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The CASE Repository:
Morethan another database application

by
Richard J. Welke, Ph.D.
Meta Systems, Ltd.

1. Introduction

1.1 Background

There is increased awareness within the CASE (Ctenided Software Engineer-
ing) arena, of the need for a centRepositoryof system description information.
This is brought on by a growing recognition thalyomith a strong central repository,
can CASE tool sets:

Be integrated,

Cope with large projects,

Provide full life-cycle support,

Produce complete documentation,

Perform system-wide validation and verificationdan

o ok wbdE

Adequately control a project.

In examining the various approaches chosen or gexpdy various vendors it is
apparent that, for many users and providers, a CR&gository(Repository)s noth-
ing more than an off-the-shelf database managesyst¢m (e.g. dBase, DB2, Ora-
cle) into which specification information is dirgcplaced.

However, as this paper will demonstratemmercially available database systems
cannot be directly employed as a CASE reposiecause:

« They employ data models which are inadequate forptetely representing sys-
tem specifications, and

* They lack necessary integrity enforcement mechasnism

In this paper the actual requirements which a CA&pository must meet are dis-
cussed. Specifically, the paper will address:

* The "meta-model” necessary to fully represent systelevelopment methodol-
ogy specifications.

* The problems of specification integrity.
» Other inter-related issues associated with a fancig CASE Repository.
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1.2 What is Meant by a CASE Repository?

Before engaging in a discussion about the adequacy ofowsriRepository
approaches, it is necessary to state what is niigaamiRepository:

A CASE Repositoryshould bethe representation, in data, of all relevant infarm
tion about the system under development, in a stardi complete form which is
independent of its mode of entry and modificatiosubsequent use.

The purpose of a CASE Repository is to:

Provide a place to integrate, store and maintdimah about a system and its
associated processing (“Meta Information”).

Provide the normal facilities to manage this “Mé&téormation Resource”, e.g.
reports, report writers, query languages, anabysda diagnostic tools, integration
tools, etc.

Provide “No Loss” communication between tools, amaroups, and across
time.

There are several criteria implicit in the aboweesnents:

1. The Repository is a “no loss” representation ofdfgtem being described.

This means that if a source of information is, dgample, a structure chart, then
all of the information conveyed by that structure clsaduld find its equivalence
in the Repository.

A simple test of this is — given that the inforneaticontained in the Repository
came from a structure chart drawing, could thabrimiation be directly re-
constructed in another format (e.g. a matrix regmeion).

The facts are kept in a “normalized” form, i.e. epéndent of their origin or
use(s).

This means that a change to an object or relatipnshthe system description
need only be made in one place, and that the deleti some piece of infor-
mation doesn’t remove other important aspects efsystem description which
shouldn’t be deleted.

For example a Repository could keep a “bit-map’reéspntation of a Data Flow
Diagram (DFD), but one could not readily analyzis to determine what Flows
are contained on this diagram.

Similarly one could keep important information iext, e.g. “this module
receives A as a control parameter and passes Bdasaavalue to the calling-
module”. Unless one knew that this information vkapt in text,and how to
“parse” the text, one could not automatically amalythis information to
answer such questions as: “Which data elementasa@ as control parameters?”
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Furthermore if the diagram or text information wedeleted, all related
information would automatically disappear as walhd, if a change were made
to (say) a process name, how would the bit-magexir description be automati-
cally updated?

3. A CASE Repository should have high integrity.

The information that a Repository contains abow $iystem being described
should not violate the basic rules of a semanticédlr pictorially) correct
description. For example, a data description showldbe allowed to contain a
process name as one of its elements; a non-floecblshouldn’t be allowed to
“flow” between two processes; a structural decortmrs shouldn’t be allowed
to contain cycles.

2. The CASE Repository as a Meta Database

Developing a CASE Repository i\, principle, similar to how one goes about con-
structing a database for any application. One loakghe various types of inputs
and outputs required, determines the required datactures to support these
requirements, normalizes the results to minimizeeiition, deletion and update
anomalies, and uses the result as the basis fapiafying the overall logical data
model or, “schema” of the Repository.

Whatis different, is that the information being storedsimch a repository is a level
of abstraction above that which is stored in “ndfndatabase systems. This is illus-
trated in the following table:

System Content Example Example
Type Description by: | Object-type Object-Instance
Database | Schema EmployeeR.Welke, #12345,
Record Male, etc.
Repository| Meta Schema Set Employee-Record,
Customer-Record, etg.

This problem of abstraction carries over to thenteology needed to talk about
Repositories. We will use the following “workingtsef terms to describe the con-
tents of a Repository:

Meta-model The collection of “primitives” to be wkén describing the
types of things to be represented in a Repositeoy.example
if an Entity-Relationship model were adopted, themfive
available for representing system specificationsuldiobe
Entities, Attributes and Relationships. In otherrdg) the
choice of a meta-model governs the selection adgmates by
which a system description can be described topostiory.

Meta-type Given a meta-model, its correspondingmipiies or
categories will be referred to as its meta-typdsusl if we
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Meta-schema

Repository-type

Repository-instance

wanted to have FILES as one of the ‘things” abohictv
information will be kept in the Repository and we given an
E-R meta-model with which to describe systems piiodable
“meta-type” we would use is Entity. We would theay ghat
FILE is of type Entity or one of the Entity-typesKILE.

The meta-schema states what the legaltype instances are
to be in a particular Repository in terms of the@tdd meta-
model. It is here that we would declare that, faaraple,
FILE, RECORD, PROCESS and STATE are Entity-types
(again assuming an E-R meta-model), that EMPLOY®& is
relationship-type between PROCESS and RECORD, fzeud t
LEVEL is an attribute-type of PROCESS. The meta-aehod
governs the language of the meta-schema. A metysch
instance (where the legal meta-type instances asi¢fiLE are
defined) governs the language by which the Repgsi®
instantiated, e.g. EMPLOYEE-RECORD is of type RE@DR
(which in turn is of meta-type Entity).

These are the legal meta-type nosw which have been
defined in the meta-schema. From the precedingethesild
include FILE, PROCESS, EMPLOYS and LEVEL.

These are the informationabimes which are entered into a
Repository. For example an EMPLOYEE-RECORD would be
an instance in the Repository associated with épe@sitory-
type: RECORD. Another Repository-instance mighgey -
ROLL which is of Repository-type: PROCESS. A firgadam-
ple would be “PAYROLL EMPLOYS EMPLOYEE-
RECORD” which is of Repository-type: RELATIONSHIP

Given the above, a fundamental question which mestonsidered is:

What is an adequate meta-model for specifying tbtaischema?

Put another way, what set of meta-types are negeasa sufficient for the meta-
schema to represent the scope of information tcstbeed in a Repository? To
answer this question we first will review the cuntreneta-model offerings.

2.1 Competing Meta-Models
To begin, we must establish some additional tertamo

Objects A “thing” which exists on its own and ipresented by its associ-
ated properties.

Semantically, these are generally nouns. Examphesystems
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Properties

Relationships

Roles

Windows

development jargon include: process, flow, storedote, etc.
Synonyms include: Entitiés Tuples, Records, Tables, Predicate,
Functor.

The describing/qualifying characterssiissociated with some or all
of the other meta-types, e.g. objects, relatiorsshiges.

Semantically, these are generally adjectives fgectb and adverbs
for relationships. Examples include: name, levehhbar, identifier,
etc. Synonyms include: Attributes, Value-types)dse

An association between two or mojeat$¥ which would not exist
(at the instance level) if the associated objestaimces disappeared.
Relationships may have properties.

Semantically, relationships are generally verbsetomes adverbs.
Examples include: Flows, calls, derives. Synonynmglude:
Associations, Associative Entities, Interconnedidadges, Links.

A role is the name given to the link betwaesingle object and its
connection with a relationship. It clarifiéG®wan object participates
in a relationship. Roles may have properties.

Semantically, roles are generally adverbs. Examipldsde: Flows
from, flows to, flowing.

