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Work Package 5

Abstract:

This deliverable contains a summary of the work ties been carried out within Work Package 5. Thais
involved an in depth piece of research into MDAIl$otm ascertain their required features and tordeme
those features that could be useful within the VI@Bject. Building on this work further researchswaarried
out into the areas of Software Visualisation, VisBeogramming and finally Diagramming, concentrgtion
aspects of class diagram layout to further geneegfeirements. Four modelling tools were then aedyusing
the Cognitive Dimensions framework to facilitatesalission, and some further requirements were

obtained. An exploratory prototype of the CIM lewskr interface was then developed and feedbatdcted.
This resulted in the specification of the defirgtiprototype for the CIM level interface. The Vis@ade Editor
is then specified before the Visual Expression darilthat allows for the construction of OCL express.

Finally the work details the VIDE approach to deglivith legacy applications.
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1. Introduction and Overview

The Model Driven Software Development (MDSD) pracésas changed the way that software development is
approached. No longer is it expected that the wiebe in possession of only programming skillssdds will
come from a number of different backgrounds and @ipect to be presented with both information and
interface that is commensurate with their abililpderstanding, experience and expectation. Thisimviblve
business users expecting to be able to store andgeadocuments and parts of documents, that reldteesir
business and to link relevant sections togethealysts and modellers will be expecting to add,,atbtete and
refine the information and models they have, prbpabsome iterative process to create models efhisiness
processes, and from there produce a requirememsifisption that will be of value to all parties.h&
specification models will then be refined to proedtst cut activity diagrams and class modelspipto their
modification and transformation as the next parthef process. Finally, the programmers will wanview the
generated code and be able to trace the origitisecértefacts that produced it. This traceabiktymportant at
all steps of the process. If you are creating aehdben the source of the content is importarstraghe versions
of it. This process needs to be supported at ttexfate to add value to the users’ tasks. Therebeas
considerable research into the design of the ugerface and the use of computers by differentselsof
people, but there is no work relating to the irdeef and the related specific requirements for M@alen
Software Development.

1.1 User groups

In Deliverable 1 [1] the consortium examined therugroups that would be likely to use the VIDE eomiment
and a number of different groups were defined. fbllewing different users were found to have diéfat views
of the model and its related code that are relewaork Package 5.

¢ Domain users usually have either no or very lktlewledge about business modelling but they will be
able to produce requirements for a software apipdicaeither alone or with assistance from the bessn
or requirements analyst. It will be possible todurce CIM level models if the user is a Business
Consultant. The language, the interface and thehigal representation should be easy to undergand
that domain users can validate the correctnedseafnbdels.

* Business/Requirements Analysts are one of the os@ngroups of the VIDE environment. They hold
interviews with domain users and analyse and mitdeproposed solution on the CIM level. They have
knowledge of modelling of business processes alsasegéchnical architectures and need to be
comfortable with the process of refining the modddey need to have models that are understandable
for the stage of the process they are at. Thereldli® context friendly assistance with both the
interface and the model they are using. All actisimsuld be traceable and different versions shbeld
stored.

» Analyst/Designers are likely to have a strong bagkgd in conceptual modelling and UML models
that are applicable to different levels/stageshefdevelopment process. For reusing or composing ne
applications with or without the existence of préséng components the analyst/designer is likely t
use the UML to understand the business logic thamplemented by a component or to define how
multiple components may be composed. They are nsdéiple for the conceptual Platform Independent
Model (PIM) that is based on the Computational petelent Model (CIM) produced by the business
analyst.

* Analyst/VIDE Programmers will have a strong backgrd in behavioural modelling and will need
tools to assist in that task. The Analyst is likédy use the graphical notation but may use textual
notation if it is necessary, but the VIDE Programmvél use textual or graphical notation dependamg
which is most efficient for the task in hand. Thell also implement components designed by software
designers.

1.2 High level requirements

The high level requirements for the VIDE graphiaaér interface have come from a number of soufiestly
the description of Work provided a useful starfpaint. Secondly, the research that underpinnedvBieble D1
was important.

1.2.1 Requirements from the Description of Work

1. A fully visual toolset to be used by both IT spéists and individuals with little or no IT experiem
such as specific domain experts, users and testers.

- 13-
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2. Make programming more user friendly
3. Create visual tools for prototyping, programmingbdgging and testing. Make all stages of applioatio
development more accessible to non-IT professionals
4. VIDE will be an open and interoperable platform

1.2.2 Requirements from Work Package 1 work

Requirement

Name

Priority

REQ — NonFuncl

Accessibility at the CIM level - MEDE environment should provide
non-technical, business domain descriptions. Nohrtigal users
working at the CIM level should be able to inpetrieve and understan
their business domain descriptions in a notatiam iinon-technical and
accessible.

SHOULD

REQ — NonFunc 2

CIM level collaboration - the VIBRvironment MAY offer
collaboration mechanisms. It may be possible fo Gf PIM users to
collaboratively work on a shared CIM view throughcanmunication
mechanism (such as shared notes or links to sléed between
stakeholders).

MAY

REQ — NonFunc 3

On-line support for CIM/PIM user$Jsers working at the CIM/PIM
level should have immediate access to online/itesyscontext sensitiv
help that describes how transformations between, @3N/ and PSM
levels are specified and used in the modellingviiets supported by
VIDE. Help should be expressed in non-technicaimterwherever
possible

I SHOULD

D

REQ — NonFunc 4

Clear and unambiguous notatioe VIBE environment should use
notation that has clear, comprehensible and unambgsemantics
suited for the user working at the CIM, PIM or P&Mel.

SHOULD

REQ — NonFunc 5

Model view saliency - VIDE modeksws must be user-oriented. View
on CIM, PIM and PSM must be controllable dependingpecific user
interactions with the VIDE environment. It should possible for users
to dynamically control the scope and technical entof these views
depending on their specification/comprehension seed

sSHOULD

REQ — NonFunc 6

Appropriate textual/graphical figel VIDE must provide appropriate
textual and graphical modalities for its users.yrsleould be able to
work with textual or graphical notations that oftee most effective
expressiveness for CIM, PIM and PSM concerns.

SHOULD

REQ — NonFunc 7

Timely feedback and constrainte MIDE environment should provid
feedback on user actions at all modelling levelsltidle users working
on the same VIDE project should receive rapid fae&lon their
attempted actions within the VIDE environment. Steddback should
indicate their success or failure to complete dibaor task; its impact
on their local modelling level; its potential impaa other modelling
levels; and any constraints that may impact orstleeess of their
intended action.

e SHOULD

REQ — NonFunc 8

Runnable and testable VIDE protsgtyjthe VIDE environment should
allow execution of runnable models. VIDE users $thdae able to
validate at any time (where possible) the models ¢an be
automatically transformed into an executable form.

SHOULD

REQ — User 1

Flexibility and interoperability of E language and tools - the VIDE
language and tools should have flexibility andrteroperable with
existing tools

SHOULD

REQ — User 2

Reuse of UML Standard - the VIDE tdotscertain user groups
SHOULD be informed by existing tools for the usesugps. End users
are very sensitive to using standards.

SHOULD

REQ - Tool 7

Meta-modelling Framework - VIDE SHODuse GMF as it's
graphical modelling framework

SHOULD

REQ - Tool 9

CIM modelling standards - VIDE maypart CIM level modelling

MAY

with BPMN; where there is inadequate or no supfwrBMPN, VIDE

© Copyright by VIDE Consortium
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may provide CIM modelling capability with UML actty diagrams

REQ — Tool 12 VIDE extensibility - the VIDE toolbauld be extensible via a plug-in | SHOULD
mechanism.

REQ — Tool 14 Model driven approach - the VIDE toulst strictly follow a model MUST
driven approach.

Table 1: Requirements from Work Package 1

1.3 WP5 Summary

The objective of this Work Package is to providdéuk set of requirements for the VIDE Graphical Use
Interface at the CIM and PIM levels. This delivdeabhows how the requirements were obtained starith
research into the existing MDA tools that are cedein Chapter 2. The methods of evaluation are reov
Chapter 3. These will allow discussion of the regiments and evaluation of a prototype. Chaptemploess the
rich research areas of Software Visualisation, &ligarogramming and Diagramming Research and shbevs t
requirements that resulted from that work. Fouranajodelling toolsets were explored in Chapter Se¢e what
functionality they had and to see which of theisiga features would be useful. In addition the wallbwed
discussion of general modelling tool functionalityhe initial exploratory CIM level prototype is sped and
evaluated in Chapter 6 before a fully detailed megments summary is explained in Chapter 7 andi#iimitive
CIM level prototype is specified in Chapter 8. Ctaay® details the specification of the Visual Cdttéitor for
State Visualisation and Chapter 10 the associatedaV/Expression Builder which allows definition Object
Constraint language (OCL) expressions. Chapter dtaild the interface to legacy applications usingbwW
services. The final chapter summaries this repuitgives details of proposed future work.

-15-
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2. Research into Model Driven Architecture tools

2.1 Introduction

What should a Model Driven Architecture (MDA) tamdntain to meet the Object Management Group’s (OMG)
requirements for MDA tools? The OMG’s MDA has bedveloped since 2000, so the tools to support this
complex question are still in their infancy. Sotoels pre-dated MDA and have been re-classifiedthay
vendors/developers as MDA compliant tools (Objeitge [2] PathMATE [3]), whilst others have been
developed since the inception of MDA (BoldExpressd® [4]). Some tools have been developed asqgiaat
research program (Generative Model Transformereptdp]) others are commercial tools (Rational ®afe
Architect [6], Select Component Factory [7]). Sotwoels attempt to support the entire lifecycle (Biger [8],
Model-In-Action [9], XDE [10], Optimald [11]) and tleers focus upon a small section of the stages
(CASSANDRA [12], Codagen [13], Tau [14]). Whilstrae use all the standards and open source toolsuthat
available to them (Together 2006 [15]); others digveheir tool based on a proprietary approach (@smbpe
[16], Codeless [17]). Clearly, there is no tagteement about what features an MDA tool shoutdain. This
issue has been recognised by OMG and an MDA Tophhifities Request For Information (RFI) [18] haeh
issued and also an MDA Tool Component Request Fapd3al (RFP) [19].

The first stage of this review will explore theeliature to develop a list of features that an MDAl tcould
potentially contain. This list of features willeth be applied to the MDA products listed on OMGebsite [20].
This will be an investigation of the literature dable on each product from both datasheets ana frendors’
websites.

2.2 MDA Tool Requirements Review

2.2.1 Introduction

The often cited primary goals of MDA are portalyiliinteroperability and reusability [19, 21-24]etkfore the
MDA tools, at the very least, should support thissee objectives.

Metadata is critical to the concept of interopeibhiit is the primary means by which interopelabiis
achieved, and therefore an MDA tool must be ablstétwe, manage and publish both application antesys
metadata [25]. Metadata management and integratisapported by the core MDA standards [25].. fBtat
Independent Models (PIMS) facilitate the creatidmlifferent Platform Specific Models (PSMs) correaging
to the same set of PIMs, which result in impleméaoite that are easily (if not automatically) intetgrd [21] and
therefore interoperability is achieved. Conseqglyeht ability to integrate various components ofagoplication
on different platforms should result from the basimciples of MDA.

PIMs also play an important part in re-use of lggapplications; the integration can be carried authe
platform independent level, using reverse engirtePi&1s that represent the legacy application [26].

2.2.2 Models

The OMG defines a model aa formal specification of the function, structunadéor behaviour of a systém
[27] and it is these models that are the primatgfact of an MDA [22], so an MDA tool has to, aethery least,
be able to support model generation and manipulat&so central to MDA is that many models carcbeated
at different levels of abstraction, these models Isa linked together and can be transformed aritately,

implemented [28].

2.2.2.1 Meta-models

Meta-models are used to support the definition witax and semantics of models; they are usually
accompanied by natural language descriptions ofequts that correspond to elements of the meta-model
defining informally the semantics of the modelliglgments [26]. Meta-models and meta-data areakitd
interoperability, users need to be able to defireértown meta-models for backwards compatibilitgl dor
integration to legacy systems to be achieved.

-16-
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2.2.2.2 Types of model: CIM, PIM, PSM, Code

The models used in MDA tools as principally spedfby the OMG are mainly the Platform Independent
Model (PIM) and the Platform Specific Model (PSM)ther models that are discussed, although not as
ubiquitously, are the Computational Independent 84¢€IM) and the code itself.

The CIM, or Business Model or sometimes even theefaIM [22] is the most infrequently mentioned
model although it is said to play an important rioléridging the gap between domain experts antesys
designers and developers [21]. Thus the CIM aatsonly in understanding the problem and but alksa a
source of shared vocabulary for the other modelg [Blowever, the automatic transformation from Cid/
PIM is consideredhot feasibleas human intervention is always required in speuifthe system [28]. It
may be that CIM development is seen as problenaatic complex so is frequently omitted from MDA
tools.

There appears to be no clear definition of whatlkl,GPIM, and PSM actually are, where the line is
between each. There seem to be ‘degree€ldihessandPIMnessand it depends upon the user’s point of
view as to what sort of model it is [29] and mamtions are still loosely defined [30]. This is adwsly
problematic, for vendors developing tools and f@ variety of users using the tool. How can orod be
compared against another tool, if both sets of semcumentation talk about PIMs, but in realityame
different levels of model?

2.2.2.3 Model Support

PIMs are seen as having two uses: by distillingftinelamental structure and meaning they make ieets
validate the correctness of the model and they nialeasier to produce implementations on different
platforms [27]. Consequently, MDA tools should bafacilities for validating models and also allow
development of a range of implementations.

The main standard for model development in MDAhis Unified Modelling Language. Most tools could

therefore be expected to support model developrusimg a full set, or subset, of the defined UML
diagrams. They should also be expected to prosigigort for model import and export so that exgstin

models may be imported into the tool and models ayexported to other tools. Elements of model
merging and differencing, if you have multiple viewf the same system, could reasonably be exp&zted
support modelling tasks.

2.2.2.4 Traceability and model/code synchronisation

Traceability management is seen as being essémtzal MDA-based approach. If not automated, models
and implementation will become inconsistent, lodimg majority of the benefit of MDA [26]. Inforniah
needs to be kept about which elements are relatedhich by transformation, i.e. tracing information
what has been termed persistent transformatiorf31]. Such information needs to not only be sthrbut
also acted upon, thus changes in one model sheufitdpagated to alter the referencing models, veneth
they areupstreamor downstreanof the changes. However, such bi-directionalitg aeverse engineering

is seen as one of the ultimate goals of MDA towadsether they are currently capable of supportinghsu
fluidity remains to be seen.

2.2.2.5 Storage

Alongside model transformation is the fundamentaicfionality of model storage, the former depending
heavily on the latter [32]. The OMG standard fardal definitionis via Meta-object facility (MOF) and the
standard for exchanging models is XML Model Intemege (XMI). How the models are stored is not
necessarily important for the tool user that thelet® can be stored and the transformations catobedsis
what is important. However, that models can beoetgpl and imported between tools is important,
therefore an MDA tool should employ the currenhdirds to support maximum interoperability of tools

A set of consistent models means the models mustadoed in a repository. Ideally such a reposisirguld

be accessible to multiple users, and must be cdupith version management tools. It must also have
centralized access point and administration to8B].[ It means that the repository will become the
backbone of an MDA tool, supporting the range afctionality that could naturally be expected from a
professional development tool.

-17-
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2.2.2.6 Levels of Abstraction

The models used in MDA do appear to have contradictequirements, on the one hand they must be
abstract enough to help the designer model the iloamal communicate with the user, but also detailedl
semantically rich enough to specify business rales to be used in code generation [29]. The MD®& to
must be able to support these conflicting ideaabkmg models of high level abstraction to alloweativity

and communication and then also the refinementamrsformation of these models into models that are
more detailed and semantically rich.

2.2.3 Standards

MDA represents a positive effort to make the OM@énstards “churn-proof’[34], however for the MDA tedb
support this they themselves need to be “churnffirdtie use of a specific tool should not tie theers to that
vendor, thus the implementation of standards acatisols, and the non-modification of these stadd is
essential. At the core of MDA are a number of Obt&ndards: UML, MOF, XMI and the Common Warehouse
Meta-Model (CWM) [25]. It is this foundation of deloped and developing standards that gives MDA its
coherence in model development and managements MDA tools could reasonably be expected to support
these standards.

2.2.3.1 Unified Modelling Language (UML)
UML is OMG's standard modelling tool for MDA, howewrthe developer’s fluency with UML can have an
impact on the successful use of an MDA tool [35id dhus a developer has to acquire more skillsrbefo
MDA tools can be applied. Support for UML modedlimnd the validation of such models to support
developers therefore must be a consideration of Mdas.

2.2.3.2 Object Constraint Language (OCL)

UML defines a formal assertion language, OCL, whiahilitates the specification of constraints [27]
which can be used to define pre- and post-condit@noperations [26].

2.2.3.3 UML profiles
A UML profile is a set of extensions to UML, usipgimarily stereotypes and tagged values that eraich

model’s semantics [27]. Therefore UML profiles aseful for adding detail to models and also faatility
the transformation to a specific platform.

2.2.3.4 Meta Object Facility (MOF)
The MOF provides an abstract language and framefooritescribing and representing meta-information,

also defines a framework for implementing repogitoto store the models [26]. Thus the MOF is irdeg
to the model storage mentioned in Section 2.2.2.5.

The MOF is the unigue meta-meta-model for all ITaied purposes, containing all the universal fesgur
that are not specific to a particular domain lamgufB80]. It allows users to configure and custa@ntise
tool.

It is the MOF alignment with UML that means any ltadmtended to create UML models can easily be
adapted to create MOF meta-models and thus befdds®r re-classified) as an MDA tool [30]. Teoh
existence before the MDA standard was defined sanMIOF to align the tool with the OMG standard.

2.2.3.5 XML Metadata Interchange (XMI)

XMl is the standard interchange mechanism useddsgtwarious tools, repositories and middleware,[27]
and will support the import and export of modelscdissed in 2.2.2.3. With the implementation ardais
standard for such functionality vendor tie-in canavoided.

2.2.3.6 Common Warehouse Metamodel (CWM)

CWM is the data warehouse standard, covering thdifacycle of designing, building and managingtala
warehouse applications [27].

- 18-
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2.2.3.7 Other MDA standards

There are other models that are part of the OMGBAMstandard such as the Object Constraint Language
(OCL) and Queries/Views/Transformations (QVT) ind#idn to Executable UML (xUML) and Action
Semantic Language (ASL). These standards areuldgsitous in the MDA tools available and are gtitider
development.

2.2.4 Transformations

Four levels of transformations have been definetheyOMG: manual transformations, using a profilatterns
and marking, and automatic transformations [21fe Tltimate goal of MDA tools is to maximise the¢@uatic
transformation of models, however it is recognitet this depends upon the maturity of the toots the users’
and tool builders’ experience [23].

It is difficult to see how manual transformatiorffelis from ‘traditional’ development and how it cha classed
as an MDA approach. However Seidewitz [36] argimed tising MDA and manual transformations gives two
benefits; the explicit distinction between modatsl @ record of the transformations. Another adwgaiaf the
manual transformations is that there is no neeguhase or to learn transformation tools [36]. M&n
transformation, whilst having some value, has nednéor the support of a tool, therefore this forih o
transformation is outside the scope of this paper.

To be able to automatically transform a model gdwto be written in well defined languagf7]. An MDA
model must have a formally defined syntax and seicgor it is not considered to be a model, justrdormal
diagram[19, 24, 27]. To totally automate transformatiemsomplex and requires significant detail to bdexdl
by the user for example how would you add non-fiemetl requirements, so that they can be transforimele
PIM-to-PSM transformation? [29]. Consequently theeeds to be a mechanism by which users can etiéch
models and add more detail about both functional mon-functional requirements. It has been accepted
OMG and practitioners that whilst complete automatansformations are the goal, it will probablyt e
realised for the foreseeable future and transfaomatwill have to be enhanced by humans [27]. MD#Ig will
have to support this ‘human intervention’, allowingers to manipulate the models at various stagds a
maintaining these changes in addition to retainthg added information when reverse engineering or
propagating model change.

Transformations are about altering one model tat@ranodel; a CIM should be transformable to a PANPIM
to a PSM and a PSM to code. Therefore MDA tools élaw a user to model a PIM level model shouldpsart
the transformation of that model to the next leved, PSM. Also if an MDA tool is to support revers
engineering it should support code transformatioa PSM.

2.2.5 Lifecycle

Another key aspect of OMG's defined MDA is thataltshould support the complete lifecycle [24, 23]
analysis and design, programming (testing, compbormild or component assembly), deployment and
management should be covered by the tool. As MDyerthe whole software development lifecycle of an
application a tool should either cover the entifeclcle, or position itself explicitly within théfecycle giving
information about imports and exports to make it p&a tool chain.

The typical lifecycle as described by OMG [27] atters [22] is shown in Figure 1.

Management
$ Implementation ¢ » Testing ¢ » Deployment ¢ ) And
Evolution

Base 4

PIM ¢ PIM

PSM

A 4

~
h 4

~
y

Figure 1: The lifecycle as described by the OMG

A tool's application to these stages needs to Ipdoesd. The OMGs’ RFI on MDA Tools [18] has devyeda a
taxonomy of the various types of tool many whichildeapply to the lifecycle stages, including a mitidg tool,
an analysis tool, a transformation tool, a test tow a requirement tool. Clearly the lifecycleais important
issue in the development of a tool to support tH2Avprocess. Related to the issue of lifecycle cager and
with the rise in popularity of agile methods is teel’'s support for methodologies. , Does a tog@murt agile
development or are does it support a more ‘tragti@pproach’.
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2.2.6 Reverse engineering

If everything in MDA is about models, models genedaby domain experts, refined by systems expand,
transformed into code, then it should be possibléake any model and transform it into any othee -both
backwards and forwards.

2.2.7 Technology support

There is a vast range of architectures, platforms technologies that could be supported by MDA gpol
however the majority support a few major ones. st popular development languages are the nkedy tio
be supported by the tools, Java and C are likehetthe main programming languages. Other techsigzport
is likely to be for CORBA, J2EE, .NET and Web Seed. The most likely databases to be supporte@aele
and MS SQLServer.

Generated code has, amongst programmers, genbealla poor reputation. It is seen as clumsy, longied

and less efficient [29]and most developers belibey can develop better code than a code gend&&pr The
OMG should consider emphasising additional featusash as code debuggers, code configuration and
regeneration of code that would give additionalpgurpto the programmers for MDA to ensure its taken the
wider market.

2.2.7.1 Technical Users

One of the often cited reasons for MDA developmantd MDA tool support is because the available
technologies have multiplied and have become istmgly complex, it has become harder and harder for
the ‘technologists’ to keep up. However, the MDiferature acknowledges that complete automatic
transformation is, whilst the ultimate goal of MDgtjll some way off. As a result the requiremeants for
programmers to actually have to know more, rathantess. They have to learn to use the MDA timol,
understand the patterns and profiles it appliest#ndble to look at, understand and modify the geead
code. Thus they may need to know, Java, J2EEsstdML and MDA [29].

2.2.8 Tool functionality

2.2.8.1 Tool Features

A range of tool requirements could be specifie@, itiost common set include business modelling, model
transformation, artefact generation, integratioteghcy applications and tool integration [22, 28]. There

are a range of other features that tool developeutd provide such as; scalability and multi-usmolg,
version control, document generation, change manage re-usable components, model
integrity/consistency checking.

2.2.8.2 Vendor dependence

One problem of using MDA tools is the potential Bcoming dependent upon the vendor of that tdjl [2
However, as long as the tool uses the availabledatals and allows for import and export some of thi
over-reliance can be ameliorated. This of coursesamses the importance of tools adhering to antyiagp
the relevant standards. However many tools tenaptrate on models that conform to their own interna
standards, thus the models are not easily expertélders are therefore often locked into usingr ttual
throughout the entire lifecycle [31]. It is the nebdransformations which are seen as the key tockig
this vendor lock-in issue and allow the transfemafdels from one tool to another [31].

2.2.8.3 Status of the company and the tool

Another issue surrounding the tool itself is i&tgs. Is it a commercial application being soldisers with
support and training? Is it a research applicatiian is being used to explore the concept and ean of
MDA? Is it an Open Source tool? Also of interesthe Company’s relationship to the OMG. Companies
that are members of, or affiliated with, the OMGIve much more likely to reflect the language and
principles of MDA as expressed in the OMG documigmia thus it is more likely that their MDA toolsiliv

be found to berhoreMDA' than tools developed by companies that are not Oh@Gbers.

2.2.8.4 Tool Taxonomy

In the OMG’s Request for Information about MDA ToGhapabilities [18] they develop a ten point
taxonomy to classify the various types of MDA todWodelling Tool, Analysis Tool, Transformation Tipo
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Composition Tool, Test Tool, Simulation Tool, Meséal Management Tool, Reverse Engineering Tool,
Requirements Tool and Version Control Tool. Whilss list is indicative and intended as a guidetfe
respondents it is not clear how a tool that meessteset of these criteria could be labelled an MDB&\. If

for example; a product is a Test Tool and has herotunctionality can it be an MDA tool? Does altoo
have to meet more than one of the criteria? Camlabe ‘more’ MDA than another tool by ticking mooé

the criteria? The OMG RFI does define an MDA tasl“a tool used to develop, interpret, and/or ficns
models”, but this would also imply that an MDA tdws to do nothing more than model. This leaves the
guestion of whether a modelling tool alone canh&®A tool?

-21-
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2.2.9 Summary of Requirements

Interoperability Standards
MDA Standards:
Portability = UML (2.0)
= UML Profiles
Reusability = MOF
= XMI
Models = CWM
MDA Specific Models = OCL
= Meta-models = MDA
= CIM = OMG
= PIM = QVT
= PSM = xUML
= Code (generated) = ASL
= Executable UML
Transformations
Type of Model - UML MDA transformations
= Class = CIM->PIM
=  Object = PIM->PSM
= Composite = PSM ->Code
= Package
= Component General transformations
= Deployment =  Model -> model
= Use Case = Model -> code
= Communication = Logical -> physical
= Sequence = code -> model
= Interaction = code generation
= Activity
=  State Lifecycle support
=  Timing = SDLC Support
= Agile
Other Models = RAD
= BPMN = |terative development
BPEL
ER Models Technology support

Informal diagrams
Dataflow diagrams
Structure charts
Architecture

Logical model
Physical model
Business logic/rules
Interface diagram

General model properties

Model differencing and merging
Model import and export

Model consistency/integrity/testable

Model navigation/browse
Traceability

Storage

Model/code synchronisation
Executable models

= List of technologies

= Component based development
= Pattern based development

= Template based development

Database Supported
= List of databases

-22-
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Tool features OMG’s Tool Taxonomy
= Scalable = Modelling
= Multi-user = Analysis
= Document generation = Transformation
= Change management = Composition
= Regenerate code =  Test
= User interface = Simulation
= Round-trip-engineering = Metadata Management
= Status of the tool = Reverse Engineering
=  Status of the company = Requirements
= Version Control

Table 2: Summary of MDA Tool requirements

2.3 Review of Existing MDA Tools

The review has taken the form of exploring the datahe OMG website and of investigating the conmgn
websites and their publicity material for the MDdots. Therefore this review cannot claim to be ewstiae or
wholly objective; it is just an overview of the i@us ‘publicised’ capacities of the tools based tbe

companies’ opinions. This will generate a referepoit as to what companies’ think are the impdramd

‘sellable’ components of an MDA tool and thereftvelp to gauge the perceived significant componehtn

MDA tool. It should also show areas of weaknesat i areas that have been largely ignored by abé
vendors and thus potential areas for development.

The OMG webpage containing the list of tools [38H&all the companies listed web sites (see Tableed®
accessed over a several months up to January Z0@857 Committed Companies and Their Produtitged
have been reviewed and compared iteratively ag#iessummary of requirements listed above. In ottends,
one has informed the other and vice-versa. Listimgve been removed where there is no MDA tool ldped
by the company, or the company appears to haveeddazding or there is too little information tooperly
assess the tools functionality, so only 46 toofsaia to be reviewed.

This is a review more of the data sheets and thHe sites than it is of the tools themselves consettyué will
reflect the features mentioned and the languageal Ume the respective companies not necessarily
functionality of the MDA tool itself.
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2.3.1 Listing from the OMG Web Site

Tool Company url
1 Adaptations [39] Adaptive Inc http://www.adaptive.com
2 Ameos [40] Aonix http://www.aonix.com
3 Real Time Studio [41] ARTISAN http://www.artisansw.com
4-b+m-ArchitectreMate——————————— hitp:/www2.architectureware.de/
5 smartGenerator [42] BITPlan http://www.bitplan.com
6 Together 2006 [15] Borland http://www.borland.com
7 Caboom [43] Calkey Technologies http://www.cglkem/caboom.htm
8 SlIMplicity [44] Calytrix http://www.calytrix.com
9 Codagen Architect [13] Codagen Technologies .Mttprw. manyeta.com
10 Codeless [17] Codeless Technology http:www. esdecom
1 NeTFegb—————— Consortium-for Business-Object Promeotion
12 REP ++ Studio [45] Consyst http://www.sgst-sgl.com/a/WWW/Accueil/Accueil.html
13 Optimald [11] Compuware http://www.compuware.com
14 Component-X [46] Data Access Technologies - 8l@tiven http://www.enterprise-component.com
Solutions
15-Ne-Toe6 j : : -
16 CodeGenie [47] Domain Solutions http://www.oeaerator.com/codegenie.htm or
http://www.domsols.com
17 Constructor/MDRAD [48] Dot Net Builders httputhw.dotnetbuilders.com
19 Bridge [49] E2E http://www.e2ebridge.com
20 e-GEN [50] Gentastic http://www.gentastic.com/e_GEN/e_GenApproach.html

Project supported by the European Commission withirSixth Framework Programme
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Tool Company

24 Rational Software Architect [6] IBM

25 Medini product family(was m2c) [51] IKV++
26 Rhapsody [52]
27 iQgen [53] innoQ
28 ArcStyler [8]

29 Kabira Transaction Platform and
Kabira Accelerator [54]

30 CASSANDRA/XUML [12]
31 iUML [55]
31 iCCG [56]
32 Xcoder [57] LIANTIS

Telelogic (was I-Logix)

Interactive Objects Software
Kabira Techgs, Inc

KnowGravity
Kennedy Carter Ltd
Kennedy Carter Ltd

http://www-306.ibm.com/software/awdtools/architeatarchitect/

http://www.ikv.de/
http://deding.telelogic.com/
http://www.innog.com/iqgen/

http://www.kabira.com/

http://www.knogravity.com/eng/index.htm

http://www.kc.com/
http://www.kc.com/
http://www.liantis.com/

35 BridgePoint/xtUML or EDGE UML Mentor Graphics

Suite [58]
36 MetaMatrix Data Services Platform [59] JBose{dMatrix Commitment) bought April
2007
37 modelscope [16] Metamaxim

38 Model-In-Action [9]
39 Innovator [60] MID
40
41 BoldExpress Studio [4]

43
44 FrontierSuite [62]
45 PowerRAD [63]

Mia-Software

Neosight Technologies
42 Blu Age [61] Netfective

ObjectFrontier
Outline Systems Inc.

http://www.mentor.com/

http://www.realhcom/metamatrix/

http://www.metamaxim.com/
http://www.misoftware.com
http://www.mid.de/

tp:Hivww.neosight.com./
http://www.bluage.com/

http://wwwijebtfrontier.com/
http://wwutlnesys.com/

© Copyright by VIDE Consortium
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Tool Company url
46 PathMATE [3] Pathfinder Solutions http://wwwtpfindermda.com/
47 Agora Plastic 2005 [64] Plastic Software htgpw/w . plasticsoftware.com/
48 Framework [65] realMethods http://www.realmethods.com/index.html
49 Select Component Factory or Select Selectriggsi Solutions http://www.selectbs.com/
Solution for MDA [7]
50 MetaBoss [66] Softaris Pty. Ltd. www.metabossic
51 Generative Model Transformer SoftMetaWare :Htpvw. softmetaware.com/
project [5]
52 Objecteering [2] Softeam http://www.objecteering.com/
53 OlivaNova Model Execution Sys [67] CARE Teclomés S.A. / SOSY Inc's http://www.sosyinc.com
54 Enterprise Architect [68] Sparx Systems hitypav. sparxsystems.com
55 MasterCraft [69] Tata Consultancy Services :Htpvw.tatamastercraft.com/index.htm /
http://www.tata.com/index.htm
56 TAU Generation2 [14] Telelogic http://www.telelogic.com/
57 ACE [70] TechOne http://www.techone.com/

Table 3: Summary of MDA committed tools
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2.3.2 Review Results

2.3.2.1 Models

MDA Specific Models

Meta-models
XUML

N ciM

Adaptations
Ameos v

Real Time Studio
smartGenerator
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© (00 |N |0 |01 W ([N |-

[E=Y
o

Codeless
REP ++ Studio v
OptimalJ
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CodeGenie v
Constructor/MDRAD
Bridge

e-GEN v v | v
Rational Software Architect
Medini product family(was m2c) v
Rhapsody v
iQgen v v | v
ArcStyler

Kabira Transaction Platform and
CASSANDRA/XUML v |V
iUML v v |V
iCCG
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45 | PowerRAD v v v 4
46 | PathMATE v v | v |V 4
47 | Agora Plastic 2005 v v | v |V 4
48 | Framework v | v |V 3
49 | Select Component Factory or Select v | v |V 4
50 | MetaBoss v v 2
51 | Generative Model Transformer v |V 2
52 | Objecteering v 1
53| OlivaNova Model Execution System v 1
54 | Enterprise Architect v | v |V 3
55| MasterCraft v v 2
56 | TAU Generation2 v 1
57 | ACE v |V 2
47 12| 3| 27| 23 41 5

Table 4: MDA specific models

As can be seen in Table 4 one of the most inteigsif these results is the very low number of tabkst
mention a CIM model, this reflects the problem bwaith the modelling and the transformation of CIMRIM
models, such that most tools avoid the concepgelter. Another interesting result is that very fewls use
meta-models. These are seen by MDA as the foundafidransformations and of interoperability. Algery
few tools use executable UML.

Pre-CIM Users:All

MUST

GUIREQID 1

Development of an informal Pre-CIM model should be supported

Related requirement IDs: 1, 2, 3, 16, 17, 18, 19, 20, 21 ,22, 23, 24, 25276 28, 35, 60, 64, 69

CIM

Users:All

MUST

GUIREQID 2

Development of a CIM model should be supported

Related requirement IDs: 1, 2, 3, 16, 17, 18, 19, 20, 21 ,22, 23, 24, 25246 28, 35, 60, 64, 69

PIM

Users:All

MUST

GUIREQID 3

Development of a PIM model should be supported

Related requirement IDs: 1, 2, 3, 16, 17, 18, 19, 20, 21 ,22, 23, 24, 25246 28, 35, 60, 64, 69

© Copyright by VIDE Consortium
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UML Models

Class
Object
Composite
Package
Component
Deployment
Use Case
Communication
Sequence

I nteraction
Activity
State
Timing

Adaptations

Ameos

Real Time Studio

smartGenerator

Together 2006

Caboom

SIMplicity

OO (N[O (OT|W(N |-

\
\
\
AN
\

Codagen Architect

(SN
o

Codeless

=
N

REP ++ Studio

13| OptimalJd

14 | Component-X

16 | CodeGenie

17 | Constructor/MDRAD

19 | Bridge

ANRNENANANANANANEANENANANANENENENTIVIE
\
AN
\

AN
AN
RINWw(R|R[Rwo M|k |k (|N[F |-

20 | e-GEN

Rational Software
24 | Architect

AN
\
\
\
\
<\
\
~

Medini product
25 | family(was m2c)

26 | Rhapsody

27 | iQgen

ANIENIENIAN
AN
\
\
Wik |h|k

28 | ArcStyler

Kabira Transactiory
29 | Platform and

30 | CASSANDRA/XUML

31| iUML

31| iCCG

ANENIENENIEN
A RS

32 | Xcoder

BridgePoint/xtUML  or
35 | EDGE UML Suite

AN
AN
AN
<
<
a1

MetaMatrix Data
36 | Services Platform

37 | modelscope

<
O (N[

38 | Model-In-Action

AN
[
o

39 | Innovator

41 | BoldExpress Studio

42 | Blu Age

44 | FrontierSuite

45| PowerRAD

46 | PathMATE

47 | Agora Plastic 2005

ANRANANANANANEANANENENEN

AN
NI R

48 | Framework

Select Component
49 | Factory

<
<
<
<
<
<
<
<
<
<

10

AN
<
N

50 | MetaBoss
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Generative Mode
51 | Transformer 0
52 | Objecteering v v 4 3

OlivaNova Model
53 | Execution System v | v |V 3
54 | Enterprise Architect v |V |V |V |V |V |V |V v v | v 11
55| MasterCraft v 1
56 | TAU Generation2 4 1
57 | ACE 4 1

46 | 14 | 10 5 3 5 6| 11 0] 11 1) 11| 13 0

Table 5: UML Models

All tools use some UML models as can be seen irleTabhowever, the ‘Generative Model Transformexsh
very little information available and it is not aleif the tool has actually been developed yet. Stonls do state
that all UML models are supported; Enterprise Aietti Select and Innovator cite the most comprahenist.
Class and State diagrams are the most often meutimodels used in the tools.

Any MDA tool should support UML, this is the fourtdm of the OMG’s MDA Standards and it would be
expected that an MDA tool was UML based. Whethéoa supported all 13 of the UML models and also if
UML is the only notation used is a different matt€tass diagrams are the most popular and typita#dymost
often used by developers.

