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ConfiguratiqL management is defined as the management of change.

This paper ﬁs about the use of an integrated Programming Support
Environment pin Software Configuration Management. It discusses
the current methods of software configuration management, and

how the control of change in evolving XPSE¥ with an adequately
design database and an integrated set of software tools. The
discussion is based on the facilities to be provided in the
database and tools of the UK CHAPSE (CHILL Ada Programming Support

Environment) .
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TNTRODUCT [Qive
1.0 INTRUDUCTION,

A Proaramming Support tnvironment (PSt) 1S intended to
sunport the development andy maintenance of applications software

throughout the life cycle. Stoneman (ref. 1) sets out the
requirements for an Ada PSE (APSE) with particular emphasis on
software for embedded applications. It provides guidelines

indicating the general reauirements for such a suoport system,
and a Propos software configuration management, it Says:

1. “the APSF must enahle configuration control to be maintained:
for any configuration of software, it is necessary to he able
to dJetermine the oriqin and purpose of each component of the
configuration and to contro) the process of further
Hdevelopment and maintenance of the confiaquration®;

2. "PROJECT TEAM SUPPNkT: An APSF snall support all functions
reauired by a project team: these functions include oroject
mangqement control, gocumentation and recording:s and
lony=term configuration and release control”,

It is an essential characteristic of software that it is
created and maintained 1in various forms and embodiments jurina
its life cvcle., For example initially the software will exist in
the form of a requirements specification. At a later staqge 1in
the life cvcle the software will include design documents and
source code. Wwhen the software development is complete the
software will exist as o set of compiled wunits and as an
executable unit, plus a set of acceptance tests and test results,

Confiquration management has been uvefineu by Dunn and Ullman
(ref, 1) as the management of change. During the life cycle of
a software product the software undergoesS nerpetual change. That
change needs to be controliled if the product is to perform as
required,

Software configuration manaqement techniques have been
developed piecemeal in response to a need rather that as an
intearated set of procedures, This oives rise to a number of
problems including?

1. difficulty with software regeneration, which is often risky
or even impossible bhecause of insufficient data on how the
original software was nut toaether;

2. difficulty in determinina the product status at any time;

3, difficulty in tracing the effects of making changes to the
system;

4, inadeguate or non-existent derivation histories;

}
!»
t
:
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S. confusion of the orioinal structure of the sottware when
evolution of a software system leads to unplanned variants,

2.0 wWHAT IS A SOFTwAKE CUNFTGURATION?

Any part of the software may be embodied in documents on
paper as well as in computer storaae as a file or set of tiles,
Each of the forms of the software (requirements specification to
executable code and al'l the intermediate torms) ang the
embodiments (for example source code listings and files in
computer store containina the Source code) are aspects of the
same thing and proper recordsS must be «kxept showing how they
relate, nhow they may pe transformed to create other forms and
what changes have been made to them, if the software develonment
and evolution is to be controltled effectivelv. Tne various forms
and embodiments of the software that exist at a given time are
calleo the software configquration at that time, Thus the
software confiquration varies with time as specification, ogesigyn
and implementation prooress. The different forms and embodiments
of the gifferent parts of the software are called software
configuration 1i1tems (SCls). The current software configuration
is the current ana controlled definition of the software and
consists of all SCls that are sufficiently stabhle to be under
configuration managaement.

The components of a3 software configuration will include:
1. reauirements Jocuaents;
2. desian documents;
3, program source text;
4, compiled code, linked compiled code and executable cone;

5. user documents and instructions for Starting and recovery
after failure;

6., compilation, link and load commands for each version of the
executable mprograms, including versions of the compiler etc,
used?

7. chanaes requested (whether approved or not), with history of
autnorisations and action taken;

8, runninn environment (hardware and software) reauireu for each
executable proqram;
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9. sets of test data and expected results (al) versions);

i f 10, recoro of actual test results (a3l) versions). ‘

2.1 Software Configuration Item (SCI) Network,

. Software configuration items (except the overall svstem
i reauirement specification) usually depend on some item or items

aE g

alreauy in the software configuration. For example a Jesign
document 18 a desian intended to satisfy a particular
requirement, and a source code file s intenged as the

implementation of some adesignh or an executable program has been
created by linking several items of compiled code, which 1n turn
are derived from source code 1tems, Thus the contiguration items
are connecterd in a girected network, which indicates dependencies
hetween the different items., Frequently the network 1s a tree.

reql
[ |
aevel na design desyan desian accent,
plans plans 11 12 13 tests
\
yser I
manual source source source source test
code code code code stubs
llt 112 lfl 131 code
1
cuiii Cul3tl testCuU
execC.,
code
L
. test
results
Cu=Compilation Unit
Note the difficulty in nomenclature shown by C(CUlll}l which s

dependent not only on source code 111 bhut alsoc on source code 1172
and on source code {21,
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2.2 bBaselines,

A paseline is an approveo list of SCls., The development
plan for a software product will define a succession of planned
baselines coincident with the reference points or mijlestores in
the life cycle. As the development proceeds the definitions of
the bhaselines are refined until the relevant milestone 18
reached, when the bhaseline is said to be establisnea,

BecausSe several different implementations of a product need
to coexist, there may be severa)l versions of each baseline, For
example, during pProduct maintenance there will be established
baselines corresponding to the current reali1sation of the oroduct
in addition to baselines for the revised realisation that is
under gJgevelopment, The SClIs in these baselines will probably
overlap to a considerable extent, hecause parts of the system
will not need to be changed.

A sinale software confiquration network can cover all the
diffterent versions of the product. There wi1ll be a set of
baselines for each version of the product.

The current software configuration 118 usuaily defined by

reference to the current baselines (ji.e. the most recently
estahlished baselines) plus a list of increments to those
baselines. Alternatively, it may sometimes be useful to gefine

the current software configuration by reference to the next
nlanned baseline plus a list of Adeviations from the planned
I baseline, showing the particulars in which the software
configuration at that ¢time (Jeviates from the planned baseline
(i.e. those 35Cls in the planned baseline that have not yet come
under confiquration management, and those SCIs that have come
under configuration management that were not included 1in the
oltanned paseline although they are a part of the configuration
for that version of the proouct).

Both baselines and the software confiquration are controlled
by software configuration manaqgement.

The following baselines are commonly used (refs 2 andg 5):

1. functional baseline, estahlished wprior to software .
development,
(mav include program development plan; qQualyty assurance
plan; configuration management plan and the system

requirement specification);

7. allocated baseline, estahlished when the functions to be
performed have been allocated to specific hardware and software, A
(may include the same configuration items as the functional
hbaseline, plus the software requirements specification and
acceptance test plans);
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3. desian baseline, established when the top level design of
the software is complete,
(may include the same items as the preceding haseline, plus
documents givina the functional breakdown of the
requirement; the structure of the software; gescriptions
of the data and other hiqgh level design documents; the
integration test rlan and test procedures);

4, detailed design haseline, estahlished when the design of
the software 18 complete,

(may include the same items as the preceding baseline lus

detailed design descriptions of each software module and
system user manuals);

S. Pproduct haseline, estublished when the software s reagy
for delivery to the customer,
{(may include the same 1tems as in the precedina baseline

plus source code; compiled source code; compiler and
loader reports; mans sShowing the allocation of the
executable code to computer store ana to firnware;

executable program andgd test reports, but excluding the
integration test rlan and the acceptance test plan);

6. operational baseline, establishea on delivery of the
softweare procduct to the customer,
(may include the same 1tems as in the precedina opaseline
except for the proaram development plan and the auality
assurance plan).