An encapsulation which circumscribes aemibn ofinstancesof

the previous named primitives and refers to theraresunit. At its
most trivial level, it is simply an object as prewsly defined above.
However, if associations exist between these objemhd a
collection of such objects (and their associatddtiomships, etc.)
are encapsulated, then a Window becomes a “supeatblwvhich in

turn may have relationships with other supra-okjethese inter-
Window relationships can exist, either in data, tie form of

asserted pointers, or as procedures which genewade receive
messages from other Windows.

Semantically, windows are seen as nouns. Exampiekide:
Diagrams, classes. Synonyms include: Object, Fra&utmr, View
(see also, Object above).

The preceding could be viewed as a meta-model fgém® in the sense that the
meta-types could be combined in various ways tmfalternative meta-models. Of
the 120 possibilities, several of these have bepularized and given names. A brief

! The choice of terms and their definitions is quiitgortant here. For example if we describe a
problem using the word “car”, when we mean selfggited land vehicle, the solutions conjured up
would likely preclude motorcycles. Similarly, ifeiterm “entity” were adopted instead of “object”,
there would be a tendency by some to “think retetit

October 7, 1988
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review of some of resulting meta-models, and thelationship to various
commercial database system types, appear in thosvin tablé.

Meta-Model Description Directly Supporting
Database Type
Object Only objects can be represented. Flat-file
Binary: Two objects can be associated by g
Binary-1 relationship. Hierarchical
1:M Relationship with no properties| Relational
Network
Binary-2 1:M Relationships with properties. Regs meta-schema
Entity- Multiple objects can participate in a tr?onsrlgsrllzqir?nd/roorce dure
Relationship: relationship. brog 9p
to manage and present
EAR Relationships without properties. | these meta-models. Not
ERA Relationships with properties. directly supported by a

Object - Property
- Role - Relation-
ship (OPRR)

Multiple objects in a relationship,
each participating according to an
explicit role. Both the relationships
and roles can have properties.

Window - Object
- Property - Role
- Relationship
(WOPPR)

OPRR instances can be collected i
“Windows”. Windows can have
properties as well as inter-window
associations.

N

hierarchical, network or
relational database
system except by syster
or user conversions.
Certain types of “object-
oriented databases”
could be used to
implement these meta-
models.

[72)

>

To determine what an adequate Repository meta-madght be among the
aforementioned models (or variants) requires:

1. Criteria by which to judge adequacy, and

2. Realistic examples of what is to be represented.

The principle criteria for determining adequacy: are

Normalization Information entered is kept in one place only awagdupdate

inconsistencies.

Deletion of the data objects animg this

information does not remove other important infotiora (e.g. the
existence of other objects). Associative informatgoremoved when

% 1t should be noted that the differences betweervtirious meta-models is in the “mind-set” of how

the specifier of the meta-schema perceives theadatde stored and manipulated, not in how the data
is physically stored. Ultimately, all data managgegstems reduce down to records and pointers
(implicit or explicit, inverted or embedded, phyadior logical).

October 7, 1988
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the participating objects are deleted (referemigrity).

Consonance  The meta-model chosen should matclebedf complexity of the
phenomena being modeled. There should be (as akpessible) a
1:1 association between the users cognitive peorepof the
phenomena and the primitives available to reprasent

No Loss The meta-model should be able to recortstinecphenomena being
specified without loss of information.

There are, of course, other more physical condideawhich must eventually enter
the picture such as performance, availability, ruagerability, usability, and even the
semantics of the schema language chosen to effpatt@ular specification. These
are not meta-model considerations, but rather implememaissues. They will be

addressed in a subsequent section.

All things considered, the simpler the meta-modebsen, the better. Ideally, one
would like to be able to use an “Object” meta-moiiglossible since it would only
involve managing records (a task any file manageémgstem or pseudo relational
database system is capable of). Even a “Binary-ddehwould be nice as there are a
number of database systems which directly suppett & model.

In the following section we will examine the suildlp of alternative meta-models.

3. Selecting an Appropriate M eta-Model

While it is tempting to simply assert that the ‘XYreta-model is the “best”

solution, the assertion would likely raise more sjioms than it answers (e.g. you
didn’t consider this ..., what about that ..., et€his paper will opt for a successive
elimination approach by introducing four, succeslsivnore complex, examples of
specifications which a Repository must accommodate.

Each example will be represented in terms of th@oua meta-models given in the
preceding section. The simplest (Object) meta-medklbe ignored as the need to
express explicit relationships between objects rmegrith the first example. The
WOPRR model will also be set aside for now as drasises other issues which will
be taken up later. As each example is consideettjasions will be drawn about the
suitability of the alternative meta-models.

The e3xamp|es chosen are drawn from Structured Despgecifically structure
charts:

¥ Examples could have as easily been drawn fronieeant later stages of the development process
(planning, analysis, data modeling, programmingnmintenance). Structure charts were chosen
because the issues of increasing specification ity can be more easily represented by examples
of these than the other popular diagramming comnwesit
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3.1Leve 1: Calling Structure

3.1.1 ExampleThe simplest of structure charts has one moduléngahnother
module. Pictorially we have:

Module
A

calls

[

Module
B

In English this would be:
Module A Calls Module B.

3.1.2 Alternative Representatiofbe representation of this example using the meta-
types from the various meta-models is as follows:

Binary (1 & 2) Model

Module Calls Module
A B

E-R (EAR & ERA) Model

Module Module
A B
OPRR Model

Module Module
A B

3.1.3 Discussiofror this first example, all of the meta-models ¢desed are capable
of expressing the calling structure specificatibhe Binary meta-model would seem
to be the best suited as it is not encumbered llof #he additional “baggage” (extra
primitives) of the more complicated models.

If this were the most complex level of specificatiencountered, we would have to
conclude that the binary-1 or EAR model would be biest suited, as they possess
the best match between representational efficiamclythe complexity of the domain
being modeled.
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3.2 Leve 2: Annotated Calling Structure

3.2.1 Exampl@o the previous “Level I” diagram we now add amaten notation.
Pictorially we have:

Module
A

Module Module
B C

In English this would be:
Module A Calls Module C and lteratively Calls Moel®.
3.2.2 Alternative RepresentationEhe representation of this example by the logical
schema-type choices are as follows:
Binary-1 Model

Module S ) Module 'ETHVElY ] )\ odute
Calls
Binary-2 Model
Module |-S218 | Module
EAR Model
Module Module Module

October 7, 1988 © Meta Systems, Ltd. Page 9



ERA Model

Module @ Module

OPRR Model

Module Module
A B

3.2.3 DiscussionFor this example, we have added an additional (atine)

construct to the previous example in the form tération”?

Considering first the Binary-1 model (and the EARdal), we observe that it is now
necessary to introduce different types of relatigps to represent the differing ways
in which Module A can call Module BWhile this satisfies the need for “no-loss”
representation of the information, it creates amammwal and error-prone way of
representing the information at hand.

Consider, for a moment, the manner in which speatifon information is “known” to
the specifier. Initially the specifier may only lable to state that A calls B. After
more is known, the specifier can state thatit@ratively calls B. This is a
gualification, not a change of information. Yet &ffect this qualification, the
specifier must destroy one relationship and replaosith another. Also, as the
cognitive complexity increases, the specifier miusep track (graphically or
semantically) of the various types of relationshiggch belong to the “calls” family.
In short, the relationship information is not “naimed”.

* We could have alternatively chosen a “conditior@hstruct (in the form of a diamond attached to
the “call line” from the calling module to the cadl module).

5 Note that the distinction between “Calls” vs.ethtively Calls” vs. “Conditionally Calls” is not a
property of the calling module object.
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The Binary-2 and ERA models fare much better irs ttdse. For them, the calls
relationship is preserved as a single relationsAipproperty of the relationship,
“How”, qualifies the relationship as such qualificas are known (or changed). The
integrity of this specification is also improved @e “How” qualification is single-
valued (i.e. it cannot be both “conditionally” afiteratively” at the same time, as
could be the case with separate relationships).