CIM |PIM |PSM UsersAll MUST
GUIREQID 4 UML must be supported.
Related requirement IDs: 4, 5, 11
CIM |PIM |PSM UsersAll MUST
GUIREQID 5 Class Diagram modelling, creation, amendment and deletion.
Related requirement IDs: 4, 5, 11
Other Models
[72) v) 8
I8 |8|8|5|Ff
z 1 2 £ u_? 2 = 8 2 c ke
= | o 5 S| & S| 5| 5|2 |3| &
Y= S - >S5 -
o | o | w | S|l | S ]|&E|al|E
1 | Adaptations 0
2 | Ameos 0
3 | Real Time Studio v 1
5 | smartGenerator 0
6 | Together 2006 v | v v | v 4
7 | Caboom v 1
8 | SIMplicity 0
9 | Codagen Architect 0
10 | Codeless 0
12 | REP ++ Studio 0
13 | OptimalJ v 1
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14

Component-X

16

CodeGenie

17

Constructor/MDRAD

19

Bridge

20

e-GEN

OO |O|F

24

Rational Software

Architect

N

25

Medini product
family(was m2c)

26

Rhapsody

27

iQgen

28

ArcStyler

R |O[|O|O

29

Kabira  Transactior]
Platform and

30

CASSANDRA/XUML

31

iUML

31

iCCG

32

Xcoder

o|jo|Oo|O0|O

35

BridgePoint/xtUML
or EDGE UML Suite

=

36

MetaMatrix Data
Services Platform

37

modelscope

38

Model-In-Action

39

Innovator

41

BoldExpress Studio

42

Blu Age

44

FrontierSuite

45

PowerRAD

46

PathMATE

47

Agora Plastic 2005

48

Framework

OOk (kOO |O|FL|O

49

Select Componen
Factory

t

=

50

MetaBoss

51

Generative Mode
Transformer

o

52

Objecteering

[

53

OlivaNova Model
Execution System

54

Enterprise Architect

55

MasterCraft

56

TAU Generation2

57

ACE

olo|r|k|k

4 2 1 1

1

Table 6: Other models

Some tools do support other models although trereiclear trend as can be seen in Table 6. Basindes
and logic, although how expressed is not alwayarckre the most cited ‘other model’ supportedHeytools.
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General Model Properties

Model consistency/integrity/testable

Model differencing

Model merging

Model Navigation/traversable
Traceability

M odel/code synchronisation
Executable models

< |Model import and export

Adaptations
Ameos

Real Time Studio
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Together 2006 v |V
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iQgen v |V
ArcStyler v |V | vV |V
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CASSANDRA/xUML v | v |V
iUML v | v
iCCG
Xcoder v
BridgePoint/xtUML or EDGE UML Suite v
MetaMatrix Data Services Platform 4 4
modelscope v v
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49 | Select Component Factory or Select v v 2
50 | MetaBoss v v 2
51 | Generative Model Transformer 0
52 | Objecteering v |V v [V |V |V |V 7
53 | OlivaNova Model Execution System 0
54 | Enterprise Architect v v | v | v |V v 6
55 | MasterCraft v |V 2
56 | TAU Generation2 v |V |V 3
57 | ACE 0
3| 4| 19| 21 12 9 1 6

Table 7: General model properties

During the review carried out in Table 7 very fewogucts mention tool differencing or merging altbbu
clearly a useful feature. Model import and expsrbbviously important, for tools to be fully usethkey should
allow at least models to be exported so that theaisocan be used in other tools and thus usensocaréed into

the product. Many tools support model import sattbther modelling software (such as Rational Rose,
Together, ARIS etc) can be used and the modelsithparted. This reflects the concept of tool chagnthat
many MDA products aim at, not necessarily to offer full functionality of an MDA tool, but of a siéean of it.

Not quite half the tools mention model consistenicyegrity or testing, this is surprisingly low @m the
importance MDA places upon the modelling proce#scould be that the literature does necessarilyeco
enough detail to discuss this type of functionalitpwever this has to be a critical feature folMiDA tool to
support the MDA process.

It is also surprising how few tools mention tradégbof models, that is the ability to trace idetigsough the
multiple abstractions (CIM, PIM, PSM, Code). Rethto this is the idea of model/code synchronisatitearly

if changes are made to the PIM or to the code,etl@gmnges should be propagated through the multiple
abstractions to maintain consistency. Also how feention any kind of model storage, although agaamy
more of the tools must be storing the modelsjitss not clear from the documentation.

CIM |PIM |PSM UsersAll MUST

GUIREQID 6 Import and export of models.

Related requirement IDs: 6, 68, 84

CIM |PIM |PSM UsersAll MUST

GUIREQID 7 Model integrity, verification, testing.

Related requirement IDs: 7, 52, 53, 54, 55, 56

CIM |PIM |PSM UsersAll MUST

GUIREQID 8 Traceability of requirements through multiple abstractions.

Related requirement IDs: 8, 9, 10, 15, 34a, 49, 50, 51, 58, 67, 72, 7379480, 81, 83
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CIM |PIM |PSM UsersAll MUST

GUIREQID 9 Propagation of changes to all levels of abstraction

Related requirement IDs: 8, 9, 10, 15, 34a, 49, 50, 51, 58, 67, 72, 7379480, 81, 83

CIM |PIM |PSM UsersAll MUST

GUIREQID 10 Model repository.

Related requirement IDs: 8, 9, 10, 15, 34a, 49, 50, 51, 58, 67, 72, 7379480, 81, 83

2.3.2.2 Standards
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BridgePoint/xtUML  or EDGE
35| UML Suite v | v v | v 4

MetaMatrix Data Services
36 | Platform v v |V |V v |5
37 | modelscope v 1
38 | Model-In-Action v v | v |V v |5
39 | Innovator v | v | v | v |V |V v |7
41 | BoldExpress Studio v v v 3
42 | Blu Age v v | v v v 5
44 | FrontierSuite v v 2
45 | PowerRAD v v v 3
46 | PathMATE v | v v v | v |5
47 | Agora Plastic 2005 v v v v |v |5
48 | Framework v v 2
49 | Select Component Factory v 1
50 | MetaBoss v 1
51 | Generative Model Transformer | v/ v | v |3
52 | Objecteering v | v |V v 4

OlivaNova Model Execution
53 | System v v 2
54 | Enterprise Architect v |V |V v v 5
55 | MasterCraft v v 2
56 | TAU Generation2 v |V v 3
57| ACE v v v 3
47| 13| 19 12 21 5 4 2 B 2 23 11

Table 8: MDA standards

All tools’ documentation mentions the UML standdette Table 8), which is to be expected, given that
modelling support is in all cases UML. Some memtidML 2 (both 2.0 and 2.1) and many rely on UML
Profiles to tailor and annotate the models. TheRvandard is only mentioned in 12 of the toolss thatches
with the few (7) tools that mention the repositgiven that the two are closely linked. XMl is mav&espread
(25), often because tools are importing models fatihrer modelling software and XMl is the standaod f
exchanging such UML models and it correspondsealthtools that caimport models. The other standards of
CWM, OCL, QVT, xUML, ASL are not well supported.h& most notable of this list is CWM, which is sitsl
the other core MDA standard for data warehouse ftindeis hardly supported at all.

The MDA and OMG standards were added simply to @& many tools claimed to support the ‘MDA
standard’ or the ‘OMG standard’ and it was intanggtto note that not all tools claimed to. Virtiyahll
documentation mentioned MDA (but they would as mahthe data sheets were prepared for the OMG MDA
page), but not necessarily making the claim to mgehe ‘standard’.

CIM Users:All MUST

GUIREQ ID 11 . .
© An open and interoperable platform that meets asymtandards as possible

Related requirement IDs: 11

-35-
© Copyright by VIDE Consortium



FP6-1ST-2005-033606, Visualize all moDel drivElngramming

Version 3

Work Package 5

Other Standards

SYSML

JMI

Adaptations

\ [EDOC

<\ |RAS

Ameos

Real Time Studio

AN

smartGenerator

Together 2006

Caboom

SIMplicity

© (00 |N |0 |01 W ([N |-

Codagen Architect

[E=Y
o

Codeless

=
N

REP ++ Studio

[E=Y
w

OptimalJ

[EEN
i

Component-X

[E=Y
»

CodeGenie

[N
~

Constructor/MDRAD

=
©

Bridge

N
o

e-GEN

N
N

Rational Software Architect

N
ol

Medini product family(was m2c)

N
(o2}

Rhapsody

N
~

iQgen

N
(o]

ArcStyler

N
©

Kabira Transaction Platform and

w
o

CASSANDRA/XUML

w
=

iUML

w
i

iCCG

w
N

Xcoder

o |O0O|0O|0 |0k |O|Fk |O|Fk |O|0 0|0 |Fk |O|0O|0O |0 |0 |0 |0 |0 |k O

35

BridgePoint/xtUML or EDGE UML
Suite

36

MetaMatrix Data Services Platform

37

modelscope

38

Model-In-Action

39

Innovator

41

BoldExpress Studio

42

Blu Age

44

FrontierSuite

45

PowerRAD

46

PathMATE

47

Agora Plastic 2005

48

Framework

o |O |0 |0 |0 |0 |0 |0 |0 |0 |0 |o
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49

Select Component Factory or Select

50

MetaBoss

51

Generative Model Transformer

52

Objecteering

53

OlivaNova Model Execution System

54

Enterprise Architect

55

MasterCraft

56

TAU Generation2

57

ACE

O O |0 |0 |0 |0 O |o |Oo

2

Other standards were mentioned in tools, but there none of any significance (see Table 9).

Table 9ti@r standards

2.3.2.3 Transformations

MDA Transformations

CIM ->PIM

PIM -> PSM

PSM -> Code

Adaptations

Ameos

Real Time Studio

AN

smartGenerator

Together 2006

Caboom

SIMplicity

OO (N |W[(N |-

Codagen Architect

ANRSAYAYAN

[N
o

Codeless

=
N

REP ++ Studio

13

OptimalJ

14

Component-X

16

CodeGenie

17

Constructor/MDRAD

19

Bridge

20

e-GEN

24

Rational Software Architect

25

Medini product family(was m2c)

26

Rhapsody

27

iQgen

28

ArcStyler

29

Kabira Transaction Platform and

30

CASSANDRA/XUML

31

iUML

31

iCCG

32

Xcoder

OFRPOCOOCOIOO|I0|0O|OIN|O|IN|O|O|IN|OCO|(F(FP(F(F|F|F|O|O
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BridgePoint/xtUML or EDGE UML

35 | Suite v | v |2
36 | MetaMatrix Data Services Platform 0
37 | modelscope 0
38 | Model-In-Action 0
39 | Innovator 0
41 | BoldExpress Studio 0
42 | Blu Age 0
44 | FrontierSuite 0
45 | PowerRAD 0
46 | PathMATE v | v |2
47 | Agora Plastic 2005 v | v |2
48 | Framework v | v |2
49 | Select Component Factory v | v |V |3
50 | MetaBoss 0
51 | Generative Model Transformer 0
52 | Objecteering 0
53| OlivaNova Model Execution System 0
54 | Enterprise Architect v | v |2
55 | MasterCraft v 1
56 | TAU Generation2 0
57 | ACE v | v |2
1] 17] 11

Table 10: MDA Tramsrmations

Table 10 shows ttla¢ number of tools that stated they had CIMs, #ibhd PSMs
transformation was quite low in number. Howeveisiinteresting to note that of the 3 tools tregtarted the
use of a CIM model only 1 tool explicitly mentiotige transformation of CIM to PIM. 27 tools statedy used
PIMs, however only 17 transform these PIMs to P%Md 23 tools mention PSM, but only 11 transform BSM
to code. Clearly there is not a one to one ratatiip of using a model and transforming the modehé next
level of abstraction. Although as stated previguhis could be a restriction of the data sheets wab site
information more than of the tool itself.

Of those tools that do perform MDA transformati@nkigh number also support meta-modelling, howévere
are some tools that apparently transform PIMs tel$8&nd PSMs to code without the support of metagtsod

Other Transformations

Model -> model

Model -> code

Logical -> physical

code -> model

code generation

Adaptations

Ameos

\

Real Time Studio

\

smartGenerator

Together 2006

AN

Caboom

SIMplicity

OO N |W(N |-

Codagen Architect v

(=Y
o

Codeless

=
N

REP ++ Studio

O|IOIN|O|FR|Fk|O|F(|(Fk|O
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13| OptimalJd 0
14 | Component-X 0
16 | CodeGenie v 2
17 | Constructor/MDRAD 0
19 | Bridge v 1
20 | e-GEN 0
24 | Rational Software Architect v 3
25 | Medini product family(was m2c) v |V 3
26 | Rhapsody v 1
27 | iQgen v 1
28 | ArcStyler v |V 2
29 | Kabira Transaction Platform and v 1
30 | CASSANDRA/XUML 0
31| iUML 0
31| iCCG 0
32 | Xcoder v 1
BridgePoint/xtUML  or EDGE UML

35 | Suite v 1
36 | MetaMatrix Data Services Platform v 1
37 | modelscope v 1
38 | Model-In-Action v | v 3
39 | Innovator 4 1
41 | BoldExpress Studio v 1
42 | Blu Age v 1
44 | FrontierSuite v | v 2
45 | PowerRAD v 1
46 | PathMATE v 1
47 | Agora Plastic 2005 1
48 | Framework 0
49 | Select Component Factory or Select 0
50 | MetaBoss v 1
51 | Generative Model Transformer 0
52 | Objecteering v |V 2
53| OlivaNova Model Execution System v 1
54 | Enterprise Architect 0
55 | MasterCraft v 1
56 | TAU Generation2 4 1
57 | ACE 0
47 7| 26

Table 11: Gghtransformations

Of course it could be a matter of how companiesntege transformations, i.e. not using the phrgadtsM to
code’ but a more generic ‘model to code’ transfdioma Many tools are reported as doing model tibeco
transformations, in some there are duplicatioms {@ols mention both PSM to code and model to ;ode
however many state either one or the other, thust tools do claim to generate code from modelghaigh
some make a feature of not generating code e.gel@sd whicltUnlike the others, it chooses not to generate
code at all."[17]

What is still surprisingly low is the model to médensformations. Only 7 tools claim to do thig,itis not
clear how each level of abstraction is realiseétiéfe is no model transformation, i.e. how do yetifgppm CIM
to PIM or from PIM to PSM?

Pre-CIM |CIM | UsersAll

MUST
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GUIREQID 12 Transformation of the Pre-CIM to CIM model

Related requirement IDs: 12, 12a, 25

CIM |PIM | UsersAll MUST

GUIREQID 12a Transformation of the CIM to PIM model

Related requirement IDs: 12, 12a, 25

2.3.2.4 Methodology

Methodology Support

| terative devel opment

SDLC Support

Agile

Adaptations

Ameos

Real Time Studio

smartGenerator

Together 2006

Caboom

SIMplicity

O |0 |N |0 |01 W ([N |-

Codagen Architect

(=Y
o

Codeless

=
N

REP ++ Studio

[N
w

OptimalJ v

H
I

Component-X

[N
(o2}

CodeGenie

[N
~

Constructor/MDRAD v

=
©

Bridge

N
o
<

e-GEN

N
&

Rational Software Architect v

N
(2}

Medini product family(was m2c)

N
»

Rhapsody v | v

N
~

iQgen

N
(o]

ArcStyler

N
©

Kabira Transaction Platform and

w
o

CASSANDRA/XUML v

Ok |O|OON|O|FP |k |O|Fk |O|0O|kr|O|O|O|O|O|O|O|O|O|O

w
iy

iUML
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31| iCCG 0
32 | Xcoder 0
BridgePoint/xtUML or EDGE UML

35 | Suite 0
36 | MetaMatrix Data Services Platform 0
37 | modelscope v 1
38 | Model-In-Action v 1
39 | Innovator 0
41 | BoldExpress Studio 0
42 | Blu Age 0
44 | FrontierSuite v 1
45 | PowerRAD v |V 2
46 | PathMATE 0
47 | Agora Plastic 2005 0
48 | Framework 0
49 | Select Component Factory or Select 0
50 | MetaBoss v 1
51 | Generative Model Transformer 0
52 | Objecteering v 1
53| OlivaNova Model Execution System 0
54 | Enterprise Architect v 1
55 | MasterCraft v 1
56 | TAU Generation2 v 1
57| ACE 0
47 11 5 1

Table 12: Methodologygport

As can be seen in Table 12 the majority of tools'dmention methodology support or process supabeatl.
The most mentioned, at only 11, is the general SBugport, and most tools that do mention it are not
suggesting a process to be followed, just thatdbkcovers a range of steps in the developmerdgz® This is
to be expected the MDA approach does not speaifigtiod and users are left to follow their own clmose
process. Whether tools expect, suggest or workviigs a specific methodology is not clear from the
documentation and beyond the scope of this paper.

2.3.2.5 Technology

Technology — programming (Part 1)
S| x
S5
2 =2y
3 g % & ﬂ>3 o
oy T I il
O B'S lp o g <
s S % b % o _;U
O | |
w 2 QB B @) % 0| & 8| &
U826 |2EER|B],|£]2]|8|2|5]3
Sl lWw|H|s|lsbhapb|nlOlO[5S |00 |uw <
1 | Adaptations v v v v
2 | Ameos v v v | v v
3 | Real Time Studio | v v |V v
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smartGenerator

Together 2006

Caboom

SIMplicity

|0 [([N|o (O,

Codagen Architect

ANAYAYAYAN

AN

10

Codeless

12

REP ++ Studio

13

OptimalJ

14

Component-X

AN

16

CodeGenie

NANANEN

17

Constructor/MDR
AD

19

Bridge

20

e-GEN

24

Rational Softwareg
Architect

25

Medini product
family(was m2c)

26

Rhapsody

27

iQgen

28

ArcStyler

29

Kabira Transaction
Platform and

30

CASSANDRA/xU
ML

31

iCCG/iUML

32

Xcoder

35

BridgePoint/xtUM
L or EDGE UML
Suite

36

MetaMatrix Data
Services Platform

37

modelscope

38

Model-In-Action

39

Innovator

41

BoldExpress
Studio

42

Blu Age

44

FrontierSuite

45

PowerRAD

46

PathMATE

47

Agora Plastic 2005

48

Framework

49

Select Componen
Factory or Select

t

50

MetaBoss

51

Generative Mode
Transformer

52

Objecteering

53

OlivaNova Model
Execution System

54

Enterprise
Architect

55

MasterCraft

AN

56

TAU Generation2
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57| ACE v | v v
28| 21| 16/ 6 9

10| 20| 100 4 2 1 4

N
N
=
o
N

Technology — programming (Part 2)

g g g

1 =}

TN EHEIEE

2|52 1=|T|8/5/=x1818
1 | Adaptations v v 6
2 | Ameos v 6
3 | Real Time Studio v 5
5 | smartGenerator v v 9
6 | Together 2006 v 3
7 | Caboom v | v |V v |V |V 12
8 | SIMplicity 2
9 | Codagen Architect v |V 11
10 | Codeless v 1
12 | REP ++ Studio v | v |V v 9
13 | OptimalJ 3
14 | Component-X v v v | v 7
16 | CodeGenie 3
17 | Constructor/MDRAD 4 3
19 | Bridge v 2
20 | e-GEN v v 3
24 | Rational Software Architect v v 8
25 | Medini product family(was m2c) 2
26 | Rhapsody 4
27 | iQgen v |V v 9
28 | ArcStyler v | v v 6
29 | Kabira Transaction Platform and | v/ 2
30 | CASSANDRA/XUML v 1
31| iCCG/iUML v v 3
32| Xcoder v |V 6

BridgePoint/xtUML or EDGE

35| UML Suite 2
36 | MetaMatrix Data Services Platform v v v 5
37 | modelscope 0
38 | Model-In-Action v |V |V |V v 4 14
39 | Innovator 4
41 | BoldExpress Studio v | v |V v 5
42 | Blu Age v 2
44 | FrontierSuite 4
45 | PowerRAD v 2
46 | PathMATE 3
47 | Agora Plastic 2005 v |V 5
48 | Framework 2
49 | Select Component Factory or Select | v/ v v 6
50 | MetaBoss 0
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51 | Generative Model Transformer 0
52 | Objecteering v 4
OlivaNova Model Execution

53| System v v v 7
54| Enterprise Architect v v |V 7
55| MasterCraft 4
56 | TAU Generation2 3
57 | ACE v v 5
46 20| 13 3 2 8 K 4 1 13 1 1

Table 13: Technology (programming)

The most supported technology is Java, which iredual range of features such as J2EE which is tis¢ often
used platform, which includes EJB and others. .N&W C++ are the second most often mentioned
technologies. The results in Table 13 conform éoegal industry trends about the popularity andyesaf
languages and platforms so it is not surprisingehiechnologies are popular with the MDA tools.

What is interesting is the relatively high numbétamls that support very few languages (3 or lesSjven that
one of the most often cited advantages of MDA & tfou can build the models and then transform them
multiple languages, this low number constrains dlsigantage.

Technology - general

State Machine generation
Component based development

ViainTrame
Palim OS5

template based code generation
CTNUX

Data ACCess UDbjects (DAU)
Pattern-based code generation

IADOTADO+
MVC

CORBA
JDOSS
Eclipse
Hibernate
SQL-DDL
VVINAOWS
WIN32Z
VXVVOTKS
COMF

Spring

Adaptations
Ameos

Real Time Studio
smartGenerator
Together 2006 v
Caboom 4
SIMplicity
Codagen Architect
Codeless

REP ++ Studio 4 4
13 | OptimalJ v v v
14 | Component-X v
16 | CodeGenie V| v
17 | Constructor/MDRAD
19 | Bridge

20| e-GEN v v
Rational Softwareg
24 | Architect 4 v

Medini product
25 | family(was m2c) v v

26 | Rhapsody
27 | iQgen v v v 3

<
AN

\
AN
\
AN
\

\
S
AN
\
\

©olo|Njo|uglw|N|k
SIS
AN

(=Y
o

=
N

<
wooN|R|wN|O|w|~|lw|w|ua|u|Nn|o

N

N

<
AN
AN
w
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28

ArcStyler

N

29

Kabira
Platform and

Transaction

30

CASSANDRA/XUML

31

iUML/ICCG

32

Xcoder

NINO|O

35

BridgePoint/xtUML
EDGE UML Suite

or

N

36

MetaMatrix
Services Platform

Data

37

modelscope

38

Model-In-Action

39

Innovator

41

BoldExpress Studio

42

Blu Age

44

FrontierSuite

45

PowerRAD

46

PathMATE

47

Agora Plastic 2005

48

Framework

AP OINFPO|W|M|O|F

49

Select Componen
Factory or Select

it

=

50

MetaBoss

[

51

Generative Mode

Transformer

o

52

Objecteering

AN
N

53

OlivaNova Model

Execution System

54

Enterprise Architect

55

MasterCraft

56

TAU Generation2

v

57

ACE

v

v

v

AN
AN (R (g|N

14| 31 10| 12|61

2

2

21

12

Table 14: Technology general

CORBA is the most often quoted middleware standid,is not surprising as it is also an OMG staddaee
Table 14. Also the use of patterns and templatesdde development are often used in MDA toolsictvh
reflects the second and third levels of transfoiomatas discussed earlier.

Coding functionality

>

]

8

|

@ s |2 é o

o o]

8 s | B| 8| 5|8

22| 8|25 |25

S| 888|322

o | o | o |w|lw|T|8

218|888 |8|&|3

o &) &) &) o = 04
1 | Adaptations 0
2 | Ameos 0
3 | Real Time Studio 0
5 | smartGenerator 0
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Together 2006

Caboom

SIMplicity

O |0 [(N|O®

Codagen Architect

10

Codeless

12

REP ++ Studio

13

OptimalJ

14

Component-X

16

CodeGenie

17

Constructor/MDRAD

19

Bridge

20

e-GEN

24

Rational Software Architect

25

Medini product family(was m2c)

26

Rhapsody

27

iQgen

28

ArcStyler

29

Kabira Transaction Platform and

30

CASSANDRA/XUML

31

iUML/ICCG

32

Xcoder

35

BridgePoint/xtUML or EDGE UML Suite

36

MetaMatrix Data Services Platform

37

modelscope

38

Model-In-Action

39

Innovator

41

BoldExpress Studio

42

Blu Age

44

FrontierSuite

45

PowerRAD

46

PathMATE

47

Agora Plastic 2005

AN

48

Framework

49

Select Component Factory or Select

50

MetaBoss

51

Generative Model Transformer

52

Objecteering

53

OlivaNova Model Execution System

54

Enterprise Architect

55

MasterCraft

56

TAU Generation2

57

ACE

O OINIFPIOIFRIOINIPINIPIWOINOIO|IOIN|IO|FPF|IP|IO|IRIOICO(FRPICIC|IFRPIFPIW|IFPIOIFRP|IO|IFR|IFP|IOFLPINO|O

3

7

1

5

10

Table 15: Coding functionality

Of the code features there is little functionalityentioned ( see Table 15), possibly because thisoidow a
level for many of tool descriptions to considert biso because the main focus of MDA is on the riimge

aspects. The most often cited coding featureéuisable component library.
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2.3.2.6 Database Supported

Database Technology

JDBC compliant RDBMS
Object-Based database
Object-relational mapping

MS SQL Server
MySQL

MS Access

I nformix
Cloudscape
PointBase

Oracle
DB2
Sybase

Adaptations
Ameos

Real Time Studio
smartGenerator
Together 2006 v
Caboom v | v | v |V v
SIMplicity
Codagen Architect
Codeless

REP ++ Studio v
13| OptimalJd

14| Component-X
16 | CodeGenie v | v 4
17 | Constructor/MDRAD v
19 | Bridge
20| e-GEN
24 | Rational Software Architect 4

Medini  product family(wasg
25 | m2c)

26 | Rhapsody
27 | iQgen
28 | ArcStyler v |V

Kabira Transaction Platform
29 | and

30 | CASSANDRA/XUML
31 | iIUML/ICCG

32| Xcoder
BridgePoint/xtUML or EDGE
35| UML Suite
MetaMatrix Data  Service$
36 | Platform v [V |V |V |V

37 | modelscope
38 | Model-In-Action
39 | Innovator v | v |V v
41 | BoldExpress Studio
42 | Blu Age

44 | FrontierSuite v | v | v |V v | v |V
45 | PowerRAD

46 | PathMATE

47 | Agora Plastic 2005

AN

AN
AN
AN

OO (N |W[(N |-

[N
o

=y
N

RPOO(RPRIWO|IO|IF,|O|O|O|U1|~[O|—R|O|O

N|O[O O

o|jOo|Oo|Oo

o

OO O(NO|O|d|O|O|OI
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48 | Framework 0
Select Component Factory or

49 | Select 0

50 | MetaBoss 0

51 | Generative Model Transformer 0

52 | Objecteering 0

OlivaNova Model Executior]

53 | System v |V v 3
54 | Enterprise Architect v |V v 3
55| MasterCraft v 1
56 | TAU Generation2 0
57 | ACE v 1

9 12 7| 4 3 1 Jl 1 L L o 1

Table 16: Database support

The results in Table 16 show that database suglp&s not feature too highly in MDA tool requirenmgeand
functionality literature, again this could be towith the level of detail data sheets and web sitesk at. Most
developed applications must have some form of grsi storage, thus the majority probably use abdese.
Some tools such as MetaMatrix [59] refer to beiatptase focused ; “provides uniform access to disparate,
heterogeneous data sourcedlfierefore they cite a number of potential databas
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2.3.2.7 Tool features

OMG’s Tool Taxonomy

Reverse Engineering (Legacy)

Composition
Simulation

Analysis

N [Test

Adaptations
Ameos

Real Time Studio
smartGenerator
Together 2006
Caboom
SIMplicity
Codagen Architect
Codeless

REP ++ Studio v v
13| OptimalJd

14 | Component-X
16 | CodeGenie v v v
17 | Constructor/MDRAD v v
19 | Bridge

20| e-GEN

24 | Rational Software Architect

25| Medini product family(was m2c)
26 | Rhapsody

27 | iQgen

28 | ArcStyler

29 | Kabira Transaction Platform and
30 | CASSANDRA/XUML v | v
31 | iIUML/ICCG
32 | Xcoder
BridgePoint/xtUML  or EDGE UML
35 | Suite

36 | MetaMatrix Data Services Platform
37 | modelscope

38 | Model-In-Action

39 | Innovator

41 | BoldExpress Studio

42 | Blu Age

44 | FrontierSuite

45 | PowerRAD

46 | PathMATE

47 | Agora Plastic 2005

48 | Framework

N| X [Transformation
Requirements
N\ | X Version Control

NN Metadata Management

AN

OO N|O|W[(N |-

SIS NSNS NS Modélling

[E=Y
o

=y
N

ANIRN

ANRSAYAYSAYAYANAN
AN
AN
AN
\

AN

\
AN
AN

NIWININOIN[OO[OIN[WINWIWIWININIWIN|FL, [N W|AO

AN
AN

AN
AN
AN

ANENENEN ANANEAENANANANENAN
ANAN AN ANEANANANANENENANEN
Aalr(p|w|NvIN(o|A N W]~

1
N
©

1
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49 | Select Component Factory or Select | v/ v v 5
50 | MetaBoss v v 2
51 | Generative Model Transformer 0
52 | Objecteering v | v |V 5
53| OlivaNova Model Execution System v v 2
54 | Enterprise Architect v | v |V v 6
55| MasterCraft v v v v 4
56 | TAU Generation2 v | v v | v 6
57 | ACE v v 2
41 7| 31| 0 19 7 12 15 7 13

Unsurprisingly as can be seen in Table 20 the rtgjaf tools label themselves as having modelling

Table 17: OMG's tool taxonomy

functionality, which is not surprising given thects on UML and models in MDA. What is more suripsis
that 5 don't list modelling as part of their furariality, maybe because they take it as a givenngsson. Also
with the focus in MDA on the transformation of mtgjanany data sheets list transformations as pdheotool

functionality. The other elements of the OMG’sda@my are sometimes mentioned, but not in very high

numbers. The most interesting feature is the Caitipa element — which no tool claimed.

Other tool capabilities

Configuration Management

Deploy Applications
Document generation

Regenerate code

user interface

round-trip-engineering

Traceability

open integration

Adaptations

X\ |Software Design

<\ |Change management

Ameos

NN |Scalable

Real Time Studio

SIS S Multi-user

smartGenerator

Together 2006

Caboom

SIMplicity

© (00 |N |0 |01 [W ([N |-

Codagen Architect

(=Y
o

Codeless

=
N

REP ++ Studio

AN

[E=Y
w

OptimalJ

[EEN
i

Component-X

ANIA NI NI RN

[N
(o2}

CodeGenie

[N
~

Constructor/MDRAD

AN

=
©

Bridge

N
o

e-GEN

N
N

Rational Software Architect

A IWIN|FPOFRLPIN|AIN®WIFP|IWIFLIFPIWCIN|>

N
(2]

Medini  product
m2c)

family(wasg

AN

N
»

Rhapsody

AN
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27 | iQgen 1
28 | ArcStyler v v | v v 5
Kabira Transaction Platform
29| and v 2
30 | CASSANDRA/XUML v 1
31| iUML/ICCG 0
32 | Xcoder v 1
BridgePoint/xtUML or EDGE
35| UML Suite 0
MetaMatrix ~Data  Services
36 | Platform v 5
37 | modelscope v 2
38 | Model-In-Action v v v 5
39 | Innovator v | v v 4
41 | BoldExpress Studio v v 3
42 | Blu Age v v 3
44 | FrontierSuite v v 4
45 | PowerRAD v v 4
46 | PathMATE 0
47 | Agora Plastic 2005 v 2
48 | Framework v v 3
Select Component Factory or
49 | Select v v | v 4
50 | MetaBoss 0
51 | Generative Model Transformef 0
52 | Objecteering v | v v 6
OlivaNova Model Execution
53 | System v v 2
54 | Enterprise Architect 4 v 5
55 | MasterCraft v | v v 4
56 | TAU Generation2 v |V v v 6
57| ACE 1
4| 3| 7| 6| 17 11 b 4 9 |4

Table 18: Other tool capabilities

A number of other general tool features were exggidisee Table 18), and none of these were reporteigh
numbers. Multi-user tool support and document gggtien were the most popular at 17. Although asafa
document generation support goes it is surprisireg tmore tools do not report supporting this fegtas it

seems so essential to the design and developneregs.

CIM |PIM |PSM

Users:All

MUST

GUIREQ ID 14

Document generation

Related requirement IDs: 12, 14, 26, 27, 28, 29, 32, 33, 58, 59, 62, 63,/66,/6

Also the reported support for traceability is véw, it is difficult to see how an MDA tool can helly utilised
and support development if requirements cannotdeed both backwards and forwards through the deotl
abstraction.
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CIM |PIM |PSM UsersAll MUST

GUIREQ ID 15 Traceability of requirements through all models and levels of abstraction.

Related requirement IDs: 8, 9, 10, 15, 34a, 49, 50, 51, 58, 67, 72, 7379480, 81, 83

2.3.2.8 General Properties

General
2

slg

‘S o

g | €

o (@]

o 8 | o

3 | s

21 58|73

| S| 8| 2

2| 8|l c| s

SElalEl®
1 | Adaptations v |V 2
2 | Ameos v 1
3 | Real Time Studio v v |V 3
5 | smartGenerator 0
6 | Together 2006 v |V 2
7 | Caboom 0
8 | SIMplicity v 1
9 | Codagen Architect 0
10 | Codeless v 1
12 | REP ++ Studio v 1
13 | OptimalJ v v |V 3
14 | Component-X v |V v 3
16 | CodeGenie v | v 2
17 | Constructor/MDRAD 0
19 | Bridge v 1
20| e-GEN 0
24 | Rational Software Architect v |V 2
25 | Medini product family(was m2c) 0
26 | Rhapsody v 1
27 | iQgen v 1
28 | ArcStyler v | v |V 3
29 | Kabira Transaction Platform and 0
30 | CASSANDRA/XUML v 1
31 | iIUML/ICCG v 1
32 | Xcoder v 1
35| BridgePoint/xtUML or EDGE UML Suite v 1
36 | MetaMatrix Data Services Platform 4 1
37 | modelscope v 1
38 | Model-In-Action v 1
39 | Innovator 4 1
41 | BoldExpress Studio v 1
42 | Blu Age v 1
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44 | FrontierSuite

45 | PowerRAD v
46 | PathMATE v
47 | Agora Plastic 2005

48 | Framework v

49 | Select Component Factory or Select v |V

50 | MetaBoss

51 | Generative Model Transformer

52 | Objecteering v |V

53 | OlivaNova Model Execution System v

54 | Enterprise Architect v |V
55 | MasterCratft

56 | TAU Generation2 v

OIFR[IOINIFPINIO|IOIN|FP|O|F (kO

57| ACE

Table 19e@eral properties

From the research it is interesting to note how flemls mention legacy systems and integrating th@onew
developments in their data sheets. Many of thestbalie 30 or 15 day trial software that can be doaded and
some have online tutorials and demos .As can beiseBable 19 seventeen of the tool vendors hawgesdnd

of link with the OMG, such as they are members et be defined as contributing, domain, platfonm o
influencing. This may well have implications farse of the results found, for instance a large prign of the
tools that support a high number of MDA models,garp the highest number of UML models and the most
MDA standards are developed by OMG members.

2.4 Summary

This Chapter explored the research into MDA todlth whe aim of producing a list of features that\iDA tool
should contain. These features were then applietieddOMG listed MDA tools and the results publishéd
number of requirements were outlined for the VIDBjgct additional to those discussed in D1.
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3. Methods of Evaluation

3.1 Introduction

Evaluation is reported in [71] as being goal omehtwith the primary goal of checking results ofiats or
interventions in order to improve the quality obsle actions. Or, it could be to choose the bestraltive action,
which would be dependent on the current knowledfysceence and standards. One of the most important
aspects of the work in Work Package 5 is identgyihe requirements for the VIDE Graphical User iiatee

and evaluation of existing Graphical User Interfaaad various other modelling environments. Theteface
evaluations, in addition to those of the Work Paekgrototype will inform the requirements for the
specification of the final system. There are a nentf different views of the way to evaluate a Usgerface

and these will be explored in this chapter and ehowkewill be selected which will give the greateatue to the
package design team.

The evaluation of a software application may beussed in a number of different areas, for exampétem
performance, usability, re-use, security, perssatibn attributes, accessibility etc. However, ig®ie at the
User Interface is likely to be concerned with thaywhe user interacts with the system and the Vhiakthey
get from that interaction.

This chapter will first, in Section 3.2, summartbe evaluation standards that are available thpinige on the
general area. It will then investigate a numbereaéluation methods in Section 3.3. An evaluatiorthme
determines the frame of the evaluation by chootngniques appropriate for the life cycle and sgtthe focus
of the study and the measurement criteria. [71}e Tognitive Dimensions Framework will be explored i
Section 3.4 and finally Section 3.5 discusses éhecsion of an evaluation paradigm for the Work kzae.

3.2 Evaluation standards

Standards are concerned with prescribing the wagcéimity is done to achieve consistency acrossoag of
products [72]. There are a number of standard$imgléo the users interaction with a computer, Uggtand the
ease of use with computers, starting with 1ISO 9&H4ith is currently being updated.

3.2.1 1SO 9241

ISO 9241 was originally produced in 1999 and esditlErgonomic requirements for office work with wid
display terminals’. A number of the sections wererfd to be outdated and have been or are beinglediad to
take into account the move of technology toward wWeb and mobile services. The new standard title is
‘Ergonomics of Human System Interaction’ and a nendf the sections are being renumbered and cktiflee
original Section 11 relates to Usability and defines it

‘as the extent to which a computer system enabkss,ug a given context of use, to achieve speciieals
effectively and efficiently while promoting feebnaf satisfaction’.