3.0 WHAT TS SOFTWARF CUNFIGURATTON MANAGEMENT?

Software configuration manaaement (S(M) is the discipline of
systematically controlling changes to the configuration to
maintain the integrity and traceability of the configuration
throughout the software system Jlife cycle (Ret. 2). It i1s a
part of software product management rather than software project
manaqement ., in that it is concerned with controllina the product
rather than the organisation that develons the product.

A confiquration management plan identifies all interested
parties and al) documents and computer files that are to pe
controlled, indicates when each item will come under control, who
will control! the items and how changes are to he mace ana
controlled, A gsoftware confiquration item is saig to be
reqistered when it has come wunder the control of software
configuration manaqement,

In some organisations (ref. 12) there are two levels of
control applied to SCIs: registration and bonding. Bongea SCls
are subject to stricter and more formal control of chanaes than
is applied to SCIs that have been reaiStered but not bonded. The
control of bonded SCIs involves approval of bodadies external to
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the product develorment organisation. Changes to SCls that are
reqgistereg but nnot bonded must still be croperly authorised, but
the uvLogyVv required to aive the authorisation may be internal to
the product development oraamnisation,

Confiauration management has four complementary functions:

identification; control; augiting; and status accounting.

Confiquration ldentification involves:

1. labelling each contiguration item and showina how the
various items are combined to o©oroguce the drfferent
versions of the executahle programs;

2. cvefining and updating the haselines and the SCl network;

3., maintaining the dependencies in the SC] network;

d, listing the current baselines;

5. listing those SCJs belonging to each basesline, ang
whetner they are bongeoc I1n that baseline;

0. listing when each registered SC1I came under
confiaquration control and when each bonded S(I was
bonded;

7. listing the current sottware confiquration, 1inaicatina
deviations from the taselines (i.e. the SCIs that have
vyet to be registered in the baseline’ the SCIs that

should have been ponded , that have been registered but
not yest bonded; and the SCIs that have been registered
or bondegd although not in the paseline).

Confiquration control involves:

1. approving any monitoring the reaqistration of objects as
SCls;

éd. Treqgistering approved SCIs (i.e. creating and
maintaining the library of SCIs);

3. approving and monitorino the bondina of registered SCls;
4. bvoanding registered SC1s;

$S. approving, monitorina and controlling changes to
registerer or tonded SCls, (r.e. making the
implications of & proposed change visible prior to
change approval and ensurina that all actions reqguired
when chanaing the software confiquration have been done,
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such as approval by the appropriate body, completion of
anpropriate tests and related changes to all depenaent
- configuration i1tems,),

Confiquration Augiting involves:?

l. sanctioning a new baseline by verification and
validation;

2. listing the ways in which the new baseline differs from
the stater needs as given in the requ ements
specification and design documents,

(verification is defined as checking that the new _2line
'S a correct interpretation of the preceding base e and
validation is defined as checking that the or¢ v as
Jefined in the new hbaseline meets the customers regt. ~ .ents
(ref. 2)).

Confiaquration status accounting involves recordina and

reporting all significant events in the product life cycle
relateg to the software confiquration, including:

l. recording the establishment and attainment of each
baseline;

2. recording any changes to the configuration, with reasons
for the changes?

3. recordingr, controllinag and actioning all defect reports
or change requests, (chanyes to registered or ponded
confiquration items are usually controlled by reauirino
the submission anao approva!l of defect reports or change
requests, for every chanye however trivial),

4.0 HOn IS CONFIGURATIUN MANAGEMENT TRADITIONALLY ACHIEVED?

Confiaquration management today is a larqely manual process:
involvinn collecting each confiquration item into a central
library, indexinag the library and managina the procedures for
system development and change,
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4,1 VDevelopment Uf A Configuration Tdentification System,

The development of a software configuration tdentification
system, with labelling conventions reflectino tne depenuencies of
the different items, and matching the software design, i1s usually
a joint responsihility ot software configuration manacement,
software quality assurance and product management, The network
ot dependencies will develop as the desian develops.

4,2 Definition Nf The Baselines.

Baselines and the associated milestones are defined bV

project management supported by Quality assurance and
configuration manaacement when the software development plan s
oroguced. The detatled definition of the content of a3 baseline

will develop in step with the software design,

4,3 Registration,

Proarammers ang software designers work on objects outside
the purview of software configuration management, shen the
programmer or desianer 15 satistfied that the iter is stapole and
meets its objectives 1t will pe submitted for registration as o
software configuration 1tem, The first step 15 tne completion of
a desiygn review to check that the item meets its objectives, it
the item meets its objectives it can be reaqistered, together with
associatea SCls (for example a source code item will probably ove
registereyg at the same time as the compilation unmit derived ftrom
ity the executable code in which 1t was tested and the test
results),

4,4 bonding,

A registered SC! is bonded when 1t is t ought to be uniikely
to neea further change unless the change is required because of
change t0o an associated item or change to the user requirement.

4,5 Project Librarian,

A project librarian s responsible for recording, storings
indexiny, controlling access to and issuino reference copies of
all! registereyd SCIs. He 18 also resconsible for issuing chanae
information to affected personrel (e.q. programmers responsihle
for SCls dependent on a modified S(I) whenever an SCI s
rodified. He produces reports, for use by project management and
software quality assurance, on the current planned baselines, the
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current software confiaquration, what has been changed, and what
authorised chanyes have not vet been implementecd., The 1librarian
is also responsible for archiving, and making copies of all SCls
to ensure the integrity of the confiquration,

4,6 (Change Mechanism,

During Jevelopment and maintenance of software it 18
inevitable that chanaes will need to be mage to the software
confiquration, either hecause of changes in the requirement oFf
the tarocet hardware, or because defects are diScovereg '1n the
desian or implementation, A mechanism 1S therefore requireg for
controlling changes and ensurina that none are overlookeag of
acted upon without proper authorisation, A formal metnoy for
prorosina changes, anu repofting defects is usual, involvina a
set ot forms, and reauiredg authorisations, The process entails:

1. proposal of a change (possibly by the user or the
implementer);

2. 1incorporation of the change pProposal into a document (whether
or not the proposed chanqe s acceoted);

3. review 0f the proposed change by an appropriate authority;

4, alteration to the software confiquration or planned baseline
to incorporate the change 1f it is approved,

For example, (refs 2 and 5), the following system may he used:

1. when it is believed that the software may be dgeficienrt,
either bhecause of an incident when running a orogram™ or as a
result of A rdesian review or other causer, a3 bSoftware Lefect
Report s completed identifying the suspectea agefect anqa
aiving reasons;

2. Software Defect Reports are reviewed and marked as 'mo action
reauired', '‘deficiency needs remedy’ or ‘change in
requirement needed's ( each marking needs endorsement bv an
appropriate authority):;

3., if 'deficiency needs remedy' then 3 Software Change Notice i$
completed, that mav authorise a change 1n documentation, in
desian or in source code and dJdependent SCls, The Software
Change hotice will list tne affecteg SCls;

4, if 'chance in requirement needed' then a Software Change
Request 18 completed, Such change requests may also be
aenerated without a precegina defect report, Change requests
must bhe submitted, with supporting information, for formal
authorisation hy s body such as the Confiaquration Contro!
Board;
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S. if changes in requirement are authorised then a Software
Chanae Mhotice may be completed, or another form called an
Fnqineerina Change Froposal may be required;

6. all defect reports and software ~hange requests are archived,
for confiauration status accountinag. It s the
responsihy ity of the project librarian to proyress any
authorisea chanyges ang to notify affected personnel,