For this example we would conclude, based uponctmsonance criteria, that the
ERA and Binary-2 models are the preferred meta-sode

3.3 Level 3: Calling Structure with Control and Variable Passing

3.3.1 ExampleFor this version of the Structure Chart diagram eomsider the
variables being passed between the modules (canitbtiata). Pictorially we have:

Module
A
Var-A
& arB
Module
B

In English this would be:
Module A Calls Module B passing Data Var-A and rgog Control Var-B.

3.3.2 Alternative Representatiofe data models which might be used to represent
this example from the different logical schema-tgpeegories are:

Binary-1 Model

Is Passed
Data 5 ;\[s)saég Module Calls Module
V-Data
Binary-2 Model
P
Data £ss Module Calls Module
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EAR Model

Module

ERA Model

Module

OPRR Model

Variable

Module
A

Module

Variable

Module

Variable

Module
. B

3.3.3 Discussiorfor this example we considered another common iaddib a
typical structure chart, the variables being paskedxamining the various modeling
choices, it would appear that we have succeedéeéjtalith some complexity, in
modeling the information with each of the meta-nidgipes. However, for the case
of the two binary models, we have violated the loss” principle. Setting aside, for
the moment, the distinctions between data and covariables, if we were to present
a slightly more complex version of the example:

October 7, 1988
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Module Module

A B
Var% &a r-a /o Var-b
Module Module

C D

we can trace the loss of information by lookinguatinstance graph of the results:

passes

cails
The question we would like to be able to answengigiiis instance graph is:
Which variables are passed to Module D by Module A?

One can readily see that there is no way of cdyraciswering this question using the
Binary meta-model. Why? Because the relationshimmedescribing is inherently a
three-part relationshipbetween the calling module, the called module, #mel
variable being passéd.Hence, we have violated the principle of “no-loss
representation”.

It is, of course, possible to place restrictionglua representation so that the problem
IS manageable using a Binary meta-model. One ssthiation would be to force all
the variable names to be different, even thougly tire the same thifgHowever,
this is quite unnatural in structure charting.

® The astute observer will note that a similar peablexists in data flow diagrams between the
originating process, the flow, and the receivinggass.

" This is what is done in some data flow diagrammimethods (i.e. each flow must be differently
named), for the same reason.
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We must conclude, instead, that the Binary metaghd and -2) is inadequate for
representing this type of specification based uperi'no loss” criteria.

Both E-R models (and the OPRR model) fare bettex hecause they are able to deal
with many part relationships. However, the probléon them is to distinguish
between control variables and data variables, #isaséheir direction.

Considering first the distinction between contraddadata variables, one might be
tempted to suggest different object types (Datad¥de, Control Variable). However,
this doesn’t work as the variable might act asta gariable in one call, and a control
variable in another call. Initially, we might nag lable to specify which. Or, we might
need to change the specification.

A second approach would be to add a property toedladionship itself (in the case of
the ERA model). However, as there are potentiatlyesal variables being passed
between one module and another, each with a diffenge, which single value
(control, data) would on assign? Instead we areefbito consider separately named
relationships to connote the difference betweeralbé types.

If we now add in the issue of “directionality” (s®sl from/to) we expand the
cardinality of the number of relationships neededntodel the result in an E-R
model. This approach suffers from the same problemegously raised for the binary
model in the Level 1 example (non-normalizatiossdnance).

Thus, we conclude that the E-R family of meta-msdet also inadequate.

The OPRR model, on the other hand, treats the @mobdf both typing and
directionality as properties of the role connectimtween the variable object and the
calling relationship with the two modules. One caalify the variablein the context
of the specific calling relationshigyith both the usage type (control, data), as well a
the direction (from, to) as a “role” property. lhig manner, the logical data
representation remains semantically unambiguougyube OPRR model.

3.4 Level 4: Annotated Calling Structure with Control and Variable Passing

3.4.1 Examplélo the previous “Level 2” diagram we now add theialales being
passed between the modules from the “Level 3” diagtPictorially we have:

Module
A
Var-a‘/o ./
Var-b
Module Module
B C
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In English this would be:
Module A Calls Module B Passing Data Var-A and dtarely Calls Module C
Receiving Control Var-B.
3.4.2 Alternative Representatiofe data models which might be used to represent
this example from the different logical schema-tgpeegories are:

Binary-1 Model

Is Passed Calls
Data asetd | Module | Jyeratively | Module
V-Data Calls
Binary-2 Model
Data Passes Module Calls | Module

EAR Model

Variable

Module Module
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ERA Model

Module Module

Variable

OPRR Model

Variable

Module Module
A B

3.4.3 Discussionin this example, we combine the two previous exampio
demonstrate how quickly the multiple relationshgming approach can get out of
hand with the binary and E-R approaches. The binagel suffers further from the
lack of multi-part relationships, giving rise toislation of the “no-loss” criteria.

The conclusion we wish to draw from the above &:th

The binary and E-R models, while sufficient for eospecification purposes, are
inadequate for representing the richness of spaatiftn found in today’s tools
and methods for developing information systems.ofenelaborate, four meta-
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type, m8eta-model (OPRR) is needed to deal witlsyhem specification problem
domain:

3.5 Other Meta-Moddl Considerations

To this point we have only addressed the representd needs for single instances
of a specific diagram type. In doing so, we haveided some of the other problems
which can arise in the data representation of sysipecifications. We will next
consider two of these.

3.5.1 Cardinality Restrictiondmplicit in some meta-models is the relationship
restriction between two objects (A and B) where, doy one A there can be many
B’s, but for a given B there can only be one A @ubas -- 1:M). However, there are
many situations in specification modeling wheres tkbnstraint is not met. The

example used in Section 3.3.3, where the “call&ti@ship was not a hierarchical

relationship, is one such instartce.

A means for working around the 1:M restrictionasdefine separate relationships for
each direction, the combination giving a M:M asation. The problem with this

approach is that the two relationships are independof each other; the

addition/deletion of one doesn’'t automatically effé¢he addition/deletion of the

other. This violates the normalization principle.

The 1:M cardinality restriction is another majoasen for discarding the Binary
model from consideration for use in CASE repos@eri

3.5.2 Object Classe€onsider the following, very simple, Data Flow Biam
A | DA

(DFD):
o DF2 _—C_—“
° DF3

We might be tempted to represent this by an E-Rahathich takes the following
form:

® There are, of course, yet more complex modelsiplesicluding the so-called “object-oriented”
schemas which permit very complex data structuseavell as encapsulated operations on these
structures. This discussion, however, falls in® idsalm of implementation approaches, as notelgein t
second table; one must still have a concept of vimeta-schema is necessary and sufficient for
specifying the internal data structure of an ‘objec

° This restriction arises from the type of physidatabase system employed (e.g. network and some
relational), It can be circumvented by the use rdErsection records (network) or inter-relation
relations (relational). However, in doing so thetanmodel has been “elevated” to that of an ERA
model. The problem is that the physical databastesydoes not explicitly support such construds, s

it is left to the user to implement and manage them
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Flows Flows
From To
Object Object

Flow

However, the flows-from-object and the flows-to-@tij can be of several different
object types. Specifically, they could be eithetedfmals (Source/Sink), Processes, or
Stores. The E-R model, as normally construed, dodsal with mixed types for its
parts. One would have to introduce additional natatvhich indicates which object-
types are legal participants in a given relatiopsiin E-R diagram which has been
augmented to show this is given below. A similanv@ntion could, of course, be
adopted for the pictograms of the other meta-models

Process Process
External External
Store Store

Record
Group
Element

There are several solutions to the object classeis§he first is to treat the various
objects involved as “sub-types” of a more gengypét The problem with this is that
all objects would have to be typed as one, sinfferdnt relationships will require
different combinations of objects in their assamibtlasses. This would lead, rather
quickly, to semantic ambiguity and a potential loEsmtegrity.

A second approach would be to introduce differatatronship names, depending
upon which object types are to be inter-associafBulus, we might have a
relationship called flows-from-process-to-interfadéis approach has some merit; it
substitutes the problem of object-classes for drrelationship classe$.However, it
requires that the specifier, upon entry or subsegaaalysis, explicitly knows the

% This is the approach which has been adopted b\RIR& standard.
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type of the from/to object. For DFD’s this may lbeial; for other types of diagrams
this is more difficult.