ISO 9241 has had a number of criticisms levelled bhecause there are 82 pages of guidelines iunsbar of
different sections and designers need to be ahladerstand not only the goals and benefits of gaideline,
but also when the guideline should be applied.dditeon there is not always clear information omhim apply
each guideline.[73]

3.2.2 ISO/IEC 9126-1 (2000)

Other standards that have some bearing in theirmekale ISO/IEC FDIS 9126-1 entitled Software Erggiring
Product Quality. Part one defines a quality model bas a slightly different definition of usability

‘the capability of the software product to be untod, learned, used and attractive to the user,ndneed
under specified conditions’

The model reflects a quality model that defineséhviews, the internal view which is measured leystatic
properties of the code and is done by inspectitie. 8xternal view which is measured by the dynamaperties
of the code when it is executed and the third vielates to quality in use, which is measured byetktent to
which the software meets the needs of the uséreinvbrking environment (such as productivity). Qtyah use
is defined as ‘the capability of the software pretcio enable specified users to achieve specifoedisgwith
effectiveness, productivity, safety and satisfactiospecified contexts of use’.[74]

ISO 9126 states that a product has six categofigsfiwvare quality that are applicable to softwdexelopment:
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- functionality:the capability of the software to provide functiomsich meet stated and implied needs
when the software is used under specified condition

< reliability: the capability of the software to maintain its leekperformance when used under specified
conditions.

e usability:the capability of the software to be understoodried, used and liked by the user, when used
under specified conditions.

» efficiency:the capability of the software to provide the regdiperformance, relative to the amount of
resources used, under stated conditions.

e maintainability: the capability of the softwarelie modified. Modifications may include corrections,
improvements or adaptation of the software to ckang environment, and in requirements and
functional specifications.

e portability: the capability of software to be transferred frone @nvironment to another. [75]

Parts two and three provide metrics for evaluatibthese criteria.

3.2.3 ISO 14915/IEC 61997

This standard contains details of the expected \betia and appearance of multimedia user interfates.
provides guidelines for multimedia control and mgtion and media selection and combination, incigcd
section on domain specific multimedia interfaceshsas kiosk applications and computer aided coaijper
work.

3.2.4 ISO/IEC 11581

This standard contains detail relating to iconse Titst part relates to the design and developroéah icon set
and gives generic information relating to icon dasiThe subsequent five parts relate to specifiegyof icons —
object, pointer, control, tool and action.

3.2.5 ISO/IEC 10741

This standard relates to how the cursor should naavess the screen in response to the use of ccosbrmol
keys.

3.2.6 ISO/IEC 15910

This standard provides a guide to the processdweldpment of both paper and online user documentand
is particularly for software that has a user irdef, including printed documentation (e.g. user uatnand
quick-reference cards), on-line documentation, belpand on-line documentation systems.

3.2.7 ISO/IEC WD 18019 (2000)

This standard describes how to establish what imdion users need, how to determine the way in hwihat
information should be presented to the users, amdthen to prepare the information and make itlabde. It
covers both on-line and printed documentation .[74]

3.2.8 ISO 25062 or Common Industry Format (CIF)

This 1SO describes the Common Industry Format fealility Test Reports and is a standard for repgrti
Usability test findings. It is specifically targetat usability professionals and stakeholders gawnisations that
are responsible for software procurement. It iserided to show that good practice in usability eatdun has
been followed, there is sufficient information farusability expert to judge the results, the resuiy be
replicated and it assumes that effectiveness afidiesicy metrics are used as well as performancg an
satisfaction. It is based on the definitions ofhiliy found in ISO 9241:11 as detailed in 3.2.1eTGIF is
primarily designed for summative testing ratherntifarmative testing, and is thus considered usédul
comparative testing where formal usability testiegults in quantitative measurements.

3.3 Usability evaluation methods

3.3.1 Introduction

Neilsen [76] considers usability as part of systmoeptability and believes it relates to how wskng can use
the functionality or utility of a system. Systemcaptability is determined by both social and piati
acceptability. Usability however, is not a one disienal problem and is associated with five attaéu
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e Learnability — a system should be easy to learhabusers can quickly start to use it.
» Efficiency — the system should support a high lefgiroductivity
e Memorability — if a user returns to the system rafteperiod away from it, it should be intuitive and

should not have to be re-learned

e Errors — the system should be as error free asipp@ssnake it possible to recover form errors and

prevent errors from occurring.

» Satisfaction — users should find the system subpgtpleasant to use

This is illustrated in Figure 2.
Social
acceptability
Utility

System Usefulness

acceptability

Practical

acceptability c abili
ompatability

Reliability

Etc.

Easy to learn

Efficient to use
Easy to remember

Few errors

Subjectively pleasing

Figure 2: System accessibility and usability (adajd from [76] and [72] )

Ivory and Hearst [77] classify methods in termsthodir class, type, automation and effort level whére
method class describes the evaluation at a higél fiew example usability or simulation. The methiype
describes how the evaluation is carried out withia method class such as question-asking protobhmhws
part of the usability testing class, or Petri-netdelling which is part of the simulation class. Fheass and
type taxonomy is detailed in Table 20. Their survelating to the automation of usability evaluatiohuser
interfaces surveyed 132 different evaluation meshadd interested readers are referred to thek.wor

Method class Method type Description
Testing Thinking aloud protocol User provides comtaey during test
Question-asking protocol Tester asks user question
Shadowing method Expert explains user actionsdtet
Coaching method User can ask an expert questions
Teaching method Expert user teaches novice user
Co-discovery Learning Two users collaborate
Performance measurement Tester records usagdutatg test
Log file analysis Tester analyses usage data
Retrospective testing Tester reviews video witdrus
Remote testing Tester and user are not co-lochtadg testing
Inspection
Guideline review Expert checks guideline conforo®n
Cognitive walkthrough Expert simulates user’s peabsolving
Pluralistic walkthrough Multiple people conducigoitive walkthrough
Heuristic evaluation Expert identifies heuristiolation
Perspective-based Inspection Expert conducts whrfocussed heuristic evaluation
Feature Inspection Expert evaluates product featur
Formal Usability Inspection Expert conducts forrauristic evaluation
Consistency Inspection Experts checks consistanmyss products
Standards Inspection Expert checks for standarplance
Inquiry
Contextual Inquiry Interviewer questions userthieir environment
Field Observation Interviewer observes systemiusisers environment
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Focus Groups

Multiple users patrticipate in a dist@n session

Interviews

One user participates in a discussgssion

Surveys

Interviewer asks user specific questions

Questionnaires

User provides answers to speaifistipns

Self-reporting logs

User records user-interfacerapons

Screen snapshots

User captures user interfacenscre

User feedback

User submits comments

Analytical modelling

GOMS Analysis

Predict execution and learning time

UIDE Analysis

Conduct GOMS analysis in a UIDE

Cognitive Task Analysis

Predict usability problems

Task-environment Analysis

Assess mapping of usatsgnto Ul tasks

Knowledge Analysis

Predicts learnability

Design Analysis

Assess design complexity

Programmable User Models

Write program that alegsd user

Simulation

Information process modelling

Mimic user interanti

Petri-net modelling

Mimic user interaction fromage data

Genetic algorithm modelling

Mimic novice user naetion

Information Scent modelling

Mimic web site navigat

Table 20: Classification and descriptions of usemnterface evaluation methods from [77]

3.3.2 The Usability Methods

This section will focus solely on some of the moeeanmonly used methods [72] in an effort to identiflrich
would be more suitable for assisting in the develept of the VIDE system.

3.3.2.1 Heuristic evaluation

Heuristic evaluation is a method of finding usapifiroblems in an interface design so that the lprob can be
dealt with as part of an iterative design proclidsas been identified as one of the most widelypdeld usability
evaluation approaches in practice[72]. It is susfiddecause of the advantages it has, which iecthdt it is
easy to administer and learn; it has a low costait be applied in the early phases of the devedopiife cycle

and does not need professional evaluators [72,79B, Heuristic evaluation takes place when a grofip
evaluators investigate the system with a set ofépted guidelines and evaluate whether the systeetsrtizose
guidelines. There have been a number of guidefiddished, for example [78, 80, 81] but the UsapiBody

of Knowledge has taken many of the heuristic gingsl and created the following guidelines [82]:

* Usefulness

0 Value: The system should provide necessary utldied address the real needs of users.

0 Relevance: The information and functions providedhe user should be relevant to the user's
task and context.

e Consistency

o Consistency and standards: Follow appropriate atalséconventions for the platform and the
suite of products. Within an application (or a suitf applications), make sure that actions,
terminology, and commands are used consistently.

0 Real-world conventions: Use commonly understoodcepts, terms and metaphors, follow
real-world conventions (when appropriate), and gmesnformation in a natural and logical
order.

e Simplicity

o Simplicity: Reduce clutter and eliminate any unrssegy or irrelevant elements.

0 Visibility: Keep the most commonly used options fortask visible (and the other options
easily accessible).

0 Self-evidency: Design a system to be usable withmattuction by the appropriate target user
of the system: if appropriate, by a member of teeegal public or by a user who has the
appropriate subject-matter knowledge but no prgreeience with the system. Display data in
a manner that is clear and obvious to the apprpuser.

e Communication
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o Feedback: Provide appropriate, clear, and timeddiiack to the user so that he sees the results
of his actions and knows what is going on withgkstem.

0 Structure: Use organization to reinforce meaningt Related things together, and keep
unrelated things separate.

0 Sequencing: Organize groups of actions with a lmég@ middle, and end, so that users know
where they are, when they are done, and have tiséastion of accomplishment.

0 Help and documentation: Ensure that any instrustimre concise and focused on supporting
the user's task.

e Error Prevention and Handling

o Forgiveness: Allow reasonable variations in infrevent the user from making serious errors
whenever possible, and ask for user confirmatioforeeallowing a potentially destructive
action.

o Error recovery: Provide clear, plain-language mgssdo describe the problem and suggest a
solution to help users recover from any errors.

0 Undo and redo: Provide "emergency exits" to all@ers to abandon an unwanted action. The
ability to reverse actions relieves anxiety andoemages user exploration of unfamiliar
options.

« Efficiency

o Efficacy: (For frequent use) Accommodate a usesigtiouous advancement in knowledge and
skill. Do not impede efficient use by a skilled pexienced user.

o Shortcuts: (For frequent use) Allow experiencedraige work more quickly by providing
abbreviations, function keys, macros, or other leca®rs, and allowing customization or
tailoring of frequent actions.

0 User control: (For experienced users) Make useesinftiators of actions rather than the
responders to increase the users’ sense that theéy eharge of the system.

*  Workload Reduction

0 Supportive automation: Make the user’'s work easienpler, faster, or more fun. Automate
unwanted workload.

0 Reduce memory load: Keep displays brief and simpd@solidate and summarize data, and
present new information with meaningful aids toefptetation. Do not require the user to
remember information. Allow recognition rather thaaall.

o Free cognitive resources for high-level tasks: Elate mental calculations, estimations,
comparisons, and unnecessary thinking. Reduce taiayr

e Usability Judgment

0 It depends: There will often be tradeoffs involvedlesign, and the situation, sound judgment,
experience should guide how those tradeoffs argheei.

o0 A foolish consistency...: There are times when d@kes sense to bend or violate some of the
principles or guidelines, but make sure that thdation is intentional and appropriate.

In general, heuristic evaluation is difficult to @s a sole evaluator. Different people find différesability
problems; therefore it is possible to improve tHéeativeness of heuristic evaluation by using nmpiéi
evaluators. Nielsen [78] has conducted considenasearch into heuristic evaluation and recomméhelsise
of three to five evaluators. These can be expdeigelopers or even novices trained to completeuatiah [72].
The process has three stages:
a. the briefing session when the evaluators are tdldtwo do
b. The evaluation period when the evaluator spends Ho@rs inspects the interface
independently using the heuristics as guidelindg®yTshould take two passes, firstly to
get a feel of the produce and its’ scope. The stpass allows for specific elements to be
investigated and to identify usability problemsthé system is either screen mock-ups or
paper prototypes then the method has to be adaptetcond person may record the
findings as the evaluator explores the system.
C. The debriefing session when the experts come tegé&thdiscuss their findings [81].
There are problems with heuristic evaluation howewethat different evaluation approaches willdfidifferent
problems and sometimes evaluation will miss sepeoblems [83]. Bailey [84] shows that over a numbgr
studies 36% of identified problems were actuallphpems, 21% of problems were missed, and 43% of
identified problems were not problems at all.
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3.3.2.2 Cognitive walkthrough

In a cognitive walkthrough experts examine andalisc usability problems of the system by ‘walkimgough’
the system and pretending they are the userscplary novice users [81]. It involves the expeyirig to create
a users mental model and simulating their probleivirsg process, and gauging whether the user gaads
memory processes in interaction with the systerm teahe next step in the sequence [78].
Sharp, Rogers and Preece [81] describe the stepsritpleting a cognitive walkthrough as:
a. Before commencing the walkthrough, the experts ddfine the task to be done, the
context and their assumptions about the user ¥ &escription or prototype of the system
is also produced, along with a clear sequence tibrec needed for a use to complete a
task.
b. The designer and an expert evaluator do the asadjshe system together.
c. The evaluators proceed through the task sequeskagyahe following questions:
i. Will the correct action be sufficiently evidentttte user?
ii. Wil the user notice that the correct action isitde?
iii. Will the user associate and interpret the respfnase the
action correctly?
d. A record is completed which details the problemsnfh the assumptions made and the
design changes required.
e.  The design is revised.
It takes much longer to complete a cognitive walktigh than a heuristic evaluation.[81]

3.3.2.3 Pluralistic walkthrough

A pluralistic walkthrough is a walkthrough the syst that involves users, developers and usabilifyeds
stepping through a scenario discussing usabilgéyds that arise[78]. Bias [85] outlines the stéps heed to be
completed as:

a. Scenarios are developed in the form of paper @escprototypes.

b. The scenarios are presented to a panel of evatuatat the panellists are asked to write
down the sequence of action they would take to nfimm one screen to another. They do
this individually without conferring.

c. The panellists then discuss the actions they stege3he users usually present first,
followed by the usability experts with developentuoents last.

d. This process continues until all screens have begaluated.

The benefits of this type of walkthrough are theeyt focus on the user tasks, and will provide gtetivte data
that can be analysed. The limitations are thaaiit lbe difficult to get the range of evaluators thge and the
work can be slow, as the panel have to procedteateed of the slowest member. The number of padhsan
be analysed are also limited [81].

3.3.2.4 Focus groups

Focus groups are a commonly used method of obtping®r reaction to samples, products and prototipes
marketing. They have been found to be useful im sueas as requirements elicitation, where a fgoogp can
assist developers in ascertaining user requiremang®int Application Development. They can be used
interaction design by bringing together a groupsiafto nine users to discuss issues about feabfrasuser
interface. [86] As an alternative to questionnaitesy are very economical and will generally geteeamwide
range of issues [87].

The benefits to the VIDE project particularly iretbarly stages of interface design are that theinements are
also being identified, and any focus group williight concerns about early design decisions abasdhelping
to refine requirements.

3.4 The Cognitive Dimensions Framework

3.4.1 Introduction

Green and Petre [88] believe that the evaluatiopro§ramming environments presents a number ofesiggs
and that many of the techniques such as those stiggtian Table 20 concentrate on a low level o&detf the
interaction between the user and the device. Theselevel evaluations are not suitable for evalugti
programming environments and the accompanying ioottdesign issues. Green [89] stresses the impost

of the relationship between notation and the supgrrironment, and the Cognitive Dimensions Franmé&vinas
been formulated as a discussion tool and as suchoi® useful to users who are not Human Computer
Interaction (HCI) specialists [88]. It is a framenk that allows developers to think about the retaf the
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notational system, the way that people interadh Witm and a structure in which to understand dwbulary
[90]. Blackwell describes a notational system assesting of marks made on some medium and usiaeg th
example of a computer screen there may be multiptations such as the main notation and the notatio
surrounding menu dialogues.

3.4.2 The Cognitive Dimensions
These are described in [88-91] and may be sumnabaise

* Viscosity: resistance to change
A viscous system needs many user actions to actshrgrhie goal. How many user actions are
necessary to make one change?

«  Visibility: ability to view components easily
Systems that have low visibility bury informatianéncapsulations. Is every part of the notatioibkgs
or is it at least possible to juxtapose two parts?

e Premature commitment: constraints on the ordeoofgithings
Does the user have to make decisions before héwvingpformation they need?

* Hidden dependencies: important links between estiie not visible
Is every dependency clearly indicated in both dioes? Is the indication perceptual or symbolic?

* Role-expressiveness: the purpose of an entityadilseinferred
Can the user see how each of the components rédeties whole?

< Error proneness: the notation invites mistakesthagdystem gives little precaution
< Abstraction gradient: Types and availability of hstion mechanisms

e Secondary notation: extra information in means rotth@n formal syntax
Can users use layout, colour and other cues toegoextra meaning, beyond the semantics of the
notation or language?

« Closeness of mapping: closeness of representatidarhain.

« Consistency: similar semantics are expressed iitagigyntactic forms
When some of the notation or language has beenddacan the rest be inferred?

« Diffuseness: verbosity of language
How many symbols or graphic entities are requitedxXpress a meaning

« Hard mental operations: high demand on cognitigeueces
Are there places where the user needs pencil guet pa track what is happening?

« Provisionality: degree of commitment to actionsrarks

* Progressive evaluation: work to date can be cheakady time
Can a partially completed operation be executaabtain feedback?

3.4.3 Cognitive dimensions trade-off

The purpose of the cognitive dimensions framewsroiopen discussion of the effects on cognitiodifiérent
design decisions, and as such these will alwayslvevtrade-offs and these can be illustrated inuFEg3.
Blackwell [91] gives the example of changing theustture of a notation to reduce viscosity is likityaffect
other dimensions such as introducing hidden depwiee or increasing the abstraction.
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can increase

AIW Viscosity ¢——— Secondary notation
A

Need for lookahead

can reduce

can merease Abstractions

Hidden dependencies

v complex relationship

Visibility

can increase

Figure 3: Cognitive Dimensions trade-offs [92]

3.5 Summary

Neilsen comments in [78] that many developers fushbility evaluation methods to be intimidatingp to
difficult and time consuming to use therefore thigrk needs to define (a) method(s) that is botly ¢adearn
and use and that will give sound results in a sttevelopment time scale. Wixom believes that thatgrowing
body of research on evaluating usability methodkath unhelpful and irrelevant to the practitiofi@d]. He
shows that most of the available literature avédldab date is based on three points. Firstly timat of the most
useful criteria for evaluating a method is the nemdif problems that can be detected using it. S#Hgpthat, a
method can be evaluated in isolation from the gaatsthe context of that method. Finally, that ggome kind
of ‘quasi-scientific’ framework is the most effeai way to resolve issues about selecting the bettod [93].
In practice he believes that problem detection fissh step to improving the product, it is not ficient on its’
own for product improvement or as a criteria foitmoel evaluation. The isolation of the method frasnciontext
means that important considerations such as develnopteam adoption are lost. Finally, Wixom bel®tleat a
scientific framework for evaluating methods is insistent with the pragmatic philosophy and the megiing
approach to product development.

To this end, this work has discussed a numberasfdstrds and approaches but will use Wixoms ideathéo
selection of a usability method. He believes thatmaxim should be ‘how much can we improve thelpcbin
the shortest time with the least effort?’ [93]. #his we would addthe quality of 'to make the maxim ‘how
much can we improvthe quality ofthe product in the shortest time with the leakiré? Nielsen advises that a
single evaluation method in a project will not pnod the best results, and that two different mettsiwuld be
considered. One to evaluate a first attempt, amdguthe results of this evaluation a second versian be
completed which is likely to be more usable [78].

The decision has therefore been made to use faoupg throughout the initial design stages, andbgnitive
Dimensions Framework to facilitate discussion & éarly prototype other useful user interfaces.
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4. Software Visualisation, Visual Programming and
Diagramming Research

4.1 Introduction

There has been no work on the pre-CIM environmeundt ery little on the CIM environments in relatiem
MDA in academic literature, therefore the work liistchapter draws heavily from a number of areasagplies

it to VIDE. There is a rich stream of researchhe frea of visual programming and diagramming ded t
respective environments. We understand visual progring to mean the specification of a computeresygst
using graphics and program visualisation to mean uke of graphics to enhance the understanding of a
computer program [94]. In addition there is considiée work in software visualisation which Pricdides as

‘the use of interactive compute graphics, typogyapfnaphic design, animation, and cinematograptgnteance

the interface between the software engineer orcivaputer science student and their programs’[94]. A
visualisation is a collection or configuration @&fpresentations (and other information) which togethake a
higher level component [95].

Because data and text appear as visual imagesltiogythe developer to make use of the brains’itghiib link
between ideas and pictorial representations [94kpkesentation is a graphical (and other medipictien of a
single component [95]. Typical tasks which are siesi by software visualisation include design and
development activities, debugging, testing, andnteaiance [96].Work during early stages of develapr{@7]

at the ‘pre-CIM’ level are particularly usefullyrsed with software visualisation assisting in thaoturing of
requirements and providing a useful discussion tfmwl developer collaboration at the user interface.
Requirements visualisation has been a research fmpa number of years particularly using scersrinut it is
emerging as a growing area of interest and hadtedsim a Requirements Visualisation Workshop sef83].
The VIDE project emphasises the visual aspect®eéldpment thus the use of research as the basigdaling
features which can be incorporated into the requarrgts for the VIDE CIM level design.

This chapter explores the software visualisatiagsyal programming and natural programming researehs,
before finally looking at some of the tools that aurrently available in the area.

4.2 Requirements from software visualisation research

Development tasks completed at different stageheofife cycle will require different sets of infoation to be
available [96, 97] and no single visualisation taslyet has been able to address all software esrgiy tasks
simultaneously [96]. This is because there are rivegor levels that need to be addressed, the desidrthe
coding. The design requires a full understandinghef problem and the problem domain, including hber
developer interprets those problems and addresses in the solution. It requires representatiores tire
conceptual. At the software level it is more abaddressing how the code works, how componentsaiciteind
what services are available [97]. This means thatkfPackage 5 needs to take this into accountiasétering
for the pre-CIM and CIM level, through design te fAlM level which is ultimately the code level.

In the search for requirements a good starting tpisirthe taxonomies and descriptions that are abigilin
software visualisation. Price [94] lists six arehat need to be considered when describing visatadiss and
these include scope, content, form, method, intena@and effectiveness. Young and Munro [95] ddsrra
slightly different set of criteria with representat, abstraction, navigation, correlation, autoowatiand
interaction. Maletic, Marcus and Collard producdugher task oriented view [96] with tasks (why tise
visualisation needed?), audience (who are the Rsaerget (what are the data sources?), repreégen{avhat
should it look like?) and medium (how should itk@). They believe that too much is made in thealisation
field of tools that do not match requirements, betleve that more should be done to highlight thengths of
tools instead of weaknesses.

Young and Munro [95] give a list of desirable prdjees for a software representation and a furtistrfér a
software visualisation. It is an ambitious list ahiis not pragmatic [97] and although discussingeeh
dimensional software is certainly a starting pdamtVIDE requirements. The work of Young and Muiigd] is
therefore used heavily in the sections below:
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A number of the properties are mutually exclusaseg therefore a requirement for one attributekislyi to be at
the expense of another. A successful system willee a balance between the different attributes.

4.2.1.1 Individuality

Representations of different components should @pg#ferently, and identical components displayedhe
same context should appear identical.

Level :All Users: All SHOULD

GUIREQID 16 Different components should appear differently

Related requirement IDs: 1, 2, 3, 16, 17, 18, 19, 20, 21 ,22, 23, 24, 2524628, 35, 60, 64, 69

Level: All Users: SHOULD

GUIREQID 17 Identical components in the same context should appear identical

Related requirement IDs: 1, 2, 3, 16, 17, 18, 19, 20, 21 ,22, 23, 24, 25246 28, 35, 60, 64, 69

4.2.1.2 Distinctive appearance

Differing representations should appear as diffesn possible; they should be easily recognisabléeing
either similar or different.

Level: All Users: All SHOULD

GUIREQID 18 Different components should be distinctive

Related requirement IDs: 1, 2, 3, 16, 17, 18, 19, 20, 21 ,22, 23, 24, 25276 28, 35, 60, 64, 69

4.2.1.3 High information content

Representations should provide as much informagi®rpossible about the component. This can be ae iss
because increasing information content is likelintmease visual complexity.

Level: All Users: All SHOULD

GUIREQID 19 Visual representations should provide as much information as possible about

the component.

Related requirement IDs: 1, 2, 3, 16, 17, 18, 19, 20, 21 ,22, 23, 24, 25246 28, 35, 60, 64, 69

4.2.1.4 Low visual complexity

Representations should be visually simple. Thisaid both the information system and the usersustdnding
of the information. There should be as little viscamplexity as possible. The trade-off is liketylie between
whether the user is expected to distinguish betwaedarge number of simple representations or alsmal
number of complex visualisations. Granularity, edgtion, information content and type of informatishould
vary to accommodate users’ interest [97].
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Level: All Users: All SHOULD

GUIREQID 20 Visual representations should be as simple as possible

Related requirement IDs: 1, 2, 3, 16, 17, 18, 19, 20, 21 ,22, 23, 24, 25246 28, 35, 60, 64, 69

4.2.1.5 Scalability of information content and visual compéxity

The amount of information that is visible, or ineplexity, should depend upon the context in whiidh used.
This will allow detailed displays of a small humbafr components giving maximum information as wedl a
overviews of large numbers of components displalésg information about the individual components.

Level: All Users: All SHOULD

GUIREQID 21 The amount of information that is visible, or its complexity, should depend

upon the context in which it is used.

Related requirement IDs: 1, 2, 3, 16, 17, 18, 19, 20, 21 ,22, 23, 24, 25246 28, 35, 60, 64, 69

4.2.1.6 Flexibility for integration into visualisations

Representations have both intrinsic and extringizedsions which can be used for encoding informafé®].
Extrinsic dimensions refer to the position or légatof an object and intrinsic dimensions refethe nature of
the object such as colour, size and shape. Whitstng and Munro use this attribute in particuladiscuss
problems in 3 dimensions, some parts are stilldvali the VIDE project. They discuss the fact thay a
representation that uses more intrinsic dimensimt®mes less flexible for integration into a vigation [95].
Any use of colour in differentiating between remmtstions or groups or classes of components caseca
conflict because different components may use dneescolour to represent different information. S&also a
factor, in that irregular sized components willrhere complex to place and view.

Level: All Users: All SHOULD

GUIREQ ID 22 Use colour sparingly and consider extrinsic and extrinsic dimensions

Related requirement IDs: 1, 2, 3, 16, 17, 18, 19, 20, 21 ,22, 23, 24, 25246 28, 35, 60, 64, 69

4.2.1.7 Suitability for automation

Any representation should have the ability to btwratically generated, possibly with some usemimation.
Irregular shapes and variable sizes can compltbatautomation process.

Level: All Users: All SHOULD

GUIREQ ID 23 Use regular shapes and consider extrinsic and extrinsic dimensions in

addition to facilitating automation

Related requirement IDs: 1, 2, 3, 16, 17, 18, 19, 20, 21 ,22, 23, 24, 25276 28, 35, 60, 64, 69

4.2.1.8 Simple navigation with minimum distortion
Any visualisation should be clearly structured aade features that assist in the navigation thrabgtsystem.
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Level: All Users: All SHOULD
GUIREQID 24 The components should be structured and have features to aid
navigation

Related requirement IDs: 1, 2, 3, 16, 17, 18, 19, 20, 21 ,22, 23, 24, 25246 28, 35, 60, 64, 69

4.2.1.9 Resilience to change

Small additions or changes to the information Bpanse to changes in users’ interests should soltii@ major
changes to the visualisation.

Level: All Users: All SHOULD

GUIREQ ID 25 The system should allow minor additions or changes which will not

cause major changes to the overall system.

Related requirement IDs: 1, 2, 3, 16, 17, 18, 19, 20, 21 ,22, 23, 24, 25246 28, 35, 60, 64, 69

4.2.1.10 Good use of visual metaphor
Metaphors are useful in that they help the useerstdnd a situation using familiar concepts.

Level: All Users: All SHOULD

GUIREQID 26 The system should use metaphor where possible

Related requirement IDs: 1, 2, 3, 16, 17, 18, 19, 20, 21 ,22, 23, 24, 25276 28, 35, 60, 64, 69

4.2.1.11 Approachable user interface
The user interface should encourage intuitive retiog and should not create unnecessary overhead.

Level: All Users: All SHOULD

GUIREQ ID 27 The system should be intuitive with regard to navigation and control.

Related requirement IDs: 1, 2, 3, 16, 17, 18, 19, 20, 21 ,22, 23, 24, 25276 28, 35, 60, 64, 69

4.2.1.12 Integration with other information sources

Because representations are usually an abstraatitdre original information that they representsliould be
possible for the user to return to the originaloinfiation source and to link to other views on tlens
information.
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Level: All Users: All SHOULD

GUIREQID 28 The user should be able to return to the original information that the

system is representing.

Related requirement IDs: 1, 2, 3, 16, 17, 18, 19, 20, 21 ,22, 23, 24, 25246 28, 35, 60, 64, 69

Level: All Users: All SHOULD
GUIREQ ID 29 The user should be able to link to other views of the same piece of
information.

Related requirement IDs: 12, 14, 26, 27, 28, 29, 32, 33, 58, 59, 62, 63,/66,/6

4.2.1.13 Good use of interaction
Visualisations will be improved by allowing usepit to gain more information and to retain theieation.

Level: All Users: All SHOULD
GUIREQ ID 30 The system should allow the user to record input and additional
information.

Related requirement IDs: 12, 21, 24, 25, 27, 28, 29, 30, 31, 35, 51, 5866964, 65, 66

4.3 Requirements from visual programming research

There is considerable research into visual progragmuch of it discussing benefits or otherwisdatiowing
a visual programming paradigm. However, there heenHittle empirical work that justifies the var®design
decisions that are contained within either visualgpamming or visualisation systems [100]. Pane Mdyers
[101] believe that many visual programming systemesdesigned with technical objectives and havg little
consideration of usability issues whilst Petre aggthat there is an acceptance amongst authorgthphics
are better simply because they are graphical[1®&tre focuses on a number of issues that neeceto b
considered in a graphical programming environmbat, believes they generalise to other areas sualsars
interfaces and environment [102]. The main poird sfises is that good graphics rely on secondatstina,
and that the use of secondary notation is what makmajor difference between novices and expeetor@lary
notation means that graphical representations cammgrht other notation. An example of this is layougs in
programming code. The layout gives a graphicalasgmtation and represents information that may beeless
accessible than the original symbolic notationrégfindings show that graphical features do nargntee that
a representation will be clear. It is the use & $secondary notation which gives the clarity andrpgsse of
secondary notation is what distinguishes novicesifexperts [102].

The continued interest in graphical representatiodue to the results of a survey reported in [1@REn
programmers of all levels showed their preferemme dgraphical representation because they are riahdr
provide more information, provide an overview andking structure more visible, have a higher level o
abstraction, are more accessible, comprehensil@marable and ‘fun’.

Level: All Users: All SHOULD

GUIREQ ID 31 Consider using secondary notation to improve comprehension

Related requirement IDs: 12, 21, 24, 25, 27, 28, 29, 30, 31, 35, 51, 5866964, 65, 66
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Work involving the design of a visual diagrammingdaprogramming environment will ask a number of
questions such as: who is it for? What are thepg@8]. This has already been addressed in DelblerD1,
but the information is built upon here for in gexatietail and for completeness it is also builtrupmdiscuss the
way that expert and novice programmers visualisecamceptualise.

4.3.1 Analysis of user characteristics

Computer systems should be built to suit the neégeople; consequently it is important to discowbat types
of people will be using the interface [103]. A bdoeharacterisation of the general qualities of agpVIDE
stakeholders, working at the levels of CIM, PIM &f8M is presented in Table 21. They are desciibésrms
of the levels of system engagement specified by][X0e. mandatoryand discretionarytypes and direct
indirect, remote supportcontact) and technical expertiseyice intermediateandexper).

CIM PIM PSM
Engagement Discretionary indirect/remote Mandatory direct/indirect Mandatory direct
Examples Business end-users, business System analysts/architects, Software developer and
consultants or business analysts, | usability engineers, VIDE software engineers
Programmers
Expertise Novice Novice/Intermediate Expert
Characteristics | Low levels of experience with Low to medium technical High levels of technical
computers; but high business experience but have expertise in| expertise but with typically
domain expertise that is only easily mapping business or user nodirect experience of (or
expressed in terms of business goalsequirements to high-level, systemaccess to) the problem
rather than system requirements. | oriented models. domain.

Table 21: VIDE stakeholder expertise from [105]

Novice system users require robust systems thatlgleepresent their work domain, using visual caed help
to allow them to successfully perform their actastthrough interaction with the computer [104Hérd, VIDE
stakeholders contributing at the CIM level are kelly to be able to express their needs in a teehsi&nse and
may not even directly engage with the tool butdasdt enlist the help of a proxy (perhaps a PIM s$takker).
Studies of novice performance show that their sgias are both ‘chaotic’ and ‘rigid’ [102]. Theytkto lack
reading and search strategies of graphics andgttayshics can become more difficult to access becthey are
unsure which are important or relevant. Novicesl tenbelieve that if a graphical representatioprissent then
it must be relevant and will try to make sensexplieit connections, even if it is not relevant[102

Level: All Users: Novices SHOULD

GUIREQ ID 32 Keep all graphical representations relevant.

Related requirement IDs: 12, 14, 26, 27, 28, 29, 32, 33, 58, 59, 62, 63,/66,/6

Level: All Users: Novices SHOULD

GUIREQ ID 33 All explicit connections should be relevant

Related requirement IDs: 12, 14, 26, 27, 28, 29, 32, 33, 58, 59, 62, 63,/66,/6

Those individuals who engage in PIM-level modellagivities are likely to be heterogeneous botkeims of
their engagement with the VIDE tool and also theichnical expertise. As ‘bridge builders’ betwede t
disparate views of CIM and PSM, this group may aonstakeholders who are predisposed to eitheCthkor
the PSM perspective but are capable of expressiegetconcepts to some degree at the PIM levelthior
reason, users at this level are likely to requingp®rt in their transformation activities, in patiar direct access
to on-line help and a clear view of the broadeeatpof the VIDE architecture.

Most studies of expert focus on the strategies tlseyto solve problems and how they represent khneiwledge

and [106] provides a good summary. They descrilpers as being able to
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« Have efficient organisation of knowledge
e Use functional characteristics such as the natdir¢h® underlying algorithm for organising that
knowledge
e Use hoth generalised and specialised problem sphtitategies
e Use strategies such as a high level approach rgmodecomposition and understanding
« Be flexible in their approach to comprehension aeenonstrating the ability to adapt and change
hypotheses.
* Recognise, use and adapt patterns
* Complete tasks with speed, accuracy and have dysappxamples, sources and strategies for dealing
with situations.
Whilst specific to expert programmers, a numbethafse attributes are common across experts in iatd/ f
[106].

It is anticipated that PSM contributors are likdly have high levels of technical expertise and tarb
expectations of the system that matches their owpergence of system software construction. As a
consequence, these users will require visual reptagons of their modelling and development atiési to
have significant parallels with contemporary natasi, such as the UML.

If a programmer completes a set of tasks with @ifipeset of goals in mind then the success or mtige of that
task depends on the use of representations thagraphical or textual and how useful the informattbat is
displayed, and how close it is to the users infaimnarequirements [102]. This is a transferabldl skind
essential not just to programmers, but anyoneishgiming to complete a task or solve a problem.

4.4 Requirements from the diagramming environment

The most commonly used PIM modelling notation s thVL class diagram. Given that VIDE aims to target
range of users (e.g., experienced developers, asiddss people with less experience), it may beawnessary
to consider some of the issues below when builtiiegmodelling component of VIDE. Most of the guidek
focus on the layout of the class diagram, espgcialhere different tools are used by developmeainte who
share class models. We have not seen however ligasieegarding how class layouts may be maintawleen
the class model is derived from say, parts of a @heldel. In other words, some of the graph theoseba
algorithms proposed for managing “best-look” clagsigns do not focus on a typical MDA development
process where artefacts are often a result offlvemations. This does not mean that of these guieglare not
useful for VIDE. It may be that, some of the guidet might be applied to CIM modelling and PIM mitidg,
even to interaction modelling. For example, thecemt of minimising the number of bends, or crossihgdges
might be considered relevant for business procestels, use cases, and even sequence charts. Wiee@@yo
be able to consider how derived PIMs (e.g., frorM§)l may also be made to adhere to the same guidelin
applied to the source model, or vice versa.

4.4.1 UML class diagram layout

The UML is clear on the structure of the class diag notation (class name, attributes, and opeistiorhe

UML, however, does not prescribe how modellers khtayout class diagrams in order to enhance rdhiyab
[107] [108]. It has been argued that the qualityaadesign can be linked to the readability of tlass model

since an unreadable model may not convey muchhier atesigners who may be part of the developmeamt,te
nor the potential users of the system.

