unl2ss or until that team mermher dacides £o make them
visible.

This leads to the second principle, the "dependability” principle. This
states that when an object, such as an item version, is visible to a team
member, and that team mermber has elected to depend upon it, then the
object will neither change nor disappear.

The third and final principle is the "permission to do” principle. This
principle dictates that a team member is prohibited from doing anything
unless it has been specifically authorised. This is the means by which
domains in the database can be set up to correspond with a particular team
rcle. It is also the mechanism by which tasks can be delegated by one team
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rrember to another,
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CHAPYTER 1

IATRODUCTION AHD MAMAGEMBNT SUMMARY

PERSPECTIVE is a Programming Support Environmant <daveloped Dby
Systems Designers Limited for PASCAL based soflware systems.
PERSPECTIVE provides suppor% for all stages of the software
development process from initial design to in-service
maintenance.

In particulacr, PERSPECTIVE i3 designed to meaet the dzmandy of
managemeant in controlling project teams, and to provideae
spacialist support tor dJdaveleping and maintaining realwtima
software for embedded microcomputar systems.

Lok PROJECT MAHAGRUENT

Project Managers are respongible for the timaly ocompletion of
gofbware systems, withio budgets, Lo specilication, and to high
gquality and reliability standacds. This is a demanding task.

* Projects can be technically complex, often involving
real-time systems and parallzl bprocessing on state of
the art hardwaute.

* Projects can be administrativaly complex with
information on prograess and reguiramaats coming from
many sour<es, io many fovms, with vazyiong veliability
and availability,




* Projects can be organisationally compla Wikh
coordinaktion required through all the davalopmeant
stages of:

a) degiyn

bh) implemantation

) quality assurance

d) in-sarvice maintenance.

In addition, coordination is usually required between
team members within these stages.

* pProject team members can make local decigiong wilthour
realising their wider impllcations, which can rasult in
gignificant reworking to meat the system specification.

* PpProjects require2 specialist regoucces, both human and
material, which are often not available when required,
and are always in short supply.

A kay element aof PERSPECTIVE is the support it gives to Project
Managers by addressing all of these problens,

1.2 EHBEDDRD SYSTREMS

FEmbedded 3gystams  anre microprocessor syastams whiich ate
incorporatad as a component in other devices and whosa presence
is often not imnediately evident, They are fregquentiy used for
control purposes and operate continuously in real time.
Embedded systems have a numnber of characteristics which add to
the complexity of the luplementation task.

* They tend to have severe timing and memory constraints.

* They often make use of specialised peripherals which
are only available on the operaticnal hardware.
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* The actual operational havdware configuration may not
be available until late in the davelopment cycle,

* The goftware produved is complex., Freguently it has
many parallel paths of exacution and extensgive
interaction with its3 envircument.

* Embedded computers are totally unsuitable for software
development, They do not usually support an operating
gsystem or any of the other facilities required by
software development tools, Software development must
be carried out on a separate "host™ computer,

*  pEmbedded goftwire must be tegted on the real hardware
where it can run in real time with rcr=2al peripherals.
Usually this means losing all the diagnostic aida of
the host computer, and lsaves the programmer with no
gcaay means of testing or debugging the system,

PERGPECYTIVE provides a unique solution to the problems of
daveloping and maintaining embadded software, The main
faatures of this solution ara:

a) A methodology to handie the design of complex softwara
and to provide a szafe exacution environment Efor
sequaencial programs in a concurrent system.

D) A hosted developmant toolkit which supports grogram
development and can be extendad to cover the full Life
cycle of a product.

<) A facility to load application software into a target
cemputer over a sarcial link, which also allows
debugging of the software running on the target from a
host computer tarminal.

d) A standard run-time package which can be tailored by
the user to meet specific project requirements,

In summary, PERSPECTIVE provides the methodology and the tools
to ensure an effective solution to the problems of embedded
system software development.




CHAPTHR 2

THE PERSPRCTIVE MREPHODOLOGY

PERSPECTIVE supports the development and operational use of
computer based systems. The emphasis is on embedded computer
systems, particularly those which will use microprocessors for
their target hardware, but the approach supported by
PERSPECTIVE <¢an also bhe used for systems development on
mainframe and minicowmputers.

2l MAMAGENEHT ASPECTYH

For all but the simplest of embedded systems it is necessary to
et up a team (ox teams) of people to produce a gystem, This
immediately raises the management problems of allocating tasks
to people cr team3 and of making gsucre that the individuals
communicate e@ffectively with the rest of the team. 1t is
important Lo  ensure access by an lodlvidual  to  computer
resident information as needed, while preventing interference
with infecrmation baing relied upon by othears.