Consider for example a datum “C” passed betweenuléod and Module B on a
Structure Chart. Is this a data element, a stractarrecord, a set or ... Unless we
were to know this, we could not specify (or retagvelated information about the
datum C.

To summarize, there is a need for providing Repogitype classes for either the
object or relationship Repository-types. Preferablgth types of classes should be
supported. However, of the two, object class suppawuld be the preferred
alternative.

3.6 Encapsulation Windows

The hierarchical partitioning of systems within aatoss the development life-cycle
is a widely practiced concept. DFD’s beget (lowardl) DFD’s, the predominantly
hierarchical structures of a Structure Chart arekém off at arbitrary levels and
spawn, in turn, more detailed (lower level) diagsarB-R diagrams are done at
various levels of specificity (Subject, Class, indual Entity), and so forth.

Seen from the perspective of the previously dissdisseta-model schemas, these
windows group specific instances of the applicgienitives under one referent
name.

On first consideration, one might be tempted topéynmassign object instances to a
specific window. The problem in doing this is tmatationship (as well as role and
property) information tend to belong to specificmdows as well. Thus a data flow
name might show up in two different windows (e.¢rand Data Structure). In the
DFD window, the only relationships of interest &he flows relations it has with
other objects on that diagram. In the Data Strectumdow, the “call’ relations
among process objects are specified and managed.

On second consideration one might view a windoyuasone more instance of the
object meta-type (along with, say, process, flowdaole, datum, etc.). The problem
here is not being able to express important distineeta” information about a
window-type such as:

1. What are the “legal” objects and relationships (avlés) that can be contained
within the window.

What general rules might be applicable to tifeof window (e.g. DFD).
If it is a graphical window type, the types of isoto be used.
The pictorial layout of the window (if any).

ok~ Wb

Additional integrity enforcement information (to teken up in the next section).
The problems which arise once a window (“objectihzcept is introduced include:
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1. Managing, at the instance level, inter-window asg@mms (i.e. flows which
originate on one window (diagram) and terminatanother window (diagram).

2. Managing versions of these windows.

3. Existence conditions for the window. For examplelii of a window instance’s
associated primitives are removed, is it removed1f@s existence is dependent
on an object (or relationship) not within the wimgaand that object is removed,
does the window object go as well; what about thagects and relationships
which are contained within the window?

The window object is a powerful construct, propdipgndled. However, it must be
viewed as a set-forming overlay on the full seexisting primitives. If instead, it is
viewed as a partition of the underlying specifiocatdata, data redundancy will result,
and inter-object relationship traceability will loeae difficult or impossible.

3.7 Summary

In this section an attempt has been made to agua More complex meta-model
than is normally needed for commercial data praongseeeds. The approach has
been a variant of the “straw man”, introducing easingly complex specification

examples and showing, by these examples, the sharigs in adopting less

adequate meta-models.

The conclusion we hope the reader will have drawthis point is that there is a need
for adopting a more complex schema type.

We have further proposed one such model which nibetsarious expressive needs
encountered in the system specification domainhe ¥Window-Object-Property-
Relationship (WOPPR) model with classes. There ahers with much greater
expressive power; the general purpose ‘structlitgen ‘C’ would be one. However,
the purpose of a meta-model schema is not justgcess the data but to operate on it
as well. By having pre-defined (as opposed to ahmmup) types, the manipulation
language becomes tractable.

In this section, we have largely considered onlg $itatic aspect of specification
representation. However, there are the more dyn&sies of incremental creation,
update, and deletion to be taken into account. et form of the specific Data
Manipulation Language (DML) is beyond the scopehi$ paper. We are, however,
interested in the effects that such operations evdwdve on the integrity of the
resulting Repository. In the next section we wilmine this issue of Repository
integrity.

4. Specification I ntegrity

4.1 I'ssues

Developing a formal specification for a system &ilmplemented is an incremental
process. For example, one must assert the existéracprocess before asserting that
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that process is called by another process. Andlewhis no ones intention to mis-
specify information, there is ample opportunitytims scenario for doing so. For
example, the name given to the process may beathe as that given to a different
object. Or, the relationship to be established betwtwo or more objects may be
invalid based upon the nature of the objects ocorprlationships with the object.
Other examples of integrity errors which can odoalude:

1. Violations of naming conventions.
2. Homonyms and synonyms.

3. lllegal object types.
4

. lllegal object type in a relationship (e.g. a psxdlows from a process to a
process).

5. Anillegal object combination (e.g. a flow fromi@i® to a store).

6. A relationship with a missing required object (eagcalls relationship with no
calling object).

The general issue is the degree to which incomgisted incorrect specifications can
and should exist in a Repository, and when (ifllit they are to be detected and
corrected. What is at stake is control and the abspecification error detection and
correction.

There is a vast literature which supports the atide that the earlier specification

errors are detected and corrected, the lower this @ the overall process. This has,
in large part, been the justification for such noekh as structured analysis, which
focus formal specification attention much earlierthe development project in an

attempt to surface and eliminate specificationrstro

The strategies for detecting specification intggviblations are, in broad terms:
1. Do it at time of specification entry or modificatigwhere possible).

2. Do it by post-processing.

3. Leave it for the next group.

A CASE Repository can support any of these stratedi#owever, the obvious choice
is the first one. The second and third choice suifem the problem that once a
specification is illegally in the Repository, oth@formation may be subsequently
added (or modified) which depends upon this spmadibn, making the task of
correcting the problem much more complex than ifat been dealt with at time of
entry. This is the continuing nightmare of mostjpcob managers.

4.2 Levels of Integrity Checking

The problem of checking at entry is, unfortunatelgt black and white. There are
levels of integrity checking which must be accomated with different enforcement
cycles.
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The three major levels, in order of increasing gelitg, are:
1. Meta-schema integrity checking.

2. View-level (e.g. diagram) rule checking, and

3. Methodology rule checking,

Meta-schema integrity checking refers to the rwagh apply to the legal existence
of instances of the Repository-types as specifieithé meta-schema. For object class
of Repository-types, this checking could includaique names and legal properties
(type and existence); for relationships it woulctlinle legal combinations of
associated objects, requisite cardinality and, |lggaperties. As each Repository-
instance is added or modified in the Repositorypd?éory-type rule checking can be
immediately applied to ensure that the rules spetiin the meta-schema are not
violated.

View-level rule checking can occur at any time he tcontext of a particular
specification window being constructed; for examplddata Flow Diagram. Here it
Is possible to enter information into the systemclhs correct at the meta-schema
level, but violates the guidelines for constructsugh a view. For example, a “calls”
relationship between two processes might be péyféegal at the Repository-type
level, but is illegal in the context of a DFD. Aldle example of this would be to
have the same process instance appear on moreotteFD. A more obvious
example is to have a process with inputs but npuist

The enforcement of View-level integrity can taketi@rms:

1. Commit the specification information to the reposyt first, then post-process
that information in the context of the view enteegdl correct any deficiencies by
subsequent modifications of the Repository.

2. Do not commit the view information to the Repositantil it “passes” the view-
level integrity check.

While the latter approach observes the principla Gflean” repository, it can lead to
problems for the analyst/specifier. That person mater a seemingly correct view,
only to find out that his/her work is rejected bhesa of some previously correct entry
which is now incorrect and in conflict with the na@viormation.

One way to handle this case is to provide a “caoonil commit” function in the
Repository. Here, the additional information is apgped to the Repository but is
locked for purposes of subsequent modification xdemsion until either its condit-
ional status is removed (it passes the view-lewelrity check) or it is uncommitted.

Methodology-level integrity encompasses, in prifeipthe entire specification
Repository. It resolves such things as inter-viewraalies (e.g. balancing a DFD
with its parent and siblings, balancing a contlohfdiagram with its associated state
transition diagrams), consistency checking acrasgldpment stages, requirements
tracing, etc. To perform this level of integrityedking, the information will have to
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exist in the Repository. Hence, this is most commnaerewed as a post-processing
issue*
All the Repository itself can do is to ensure ttegt information necessary to perform

such checks is available in the Repository itsalid provide a language for
describing such integrity checking.