It is essential that versions of an SC]l that exist prior to

an authorised change are retained, partly to support any
subhsequent audit, and partly sno that, for example, the
requirement specification for an existino product remains

available despite the evolution of the specirfication into a later
haseline,

S.0 AIDS TO CONFIGURATION MANAGEMENT Ik THE UK MCHAPSE,

An 83ga Programmina Suoport Environment (APSE), as defined in

the Stonerman Requirements (Ref, 1), is 1intended to includgde
faciliti1es to assist in configuration manaqement, An integrated
orogramming support environment (PSt) includes a computer

controlleu catabase and a set of software tonols (proarams) for
ramipulating oObjects 1in the computer controlled datavase. The
database not only actsS asS a repository for all information
associated with a project throuqhout the project life cycler, but
also relates the Jifferent objects to one another, In fact, tne
main difference between a PSF and currently available collections
of software tools, provided for building and controlling the
production of sSoftware systems, 1S the existence of an underlying
computer controlled database relatina difterent obiects
associated with the dJevelopment and providing facilities for
controllina relationships and dependencies, together with an
inteaorated set of software tools for operating on ohjects in tne
database and creatina new datahase ohjects.,

5.1 Uk MCHAPSF,

The MCHAPSF (Minima) CHILL Ada Programminag Support
Environment) is heina developer in the UK to satisfy the Stoneman
reauirements, Refs 10 and ]1 descrive the MCHAPSF as it K
currently envisaaed,

The WMCHAPSE will include a PSt Adatabase altnouah its
software toolset is the minimum set of ton)s needed to suoport
the develonment of Ada and CHILL applicstions for embedded
software, It is the intention that further tools be adged to
transform the MCHAPSF into a full PSF in due course, It is also
intended that these tools shall all operate on the PSE database

"n‘ ,‘I“ 5

i
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and communicate with the users through a common set of
interfaces. The tools to be developed will)l include tools for
configuration management, The facilities required for software
configuration manaaement are independent of the languaqge 1n which
the software 1s implemented,

S.1.1 Database Terminology.

Ohjects in the MCHAPSE database (Ssee ref, 1lo) are known as
entities and relationships, Entities are aroured into gisjoint
sets of objects having common characteristics. The disjoint sets
are called entity types. A conmection between two entities 1S
called a relationship, Relationships also belona to agisjoint
sets, called relationship tynpes, that connect two entity types,
Roth entities and relationships hgve attributes that renrresent
the properties of the objects, An entity type is said to have 2
role in a relationshin tvpe, A relationship type may be
identified by the name of one nf the two roles.

A database schema is usea to define the structure of a
particular database, showing the types of ohjects that may exist
in the database, the ways in which the obhjects mavy be relateqa,
the atteributes they may have and the properties of the
attributes, relationship types and entity types,

Diagram of a database schema, Showing two entity types connected
by a relationshin type.

€1

entity tvpe,

relationship type,

attribute,

Entities of type E1 may he connected to entities ot type E°

by relationships of type Ki1;
The role of entrties of type E£E1 in relationship type K1 is Ki;
The role of entities of type t2 in relationshin tyne R1 is N2;

Entities of type £1 have attribute At}
Fntities of type E? have attrihute A2,

'’

— e
=

NPT
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Instances of gatabase objects connected as in the above sSchema:

E:::] entity

relationship

el is an entity of tvype €1, with value al for attribute Al;

e2 1s an entity of tvpe FZ2, with value a2 for attribute A2}

e3 is an entity of type F2, witn value a3 for attribute A2;

el is connected to both e2 and e3 by relationships, rl ano
r2, of tvpe R1I,

The tools that Nnrovide access to the database will ensure
that the structure and rroperties of the datahaser as set out in
the schema, are maintaineds Thevy also <check tnat the access
protection Specified for objects in the database is not violated
and they provide facilities to users for magintainina the
intearity and consistency of the database. In this parer these
privelegeg tools will he called the database tools.

The core schema is that part of the dgatabase schema
specified for the MCHAPSE (ret, 11), It is the mimimum Schema
needed to provide a database to support the MCHAPSE tools., in
particular the compilation and linking system, Any schema for a
database to support a full PSL based on the MCHAPSE wil]l need to
include the core schema as a subset. Fxtension to the core
schema will bhe neeaged to support software configuration
manaaement,

The PSE database will include objects that are not under SCM
a8 well as objects that are under SCM, 1The part of the database
schema that defines objects under SCM will be called the SCM
schema. The part of the database holding objects under SCM wil)
he called the software configuration Jdatabase,
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S.1.2 lnformation Associated With SCls,

The attributes of an entity contain the information closely
associated with the entitv such as creation date, name, body (of
a text file for example) or the higstory of the entity,
Information less closely related to the entity (such as the name
of the person responsible for the entity) may be held in tne
attributes of related entityes or of relationshipos,

5.1.2.1 Mandatory Attributes,

A mandatory attribute is$ an attribute that every memper of a
specified entity tvype or relationship type must have, There 1§ a
set of predefined attributes that are mandatory for all entity
types in the CMAPSF databaser and a set of predefined mangatory
attributes for all relationship types in the CiHAPSE datahase.
The 1ist of mandatory attributes of anv entity type of
relationship type can be extended to include mandatory attributes
which are not in the predefined list,

Some of the opredefined mangatory entity attributes hnold
information needed for software configuration management, for

example:

1. name of the object;

2. version (successor and variant) of the object;
3. creation Jate;

4, name of person (author) who created the object:
S. derivation of the object;

é, access controls,

Some additional information must be asSociated with everyv
SCl. For example, every SCI must have:

1. SCI identification of the object’
2. reason for creation of the current version of the object.

In addition, specific kinds of SC] may need to to have other
information associated with them, For example, a change reauest

must have an attribute to hold the status (accepted, rejected,
pending) of the proposed change,

e
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The database schema specifims the attributes of an entity or
of a relationship that are mandatory and the database tools
ensure that entities and relationships are not formed witn therr
randatory attributes unset,

A tool! for reaqisterina an ohject as an SCI could prompt for ’ . 4
values for the mandatory attributes and coulo check that thne
values were accentable.

$5.1.2.2 Mandatory Koles,

Some information that must be associated with an SCT may ve
hetter catered for by forcina the SCI to have a arven type of
relationship to another entity type than by the 1mposition of
mandatory attribhutes, For example, every SCI must be the
responsibility of one person. The details of the person, Such as
aualifications, department ang telephone number may be held as
attripbutes of the persnn entity, Thne SC] therefore needs a
relationship to one person entity, ingicating responsibilty,

!
:

WPy

aam

The Jatabase schema indicates the relationships an entity
must have by Specifyinyg the mandatorv roles. The property of
having mandatory roles 'n o relatjonsnip will re useful for
configuration management, They can ensure that some of the
denrendencies in the SC! network are enforced 11n the databasSe.
For example, an SC]l must have a relationship to the person
responsible for the SCI.