PERSPECTIVE recoqgnises that application systems are produced by
teams of programmers and provides facilities to epable the
individuals to work indepandently as far as poasible, At the
sama time it provides a diaciplined anviconment in which
programmers «an interact with othar team mrenbers and their
joftwara couponeats, and sghill be confident that, although the
components bhave bean developed separately, they can be
succes3fully combined at e appropriate moment, Further,
PERSPECTIVE recoguiges and provides facilictias to control the
avalanche of version management problems which inevitably ocour
once a formal issue of a product is made,

In order to achieve this degree of conotrol, PERSPECTIVE
maintains a central database of information on all items within
the system, including their development status, and the rights
of individual team membe2rs to use or change them,



Mormally a PERSPECTIVE databasa i3 created by the Project
Manager to reflect the organisation of the peaple in that
project team, For example a small project database might have

the structure:

~Project Managerc

e A W D S ML M A A L ] MR G S M ST S e e S L S SR WS M eu e e AR S e ad

Deslgner Frogrammer 1 Programmner 2

A more complex one might be:

Projach Manager

|

- s LS N S WS R A P S L W R S G W M (B VW S A e A S T B AP W A B e e T A

Des1gn Programmning QA
Manager Manager

l |
D1l D£ Pl v2 PL Hl

Lach team wmember has a personal view of the databaze but i3
prevented Ecom accessding  the gactiona of the database
controlled by other team membars unloss exzplicit pearmiassion has
been given,

During coding and testing tha programmers will bae deseloping
and c¢orrecting their own components, and also making usae of
compeonents praduced by cother members of Lhe team. PERSPECTLIVE
will allocate a versicn number to @ach new instance of a
component, and the compilation process will automatically use
the latest version of each component unless particular
versions have been specified.

The PERUPECTIVE discipline extends to prohibiting team mer ‘rs

from c. aging components produced by their colleagues. If
there is 1 requirement for this it must be raised with e
project manager who can assess the requirement, and its imp. =z,

and decide accordingly.
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At any time during the project the manager can interrogate the
PERSPECTIVE database to determine the precise state of progress
on any part of the gysten, By simple database queriey
confirmation can be obtained, for example, that the following
milestonas have Leen achieved.

* ltem has been created during overall design.

* Item has been checked for consistency with other items
in the overall design.

* Algorithmic content of item has been written, and
checked Dby the compiler for syntactic and semantic
correctness,

* [tem has been | tastied locally and found to be
gsufficiently sound to be incorperatad into a Lesth
configuration for the real tauget.

*  Ttam hag been compiled for a real tavgat processar.

* Item has been sufficiently proved oo the target to
warcrant being handed over Lo Lhe QA team for wmore
thorough testing and certification,

* QA are saltisfied with the compocent and have made it
available to a wide community of users.

Monitoring progress against evants such axs thosa in  this  List
can be performed at any time and at any lavel within the
system, The PERSPECTIVE apgroach ensura3 that the Projact
Manayger's view of progress in any area represents real
achievement.

The version contzrol provided by PERSPECTIVE during system
development also gives the Project Manager an opportunity to
identify and tackle problem areas at an early stage. 1£, for
example, a particular module or subsystem is undergoing many
changes in the compilation or testing stages, then there |is
clearly a need to review these areas in detail. Conversely,
reviews of stable elements of the system can be reduced or even
omitted.
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All of these features stem from the c¢eatral databasea within
which all elements of the system are stored, and through which
the various tools and commands of PERSPECTIVE control access
and actions, and record pregraess, ALl of thig infoermation is
available to the Project Manager throughout the life of the
project.

In this way, PERSPECTIVE provides the s#support which allows
Project Managers to spend their time productively on real
issues and to help ensure that their team produces systams on
time, within budgets, to sgspecification, and to the highest
quality and reliability standards.

2.2 OVERALL DESIGH

The startlong point of the PERSPECTIVE methodology i3  the
axlistance of a requiremant, However it should be expectad that
the design process, particularcly the earlier phases, will lead
to a clarification of the requirement and to the exposuce of
areas where trade-offs between design and requirement may be
madea,

'he first stage of a desijn i35 to analyse tha requictemant from
a data flow point of view, This will inevitakbly expose the
nead to handle events which occur simultaneously. T™is 1is
represantad as a set of inter-ccamunicating "subidystems™ using
tha diagrammatic notation shown in Figure 2.1.

As the analysis proceeds and subsystemy and their
intercommunication requirements are postulated, eiach subsaystem
and each intesrface must b2 justified by identifying 1t3 purposa
and its function., The first stage of this design is complete
whan a "structured walkzhrough" of the system diagram(a) has
haeen ccmplaced to the satisfaction of all concernad,

243 SUBSYISTEM DESIGAH

The neaxt stage of the design is tec decompose each subsystem
into its components.