To summarize, the Repository itself should be ableprovide facilities for the
immediate validation of primitive level checkingndato allow for conditional
commits to aid in intra-view checking.

4.3 Meta-Schema Rule Enforcement

The possibilities for Repository-type rule enforest) through the meta-schema,
largely depends upon the meta-model chosen. Therribe meta-model, the greater
the degree of integrity enforcement possibleh®/ Repositoryi.e., without recourse
to post-processing).

For example, if an object-only meta-model were engshen it is only possible to
validate the objects instances themselves; notrelagionships they may have with
other objects. Any other constructs would have & dhecked outside the data
modef? as they would not be formally known to the metadelo Similarly, if a
Binary-1 model were elected, then it is possiblevatidate the integrity of binary
relationships between objects, but not multi-pa&tationships or many to many
relationships between two objects. If an ERA moaete chosen, the validation of
many part relationships becomes possible, buth®tdles which the objects play in
that relationship (or any properties the roles rmigave). If an OPRR model were
chosen, roles can be considered, but not the wiadowvhich they find themselves
(e.g. a DFED). The introduction of object classesvtes greater facility in defining
and thus validating relationships between famibiesbjects.

Space does not permit an exhaustive treatmentesfifggation integrity for each of
the primitives. Instead we will focus here on juste of the primitives --

1t is noted that one could specify, in the methesoa, a hierarchy of window-types, representing the
various levels of the method hierarchy. Attemptaittach lower-level window-instances to instances
of these windows would succeed if and only if tesaziated integrity checks for these window-types
were met.

2 There are, in principle, two ways in which thisdainal checking could be done. As mentioned, it
could be done by post-processing the resulting sigmy after the information has been entered, in
which case the Repository lacks integrity. A secapdroach is to preprocess the information. To pre-
process these specifications implies that thengl@ssin whoever writes these checks, a higher leve
meta-model against which such specifications cachieeked. That is precisely the concept of a meta-
model. The only issue is whether this type of ciweghkis distributed to the individual points of
entry/modification and done on an ad-hoc basisisahe implied meta-model formalized and the
associated checking done uniformly by the Repasitwocessor. Since the whole idea of a database
schema in general is to provide consistency antr@oover the insertion and manipulation of shared
data in a common store, to then retreat to an urméed environment makes little sense.
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relationships, to provide the reader with an id@ahfow meta-model level integrity
enforcement can work.

4.4 Meta-Model Relationship I ntegrity

Aside from relationship property checking, there &wo basic classes of integrity
enforcement which a formal specification of relatbips permit: legal combination
checks and cardinality checks.

Considering first legal combinations, we revisi thiagram from Section 3.5.2 which
introduced the object class concept:

Process Process
External External
Store Store
Record
Group
Element

Without restrictions, any “from object” can passyaftilow object” to any “to
object”!®* However, only certain combinations (called, legaimbinations) are
actually correct. The allowed combinations for moBD derived specifications are:

From Flow To
Process Any Process
External
Store
External Record or Process
Group
Store Record or Process
Group

Given that the chosen Repository meta-model langlegl a means to receive this
information, then it should be able to enforce tbaty these combinations are
permitted in the Repository. In this manner, theegnity of the Repository with
respect to instances of this relationship is induregardless of the mode of entry,
and under all subsequent modifications.

3 That is, the Cartesian cross-product of the triple
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Cardinality constraint checking involves two type$§ cardinality specification:
maximum and minimum. Considering maximum cardigafitst, this is the form
which is normally referred to when one says a i@hghip is “1:M”. An example of
this is:

File Record

In English, this says that a file can contain maegords, but a record can only
belong to one file. This form of maximum cardinglitonstraint is useful for
enforcing strict hierarchies, as in process decaitipQ.

In multi-part relationships, the interpretationni®re difficult, as it must begin from

the stand-point of the relationship primitive, &tlthan from one of its associated
objects. For example, if one wishes to enforcerthe that many flows can occur
between two processes, but a given flow can ontyiobetween one originating and
receiving process, then a maximum cardinality mation might look as:

Process 1 1 Process
External External
Store Store

M
Record
Group

Element

Minimum cardinality constraints state, in effecthether one or more parts of the
relationship are optional or required. For binamslationships, the additional
annotation might appear as:

1,1 1M

File Record

However, for binary relationships, the point is mpaainimum cardinality is always
one* For many-part relationships, however, the statéroeminimum cardinality is

1% This is because a binary relationship, by defnitimust have two, and only two parts. As such, one
cannot be optional.
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important. Considering the previous flows relatiaps if we wish to enforce the
integrity rule that each assertion of a flows lielaship must have at least one flow
and one originating object, then the mm/max catdinspecification might look as:

Process Process
External 11 0.1 External
Store Store

1M
Record
G roup
Element

To summarize, by formally recognizing the multi{peglationship primitive in the
Repository meta-model we can specify a numbertefjnity constraints, dhis level,
which would otherwise have to be observed by postgssing the information.

4.5 Summary

A CASE Repository should maintain a high-level ofegrity with respect to its
stored specifications under both data entry andeqguent maintenance operations.
While such integrity can be achieved by ad-hoc gromessing and/or post-
processing procedures, the most consistent anct gioent of enforcement is with the
Repository processor itself. The degree to whigh dhjective can be accomplished
depends, in the first instance, upon the richndsth® meta-model adopted. The
simpler the meta-model, the less one can say abpetification integrity. By
adopting a “full” meta-model, such as the WOPRR etddith classes), it is possible
to deal with the first two levels of integrity (neeschema and view) and much of the
third level (methodology) within the specificatioof, and processing by the
Repository itself.

5. Other Issues Regarding a CASE Repository

To this point we have focused our attention onntie¢a-model aspect of a Repository
and its related integrity enforcement. There afe;onirse, a number of other issues
which also need to be considered when considerargdgeveloping) a CASE
Repository. These include:

* Representational flexibility.
* Reflexivity and type assertion.
* User-level interaction.

» Batch update and data interchange.
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* Multiple use/concurrent update.
* Inter-operability.

* Performance.

» Control.

Each of these issues will be discussed brieflyhanfbllowing sections. However, as
will become apparent, the manner in which theseaneimg issues are treated is a
function of the meta-model adopted. The more comphe meta-model, the more
difficult the remaining issues to address and resbecomé?

5.1 Representational Flexibility

This issue revolves around the degree to which Reeository-types should be
“fixed” in the Repository. Put another way, shoaldRepository user be permitted to
alter the meta-schema? For example, if an E-R meidel were used, should the
Repository be open to modifications of the repreg@nal language such as new
object-types (e.g. “Business Units”) and relatiopsh{e.g. “Communicates with’or
should the meta-schema be fixed (a fixed set ofyersnd relationship-types)?

The advantage of having an “open” meta-schema as tiiie Repository can be
extended, at will, to accommodate changes in thews types of methodologies
being used, as well as to simplify end-user comeatimn with the repository (“it
speaks his/her language”). However, there is aiderable penalty to be paid for this
flexibility, even if we assume that the definitiohthe Repository-types is under the
control of a central administrator.

First, the ability to communicate across developimstages and between methods
will be greatly inhibited. For example, what is@dcess” at the DFD level may not
equate to a “module” at the Structure Chart lese&n though they both represent the
same thing, albeit at different stages of refinemé&wor those wishing to perform
requirements traceability, this can be a majorilitgb

Secondly, the ability to manage and maintain oklstems which were developed
under a previous methodology (which in turn hadffent set of Repository-types)
is diminished.

Thirdly, any interfaces with the Repository (e.g.analysis report) which presume a
certain set of Repository-types may become inoperédr, even worse, work but
with a different meaning).

Fourthly, without a pre-established “master langtiagthe evolution of the
representational language will invariably lead mobéguities and inconsistencies and

> However, as we have demonstrated, specificatiforrimation is inherently complex. Employing
simpler meta-models merely mask the problems whiithbe discussed in this section; they do not
solve them. There is no “free lunch”.
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a consequent loss of integrity and control.