Considerations have been made regarding aesthé@gda for laying out class diagrams, especiaityensure
when class models are shared among different tdws;lass model retains the initial layout. Foaraple, some
researchers (e.g., [109], [110]) have provided matic layout mechanisms to be used to assure gigsthetic
criteria such as distance between inheriting ahérited classes are maintained. The traditionalualalayout
of diagrams is not considered optimal since shasindiagrams across tools often results in diffetayouts of
the same model. Automatic layout algorithms, thougi thought out and sensible, may have their taoks.
Modellers will often lay diagrams in a manner thiEpicts their conceptualisation of the design they
building. Automatic calculations that result in #fefent layout might mean that modellers may aftai
different understanding of the model from the alitinderstanding. One expert may well draw anotxgerts
diagram to make it more meaningful to them [102k Wre therefore of the view that, where automatyouit
mechanisms are deployed, there should be a chmi¢bd modeller whether or not to adhere to autamtayout
functions.
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CIM | PIM | PSM Users: End | Analyst | Designer | Arch | Programmer SHOULD

GUIREQ ID 34 It should be possible for users to arrange their models themselves.

Related requirement IDs: 12,19, 25, 27, 34, 47, 48, 58, 59, 60, 61, 63

CIM | PIM | PSM Users: End | Analyst | Designer | Arch | Programmer MUST

GUIREQID 34a | The graphical layout of VIDE models must be stored persistently.

Related requirement IDs: 8, 9, 10, 15, 34a, 49, 50, 51, 58, 67, 72, 7379480, 81, 83

CIM | PIM | PSM Users: End | Analyst | Designer | Arch | Programmer MUST

GUIREQ ID 35 It must be possible to turn on or off any automatic layout functionality within VIDE.

Related requirement IDs: 12, 21, 24, 25, 27, 28, 29, 30, 31, 35, 51, 5868964, 65, 66

4.4.2 An overview of UML class diagram layout guidelines

Various aesthetic guidelines have been proposeddbas knowledge from graph theory ([111] [112] @rF
example, it is considered good practice to enshet links among classes (e.g., associations, itamee,
containments) are such that arrows point to oneergérdirection. To enhance visibility of model elemts,
especially where structuring has been done usingauges, spatial considerations should be made garen
clarity of relations among classes across the ggekaHeavy inter-package relations mean tight éogphence
a bad design. For generalisation and containmesoicégions, parents and containing models shouldsbmear
as possible to the child or contained classes.eTheg various proposed algorithms (e.g., see [113]]) for
ensuring these distances are maintained acrossretiff tools. Where possible, it is suggested thatarea
occupied by a class should be minimal and thatcésion edges should not be allowed to overlapross
Some guidelines appear purely subjective as ttemoiobvious way to judge the appropriate meadtwe.
example, it is suggested that association edgaeddinot be too short nor too long [114]. Furtherepyawvhere
comments are attached to classes or packagesoiimment node should be as near as possible to dke of
package. Additional information such as associatiames, and multiplicity indicators, should be diea
assigned to their model elements.

PIM | PSM Users: End | Analyst | Designer | Arch | Programmer SHOULD

GUIREQ ID 36 The graphical space used to represent a class should be minimal.

Related requirement IDs: 12, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 31,3%4,36, 37, 38, 39, 40, 41, 42, 43, 34,
45, 46, 61

CIM | PIM | PSM Users: End | Analyst | Designer | Arch | Programmer SHOULD

GUI REQ ID 37 Where automatic layout is used, it should keep compositional elements close

together.

Related requirement IDs: 12, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 31,3%4,36, 37, 38, 39, 40, 41, 42, 43, 34,
45, 46, 61
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PIM | PSM Users: End | Analyst | Designer | Arch | Programmer SHOULD

GUIREQID 38 Where automatic layout is used, it should keep aggregated elements near by.

Related requirement IDs: 12, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 31,3%4,36, 37, 38, 39, 40, 41, 42, 43,
45, 46, 61

}4,

PIM | PSM Users: End | Analyst | Designer | Arch | Programmer SHOULD

GUIREQID 39 Where automatic layout is used, relational arcs should not cross.

Related requirement IDs: 12, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 31,3%4,36, 37, 38, 39, 40, 41, 42, 43,
45, 46, 61

J4,

PIM | PSM Users: End | Analyst | Designer | Arch | Programmer SHOULD

GUI REQ ID 40 Where automatic layout is used, bends in arcs should be kept to a minimum.

Related requirement IDs: 12, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 31,3%4,36, 37, 38, 39, 40, 41, 42, 43,
45, 46, 61

J4,

The general thrust of the various consideratiomscfass layout is not only based on readability, &lso on
production of quality design. For example, it imsinlered a poor design where a class has a higltvetuai
outgoing relations, meaning that the class dependmany other classes, hence, high coupling. Fumibe,
empty classes are to be discouraged because tbeyadlue to the model.

CIM | PIM | PSM Users: End | Analyst | Designer | Arch | Programmer MUST | SHOULD | COULD | WONT

GUIREQID 41 Where it is possible to automatically detect, ‘design smells’ could be visually

highlighted within a model view.

Related requirement IDs: 12, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 31,3%4,36, 37, 38, 39, 40, 41, 42, 43,
45, 46, 61

J4,

Similar observations are made by [115] who arga¢ ithis preferable to minimise crossing of asstcinedges
in a class design. Other guidelines suggest thatravltabels exist, they should be horizontal, ariitance
lines should clearly indicate the involved clasgel®]. In addition, crossing minimization, bend imization,
orthogonal layout, maintaining a uniform directiohassociations (e.g. arcs of a class hierarchytipgj in a
consistent direction), and that there shouldn’tabg nesting of one class hierarchy within anotRerther to
these guidelines, [116] adds that shared inheriéidges should be merged prior to reaching the stipss.
Also, edges should be labelled appropriately, padsfig on either end of the class association.

PIM | PSM Users: End | Analyst | Designer | Arch | Programmer SHOULD

GUIREQ ID 42 Where automatic layout is used, labelled arcs should be kept horizontal.

Related requirement IDs: 12, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 31,3%4,36, 37, 38, 39, 40, 41, 42, 43,
45, 46, 61

}4,
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PIM | PSM Users: End | Analyst | Designer | Arch | Programmer SHOULD

GUIREQID 43 Where automatic layout is used, an inherited class path should be easy to follow.

Related requirement IDs: 12, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 31,3534,36, 37, 38, 39, 40, 41, 42, 43, $4,
45, 46, 61

PIM | PSM Users: End | Analyst | Designer | Arch | Programmer SHOULD

GUI REQ ID 44 Separate class inheritance paths should not overlap.

Related requirement IDs: 12, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 31,334,36, 37, 38, 39, 40, 41, 42, 43, $4,
45, 46, 61

PIM | PSM Users: End | Analyst | Designer | Arch | Programmer SHOULD

GUI REQ ID 45 Inheritance arcs that share the same parent should merge before reaching the

parent class representation.

Related requirement IDs: 12, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 31,3534,36, 37, 38, 39, 40, 41, 42, 43, §4,
45, 46, 61

CIM | PIM | PSM Users: End | Analyst | Designer | Arch | Programmer SHOULD

GUI REQ ID 46 Is should be possible to label entity relationships in both directions.

Related requirement IDs: 12, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 31,3%4,36, 37, 38, 39, 40, 41, 42, 43, 34,
45, 46, 61

It is interesting that most work on the aesthetitslass diagram construction has produced singilédelines.
For example, work by [109] also indicates the némdninimize crossings between edges, minimizing the
number of bends, minimizing overlaps between nddksses) and edges, maximizing number of orthdgona
edges, minimizing edge length, and minimizing aveeupied by classes. It is also argued (e.g., 5&g]) that
modellers should construct associations such aargksations for a class in the same directione@tthave also
suggested that various class hierarchies, inclugémgralisations should he highlighted using défficolours.

4.4.3 A note on guideline support issues within MDA tools

A problem with most of these recommendations i, ih& not possible to see how they may be suggdoy all
tool vendors, given that some of the suggestiorimpdement a common algorithm might not be comnagdinci
viable to some of the vendors. That is, it may mattter to some MDA tool providers whether or natsih
guidelines are adhered to or not. The introduatibalgorithms for class layout from Graph theoryynadso not
interest some tool vendors.

4.4.4 Requirements for class layout

The size of class models depends mainly on thedditiee problem being modelled. Since class modedsan
Object Oriented construct, one might want to deplogicepts such as inheritance hierarchies, coniposit
aggregation to break down complex class modelsrimdce readable artefacts. Furthermore, others heyged
that association lines should not cross since “giesssociation lines curtail the readability of ttlass diagram.
It is notable though that no CASE tool has yet inpénted such a guideline, even at the level ofynog the
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modeller where such associations are crossing. igieeahat, the VIDE environment could provide a nsetor
instructing modellers to avoid such issues wheey Hrise.

PIM | PSM Users: End | Analyst | Designer | Arch | Programmer COULD

GUI REQ ID 47 The VIDE environment could provide on-line guidance or interactive heuristics for

class layout.

Related requirement IDs: 12,19, 25, 27, 34, 47, 48, 58, 59, 60, 61, 63

PIM | PSM Users: End | Analyst | Designer | Arch | Programmer COuULD

GUIREQID 48 The VIDE environment could visually highlight crossing relation arcs.

Related requirement IDs: 12,19, 25, 27, 34, 47, 48, 58, 59, 60, 61, 63

Software development (with visual models or tradiil source code-based development) is an intediect
activity that often takes an iterative process semmany versions of the same product. An imposapect of a
modelling IDE would be the provision of a versiommagement function in order for development pgrdiots
to track changes or the evolution of models. Thignportant because as new information regardiagtbblem
comes to light, models will need to be changeckflect learned information. Class models might dlsmeeded
purely for aesthetic reasons - to provide neateremeadable artefacts.

PIM Users: End | Analyst | Designer | Arch | Programmer COuULD

GUIREQ ID 49 The VIDE environment could persistently store early versions of PIM models and

their layout.

Related requirement IDs: 8, 9, 10, 15, 34a, 49, 50, 51, 58, 67, 72, 7379480, 81, 83

PIM Users: End | Analyst | Designer | Arch | Programmer COuULD
GUI REQ ID 50 It could be possible for PIM modellers to interactively navigate through PIM model
history.

Related requirement IDs: 8, 9, 10, 15, 34a, 49, 50, 51, 58, 67, 72, 7379480, 81, 83

Many MDA tools support both M2M and M2Text transfations. For VIDE, there seems to have emerged a
view that the main development process will congia$ PIM modelling, and the generation of counterpa
textual VIDE code from VIDE PIM models. This ixantral development activity, and experienced dgpasis
might want to effect changes to the textual codgcky in our view should be reflected in the viscadle.

PIM Users: End | Analyst | Designer | Arch | Programmer SHOULD

GUIREQ ID 51 Changes made to the textual model should automatically update the visual model,

and visa-versa.

Related requirement IDs: 8, 9, 10, 15, 34a, 49, 50, 51, 58, 67, 72, 7379480, 81, 83
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The development of a PIM model will result in arsdysteps that require validation with stakehold&tsch
validation often requires demonstration of someliagfion logic either at the early stage of appima
modelling (PIM model development), or based on getieel application code. We argue that as part ef th
validation process, VIDE might consider providingnaans to provide visual simulation of implied babar,
either by use of throw-away prototypes or by prowgdearly behavioural mock-ups of the application.

PIM Users: End | Analyst | Designer | Arch | Programmer SHOULD

GUI REQ ID 52 It should be possible to interactively simulate PIM models.

Related requirement IDs: 7, 52, 53, 54, 55, 56

PIM Users: End | Analyst | Designer | Arch | Programmer SHOULD

GUIREQ ID 53 It should be possible to interactively mark models that fail a validation step.

Related requirement IDs: 7, 52, 53, 54, 55, 56

PIM Users: End | Analyst | Designer | Arch | Programmer SHOULD

GUIREQID 54 It should be possible to interactively mark models that pass a validation step.

Related requirement IDs: 7, 52, 53, 54, 55, 56

PIM Users: End | Analyst | Designer | Arch | Programmer SHOULD

GUI REQ ID 55 It should be possible to label or graphically annotate a validation step.

Related requirement IDs: 7, 52, 53, 54, 55, 56

CIM | PIM | PSM Users: End | Analyst | Designer | Arch | Programmer SHOULD
GUI REQ ID 56 It should be possible to link a validation step with specific CIM, PIM or PSM
models.

Related requirement IDs: 7, 52, 53, 54, 55, 56

Whereas VIDE situates itself within a revolutionapectrum of the current MDA support environmeMi§E

cannot afford to isolate its users from other vikelbwn support environments such as Eclipse, RdtiBpae,
Objecteering, Together, etc. One way for VIDE tplek modelling features available in these envinemts (or
for VIDE to be exploited by such environments)as the VIDE IDE to provide interfaces for these athools
to access VIDE modelling features. Another wagomld be possible for VIDE models to be persistechghat
they are accessible by such tools.
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CIM | PIM | PSM Users: End | Analyst | Designer | Arch | Programmer COuULD

GUI REQ ID 57 It could be possible for VIDE GUI elements to be used in other development

environments.

Related requirement IDs: 11, 57, 68

4.4.5 General diagramming comments

Whilst much of the diagramming literature detailadthis work highlights the issues with layout aidst by
Hahn and Kim [117] identifies a number of othertéms which influence the use of diagrams in theigtes
environment. Firstly the way diagram allows decosifion into process components is important asysut
organisation. Both factors reduce analysis andydesirors.
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4.5 Natural and code-less programming environments

4.5.1 Introduction

The final strand of research examines natural ade-dess programming environments and the assdoratek

to see what can be learnt from the work done inatlea. Some of the applications such as HANDS [&b8]
SCRATCH [119] are aimed at children and/or novicegpammers, whilst other applications such as Limno
[120] and MyDesk [121] are aimed to assist non-paogners to create running applications often ircispist
areas.

4.5.2 Examples

4.5.2.1 Human-centred Advances for the Novice Developmenf Goftware (HANDS)

The work in the HANDS project aimed to explore hosers naturally program, use graphics and procatss d
The result of the studies would guide the develagiroéa new language and environment called HANDISB].
The arguments for natural programming are strowgrgithat the transformation from a real world ofiera
such as adding 3 numbers together in the exampén gn [118] use a single operator in a spreadshein C
code take three kinds of brackets and three kihdssignment operators in five lines of code.

Figure 4: The HANDS programming environment [118]

The dog named Handy sits at a table and manipudases of cards. The cards store the data. Thécapph
uses an event-based language .
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4.5.2.2 Limnor

Limnor allows the developer to drag and drop congmi® called performers into a project and then gadheir
properties as shown in Figure 5.Useful featurestargrovision of dropdown boxes which give therug®ices
as to what components are available.
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| | | | |
5 [ o |
= Al 3] Button ad
CreditContral W CheckBox
H [B)attabase E3 comboBox
G (D) FlEaplorer
=i i P A Labal
e o Longflow -
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| PictureBox1 Pictur=Box | - System 8l ListBox
- Mutimedia [ﬁ Pictur=Box
E= 7 (% RadioButton
PictureBox1 ~ [8bl TaxtBox
Lzt 38 . » - Telecom FE TraaView
Top 34 "
Width 243 = é; Pi.'DgressBsr
Haight 181 | = Timer
Vizibla Tru= FilaBalactar
Enshled True 550 FoldarSaloctar L
Cursor Dafault _'i |
4 » TahControl v
BackColor | L | i
ForaColor W-s777218
BorderStyls Mons [
Picture name

Figure 5. A Limnor PictureBox 'performer' showing properties [120]

The Limnor performers can then be assigned Actamd those actions can be assigned Events as shown i
Figure 6. These are in different screens and fanidte different screens are not anchored and egfaced to
suit the working style of the user.

>
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- %2 Everts
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< Click -
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+ DoubleClick -
< DragDrop - |

Figure 6. Limnor Actions and Events [120]

Finally the Events can be connected to show prodi@amas shown in Figure 7
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Figure 7. Limnor program control flow

The merits or otherwise of the Limnor visual prograing language are not at issue here, but the amwient
and the process can be examined to identify ahediste useful.

CIM Users SHOULD
REQ ID 58 The components and contents of any project should be easy to find and
identify

Related requirement IDs: 8, 9, 10, 15, 34a, 49, 50, 51, 58, 67, 72, 7379480, 81, 83

CIM Users SHOULD

REQ ID 59 There should be a standard ‘look and feel’ to the screens at the CIM level.

Related requirement IDs: 12, 21, 24, 25, 27, 28, 29, 30, 31, 35, 51, 5868964, 65, 66

CIM LEVEL Users SHOULD

REQ ID 60 Providing drop down lists of component types and actions will give the user

choices about what is available.

Related requirement IDs: 12, 21, 24, 25, 27, 28, 29, 30, 31, 35, 51, 5866964, 65, 66
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4.5.2.3 My Desk 2.0

MyDesk 2.0 by Genusoft [122]is a visual developmemtironment based on ActiveX controls that it cen
used in a number of different areas, such as n&tdiagramming and forms layout (see Figure 8).
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Figure 8: MyDesk forms layout [121]
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4.5.2.4 Scratch

Scratch is described as a programming environmanydung people and has been created using a tgildi
block metaphor where users have to snap togettegahgral elements to create a script [123]. The lgcah
elements can only be connected in a syntacticaltyect way [119].The layout of the screen showsg tha
available components and services are on the Wéfh the current script in the centre and the giegdh
representation of the script on the right.

Motion Control

Looks Pen
Numbers Sound

Sensing Variables

move ) steps
turn Gr degrees

turn & degrees

point in direction @3

point towards m

change x by
set x to [@

change y by

t costume to open-mouth

set ¥ to [

go tox: G v: E3
: BT v: €3 in @) secs

[ =
Background  goldfish 2

if on edge, bounce 1

x position
¥ position

direction

Figure 9: Example Scratch user interface[119]
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4.5.2.5 Denim

Based on research at Berkeley University by Newarahothers [124], Denim is an interactive environtrfer
the design and visualisation of web sites usingrmgnd ink metaphor. It aims to capture the infdriaisks that
a developer has when designing a web site. Thesdagout shows the increasing detail highlightsthg the
left hand ‘slider’. Options for the user tasks given using a ‘pie-chart’ wheel with up to six sees available.

= Propect) - Desm

> R [T
f}iﬁ-'-f;_d_-q . ‘
':’””TV’E‘“‘ lrh;}.. e by

Figure 10: Denim user interface [124]

4.6 Summary

This chapter showed that the research areas ofv&eftVisualisation, Visual Programming, Diagrammanyl
code-less programming have all got features thatuaeful when creating a list of requirements forMDA
environment. Software Visualisation has much teofh the area of individual component design viHite
areas of Visual programming and Diagramming haek research agendas in the design and layout oélvis
environments. This has enabled the VIDE consortiorase many proven features in the design of tHeEVI
interface.
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5. Exploration of graphical user interfaces

5.1 Introduction

In this chapter, an exploration of graphical usgerfaces is undertaken. We focus on some of thastneam,
industrial-strength UML tools such as Objecteefit2b], Together [126] and Eclipse [127]. The setatof the
tools studied is mainly based on their ubiquity tie modelling arena, and their apparent use in MDA
development. Our investigation is based on sonthefcognitive dimensions discussed in [128].dmg these
assessment tools, we attempt to provide an oversfethe extent to which the studied tools suppoftveare
development tasks within an MDA development procEss example, the cognitive dimension of viscoéstye
[128], pg. 12) helps to assess the extent to whicldels are resistant to change. On the other hiwed,
dimension of visibility concerns itself with the ity of a modeller to view modelling componentssiya The
reader is referred to [128, 129] for a full disdoasof the cognitive dimensions framework.

For our assessment purposes, this chapter consigefisst six cognitive dimensions. The reasonigahat they
seemed most relevant for the type of activitiedipent to software modelling. Additionally, thesengnsions
have been extensively discussed with institutivangades that lend themselves to the type of assedsve
deem sensible for MDA-based development in [91]. Bviefly describe the dimensions used for assessing
modelling with the four tools below:

* Viscosity — we will assess the ease with which sisem make changes to models within the studied
tools. To do this assessment, we will build sanmptelels (e.g., behaviour models) in each of thestool
and try to add or change the models within eadch@fnodelling tool’s editors.

* Visibility — we assess whether the tools providerssvith model editors where components are easily
viewed for use in model construction. This assessmal be based on how we view the layout of
modelling components being visible and accessin@&ch modelling task.

» Juxtaposition — we assess whether the tools pravideellers with a means to view models side by
side. This assessment will typically be based oathér tools allow users to view different modetiesi
by side. This may be deemed necessary when a gieelelling activity is informed by another, e.g.,
construction of a class model based on a use cadelnmAn important side to this dimension for this
chapter is whether or not one can derive parts givan model from another directly, including
traceability of information between models.

« Hidden dependencies — we assess whether theraeyahedalen dependencies between components.

« Premature commitment — we assess the extent tdhwiéctools require premature commitment during
modelling on the part of the users.

* Secondary notation — we assess whether tools greddondary notation to provide extra information
about models.

5.2 Modelling tools

The UML comprises notations for describing vari@aspects of a software system. For example, thease
notation is primarily for expressing software raguients and specifications. Tool vendors have deeel
support environments for this UML modelling. Sonfdlee longstanding tools with thriving user basaesjude
Borland’s Together [126], IBM’s Rational Rose [16]e Objecteering UML modeller [125], and Eclip&2T].

In this section, we provide an overview of the vimwhich these tools represent use case models.ewiew
the similarities and differences between use casdein in these tools, and the extent to which veettiols
provide users with facilities to amend or add te case models within each of the tools.

5.2.1 Use case models

Consider a hotel business where guests might madw reservations online, or may telephone the hotel
make such a reservation. The proprietors of thelhoay use a credit card system to obtain paymieois
guests during check-in to the rooms. Typicallypptd any of these activities, a guest want to riaitee whether
or not there is a room available in the first place
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5.2.1.1 Use case model - Together

An example use case model to show some of thesedsgsfunctions is shown below. The model is hugihg
the Together UML tool:

@ Modeling - Hotel Reservation use case - Together
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Figure 11: Use case model in Together 2007

The Together CASE tool requires a user to be familiith the notion of a project, and indeed, a nhadeh as
the use case in Figure 11 does belong to a UML éfgeoject. Other project types include a Javgqmto Plug-
in project, etc. Hence, the project to which the nase model above belongs may comprise of otheelso
which are listed in a tree structure to the fat ¢téfthe development pane. To the right of thig) &mthe left of
the model editor window is a toolbar with compose(#.g., subject, actor, use case, associatioh fiimeuse
case modelling. There does not appear to be aihility issues with these components for the wseanodel.

A few issues regarding amending or adding to a freggeuse case model were encountered. For exaihple,
user builds the use cases and associated actatghan remembers to add a system boundary, it bezom
necessary to move the use cases inside the symtelnalign the actoraccordingly. The associations also require
alignment. This is an illustration of knock-on sty of Together's use case editor. The tool ptesiuseful
drag and drop functions, but the links and linkddnents have to be moved to appropriate positions

individually. There is no automatic relocation wikis or use cases (or actors) when extra elemeatadzied or
some removed, or moved.

Whereas the use case elements in the model abfeyigie use elements in the palette are not gisiele to the

user. However, this has been addressed by thebtpgiroviding different Layout mechanisms (e.g.,tLis
Columns, Details, etc). The Layout chosen in Figsit€olumns as it seemed more visible.
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5.2.1.2 Use case model - Eclipse

Unlike in Together, use case modelling componantsdlipse are laid out at the top of the modeledipace as
shown in Figure 12:
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Figure 12: Use case model in Eclipse

An issue with building the use case model in E€ligsthat it is not possible for a user to lay asgociations in

a style that the user wants. That is, moving aaramt a use case, or indeed adding an extra ugeceases the
Eclipse modeller to move the other use cases. ¥dlsahe automatic moving of model elements ensyrase
for the newly added or moved use case, this maybeotaid out the way a user would like. This makes
modification of models difficult as much time cam &pent trying to place model elements in positibas make
the model more legible. It is important to allowckulexibility. Hence, a modeller experiences bhkttock-on
viscosity and repetition viscosity. Knock-on visitpss experienced because additions to the moalese other
model elements to be moved without user interventénd repetition viscosity is experienced becauseser
who is not happy with the automatic layout of thed®l will have to try and alight model elements omelly — a
tedious task.

A similarity between Together and Eclipse in useecenodelling is their use of the notion of a prbjas a
container of the use case model. Additionallyhltobls provide a means to show system scope.

5.2.1.3 Use case model — Rational Rose

In Rational Rose modelling, the concept of a sydteomdary for the use cases is not explicitly repnéed. The
use case modelling components are laid out in baodo the left of the model editor window (segute 13)
much like in Together :
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Figure 13: Use case model in Rational Rose

A tree structure of the various model objects ievah to the left of the toolbar. A modeller new tiMU
modelling with Rational Rose can use the tool-8ipility to find out what each component is. Vistpsif use
case models can be felt when modifying a use casetor that is on top or in the midst of severidleo use
cases or actors. Such an amendment does have dbk-&n effect of needing to move other use castskc
below or in the neighbourhood. Rational Rose aldlae modeller to write a specification for eacle gase
element. Since descriptions aren’t part of the daiesh notation, one can argue that Rational Rosawall
modellers the use of a secondary notation to peoridre detail about the use case using unstructexed

5.2.1.4 Use case model - Objecteering

Objecteering requires that a use case model cdmet standalone model. That is, an Objecteeringcase
model must belong to either a package or a clagaré-14 shows an Objecteering use case model:
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Figure 14: Use case model in Objecteering

Objecteering (like Together and Rational Rose)vedlonodellers the flexibility of positioning use easlements

on their chosen screen areas. The tool places timapebjects in a vertical toolbar to the left bbtmodel editor
window. Like the other tools seen so far, Objedteemodels belong to a project that a user mustterprior to
any model construction. There seems to be an ihplependency between use case models and comfainin
elements (e.g., package or class). That is, sifgecfering requires a use case to belong to aagacsr class,
there seems to be an implied hidden dependencyebatwuch artefacts. It might be that the dependenc
simply to be able to group use cases within a pgekie same way one would group together class Ismotda
package. Where a use case is associated with & ttesdependency might be to imply the use casewb
realised by the class.

5.2.2 Class models

In this section we consider class models built gigiach of the tools. We try to find out whethemnot a user is
able to directly use some elements from a usemaske! in constructing a class model.

5.2.2.1 Class model - Together

Since Together requires models to belong to a gtojee initiated the class design editor within saene project
as the Together use case model seen in Figure ddinAthis was done to determine whether a usetdiosl
able to directly obtain elements of a use case htodeuild a class model. This was not possible] tire class
diagram below was built without such direct deliwat

-85 -
© Copyright by VIDE Consortium



FP6-1ST-2005-033606, Visualize all moDel drivElngramming Work Package 5
Version 3

@ Modeling - BusModels - Together i -18] x|
FHe Edt Gouce Refactor Navigate Search Project Model Diagram Run Window Help
It5= e [ e -0 Q- | 52 e e 7 & 3va |52 otding
el Navigetor 03 ¥ Navigator| = [ Busodels 3 0 lassDisgramt | I
; & 5 5 B 7| =Palette— : A e A e o i
B 15Tl B e 2R B [ PR RP e |G e
Bl 3§ Bushodsls },.E. \a{_ B Sooundbind R E SRl DniduiE SGEd Dokt SRUREEGD B S8 fonBI0REE CMuE SR eeslBeEel dMbi S dbe D §0)
E-Lg CrediCardSystem i ot = =
=L Guest -
s ) Class Diagram Elements
B¢ nams > : 1
| B & nabeReservation Patisgh el 14 Room
-/ [Kernel Association: [Guest] -> [Roc - -
R ,_ E3 - |
& L$ Cmg'tc dsyst 0 = w & room_Num: Integer
“f CredtCardsystem Interface  Erumeration |- ;
54 Bushiocek : 5 = # status; Boolean
58" Class Diagram1 + %
LI Hatel Reservation System DetaTyps  Assocation |- ‘ e,
0] subjectt Class =
() UseCase? I:l = ¢ L5 Guest
{2 metamodels ] I_I b
=
[-{2h patterns Port Instancs |- & rame:
. & name: String
(2 PrinitiveTypes Specfication
1 7 [
% +makeReservation
Generdiation)  Requied | - D X
Inplementat.,,  Intetface |,
Providsd  Association |,
Interface -
o =
[ 0ck elements ||-
i i 2 %Creditcardsvstem
Constraint  Constraint Link |~
.= Template Elements 5 LY “HakePayment
Lioe
Template Template: i
Signature Binding
|- Wotes b=}
D i g
hlote Note Link. NL] 14
= Properties 23\'@ todel BUUkmarks“ m v =0
| Properties ' BusModels selected
LI Prapert [ value |
Description nane Bushlodels
Hyperinks full name 8 BusHlodeis
sterentype
visthiliy public
metaclass 55 Diagram
acl & Class D
. —
[z

Figure 15: Class model in Together

Class modelling components in Together are laid irertical toolbar, just like use case modellinghponents
are in the same tool. The class modelling companeavte clear visibility in the Columns layout. Iistlayout,
however, (even in Details Layout), the visibility the class components diminishes remarkably. Mpyhe
class elements in the editor is relatively easy,rearganisation becomes difficult when the amenclads is at
the top or middle of a hierarchy. That requires mguower level classes and associations arounatdduce a
legible model. The class model in Figure 15 issldagn the previous use case model (Figure 11).

Itis likely that modellers might want to derivense classes from a use case model. However, thamvigay for
a user to lay a use case model and a class matéebgi side for such cross-referencing. In otherdspthe
cognitive dimension of juxtaposition of models @t fiacilitated in Together. Again, there was no waerive
the classes (or other class model elements) frenusle case model. Additionally, there was no wagigplay
the use case model adjacent to the class editoeflarence while building the class model.

5.2.2.2 Class model - Eclipse

Eclipse behaves quite differently from Together whriilding a class model. For example, immediately
modeller makes an association between any twoeda@g. Guest and Room), Eclipse assigns roléstto
ends of the associations, and also assigns catgioathe roles.
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Figure 16: Class model in Eclipse

It was also noticed that Eclipse automatically juleg the getter and setter methods based on theiatssns.
This is an interesting feature of Eclipse, and rhaya useful feature when creating PIM (or PSM)sdadfor
(Java) code generation. Eclipse also lays outldreses in the model based on the class size aeceweim the
screen a class is positioned. For example, in Eigé; moving the Room class will cause Eclipsestiraw the
association between Guest and CreditCardSystegreliffly. This is not intuitive since a modeller imigvish to
place classes and association lines in screen ateas they feel most legible.

In Eclipse, drawing components for say, the cldagrdm or activity diagram, are laid out at the tfpthe
drawing palette. A tree structure is produced ®l#it of the model to show the existing modelstfa current
project. The classes were built from scratch asethgas no facility to move any elements of a ussecar
activity diagram into the class model.

A modeller may edit the roles, cardinality or thethods to only depict a general class diagram &gure 17:
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Figure 17: Edited class model in Eclipse

Eclipse does not provide for juxtaposition of diéfet models (e.g., use case and class models)s ribere a
way to obtain class elements directly from a usecaodel in Eclipse.

5.2.2.3 Class model — Rational Rose

In Rational Rose, building class models seemsgsttfmirward, but there is no facility to drag a usese element
and use it as a class or class property or metdodever, if a modeller builds a class that is gitea same
name as an existing actor, Rational Rose giveslt#ss an icon that has the look of an actor, wiiteaeotype
indicating the class is from the use case view Figere 18).
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Figure 18: Class model in Rational Rose

It is possible to amend the class to have the aranidok of a UML class notation, but one cannohoee the

stereotype indicating the class is associated avithctor in the use case view (see Figure 19).
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Figure 19: Amended class model in Rational Rose

Rational Rose does not allow the modeller to remtbeestereotype implying that the class is asseditéd an
actor in a use case model. This forces some preenaammitment to the modeller in deciding that sach
relationship between objects in the different medekist. Moreover, there seems to be hidden depegde
between the respective model elements, i.e. actdrctass, but one is not sure which parts of tleenehts
matter in the dependency (e.g., is it just the nan¢he whole object?). That is, there seems tlitthe value in
the forced stereotype since there is nothing merg.,(methods or attributes) a modeller would geinfthe

actor in building the class.

5.2.2.4 Class model - Objecteering

In Objecteering, building a class is relatively yyaand Figure 20 shows how the tool generates rateb

multiplicities in the first instance:
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Figure 20: Class model in Objecteering

Class models in Objecteering belong to a projeet tmust be created prior to progressing with model
construction. Class modelling components are laidroa toolbar to the left of the model editor ddnwv. Figure
21 shows how the modeller has an option to edifiteemodel, to remove generated roles and midiips:
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Figure 21: Edited class model in Objecteering

Like the other tools Objecteering does not proddaeans to use the elements of a use case maglela@ors)
to construct classes automatically.

5.2.3 Activity Models

This section considers activity models built in leaf the tools. The section attempts to determihether a
modeller is able to derive activities from a ussecmnodel. The reference use case is that alreadyis®.2.1.
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5.2.3.1 Activity model - Together
The activity diagram was produced to depict thévaiets for making a reservation for a hotel room:
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Figure 22: Activity model in Together — componentsn list view

The set of components for drawing an activity madelogether occupies a bigger real estate thasetlior
drawing use cases. Hence, the layout for the commter(at the left of model editor window) was cheshdrom
columns to list, to allow for most of them to beogim. The columns layout of the components is shawn
Figure 23.
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Figure 23: Activity model in Together — componentsn column view

The icons occupy larger screen estate, but, tHetogides a means to scroll down should one neednother
issue with the activity model itself (rather thamaaing components) is the viscosity of the modélafTis, if a
modeller were to add a partition or lane, thera ksock-on to the existing model, and activitied aantrol flow
get shifted such that the model loses clarity.

There is no facility within Together for directlxgorting use case elements into an activity maget.example,
some use cases, such as check availability seerieel sensible activities for the activity modelt Bogether
does not provided automated support for derivirgh<sactivities from the use case model.
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5.2.3.2 Activity model - Eclipse

Unlike Together, the drawing components for adgsgitin Eclipse are spread at the top of the edifadow.
The components have no textual description attadbetthem, but there is a tool-tip describing whatte
component is.
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Figure 24: Activity model in Eclipse

Eclipse does not provide any other layout for treasadng components. Also, Eclipse does not allowube of
the vertical bar to merge activities.
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5.2.3.3 Activity model — Rational Rose
In Rational Rose, as with Eclipse and Togethevait possible to obtain activities from either uasecor class
models A Rational Rose activity chart is shown in Figufe 2
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Figure 25: Activity model in Rational Rose
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5.2.3.4 Activity model — Objecteering

Objecteering allows the use of a vertical bar fdittihg and joining activities. In Figure 26 weah an activity
model built using Objecteering.
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Figure 26: Activity model in Objecteering

Again, there are no means to directly obtain infation from use cases or classes for building the/igc

model. That is, one cannot use actors, use cassses or class methods/attributes directly in tcoasng the

activity model. Objecteering however offers a ngay of arranging models together in a tree strectar that a
modeller can flip between models for reference pses.

5.3 Discussion of requirements

Our development of the initial prototype, and theestigation of various UML-based and MDA tools has
provided insight into desirable features for theDEIIDE. The requirements for the VIDE GUI are oud
below.

The VIDE GUI is to provide an editor for construngibusiness process models. The VIDE IDE will pdevi
RAD business process modelling elements, with acehior users to deploy the VCLL component for BPMN
based process modelling:

Level PIM Users: All MUST

GUIREQ ID 61 Support for business process modelling

Related requirement IDs: 12, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 3135436, 37, 38, 39, 40, 41, 42, 43,
44, 45, 46, 61

Another important feature of the VIDE IDE is to pite a textual editor where users can write detorip of
the domain. Such descriptions may also includeupgst or organisation diagrams:
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Level CIM Users: All MUST

GUIREQ ID 62 Support for construction of descriptions of the domain

Related requirement IDs: 12, 14, 26, 27, 28, 29, 32, 33, 58, 59, 62, 63,/66,/6

The VIDE GUI should provide support for users tald@analysis models depicting domain entities ameirt
associations. Such entities may be roles, actiittata items, or uncharacterised entities that latey be
decomposed or identified as concrete roles, aetsyietc.

Level CIM Users: All SHOULD

GUIREQ ID 63 Provide a means for building an analysis model based on domain descriptions.

Related requirement IDs: 12, 14, 26, 27, 28, 29, 32, 33, 58, 59, 62, 63,/66,/6

The VIDE IDE should provide support for further &msds of initially, less understood parts of themuon or
entities:

Level All Users: All SHOULD
GUIREQ ID 64 Provide support for decomposing associations among entities in an analysis
model.

Related requirement IDs: 12, 21, 24, 25, 27, 28, 29, 30, 31, 35, 51, 5868964, 65, 66

There should be a means within the VIDE IDE forrade create links among elements of an analysigeino

Level All Users: All SHOULD

GUI REQ ID 65 Support for creating links/associations among entities, and to label them.

Related requirement IDs: 12, 21, 24, 25, 27, 28, 29, 30, 31, 35, 51, 5868964, 65, 66

The VIDE IDE, like any other development environmeshould provide the project construct for holding
together models of a given development task:

Level All Users: All SHOULD

GUI REQ ID 66 Support for creation of projects as container for VIDE models.

Related requirement IDs: 12, 21, 24, 25, 27, 28, 29, 30, 31, 35, 51, 5868964, 65, 66

The VIDE environment is to provide functionalityrfmodel storage. This is essential for further dmwament
and sharing of models for a given development ptoje
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Level All Users: All MUST

GUI REQ ID 67 A repository for VIDE models providing persistence of models

Related requirement IDs: 8, 9, 10, 15, 34a, 49, 50, 51, 58, 67, 72, 7379430, 81, 83

An interface is to be provided where users candauhe VCLL modeller within VIDE in order to dev@o
BMPN-based business process models:

Level CIM Users: All MUST

GUIREQ ID 68 Provide an interface to other components such as the VCLL component.