In the decomposition of a subsystem, consideration must be
given to the method of implementation for each interface.
There may also be a need to implement asynchronous functions,
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The asynchronous functinns can be represented by further
subdyscemys (which in turn will have to be decomposed) or
processes which are the fundamental unit of parallel processing
in PERIESCIIVE., Procrases asg werll as subsystems can
commuricate anly via facerlaces,

Whan considering how an  interface should be implemented
PERSPECTIVE provides two alternatives., The fundamental method
i3 to use a module to implement a sgsiangle interface, The

alternative is to use a subsystem to implement a single
interface. The advantage of the latter approach 1is that it
allows the implementation to employ parallel processing (since
subsystems can contain processes).

The technique of using a module/subsystem to implement an
interface allowa Parnas' design concept of "data/information
hiding" to be adoptod, vhilast permitting a medule/subsystem to
uge other intecfacey allows PERSPECTIVE to represent Dijkstra's
concept of "sucvedgslve levels of abstraction”.

PERSPECTIVE provides language facilities (as extensions to
PASCAL) for recozding Lhegse aspects of hthe formal design within
ita cantral databasa. PHRASPECTIVE can then make use of the use
ot the recorded desiyn in the following ways :=-

* ‘Yalidatingy the completeness and consistency of the
design itaself.

* pPefining re-usable modules and thus providing the basis
Lor a software component libracy.

* rdaentifying and assigning tasks for individual
implemantours, who will each bke given an appropriata
view of the dasign through their section of the
datahase,

* Ensuring that the implementation adheres to the
recorded design, PERSPECTIVE will not compile a module
which does not conform to the interface design, or for
which there 1is no recorded design. 1In doing so, it
provides a means of prohibiting implementors from
making unauthorised local decisions on design issues.

* providing management information on the impact of
proposed design changes.

164



204 ITHPLIRKIRRCAY Y OM AWD TRSY THG

During coding acd testing the programmers will be developing
and  corcecting  theit own medules, and also making use of
componants produced by other members of the team, PERSPECTIVE
will allocatea a version oumber to each new instance of a
module;  the compilation process will automatically wuse the
latest wversion of each module anless particular versions havea
Lbeen specified.

The PERSPECTIVE discipline extends to prohibiting team members
trom changing components produced by their colleagues. 1If
there is a requirement for this it must be raised with the
Project Manager who can agsess the requirement, and its impact,
and cdecide accordingly,

Within a module or a proceas the programming langquage is
atandacd  PASCAL, with a nunbe:s of wxtensions to meet the neads
of real-tima systoms, and to allow the modularity concepts of
interface, wodule, process and subgystem to be expressed.

These extensiond allow modulas to bhe compiled separately, aad
go so far ag providing for the automatic construction of a
complale g/4qben,  Whan an alemaot;,  0of  the system {3 changed,
PERSPECTIVE  can automatically determine those modules affected
by the chanje aad can rebuild the system with the wminimum
necessary recompilation,

PASCAL and the roal-time aextansions provida the user with a
languaqge winieh  c¢an be used for wvirtually all embeddad
microcomputer avplications. This i3 achieved by restricting
tha langquage eqtangions to low-level havrdwace control and by
rat dafining a partlcular real-time ra2gime within the languaqge.
3a3ic facilitieas auch as process aynchronisation are built into
a g=andard packagy2 written in PASCAL and supolied in source
toem o the udar can make modifications to mew:i precise needs,
or even raplaca tha whole package it requirad,
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PERSPECTIVE includes a wide raange of testing aodd debugging
tools, all of which refer to data items by thaiv faniliar
PASCAL name3, These tools can be applind to  the initial
testing of modules on the hogt wachloe, and alsc Lo subsequent
testing on the targat microprocessor uander control from
PERSPECTIVE on the hoglh.,

bDown-line leading is supported by connecting tha2 host aond

targat computers with a simple cownunication link. Debugging
is achieved by use of the same Il ink.
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CHAPTER 3

USER FACILIYIES

3.1 THE PERSPECTIVE DATABASE

The database holds all the source files and any machine code
files which have been constructed. 1In addition it holds all
the structural information concerning the relationship between
interfaces, modules, processes and subsystems, togecher with
the managarial information relaking to veraion cantral and uaer
accesda righta,

0f particulac importance in the databasae 13 the ability to
maintain dJdepandency information. This 13 usael to detact
automatically items in the database that hzve becone invalid ag
a result of user action (e,q9. editing) and to ce-oceabe Lhae
dependant itams when they are required,

The databbase manager within the PERGPEICIVE system  theretore
has Lwe roles: it provides guppouvt: for databasa access by Lhe
tonls amd also provides the cheocklog and coovdination of the
application system's configuration, xKeepling track of versions
and dependencies. .