Finally, the language itself becomes encyclopedicalume, making it impossible to
teach and remember.

A solution'® to the trade-off between representational fleitipiand the need for
internal consistency would be to:

1. Establish a normalized “common specification lamggiavhich encompasses the
range of methods currently in use (e.g. activitypdole, task, etc. are all
synonyms for an object-type called “process” whiekeives, transforms, and
emits data).

2. Allow for user-defined “sub-typing” of the basic imitives, which act as a
semantic mask (sub-setting criteria) on the moreege master primitive types.

3. Allow aliasing of both the types and sub-types torenreadily conform to the
semantics of the methodology environment currentlylace.

To give a simple example, the master language migtiude the object type
“Process” and within it the sub-object-type “LodicActivity”. For purposes of
describing, say, an office however, the type[syi®ely combination
“Process|[LogicalActivity]” could be aliased as “Waddnit”.

Similar remarks would apply to the other meta-tymestained in the chosen
metamodel.

5.2 Reflexivity and Object Assertion

Assume for the moment that a developer has justtass using a diagramming tool,
a formal statement, or some other means of datg, ¢hé following:

' This is not theonly solution. More elaborate schemes based upon gedlesses anthheritance
mechanisms have been conceived and prototyped. Wowsome very thorny issues arise regarding
the inter-associations between the primitives whegeneralized class structure is imposed. While
these are theoretically tractable problems, theeffett is one of considerably reduced performanfce
the resulting Repository. Thus, while greater galitgrmay be a desirable trait in general, the rieed
generality which exceeds the needs of the problemaih is questionable in light of the more
practical problems of performance and control.
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A

(C%l]s)

B

Or, in words, “A calls B”.

What one should expect to be true as well, is fisertion: “B is called by A”, i.e. the
reflexive statement. Furthermore, this should Heygroductof making the initial
assertion, not a separate declaration.

A more complicated example, involving three-patatienships, is subsumed in the

following DFD:
(B )2

Here, three objects are involved. The initial assemight have been A flows from
B to C. However, the reflexive statements:

A flows to C from B,

B has A flowing to C,

B sends to C flow A,

C receives flow A from B, and
C receives from B flow A.

should also be tru¥.

While reflexivity seems quite natural in a diagrasmce the human eye is quite
capable of traversing a line in both directionss ot automatic in a Repositaty.

" We note, in passing, that the number of reflesitatements generated from an N-part relationship is
N!

'8 For example, if one used a relational model tolément the “calls” relationship, the most expedient
way of doing this would be to add an attribute ledlby” to each module entity (an Implicit pointer
the called by object). However, in doing this tkélaxive relationship is not automatically assertéd
could bediscovered by doing a join on that attribute, bitatvif we wanted to know, instead, all
relationships the module participates in? Here awddonly recover the information if we did a serie
of joins on all possible relationships a module Idoparticipate in, and then look for those entries
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A somewhat related issue is that of object typeréiss. Returning to our example of
“A calls B”, assume that the only legal object typshich can participate in this
relationship is module. Then, by making the “A sd” assertion we would expect
that the Repository would be able to automaticalbgert that “A” and “B” are
modules. Again, this is rarely the case. More tagityc all objects must be typed
before they can be co-associatédror diagramming tools, this is generally not a
problem, since the user picks from a palette cdllefject type icons the object type
he/she wishes to define before attempting to iobemect them. However, there are
other potential sources of entry/update, includiagural language, where typing is
often implicit.

5.3 User-Level Interaction

There are many ways in which a developer mightraatewith the Repository.
Generally this would be done through an intermeudiar

* A diagramming tool.
* A data entry form.

« A query language.

* Areport request.

And, similar to the discussion of language flexipjl we have the issue of fixed
versus ad-hoc, as perceived by the end-user. Fonge, a user might be allowed to
formulate his/her own queries in an ad-hoc envirenthwhereas the queries would
be “canned” in a more rigid environment.

If there is a desire to provide the end-user wiames flexibility regarding queries,
reports, etc. then there is the commensurate reqatdviding that user with a usable
Repository interface language. Here again, theeis$uhe choice of metamodel must
be considered. If, for example, one elects to useé-& type model, but implements it
with (say) an SQL-based database system, the Sl data manipulation language
constructs will be cumbersome, at best, for end-igseulation.

Consider for example, a user inquiry which seekdind all data flows which
originate from storedJsing a more general Object-Relationship level glemguage
this might look like:

LIST FLOWS WHICH FLOW-FROM STORES.

which have to do with the module of interest. Cdasisuch an action for ten thousand module
instances.

19 Typical, but not mandatory. One could introduce“andefined” Repository-type which could be
given another type at a later time.
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However, to effect the same inquiry using SQL (whéssentially assumes a simpler
object-only meta-model) one would have to writed(anderstandj®

SELECT FLOW.NAME
FROM OBJECT FLOW, OBJECT STORE
WHERE
FLOW.OBJECT-TYPE = ‘ENTITY’ AND
STORE.OBJECT-TYPE = ‘STORE’ AND
STORE.NAME = FLOWS.FIRST-NAME AND
FLOW.NAME = FLOWS.SECOND-NAME
LIST
FLOW.NAME

The issue is not whether one can use the facilitigbe underlying database system
to meet ad-hoc needs forquiry and reporting. One could, as well, write’ ‘@
COBOL programs directly against the underlyingdfiend indices. Rather, the issue
Is the degree of consonance between the datawsd/ig.e. the meta-model) and the
data as manipulated (the physical schema). Ityisydw, a well established principle
that the level of enquiry should match the levelrgbresentation abstraction. This
will only be true, in practice, if either:

1. The allowed meta-types match (on a one-to-one bdktse allowed in the
physical schema, or

2. An interface language is provided which transpdyentanages the mapping
between the data as viewed and the data as stored.

5.4 Batch Update and Data | nterchange
There are many reasons why direct screen entryegrams, forms) cannot be the
only mode of entry into a Repository. Among thesmes are:

1. Input from (and integration across) stand-alonéstadth separate repositories:
a. Data dictionaries.
b. Single-user PC-based tools.
c. Other CASE Repositories.

2. Input from geographically distributed sources (siug-contractors).
3. Batch processor type tools such as reverse engiggeocessors.

4. Control and security (the need to physically sejgaspecifications into distinct
Repositories to meet, say, “Tempest”’ requirements).

% The following assumes a particular “mapping” of BfR meta-model to a relational database.
Specifically, it assumes that all object instan@eskept in one relational table called “OBJECTida
each relationship-type is kept as a separate iatation relation table, e.g. “FLOWS". Sub-typinfj o
the general ‘object’ is done by attribution. Thesnot the only way ofnapping an E-R model into a
relational DBMS; however, it is the most direct waynulti-part relationships with object classeg ar
to be supported.
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To be able to (re-)merge and integrate the spatidic information from such diverse
sources into one common Repository implies that esanethod for bulk data
interchange needs to exist. While there have bewraral proposals for developing
“common” interchange languages (EDIF, IRDS), norfetlese have thus far
stabilized and/or achieved wide adoption and sugpor

An alternative, as viewed from the perspective led teceiving Repository, is to
provide an input language which is semanticallyh remough to accept all of the
specification information that the underlying metadel of the Repository is capable
of handling. In this manner, the Repository canoaumodate any interchange
language which might be adopted now or in the &ytto the extent that its

metamodel is capable of managing the information.

However, many Repositories are presently unabéetept information in a language
format because the underlying meta-model schenka lke@nsistent semantics and/or
does not fully represent, in a normalized fashtbe, specification information being

stored.

5.5 Multiple, Concurrent Use

Whether the development environment is one of tealai communicating with a
central computer or networked workstations intenamted via a common LAN, the
need to share information across a common developm@evironment becomes
increasingly desirable. In the “best of all worldspecification information entered
or modified at one source would be immediately labde to all other developers.
There are, however, practical considerations whke this ideal only partially
achievable.

Consider the simple case of two users wishing fgea@ “calling” information to a
Repository which already contains some informaggiown as solid lines):

User-1 wishes to assert that A calls X; User-2 wesshio assert that B calls X.