In adaoition, oparticular kings of SC]I will neeg Other
mandatory roles, For example, anv Fnaineerina Change Pronosal
must have a relationship to at least one Software Chanqge ~equest,
to at least one responsible person, and to at least one SCI1.,

S.1.3 VJVersions,

Since software is constantly beinyg chanced, any SC]1 may
exist in a number of drfterent versions, all of which need to pe
retained. In adaition to tne difterent versions relateg in a
predecessor/successor fashion, there will bhe ditferent versions
of the same thing arising, for example, because of variations in b
the implementation of a desian: or minor gitferences between SCls
to cater for agifferent tarqget hardware confiraurations.,

To assist in dealing with this prohlem the (HAPSF dJatabase
will provide two forms of versions, called Successors and
variants, for objects that have the same name in the database,
The variants represent different interpretations of an object.,
such as different implementations of the body ot an Ada packaqe.
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both satisfying the same Ada bpackage specification. The
successor versions of an object describe an ordering of the
opject representations, For example, the evolution of a piece of
text may be reoresented as a3 set of successor versions of a
database opniect. The succeSsor representations provided for the
CHAPSE form a hierarchy, as Shown below:

Diagram showing a» set of successors and variants of a
single database object with three variants, 8,R and C

(Rt 3)~——(R,1,4)

(Allol)’_—(ﬂllo?)—_(al1OBJ__(AIIUQ)—(AO'QS)

(All02.1)—_"(AI10202)——(A1102.3)

(Cr1e2.2)—(C,1.2.3)

Successors have numeric identifiers, with hierarchic
structure as i1llustrated for variant a,

variants: R is a revision of (A,1.,3); C is a revision of
(All.202)

The entity has several “current™ versions, viz, (R,1,4);
(A,1.5); (Ar1.2.3); (C,1.2.3),

It is recommended that only a single chain of succesSsors pe
used for registered 5Cls to avoid confusion as to which is the
“current” version of each variant,

Adequate precautions will have to be taken to ensure that
the correct version is used in any software confiaquration, |t
will probably he necessary to name successaor and variant
explicitly in any reterence, rather than using the default
successor and varjant, The Adatahase tools allow for a preferred
variant and a preferred successor to be used as defaults if no
version identification 18 qgiven,

S.1.4 Moditication Of Registered SCIs,

Ideally, once an SCI has been registered it shoulad not be
modified, However, it a modification is authorised, it should
result in the creation of a new version of the SCI, rather than a
chanae in the attributes or relationships associated with the
existing version of the SCl. Fven though it wil) be possible to

i
[
i
I
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chanae the attributes or relationships of an entity 1n the
datahase without creatina 8 new (version of the) entity this s
not recommended,

The CHAPSE database provides a facility wherehy an object or
an attribute of an object can be bound (for getails see ref, 11
and ref, 16), A bhound object or attribute cannot be deleted or
modi fied. Changes to the boung object can only be effected by
creating a new object or a new version of the object. Similarly,
relationships can be bound so that it 1s impossible to destroy
the relationship between two entities as lona as both entities
exist, The property of bindina can be used to prevent
modification to or deletion ot reqistereg SCls. Bingina s
imposed on an entity or i1ts attributes or its relationships ny
the creation of a relationship, defined in the Jatabase schema to
have the binding property, between the entity and some other
entity,

In order to impose the binding required onrn SCIs it will pe
necessary to represent an SCl by a network of entities and
relationships, rather than bty a single entity in the database.

S.1.5 Copving SCls And Creating New Versions Of SCls,

whern SCIs are to be 1S8sued for amendment, OF when new
versions are to pe createqg, all the reauired attributes and
relationships must be carried forward into the new entity. Since
SCIs may be represented in the database by a network of entities
and relationships, rather than bY a sinale entity, the
preservation of the information associated witn the SCI may pe
complicated.

The CHAPSEF provides facilities for creating a new version of
an entity (called revision) or for creating a separate cooy of
the entity, with a3 new name ih the dJdatabase (called coryina).
Certain attributes ana reiationships of the entity are
avutomatically inherited without change, Other attributes are
either gqgiven the value "unset” or their new values are specified
by the user when the entity is revised or copied, The dJdatavase
schema Specifies the attributes and relationship types that are
inherited by members of an entity type., A tool will be needed to
issue copies of SC!s for amendmenrnt, with the necessary attributes
and relationshirs preserved but with some of the bhinging
relationships deleted, and with channed access protection,

The facilities in the CHAPSE database only sasllow a new
version of an existing entity to be added to the database vy
revision from an existing version of the entity, Since an
amended SC] entity shoulg be asaded to the software contfiguration
datshase as & successor or vsesriant of the original SC] entity,
the too! that issues an SC] entity for modification, and the
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re-registration tool, must revise the SCI to be issued rather
than copyina to a new name, The issued entity may be a new
variant of the original SCI,

When a reaistered SCI is issued S0 that an authorised
amendment can be made, the copy will probably go through several
versions pefore the amended SCI is ready for reerenistration, It
will be advisabhle to divorce the SC] versioning from the
versioning of the issued copy to avoid unnecessary confusion,

Diagram showina a set of successors and variants of a an SCI,

(CSI})‘—(CSIQ)’—(CS’S}—;(CSIO)

//

&
.
(Cpl ) ——(C,2)——(C,3>—(C,u)"

The 5C]1 has two variants, ( for the contraolled variant and
CS for the issued variant which s not under configuration
manaqgement,

Successors have numeric 1dentifiers,

Varyants: (S is a revision of (Cr3), that aoes throuagh
several! successors before it is reagy for re=registration. ((,4)
is a revision of (£S,6), created when ((S,6) is re-registered as
a successor of (C,3),

when (CS,6) has been re~registered as (C,4), the successor
chain for the CS variant can be deleted, since it 1s not under
configuration management,

Se1.6 Uniaueness 0Of Entities.

Entities in the database are usually distinquished by namino
the entity type, entity name, succeSSOr and variant, However,
since many ingependent users may share an entity tvpe, each with
their own entity narming conventions, tt is possihle that more
than one entity in a sinnle entity type will share the Same name,

successor and variant, Ambigquity caused by Sharina a nName 1S
normally avoiged because entities are founy by Searchina (see
ref. 16) via other entities and relationships, from a known

entity or set of entities., If different users have choSen the
same name for different entities in the same entity tvyne, the
entities and relationships throuoh which they can he reacnheg wil)
usually be different, Entities with the same name can also be
distinquished from each other hy the values of other attributes,
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Since finding 3 set of entities when only one entity was
expected could lead to confusion, there is a facility to specify
in the gatabase Schema that an entity performing a specified role
in a given relationship has the 'uniaue naming property', This
means that when searchina via that relationship tvpe, from a
uniQque entity, the values of entity type, name, SuccessSor and
variant will be sufficient to identify at most one entity.

This property may be important when setting up a database
schema for configuration managaement, to prevent confusion caused
by accessing a set of entities when only a single entity was
reaquireaqa,

S.1.7 nristory.

The history of every SCI1 (i1,e, all information relevant to
the creation of the object) 1s needed for confiquration status
accounting. Every database ovject must have a mandatory history
attripute that “shall contain sufficient information to provide a
basis for comprehesive confiquration control, Any neceSsary
constraints shall be imposed on database orerations so that the
validity and consistency of history attributes 1is ensured.,”
(Storeman). The history attribute is called derivation in the
CHAPSE .

In addition to derivation it is recommended that all SCls
have a mandatory attribute to hold the reason for the creation of
that version of the SCl, with references to relevant change
requests if appropriate., Reaistration tools could prompt for the
reason when an SC] s reaistereg,

It is intended that all PSE tools shall recorg derivations
of any ohject that they create or amend,

S.1.R reconstruction 0f SCls,

1t is necessary for configquration management that mechanisms
be providey wherepby all database obhjects needed to recreate a
specified object are maintained in the database as long as the
specified object itself remains in the cdatabaSe. This means that
it wil) not he possible to delete from the database any SCI
necessary to the recreation of another S5Cl. It is expected that.,
with the exception of text files modified by the tditor, 1t will
slways be possible to recreate an entity from the derivation
information, Derivations will probahly include reference to the
version of the tools used to create or amend the entity (e.q.
the compiler gnd linker that were uSed in the creation of
compiled objects and linked compilations from source files), to
command files and to input data files needed for the recreation

e
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of the entity., In addition to derivation certain objects in the
database will have a3 steering file attribute that may bhold the
commands used when the object was created.