Related requirement IDs: 6, 68, 84

An important aspect of the VIDE IDE is the provisiof support for direct of elements of an analysiel in
building a formal business process model:

Level PIM Users: All MUST

GUI REQ ID 69 Support for development of business process models from analysis models

Related requirement IDs: 1, 2, 3, 16, 17, 18, 19, 20, 21 ,22, 23, 24, 25226 28, 35, 60, 64, 69

One important aspect of development with the VIDIEE lis the need to be able to build (behaviour)végti
models that are derived from a CIM model:

Level PIM Users: All SHOULD

GUIREQ ID 70 Support for development of behaviour models from CIM models

Related requirement IDs: 63, 70, 71, 82

An additional feature of the VIDE IDE is to enalife use of elements of an activity model to buildlass
design model:

Level PIM Users: All SHOULD

GUIREQ ID 71 Support for development of class design models from behaviour models.

Related requirement IDs: 63, 70, 71, 82
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The VIDE IDE is to ensure that elements of a donmagrdel that are derived from the domain descriptiam be
traced back to the description:

Level PIM Users: All SHOULD

GUIREQID 72 Provide traceability between analysis models and domain descriptions

Related requirement IDs: 8, 9, 10, 15, 34a, 49, 50, 51, 58, 67, 72, 7379480, 81, 83

The VIDE IDE is to ensure that elements of a bussngrocess model that are derived from an anatysdel
(or domain description) are traceable back to tigirating word or element:

Level PIM Users: All SHOULD

GUIREQ ID 73 Provide traceability between business process models and analysis models

Related requirement IDs: 8, 9, 10, 15, 34a, 49, 50, 51, 58, 67, 72, 7379430, 81, 83

The VIDE IDE is to ensure that any elements ofasgldesign that are derived from an activity madel be
traced back to the originating activity model elense

Level PIM Users: All SHOULD

GUIREQID 74 Provide traceability between class design models and behaviour models

Related requirement IDs: 8, 9, 10, 15, 34a, 49, 50, 51, 58, 67, 72, 7379480, 81, 83

5.4 Summary

There seems to be some modelling concepts thas-crdsthe tools assessed so far. For examplehaltdols
tend to deploy the concept of a project as a coetafor software models. This is an important asmdc
modelling or software development in general agssvmodels may often be built to depict differeigtws of a
system. VIDE modelling will use the “Project” comtén the same way seen in these tools to be aleganise
analysis and design models during MDA developmaetit WIDE.

Some tools (e.g., Together, Rational Rose and @geng) provide modelling components on a vertioalbar
to the left of the model editing window, while otheols (e.g. Eclipse) lay out such components dlistve the
model editor window. VIDE will use a vertical toalbto hold modelling components for the differemdalling
views. Some tools (e.g., Eclipse) do not providiexbility in laying out models on the model edit&/IDE will
allow users to position model elements on the scezea as they wish. Table 22 provides an overokthe
way in which the tools have been evaluated in teofthe cognitive dimensions framework which hagrbe
used to assess modelling activities.
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Tools/Dimension

Together

Eclipse

Objecteering

RationdRose

Viscosity Knock on viscosity | Both knock on and | Knock-on viscosity | Knock-on viscosity
experienced when | repletion viscosity | experienced when | experienced when
additions are made | experienced when | additions are made | additions are made
to a model additions are made | to a model to a model

to a model

Juxtaposition
Does not facilitate | Does not facilitate | Does not facilitate | Does not facilitate
juxtaposition of juxtaposition of juxtaposition of juxtaposition of
models. One has to| models. One has to| models. One has to| models. One has to
minimise one model minimise one model| minimise one model| minimise one model
to view another. to view another. to view another. to view another.

Visibility Modelling Small icons used for Quite reasonable Quite reasonable
components clearly| modelling visibility of visibility of
visible and different| components; seems components components
layouts provided for| reasonably visible
laying out to a user
components on a
vertical toolbar.

Hidden None of this None of this Experienced when | Experienced when

dependencies

experienced in the
modelling tasks
performed

experienced in the
modelling tasks
performed

modelling use caseg
— one has to build
use cases as part of
a class model or a

building a class
model — classes
named the same as
an existing actor

package seem to be

stereotyped

accordingly.
Secondary None for the None for the None for the Use of text to
notation modelling tasks modelling tasks modelling tasks provide descriptions

performed performed performed of model elements,

e.g., use case spec.
Premature Seems to force Seems to force Seems to force
commitment None experienced | naming of roles and| association of a use| implication of a

so far

specification of
multiplicity

case to another
objects, e.g. class o
package

class to be based on
an actor where a
similarly named
actor exists.

Table 22: Summary of tools assessment with cogniéwdimensions

An important point to reiterate is that the maieam tools assessed do not provide a means to foawsrd

information from one model (e.g., use case) tolamofe.g., class or activity model). VIDE will pide a means
for users to select elements of an analysis maalgl,(entities, roles, activities) for use in depi#hg a design
model. Furthermore, VIDE will provide traceabilibetween models to indicate where parts of a givedeh
have been derived from parts of another model (s).
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6. Exploratory Prototype

6.1 Introduction

Prototyping is the most frequently used of the modequirements elicitation methods. Prototypes lban
constructed to demonstrate either a portion of tesy or the whole system in order to get feedbd&0]
Prototyping is particularly useful in requirememgjathering as the user interface can be replicat# thve
appearance of the final system but with limitedctionality [131]. It allows users and developersg@in
knowledge about the system and the way it will wdrkere are a number of different types of protetyghich
Bray categorises in [131] as
» Definitive — forms part of the requirements spegifion or the definition of the required behaviour
e Structural — to check possible design solutionshsag performance, but can be used to ascertain
feasibility in the earlier stages of the lifecycle.
< Evolutionary — means that development occurs biniref earlier prototype versions of the system.
Sommerville [132]outlines some of the problems witts approach when used for large systems such
as management, maintenance and contractual prablems
« Exploratory - that will aid in eliciting or refing requirements and are defined as ‘throwaway’132]
For the purposes of WP5 two different prototypel lné used the exploratory prototype which willoall for the
creation of an initial user interface that willaM further definition of the requirements. Fromstlaipproach, a
full collection will be made of all the requiremsrrior to the outline of a definitive prototype ia will form
the requirements specification.

The VIDE GUI is aimed at providing an IDE that sopis model driven development (MDD). The specifimat
and (partial) development of the exploratory prgpet of the VIDE GUI was undertaken to elicit feecka
regarding desirable features of a MDD environmevidrious meetings and presentations to the VIDE
consortium, provided feedback on several most itapbraspects of the GUI and needing further constiban.
This chapter outlines the requirements that thet firototype set out to address, and discussdstthiations of
the initial GUI specification and prototype.

6.2 Additional identified requirements

Additional requirements for the first prototype anatlined below. These were obtained during deweldpcus
group meetings and VIDE meetings throughout théepto

An important requirement is for the VIDE GUI to &i& business users to write descriptions regarihieg
activities they undertake, and their various resjiulities:

Level All Users: All MUST

GUIREQID 75 Support for construction of textual descriptions of the domain.

Related requirement IDs: 12, 14, 26, 27, 28, 29, 32, 33, 58, 59, 62, 63,/66,/6

The VIDE GUI should provide an editor with a fleldbnotation where business users can construct idoma
entities (e.g., roles, activities) and the assamiatamong those entities without being constraimgdules of
any modelling notation:

Level All Users: All SHOULD

GUIREQ D 76 Provide an accessible domain modelling editor.

Related requirement IDs: 12, 14, 26, 27, 28, 29, 32, 33, 58, 59, 62, 63,/66,/6
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A means to construct activity models as behavioadels of a system should be supported by the VIRE. G
These models will depict interactions among instaraf the class design model.

Level PIM Users: All SHOULD

GUIREQ ID 77 Support for construction of activity models

Related requirement IDs: 12, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 31,3%4,36, 37, 38, 39, 40, 41, 42, 43, 34,
45, 46, 61, 77

The VIDE IDE is required to support the building @fdomain model depicting relationships among iestit
derived from the domain descriptions.

Level PIM Users: All SHOULD

GUIREQID 78 Support for construction of domain models based on the domain descriptions.

Related requirement IDs: 12,19, 25, 27, 34, 47, 48, 58, 59, 60, 61, 63,/65,/8

The VIDE GUI is to enable traceability of domaintiges to the parts of the description where thsties are
derived from:

Level PIM Users: All MUST

GUIREQ ID 79 Support for traceability of domain models back to domain descriptions.

Related requirement IDs: 8, 9, 10, 15, 34a, 49, 50, 51, 58, 67, 72, 7379480, 81, 83

The VIDE IDE is to provide a means to trace elemenfta class model (e.g., attributes, methods,vene
classes) back to the domain model element assdaciati it.

Level PIM Users: All SHOULD

GUIREQ ID 80 Support for traceability of class models back to domain models.

Related requirement IDs: 8, 9, 10, 15, 34a, 49, 50, 51, 58, 67, 72, 73/9480, 81, 83

Again, the VIDE IDE should provide a means to tratements of a behaviour model back to the couaterp
structural model:

Level PIM Users: All SHOULD

GUIREQ ID 81 Support for traceability of activity models backdass models.

Related requirement IDs: 8, 9, 10, 15, 34a, 49, 50, 51, 58, 67, 72, 7379480, 81, 83
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A means for obtaining class design model elemeawts fan activity model should be provided by the ®ID
IDE.

Level PIM Users: All SHOULD

GUI REQ ID 82 Support for direct derivation of class elements from activity model elements.

Related requirement IDs: 8, 9, 10, 15, 34a, 49, 50, 51, 58, 67, 72, 7379480, 81, 83

The VIDE GUI is to support direct construction otlass model based on information available indbmain
description. Such information could be directly dige build a class, or form part of a class by ming
attributes or methods:

Level PIM Users: All SHOULD
GUIREQID 83 Support for direct derivation of class design elements from domain
descriptions.

Related requirement IDs: 8, 9, 10, 15, 34a, 49, 50, 51, 58, 67, 72, 7379480, 81, 83

There should be an interface to other componertb as the VCLL component. This to ensure components
separately developed to automate CIM developmenguke VCLL language can be integrated with VIDE.

Level PIM Users: All SHOULD

GUIREQID 84 Provide interface with VCLL component.

Related requirement IDs: 6, 68, 84
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6.3 VIDE GUI overview

The VIDE toolset is aimed at providing support kdDA development activities. For example, partstaf tDE
will support the construction of CIM models; whilther aspects of the VIDE GUI will provide PIM
development support. Given that these MDA develagiraetivities may often involve elicitation and &sas of
domain information, the VIDE GUI also provides sapp for the building of descriptions about the kdemn
domain, and the analysis of such information. Heaceser may consider these various developmeivitast
as different views for developing an MDA-type apption using the VIDE GUI. Figure 27 shows thesama
put together in a VIDE IDE:

Welcome User Log-in Project selector:

Project library Stakeholder teams

djay aAnseISIU|

Business object view:

Problem domain view:

PIM classes Logical architecture

; > System agent view System pattern view

Behaviou1®’ views

Textual code editor:
Busings activity view
Visual code editor

Figure 27: Overview of VIDE GUI

The components of the VIDE GUI are arranged in sach way as to address a number of significarteros
for a give development project:

* The involvement of non-technical stakeholder in sarh the development process
» Elicitation of problem domain information and arsi$yof such information
» The use of analysis results to build a CIM model
» Development of PIM models from the CIM model
In the following sections, we outline some of thghhlevel processes that we expect VIDE stakehsld@mgo

through whilst using the VIDE IDE. These act as endetailed specifications of the relevant GUI congris
presented in Figure 27.
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6.4 VIDE GUI Stakeholder interaction processes

6.4.1 Documenting and analysing the problem domain

Software development (whether by following MDA drettraditional) is an activity aimed at producing a
software system that addresses a specific issuenvat given application domain. A means for elrgtiand
recording informal facts about the problem domaingd the subsequent analysis of such facts is aften
important activity prior to any design. Within MDAuch activities constitute an important step dériming
development participants especially on the devetopirof the CIM model. We capture early lifecycldidtes

in the following RAD model:

Analyst .
y DomainExpert
- Synthesise info. from
source doc.
%Provides info to user
Source document
n Validate information
gggsun SOUrCe ki BoMN
Review regs. info Build business
t} agains[ source doc model
VIDE editor

Save model

Figure 28: Problem domain construction process

The diagram in Figure 28 indicates that during eheitation of business related information, oneyrhave a
document containing the elicited information. Sevelocuments may be produced depending on theobide
problem. Information from such documents is themtisgsised to identify key information that may bkevant
the building of a business process model. Suctctvityg may highlight areas requiring further arsil;

6.4.2 Activities for building CIM models

One of the main MDA development activities is tlimstruction of a formal model of the business psscéhe
CIM model. Some MDA researchers have recommenldeduse of automatic layout functions within MDA
tools to organise CIM model elements for users.dMgure the activities for developing a CIM modéthvihe
VIDE IDE in the RAD shown in Figure 29:
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/ VIDEUser \ VIDE_Editor
Ve N
Launch VIDE
Display

modelling views

Select BPM view

7,

Display BPM
elements

Build model

noCheck \ /

DomainExpert

autoCheck

Validate with
expert /

VIDEModelStore

Validate model / \

notHappy happy

Apply Send to user
autolayout @ Store model

L )

Revise and store

- /

LayoutChecker

autolay

Figure 29: Business process construction process

In Figure 29 a user launches the VIDE editor, agldcts the BPM view. This view will display the edents
(e.g., VCLL elements, or BPMN elements) for builglia business process model. Upon building the imade
user may optionally apply autolayout checkingslaiso important models are validated with domajrees.

6.5 The VIDE GUI

6.5.1 Introduction

This section discusses the different views of theE/GUI. These views can be categorised into fotarsls. In
the first strand, the views pertaining to user sggtion, login, and the management of the artefafta
development project are shown in Section 6.5.2.

The final three strands make up the model refimracess. The second strand comprises the varieuss\that
show the development of business level modelsy tthisplay, and how they relate and are describetl an
discussed in Section 6.5.3.The next section dest@nd discusses moving from a CIM model towarthssc
design model by using intermediate models of the&tesy behaviour and system services (see Sectiof).6.5
Finally the last views that detail the final mowea first cut class model are described and discuss Section
6.5.5. The model process screens are shown ind=gfur
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SYSTEM

B0k P

PATTERNS

SYSTEM
BEHAVIOUR \

PIM
PROTOTYPER

BP
MODEL  fomae
VIEW >

ANALYSIS SPECIFICATION DESIGN

CIM PIM

Figure 30: Exploratory prototype process
6.5.2 User login and artefact management

6.5.2.1 VIDE GUI design: Welcome

Welcome

VT
=

Welcome to VIDE.
Version X

User log-in X DE news X =8

Single user log-in

li

Collaborative log-in

Close VIDE

Figure 31: VIDE Welcome dialogue

Upon starting the VIDE environment, a welcome diale appears (see Figure 31) that displays apptepbd
version information and optionally, any news thagim be available. The VIDE allows collaboration aig
multiple development stakeholders. In this protetgpecification the model for collaborating usersimple. If
more than one user wishes to work on a VIDE projexassume that either a) they have controlledszdrethe
VIDE project artefacts which are associated withirttuse or b) they are all working at a single depment
machine and nominate a principal user to lead desigprogramming activities. In either respecsitmportant
for the purposes of traceability and maintenanaetord contributions at any MDA level by users king on a
particular project.
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6.5.2.2 VIDE GUI design: User registration

VIDE User registration P4 =8
I am already a VIDE user

Enter your name: |Joe User |

Enter password: | FAAAAAAAAAAK |

Retype password; [ Fmmmmmor |

M@l End user

Business Analyst
PIM Modeller

VIDE user type:

Register me Cancel

Figure 32: VIDE User registration dialogue

At the start of a VIDE project, it is reasonablestgect that some stakeholders will not be knowthéoVIDE
IDE. It should therefore be possible to allow the@sdividuals to register themselves with the systamd in
doing so, provide additional information that witiore clearly specify their contributions (and sfiecVIDE
interaction needs) within a VIDE project. Someld# basic information gathered is depicted in Figi#e

6.5.2.3 VIDE GUI design: User log-in

Principal user X = EI\
Enter user name:l Joe User | D Current users
Password: |*********** |
< Collaborating users...
=
CIM1 User
Password: | |
PIM1 User Wrong password!
Password: | FAAAAK |ﬂ
PSM1 User
Password: | |
v
Start VIDE

Figure 33: VIDE User Log-in dialogue

Given that all users that wish to participate MIBE session are registered, it should be possdbipecify who
has logged in. In Figure 33, one or more usergiaen the option to log-in; if a single-user logvias specified
at the welcome screen the collaborating users wingloould be minimised by default. Once all usergeha
successfully entered their VIDE passwords, clickbigirt VIDE’ starts the IDE proper.
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6.5.2.4 VIDE GUI design: Project selector

VIDE Project work space P4 =8
(" Current projects 52 \Your current project % )
Project title .
Project summary information
Project title
Project summary information
v .

Figure 34: VIDE Project selector

We should expect that VIDE users are likely to worka number of different projects, for this reagashould
be possible to browse through existing projectsgjidy contained within an Eclipse workspace). dditon to
viewing projects by name, it may also be usefubéogiven some summary information such as the groje
instantiation date; number of contributors and soFor a rapid start, it may also be useful toezitdlow quick
access to the project last opened by the useiF{geee 34 for an example of this arrangement).

6.5.2.5 VIDEGUI design: Project journal

Project title X = Eiw
Project selector
Project summary information
Requirements (phase 1) - Requirements (phase 2) ( Stakeholders ¢ =8)
r-—- Fr—-9 R Y Name A
. . . . r-—--9 . . .
2 Preview rey | Preview . S Previg | Freview User type
Image
3 L. B - mage L. —.1
g L._.l
5} 3
K b Name
b Name
N b Name
2 | Preview | I | Freview | > Name
g Image . Image . || Image .
L._.| - N
a
=
= N~
Implementation (phase 1) .
ro—-9
% | Rreview |
= . Image .
3 L.l
3
= Title
D
o K R — »

Figure 35: VIDE Project journal

The project journal component (see Figure 35) ie&ension to the multi-user support offered in YHBE
. Specifically, the journal is used to represki2A design and development phases within a prigdie

IDE

© Copyright by VIDE Consortium

-110 -



FP6-1ST-2005-033606, Visualize all moDel drivElogramming Work Package 5
Version 3

time. A principal component of the VIDE environmetite project journal allows users to create dguakent
phases within the MDA framework and populate theitth IM, PIM or PSM documents. In addition to this,
the project journal should allow one or more usessociated with a particular project to be seleated their
specific contributions highlighted (this could hether refined with CIM/PIM/PSM filters for eachar3.

6.5.2.6 VIDE GUI design: Collaboration visualizer

( Project title X =8)

Project journal
Business system view

Project summary information

e N
( CIM-PIM Collaboration A X = Eﬁ ( Stakeholders 3%

=)
¥ Name )

@ C—

b Name

r-=—-"1

| Preview |
Name . Image .

L._.

r-=—-"1

r-=—-"1

i /_‘/i'z'/j? |

b

r-="7].

i Previeu |

- ‘__I_‘_‘i P Name

‘
s, Tile > Name

1Bq|00} J9ZI[ENSIA UOKRIO]R]|0D)

i Preview | Title
o ’
L._.1I ’

-y .
Title 4 r AN - — p D Namg‘
'I CIM Collaboration 1 P9 B8 Collaborations 8¢ = Eq

< Collaboration .I
2 s 2208
Name | Preview |

Name Name Name Name
L. B>l

r-=—-"1

i Preview |
. Image .

L.l

Collaboration

Title

Preview
. Image |

Collaboration

Collaboration

L.—.1 | Prcvicwi

- . -~
Title R )
e l
Title

Figure 36: VIDE Collaboration visualizer

Collaboration

Collaboration

Collaboration

The collaboration visualizer (see Figure 36) presicdin orthogonal view on VIDE stakeholders’ intdoss
within a project. Here, particular collaboratiorre &xplicitly named and created (within each callaion, at
least two users should be specified, although tbeutd be any number). Shared work between col&bos is
represented along dotted arcs, over which docun{éais any MDA level) are presented. Again, spesél
forms of collaboration can be specified by selectine or more MDA levels for each user.

6.5.3 VIDE GUI views for business model development

This section discusses model development capabildaf the VIDE GUI. The section presents the praads
writing unstructured descriptions about the probiamain, and the construction of informal model$uidher
clarify problem domain concerns.
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6.5.3.1 VIDE GUI design

: Scrapbook view

The scrapbook metaphor is used to depict the irdband unstructured nature of information at thiégs of
development. Such information may be used to iflespecific business related constructs such dsites,

roles, or data items.

Project title X = Eiw
Project journal
Process view
Busiiess comEin visw Project summary information
aYa 3
( CIM Scrapbook o X
A
Navigation
- ;
Seigs (" Paneltitle ) p
% || section A | Panel title P
& . Problem domain description..
g Section B Problem domain description.. Problem domain description..
2 Section C Problem domain description.. Problem domain description..
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Figure 37: VIDE GUI scrapbook view

In our assessment of many MDA-based software dpuadmt tools, we found that many did not providepsup
for the production of domain descriptions or thédding of domain analysis models. The VIDE scrapbo@w
(see Figure 37) provides some basic features fptudag, analysing and ‘marking up’ parts of anoimhal
problem domain description. Here, users are abtgém domain descriptions (either as text, or pbsdinages)
and annotate parts of them for future referencehEanotation should include a name and a typerigésa
based on generic concepts derived from businessgtacir process models.
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6.5.3.2 GUI design: Business domain view
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Figure 38: VIDE GUI Business domain view

A further step from the writing of domain descripts is the identification of various constructsnfreuch
descriptions in order to create an analysis ma#elthe one shown in Figure 38. Such models willidslly
show relationships among roles and associateditasivand any used or produced data items.

This view of business domain artefacts is primafidy managing entities, such that a high-level viefathe
problem can be generated before a business prowassl that explicitly refers to these entitiescamstructed.
Note that it may be possible for VIDE users to mdéneem the scrapbook view to the business processeino
without referring to this intermediate step.
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6.5.3.3 GUI design: Business process view

During business process modelling, a user mighidbthie business process model using activitiesotesr
already identified during the analysis of the imfiation available in the scrapbook. Figure 39 shafes
organisation of such information, and the use ofmfd concepts such as swim lanes (from businessepso
modelling) in constructing a CIM model.
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Process B
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Figure 39: VIDE GUI business process view

One aspect of CIM level support within the VIDE IDMll be the provision of a business process maakgpll
support. The business process view (see FigurealB9)s users to construct business process modéiinw
which there may be many named processes — thesedditionally accessible via a process list. lexpected
that business domain artefacts (such as data eppattivities and events) have been derived frarstiiapbook
view and should be used as first class inputsHerhusiness process modelling task; however thesebm
independently generated without a direct referéa@ebusiness domain entity.
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6.5.4 GUI design: CIM-PIM early transformation views

The movement from CIM to PIM requires some kindrahsformation between the CIM models to one oremor
PIM models. There are recognised challenges of fulitomated transformations owing to syntactic nagsp
and semantic mappings between the views. Thisaseptioposes moving from a CIM model to a classgiesi
model by using intermediate models of the systehatieur and system services.

6.5.4.1 VIDE GUI design: System behaviour view
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. . Project summary information
Business process view
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Figure 40: VIDE GUI System behaviour view

The first step toward the transformation betweel @nhd PIM level model is to identify entities froome or

more business process models that are likely tpeoormed by the target system. In other wordsy@myate

stakeholders from the VIDE project team would bée db select entities such as roles, activitiegnés, data
objects and business rules that are likely to ls®@ated with some functional aspect of the systétrthis

stage, the user is invited to navigate throughtiegprocess models so that they are able to selentents that
can be associated with a new (or existing) systehabiour definition. This is achieved by first dirg a new
system behaviour, and then dragging and droppimgenhts from the business process preview windoovtie

behavioural overview. Once finished, it should tlhenpossible to assemble these behaviours into afmsteact
collections of system functionality - system agents
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6.5.4.2 GUI design: System agent view
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Figure 41: VIDE GUI System agent view

The system agent view, as shown in Figure 41, pssgs the process of CIM to PIM transformationygtem
agent should be considered as a software-basedy #ati, given a specific context, knows aboutaiartypes of
information and can act in particular ways (thigxpressed in terms of their composite system hetes/.To

do this, the user is expected to select aspecta fgstem behaviour descriptions and drag them oeto
instances of system agents. Aspects of the sys&fravibur may include roles, activities, data olgeevents
and business rules. It is therefore possible (atthonot necessarily desirable) to mix a varietypdviously
defined system behaviours with one or more systgents. Agents are subsequently used in VIDE's final
transformation stages in the CIM to PIM transforiomaprocess.
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6.5.5 GUI design: CIM-PIM final transformation views
In this section, we discuss the final steps leatlndpe production of a first-cut class model @& ystem.

6.5.5.1 GUI design: System pattern builder
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Figure 42: VIDE GUI System pattern builder

The system pattern builder represents a signifistapt for the transition between CIM level conceptd the
PIM level class model. A mapping between a higlelepecification of the target system’s agencyapsalated
through system agent objects, is started by idgngfan agent to be implemented by a software sysihe
next step is to select from a collection of sofevpatterns made available by the VIDE toolset @hesmy
include user-defined patterns). A standardisedrgim of any pattern is made available to therusece a
new pattern is selected for generation, a temptdlié class equivalent is presented to the userhist stage,
users should select aspects of one or more adettare to be associated with elements of the aodt\yattern
(here, these are primarily classes). As with sydbemmaviour specifications, complex and multipleoaggions
may be allowed here. Further refinement of these@ations should be made using the PIM class {yuo.
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6.5.5.2 GUI design: PIM class prototyper
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Figure 43: VIDE GUI PIM class prototyper

The PIM class prototyper is the final stage of @k to PIM transition process. Here, software paie
previously defined in the system pattern builder farther refined. Specifically, data objects aadrbver from
the CIM agent model (displayed in the ‘Agent comgms’ window) can be associated with PIM classhattes

(and their types); in a similar fashion, activities events carried over from the CIM agent modei ba

associated with pattern methods. It is unlikelyt tih CIM agent data objects, activities and evenils easily

find a home in the prescribed parts of the chosdivare pattern template. For this reason, it maynbportant
to provide some additional, basic prototyping célfisgs for the PIM class templates that allow theer to add
additional attributes and methods of their own dieng such that appropriate CIM parts can be mapped.

Having completed the PIM class templates, it shdnélgossible for the VIDE user to navigate to thd Pode
editors. Here, the actual implementation of thehwés specified in the PIM class pattern (based hair t
associated activity and data object models) shbeldritten in VIDE code.

6.6 Summary

This section outlined the final requirements tharevused in addition to those collected earlieadded that
Role Activity Diagrams of the process as we und@dtit of the end-user is using the VIDE environingn
complete a task. We then detailed the exploratooyopype in four separate sections. The log-in artdfact
management section were explored, and finally hiheet model building sections from scrapbook tosctasdel
we described.
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7. Evaluation of exploratory prototype and requirements
summary

7.1 Evaluation

The exploratory prototype, as presented in Sediénwas also presented at a series of focus grmatings

and the feedback was collected. Feedback from ptiegethe system at two workshops to consortium bens

was also collected. These issues are outlined b&lgether with our developer evaluation using tlogGtive
Dimensions Framework. In addition, pertinent reguients obtained from the research carried out threeyear

are discussed. The feedback, comments and resaeHiosbed some paper prototypes to be created. Paper
prototypes add value because they are ‘hands o’ esmable critical feedback [133]. From this cokett
information the system will be re-modelled and &irdiéve prototype will be created synthesising tleesons
learned from these various forms of evaluation a@skarch.

7.2 Issues

7.2.1 High level summary

The exploratory prototype was very useful in idirig issues. It is possible for system designergeét too
close to the designed system and be unable tousbeissues. The addition of feedback from the faynasips
and presentations allows the developer to takemtsick and to view the system from others’ pafitsew.

Overall, the system was well received, but it bee@pparent, when issues were identified, thatithdit appear
to be sufficiently accessible to business usersvaasl generally inflexible in usage. By followingetlscreens
through, it imposed a particular process which waliitle quirky. There was no traceability, from rdain
information to PIM model and many of the modeldengfd from fragmentation and loss of informatiomaly
the system did not take into account behaviourdlsaructural information.

7.2.2 Issues with the initial prototype

e The scrapbook idea was good, but it was too stradtand did not allow sufficient free flow of idedisdid
not make use of existing documents and appearegloated.

* The domain models screen should aid analysis bua# not possible to create informal conceptuahsde
and there was no explicit relationship to the soomi (the previous development step). It forcedehd
user/analyst to become too detailed too early énpitocess (for example by defining roles and ob)ead
using terminology that could confuse business pea@pld giving no support. It was also not possible t
define the links between different items and did sigpport a process of gradual refinement. Fintdby
domain model does not scale well (to allow for daposition).

e Construction of domain models from domain desaimgi was inflexible since it only permitted
consideration of pairs of entities and producedamsumed data objects.

e A lack of consideration for persistence of modéséven that VIDE is an MDD environment that will
interface with other MDD-type tools, persistencaiiss are important.

e Traceability between domain models and respectgeniptions was inadequate since the built entfees,
roles, activities) did not bear any correlationhngelected (partial) description of the domain.

e The initial prototype had considered transitionwen process model and design model based on system
services and behaviours. Whereas this is a possibte to take, one might not want two modellinggds
to achieve what other MDD tools suggest in one.step

e The exploratory prototype based the constructiofidd models on suitably identified (or custom byilt
patterns. MDD proposes derivation designs fromrmss models without such patterns, hence this may
impede the uptake of VIDE.

e There was no clear distinction among elements @dérmain model. That is, all elements (roles, adésit
and data objects) looked the same, and no ster@tgp adopted to qualify distinct model entitielsisTcan
be confusing for a large model or an unfamiliar dogm

e There was no way to group together multiple mogel$aining to a given development task.

* The business process model and system behaviowsnscshould allow the creation, editing, impord an
export of business models but the interfaces wetantuitive. No external interfaces were definddwvas
also apparent that there was a loss of informatiben defining system behaviours; the process atioive
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retention of some structural information and losisibehavioural information which contributed te th
fragmentation of models. In addition, as far asgpecification was concerned, the system did nak with
how scoping should be handled, nor support theireapents and specification documentation. Oncerggai
traceability of the models, back to the previousudoent’s screens and models, was absent.

e The concept of services and patterns was goodnfautnation that was lost earlier in the process waver
replaced and, therefore, a single process modeldwesult in fragments of a PIM model. It becameyve
difficult to define services. To be able to crepadterns for the designs needed, extensive pattenwledge
was required along with access to an extensivenpalibrary. It would also require specialist knedde to
create class diagrams from patterns. There wasmnoce, no traceability. Finally, there was no beébasal
model carried through the process.

7.2.3 Evaluation using Cognitive Dimensions

7.2.3.1 The Cognitive Dimensions used for the evaluation

As described in section 5.1 only six cognitive disiens will be used for this evaluation. They dre most
relevant for the type of activities pertinent tdtaare modelling. These six dimensions are usesl similar way
by Blackwell in [91]. We briefly repeat the destiim of the dimensions here for completeness:

» Viscosity —the ease with which users can make amtmmodels.

* Visibility — we assess whether the prototype presidisers with editors where components are easily
viewed for use in model construction. This assessmdél be based on how we view the layout of
modelling components being visible and accessinl@fch modelling task.

e Juxtaposition — we assess whether the tool prouedellers with a means to view models side by
side. This may be deemed necessary when a giverliimgdactivity is informed by another, e.g.,
construction of a class model based on a Businesse8s model. An important side to this dimension
is whether or not one can derive parts of a givedehfrom another directly, including traceabildf
information between models.

- Hidden dependencies — we assess whether theraeyahedalen dependencies between components.

e Premature commitment — we assess the extent tchwhé prototype requires premature commitment
during modelling on the part of the users.

e Secondary notation — we assess whether the pretqiygvides secondary notation to provide extra
information about models.

7.2.3.2 The issues:

As indicated above, the interesting point of theygbook concept is to afford non-technical usexsilfiility and
accessibility for creating models based on the@teugstanding of the problem domain. This flexibiltas
curtailed in the first prototype because entitieswed from the scrapbook could only be associatelree
ways. That is, one could only obtain and clasdiéments from the scrap book as roles, activitiedata objects.
Furthermore, associations among these elementsodilow for roles to be associated with more tbaa
activity, or for activities or roles to be assoewith more than one data object. This constiaiakin to the
cognitive dimension known ggemature commitment, since a modeller is “forced” to prematurely decah
any of the three elements to depict in a given rhisdlgment. The exploratory prototype provided anseto
create and label associations among roles, aetvénd data objects, but deletion of a link, oaetivity in order
to add a different activity or link caused the miteteto have to often rebuild the entire modelsignificantly
move other model fragments that were within clas estate space of the one altered. This, agakinsto the
cognitive dimension of knock-oriscosity because amendments of given parts of a modelétrsignificant
changes to associated models. An important agpéioe early stages of software development (damain
analysis, requirements determination) is the nequdvide a means to describe a rich picture optioblem
being addressed. For example, associations betwéEnand activities in a domain model may subsfurtber
information about the problem. It may be that sassociations need further description, or modelhity a
different notation to enrich the parent model. Ekploratory prototype did not provide any secondaation
for augmenting standard models of the prototype.

The design of the exploratory prototype had a legyirement of maintaining traceability among diietr
models. For example, where activities in a CIM ni@de derived from activities in the domain modeich
corresponding activities are to be highlighted athbmodels. However, to be able to move from a dommendel
to a CIM model, one needs to display the domainehsidle by side with the CIM model, or its editandow.
This issue is akin to the cognitive dimensiojutaposition, and the initial prototype could not juxtapose
different models.
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An issue with design models is the extent to wisieheral intermediate models were involved in dag\a first
cut design model. For example, the concept of systehaviours, system services and design pattegastthat
appearance of various class design sections itestttice actual class model to a very small scretaies hence
reducing thevisibility of the design model. It was rather confusing ashether the design model was
dependent mainly on the identification of a suigadbésign pattern, or the ability to define appratersystem
services and behaviours, yet again, faring inapiatgly against the cognitive dimensionrofiden
dependencieamong models or model components.

7.3 Requirements summary

This section will draw together the major requiretsefrom earlier work and the exploratory prototypat will
be carried forward. Some of the ideas were cafaeslard using paper prototyping which is useful éaploring
ideas informally.

7.3.1 The scrapbook

The exploratory prototype showed that there wemeraber of new requirements that the system neexleake
into account and these began with the scrapbookat felt that the idea of the Scrapbook was gbod the
execution of the concept needed some attentioredted to be more flexible and to allow the freg/fbf ideas.
The screen looked complicated at the moment anddlb@ simpler.

Requirements from the description of work, cartfiedvard in Section 1.2, highlighted the fact tkz toolset
“should be used by IT specialists and individualthittle or no IT experience”. Further requirentgrirom
Work Package 1 and outlined in Table 1 REQ- NonEutiscuss the requirement for accessibility atGhigl
level. Non-technical users working at the CIM lewtlould be able to input, retrieve and understdmadr t
business domain descriptions in a notation thabistechnical and accessible.

There are a number of requirements that are ubefel from the software visualisation research, sic8ection
4.2.1.8, that suggest that the components shousdrbetured and have features to aid navigation imn8Section
4.2.1.11, that the system should be intuitive wébard to navigation and control. Perhaps the rimygortant
requirement from this area for the scrapbook i tira user should be able to return to the originf@rmation

source and link to other views of the same inforomatas discussed in Section 4.2.1.12. Since w#gelss level
may well be novices, a requirement, from our Visdeebgramming research in Section 4.3.1, that isoitamt

here is that all graphical representations shoaldebevant because novices will try to make sefisdl explicit

connections even if they are not relevant. Fintdily Natural and Codeless programming researchigrghthe

fact that components of a project should be eafindoand identify.

Additional flexibility can be gained by using adretructure which facilitates the adding nestind arganising
of entries. Entries should allow cross referen@ngd notes for the user to annotate various enffies.system
should allow linking to both existing and extergmicuments and provide a simpler and cleaner, les®ed
interface. The paper prototype of our ideas inattea is shown in Figure 44
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Figure 44: Paper prototype of the scrapbook

7.3.2 Analysis palette

Taking ideas forward from the feedback from the diommmodel screen of the exploratory prototype itdme
apparent that there was nothing that would aicuer in handling vague (essentially informal) cqtoal ideas
and was quite a complex and confusing screen. Tdseiiption of Work described in Section 1.2 stabed all
stages of application development should be moresaible to non-IT professionals. This screerkigyito be
used by non-IT professionals, end users and busiaralysts and should thus answer the requirements
Section 1.2.2 REQ — NonFuncl the users should eetalunderstand their domain descriptions in aatior
that is non-technical and accessible. NonFunc&stitat the system should provide context sendiglp for
users working at the CIM level and this should kpl@&ned in non-technical terms. NonFunc4 requihes we
use clear and unambiguous notation. NonFunc 5 megjtihat model views should be user oriented -stiope
and content of views should be controllable byuber.