The user i(uvokes the wvarious facilities by typing the
appropriste  command, This "user intecface" has an ovacvall
atyle to which all commands coaform, This {interface also

provides a "security barcier” betwezen users, and prevents any
user from performing operaticng which are not agthovised orc
ahioh coald inconvanienage sthar usdavas,
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A2 PERIOVECYIVE COMNMANDI

i A | hecans 1o Thae Datab:2oe
Relevant commnands are:

SET NSER

5 XIT

SET PASSWORD
SET CONTEXL

" X & &

SET USER 18 the command whichn allows a user to start an

interactive segsion with FERSPRECTITIVE, Whan  PERSDRECTIVE ia
invaked, the usar ank2rcg the 5ET CSER <command Lo nominata the
domain in the user hierarchy in which work is to be Jdcnae.

By quoting the zalavant passaword for accasa, the user will ba
allowed all the privileges available in ubat: domain. Thus the
user will ba abla to creata entities with unique ownelahip;
read aod use owned entities in the databaga; read aml age
gntlties made public by other users.

EXI'T iz Lhe command which rveturng the user bty the contrel of
the host operating system,

SET PASSWORD allows a user who has logyged (0 Lo c¢itaag.  the
password to be used for future entry to the currant domain,

SET CONPTEXT allows a user to salact the tavgat  procedssor and
goftwara anviromment which will be uwsed for all conmpilacions
and  testing operations which do not explicitly quotae a

particular tacget,

3.2.2 Organising The Databasae
Ralevant cowmmands are:

CREATE USER
CREATE ITEM
INSTALL

FIX

FREE

DELETE
PURGE

* * ¥ ¥ ¥ ¥ *

The commands discussed in this section are concerned with the
local wuse of the database by an individual team member
excluding the use by that person of items created by other team
members, This latter aspect is discussed in Section 3.2.3.
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CREATE USER is the command naad to croate a new user domain in
tlhir databasge,

CHEATE ITEM i the command used bto create new textual items io
the database. It will allow systems, subsystems, interfaces,
modules or processes to be o2reated (in any order), but no
dapendencies betwean thess items are eagtablished until the
itemg are INSTALLed., The text of the new item can be copied
from a host file, or from an existing PERSPECTIVE item, The
EDIT command may be used to modify the copied text,

PERSPECTIVE does not provide a 'MODIFY' command. Instead, the
EDIT or CREATE commands are used to create the next version of
an item, This philosophy i3 an important element in the
PERSPECTIVE approach to configuration management and vercuion
conkrol,

IMSTALL 19 the next comwand in the gequenca and will check that
the ‘'structural' content of the item is consistent with olhaer
informacion already in the database, During this process
PERSEECTIVE will atbtempt Lo [NSTALL any items on which the
inirial object of the comwand depenids (recuraing to any
tegquired depth). The result of this action will be that all
the inter-itam dependoncias will be detectad and romambarvad,

Tha FIX command is usad to freeze Lhe versions of the itams
ugad in a pacticular gystem or component, By defaunlt
PERSPECTIVE uses tne latest varsions of items unless FIX lhas
bean usad to specify othecwise,

The FREE command ravarsea the effect of FIX.

Phe DELETE command allows a usenr Lo remave an item  from  the

databasa, When a development version is deleted then all the
items3 daveandent upon  the daletad (ke ara aztomatizally
dalaced, A FIXad version may oot be delaced unlasg it has no

dependent itams,

The PURGE command deletes all but a aspecified version of an
item with the same constraints as DELETE,




3:2ad Publication
Relevant commands are:

* PUBLTSH
*  ACQUIRE
DISPOSE
WITHODRAW

* %

Publication is the PERSPECTIVE pruocess of making complatad
modules, subsystems, or systems available to other members of
the project team. The item(s) t» be made available to the t=am
members must be FIX2d before they are published,

Although each team member has the cpportunity to use PUNLISHed
items, those items which are required for use must first he
ACQUIREA. Galy the topmast {tems need be specified since the
items on which they depaad will be ACQUIREd automatically,

The ACQUIRE command allows each unar to contrrol the elemaenks of
the gystan intended for use in the section of the database
allocatad Lo  that user, aod to advise PERSFECTIVE that lLhese
ibems may not bhe WITHDRAWNn by ortheyr team mambers.

The DISPOSE command is used when previously ACQUIREd items are
no loager neadaed by a pacticular tean mambierz,

The WITUHDRAW command reverses the effect of PUBLISH except for
its impast on users who have praviously ACQUIREA the itoms.
UITHODRAW will not be allowed on any irtema which have hoen
ACQUIREG butt novw DISPOSEd.