Given a program or partial link it will pbe possible, using
derivations and steering file attriputes, to discover the names
and versions of any intermeadiate componentsS, and source entities,
and names and versions of the tools used to create or to mooify
them,

The tinding characteristic may be used to prevent Jdeletion
of or amendment of objects needed for reconstruction, The
transmission of hinding through a chain of objects each 0f which
is necessary to the creation of the next object in the chain is
important in this context,

For example, the existence 0f a binding relationship hetween
a linked program and its constituent parts can orevent chanqge to
or deletion of the compiled parts, The relationsnip between each
compiled part and the source code from which it derived can in
turn pind the source code, The relationship between the source
code ang the design specification of which it 1S an
implementation can bind tne desian specification,

When source code entities are compiled in the MCHAPSF, the
source code entities and the hoay attribute of the entities (that
holds the actual source text) are hound until the compiledg entity
is deleteg,

nhen an SCl is reaistered the registration tool will neeg to
create the network of binding relationshics needed to pind the
SC1 and the objects on which it depends, such as those needed for
its reconstruction,

5.1.9 Deprendencies Retween Ada Compilation Units,

lThe Ada separate compilation system (see Ref. 15) allows
several separately compiled units to be combined in an executable
program, Packaace and task soecifications may be compiled
separately from ¢the corresponding bodies, With the separate
compilation facility, several separately compiled entities may be
interdependent, It will not bpe possible to delete a compiled
unit from the database while other units exist in the Jdatabase
that dJdepend on the unit to be deleted,

The Adas lanauage definition (ref, 17) reaquires that i f any
compiled unit is changed, all the units dependent on the compiled
unit must he marked a8 invalid sO that they may bhe recompiled.
Invalid compiled units must be recompiled before they can be
linkea to the new version of the compilation unit, The user of
the MCHAPSE will be offered assistance such as a listing of units

oo e - e
IRCNOR
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that have heen invalidated by a compilation, and help with
recompiling,

The following oependencies are relevant:

1. & specification or body is dependent on a library unit
specification 1if the source of the compilation unit quotes a
‘'with' clause (in this context a library unit is another unit
that exists in the database;

°?. the body of a Separately compiled 1in=line supprogram s
depengent on the body of the compilation unit in which tne
subproqram is defined;

3. a bhody depends on its specification;
4, subunit hodies depend on their parent bodies;
S« a btody or specification that instantiates a Separately
compiled generic body is dependent on the generic body, which
l may be supplied in several separately compiled parts;
; 6. a partial link is dependent on all its constituent parts;
7. & program is dependent on all its constituent parts,
This reauirement aoes a lonra way to ensurina the inteqgrity
of executable programs, but it is not sufficient for total

contro) of dependencies, since dependencies such aS a source code
file being gependent on documentation must also he controlled.

S5.1.10 Sharing Compiled Code Retween Products,

It may sometimes bhe desirable to Share compiled code between
different products using the same database, or between different
programs within s project. This will bhe the subject of another
paoer,

S.1.11 Acauisition N¢ tntities From Another Database.

1f software is to be reused, libraries are to be shared or a |
software project is to be wundertaken in physically different
locations, it will be necessary to acquire software from external
sources, The acaquired software will need to be incorporatea into
the dstabase and the necessary entities and relationsnips will
need to he set up, This will he the sSubject of another paoer,
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%.2 PSE Tools,

A PSE includes an extensihle set of software tools
{proarams) for operating om objects in the database.

S.2.1 MCHAPSE Tools.

The MCHAPSE tools will provide the minimum set of machine
independent facilities that enable a programmer to develop Ada
and CHILL software conveniently, All access to ohbhjects in the
database will be made via the privilegeo MCHAPSE tools that
enforce the databhasSe characteristics descrihed above, such as
bindina, mandatory attributes etc.. They also provide tne
facilities such as checks to rrevent violation of access
controls, and transaction manaaement to assist 1h maintaining the
intearity of the database (see below). These tools can he used
by any teol in the PSE,

The MCHRPSE toolset will include the tools necessary for
creating entities such as text objects, for compilina and linkina
programs anag parts of programs written in Aga or CHILL, withn the
characteristics descrihed above for keeping contro)l of
interdependencies, for runmnning and testing proarams and for
developing new tools.

S.?.2 Ftacilities Provideo By The Database JTools.

S.?.2.1 Access Controls,

Access to entities, relationshios and attributes will De
controlled, in the CHAPSE, to allow only authorized access. Thne
access allowed to datahase objects is i1ndicated by the access

attriputes of each object and can be set individually for each
entity, for each relationship and for everv attripute., Access is
restricteg accordino to the igentity ot the user requesting
access, and in certain cases according to the tool being used to
obtain access, The details of the access controls are discussed
in Ref 16,

The complex system of access controls will aid comfiguration
management hy enforcing the use of appropriate tools to access
reqgistered SCis. It may also he useful to oprovide the project
librarian with special permits giving the librarian areater
access to reaisterea SCIs than accorded to other users,
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S$.2.2.2 Tlransaction Management,

Transaction management is a facility wherepy a uUsSer cahn
specify that a certain sequence of operations on the database
shall he performed either completely or not at all, The user
defines the sequence of operations to be so tregted as a
transaction, In effect he is then asserting that if the catabase
was consistent at the start of the transaction it wil] still pe
consistent on completion, even +f it i8 1inconsistent at some
stage qurina the transaction. The database tools will ensure
that if a transactior fails to complete, the database is returned
to the state it was in before the transaction had commenced,

It will be essential to wuse transaction management when
updating the software confiquration database, to prevent partial
entry into confiquration control of confiquration items that
consist of more than one entity or relationshin, and to prevent
creation of a relationship that binds an attribute until the
attribute has bhad the reaquired value assignred to it.,

S.2.2.3 Archiving,

Facilities will be provided in the MCHAPSE for long term
archivina of database entities and their relationships, This is
a vital function for confiquration status accounting, which will
be needed by the project librarian,

$S.2.3 O0Other PSE Tools For Confiquration Management,

A gata dictionary, which is a database holdina descriptions
of the entity types and relationship tvpes in the main database
will be available for the development of tools for the production
of software configuration management reports, It canr incluge
useful aliasing information and cross referencina information as
well as descriptions of the meanina of the gifferent kinds of
database ohjects, attributes anag structures., It can also incluge
cronss reference information showing, for example, the tools that
use each part of the database and the people that require the
different reports,

A Query lanquage for the PSF database might use the Jata
dictionary and weuld be very useful for the production of
reports.
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6.0 DESIGNING THE SCM SCHFMA,

It is importagnt that a database Schema he gevised that takes
full advantage of the availahle databhase prorerties., It will
neeag to be an extension ot the core databasSe Schema proponsed for
the MCHAPSE which includes the schema for the compilation and
linking system, The core Adatabase schema <clearly provides an .
excellent startinyg poynt for an SCV¥ schema,

6.1 Choice Of Entity T,pes 4nd Relationship lypes,

The gecision as to whether different kinds of object having
common characteristics should he represented by a single entity
type, or by a numper of different entity types, 1S a -Arfficult
one., For example, there are many different kinags of ohject whose
mosSt important attribute 1S a text file, These objects will have
various dJdifferent functions (e.q. Ada source text, command
files, different kinds of documentation), Potentially thais could
be reflected by havina several Jdifferent entity types for the
different kirnds of text ovject. The henefits would incluye:

1. tools that onlv accert input from appropriate entity types;

2. ¢the ability of Aatabase tools to orevent illegal
relationships hetween different text entity types;

. the facility for a user to determine the classification of a
text entity without examining i1ts contents;

4, the possibility of defining gifferent attributes for
dfi1fferent text entity types.