Our research from the area of Software Visualisaigoparticularly relevant here. Firstly, the domaiser is
likely to have conceptual ideas that will need ¢orépresented, and over time, these may be dewkiofmesome
entity that is understood. Different visual compatseshould be distinctive (Section 4.2.1.2), presenmuch
information about the component (Section 4.2.1a@8)d should be as simple as possible (Section 4)2.1.
Perhaps most importantly the user should be ablakoto other views of the same piece of inforrati as
defined in Section 4.2.1.13. The user at the Anmgllgvel is also likely to have low levels of ITmience and
will have similar requirements to the scrapbookruge terms of ensuring that graphical representatiand
explicit connections are relevant. The diagramnriggparch (in Section 4.4.1.) highlights the requést that
modellers should be able to arrange their modehsiedves and that models should be stored perdistent

Additional requirements from the exploratory pryp feedback suggest a need for provision to hekrsu
define concepts, although context sensitive helmesntioned earlier, user concepts are much moreifgpdt
should be possible to define links between itentsranst importantly the traceability from the scrapk items

and scraps should be maintained. The layout angesccomponents should support a process of gradual
refinement, and whilst the requirement is that sissrould be able to arrange their own models, yisees
should allow them to decompose or create a hieyarigtw of the model. Ideally the system should ingpose a
process on the user, rather they should be aldatér or exit the system at any point. Finally, $hstem should

be semantically ‘loose’ to allow it to be used imare flexible and business friendly way. A papeatptype of

the concepts that would respond to these requiresweas developed as shown in Figure 45
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Figure 45: Paper prototype of the analysis palette

7.3.3 CIM Palette

This area was defined in two screens in the expoyaprototype, the business process model ancersyst
behaviours screens. This palette will have to lpalke of dealing with the BPMN notation, the VIDBEVClevel
Language (VCLL) and, perhaps, other notations sagshRole Activity Diagrams. Requirements from the
Description of Work in Section 1.2.1 highlight tfeet that VIDE should be an open and interoperakd&orm
and requirements from Work Package 1 in sectiol?IREQ - Userl also support this need. Howeveliié
standard should be used where possible as userseasitive to standards. REQ —User2. To enablesthes
concepts a plug-in mechanism should be considehéchvis a requirement at REQ -Tool 12.

Feedback from the exploratory prototype has hiditéid the requirement for a single view for both pinecess
and system model with an explicit definition of theundary in a component that supports a procegsagiual
refinement. It should detail two forms of modeltie same tool the business process model and ttensy
process model. Wizards should support the prodeesgairements and specification integrated with $lystem
model and there should be full traceability whéeris iavailable. A component structure will allow fdifferent
model types therefore interfaces should be defioednport and export.

A paper prototype of the requirements was devel@etlis shown in Figure 46
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Figure 46: Paper prototype of the CIM palette

7.3.4 Design Palette

The Systems Services screen and the Pattern Bditeen, whilst interesting concepts, were flawed imumber
of areas. These were, specifically, the loss ajrimftion that was never replaced, and the fragrtientaf the
process model. This screen needs to take input fhenprevious component and support the creatiofirsf

cut’ PIM models.

A number of Requirements from Work Packagel oullimeSection 1.2.2 are relevant here. REQ-NonFunc 4
states that the notation should have clear, conemshle and unambiguous semantics and REQ-Usequires
the use of the UML standard and in addition REQ4Tbb requires VIDE to follow a strictly model drine
approach. Research in Software Visualisation higitéi the requirements that the amount of infornmatiat is
visible will increase the complexity discussed iecon 4.2.1.5 and to allow minor changes whicH wit
cause major changes to the system as discussegtiioi54.2.1.9. These are particularly relevant Hercause
there is a considerable amount of information abdd that needs to be displayed or made availalnie,in
addition the changes that are made should not caag® changes to the environment. The Visual Ruogning
research prompted the requirement for the useanfrelary notation where possible to improve compision
(see Section 4.3). Secondary notation is imponrdren considering a large amount of information, lth@ut
and order of that information will assist in a mayeay in reducing the complexity. The diagrammiegeaarch
has been carried out in Section 4.4 backs thisyupighlighting a number of particularly relevantjuzgrements.
From class diagram layout research it should bsiplesfor the user to stipulate either automatiola or to
arrange the models themselves, and with autonataut compositional elements should be kept clogether,
and an inherited classpath should be easy to folldther requirements relate to allowing modellass t
interactively navigate through the model histonyd @llowing the storage of different model versiohkis will
increase the comprehension of the models and hredoee complexity.
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7.4 Requirements summary
The requirements from D1 and all the additionalinegments have been collected in a table whichdsve at

Requirement

Name

Priority

Cross Reference

REQ — NonFuncl

Accessibility at the CIM level etIDE
environment should provide non-technical,

business domain descriptions. Non-technical

users working at the CIM level should be ab
to input, retrieve and understand their busin
domain descriptions in a notation that is nor
technical and accessible.

SHOULD

le
ess

GUI REQ ID 12, 14, 26, 27,
28, 29, 32, 33, 58, 59, 62, 63
66, 75, 76

REQ — NonFunc 2

CIM level collaboration - the VIDE
environment MAY offer collaboration
mechanisms. It may be possible for CIM or
PIM users to collaboratively work on a sharg
CIM view through a communication
mechanism (such as shared notes or links t
shared views between stakeholders).

MAY

GUI REQ ID 10,67

REQ — NonFunc 3

On-line support for CIM/PIM userdJsers
working at the CIM/PIM level should hay
immediate access to online/in-system, cont
sensitive  help  that describes  hg
transformations between CIM, PIM and PS
levels are specified and used in the model
activities supported by VIDE. Help should
expressed in non-technical terms where
possible

SHOULD

e

ext

w

M

ing
be
ver

GUI REQ ID 12,19, 25, 27,
34, 47, 48, 58, 59, 60, 61, 63
75,76, 78

REQ — NonFunc 4

Clear and unambiguous notatioa VIDE
environment should use notation that has
clear, comprehensible and
unambiguous semantics suited for the user
working at the CIM, PIM or PSM level.

SHOULD

GUIREQ ID 12, 16, 17, 18,
19, 20, 21, 22, 23, 24, 25, 31
34, 35, 36, 37, 38, 39, 40, 41
42,43, 44, 45, 46, 61, 77

REQ — NonFunc 5

Model view saliency - VIDE modeiksws
must be user-oriented. Views on CIM, PIM
and PSM must be controllable depending o
specific user interactions with the VIDE
environment. It should be possible for userg
dynamically control the scope and technical
content of these views depending on their
specification/comprehension needs.

SHOULD

-

—

(0]

GUI REQ ID 12, 21, 24, 25,
27, 28, 29, 30, 31, 35, 51, 58
59, 60, 64, 65, 66

REQ — NonFunc 6

Appropriate textual/graphical fityel VIDE
must provide appropriate textual and graphi
modalities for its users. They should be ablg¢
work with textual or graphical notations that
offer the most effective expressiveness for
CIM, PIM and PSM concerns.

SHOULD
cal
® to

GUIREQID 1, 2, 3, 16, 17,
18, 19, 20, 21 ,22, 23, 24, 25
26, 27, 28, 35, 60, 64, 69

REQ — NonFunc 7

Timely feedback and constrainte MIDE
environment should provide feedback on ug
actions at all modelling levels. Multiple user
working on the same VIDE project should
receive rapid feedback on their attempted
actions within the VIDE environment. Such
feedback should indicate their success or
failure to complete an action or task; its
impact on their local modelling level; its
potential impact on other modelling levels;
and any constraints that may impact on the
success of their intended action.

SHOULD
er
5

GUI REQ ID 12, 12a, 25

© Copyright by VIDE Consor
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REQ — NonFunc 8

Runnable and testable VIDE pro&sythe
VIDE environment should allow execution g
runnable models. VIDE users should be abl
to validate at any time (where possible) the
models that can be automatically transformg
into an executable form.

f

D

SHOULD

ad

GUI REQ ID 7, 52, 53, 54, 55
56

REQ — User 1

Flexibility and interoperability of ME
language and tools - the VIDE language an
tools should have flexibility and be
interoperable with existing tools

3|

SHOULD

GUIREQ ID 11, 57, 68

REQ — User 2

Reuse of UML Standard - the VIDE tdois
certain user groups SHOULD be informed b

are very sensitive to using standards.

y
existing tools for the user groups. End users

]

SHOULD

GUIREQID 4,5, 11

REQ - Tool 7

Meta-modelling Framework - VIDE
SHOULD use GMF as it's graphical
modelling framework

SHOULD

GUIREQ ID 11

REQ - Tool 9

CIM modelling standards - VIDE may
support CIM level modelling with BPMN;
where there is inadequate or no support for
BMPN, VIDE may provide CIM modelling
capability with UML activity diagrams

MAY

GUIREQ ID 61,68

REQ — Tool 12

VIDE extensibility - the VIDE toolbauld be
extensible via a plug-in mechanism.

SHOULD

GUI REQ ID 6, 68, 84

REQ — Tool 14

Model driven approach - the VIDE toulst
strictly follow a model driven approach.

MUST

GUI REQ ID 63, 70, 71, 82

REQ — TRAC1

VIDE must allow the traceability and
persistence of models

MUST

GUIREC D 8, 9, 10, 15, 344
49, 50, 51, 58, 67, 72, 73, 74
79, 80, 81, 83

REQ — DOC1

VIDE should allow for document genenatio

at all levels

SHOULD

GUI REC ID 14,28

Table 23: : Requirements from Work Package 1 crosseferenced with WP5 low level requirements

7.5 Summary

This chapter has explained the feedback receivad focus groups and the evaluation that was caaigdn
the Exploratory prototype. This work highlightedssral possible areas for improvement over theahiesign
and has provided valuable lessons which have sgbsirita much clearer set of requirements to bentékevard
into the design of the Definitive prototype. Sonfdh® requirements have been highlighted by endgavg to
draw together the work from Work package 1 andhilgé level requirements and how they and the rebeiar
the areas of Software Visualisation, Visual prograng and Diagramming have influenced the work thed

been done.
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8. Definitive Prototype

8.1 Introduction

Following the specification of the Exploratory prttpe as outlined in Chapter 6 and discussion iap@dr 7
which described how the requirements have beenrdtagether, this Chapter gives the specificatiothefnew
definitive prototype of the CIM level interface dgss. It follows a top-down approach by commencivith

detailed screen designs at the pre-CIM level. TheGIM level has been identified as the area whbee
scrapbook will sit. It is the area that is ‘upstréaf the CIM giving business users an informal reitidg tool

so that they are not constrained by their lackrmfidedge of any formal modelling paradigm.

8.2 Overview
The architecture of the pre-CIM to PIM level isitrated in Figure 47.

BPM1 ‘ ‘ BPM2 ‘ ‘ BPM3

ANALYSIS CIM
pateTtE € * *  » parere €

DESIGN
PALETTE

SCRAP

VIDE
REPOSITORY

KNOWLEDGE
BASE

ANALYSIS SPECIFICATION DESIGN

Pre-CIM CIM PIM

Figure 47: Architecture of the pre-CIM to PIM process for the Definitive prototype
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8.2.1 Project Management

The screen below is a placeholder for the welcooreesn of the VIDE IDE, it will be more colourful dn
engaging when built and is shown in Figure 48 fumpleteness.

e o CEX
File Edit View Help Project | Scrapbook | Analysis Palette | CIM Palette | PIM Palette
y A = Importitem
‘H& B
Project Details A Welcome Soreen
= Student Monitoring System
&3 Main scrapbook
# Analysis Palette
@ CIM Palette
# PIM Palette

2] CIM2 Palette
# Secondary scrapbook

® Analysis Palette
Create Project

Create Analysis

Create CIM

Create Scrapbook

Create PIM

Status bar

Figure 48: Creating a project using the VIDE IDE

The VIDE IDE provides a development environment rghdevelopment artefacts (e.g., analysis modelsgde
models) are organised into projects. Figure 49 shthwe project creation environment with optionsbtold
various artefacts that may form a project.

Users can create multiple projects; each projent aantain multiple scrapbooks, analyses, CIMs ahdsP
which can be organised as required. A user doefawe to create each of these elements, for exathply
may go straight to the CIM level model, bypassimg $crapbook and analysis.

All the models that are created or imported (users also import existing models) will be storedtie model
repository, and multiple versions of models caro dle created and stored. The use of the repositotiye
definitive prototype allows for model persistenadich was lacking in the exploratory prototype.

The Scrapbook

The concept of the scrapbook has been retainedtfieraxploratory prototype, however it has beetruetired
and simplified to present a much less clutteredieneasily navigated model. The tree structure, adttitional
links available, has been used for the scrapbobdéwiing the findings of the exploratory prototypeatuation
and the concepts and models have also been sietpldienable novice (non-technical) users to uséati.

A scrapbook can contain any documents the userasebeing useful for the project. These can itiey files
or specially created for the project. Once a mtojes been created, the user may follow the Fdauro create
a New Scrapbook or to Open an existing scrapbdokas shown in Figure 49.
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File Edit View Tools Help
New Scrapbook
Open Scrapbook
Close Scrapbook
Save
Rename
Page Setup ...
Print Preview
Print
Exit

<

Sketch Overview

Ctri+N
Ctrl+O
Sketch

Ctrl+S

Ctrl+P

EEX

Project Scrapbook | Analysis Palette | CIM Palette | PIM Palette

Status bar

Figure 49: Scrapbook operations

Using the Opportunity Management scenario, an elawoipusing the VIDE GUI to create a new scrapbaok

shown in Figure 50.

Opportunity Scrapboo O d
File Edit View Tools Help
Project | Scrapbook | Analysis Palette | CIM Palette | PIM palette
=
Scrapbook Entries Scrapbook Sketch
~
Opportunity
Opportunity
v
< >
Sketch Overview
~
v v
< > < >
Status bar

Once a scrapbook (e.g., the opportunity scrapbdag been created, a user might want to add folders,

Figure 50: Opportunity scrapbook example

documents or scraps to the scrapbook. A drop-ddéstrof menu choices is provided for such operati(sese

Figure 51).
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Opportunity Scrapbook
File Edit View Tools Help
‘H% 8
Scrapbook entries
~

Opportunit
New Folder

Add Document
New Scrap
View

Link

Cut

Copy

Paste

< >

Sketch Overview

=

Scrapbook Sketch

[[=ES,

Project Scrapbook | Analysis Palette | CIM Palette | PIM Palette

Opportunity

Status bar

Figure 51: Operations for adding elements to a scpbook

If there are existing folders containing informati@bout products or contacts, that concern thenbasi
opportunity, or specific documents that compriderimation regarding existing orders or issues tatdressed,
these folders and documents can be browsed and @ambe selected for inclusion into the scrapbuosikg the
standard Windows dialog as shown in Figure 52.

Project name - Scrapbook:

File Edit View Tools Help
‘HE 8
Scrapbook entries

Scranhank fitls
® New Folder

~

New Document

View
Link
Cut
Copy
Paste

< >

Sketch Overview

=

< >

Project Scrapbook | Analysis Palette | cim alette | P Palette
Scrapbook Sketch
~
Scrapbook Editor Q@E
File Edit MenuName Format Tools Help
"HX BB v vEDD
Mrs. Smith of Symphony Electrics Ltd. Expressed in interest in second hand IBM laptops. Symphony Electrics are located along Jevajee Avenue, number
43, and a visit is possible for next week at 9.30am., It s likely that this client may require desktop pcs, which our salesman, Mr. Taabu is able to source,
There is a fair chance of an order being placed by the client during next weeks meet.
v
< >
v
< >

[B](=E)

Status bar

Figure 52: Selecting documents or folders
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The VIDE tool can import documents into the scragahich can then be used as the basis of furthelysis.

A scrap is a fragment of information (either immattor created) that will be required for the madglllater.
Adding a scrap is crucial in capturing and recagdifformation about the problem domain. For examplscrap

about an opportunity might be as shown in Figure 53

Opportunity Scrapbook B@E
File Edit View Tools Help Project Scrapbook | Analysis Palette | cm palette | PIM Palette
‘HaB
Scrapbook entries Scrapbook Sketch
Opportunity A
New Folder
New Document .
EESBEAE EEX
View File Edit MenuName Format Tools Help
Link D % By B [aid v[12pt v][B]I]U
Cut Mrs. Smith of Symphony Electrics Ltd. Expressed in interest in second hand 1BM laptops. Symphony Electrics are located along Jevajee Avenue, number
Copy 43, and a visit is possible for next week at 9.30am. It is likely that this client may require desktop pcs, which our salesman, Mr, Taabu is able to source,
Paste There is a fair chance of an order being placed by the client during next week’s meeting.
v
< >
Sketch Overview
~
v
< >
v
< > L
Status bar

Figure 53: Creating a new scrap to add to the Scrdmok

A small, simple editor for the creation and modifion of both documents and scraps will be incluthethe

tool.

Often, a scrap may be populated with content fromexisting document. Figure 54 demonstrates sugdport

such functionality within the VIDE IDE.
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Opportunity Scrapbook

[B9](=)]ES)

File Edit View Tools Help Project Scrapbook | Analysis Palette | CIM Palette | PIM Palette
‘H% B
Scrapbook entries Scrapbook Sketch
Opportunity a ~
New Folder
New Document 3
New Scrap Scrapbook Editor: B@E
File Edit MenuName Format Tools Help
"HX B B9 (e v vED
Cut
~
Copy Standard Customer Sale Contract
Paste 1 THE PARTIES
This contract is between:
() if this contract arose in the circumstances set out in clause 3.2, the product for your premises to whom you applied; or
(b) if this contract arose in the circumstances set out in clause 3.3, the financially responsible retail entity who provides you with customer sales at your
premises,1 (in this contract referred to as “we”, “our” or “us”); and You, the customer to whom this contract is expressed to apply (in this contract
referred to as “you” or “your”).
2 DEFINITIONS
Words appearing in bold type like this are defined in Schedule 1 to this contract.
3 DO THESE TERMS AND CONDITIONS APPLY TO YOU?
3.1 These are our terms and conditions
This document sets out our current terms and conditions for standard customer sale contracts under the Sales Act.
3.2 Application for customer retail services by you
These terms and conditions apply to you if you are a customer who has applied to us for customer sales under section 49 of the Sales Act and we
o provide you with customer sales,
< > 3.3 Sale if no customer sale contract
Sketch Overview These terms and conditions apply to you under section 49A of the Sales Act if your premises are supplied with the product and there is no customer
~ sale contract in effect or taken to be in effect (for example under
clause 3.2) for the provision of supply of the product to the premises.
4 WHAT IS THE TERM OF THIS CONTRACT?
4.1 When does this contract start?
Your contract with us will start on the date we first provide you with customer retail services at your premises in accordance with the Sales Act.
5 PAYING YOUR BILL
5.1 What you have to pay v
< >
v v
< > < >
Status bar

Figure 54: Selecting text from an existing documertb populate a scrap

Thus the required text can be highlighted and apscan be created by selecting an option in thenmmu.
Multiple scraps can be created from one documedtthase scraps must be traceable back to the akigin

document.

Traceability is an important additionthe definitive prototype as it allows the usersntove

backwards and forwards through the information, oh¢he issue found in the evaluation of the extiory
prototype. This concept is supported in all thedeis used in the VIDE IDE.

A user may want to open an existing scrap to redewodify its contents and this is shown in Fighse

Opportunity Scrapbook
File Edit View Tools Help
*Ha 8
Scrapbook entries
Opportunity
New Folder
New Document
New Scrap
Link
Cut
Copy
Paste

~

<

Sketch Overview

EEx

Project Scrapbook | Analysis Palette | cm palette | PIM Palette

Scrapbook Sketch

Scrapbook Editor
File Edit MenuName Format Tools Help
‘HYR DY v v v[B]7U]

4.1 When does this contract start?
Your contract with us will start on the date we first provide vou with customer retail services at vour premises in accordance with the Sales Act.

Figure 55: Opening an existing scrap in the Scraplak Editor
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As the user adds documents and scraps a ‘Scrapblaaikh’ is populated with these documents and s¢isp
an informal model or ‘sketch’ of the informationksilt up. This helps the user maintain a visegresentation
of the information they are collating. There isaabhn overview of the sketch to help the user reigvhat
could potentially become a very large model. Téerican navigate around the potentially large meillér by
using the overview window or by use of the scralidh The user can rearrange and move any iterjsatisé
by dragging and dropping elements.

Opportunity Scrapbook

File Edit View Tools Help Project | Scrapbook | Analysis Palette | CIM Palette | PIM Palette

EIrY: ££
Scrapbook entries A| [ Scrapbook Sketch
@ Opportunity .

2] Orders

@ Products list

3] Contacts

Possible opportun
® Issues

Cancellations

= Credit checks

® Prime opport

# Subprime
Archive

Products list

Opportunity

Create Note
Menu Item

Cancellations

Credit checks

< >

Sketch Overview

End Link
Create Note

a i Archive Menu Item

Prime -
' opportunities SR
K ©
ON©)
Oe°
“ v

< > < >

Status bar

Figure 56: A populated scrapbook and adding furthedinks among scrapbook items

The tree structure will be reflected in the vismaddel; however it is also possible to create furtleéationships

or links between elements. Creating these linka/den documents, their source folders and assdcsar@ps is
important in making sense of the information e#iditfrom problem domain experts. These links are
demonstrated in Figure 57.

It is important to be able to annotate links to d&didher meaning about the associations betweensit& his
feature was developed after the evaluation of #pdoeatory prototype, which found that it did nabpide any
secondary notation for augmenting models. Sucletations can be created as shown in Figure 57.
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Opportunity Scrapbook @@@
File Edit View Tools Help Project Scrapbook | Analysis Palette | CIM Palette | PIM Palette
By 28
Scrapbook entries a Scrapbook Sketch
Opportunity ~
Orders
Products list Annotation B@
Contacts
Possible opportu File Edit MenuName Format Tools Help
Issues - = -
B Cancellations ‘HxpbEwQ 1t S
2 Credl_t checks May have ~ Products list
Prime oppor.
Subprime
Archive
v
£ >
g Cancellations
< > "
Credit checks Possible
Sketch Overview a opportunities
CaVas
/ R subprime
opportunities 41
§ g a
< > < 2
Status bar

Figure 57: Creating a link and annotation between&apbook elements

Suppose a user wants to indicate that an assaciagitweerissuesandpossible opportunitiesxists, they may
add the link and an annotation. The example showRigure 57 demonstrates how the annotation istenea

Figure 58 shows the results of the addition.

Opportunity Scrapbook @@@
File Edit View Tools Help Project Scrapbook | Analysis Palette | CIM Palette | PIM Palette
=Y £E
Scrapbook entries Scrapbook Sketch
Opportunity s -
[} Orders
@ Products list
B Contacts
Possible opportun
Issues
2 Cancellations Products list
2 Credit checks roduets s
Prime opport
Subprime
Archive
Opportunity
may have
v
< >
Possible
Sket
© C?—Q‘Vi”‘ew A opportunities
{ NS —/
J v -4
< 3 & _
Status bar

Figure 58: Example of the link between items in th&crapbook

Once the user has finished building the scrapbopolg ready to move into the analysis phase, elésrfeom the
scrapbook can be identified for taking into the ke Palette (AP). The elements required for dhalysis
model can be obtained from the Scrapbook by dragaird dropping items into the analysis palette pgiag
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cart’. The ‘shopping cart’ is a screen to the righthe Scrapbook Sketch, labelled Analysis Palsttach will
collect items that the user wishes to carry forwiautd the Analysis Palette. Alternatively, a usanaouble
click a scrapbook item, and it will be lodged i tAnalysis Palette ‘shopping cart’ as shown in FéghO. This
‘shopping cart’ containing the list of items hassheadded to over come the juxtaposition drawbackhén
exploratory prototype, so now earlier model elers@ain be seen side by side with the next levelarfeh That
is the scrap book elements can be seen next antigsis model and the analysis diagram elementbeaseen
next to the CIM model.

Contacts

Orders

Products list May have
Add to Archive
Cancel opportunity

Opportunity Scrapboo M=
File Edit View REEEM Help Project Scrapbook | Analysis Palette | CIM Palette | PIM Palette
A B o Create Analysis Palette =
R ey
Scrapgﬂspk;tf;hr"‘;; a Scrapbook Sketch = Analysis Palette =
B Orders Products st
@ Products list Issues
& Contacts Credit checks
®

Possible opportu
Issues

Cancellations
Credit checks
Prime oppor
Subprime
Archive

Opportunity

[ Double click to add/ or drag and drop |

may have
Cancellations
Possible
opportuniities

[Open scrap to highlight text to take forwards |

< >

Sketch Overview

Figure 59: Selecting elements for the analysis mode

The Analysis Palette

The Analysis Palette has been added to providenrg&bmodelling that a novice user can use to bagimodel

the problem domain. This is in response to thduatimn of the exploratory prototype “Non-technicaders

working at the CIM level should be able to inpetrieve and understand their business domain ¢iscrs in a

notation that is non-technical and accessible”soAkesulting from the evaluation, navigation shduddntuitive

so that users can to return to the original infdromasource in the scrapbook and link to other @@fithe same
information.

In order to create an analysis model, the Analisitette (AP) provides the user with a set of coiesér The
bloop (cloud shape) is used to represent an item fhe scrapbook that is not well understood. B$ocan be
later decomposed into roles, activities or dataste This much more informal model element has laeleied to
overcome the identifiecptemature commitmentonstraint in the exploratory prototype. Thikals the user to
develop a quick model and then use a process dlugtaefinement, as identified in the exploratorgtptype
evaluation, to decide what each bloop actual igven to leave the bloops definition until the QBvel.

The AP also provides the user with a rectangle slvapch may be used to represent a role, activityada. An
annotation withA at the top left corner of the rectangle would dadé an activity, whered® would be used to
indicate a role, an® would be used to signify data. These annotat@hrmild aid the users in distinguishing
between the various elements, so attempting tesmhe of the problems found in the exploratory qixgte.

An example AP model is shown in Figure 60:
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Opportunity Analysis Palette

File Edit View Tools Help

Project
D& o ~

Analysis Palette
Products list
[] Issues

Credit checks
[_] Add to Archive

Contacts
Orders

Analysis Diagram

Quotation

Close opportunity
Evaluate opportunity [o] Sales
Contact =
involves EIIES
(R =t
Opportunity Customer
identification
>

< (A
Analysis Overview

v

Opportunity

Products list VZ

A
[ Create
Opportunity
&

Evaluation

Financial

Assistant
Sales

Manager

Figure 60: Analysis model with bloops, activitiesioles and data items

The user would need to build up this analysis mbaskd on the elements bought forward from thepbok.
Traceability is supported by left and right arroavseach diagram element. A left pointing arrow lddndicate
that the element links backwards into more inforamain the scrapbook. A right pointing arrow woludlicate

linkages into a CIM model (the next model to be aeleped).
traceability in that direction.

An absence of an arrow means there is no

The activity, role or data may also be composethofe elements, that is there levelling of the diagr If an
element has been decomposed and further detaibikable a small hierarchy icon appears in thertgpt of a

rectangle. Double clicking on this icon will sheole lower level of detail, this is shown in Fig@@.

Users can add any diagram element they wish ubimgliagramming tools in the vertical tool bar te taft of

the screen.

In order to specify the type of a given analysisdeioelement (e.g., whether an activity, role, e&c)yser is
provided with a dialogue box from which approprigtees can be assigned to model elements. For dgatop

assign the typRoleto a Customer, the following dialog would be used:
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File Edit View Tools Help
Ded8E o ~

Analysis Palette
S
Products list
Issues
Orders
[[] Add to Archive
Contacts
Close opportunity
(vl
L

V| Evaluate opportunity
Credit checks

Analysis Diagram

Detail

ﬂ Cut

Contact Copy

Paste
=]

involves

Opportunity
identificatio

[®]

Customer

7=

<

Analysis Overview

v

L Sales
N Manager

Quotation
Link

Project

Scrapbook | Analysis Palette | CIM Palette | PIM Palette

EOX)
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Type ‘ Role
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EIIED,

7
A o
Service
[
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opportunity
[IR]
Financial
Assistant
<

Account
management

Figure 61: Assigning types to Analysis Palette eleants

Part of this dialogue of assigning types to elemavitl be a help sheet that will explain the teroiogy, thus
novice users can be guided through the procesfiafirg a bloop into an activity, role or data.

If elements are added at this stage, there withdoéraceability back to the scrapbook model evesorhething
does exist that the new element could be linkedwads to. So the VIDE IDE provides a means farsizo
link specific elements back to a desired scraplalelnent. For example, suppose that a modeller aditike
order activity into the analysis palette and wants tk lit to the Order element back in the scrapbook the

following dialog could be used: See Figure 62
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Figure 62: Linking an AP element to a scrapbook elment

An important aspect of the analysis models is talble to expand a given element to view its sumetgs, or
to collapse sub-elements into their parent. Anysiglmodel element that is expandable is signifigdan
organisational chart icon to the top right cornéittee element. In Figure 62, such an element isSbrvice
activity. We may suppose that the Service actiwtthin the Opportunity management scenario comprisie
related activities such as Service request and&econfirmation. An expansion of the Service attiis shown
in Figure 63:
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Figure 63: Viewing more detail of a model elemennithe Analysis Palette

Once an analysis model has been created, and tgsgned to various elements, a user may now start
considering the elements of the analysis model tthet want to be carried forward for the buildingaoCIM

model. For example, a user may immediately idemifies such as Sales Manager and Customer (from the

analysis model), which would also feature withie tBIM model as roles and thus be placed in thepping
cart’ to be carried forwards as shown in Figure 64.

File Edit View Help

Project Scrapbook | Analysis Palette | CIM Palette | PIM Palette
~ o Create New CIM Gl
Diﬂé@\ Open CIM alette ,@ﬁ
Analysis Palette Analysis Diagram —  CIM Palette
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Opportunity [=] B
identificatio Customer
(2} n =
Service
v
< >
Analysis Overview = 2":1':: Opportunity
[ Create
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(>3
Sales
manager
Account
management
v 3 g
< 2 < 3 i | >
Figure 64: Identifying CIM elements from the analyss model
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8.2.2 CIM Modelling

The CIM Palette shows the elements selected frarAtialysis Palette and brought forward in the paméhe
left (keeping the consistent placing and functiagpab match the relationship between the scrapbadk the
Analysis Palette).

The CIM uses the VCLL (VIDE CIM Language developed IWi) language. A typical VCLL CIM model
comprises of activities, data, roles, and assaciatamong the roles and respective activities,paoduced or
used data. Hence, since an analysis model corfisteements (e.g., activities, roles, data, ete} tmay be
mapped to those in the CIM model, it is expected thany CIM elements would be derived from the ysial
model and be thus automatically transformed. Thd @lodel below shows a list of activities obtaineonfi the

analysis model and appearing in the CIM model:

Opportunity CIM : : : E]
File Edit View Diagram Help Project Scrapbook Analysis
Create New CIM ﬁ (g_j
DedSE@ Open CIM =
From Analysis Palette a D CIM Model P To Class modeller a
o :
—=— 0
Associations :
Activities : O Sales director

Create opportunity Opportunity

Research opportunity
Evaluate opportunity
Update opportunity
Create quotation

i

Visit customer 5
O

<

Field service rep
‘ dSaI:; Office sales assistant
rector Customer

Evaluate
opportunity

Research
opportunity

Opportunity

Opportunity
+

Update
opportunity
(with contact
info!

Update
opportunity
(not feasible

Update
opportunity
(feasible

< >

Sales
director
Sales
director

(

(

Sales
director

Sales
director

Visit customer:

Y

Create
quotation

(

pdate - .
opportunity ield service
(with customer| \(f\/
details)
A

Opportunity

Figure 65: CIM model with elements derived from andysis model

One of the crucial development activities followidmsiness process modelling is the production of a
specification for parts of the business model tmaty be developed into a software system. For exampl
associations among roles and activities may reggpeification to describe the behaviour of a systhat
would support performance of such activities. ThBE IDE provides an editor for writing use casedatggions

as a specification of such parts of the systemp8sg a modeller would like to build a use case rifesm
providing further detail about the Sales direct@tdivity of ‘Evaluate opportunity. The followingalog could

be used:
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(
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Figure 66: Creating a specification

A complementary model to a VCLL CIM model is thetignRelation (ER) model. Like a VCLL CIM model, an
ER model is built by obtaining many of the entitfeam the analysis model, and making associationsray the

entities based on a user’s understanding of thielgmdomain (see Figure 67).
Opportunity CIM

File Edit View Tools Help Project | Scrapbook | Analysis cam PIM
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< >
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~
. T
0 st
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1 < >
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Figure 67: Partial ER model of opportunity managemaet scenario
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8.2.2.1 First-cut design model

Creating a first-cut class model would be a usefput into PIM level design. Given that the VCLLAER
models both comprise of elements that may be usedtly to build a class model, the VIDE IDE progi&la
wizard whereby the modeller can select elementh ascRoles from a VCLL model to form part of thasd
model. The modeller can also select specific estitiom the ER model which can be directly placethe class
editor as classes.

Suppose a modeller intends to obtain some classesthe CIM model shown in Figure 68. Double-clitiia
given category of items (e.g., Roles) in the “Ta<3l Modeller” window displays a dialog from whiahyaf the
roles may be selected for automatic renderingassek in the class editor window:

Opportunity CIM
File Edit View Tools Help Project Scrapbook Analysis CIM PIM
DeEsR £
From Analysis Palette = :D CIM Model A To Class Modeller
Rl f
Data e,
Associations (__Roles ]
Activities O R
Create opportunity : Opportunity Class identification aTes director
Research opportunity - Field service rep
Evaluate opportunity £ Sales director Office sales assistant
Update opportunity iy Field service rep Customer
Create quotation — L ) emeN Office sales assistant
Visit customer g Reser:l"‘{:‘y Customer
i opportuni
E Opporf
O :
not feasible
feasible
Update
opportunity
v (with contact tpdiz Update
< > info; Sales opportunity
director (not feasible Sales
CIM overview director
~
Visit customer’
‘ dsales A A
rector Sales
Create ‘ director
v quotation
Update
(with customer, \[\/ Opportunity
i
e
v
< >
v
v
< >

Figure 68: Class identification from roles

In Figure 68, a user double-clicks tRelesbutton, and a dialog with the list of availabléesois provided. From
the list in Figure 68, only two roles have beeresild for creating respective classes, namelys$lector and
Customer. The selected candidate classes aredrpbiot.

In the class model editor, the list of roles frorhieth a user made a selection is provided, withaheady
chosen candidate classes indicated in bold. Ther othes are listed in case a user wants to add thehe class
model as classes, or even as attributes. The miadsller allows additional classes to be added aare such
classes are not derived from any CIM element. ét fiut class model with further classes (rathen flat the
sales director and customer classes) is showrgur&ic9:
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Product Order

< >
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~
v

Figure 69: First cut class model

One way to add attributes or methods to the clagsds use a wizard similar to the one used in<las
identification. For example, activities in the Clidodel may often be possible methods of some otlgsses.
Hence, double-clicking the activities button wilttwate a wizard where a user is able to selectlidate
methods. Since the VCLL model is such that acésithiave direct associations with Roles, selectadtas for
use as methods are added to respective classesxd&wople, selecting the “evaluate opportunity”\agtito use
as a method in the class model would place theespanding method in the Sales director class. Mistiow
attributes that have no correspondence to a Clivheiht can be added as desired using the pop-upgdialo
Figure 70.
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Figure 70: Adding new methods or attributes

An important part of elaborating a class/structmnaldel is providing a behaviour model that depibesflow of
system activities when the system executes. UMlviictdiagrams are commonly used for this purpdser.
example, an activity model may be created to shwnflow of activities from opportunity identificatn to the

making of a quotation:
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Figure 71: Behaviour model for opportunity managemat
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In Figure 71, activities that are in bold appearbscause they have been selected for creatingethavimur
model. One activity that is not considered as aipdes system activity is the “identify opportunitgttivity, and

this has been left out in the activity chart.

8.2.2.2 Validating models

Suppose that a user wants to check a model (eags chodel) against a source (e.g., CIM) model fudrith
some elements might have been derived. Right-clgchin the editor area provides a pop-up menu frdvcwa
user can select the model validation option as shawrigure 72.

Opportunity PIM : E]
File Edit View Tools Help Project Scrapbook Analysis CIM PIM
DeESR 28
Class items from CIM Class model
Al ~
Activities E
Interactions E g Quotation
Relationships B
Entities E C
Roles
Sales director i— -
Field service rep E E
Office sales assistant i L
Customer H S
£ ustomer
Sales director Opportunity
Right click editor to validate model
Validate model Product Order
Refresh model
Add classes
v
< > Validate model

Quotation (Data) — found in VCLL model

Opportunity (Data) — found in VCLL model

Office sales assistant (Role) — missing in class model
Customer (Role) found in VCLL model

Transaction (undefined) — not found in VCLL model

Close

Figure 72: Model validation

In Figure 72, most of the classes are related éoifip elements in the VCLL model, except one classnely
Transactionwhich is not derived from an element of the CIMdab Such validation can be undertaken out for

either the activity chart, or the CIM model itself.

8.3 Summary

This chapter has outlined the specification andtionality of the definitive prototype based on experiences
with the exploratory prototype and the subsequeetliback that we have received. The original Deoripf
Work did not allow for the building of any of thiaterface. However, it is expected that some of ¢hee
functionality will be demonstrated as part of Deligble 9.1.
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9. Visual Code Editor for State-Visualisation Syntax

The state-visualisation variant is intended fotwafe designers (as defined in D1.1). They use/tB¥ editor
for modelling the first level of behaviour, but eathe details to be refined in later stages. Bseaf their
strong background in conceptual modelling and UN#iss diagrams, not only the graphical notationdbsd the
user interface they apply for creating their modeldifferent from the VIDE programmers’ interfadéhat user
interface is oriented at state-of-the art model(Bidls as present in state-of-the-art IDEs, in patéir Eclipse.

9.1 Requirements

6.1.1 Relevant Requirements from D1.1

The requirements summarised in deliverable D1.1kwhi® relevant for the design of the visual codeedre
as follows. We respectively indicate how they a#ected in design decisions.