2L Among the reasons for this lack of progress in EA®ata interchange standardization can be
attributed to the mismatch between the meta-mamieismeta-schemas adopted by the various CASE
tool developers. For example, IRDS has adoptednarpimeta-model which is too weak to fully
represent information contained in more sophistidaRepositories (i.e. those using more complex
meta-models). EDIF has thus far adopted a windasteneta-model, but the window only
encapsulates an underlying binary model. The E@opBSE work appears to be far more aware of
the schema-matching problems than the comparalSedtandardization efforts to date.
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However, the integrity rules of the schema miglsishthat “calls” is a hierarchical
(1:M) relationship. What should happen?

Or, consider that while User-1 is asserting thdscalationship between A and X,
User-2 is deleting the existence of X.

Typically, an addition or modification to a spec#tion is much more complex than
this, involving the assertion or modification ohamber of objects and relationships.
This “transaction” to the Repository must occuitgentirety if the specification is to
be valid.

A large amount of research has been done on the fsdatabase concurrency under
integrity constraints; much of this has found itaywin one form or another, into
commercial database offerings. However, these comabedatabases only support
the simplest of meta-schemas (Object and Binarg#ld hence can only support
integrity under concurrent update, at that levelr Example, to “lock” an object
while it is being deleted is of no value if it igibg “pointed to” by another object
(referential integrity). In direct terms, the “seopf effect” of an intended change by
one specifier is, for any of the meta-models alBwary-1, greater that the “scope of
control” for most database concurrency handling.

Alternative approaches to the problem have beepattition the Repository into
larger chunks, and “check-out” (lock) this infornoat for update. This strategy will
only work if the “scope of effect” is contained himh the lockable chunk (e.g. a
window instance). In principle, windows are nothimgpre than an overlay on the
underlying plex of objects and relationships. Uslése window instances properly
partition the Repository, the scope of effect contd be a priori guaranteed to lie
within one window. Ultimately, one can lock the iemiRepository for the duration of
a particular update transaction.

Concurrency, in short, involves trade-offs. In fhist instance, the trade-off is betw-
een Repository integrity and ability to perform comrent updates to the Repository.

If one wishes to maintain the integrity of the Reipary, then the second trade-off is
between actions wishing to be taken and scope fefcteand/or duplication of

information. That is, one constrains the actionsthie instances occurring in a
particular window, and locks out this window fronthers. If the contents of this
window overlap with that of any other windows, thttese windows would have to
be locked as well, potentially locking the entired®@sitory.

If one wishes to remain relatively unconstrained arith high Repository integrity
(as defined at the meta-model level) then the todfies between flexibility and
performance. Here either a pessimistic strategychvras all the information
associated with the transaction pre-“cleared” fgdate (which may include
information already locked, leading to deadly ermobg), or take an optimistic
strategy which may result in the entire transactemg rejected. Since optimistic
strategies presume low volatility of data and nomplex transactions, this would
not be the choice for a CASE Repository. Pessimitiategies, on the other hand,
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impose considerable processing burdens on the Reqyoprocessor, particularly as
the stored information becomes large. The resulth& response times to the
terminals and work-stations becomes unacceptable.

To summarize, there are no simple solutions to weeocy handling in a Repository
environment; any solution will generally have soumacceptable limitations and/or
consequences to the user.

5.6 Control

There are two areas which fall under the headingouoitrol: security and version

control. Security generally refers to the ability gpecify and enforce create-read-
update-delete (“CRUD”) controls on the instancesnbbrmation contained in the

Repository. Version control refers to the abilibyrhaintain multiple versions of the

information contained in the Repository.

Logically, both of these are subsetting criterim&sks”) on the Repository-instances
contained in the Repository. That is, if you angsar, operating under version XXX
and have a security permission level of YYY, thew yare allowed to view/update a
certain subset of the information instances coethin the Repository.

The problem for a Repository is, that in the cakenoltiple versions, there can be
multiple, conflicting definitions of the same inst@s. If the meta-model chosen is
more complex than a simple object model, thenitiukides relationships as well as
objects. Thus, the integrity of the Repository cemlonger be insured across the
Repository, but only within a version, and onlyh&t version is a logical partition of

the Repository.

Versioning, by its nature, introduces the probleinfconditional integrity”, i.e. the
“calls” graph, starting at a particular named medul the Repository, is only a
hierarchylF it is respect to a particular version number digaliion; otherwise it is a
network. This implies that all meta-model checkingst be done with respect to a
particular version number mask.

Yet other problems which will arise under versignare when the same name refers
to different object instances (homonyms) and/orwtveo different names exist for
the same object (synonyms). For example, assunteuttiger Version 1.1 ‘X' is a
process which does payroll. Version 1.2 has it tKais a flow containing order-
forms. Version 1.3 has ‘Y’ as the process whichsdoeyroll.

For these and other reasons, versioning is geperedblved by partitioning (either
logically or physically) and applying integrity mf only to the contents within the
partition. While this “solves” the problems of iaate-level conditional integrity, it
creates a number of other problems including dapba of information and the
problem of merging the various versions (whichiaternally consistent, but may not
be across version partitions).

Security controls pose many of the same problerimitain a different form.
Assume, for the moment, that a user is not perdttiesee (for security reasons) that
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A calls X. Since this doesn’t appear on his/hercgmation display, he/she attempts
to assert that R calls X. This isn’'t allowed duethie hierarchical calling structure
check. How do we report this to the user withowirgy away the essential relation-
ship information we are trying to protect? Or, assithat a portion of the call graph

OO

where the dashed arrow is masked, by security, tlmmview of a particular user.

Should the remaining portion of the call graph &earted? If so, how? As the start of
a new call graph (even though the user only asteth€ call graph beginning at A),

or as the continuation of the “A” call graph withet missing line (which hardly

masks the information)?

Current solutions to the security problem generhthyt themselves to objects only;
all relationships are reported.

More generally, for both the control and concurkeissues, the approach has been to
back off to an acceptable level of “coarseness” tmdhen implement security,
version control and concurrency locking at thatelevihe problems with loss of
integrity in doing so have already been noted.

5.7 I nter-Operability

One of the realities for most organizations is tefmeneous computing environ-
ment. Whether this is PC’s and mainframes, workstatand mini-computers, or
decentralized organizations with different suppentters, the net effect is the need to
share information across dissimilar computing plaifs. This is as true for
production information as it is for specificatiorfarmation. The net result is the need
for a Repository system which is capable of runmmng variety of platforms.

While this is an implementation issue (e.g. does wse a particular vendors database
system as the foundation for building a Repositoity)s an important one which
affects the ability of the organization to maked fude of the investment that will be
made in this information resource.

In theory, an SQL based Repository should be abhedve transparently across mac-
hine environments. In practice, there is little ikanty between different SQL offer-
ings. And to use that subset which may be commoosamfferings (the ANSI stan-
dard) imposes considerable performance penaltiesth®&r partial solution would be
to provide transparent access to a central syssamg,uor example, XWindows.

5.8 Performance

For relatively small system descriptions the choiock underlying database
architecture, meta-model and the method of intggnitforcement (i.e. concurrent or
postprocess) used for a Repository does not dreafigti affect perceived
performance. However, “real” systems today will édgn to thirty thousand objects
and nearlyten timesthe number of relationships as objects. While thismall by
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commercial database standards, there are a nurhfsatars which make this a very
demanding Repository application. Among these are:

1. The volatility of the stored information.

By the nature of the development process, objetds@ationships are constantly
being added and revised as more becomes know Himaystem. This continues
throughout the life of the development process.

Contrast this with the relatively placid environrmhesf commercial database
applications where basic information, once entesedharely changed except for
the values of a few properties of the objects.

2. The scope of effect of a Repository transaction.

In commercial applications it is common to limitetrscope of effect of a
particular transaction to no more than one objgoet However, in most CASE
applications, the span of change is frequently ssrobject types and their
associated relationships. Consider, for example, att of taking a sub-set of
processes and their related flows which appeamendagram, and making them
into a separate, lower-level diagram. Or, combirangumber of similar modules
into one module in a call graph.