The disadvantaaes would incliude:

t. ro> direct facility for copving between entity types in the
databaser (it woulds, however, pe possible to write a tool to
copy the attributes of an entity from an entity of one entity
type to an entity of another entity type, It would be
necessary to check that the appropriate relationshins and
bindings were estahlished for the new entity,)?’

2., the need to modify the catabase schemas to accomodate any new
text entity type, with all the cnncomitant problems;

3, the potential proliferation of text entity types adaina to
the complexity of the datahase schema;

4, the use of a3 particular text entity for more than one purpose
(e.qy. 8 desian document may contain sore Ada source text or
extracts from documents of one king might pe used within
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* documents of another kind),

In view 0of the disadvantages Jisted above, tne core database
, schema oporoposed for the MCHAPSE (Pef. 11) caters for only one ‘
3 entity type for text objects, TEXT, with a single attribute i
holaing the body of the text, It is not, however, necessary that
the SCV™ schema restrict itself to a single entity type for text
objects, prrovigea that objects such a$ Source text that are used
by MCHAPSE tools are retained in the entity type Jefineg for them
in the core database schema,

The gifferences in the difterent kinds of TEXT entity all
relongina to the same entity tvype Ccan be identified by the role
the entity plays in various relationsShips with other entities in
the database. For example, it TEXT entity S is a source file
that realises a design documenteg in TEXT entity D, then &
relationship may exist between S and D in which S plavs the role
"realises” and D plavs the role "design".

|
|
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[:g:} realises desian{:Ez:J

6.2 Choice Nf Attrihutes And kelationship Types For A Given
Entity Yype.

Information can be associatec with an entity either directly
by being contained in an attrihute of the entity, or indirectly
hy being contained in an attribute either of a relationship of
the entity or of another entity conmnected to the Qiven entity pv
a relationship, The decision as to how the information will pbe
associated with an entity will depend to some extent on the
strength of the association, and the extent to which the :
information has meanina independent of the entity E

6.3 Uependencies And Desiagn Uf The NDatabase Schema, .

Entities in the software development system wil) depend on
each other in a variety of different ways., For example, there -
are the dependencies (already catered for in the MCHAPSE database
schema for the domain) of compilation units on each other and on
source code entities. There are also dependencies of desiqns on {
reauirements, of test results on test gata and on the entity
under test, of software entities on personnel entities and the
dependencies implicit in the SC]l network, The SCM schema needs j
to be designed to enforce certain denendencies by using mandatory
relationship roles, to prevent the accidental deletion or change
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of entities on which other items depend by the use of opinding,
and to provide for the tracing of dependencies by defimition of
appropriate relationship types,

6.4 Content Of The SCv Schrema,

This example is intended to 1llustratey the features of a
software cornfiguration management database. It is not 1ntended
to be complete.

The database will include:

1. a skeleton network of SCN entities representing the onlanned
SC1I network, with relationships representina the connections
in the network;

2 baseline entities, with relationships to every SCN in the
haseline, perhaps using successors and varyants to represent
the different versions of successive baselines;

3. 8 product entity related to every bhaseline entity associated
with the product:

4, entities holgina the body of each SC1 object such as
specifications, plans, source code etc.., with relationships
Qiving the connections between them;

5, ]
.

relationships connecting the network of SCN entities to the
entities holdina the body of each registered S(I, (these
relationships will pe created on reqgistration of the 5Cl, ano
will bind the body of the SCI1),

SCN entities are connecteg in the skeleton SC] network
described above, The actua) objects to be reqistered as part of
the software confiquration are called SCIs. Un registration of
an SCI a binding relationship will be created to nrecisely one
SCN entity.,

The adatabase facilities orovidea in the MCHAPSE do not
permit the searching for all)l entities in a aiven contiguration
unless they have some other attribute in common, It will
therefore be useful to pProvige a product entity connected to al)
haseline entities associated with the nroduct.,

o

?
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product product
functional design
baselines hbaseline baseline
|
network SCN1 SCivt i ‘
t
SCTs rea des! g

6.,4,1 Ohjects Under SCH,

Many kinds of object will need to be catered for in any
software configuration database, Some will be catered for by
entities and some by relationships, It may be that several
different kinds of object can most usefully be caterea for by a
single entity type.

It does not seem likely that the database Schema will wuse
different entity types for reaistered and non registered SCls.,
hecause of the difficulty of granting appropriate access to tools
for compilation and linking,

The following kinds of object need to be considered:

1., Software documentation objects:

1. reauirements documents;

2., desian documents with relationships to the supporting
reauirements?

3. user documents;

4, instructions for starting and recovery after failure;

et

S. running environment (hardware and software) requireag for
each executahle program,;
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2. Compilation associated obhjmcts?

1, program source text with relationships to supporting
desian documents;

. 2. compiled code; !

3. linked compiled code;

4, executable code; }

S. compiler and lonader reports;

6, maps showing the allocation of the executable code to
computer store and to firmware;

7. compilation, link and loao commandgs for each version of
the executable mnrograms, 1including versions of the
compiler etc. used,.’

3. Test associated objects:
1., dJdatabase of test data and expected results;

2. test procedures;

3, recorad of actual test results,’

4, Mangaement objects:

1. pbroguct entity: i
2. SCI network (of SCN entities);

3. baselines for each milestoner and each version of the

product; k
b 4, product developrment plan;
‘! . S aquality assurance plan;
§

6., configuration management plan;

7. acceptance test plans;
8, inteqration test plan;
9. personnel associated with & Project;

10, bodies ahle to authorise registration and honding of SCIs !
with relationships to members of the bodies,?
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5. Change control objects:

1. Software Defect Report, with substance of the reporty
author, status, and relationships to person responsihble
for responding to the reoort and to other defect reports
covering the same fault;

2. Software Change Request, with substance of the chanqge,
author, status, relationships tn bodies who neea to
authorise the reauest and relationships to affected SCls;

3. Software Change Notice, with status, relationships to
affected S(Cls, relationships to Software Change KRequests
and Software Defect Reoorts if appropriate;

4, Fngineerina Change Prorosal, with relationship to
Software Change Reauest..

The successor and variant system of versioning will need to
hre worked out to match the version labelling of SCIls ana 5CNs.

6.4,2 Characteristics Uf Npjects Under SCM,

The Jifferent characteristics of entities 1in the database
can be catered for by attributes or by relationships to other
entities,

The mandatory predefined entity attribhutes that give
derivation, date of creation and last amendment and name of uSer
who created the entity and who made the last amendment will

provide for some of the needs for configuration status
accounting, althouah it is likely that more of the history of a
Project will need to be kert than will appear in these

attributes. A reason attribute to hold the reason for any change
made to the configuration could also be of value. Tools could be
reauired to write to a Confiquration Status Accounting entity or
attribute every time anything is done to any item associated with
the configuration of the software.,

The SCN entities will need the following characteristics:
1, SCI igentifier:;
2. status of the SCI (registered or bonded) ang adate on which it

achieved that status, held as attributes of relationships
between the SCN and the SCI;
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3. relationships to the bodies by whom autnorisation for
reqistration/bonding can be granted (the relationsnips can
have the status and date attributes to show whether and when
recistration and bonding have been approved);

4, relationships to each baseline entity if the SCl is a member
of the ULaseline (the relationship can have an attribute to
show whether the SCI is bponded or registered in that
baseline).

The recistered SCIs will need to have the followinag
characteristics, (in addition to the mangatory predefiney entity
attributes):

1. kind of object (where an entity type caters for more that one
kind of object);

2. relationships bindinn all objects and attriputes on which the
SCI devends (this dependence may pe of the form 'A' is needed
to recreate '', or a more general form of udependence whereby
a change in 'A' implies a possible need for a chanae in
.B.');

2, a relationship to the SCN entity, bingino the sianificant
attributes and relationships of the SCI to prevent amendment
of the attributes or geletion of the relationships;

4, manoatory relationship to the dJdatabase object representing
the person responsible for the SCI,.