}J.2.4 Transferring Items To Other PERSPECTIVE Databasas
Ralavant commands ares:

*  EXTRACT
¥ 0BEY

The EXTRACT command enables a set of software components to be
copied from the database 1into a set of files on the host
operating system. The resulting files will be in normal
sequential text format and will be suitable for use by CREATE
to install that set of software into a different PERSPECTIVE
database.
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[a addition to creating the text files, PERSPECTIVE will also
genarate a [ile of commands to CREATE these items in the dew
databasa. Thisg set of commands can be exacuted in the new
environmant. by igsauing an OBEY command retarensing thig tile,
3.2.5 The Query Facility

The relevant command is

*  SHOW
The SHOW command provides general purpose query facilikies

enabling the user ko determine:

a) which items in the databage are beiny usad by a
gpaciflc iten

L) which items in the databage ave using a gpecific item
c) the aource Laxt of an itiam, optionally with

installation and compilation errors wsmbedded in the
Listing, 1f appropeizte

d) which itams ara owned by the current user domain
aj which iltems bave been PUBLISHed
£) which dtemsg have been ACQUIREA by  the <current aser

domain

g) the nanes of bthe uwgev domaing which have baen CREATE]
h) whether INSTALLation of an  item has Lean attampted and

ashieved

i) whethery compilation 9f an item has baen actempred and
achiaved, and for which taragets,

The reports generated 1in response to a query ccmmand arce
-normally displayed on the user's terminal but can be directad
to a PERSPECTIVE database text 1item, a host system file or the
host system printer.
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3-2-6 The r:ﬂ", Pllﬂ
Relevant commandsg arael

*  SET LOGGING ON
* SET LOGGING QFF

If a permanent record of all or part of any PERSPECTIVE session
is required, then a log file may be used to record commnands and
regponses a3 they appear on the screen,

The SET LOGGING ON command acts as a switch to activate this
process, and the 38T LOGGING OFF command will de-~activate it,

Thegse aommands can be used as  acd  whea vegquired during a
ses3ion,

3.3 THE EDITOR

The Edjitor used by PERSPECTIVE ia the standard DEC  VAX/VMS
Bditor, CEOT, and Lthe full facilities of this product caa be
enployad to chaage existing PERIPECTIVE gource taexl, ov ko
introduce new text itema. MNew items are craated as Version 1,
wailst existing items have thais vargiocon numbers incremeated by
ona,

3.4 THE COMPILRERR

The Compiler 1is a major compenent of PERSPECTIVE and i3
responsible for translating the user's sourca Laxt into ubject
code for the chosen computer type, It deduces whicn  itoms of
gafrtware need to be compilad in ordar bto conubruct tha item
raguestad. It then compiles them in the appropriate sequence,
invoking all the naceszsaty pagises of the Jlowpilai, Foc
interprative checkout purposas, only the first pasgs (PASCAL to
P-code) is invoked.

3.5 IHTERPRIETIVE CHECXOUT

Interpretive Checkout provides facilities for full dynamic
checkout of a system or program. Dynamic Checkout is usually
performed using a test harness and can be used to investigate
the dynamic behaviour of a module or subsystem.
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The major facilities offered are:

a) Source level display and alleration of PASCAL variables
b) Incremental program executiaon

c) Breakpoints

d) Trace of program execubtion

e) Monitoring and display of variables during execution
3.6 TARGART CHRECKOUOT

Tavget Checkout allows the user to coonect the host computer to
on-lina to tha target and then uge the standacd PERSPACTIVE
debugging facilites available for Interpretive Checkout.,
Debugging command:3 entered at the host result in ressages beiny
sant up and down the line and the appropriate daebugqging actions
taking place on Lthe target, Most of kthe intellijence required
for this is locvated on the hogst 30 the ovarhead for the targat
is small, Cne of the main featuces of cn=line debugging i3
that it is equally affective dJdurlong prodram Javeloponent acodl
during later maintenance and upgrade,

The following faawilities are offered:

aj Down=line loading into target bhardware

b) Control of target execution

<) Source leval display and alt=zration of PASCAL variables
d) Incremental program exacution

) Breakpoints

£) Trace of program execution

g) Monitoring and display of variables during execution

As far as possible the Target Checkout facilities have been
made identical ¢to the Interpretive Checkout facilities, and
have the same user interface,
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3.7 THE FROM FORMATTER

The PROL Fotmattar, using the output from system construction,
ig capable of gslicing each contiguous block of memory both
vartically and horizoeantally to produce blocks of formatted data
for PROM programming equipment,