3. The unpredictability of the transaction contents.

Unlike commercial database applications, in whioh types of transactions can
be anticipated and controlled by fixed entry scsgdime actions taken on the data
in a Repository are much less predictable. CASEsusan be likened to DSS
(Decision Support System) users in that their ne@dsmuch more event driven,
ad-hoc/creative, pluralistic, and personally-guidbdn would be the case for
(say) an order-entry system. They are also disoraty, rather than captive users
of the system; if a CASE Repository “gets in theay”, they will work around it
rather than with it.

4. The diversity of the information contained in thepRsitory.

While it can be argued that a corporate databastersycontains a large variety of
types of information, in reality this informationar be (and generally is)
partitioned into loosely coupled “subject” datalsasehe Repository, on the other
hand, builds towards one end — the integrated.fiable specification of a
deliverable system. Thus, by the nature of the,tdsk information contained
within a Repository is highly inter-related. Andhie the procedural component
of development can be, in theory, partitioned istages, the specification
information from these stages, cannot. In factjsitthis information which
provides the “glue” for the process partitioning.

While estimates vary as to the variety of informatiwhich need to be co-
contained in one Repository, at least thirty ordderent object types (with a
much larger variety of sub-types) and several hemhdiifferent relationships
(disallowing object permutations) are needed.

October 7, 1988 © Meta Systems, Ltd. Page 36



5. The need for integrity processing above the levaktvcan be accommodated at
the physical schema level.

As previously noted, the type of integrity checkingcessary for meta-model
schema types, which are a super-set of those dftarthe physical schema level,
are much more complicated and extensive than woeltbund in a commercial

database application. While these can be relegatéite requesting process, the
effect remains the same — considerable processiadnead.

For the reasons given above, the normal measukeEn to extract acceptable
performance for a commercial database applicatrennauch less applicable here,

e.g.:
1. Develop pre-defined entry templates to control #eompe of effect of the
transaction.

2. Limit the scope of the transaction to those whiohndt span more than a single
object type.

3. Given a fixed number of modes of entry/reportingtimize the search and update
paths which the transaction type takes.

4. Partition the data by subject areas to reduce iteedf the overall database and
limit the complexity of any transaction againsstieduced database.

5. “Tune” the physical schema of the system based uppeatable patterns of use,
by type and size.

6. Limit integrity checking to that available at théysical schema level. Confine
more extensive checking to off-line, overnight mssing.

To summarize, CASE Repository processing requirésnelo not readily lend
themselves to the performance improvement measakes in a commercial setting.
While one can reduce Repository issues to thosemmomaurate with “accepted
principles of current commercial database use’ Would reduce the Repository’s
role to one of a “depository” as it would be undsadis a dynamic source of shared
information across the development life cycle.

Rather than apply commercial prescriptions for @enfince tuning to an
environment which is not commercial in nature, amgst adopt strategies which are
consistent with the way in which a Repository isfaost used. The development of
these strategies is the responsibility of the Riémgsprovider. However, one cannot
expect that Repository performance will ever edhalperformance of a comparably
sized commercial database, simply because of thexdgilly of use and information,
and the more complex integrity issues.

6. Summary and Conclusions

The paper began with a consideration of the “metaeti issue; i.e. how should one
perceive and represent the specification infornmatidy example it was demonstrated
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that the primitives available in the more commontaraodel alternatives are
inadequate for representing the type of informatwnich prevails in a system
specification environment. A more extensive metaleho— WOPPR — was
introduced as a means for overcoming the probleitisourrently used meta-models.

Next the issue of specification integrity was addesl. The two major strategies for
dealing with integrity were described and the reasimr why a concurrent strategy
must be adopted were outlined. Then the interadbiemveen this strategy and the
adopted meta-model were discussed. The problemsg@rirom adopting a more
complex meta-model were examined as well as whyhamd this combination must
nevertheless be adopted.

Finally, a number of usage issues regarding Represit were examined. While each
of these issues can be readily addressed wheradgteemodel is simple and integrity
checking is minimal, they each become more comalekinter-associated as one im-
poses the need for a more complex meta-model amtio@nt integrity enforcement.

There are several conclusions one can reach frasn pper. If one takes the
requirementsfor a Repository seriously (i.e. adequate meta-modencurrent
integrity checking), then there are a number afessregarding CASE Repository use
which can only be handled in rather complex waysom the other hand, one is
willing to overlook the requirements and build fravhat is available, it is possible to
effect solutions which rival in functionality andefformance, those of their
commercial database application counterparts. Tds¢ m doing so is a loss of
specification accuracy, completeness and integassyywell as a mode of interaction
which is inconsistent with how such informatiorgenerated and used.

Ultimately, each user votes with his/her pocketbdokdoing so, it is important the
person making the decision clearly appreciatestitéde-offs involved. Hopefully,
this paper has at least made it clearer that thmrdrade-offs and the implications
associated with them.

7. Directions for Future Research

This paper can be read at two levels. At one leidak a review of current and
outstanding issues which surround the developmédntRepositories for the
maintenance of system specification informationaAtecond level, it should be seen
that the Repository issue is a microcosm of theeisgacing methodology developers
(engineers), regardless of whether a CASE tookexlwor not. In this broader sense,
all of the issues raised here (along with somehefdolutions proposed) apply with
equal force to manual and semi-automated method®dth information systems
development and other professions which must evelwem specifications from
user-requirements. The consideration of automatiorthe form of a Repository,
simply brings these issues into sharper focus.

We will briefly examine each of these two planesntérpretation in terms of future
research directions.
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First, it should be obvious that a CASE Repositergnore than the sum of its issues.
The “CASE Repository Problem” (CRP) brings togetlmeione arena, a collection of
issues which strongly interact and must be treated whole. For those interested in
the various facets of database management systbmsCRP provides a fertile
ground for examining the interactions between nmetalels, integrity, user interface,
performance, concurrency, control, etc. An “optihsallution to one may well invite
a very sub-optimal solution to the CRP taken a$al&v In this paper, I've attempted
to outline the many aspects “paradigmatic (CRPplero”. It is areal problem, with
many billions of dollars riding on an acceptablason to it.

Second, the topic of this paper is but a microcosinthe broader area of
“Methodology Engineering” (ME). One could readilgstate many of the issues
addressed here at this higher level of abstracionexample:

What is an adequate meta-model for representingptioeedural and modeling
components of a development methodology?

For those who have had experience attempting t@sept various tools, techniques
and methods in a common format/diagram, the inaalegaf binary and E-R models

is obvious. Is a WOPRR model(with classes and sub-types) good enough? Is it
overkill? Would an object-oriented language, whicimbines procedural and model
specifications, be a better approach? If so, whatarmodel would one superimpose
on the internals of an object-instance, if any? I@@uch an approach be used in
practice, given the volume and complexity of thi@imation stored?

Continuing with the issue of Methodology Enginegriit is worth noting that many
of the issues arising with regard to a Repositoigtebecause of the somewhat ad-
hoc nature by which development tasks are done.oftier of entry, the timing of
qguality checking, the need for and frequency ofermtask communication, the
problems of homonyms and synonyms (and semanticgemeral) are all problems
which arise from a comparative lack of disciplimetihe underlying activity of sys-
tems development “engineering” itself. To what d&gcan these problems be scien-
tifically studied and acceptable solutions prop@s€adn we even agree on a way of
stating these problems so that parallel investgatif the problems is possible? Or,
must we continue to demand unconstrained flexjbihitthe tools being used so that
they can be adopted and adapted, on a trial-aodeasis, to the development prob-
lem(s) at hand (rather than, say, constructed based a set of “first principles”)?

The challenge of developing and implementing infation systems is, or should be,
theinformation systems research problem of the nisetfewe cannot approach this

area in a rational, repeatable, efficient maritieen we are doomed to a much lower
rate of national growth and to repairing the variettineptly designed systems which

are now in place and being kept alive by “elasyiteb’.

22t should be noted here, that the WOPRR model imdagt, evolved from the need for methodology
specification, not specifically for a Repositorytarenodel.
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