« REQ - User 1 Flexibility and interoperability of VIDE language and tools (SHOULD)This
requirement is reflected by the fact that the edititl be able to interoperate with the developmieat
Eclipse and its EMF, GMF, and GEF frameworks. Brnsoothly integrated by referring to existing
plugins into Eclipse such as existing UML editors.

« REQ - User 2 Reuse of UML Standard (SHOULD)The editor not only re-uses the UML standard
by using notations known from UML instance diagraisalso integrates into existing UML tools.

e REQ - Lang 4 Compliance with Standards (SHOULD)The editor complies with the de facto
standards EMF and GMF.

e REQ - Tool 1 Usage of Industrially Adopted Tools (MUST). The editor the industrially adopted
meta-modelling standards EMF and GMF.

e REQ - Tool 2 Meta-modelling Framework (MUST)VIDE uses EMF as its modelling framework.

« REQ - Tool 7 Graphical modelling Framework (SHOULD)VIDE SHOULD use GMF as its
graphical modelling framework.

« REQ - Tool 8 Use of OCL (SHOULD). TheVIDE editor uses OCL as expression language as
prescribed by the state-visualisation notation.

e REQ-Tool 11 Framework for CIM, PIM, PSM modelling (SHOULD). The editor uses EMF as its
framework for PIM modelling and adopts EMF as thetarmodelling framework.

«  REQ - Tool 13 Integration and metadata interchangéSHOULD). VIDE provides model and meta-
data interchange capability by adopting the XMhsgd coming for free from using the EMF and
GMF framework.

«  REQ - Tool 14 Model driven approach (MUST).The VIDE tool strictly follows a model driven
approach as supported by employing EMF. Moreov&B/itself is, by employing GMF, developed in
a model-driven way.

1 For the text in Sect. 8 (the description oftisial code editor for state-visualisation variahg following copyright disclaimer holds:

Copyright 2007 SAP AG. All Rights Reserved.

No part of this publication may be reproduced ansmitted in any form or for any purpose withowt &#xpress permission of SAP AG.

The information in this document is proprietary®AP AG. No part of this document may be reproducegied, or transmitted in any form
or for any purpose without the express prior wnigpermission of SAP AG.

This document is a preliminary version and not scibjo your license agreement or any other agreewitm SAP. This document contains
only intended strategies, developments, and funalities of the SAP® product and is not intendetiédinding upon SAP to any particular
course of business, product strategy, and/or deredat. Please note that this document is subjetiidnge and may be changed by SAP at
any time without notice.

SAP assumes no responsibility for errors or omissio this document.

SAP does not warrant the accuracy or completerfefeeanformation, text, graphics, links, or otlisgms contained within this material.
This document is provided without a warranty of &md, either express or implied, including but tiotited to the implied warranties of
merchantability, fithess for a particular purpazenon-infringement.

SAP shall have no liability for damages of any kinduding without limitation direct, special, irdict, or consequential damages that may
result from the use of these materials. This litigtashall not apply in cases of intent or grosgligence.

The statutory liability for personal injury and defive products is not affected. SAP has no cowtet the information that you may access
through the use of hot links contained in theseens and does not endorse your use of third-pakp pages nor provide any warranty
whatsoever relating to third-party Web pages.
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6.1.2 Refined User Adequateness Requirements

We infer in particular the following requirements the state-visualisation editor targeted at safeadesigners
(see Deliverable D2.1):
1. Close integration into existing (UML) modelling {soFor instance:
a. Sharing model elements across the boundary ofrdiffenodelling types should be possible.
b. Dragging an action from an activity diagram editaio the VIDE editor and refinement there
should be possible.

2. Since VIDE models target also people who are marailfar with textual code, textual display and
modifications of the models should be allowed hotgraphical mode and textual mode.

3. The guidelines of the chosen platform are respeictedder to guarantee a uniform user experiende[61
State-of-the-art ways to interact with the editiée lin existing modelling tools of the chosen pdaifi
should be available in VIDE, as for instance:

Drag & drop from a palette;

Autocompletion and syntax highlighting when edittegt for expressions;

Textual input instead of mouse gestures;

Drill-down, collapse/expand features (to cope withlability issues of visual languages);
Property pane (for displaying and editing additianéormation for which there is no place in the
graphics);

f.  Free positioning of model elements;

g. Standard Import/export mechanisms (e.g. to graghicaat)

PoooTp

9.2 Eclipse Concepts for VIDE

In this section we describe the concepts of thgetgplatform of VIDE, i.e. Eclipse together withetGEF/GMF
frameworks, as chosen during the work on WP1, wgraphical user interfaces. We focus on featusbs/ant
for VIDE and describe where and in which way thé®Fleditor for the state-visualisation syntax makss of
these concepts.

9.2.1 GMF/GEF Editors

The Graphical Editing Framework (GEF) is a framdwahich allows for creating a rich graphical edifosm

an existing application model within the Eclipse détling Framework EMF. Many common operations are
defined by GEF, which can be adapted for specéieds. The Graphical Modeling Framework (GMF) allows
developers to generate GEF compliant code fromckadaive specification of the domain model, thepdrical
model, and a mapping definition, and provides dimminfrastructure.

9.2.1.1 EMF

EMF is the Eclipse Modelling Framework for the ¢rea of tools based on structured models. It fat#is the
access to models in terms of an object tree, wbichbe modified by means of a Java API. For thippse,
EMF generates a set of classes for the modeljgh#ite Java classes represent meta-model eleré@idiles
serve as input to EMF

9.2.1.2 Graphical Editing Framework (GEF)

Much functionality of graphical domain-specific ts remains the same across the domains, asdtanire,
loading and storing of models. The Graphical Editframework (GEF) [134] is a framework which makes
creation of graphical editors significantly eadigrtaking over automatically generating the routiagks. The
features of GEF are the graphical representatioarloitrary data models, support for tool palette dditing,
support for graphical zoom, printing, copy&paste. ethe architectural basis of GEF is the Model-\iew
Controller pattern (MVC). Views are provided figures These use the graphics APtaw2D, an abstraction
layer on top of SWT, allowing for customized gragghicomponents. According to the MVC pattern, afig
playing the role of the View does not have knowkeddpout the model which it represents the dataTtbe
controller part is played b¥dit Parts coordinating the data flow between model and viglwe model is
provided by the application. It is required that Hpplication supports the observer pattern inraieotify the
controller about changes of the model, which idilfledd when using EMF. For realising interactiveagiam
editors there is currently no solution which intetgs as good in Eclipse as GEF [135].

9.2.1.3 Graphical Modelling Framework (GMF)

Though the Graphical Editing Framework (GEF) eabesdevelopment of graphical editors significanthyg
Graphical Modelling Framework (GMF) goes a stepHer. It automatically generates graphical editiors
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EMF meta models. fle output of GMF serves asput for GEF [136]The first step in the GMF basi
development of an editor is the creation ¢ EMF model. Then three further “configuration models2 aeede!
[137]:

e a modelffor the definition of the graphical elements (theFXigures)

« a model for the definition of the palette (“toolfiganc

« a model for binding the grhical elements to elements of the meta model (“rimdp

After having defined these models, the editor cangbnerate “by push-button”.By using special extensic
points [138] the editor can be modified manually while beimgpkui-to-date by subsequent modifying chan
to the configuration models.

9.2.2 GMF/GEF Graphical User Interface Componentsand VIDE specifics

Plante [139]describes several entities which are available wigng the GEF/GMF framework to creat
graphical editor. Since VIDE and in particular thditor for the sta-visualisation diagram follows th
framework, also the supported entities will be presenthim editor. For the VIDE user this eases the umsk
facilitates the transition from other modelling Imbased on this framework to VIDE because of te#-known
user experiencen the sequel we folw the overview by Plante,[138} order to reflect the standard element:
the VIDE statevisualisation editor.

9.2.2.1 Eclipse Views and Perspective

When working with Eclipse the user sees exactlyperspectiveeonsisting of severaiew: [140]. A view is
displayed in a rectangular part of the screen vifdipse. Typical views are a code editor, an expidor the
project structure, a display for occurring err@tg, Perspectives are containers fared of views, thoug
arbitrary views can be added while a perspectivebgaopene:

The VIDE editor consists of a VIDE perspective. MHBE perspective contains least the following view:
* The graphical editor pane where VIDE models arpldigd graphically in the ste-visualisation
syntax.
* A message view where error messages are disp
* A property view where information on model elemeats displayed whicwould otherwise scatte
their graphical representatit

* A project explorer displaying the project and mastelicture as in the standard Eclipse perspe.

Views can be pIaced arbltrarlly o} the screen. Bf;adlt the arrangement Figure 73is propose(

' T
| . |
| . |
| 1 |
| Ex- 1! Diagram Pane |
Iplorerl: with Palette :
| I |
| I |
| |
| 1 | '
| i b '
| (1 Properties y Messages |

|

_—_——-—————AL——————

Figure 73 : Default views
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9.2.2.2 Diagram Pane

The diagram pane is the central part of the editoere the model is assembled. The pane is arlytiarge and
the user may scroll horizontally and verticallyfited space to place model elements. Placing mddetents is
done by “drag&dropping” model elements with the m@ueither those

« which are already placed on the diagram pane,

< which are to be created by dragging them from #letfe (see below), or

< which exist but do not occur on this particulargiam by dragging them from the model tree.

Model elements are allowed to be freely resizeddagging the frame of a model element.

A grid can be displayed in the background of th@epin order to facilitate well-aligned manual laj@u
Optionally placing a model element on the panegetg a process of aligning the model element togtick
(“snap to grid feature”).All of this is enabledtime VIDE editor for the state-visualisation syntax.

In addition to the — quite standard — features fralbove, the GEF/GMF framework offers more advanced
features discussed below.

9.2.2.2.1 Context Sensitive Buttons

Context sensitive buttons (Diagram Assistants, J1&fbw model editors to select only the relevamdeal
elements when moving the mouse over a model elerhé a tooltip a graphical menu is displayed afie
short delay. GMF offers two kinds of such buttaPsp-up Bars and Connection Handles.

9.2.2.2.1.1 Pop-up Bars

Popup-Bars are buttons displayed in a bubble-lileps. GMF devotes these buttons to create sub-eteroé

the diagram element which is selected by positigrile mouse pointer over it. For structured VIDHa@s,
such as SequenceNodes, such a button offers ttaiocreof some common standard actions such as
AddStructuralFeatureActions or OperationCallActionhich actions are displayed at this point willdbenatter

of more experimentation when a first prototype vaikable. It is definitely counterproductive if ghossible
actions are offered since this would be too ovetmirg for a user. In case that a more rarely usedeh
element should be added the user should use tbegpédee below).At conditional nodes popup-bdmnathe
user to insert additional clauses, since — by diefatine palette entry introduces a fixed numbeclafises.

9.2.2.2.1.2 Connection Handles

Connection Handles are buttons for adding inconaimgj outgoing connections to / from the selecteeaibjrhe
handles are symbolised as floating arrow shapemhsatBy double-clicking or dragging the mouse ® tither
model element the creation of the connectors tated. If there are several alternative connectypes a menu
is displayed. The user has, again by a menu, thsilmtity to trigger the creation of a new modedrakent of a
certain type. In the state visualisation varianWtDE there is only one connection type needed,dimg the
control flow from one action to the other. Whens&thus selects, for instance, an outgoing coiorebandle,
he or she can either drag the connection end texating model element which can be a subsequéitnac
according to the VIDE language and drop it theradrag the connection end and drop it on the diagrane or
double click on the connection handle; in bothrefse cases a menu pops up, which asks for the raletednt
to be created and to be connected with the new hedelment. The following pictures illustrate thisHaviour.

9.2.2.2.2 Direct Editing and Autocompletion

When referencing existing model elements and whenreference works by indicating its name by tgpithe
direct editing and autocompletion features of Esgipnay be used [139].

When clicking on a label of some model element,ldbel text can be edited directly. In additiorthat, a menu
is displayed which allows for the selection of érig model elements. After confirming the input existing
model element fitting to the chosen text is pyplerce.

In the VIDE context we may illustrate this behavidor an AddStructuralFeatureAction. When a usakslon
the structural feature label of such an action atyndirectly edit the name of the structural feattive action
refers to. (see Figure 74).
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Figure 74 AddStructuralFeatureAction showing name editor

Moreover all structural features of the object aadéd in the AddStructuralFeatureAction are dispthypn
request.(see Figure 75):

varTwo : Person | ‘

Figure 75: AddStructuralFeatureAction showing object structural features

After confirming (by clicking on an other model elent or by pressing the return button) the strattonodel is
looked up for a fitting model element. In case teath a model element is fouithe model is changed
accordingly. If it could not be found an error negs is displayed and the model is not char

The input of text according to the language defifiedthe state visualisation variant requires egpians
conforming to OCL syntax, ahnin general eveany VIDE statement can be put into an action | Since such
input follows the VIDE textual syntax, syntax higtiting is available and is desired to be displayédten
entering the VIDE statements or expressions. Furtbee strong typig facilitates allow that autocompletion
available while entering the text. It is availabkdescribed before by reusing functionality oftthéual editor

9.2.2.3 Palette and its Entries

A GEF/GMF based editor has a palette bar poppingviign the user tcches the right border of the diagri
pane as shown in Figure .A8ere the modeller ce

« select a model element type; by subsequently clickir marking an area on the diagram pane a
model element of the selected type is ed and graphically displayed at the specified pmsiand (in
case of marking an area) in the specified

* choose common mod@&ldependent tools. By default there
0 The selection tool, which allows for selecting adeloelement or, by marking a wh region,
a number of model eleme
0 A note tool, which allows for creating a text boxtheut formal modelling content and f
attaching informal notes to model eleme
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Figure 76: A GEF/GMF based editor showing palette

In the VIDE editor, the model elements which can Hected are patterns built around the basic UM Loasti
The technical names are however hidden from theingbe following way
e Structural Features
0 AddStructuralFeatureValueActic> Assign Feature
0 CleasStructuralFeatureValueActic> Remove All Feature Values
0 RemoveStructuralFeatureValueActi> Remove Feature Value
e Control
o ConditionalNode + Clause(-> If-then-else
0 ExpansionRegio—> For Each Element
0 LoopNode-> Loop
0 CallOperationActior-> Call Operation
0 ReplyAction> Reply
e Exceptions
0 ExceptionHandle-> Handle Exception
0 RaiseExceptionActio> Raise Exception
e Objects
0 CreateObjectActioi> Create Object
0 DestroyObjectActior-> Destroy Object
e Links
0 CreatelLinkActior-> Create Link
0 DestroyLinkAction-> Destroy Link
0 ClearAssociationActioi~> Destroy All Links
e Variables
0 AddVariableValueActior> Assign Variable
0 ClearVariableValueActio> Remove All Variable Values
0 RemoveVariableValueActio> Remove Variable Value
« Groups
0 SequenceNode Block
e Connections
0 ControlFlow-> Flow

The model elements created when selecting thetpadetries do not only comprise the model elemistéd
above for the respective entry, but also “surroongdi elements. For instance, when selec
AddStructuralFeatureValueAction not only an ince of that metaiass is created but also two input pins,
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for the object and one for the value to be proaksés another example, for a conditional node, sguare
created as well. By default 2 clauses are creatbie further can be added usicontext sensitive p«-up bars
(see above).Entries in the palette may be groubedVIDE, the groups as indicated in the list abave in
place.

9.2.2.4 Property View
GMF offers a default implementation for the editofgappearance related attributes appli¢ diagram elements
using the Properties View as showrFigure 77.

o TTFEES v =
<] <Dedision Node> DecisionNodel

XPos: YPos:

Width: Height:

Font: Frankdin Gothic Medium-regular-8 Change...
ForegroundColor: | ]

BackgroundColor: @

Figure 77: Property View

VIDE should also offer a custom property view fach model element, in which all attributes defifmgdthe
underlying UML metaclass can be edited. This propeigw will certainly not be used by designers &ngg at
a coarse model because it is quite technical, kayt be filled in by implementers targeting at ancexable
model without modifying the graptal elements. Figure 7i8ustrates the appearance of such a custom prp
view as realised in Topcased.

[ Properties | B |3 ¥ =
4% <Dedcision Node> DedisionNodel

Property Value
= uML
Client Dependency
Decision Input
Incoming /" <Control Flow> qualified?
In Interruptible Region
In Partition
Is Leaf ik false
Name *Z DecisionNodel

Outgoing /" <Control Flow> qualified = true, <Control Flow> qualified = false
Redefined Node
Visibility '= Public
<l >

Figure 78 Example of a Property view for a UML action (Screenshot taken from Topcasec

9.2.2.5 Problems View

GMF provides a default view for displaying errorswearnings of the models. VIDE will use this andradcec
ways to interact about problems with the user asriteed in Deliverable D4.

9.2.2.6 Other Concepts

Plante [139] lists sindard concepts supported by each GMF based eillier VIDE stat-visualisation editor
thus has a number of features which are availabteabox entries, as menu entries, or context nesriies
a) Means for adding graphical hints with vague senearti allow for manual beautificatior
(&  Use of custom font by a font menu for every diagedemen
(b)  Custom fill colours and line colour for the selettdiagram element's interior and lir
respectively
(c) Custom line style for modifying the routing stylétbe selected diagram connector eleme
(e.g. rectilinear, oblique, tree style routi
These are properties which can configured by tipeance related property view as described a
2) Means for selecting and arranging diagram elem:
* Select: selects ladliagram elements, all shapes, or all connec
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Align: aligns all selected diagram elements to: lgfg the right, the top, the bottom, or the centr
of the selection.

Auto Size: resets the size of the selected diagdlaments to the default.

Make Same Size: sets the size of the selectedadiiaglements to that of the last selected element.
View: shows or hides various diagram features:rrulgid, page breaks, and the snap to grid
behaviour.

Zoom: changes the diagram zoom in, out, 100%, T,0Tei Width, To Height or To Selection.

Print and Print Preview including Enhanced Printlbj, Global or per Diagram Page Setup
Options, Page Breaks

Graphics Export: Exports diagrams in common formmag. SVG, GIF, BMP, and JPEG
Undo/Redo: The last performed action can be madensa by a keystroke; after undoing a one
keystroke redo of the undone action.

Clipboard: The system clipboard is supported fopaning and exporting model elements by
copy/cut&paste.

All these features make up a modern graphical editoich modellers are accustomed to. Fortunatale, to the
selection of GMF as framework, these features @ihe for free, and thus do not cause implementadftort,
while satisfying modellers’ needs.

9.2.2.7 Deviations from Standard Eclipse GMF/GEF
The following features of a standard GMF/GEF eda@ disabled or modified in VIDE:

The Order command of GMF/GEF re-orders the selediagram elements to the front, the back,
forward once, or backward once. Layering of modieinents is fixed in the VIDE editor, thus this

feature is disabled.

The standard Arrange button of GMF/GEF appliesvgha layout algorithm to diagram elements.
We realise a much more advanced domain-specifaydguting functionality, which is described

below.

9.3 Challenges and Approaches

In this section we list challenges of the VIDE aggmh with respect to the user interface and patesiutions
we have investigated.

9.3.1 Reduction of Graphical Complexity

Modelling graphically potentially may provide a tetoverview over a piece of the model because mwibee
intuitive representation of control structures, ls@as conditionals or expansions. The advantagegaghical
modelling are however restricted for a number esoms:

Large models do not fit on one screen, thus theviswe aimed at is lost.

Complex graphical models, with lots of connectiaasher confuse than help understanding.
Many developers are used to textual (code likejasgmtation of behaviour, rather than graphical.
There is apparently no good way to depict quennesexpressions graphically in general.

It is thus the more important to maintain the adagas of both ways for accessing models, i.e. éxund
graphical, while ruling out the disadvantages. Westhaim at a suitable combination between both cgmtres.
Suitable instruments are discussed in the follovgiections:

Collapsing graphical model elements and showirextual representation instead.
Hiding some model elements completely.
Enhanced navigation capabilities.

9.3.1.1 Collapsing and Expanding Nodes
GMF provides the functionality to collapse or expaomposite figures within the editor by clicking an icon

[139].

This is illustrated at the example of the ExpanBiegion model element in Figure 79.
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Account->select(number = x) as é accountX.balance
accountX >= transfer

v l

(7 | I

accountX:

balance -= transfer

____________________________

Account-> select (number = y)
as accountY

accountY:

balance += transfer

e

_____________________________________________________

Figure 79:Collapsing an Expansion Region

The mouse click triggers the disappearance of otsitimside the figure or a compartment of the fguBy
default the figure is not (as stipulated in Figd8) resized nor is the layout of surrounding figuneodified. We
discuss this and other problems in Sect. 9.3.1Hirdt we show how important collapsing and expagds in
the context of the graphical VIDE editor.

9.3.1.1.1 Use Cases

There are a number of use cases where the coltppsith expanding functionality is crucial in the o of
VIDE:

1) A modeller is editing or reading a part of a bebavidescription and is not interested in
behaviour happening before that part nor in thegrahat part. In that case only the construct
to be edited is expanded, all other parts are gadid.

2) A modeller is interested in a coarse overview an liehaviour only. Details are irrelevant in
order to obtain the overview. Then all irrelevardrtp can be hidden by collapsing the
containers. The collapsed view of the model elendeets not necessarily need to (formally)
reflect the whole semantics of the element. Insigfaits contents just a comment in natural
language or even nothing except the name/typeeoifribdel element may be displayed.

3) VIDE relies on the capability to edit in textualdaim graphical mode simultaneously. When
displaying the whole behaviour graphically, butyoebme parts textually, a hybrid view is
needed, where the textual part can be seen agigityachich is collapsed. Thus, a user might
add behaviour textually and then use the expandtifvmality to display and check the
graphical representation.

9.3.1.1.2 Collapsing Modes

From the use cases listed above we can infer 3 smuftke collapsed node:
1) Inside the collapsed node nothing is displayedhdighaviour would be useful in 1) and 2).
2) Inside the collapsed node the name (if applicablejhe type of the node is displayed; again such
behaviour would be needed in 1) and 2).
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3) A user provided textual comment (in natural lang)aig displayed inside the collapsed node; such
behaviour is applicable for 2).
Note that for 3), the collapsed node needs to aystile textual VIDE statement.

Figure 80 shows the different options for collapsiodes for the example of Figure 79.

_____________________

" 1
| | [l
I

Collapsed expansion
region

_____________________

i

Shift transfer
balance if
applicable

Account->select(number=x) as
accountX

' ’f (balance >= transfer) {

balance -= transfer

Account-> select (number =) {
with balance += transfer

_________________________________

Figure 80: Expanding at the example of Expansion igion

The different styles of collapsing are offered hie user by providing different buttons for collajgithese are
either offered as buttons or in the context mespldiyed on mouse right-click.

9.3.1.1.3 Automation of Collapse/Expand

According to 1), a modeller might not be interestedbehaviour displayed in a model element of tame
hierarchical level as the one edited which appdsefore or after that focussed element. The editidr w
automatically collapse these surrounding model elgm

Such automatic features might be annoying, sina®itain cases the appearance of surrounding etemméght

— contradicting Use Case 1 — be desired. It is tacessary that this feature is optional. Its usefis can only
be judged after extensive user oriented evaluation.

9.3.1.1.4 Problems

There are a number of problems with collapse/exfanctionality:
1) When the interior of a compound node is collapbedsize of the node must be minimised. Otherwise a
lot of distracting white space would be displayaall this would destroy the effect that collapsieagdis
to a better overall picture. Minimising the sizenmwver affects the objects located around the cedldp
node, they must be newly arranged.
2) When expanding a collapsed node the node mustsardgde enlarged. Objects in the neighbourhood
of the expanded node are potentially in the way modt be moved.
3) Orthogonal to these two items the coarse layoudllofomponents should be kept unmodified when
collapsing or expanding, in order not to confusentfodeller who is performing the operations.
All these problems require use of autolayout, whghpecific to the modelling language and incretaleiT his
issue is discussed in Sect. 9.3.4.
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9.3.1.2 Hiding/Showing Nodes

We have already discussed that modellers mighntezeisted only in the container node they are otlyrde
modifying or looking at. Instead of hiding the iritg of the nodes which are not in focus, we magehihe
nodes completely. Note, that in this case, inforomato understand the entire model disappears cgtelg| no
“substitute” representing the hidden elements titus displayed. We thus offer modellers, theiam “Hide
Actions After” and “Hide Actions Before”, on eachodel element. These hide elements which appedrein t
control flow before (or after, respectively) thdested model element, unless they contain the teslemodel
element. Moreover we might allow for hiding noadésa certain type or semantic annotation. For imsta— in
order to get a better general picture on the iotena with the behaviour’s outside — we could allosers to hide
all nodes but operation calls.

9.3.1.3 Enhanced Navigation Capabilities

A graphical environment allows for easier navigatiy “drilling-down” into a model element or navigay to
its definition. The context of the originating diagn is lost and thus the elements not focussed comad
confuse. The graphical editor should support enbdimavigation capabilities as follows:

e By double-clicking a compound node, the same fonetiity as for “Hide Actions After” and “Hide
Actions Before” should be achieved. However, inidd, the surrounding box of the compound node
disappears.

* By double-clicking an action representing an operatall, the context is changed completely and the
diagram describing the behaviour of the clickedhodtcall is displayed.

9.3.2 Simultaneous Textual and Graphical Editing

VIDE is supposed to enable simultaneous textualgraghical editing. Thus a user may read and bdisame
behaviour textually as well as graphically.From seruinterface point of view, we provide a way toitstv
between different editors. Performing this switelm ®e realised in several ways:
e Within an opened editor right-click the backgrousmld obtain a context menu where “Select in ...
Editor” can be selected
« From the explorer tree right-click on the entry tbe respective method and choose “Select in ...
Editor”.
Here ... can stand for “textual” or the name of ofieh@ graphical editors (i.e. state-visualisatibnear”).
Moreover there is a hybrid way to editing VIDE beioair textually within the graphical state-visuali®n
editor as already mentioned above. For this, argeaetion depicted as a rounded rectangle is gegliwhich
contains the text.

9.3.2.1 Text Input Support

When editing text within the generic action, thensafunctionality should be available for the ussiratextual
editors:

e Syntax highlighting

e Direct input

* Autocompletion

9.3.2.2 Need for Autolayout

When a user has edited behaviour textually andchest to the state-visualisation editor the layduhe edited
parts is not determined. Thus no coordinates fesdahparts are fixed. If the edited part is largeaitnot be
expected from the user that he moves the modelegitnmanually until an appropriate layout resditss holds
especially if the one who has edited textually telone who displays have different roles, such asdeller
(who creates the model) and a business expert (@hews it).

9.3.3 Interconnection with other Editors

Modellers usually work with a set of tools, howewdten integrated in a common workbench, such dipdec
For instance a modeller typically creates a stmectliagram with tools like Rational Architect orfaased and
then defines behaviour with VIDE. We assume it asbe typical that the iteration cycles between
creating/modifying structure and creating/modifyinghaviour is rather small, i.e. modellers changectire
according to the experience they have made whildefting behaviour and vice versa.With this assuopin
background we infer that a tight tool integraticetieeen VIDE and the other tools in the workbenchesded.
This is manifested in the functionality that
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e users may navigate between editors/viewers depgi@imodel element used in VIDE and the VIDE
editor, and

- we allow for dragging elements from the structuagthm of any EMF based editor and dropping it on
the diagram pane of the VIDE state-visualisatioitoed

This functionality is described in the remaindetto$ section.

9.3.3.1 Navigation

We allow for navigating from the VIDE state-visisation editor to other EMF based editors and back.

We illustrate the behaviour at the case of opematand operation calls, since this is the mostals/one. There
may however also be other possibilities, such @ibate access in form of AddStructuralFeatureVakten for
instance.

When being in a structure diagram editor, such agc@ised, it is desirable for a modeller to rightkclan
operation of a class and navigate from an entryetheinto a VIDE model of its behaviour. If there no
behaviour specified an empty VIDE model should ispldyed. The modeller may then edit the modeljant
back to the structure diagram. If the tool, i.epGased in our case, offers an appropriate Eclip@nsion point,
it is sufficient to provide an entry in the conterenu and an appropriate point of reference withenVIDE
editor plugin. For coupling the plugins loosely slgould provide a separate little “VIDE for Topcasptlgin
depending on Topcased and VIDE.

The other way round, VIDE is supposed to provideath operation call a context menu entry for jurggo
the “definition” of the referenced operation in fhepcased tool.

9.3.3.2 Drag&Drop from Other Editors

Similarly as navigation, we provide drag&drop funoglity from other editors into VIDE. In order toodel a
method call within the VIDE state-visualisationtediit is possible to drag a method call entry fridra structure
diagram editor such as Topcased and drop it oD& diagram pane. The VIDE shape for depictingratien

calls is inserted at the specified position. Theleller just needs to insert the arguments of tHiexwnually.

9.3.4 Autolayout

9.3.4.1 The need for Autolayouting
We have already seen that autolayouting is a drpeid of an easy to use graphical model editopeting for
textual and graphical input. The following featuregquire autolayouting:

1. Expanding and collapsing

2. Hiding and Showing nodes

3. Simultaneous textual and graphical editing

We can conclude that without a powerful autolaymgittomponent it is impossible to realise the VIDie
editor.

9.3.4.2 Autolayouting Challenges
Autolayouting is a complex task since it
1. deals with many NP hard problems which often regjh&uristic non-optimal solutions
2. aims at a “beautiful” appearance; since beauty nidpe- in many cases — on the observer, it is
often impossible to define clear metrics
3. aims at a layout which is optimal for a certain émor a certain user group; there is thus no
“general” solution to autolayout

9.3.4.2.1 Aesthetical Layout
As already mentioned, it is hard to define whad igice" layout. There are several factors defiretiterature
[141, 142] which we mention briefly:

« Minimised edge crossings [142] produce a clearetupe of dependencies;

« Minimised bendpoints of edges;

e Orthogonal edge routing, and even edge routinggaogrid;

« Edges should not be routed over nodes;

e Equal distribution of nodes in diagram space;
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e There should be enough space between nodes in ordeparate them visually; no overlaps between
normal nodes are allowed; nodes must only overii#ép group nodes they are contained in;

« Nodes connected by an edge should be as closadthmgas possible, in order to allow for properesdg
routing and in to symbolise that the nodes belaggther;

e Usage of diagram space should be minimal in om@rdvide a comprehensive overview on the whole
model. This partially contradicts the other reqoieats, such as minimal edge crossings. By optimisin
with both goals, complexity of algorithms increases

9.3.4.2.2 Domain Specifics

Being specific to a domain is crucial to meaningfutolayout. Models should be layout differentiypdeding
on the model type. For instance, VIDE models shdikly be layout differently than pure activityagjrams.
Thus, it is important that layouts can be adaptettié user’s domain by configuring the layout ajppiately.

9.3.4.2.3 Types of Layout Algorithms

There are a huge number of different layout alparg available in literature, as well as being immeted in
graph libraries (see below), such as layouts feedy circular layouts, organic layouts, orthogdagbuts, etc.
For VIDE we consider only hierarchical layouts amckremental approaches as relevant.

Hierarchical Layoutsfocus on highlighting the flow in directed grapfishey are well suited for modelling
processes, workflows, and can thus be used in \ttD&yout the flow in a VIDE state-visualisatioragram.
Nodes are placed in hierarchical layers, i.e. coutbee nodes are always placed one after the dthédow
direction unless the graph contains cycles. In tase the cycles are resolved as good as poskiatéing to
backward arrows. By ordering nodes within eachrajker optimisations such as minimising of edgessings
is small.

Incremental LayoutsWhen developing models as in VIDE we often haved¢al with extensions or small
changes which should be displayed again. This l@mdssequence of graphs of a model. By layingeagh and
every model change from scratch it may be the tzstea diagram is layout completely differently nhaefore
the (even tiny) change. In order to keep the ,memiap” of a user (i.e. knowing where the nodestmfound),
successive layouts of the same model should bdasitoi each other. In particular nodes and edgesldhbe
moved not too much and the general appearanceeofiiph should be kept as consistent as possibis. T
decreases the modeller’s effort to understand thdemafter a change [143]. Layout algorithms theltulate
similar layouts are called incremental or intenagtiFigure 81 shows an incremental layout procdssrevred
nodes are newly added nodes.

Y
Y
Y

k. k. I k. I

|

Y

Figure 81: Example of incremental layout

For VIDE incremental layout is crucial: Assume wa/é created a VIDE model in the state-visualisagiditor,
switch to the textual editor and add a view modeients there. Then we move back to the state-igsitian
editor, the new model elements should be layouttmentally, such that the modeller sees the olthetes
located approximately at the same place.

9.3.4.2.4 Libraries

We have investigated several libraries supportirtglayout:
- prefuse[144] is an extensible Java framework for the dmwment of applications which visualise
information in general. It offers a series of pedided layouting algorithms, among them circular
layouters, tree layouters, etc. It does not supgraip nodes,which are required by the VIDE editor.
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SugiBib [145] is a graph visualisation framework developatd Universitdt Wirzburg. The main
algorithm corresponds to the Sugiyama-AlgorithmgjLAgain, no group nodes are supported.
GraphViz [147, 148] is an Open Source software packagedfawing graphs. The built-in graph
description language DOT only supports one hiereathtayout algorithm.

Tom Sawyef136] delivers components for analysing, layoutl arsualising of graph structures. The
autolayout component contains algorithms basedlgorithmic, as well as on interactive/incremental
approaches.

ILOG JViews[149] is a Java suite comprising a diagrammer foplcreating and modifying graphs.
Several layout algorithms are supported, among théayouter for hierarchies and trees. Group nodes
and incremental approaches are supported for lengout

yFiles[150] is a Java library providing components algbathms for analysing, visualising and laying
out graphs. It supports a huge number of diffeagorithms which can be parameterised in many
ways. It contains both incremental and hierarcHepgbut algorithms. Group nodes are supported.

Because of the unique amount of functionality weehehoseryFiles as the layouting functionality of choice to
be used in the VIDE state-visualisation editor.

9.3.4.3 Autolayouting for VIDE
The basic layout rules of VIDE are as follows:

The main layout flow is from top to bottom.

Nodes contained in a sequence node or in the tag-éetivity are put one below the other in theesrd
specified by the sequence or the control flow.

Conditional nodes are layouted as follows:

o If there is one branch: The subsequent sequence isodut below the decision node. The
condition is put to the right of the decision node.

o If there are two or more branches: One branch idplow the decision node, the condition is
put to the right of the edge leading to the seqeemae for the first branch; the other branches
are put on the right next to the first branch, tleendition is on the right of the edge leading to
the sequence node of the branch.

0 Branches are aligned on top. The nodes of pataiteiches are horizontally aligned in layers.
Operation calls to operations offered by Web seighould be in a separate column on the righteof t
main flow, in order to graphically distinguish tleesalls from normal ones. Edges to these model
elements should be routed orthogonally.

Newly inserted nodes should be layouted incremigras$ described above).

Moreover it should be possible to configure theolating procedure declaratively by user defined sulehis
would allow modellers to adapt the basic rules sg¢ such as to let clauses of a conditional fifsam left to
right if the number of nodes contained in the segaenode is less than 2.

Especially for adaptations of VIDE to domain-spieciénguages such custom layout rules have a grgantial
for many visualisation applications within SAP.

9.4 Conclusions

The state-visualisation editor adopts the userrfexte concepts developed for Eclipse [140] and GBEHF
[139]. Since it is designed for software desigrieee D1.1) familiar with conceptual modelling anifiUclass
diagrams, this fosters their acceptance of the VédEor due to a similar way of interaction.

Challenges specific to VIDE that go beyond the d&ad concepts are

reducing graphical complexity, which is addressgddllapsing and expanding, showing and hiding,
and navigation functionality

textual and graphical editing in parallel, whictagdressed by using advanced autolayout features
interconnection with existing editors of the platfp where we rely on functionality of the Eclipse
platform and the common EMF core

autolayout which is needed in several places.

We have stated requirements for the further devedop of the tool in WP9 and made investigationseisfly
concerning the autolayout functionality which is@gl for the success of the VIDE approach.

- 159 -
© Copyright by VIDE Consortium



FP6-1ST-2005-033606, Visualize all moDel drivElogramming Work Package 5
Version 3

10. Visual Expression Builder

Visual Expression Builder (VEB) is a visual meclsmioffering users a way to specify their VIDE exgsiens
using graphical metaphors. VEB is implemented geaphical editor plug-in for the Eclipse environrhand is
used with the VIDE textual and graphical editorsetis able to specify VIDE expressions declartijvia
UML instance diagram fashion inspired by the QuBsy Example approach, called here Object Query By
Example (OQBE).

10.1 Rationale

The VEB can be considered an addition to the cdi2EVPIM language and editors foreseen during théyea
stages of the project. The base assumption ofatigubge design was assuring the compliance withmemon
model repository and interchangeability of visuat @extual syntaxes. The reasons of that approaohbe
summarized as follows:
« Using a common, standard compliant model reposi@igws for model interchange, eases the
integration work of the toolset and possibilitysafpporting part of functionality by existing UMLdls.
It also eases the application of existing technie®fpr model transformation assumed by MDA.
< Availability of textual syntax is essential as thisnstitutes the most widespread and proven approac
of specifying details of application behaviour.
* Development of visual syntax is important for aefig a better expressiveness of some constructs and
for making the language more familiar to the usm®wving the visual modelling tools based on UML
The above assumptions make it easier to maintanntegrity of the language design and to allowxifi
combinations of visual and textual representatibcode — to suit the needs of various stakeholdeading with
software development. However, the very natureisfial syntax raises the expectations of achievimgoae
declarative and high level way of specifying thedwmio
Another observation was, in the VIDE PIM languatie OCL expressions constitute the most complek par
and thus can be considered a primary subject fpraming the expressiveness in the visual syntax.
A good illustration of work towards that directios the concept of condensed representation of egjme
described in Deliverable D2.1, section 5.3.3.5.@ri@ensed Representation by State Description Mgtgin
Such condensed syntax provides a more conceptddkas redundant view of the expression, howevehea
same time, its mapping onto VIDE abstract syntaxoisstraightforward and can be completed in varioays.
Thus, as stated in D2.1, such representation dmildade available only for read-only purpose.