The facilities offered are:

a) Location of a system at a sgspecified address and
checking that the system size is within limits

b) Capability for splitting a system into a number of
non~cont.iguous PROM regions

iz Horizontal and vertical "sliuwing™ of the memory image
to produce data f[or each of a get of PROMS

o) Generation of PROM programmer data in the appropriate
format.
Q) A user specified contingency factor to allow module

axpans ion without relocation

£) Fasy veprogramming of PROMs affected by a source code
changs,

Jane TARCET SOFTWARK

[n addition to the softwara package ca the host computer,
PERSPECTIVE i3 supplied with a target software paackage which
provides host-target protocol and the real-time regima. Tha
target package is supplied in source text form to the customern
who 1 free to uge {t, change it, or to raplace it with a
package written to suprcrct othar prodramming techniques,

The facilities offared ace:

a) Standard host-target protocol for use during
development

b) Standard parallel processing regime support

c) Standard environment for ISQ/BSI PASCAL.
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PERSPECTIVE KERNEL - AN QPEN-ENDED PROJECT SUPPORT ENVIRONMENT
Peter E. Rusling *

ABSTRACT

- a nev product

This paper describes the Perspecrtive Karnel
r E
< e faaturss of their
- ar» -

=
Designers which —takes and. enhance
¢ m te grovide a gaensr

=-a
(IPSZ) framework.

is generally known) is primariiy ta

BX ( it rgetted for uss on major
real-time softwvare projeats, wnich t”p1c1"' raquirs a number of ra2ams of
deveiopment stafi, often geograpnically separated., to producs vary
sonphisticated and high-guality svstems tn 2 srrict budgzet and timesealsas

In tnis scenario, iC 1Is most 1mporiant tnat errfeacrlve Cools arse ussa  to
support the most suitable methods and languages, and that the necessary
level of conctrol can be acclind to the development process. P¥ suppor:ts

these requirements by its ability to embrace any tools (and thus anv method
and lapwuszue), and to anb;; 1ts wextengive prajec: c¢onszol Zfagiliigies

uniformly throughout the development lifacycle.

BACKGR2OQUMD

ce 1972 Svstams Designers has had a majsr inveolvement in the design,
develasmane and gugoley @f gompilare 383  Fenls fn aussgee gf peadanes
devalaninr raa’? rimas scoramc
developing rezl time zystems,
The Groups’ CONTEXT Svstem was the first in rthe werld which oifered
host/targart dsbugging capability to procjects develcping systems for
enmbeddad micro-computers CONTEXT was also tae first systam to provide
programming support for a major design methodology - in this case the
MASCOT real-time design method. The database for CONTEXT «<supportad a
single uzer, but as more powerful microproczssors became available
development teams became larger and the problems of interaction betwaen
team members needed to be addressed.
In 1982 Svstams Designers introduced the Perspective system to support
these larger .project teans. With Persaect;;e. team members are agis IC
Sate o . T .
undertake their individual activitiss in their own private area of the
darabase, whilst activitias requiring ccllaboracl n with other tezm members
! =]
ara ccntrolled at a2 team level, Other fearures o¢ffared by Parspectivs
included a design language to control the development process, and
configuration and version contrcl features to suppor: the davelopment needs
of teams as well as of individual In toral thece innovations provide for

the management and design contrcl essential to the success of such
projects, while still giving strong support to the individual team member
performing a particular task

The development tools supported by Perspective are based around the Pascal
programming language. Today’s requirement can best be expressad as being

* Systems Designers, Pembroke House, Camberley, Surrey, England
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for Perspective Ada(R), or Perspective CORAL, or wmors anerzlly a
Perspective system to support any language and any sat of tools.
The Perspective Kernel Svstem has besn develcped to satigfy this nzed far
an "open" Project Support Eavironment.
INTRODUCTION
The "open-ness" of PX allows the project manager to choose the most
appropriate language and tools for his project and, by embedding these
within PX, to create his own project-specific, companv-specificz (or even
product-specific) environment.
the underlying
tae pagticular
Czantral to ?X is a setr of facilities which provide low-lavel 7 s to
the projeft controi functions and to tha tools whizh will oosrata within
the PX Lrameworik.
These facilities provide such servicas as data modelling, data management,
file asnaiiag, Cermlnal n[aansiin &Ny (ooL managsment. All or inese
acilicties ars mads avzilable through a formal interface which is known as
the Public Tool Interface (PTI). Tonls mav be daveloped tec use this
interface, and may be integrated together to provide cohesive supgor: to
the sofivware develspmeat progess,
& spacial part of this PTI enables ths use of tools which have no knowlsdze
of PK¥:; this 1is known az the Qpen Tool Inrerfzce., Usz of this czpability
allows existing tecls to be installed in BX, and permicts PKX to be
introduced to control projects which are alresady undervay.
A mos 2
racil .-
achie d [
integ ¥ comp
PROJECT CONTROL

On major software development projects, the team members must work
together, concurrently and co-operatively. Control must bes exercised on
what each team member should do, what each team member has done. and what
overall progress has been achieved. Throughouc the development, quality
must be ensured by correct development, acceptance, and change control
proceduras.