6.5 Example 0Of Part 0Of An SCM Database.

This example is intended to illustrated the use of bingdina
and of the skeleton SCI! network,

Let there be an entity type containing the SCNs and another
enti1ty type containring the baselines and let the SCI network
connections he represented by relationships (NET), with roles
“supoorts® and "dependson”,

:
|
|
|
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A database for an SCl network isS shown bhelow:

supports NET dependson

supports upports

dependson dependson

SCwitt

SCN112

Suppose that TEXY is the entity tvype containing obhjects that
have text attrihutes., includina requirement specificationss
desian specifications and source text, and suppose that the
followinn relationships can connect TEX] entities to each other:

1, relationship type RR comrnecting requirement specifications
(role "req”) to designs (role "meets");

2. relationship type DU connectina source code (role "impl"™) to

designs (role "des™);

Suppose also that the role "meets" is a bindinag role, and
binds the entity and the body attribute of the entity performing
the "req” role, and the role "impl™ is a binding role, and bings
the entity and the body attribute of the entity performing the
"oes” role plus all relationships of type Rk in which the bound
entity performs the "meets” role.

In entity type TEXT there are the following entities:

1., reqliz=requirement spec (SCIl1):
2. desizdesign (SCI11) to satisfy reql;
3., sourceli=source code (SCl111) for one part of desli;

4, sourcell2=zsource code (SCI112) for another part of desl.

b2y

R Ao -

|
1
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The cdatabase for the text entities isS as Shown below:

AYDY
(bound)

RK (binding)meet
(bound)

impl(binding)

(hbinding)imp}

The existence of the relationship between des! and sourcell
Pinus ogesl and the body attribute of desl, and the relationship
between desl and reqtl.

Similarly, existence of the relationship between desl and
sourceld binds daesl and the oody attribute of desl, and the
relationship between desl and real,

The existence of the relationship between desl! and reql
hPings real and the boay attribute of reql.

Any attempt to delete reql or to change the body attripute
of real will fail because of the relationship to desl that in
turn is hound by both the relationships between des! ang the two !
i Source entities, 1

Let the relationship connecting an SCN to its registzred SCI
entity have the roles "is" and "ren", where "is" hinds the entity
performing the "rea” role.

e e e~

¥
i
i
i
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As each entity in the text entity tvpe shown above s
registered the connection between it and the corresponding SCN
entity will be created, thus binding the registered SCI as shown
hQ'OU: 3

SCNI SCN1} I A

'S is f’

(binds) (binds) '3

SCh1tt SCN112 -

is(hings) is !

(binds) 4

)

req r.eo

YT T—= '

! ;\
| reg req ;
[ sourcell sourcel? :

real 1s tound by the relationship tog SCN! (role "is"); i
desl is hound by the relationship to SCN11 (role "is");

sourceli is bound by the relationship to SCN111 (role "is");
sourcell is hound hy the retationship to SCNt1Z2 (role "is%),

7.0 SOFTAARE TOOLS FUR CONFIGURATION MANAGEMENT. 1

The cgatabase tools will check that the access controls are
enforced ard will provide archiving and recovery facilities. The
software configuration management tools should always ensure that
all necessary authorities have been obtained, and all the
requisite information has heen supplied and is acceptahle, before
modifyina the software confiquration database or issuina
registered SCIs. They should use transaction management where
appropriate to preserve the inteqrity of the software *
configuration datapase and snhould always write the history
information needed for configuration status acccounting into the
configuration rdatabase. They should prompt for reasons for any »
changes, to he stored in the reason attripbute.

The tools for listing ano cataloyuing the content of the
software configuration database may be based on a standard
datahase query lanauage and associated dJdata drctionary, if such a
languaqe I8 developed for the PSF database.

Ry oy S S T T

!
1
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7.1 Access Controls And The Project Librarian,

The project librarian will normally be responsible for the
creation and maintenance of the software configuration database,
The librarian must be the only person having access to registered
SCls. when an SC1 1is registered, the reqgistration tool may
change the access permits of the SCl possihly restricting access
to special tools, The librarian will then need a special set of
tools that have access authority to operate on registered SCls
with restricted access rights,

7.2 Confiauration ldentification,
Tools are needed to:

1. enter and update the confiquration management plan, inclugina
the SC1I network., definition of the bhaselines ana the
authorities who control changes to the software configuration
dfatabase?

e print the SC] rmetwork;

3, Tist 3 baseline, with details of when the 1items came under
control and whether or not the items are bonded;

a4, Tist the 1tems in a baseline that have not vet peen
reaistered;

5. SsShow how the various items combine to produce different
versions of the executable software;

6., cataloque 1in various wgYS the reqgistered SCls, their

dependencies, and the assocrated entities and relationships
(e.g. associated personnel),

7.?.1 Ihe S(.I Network ‘OO‘.

The SCI networx tool! may:
1. set up the network of S(CNs;
€. connect the baseline entities to the SCNs;

3., connect the product entity to the baselines;

4, set up the entities representing the bodies needed for the
different kinds of authorisation with relationships to the
person entities and to the SCivs;

A e

o,

i
!
f
!
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S. provide facilities for extending and mogifying the network of
SCNs as the project orogresses.,

7.3 Confiauration Control,

Tools are needed to:

1. reaister new SCIs, checking that the necessSary authorities
have been abtained;

2. bond SCls, checkina that the necessary authorities have Dpeen
obtained:?

3. list authorities required for reaqistration or bonding of an
SC1, or for modification; .

4, V1ist all items dependent on an SCI with getails of the
versonnel who need to be informed;

S. borovide a mailbox facility to inform personnel of actions
reaquired oy them;

6, progress defect reports and change requests throuaqh the
system;

7. issue reference copies aof reqgisterea (ponded) SCls as
authnrised;

&, re=reyister amended SCls;

9, archive all registered and oonded S(ClIs,

7.3.1 The Registration Tool,.

The registration too)l may?

t. check that all authorities required for registration have
been granted;?

2. check that all the required tests have been successfully
performen;

3. chanae the access rights to the reqgistered SCI;

8, create @8 Dinding relstionshio hetween the SCN and the SCT;
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S. scan the derivation attribute of the SCl in order to giscover
the registered SCls needing to be related to the new
reaistered SCI, and to set uUp any new relationships that are
needed;

6. write the history 1information necessary for configuration
status accountinag,.

7.%.2 1The Bonding Tool,

The bonding too! will pe similar to the registration tool
except that instead of creating the vinding relationship hetween
SCI and SCN and scanning the derivation attribute it will! need to
modi1fy the level ot control attribute of the relationship hetween
SCN and SCI.

7.3, (Change Control Tools,

The change control tools will include three groups of tools:
1. tools for progressing a change throuah i1ts varigus stages;
2. tools for the issue of SCIs so that chanaes can he made;

3, tools for re-registration, including any necessary
modification to steering files to cater for new versions and
variants,

The tools for progressina chanaes through the different staqes

may:

1, build up a network of relationships hetween chanae documents
and the S(Cls to be changed, as the change progresses;

2. modify the pbaseline entities and the nretwork of SCNs to
accomodate authorised chanaes;

3, list the authorisations required for a given change, the SCls
affected, the oneople responsihle and the status of the
chanae;

4. provide reports on changes to a configurationy, Such as
Tisting outstandinoe changes, changes implemented for a
particular baseline etc,’
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wn
L ]

write the history 1information necessary for configuration
status accounting.,

The tool for issue ot SCIs may:
1. refuse to permit i1issue without the necesSary authority;

2. revise the 5C] to re moaified, creatinao a new version with a
relationship to the parent 5CIl;

3., chanae the access controls to the issued SCIl;

4, delete the binding relationships so that the modifications
can be made,

The tool for re=-registration may:

1. orompt for the reason for making changes, to store in the
reason attribute?