PX provides a set of facilivies to allow such ¢amtrsl to be achigved; thess
are described in the following sactionc

PROJECT TEAMS AND THE DATABASE

All project data resides (or is accessed through) a multi-user multi-access
PX database.

The PK database is divided into domains which each represent a user ‘role’
A project member may have many roles on a project, but will use a diffarent

(R) Ada is a registered trademark of the U.S. Government, Ada Joint Program
Office.
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e, An individual may have one
and a saparate domain when he
Thus domains provide a

domain ol
as Designer, say
proiect document
concurrency of a

set of
'role’

Each domain has associated with it a
rights which the corresponding user
control Eunctions and tools.

sub-sys might have privileges

]

alloving

domain

means
isplarte users from multi-zzoess conilicrs.,

5
the operation of projez
For example a domain used by a Designer of

read access to scecificzarion
data, and for use of a design tool; an equivalent programmer

for his main task
acts as raviewer for
for controlling

which define ti

a
=
-

[+

domain would

have read access both to specification and design data, but no access to
the design tool.
ITEHMS AMD VERSICRHS
Darabase obiects are visible to usars as 'icamsg’ whi nan2
within a domain, and ara of cne of a sat of pra-dal hiesa
items may actually be the root nudes of more co uras
concaining artributas, entities. and relationshi S _OF
entitias.
In order to support progreszive develonment and the sharing of stabls
1ssues oL 1lcems, FPi providges Lor versions of irams to bhe ec“abl:shed and
maintained. The chosen version scheme " allows for each version to be
accordzd a level of importance and formality. This 1is achiawved by
identifving each version by a Devev-decimal-like code whera the numbe: of
levels ipdicate (he degree of (ln)fordeliity as in the foilocwing exaapl

1 to version

i1 se formal version

1aa das 1

e | sui E E.2

L. .2 der BLLER -

23 cos c2looment

2 £o s

Within a versicen level, a scurzce taxt item may bz medified usging the
standard host editor to produce the next version atf thar lavel,

X also supports the parzllel de va-canﬂc of variants of an 1item by the
astablishment of baselines This 1is wuseful where special variants ar=z
required for exzample for pe1fo;manc= oprimisation or bug £ixing

QUALITY CONTROL

The version numbering scheme described above cperates in c¢onjunction wich
the PK oprivilege mechanism for any chang=s of versicn level. In order to
*move’ an item wersion up or down a lavel i: iz necescary to us2 a
'promote’ cor 'demote’ function which can have a degree of privilege and
formality associated with it according to the version level.

For example, to promote item version 1.3 to formal version 2 could require

which might only be granted

Similarly, to demote a version for further development
“authority of of a change control ’‘role’ who would
purpose of the proposed work.

a special privilege

Thus a project may associate particular QA states with
control the degree of authorisation required to change
consequence the status of an item is always known from
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Thus wversion 3.5.2.11 might be an untested item (in common with all items
having four levels), and ictem 3.2.3 would be known to have besn approved as
a tested item by an independent reviewer (someone with authority to change
items of this tvpe from level four to level thrse). na $inilar way an
item with wversion number 8 would be known to be fully approved and
certified as complete.

These controls can be tailored to mee he needs of a particular business
or project, and may be modified (by special privilege) during the lifarime

of a projecrt.

Cther suppor: for Quality Control is provided bv the maintenance of history
racords for all significant PX operations. This provides traceability and
gives an audit trail for these op=2rations.

By the acpropriatle instrumentacion of F¥. ocerations. it is possibla &
gather matrics wiich can be ussd to improve future planning and estimacting.

This regime enables stable versions of items to be shared within a project.
PX provides a ssr of facilities 1in the form of a double-handzhake f2
cannool such f%t3m shaging.

When an item hac been develop necessary fzr rslaase wichin
the project. the developer that particular verzion of the
item to the desired recipient cersz of thece domains may then
chuose whather and when tha y ’‘acgquire’ that item wversion.
Thart antion nravides rhem wir ancags, which mighe he rasuirad,
Ecr euampis. Iunr inf )

The daveloper of that irem version c¢z2n art some staga deside that it should
be ‘withdrawn’, for example whan it bacomesc cbsoletas or a bug has besan
fixed. Howvever. the acvcess to that item version cannor be taken away from
its acquirers until they have formally ’'disposed’ of it. An item version
cannot be deletzd by a developer until all 'acquirers’ have dispos ed of ik.

These facilities ensure dependable access to stable data.

WORK. ALLOCATION

In addition to providing read-only access to item versions, it is also
iagirzable tc enable and control the allccaticn of development work. This
is achieved in P by providing a similar sat of double-handshake facilities
to ¢ffar read-write accass to itam werzlon 'sets’,

A team lezder (3ay) can ’'allocate’ an item (at a version level) with
suitable development privilegzes to a development domain. The user
responsible for that domain can then formally ’receive’ that work, and
proceed to perform the necessary development work (which might involve
onward allocation).

When development has been completed, the developer ’'returns’ the item to
the original allocator who formally ’accepts’ it when he is satisfied of
its quality. Alternatively the ’return’ may be under the control of an
independent reviewer.
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CONEIGURATINMNS

So far, the project control faciliti

ies have besn deseri as operating on
individual items and their versions. F¥X also suppor:s coniigura:ions of
such item versions, which have a collasctive purpose and a collzcrive

status.

These configurations, apart from defining the set of item versions f-om
which they are constituted, ars2 also items in their owvn right, and can
therefors be versioned, shared, and allccated for development. Such
operations on a configuration automatically apply the corresponding action
to all their constituent item versions. For example, the ‘publicaction’ of
a configuraticn, publishes all of the item versions whizh it ‘centains’.

An item version may be uses in many
derendeancies wihich zrz darivad Tnrouzh
ralevant configuration.

Configurations also provide a simolified contex: in +hich da ant t

can operate, in that oniy one varsion of any itsm mav e Ttain
eonfisiencion., therafags ha rohiy Sedd Saf . Be Sabe 7% augin
system.

PRODUCT STRUCTURE

Clearly irs own right 2and is bsing sold as such.
However, requested specialill conflgu:sd svstems., with
particula supoonrzed. One example of this is the HORIZON
system I Britisn aerospace. This PX based development
environnm port for Mascot 2 desizn and CORAL programming.
CONCLUSION

Tha Pazzpsctive Rernel provides & well-znginssrzd bass on wilex o
construct Incsgratad Project 3Support Eaviconments. It decez tais by
tackling rthe underlving proilsms which made IF3ZI’s necesszary:-

the need to support the wihole projzc:

- the nead to help techn;cal manzgament control meadium to largs
project teams of technical staii

- the need for configuration management and verszion <control across
the whole project

However, the Perspective Kernel dces not dictatz the toecls or mertheds the
tsam must use. The project managar can chcosae rthe appropriace tools, the
appropriate controls, and embaed these within his own project-specific,
company-specific (or even product-specific) envircnmant

A major benefit of this approach is that the introduction of an environment
into a project can naturally evolve from a simple system (perchaps
supporting the programming phase only) into a full IPSE as and when nev
tools become available.

Equally the Perspective Kernel facilities can be "retro-fitted" to existing

tools for projects already well under way, or to help tackle the
maintenance problems of existing systems.
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DISCUSSION

During the explanation of the Perspective version control
mechanisms, the question was asked concerning when an item is in the
public domain and is "acquired" by another user. Is there any way to
prevent local copies of the item being made? If not, then all
dependency 1links between the items will be lost. Mr. Jackson
responded by saying that copies can be made, though obviously this is
discouraged. In fact, to overcome the problem of using a non-standard
version of an item in a system, it is common for Quality Assurance to
insist that a particular preferred version of an item is used in a
product.

Professor Randell pointed out that many issues addressed by
Perspective appear to be very general engineering problems, not just
software specific. He wondered if Mr. Jackson had any thoughts on
how this system would cope in non-software areas. Mr. Jackson agreed
with this point, and went on to say that Perspective has been used
successfully in British Aerospace on a large distributed project
involving hardware, software, and firmware where similar problems,
particularly concerning versions and configurations, have been
encountered.

Professor Habermann drew comparison to the Gandalf system, in
which a similar version mechanism is used. However, in that system it
was found particularly important to be able to re-use configurations
of items, and also to be able to check if particular system parts are
already available. Mr. Jackson agreed that this is a powerful
feature.

Professor Coulouris was concerned that an important part of the
CAD development process involves iteration of the design and
implementation. However, this sytem does not appear to have
facilities to support this. Mr. Jackson replied that the system has
no specific facilities, but iteration is a prime cause of versions of
items, for which there is extensive support.

Finally, Professor Atkinson wanted to know how you convince
programmers that such developments environments are required, and
should be used. In Mr. Jackson's experience, the programmers see the
need for them themselves. For example, in systems where strict
validation 1is required, the need for tight control during development
is regarded as an aid rather than an unnecessary constraint.
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