?. modify steering files as appropriate to cater for changes 1in
version and variant of the SCI?

3., invoke the registration tool to reagister the amendedg S5C] as a
new version of the SC1 which has been amended,

A useful tool has been developed by Bell Labhoratories, (ref,
9) calleg 'Modification ~Kequest Control System (MRCS), that
provides several of the facilities needed for change control,
MRCS track§ and rerorts project chance requests through
interactive input and extraction of change request reports from
computer files,

7.3.3.1 Text Object Version Lontrol,

There 1S a tool developed by BRell Laboratories that provides
some very useful facilities for version control of text objects.
Callea 'Source Code Control System (SCCS) (refs., 4 and 13), it
provides facilities for storing, updating anra retrieving al)
versions of text objects, for controllina updating privileges and
for recording who made each software chanqge, and when, where and
why the chanae was made. The contro)l is implemented by keeping a
master copy plus a set of sequenced deltas (list of changes) to
the precedinag version, which uses less space than keepina ful!
copies of each version, SC(CS reconstructs the requested version
from the master and the deltas. [f a similar tool is to be wused
in the PSE the re-registration tool could be required to create a
delta between a new version of an SCI and its preuecessor,
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7.4 Confiouration Auaitina.

The state of the art in tools for validation and
verification in the sense implied for configuration auditing 1s
not currently very advanced. However the database could include
attributes getailing the findings of the verification and
validation that has been performed. Tools could then bhe provided
to list the ways 1n which a baseline dif¢ers from the neeas
implied in earlier baselines,

7.5 Confiaquration Status Accounting,

The necessary history will he stored in the database and
tools must be provided for producing the appropriate reports,

7.5.1 Recording Terminal! Dialogue,

because the librarian functyon s Sso vital 1n software
configuration management, it may be desirable to record all
terminal dialoque hetweer the Tibhrarian and the system, S0 that
when oroblems occur 1t will pe possible to trace what has
happened,

8,0 SUMMARY,

Any Proaramming Support Environment needs an inteaqrated set
of software configuration management tools that will, comhined
with an adequately designed datahase schema, support control of
the whole life cvcle of a software product.

The desian of a consistent and complete software
configuration manacement system has three major facets:

f. judicious desian of an ungerlvina database schema to provide
the necessary network of entity types and relationship types,
each having attributes appropriate for configuration
manaaement, using the properties provided such as binding,
mandatory attriputes ang roles etc.;

2. Selection of a strategy for the use of access Dermits, access
authorities and access rights to suprport control of the
software confiaquration database;

3. design of appropriate tools for eack aspect of configuration
management, using the transaction management facilityes to
ensufre Jdatabase intearity,

e e e e - ———

. ———. Wy T T,
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The SCM gdatabase schema needs to be as indepengent gas
possible of the details of the rest of the database schema so
that the overall databause schema can be extended and, if
appropriate, mempers of the new entity tvypes and relationship
types can be brought under SCM without redefining the vasic SCMm
datahase schema and tools,

2,1 SCM Functions,

The drifficulties implicit in developing software with
inadequate SCM facilities are reduced when an SCM toolset is
inteqrated with the underlying software configuration datahase.

B.,1.1 Software Penemeration,

Thre risk of incorrect software reqeneration because of
inadegquate historic information is much reduced by the use of the
derivation attribute, toaoether with relationships to Steerinag
files and the enforced recording of history by the SCM tools,

8.1,2 Product Status,

The product status at any time will be visihle throuah tne
baselines and the change control system toaether with tools for
listina and catalogquing the software confiouration database,

R,1.3 ¢tffects Uf Chanqges,

The effects of making any proposed chanaes will be traceable
tnrough the relationships in the SCl network and the
relationships hetween reqistered SCIs. The relationships to the
personne! responsible will ease the proolem of evaluating the
results of changes,

The facilities for two forms of versioning will prove useful
when bhuilding software systems that must differ only in some
small particular, It will be important to ensure that the
successor and variant of any entity are given explicitly where
sny confusion might arise, However, the wuse of opreferred
successor and veriant may well be useful in command files for the
creation of new entities, to remove the neey for change to such
files when the entities referenced in them gre upaoated.

R T
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8.1.4 Control Of Software Evolution.

Since the tools can check for proner authorisation of all
changes, it will pe easier to prevent the creation of unolanned
variants,

SCls can be forced to have at least one of any attrihutes
and relationships that are deemed necessSarys, by the use of
mangatory attributes and relationships. Ffor example source code
entities can be forced to have at least one relationsnhip to a
design entity,

Unauthorised modification to or deletion of registered SCls
can be prevented by binding anrag by access controls, The ability
separately to control access to the different parts of the
configuration database and to modify the access controls of
individual objects when appropriate is a powerful way of
preventing unauthorised access to reocistereag SCIs. The fact that
access rights may he different for gifferent users is also useful
in that the Jibrarian may be aiven much more general access to
renistereg SCIs than granted to any other user,

R,2 1lools,

It will pe necessary to develop a special set of tools for
configuration management, The transaction management facilities
will be usegd to maintain the inteqrity of the software
configuration database. The tools wil) use the relationships in
the datahase to discover Jependencies Sso that the appropriate
personnel can be informed when changes are required. They will
check that all the necessary authorities have heen obtainea and
all necessary information has heen suprlied before modifving or
issuinao items from the software configuratiorn databaSe. They
will also ensure that adequate historic information is stored in
the configuration datahase to Satisty the reauirements for
reconstruction of software and for configuration status
accounting,

Tools will be needed for each of the software configuration
management functions, including tools for:

1. setting up and updating the contiguration management plan
includino the haselines,the SCI netwo~« and the set of
authorities involved in configuration management}

2, reaistering and re-reygistering SCls;

3, {ssuing reference copies of specific registered SCIis to
authorised personnel;
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4, cataloaguing 1in various ways the reqgistered SCls, their
dependencies., the associated SCls (e.g. associated
personnel);

N
.

establishing what is in the current baseline and what is i
missina from a planned baseline;

6. bprogressing software defect reports and software change
notices;

7. reporting on history and current status of the software
configuration, i

The database tools will provide the archiving facilities
necessary for handling the volume of data implicit in
configuration manaocement.

- e

9.0 CONCLUSIONS, i

The proposed MCHAPSE otters an excellent starting point for
the development of an intearated system for software
configuration manacerent, The CHAP3E database offers facilities
for definina a schema capable of supporting the reaquirements of

configuration management, with the necessary relationships
between different kinds of SCI, ana binging together with access
controls to prevent unauthorised charge to the software

configuration.

Good schema design, together with the wuse of a data
dictionary, will make 1t posSible to provide the various feports
needed for software configuration management and will prevent
modification of or deletion of objects on which other ohjects
depends., A standard PSF database qQuery languaqger 1if available,
will ease the proouction of reports.

Good tool design will preserve the intearity of the software
configuration by the use of transaction management. Tnhe tools
can prevent registration or issue of SCIs without proper
authorisation and can ensure that the history of the evolution of »
the software is maintained. They can pProduce reports to assist
in proper plannina and contro! of the software evolution and can
provide facilities for change control, tracing through all defect .
reports and change reauests and showing the interdependence of |
SCls.,

The basic SCM schemas and tools should be desianed, as far as
possible, to cope with extensions to the overall dstabase sSchema.
allowing new entity types to be hrought under SCM as required
without rewrite of the tools or redesian of the SCM schema.
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