10.2 Interaction with other tools of VIDE

VEB is integrated into a VIDE toolset through a Pibpository and through embedding its functionailitio
textual and visual VIDE PIM editors. As stated abothe notions of OQBE used by VIDE require the
introduction of several metamodel constructs affiemn UML/OCL metamodel that is the base of VIDE
language.

The constructs introduced for VEB allow to represestructure similar to UML instance diagram, amdude
the notions of Example (object example, link exappCondition, Sort criteria and Output. These toess are
connected with UML metamodel (mainly, with the cioasts of UML Structures unit), to identify datausoes
(e.g. method parameters, attributes, variablesgtpeession will refer to, and their types.

The way the VEB functionality will be introduceddnVIDE editors is described in the subsequenticedh the
context of textual editor. However, the integratigith visual editor can be performed in an analageay. The
main ideas of such integration are summarized helow

e The option allowing specification of expressionngsVEB is available during the edition of a method
body.

e Selecting that option provides the VEB with the teath of the expression, that is, with the inforroati
on the attributes, operations and associationdadlaifrom a current (self) object and the paransete
and local variables of a given method.

» After the work with VEB is completed, a respectlgeation inside method’s body includes the VIDE
code (visual or textual) produced from VEB’s OQB#ression, as well as a link that makes it possible
to enter VEB and update the expression through it.

» Editing the produced expression outside VEB (thatising directly the textual OCL or its VIDE visua
counterpart) is allowed, but invalidates the OQBEdel elements of it, so that the VEB diagram is
removed then.
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Reading assistance:
- Every time number in the brackets is used (eg.) ()means reference to the diagram from section

(@11

10.3 Requirements

10.3.1 Relevant requirements from D1.1
The following table lists only the requirementseraint for Visual Expression Builder module. Omiftia D1.1

requirement in this table means it was found nietvent for the VEB module scope.

Requirement | Name Priority | Comment

Number

REQ — Clear and unambiguous Should VEB attempts to realize this requirementtM

NonFunc 4 notation — VIDE should level notation by providing a visual metaphor tisat
have clear, fully consistent with widely known UML instance
comprehensible and diagram notation. This improves the clarity of the
unambiguous semantic constructs used to specify expression. A benefit to
description suited to the this extent is especially big in case VEB is used
users of the VIDE tools with textual VIDE editor.

REQ — Model view saliency — | Should VEB provides an increased level of abstacind

NonFunc 5 VIDE models views allows the specification of query expressions &y th
must be user-oriented. users without the need of dealing with OCL.

REQ — Appropriate Should VEB broadens the selection of means fotipeg

NonFunc 6 textual/graphical behaviour at PIM level. User working with textua
fidelity — VIDE must or visual VIDE editor can switch to VEB to
provide appropriate construct the expression in a way that is expetcted
textual and graphical be more intuitive for users with UML modelling
modalities for its users. background.

REQ — Runnable and testable | Should VEB generates a pure VIDE model, hence the

NonFunc 8 VIDE prototypes model execution features are available for VEB-

specified code.

REQ — User 1| Flexibility and Should VEB abstract syntax provides several pragnye
interoperability of elements, however, they are designed to integrate
VIDE language and with UML 2.1 standard metamodel and are
tools - The VIDE transformed to OCL 2.0 standard metamodel
language and tools instances.

SHOULD have
flexibility and be
interoperable with some
existing tools.

REQ — User 2| Reuse of UML Should For VEB abstract syntax — see REQ — Us€&hé.
Standard — end users concrete syntax used by VEB closely follows the
are very sensitive to syntax of UML instance diagrams.
using standards. A key
aspect is that the VIDE
language reuses as
much as possible the
UML standard.

REQ - Semantics of VIDE Intg Should VEB constructs will be translated to the ¥ID

Semantics 1 | rnal Communication — & code. Hence, this requirement generates a need|for
precise description of precise definition of the transformation. This has
the semantics is needef been already provided in this document, however
sufficient for internal will require updates and refinement as the tool
communication features evolve in the course of the final protetyp
purposes within development.
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implementation
stakeholders in the
development of the
VIDE tool.

REQ — Lang

Usage of UML2
Behaviour (“Action
Semantics”) — VIDE
should use the
behavioural model
elements of UML2
(earlier known as
“UML Action
Semantics”), unless
proven insufficient.

Should

VEB transforms its constructs to VIDE, whiels
specified in D2.1) fulfils this requirement.

REQ — Lang

User Language &
Concepts — the VIDE
language and VIDE
tools presented to a
certain user groups
SHOULD employ the
language that is
understood by the user

group.

Should

VEB provides additional support for fulfiy this
requirements by providing an additional utility
which seems especially useful for users familiar
with UML but having not much experience with
OCL.

REQ — Lang

Compliance with
Standards — VIDE
should not compete
with existing adopted
modelling standards,
especially those
adopted by the OMG,
such as UML or
BPMN.

Should

As stated above — the constructs used B/ ME
inspired by and integrated with UML 2.1.

REQ - Lang

Modularisation and
extensibility — it should
be possible to replace
parts of the language
with different artefacts
and add additional
language constructs fol
special business
specific patterns. This
requires the language |
be structured in
modules.

[®]

Should

The VEB is potentially capable of integrgtivith
any UML 2.1 compliant editor for the purpose of
building OCL expressions inside UML models.

REQ - Tool 1

Usage of industrially
adopted tools — VIDE
must use industrially
adopted meta-
modelling standards
where applicable.

Must

As stated above, VEB maintains a compliandé wi

UML 2.1 metamodel.

REQ - Tool 2

Meta-modelling
Framework — VIDE
must use EMF as its
modelling framework.

Must

VEB is based on the EMF model repository and
also uses related frameworks for the editor
implementation.
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REQ - Tool 3

Meta-modelling

Concepts — VIDE metat

models should be
constructed to be
compatible with MOF
concepts.

Should

Abstract syntax elements specific to VE® ar
expressed in terms of those meta-modelling
concepts.

REQ - Tool 7

Meta-modelling
Framework — VIDE
SHOULD use GMF as
it's graphical modelling
framework

Should

VEB is being implemented using GMF.

REQ - Tool 8

Use of OCL - VIDE
should re-use existing
standards as UML
(REQ — User 1), and in
particular OC;. the goal
is to achieve a seamleg
integration with the
concrete syntax of the
action language to be
developed.

Should

)

VEB produces OCL code.

REQ - Tool 9

CIM modelling
standards.

May

Outside D2.1 scope. To be addressed in D7.1.

REQ — Tool

PIM, PSM modelling
standards — VIDE
SHOULD provide
support for PIM
modelling with UML
and action semantics;
the meta-modelling
standard for VIDE
should be Ecore.
VIDE SHOULD
support well known
PSM modelling
standards (e.g. XMl for
model

and meta-model
interchange, JMI for
Java based PSM).

Should

As explained above, this requirement islketf by
the VEB itself and by the VIDE language that is
generated by VEB module.

REQ - Tool

Framework for CIM,
PIM, PSM modelling —
VIDE SHOULD adopt
the ATL framework as
its transformation
framework, and
should use XPAND for
model to text
transformations.

VIDE SHOULD adopt
EMF as its framework
for PIM modelling
VIDE SHOULD adopt
EMF as the meta-

modelling framework.

Should

VEB fulfils relevant part of this requirentes it
is based on EMF.

- 163 -

© Copyright by VIDE Consortium

Work Package 5




FP6-1ST-2005-033606, Visualize all moDel drivElogramming Work Package 5

Version 3
REQ — Tool | VIDE extensibility Should Outside D2.1 scope. Todueressed by D9.3.
12
REQ - Tool Integration and Should The choices with respect to mapping VIDEon
13 metadata interchange + metamodel meet that requirement.

VIDE should provide

model and meta-data

interchange capability

by adopting the XMl

standard.
REQ — Tool | Model driven approach| Must VEB fulfils this requirement. The tool worksside
14 The VIDE tool strictly the PIM layer and produces the code that is

follows a model driven standard compliant.

approach as stipulated

in figure 9 page 120 of

the D.1.1 deliverable

Table 24: Requirements for Visual expression Builde

10.3.2 Refined requirements

The requirement refinement relevant for the VEB bardescribed in the form of a single requiremalgady
outlined in the introduction of this chapter: “Piding Analysts/Designer with additional, intuitiv@eans
supporting the construction of OCL queries”. Thaguirement can be detailed into following remarks:

As concluded in the D2.1 requirement analysis,ubers of profile Analyst/Designer are expected to
have a good knowledge of UML diagrams, but are netessarily focused with programming
languages.

Although OCL is an OMG standard and seems to beoptimum choice for a powerful
expression/query language for UML behaviour, theviedge of this language is not very widespread.
Moreover, the OCL expression are potentially thesineomplex part of VIDE language.

Visualisation offers higher expressiveness compaecetextual syntax. Particularly, common UML
diagrams could be adopted to represent expresgioasmore intuitive and a bit more abstract way
compared to textual OCL code.

Above considerations suggest the development dfiaddl mean of specifying VIDE expressions that
is based on UML instance diagrams and extendsunifarm way the constructs already included in
VIDE visual notation.
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10.4 VEB environment overview
(5) TOOLBAR
(1) Palette

(6) VEB diagrams in
current document

(2) OQBE diagram

(7) VEB diagrams in
current project

(3) Output window tab
(4) Properties window tab

Figure 82 Overview of VEB elements

10.4.1 Palette

This box contains graphical elements representi@BP building blccks. Each element can be dragged
dropped or(2) OQBE diagramarea. Following elements are available in thiste

- Example symbol

- Link used to connect two examg

- Predicate

- Comparator

- OutputFlag marker

- SortedBy marker

Additionally user can switctotzooming tool or add a UML note using this tooll

Please refer to section (@)2 for complete desoripdf the OQBE synta

10.4.2 OQBE diagram

Elements dragged froifl) Palettecan be freely repositioned on the screen area. Utayfoall elements place
onthis area is stored and restored every time usenspaved VEB file. Behaviour of this editor areaimilar
to UML editors found in mainstream modelling to

10.4.3 Output tab
This window is used to communicate all events anore encountered during eing of en OQBE diagram.
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10.4.4 Properties tab

Using this tab, users can specify properties aheles that are selected on the diagram. After sisedection of
any graphical element on tt{g) OQBE diagram area, properties window shows available parametetke

selected element and their actual data. By entevavg values for these parameters, user can akeshape of
resulting query.

10.4.5 Toolbar

Standard Eclipse toolbar extended with:
- Add new visual expression button

While editing expression in VEB there will be adlalital buttons available:
- Generate OCL expression
- Save diagram
- Delete this expression
- Unlink
- Delete example
- Delete comparator
- Mark as an output
- Sort by

10.4.6 VEB diagrams in current document

User can browse all diagrams that are currentlynddffor this document and open them by doubleicl
VEB diagram'’s name on the list.

10.4.7 VEB diagrams in current project

User can browse all diagrams that are currentljnddffor currently opened project and open thenddyble
clicking VEB diagram’s name on the list. This listmissing elements displayed MEB diagrams in current
documentview. Diagrams from current project can not bepgexd directly on the current document. Instead,
they must be copied first to the current document.

10.5 Functional requirements

Use case name 10.5.1 Adding new visual expression

and ID:

Description: User can add new visual expression anywhere imsigtbod’s implementation.

Precondition: None

Scenario: 1. User right-clicks code line in VIDE text editor amthooses‘Insert new
visual expression’option or user select§nsert new visual expression{
button from Eclipse’s toolbar (5).

2. Editor opens new VEB window and blank documentréspnted to the usey.

Eclipse panels are updated to present stencils @{BE elements and
properties window.

Extensions: None

Related GUI Please see section (@)1.1 for GUI definition reldtethis use-case.

elements:

Use case name 10.5.2 Saving VEB diagram

and ID:

Description: User can save newly created file to store his/herkvand give a meaningful name
for that visual expression

Precondition: None

Scenario: 1. User clicks'Save diagram”button placed on standard Eclipse toolbar
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2. Editor displays automatically generated name alid aser if he/she wan
to give his/her own meaningful name for the diag
3. Usea changes the name or selects -generated one
4. Editor saves diagram file and displays its namehen(6)VEB diagrams ir
current documerwindow
Extensions: 4. Editor checks that name already exists or is mj
5. User is redirected to Steg
Related GUI None
elements:

Use case name
and ID:

10.5.2 Generating code from visual expressic

Description:

User cangenerateOCL representation of the VEB expression after conmpde
definition of examples’ attributes values and limkiexamples with each oth

Precondition:

At least one example is added to the diagram amdligram is saved. If not, usel
asked to do so and UC (@) 1.2.2 is trigge

Scenario: 1. User clicks“Generate OCL expressionbutton placed on standard Eclig

toolbal
2. Editor generates textt representation of VEB expression and chat

focus to the editor window with newly generated eoscrolling cursor t
the position where this code is placed. Generatatk ds rea-only and
editor disables any editing actions on the ¢

Extensions: None

Related GUI Please see section (@)1.1 for GUI definition reldtethis us-case.

elements:

Use case name
and ID:

10.5.2 Editing and viewing existing visual expressio

Description:

User can edit any visual expression that is alredefined anywhere inse current
document.

Precondition:

At least one VEB diagram must be attached to thoeichen

Scenario: 1. User doubl-clicks diagram’s name on the (§EB diagrams in the currel
documenwindow or clicks a link placed inside textual cagenerated fron
thediagran

2. Editor opens VEB editor window and restores alleshglements along wit
their previous positionir

Extensions: None

Related GUI

elements:

//Generated code (path/file.veb diagram)
salesForecast.expectedRevenueAmount :=

items -> collect (quantity * product.price)
//End (path/file.veb diagram)

-> sum() ;

Use case name
and ID:

10.5.5 Viewing external visual expressio

Description:

User can open in re-only modeany visual expression that is defined in
document from the current proje

Precondition:

At least one diagram must be present in the VEB diagrams in the currel
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documentvindow.
Scenario: 1. User doubl-clicks diagram’s name on the (YEB diagrans in the current
projectwindow
2. Editor opens VEB editor window and restores alleshglements along wit
their previous positioning. All editing capabilgie@re disabled and diagre
is opened only for viewin
Extensions: None
Related GUI None
elements:
Use case name . . .
and ID: 10.5.6 Deleting visual expression
Description: User can delete any visual expression defineddrcthrent docume
Precondition: At least one VEB diagram must be attached to theichen
Scenario: 1. User right clicks diagram’s namen the (6)VEB diagrams in the currel
documenwindow and selectBelete this expressidinom the context men
or clicksDelete this expressidoutton from Eclipse’s toolb
2. Editor asks user if he/she wants to keep generetel@ attached to th
diagram n the textual document or to remove it
3. User selects to delete diagram along with generadde
4. Editor deletes visual diagram and generated
Extensions: 3. User selects to delete diagram but keep generatis
4. Editor deletes visual diagram leaving geated textual code as if it we
hand typed coc
Related GUI None
elements:
g:g oo name 10.5.7 Inserting visual expression into textual cod
Description: User can:
* use diagrams that are currently detached and eotinghe docume
« link already usd diagrams to many places in the same docu
Precondition: At least one diagram must be present in the VEB diagrams in the currel
documentvindow.
Scenario: 1. User drag and drops diagram name fromVEB diagrams in the curre
documer window to a new line in textual code
2. Editor creates a link to this diagram and commergpdce for generate
code but it doesn’t generate any code at this mofgecause VEB diagra
may be incomplet
Extensions: None
Related GUI After linking diagram he code should look like this:
elements:
//Generated code (path/file.veb diagram)
//End (path/file.veb diagram)
Use case name . . . . . .
and ID: 10.5.8 Importing visual expression defined in other file
Description: User can import a diagram that is already defimethe other file inside current
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opened project. Imported projects are copied anaos reference is maintained.

Precondition:

At least one diagram must be present in thevV&B diagrams in the current proje¢
window.

Scenario: 1. User drag and drops diagram from {/BB diagrams in the current project
window to (6)VEB diagrams in the current documevindow
2. Editor copies the diagram and asks user for a rianie
3. User enters the name
4. Editor saves diagram file and displays its namehen(6)VEB diagrams in
current documenwindow
Extensions: 4. Editor checks that name already exists or is missin
5. User is redirected to Step 3.
Related GUI None
elements:

Use case name
and ID:

10.5.9 Detaching generated code from its diagram

Description:

User can decide to detach code generated by the arieBedit it manually without
using the builder.

Precondition:

At least one diagram must be linked with the tektlecument and there must he
textual code generated from this diagram.

Scenario: 1. User right clicks on the link inside the code ahdasesDetach code from

its diagramoption
2. Editor removes link from the textual code alonghwébmments symbolising

range of generated code. Detached code can bel editkit is treated as any
textual code entered manually.

Extensions: None

Related GUI None

elements:

Use case name
and ID:

10.5.10 Adding new example on a diagram

Description:

User can add new example on a diagram to spettdyifig conditions.

Precondition:

New or existing visual diagram must be opened itiredmode. At least one UML
class diagram must be attached to the project.

Scenario: 1. User drag and drops new example icon on a diagram 1) Palette
window
2. Editor draws empty example shape on a diagram anehasks user tp
choose type of this example
3. User selects class name from the list. This lispapulated from UML
diagrams attached to currently opened project
Extensions: None
Related GUI None
elements:

Use case name
and ID:

10.5.11 Setting values of attributes of an example

Description:

User is able to set values of any example alreddgdto a diagram.

Precondition:

At least one example is present on a diagram.
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Scenario: 1. User selects an example from a diagram.
2. Editor focuses oif4) Properties window taland displays all primitive type
attributes defined in example’s class
3. User enters values for attributes he/she wantpeacify and selects desired
operators.
4. Editor saves entered data and present it on thgratiain corresponding
section of example’s shape
Extensions: 3. Editor checks that data entered does not matchdfypa attribute.
4. User is redirected to Step 3
Related GUI None
elements:

Use case name
and ID:

10.5.12 Deleting example

Description:

User can remove any example already added to #duggain.

Precondition:

At least one example must be added to the diagram.

Scenario: 1. User clicks on an example to select it and cliDiedete examplédutton on
the (5) toolbar. Alternatively user can right-cliekample and sele@elete
exampleoption from the context menu.

2. Editor removes example from the diagram and froenrttodel with all links
connected to it.

Extensions: Text here

Related GUI Text here

elements:

Use case name
and ID:

10.5.13 Linking two examples

Description:

User can associate two examples to notify thatesgion should look for instance
that are connected with each other

£S

Precondition:

At least two examples must be present on a diagram

Scenario: 1. User clicks on one example and drags from the riekvdhortcut icon to
another example
2. Editor draws a solid line with an arrow betweersthexamples to symbolise
that they have been linked
Extensions: None
Related GUI None
elements:
Use case name c o
) 10.5.14 Unlinking two examples
and ID:
Description: User can break association between already corthegtamples
Precondition: At least one link must be present on a diagram
Scenario: 1. User clicks on a solid line connecting two exampteselect it and clicks
Unlink button on the (5) toolbar. Alternatively user aéght-click a solid
line and seledUnlink option from the context menu.
2. Editor removes solid line connecting two examples.
Extensions: None
Related GUI None
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elements:

Use case name
and ID:

10.5.15 Setting query output

Description:

User can set an example and/or attribute(s) tonbeugput of a query generated
VEB

Precondition:

At least one example must be present on a diagram

Scenario:

1. User selects example by clicking it on a diagram.

2. User clicksMark as outpubutton on the (5) toolbar. Alternatively user ¢
right-click an example and selebtark as outputoption from the contex
menu.

Editor attaches <<output>> stereotype to the exampl

User optionally gives a name to newly added output.

Editor saves added value.

Extensions:

User selects attribute by clicking it on a diagram.
Proceed with point 2.

NE oA

Related GUI
elements:

None

Use case name
and ID:

10.5.16 Setting sort attribute and sort direction

Description:

User can define what sorting attribute(s) shouldiged to generate proper order g
result set.

Precondition:

At least one attribute should be available on grdian

Scenario: 1. User selects attribute on a diagram and cliSkst by button on the (5
toolbar.

2. Editor opens (4) properties window.

3. User specifies sorting direction [ asc | desc ] aoding order (naturg
number). Attributes with lower order value will hsed as a primary sortin
condition.

Extensions: None
Related GUI None
elements:

Py

t

Use case name
and ID:

10.5.17 Adding comparator of attributes from different examples

Description:

User can put constraints on attributes from difiéexamples to specify their mutu
relationship that must be met.

o

Precondition:

At least two attributes are defined in separatemgtas on a diagram.

h

Scenario: 1. User clicks attribute and drags dashed line to twibate placed inside
another example.
2. Editor opens (4) properties window.
3. User specifies comparison operator. Operator iscsadl from a drop dow
list populated with operators defined in OCL fdriaute type.
Extensions: None
Related GUI None
elements:
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Use case name . . .
and ID: 10.5.18 Deleting comparator of attributes from different examples
Description: User can remove comparator from a diagram.
Precondition: At least one comparator must be on a diagram.
Scenario: 1. User clicks dashed line symbolizing comparator ariitks Delete
comparatorbutton on (5) toolbar.
2. Editor removes comparator from a diagram.
Extensions: None
Related GUI None
elements:

10.6 OQBE syntax definition

OQBE'’s syntax is defined using UML instance diagrasna foundation for its notation. Complete syréx
OQBE is presented in following table.
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OQBE element Description and attributes

Unnamed example is used to select all instances filata
store that are the same class type as the examhplan be
alternatively named as an extent using UML terms.

:Classl

Figure 83 Unnamed example

Named example is used to select all instances fhensource
(defined bynameparameter) that are the same class type as
the example.

name :Class1

Name can be matched to:
- local variable;

- method’s parameter;
Figure 84 Named example - object’s attribute.

Filtering values can be applied both to hamed amtamed

examples. They specify what conditions must besfadi to

return certain instance as a result of a querthdfe are more
than one filtering values specified, they will beated as
separate filters connected wehdoperator.

:Clas sl

attl = <value>

Operators and types of filtering values are defibgdOCL
Figure 85 Filtering values type system. Only attributes present on correspandiML
diagram can be used in the context of an example.
OQBE supports only directed links. Links has name
(corresponding to the name of association betwdassC and
Class2 on UML diagram) and are used to definerifiite
conditions on mutually connected instances.

:Classl

Instances that satisfy link condition will be seéztas a result
name of a query, i.e. there must by association betwiestances
that has the same name and direction.

:Class?2

Figure 86 Link

Each query defined on VEB diagram will return aseone
«output» result defined by <<output>> stereotype. This stgqee can
:Classl be attached to example as a whole or to its at&ibi it is
associated with an example, the result will be kection of
example’s class instances. If it is associated wfthbute, the
result will be a collection of attribute’s types.

There can be more than one output defined on desDQBE
:Classl expression. In this case the result will be a Géateproduct
attl - <<output>> of all outputs.

Figure 87 Query output
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Attribute comparator is used to compare values wb t
claiy attributes. Operators are defined by OCL type syst®nly
tt'l— instances satisfying comparator condition will lsedito form
g the query result.
\  :Class2

\
‘atts . .

Figure 88 Attribute comparator

Query output can be sorted using multiple sortimgeca.
Each criteria is denoted by: attribute name, sgrtirection
(asc, desc) and sorting priority.

:Classl

constraints
{sort = attl, asc, 1}

Figure 89 Sorting

10.7 OQBE mappings to OCL

OQBE can be mapped to a number of query/programiginguages. In this project OCL is used and thus
OQBE will be mapped to ad executed as OCL. Each BQ&ery can be mapped to OCL in more than one way.
Furthermore, not all OCL constructs can be mappe@@BE, since it covers only a subset of OCL queyyi
capabilities. Therefore, the reverse mapping (f@d@1 to OQBE) cannot be defined.

The mapping is constructed in several steps.

1.
2.

A minimal setS of examples such that all examples are reachedme the examples of this set.

For each exampl& from the setS a query selecting database objects described isyetkample is
constructed. It has a forgenerator>select¢onditior), where the generator is either the extent ottass of
the exampleE (if E is not named) or the variable with the same namé¢ha name of example. The
condition is the filtering predicate for the exampl

. A Tuple of the queries from the step 2 is cons&dct

Tuple { E; = generatar>select(conditiop,

E, = generatqg>select(conditioy) }

. Then this Tuple is enriched with fields correspaoigdio subsequent examples which can be reached from

currently available (already reached examples)uissthat querythe tuple constructed so far consisting of
m fields representingr examples. We are going to add the examplg ®hich is reachable from example E
by link namelinkName Let us denote by conditigm, the filtering condition for example,&. The query
constructed in this step is the following:

query,->collect(Tuple{E=E;,...,E,=Eq, En+1=E;.linkName>select(conditiog.,)})

5. Repeat the step 4 until all examples are travergdtie constructed query.

6. The sorting criteria are collected and added attitbof the query obtained after finishing the stégb. The

criteria are added from left to right starting fraoine least significant criterion. The trail addedhe query is
the following (the criteriopis most significant, while the criteripis least significant):

->sortedBy(criteriop)->...->sortedBy(criteriog)
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7. Finally the collect operator is added to limit thatput only to these items which are marked asyq
outputs. The result will be a tuple if the numbéoaotputs is greatehan 1. Let us assume that ouy,...,
outpuf specify the outputs of the constructed query; eatlthem is either an example of one of
attributes). The trail added in this step is onéheftwo

->collect(outpu)
if the number of outputs =
->colled(Tuple { namel=outputl,..., namek=outputk

if the number of outputs > where namel,..,namek are the names of items ofibtuple. name_i
either the name given the <<output>> stereotypehername of tt output element ttribute or
example), if the<<output>: stereotype is not named.

The mapping procedure is quite complex which showateps from 3 to 5 because OCL lacks a join dpe
which has to be simulated someht

10.8 Example

Following example presents how user will interadthw/EB editol in order to specify sample query. Tl
example is referring to the Opportunity case used kading sample scenario in the VIDE pra

Goal: Select all UUIDs priority opportunities having the same product in itsitems.

OCL Code:
Qpportunity->collect(o | o.itens->collect(il | o.itens
->select(i2 | il <>i2 and il.product = i2.product)

->collect(o.UUID)))

Sequence of actions with intermediary views of OQBHiagram:
1. User chooses line in textual code and right clitlend select“Insert new visug expression“option
2. Empty OQBE diagram is oper
3. User drags and drops Example icon from (1) P: See Figure 90.

(2) OQBE diagram area

Figure 90: User drags and drops Example icon from (1) Pale¢

4. User cliks newly added element and then specify its pragsein (4) Properties window tab sFigure
91
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0 Opportunityclass is selected as the example’s

source of the example is setextent— no name is entered

0 priority attribute is added from the list of Opportunitysdaattributes and its value is compa
usingequalityoperator tc*high”

o

(2) OQBE diagram area

:Opportunity

priority="high"

Figure 91: User specifies properties
5. User drags and drops two Example icons from (1¢tRake Figure 92

(2) OQBE diagram area

:Opportunity

priority= "high"

Figure 92 User drags and drops two example icons from (1)dhette

6. User sequentially clicks newly added elements drah tspecify their properties in (4) Proper
window tab see Figure 93

0 Itemclass is selected as the example’s
0 source of the example is setextent— no name is entered
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0 (quantityattribute is added from the list of Item classikbtttes and its value is comparedng
grater thanoperator tc0

(2) OQBE diagram area
dtem
quantity > 0
priority="high"
:Item
quantity > 0

Figure 93: User specifies further properties

7. User links Opportunity example with Item examplgsdragging line from Opportunity to Item ¢

Figure 94
(2) OQBE diagram area

dtem

quantity > 0

w
:Opportunity
priority= "high"
dtem
items
quantity >0

Figure 94: User links Item and Opportunity icons

8. User drags and drops Example icon from (1) PasstsFigure 95
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(2) OQBE diagram area
:Item
quantity >0
w
:Opportunity
priority="high"
:Item g
items
quantity > 0

Figure 95: User drag and drops further icon

9. User clcks newly added element and then specify its ptiagsein (4) Properties window tab sFigure
96.
o0 Productclass is selected as the example’s
o0 source of the example is setextent— no name is entered

(2) OQBE diagram area

:Item

quantity > 0

w
:Product :Opportunity
priority="high"
:Item .
items
quantity > 0

Figure 96: User specifies properties of new icon

10. User links both Items with Product example by diagdine from Items to Product sFigure 97.
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(2) OQBE diagram area

:Item

quantity > 0

product items

;

:Product :Opportunity

priority="high"

l;")dk :ltem items

quantity > 0

Figure 97: User links Product icon

11. User clicks* Generate textual expressic button placed on standard Eclipse toolbar. Diagsasavec
and textual representation is opel

10.9 Future developmen

Current version of VEB editor could be extended
« direct drag and drop supp for UML diagrams created in external tools;

10.10 Glossary

Example — symbol representing filtering condition used fooWwsing data store for objects that have the s
attribute values as the example inst:

VEB - Visual Expression Builder

OQBE - Object Query By Exampl
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11. Interface to legacy applications

11.1 Introduction

One of the important issues of modelling is taking value from existing applications. The VIDE tabkhould
also be able to document existing applications possibly, in the context of model execution, metge
existing functionality and data in such a way, théecome a part of the new executable application

The issue of modelling existing application aneégrating them as a part of new one is as compltxctn be a
subject of large separate project. Thus in thisident we take a limited approach narrowing the lerokio the
aspects that were found directly needed in theseoaf the development of other work packages.

Moreover, it is necessary to note that the MDA apph with executable modelling as followed by VIDE,
establishes certain assumptions on the softwarelai@went originated with a model. From this pattcyoint
of view it seem justified to broaden the definitiohlegacy software to all the existing applicatfon which the
VIDE model does not exists and which therefore iega kind of reverse engineering in order to mtiem
available for integration with VIDE-developed soétre.

11.1.1 Taking the value from existing applications

The value of existing applications can be perceivenh the following point of views:

1. The functionality of an application that can beseuliin hew application through some interface.

2. The application data model and data stored ireit tAn be plugged and reused in new solution.
The first case, connected with reusing the existimgtionality, requires the mechanism of commonr f&Pthat
functionality, enabling the VIDE to document ane iits Because the number of various programminguages
and APIs that the existing solutions use can bg laenge, the VIDE project has to assume some common
generic interface that can wrap the legacy code wmadke it available to the VIDE model. A rather
straightforward choice for these interfaces is mirsg to Web Service technology.
The second case concerning documenting existing stared in legacy applications is also a challeggi
problem. The data can be stored in different datalmaanagement system with different data modelsAd@is.
Although the most popular way of storing persistdatia in today’s application are relational databsygstems,
that have a common model and query language, tfezatice between individual database managemetarags
can be significant. The diversity can be manifestedxtensions to or departures from standard S@itax or
the availability and way of access to data catatogioring the meta data. Another problem that needse
handled is connected with a so-called “impedancenmatch” between relational and object-oriented data
models. The model presented by a VIDE is basederJML object model that is different from the teaal
one.

11.1.2 Interaction with other tools of VIDE

From the VIDE perspective there is a need to:
1. Document the legacy applications. The existing tsmhushould be documented in VIDE using a UML
model.
2. Executing the functionality of existing solutions @ part of the new VIDE executable model (to He ab
to check the interaction with existing softwaretet level of an executable model).
This aim is addressed through the respective nefgme and extension of VIDE PIM language elements
(necessary to uniformly represent the existingvearfé elements in the model, but also to handleatidstional
model information specific to them) and throughigeisg appropriate development environment functliiyn
to support actual importing of those model elements

11.2 Requirements

11.2.1 Relevant requirements from D1.1

The following table lists only the requirementseraint for the legacy integration functionality désed in this
chapter. Omitting a D1.1 requirement in this tableans it was found not relevant for this part dbEltooling.

Requirement | Name Priority | Comment

Number

REQ — Clear and unambiguous Should The legacy documenting functionality uses

NonFunc 4 notation — VIDE should stereotypes over the UML constructs, and the agtual
have clear, behaviour of application elements described this
comprehensible and way matches the semantics of those base constfucts.
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unambiguous semantic
description suited to the
users of the VIDE tools
REQ — Runnable and testable | Should The functionality will be implemented asaatmf
NonFunc 8 VIDE prototypes VIDE model execution engine. Thus, the issue of
interacting with existing software will be testable
based on this functionality.
REQ — User 2| Reuse of UML Should All the concepts representing existing aapions
Standard — end users are expressed in UML.
are very sensitive to
using standards. A key
aspect is that the VIDE
language reuses as
much as possible the
UML standard.
REQ — Semantics of VIDE Intg Should The legacy documenting functionality uses
Semantics 1 | rnal Communication — & stereotypes over the UML constructs, and the agtual
precise description of behaviour of application elements described this
the semantics is needef way matches the semantics of those base constructs.
sufficient for internal
communication
purposes within
implementation
stakeholders in the
development of the
VIDE tool.
REQ — Tool | Model driven approach| Must The legacy documenting functionality depeods
14 The VIDE tool strictly the OMG four level meta-modelling architecture
follows a model driven and pays special attention do the separation of
approach as stipulated platform-independent and platform-specific details
in figure 9 page 120 of into respective model layers.
the D.1.1 deliverable

Table 25: Requirements for legacy applications

11.2.2 Refined requirements

As stated in the introduction, the selection ofpeecéor the functionality described in this chapleectly results
from the requirements analysis performed in thersmwf project — especially in the area of taskis85 of
Workpackage 8, where the VIDE architecture andeetiye needs for particular partners’ tools intéigraand
use are analysed. Those requirements can be susecharithe following list:

Applications developed using VIDE should be abledgonmunicate with other existing software using
the Web Service technology. This involves publighiselected functionality of VIDE-developed
application in the form of Web Service operatioas,well as consuming such operations provided by
other software.
The functionality being consumed and published tey should be represented in VIDE models in a
way uniform with remaining, locally available belaw.
Web Service communication (particularly, publishisgyvices) should be supported by VIDE model
execution engine, in order to perform the followitasks at the stage of executable platform-
independent model:
0 prototyping graphical user interface (e.g. with TéM:WebFace tool) and running it, so it
can communicate with VIDE-specified applicationitothrough Web services,
0 running the business processes and applicatiort liogplemented with VIDE to test their
behaviour — this requires providing VIDE applicatifunctionality to a workflow engine (e.g.
Rodan OOWF) in the form of Web Service interfaces.
VIDE should make it possible to import the metadattaxisting relational databases and make them
available in the form of UML classes and attribufes querying and processing them with VIDE
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language. This way VIDE can be used to define datgration logic in a platform independent way
which is the aim of the ONAR tool integration wHDE tooling.

11.3 Retrieving and documenting schemas of existing datources

11.3.1 The proposed solution for documenting and interactig with legacy data sources

The documenting logical structure of legacy dat&/liDE will be narrowed to relational model. To pamnin the
retrieval of relational database schema into oudehonve adopt the functionality of relational scteemmporter,
which is a generic tool being developed as a pa@BRA toolset. It allows us to perform a kind @verse
engineering by representing the imported schemterms of UML model. The way the schema import is
implemented is not relevant for the final user, boer, the platform specific details being set Herehe sake
of this reverse engineering can be also directbfulsfor interacting with the relational data soaiftom the
executable model. The latter step is currentlyizedlby ODRA2RDBMS model execution runtime; howeiter
may potentially be realized also other way, if supgd by respective model compiler. For this reaand to
allow a uniform conceptual modelling, the mechanismot opaque. Hence, in the further part of theutnent,
we describe the way RDBMS schema elements are seqed in VIDE. Figure 98 depicts the overall
architecture of the mentioned ODRA tools.

RDBMS

ODRA2RDBMS ODRA2RDBMS
reverse engineering model execution

runtime
Figure 98: The overall architecture of the ODRA wrgper

To sum up, the purpose of the ODRA tools for relzdi database access in the VIDE project is:

1. to enable the description of existing relationatadsources in the VIDE model. This can be achieved
with use of the abovementioned reverse engineetdmy This way relational schemata can be
introduced into the VIDE model.

2. to enable transparent querying and updating of ldgacy relational data with VIDE language
statements. This can be achieved with use of OD&#edc model execution engine.

The sequence of activities needed to import thersehand connection details for existing data sauirt® the
VIDE model is described in the following subsecton
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11.3.2 Step 1: Connection configuration

The relational schema of logical data will be réadn individual RDBMS thus the basic connectioroimhation
has to be provided. ODRA reverse engineering tbhkised on the JDBC connection that requires fleniog
information.

(JDBC) adapter type — the name denotes the tai@gBMS (e.g. postgres).

(JDBC) connection driver — the name of the JDBCneation driver (e.g. org.postgresql.Driver)
connection URL — the URL of the database resowrage [dbc:postgresql://127.0.0.1:5432/sample)
username — the name of the database user

password

aokrwnPE

The process of reading the legacy schema condeerBIM model but the configuration details thatde® be
provided are connected with PSM level. It is causgthe process itself.

Step 1 - RDBMS connection configuration

JDBC adapter type

JDBC driver class
JDBC connection URL
Username

Password

Figure 99: Connection configuration details

11.3.2.1 The details of reading the legacy model

After the user defines the properties for connegctmthe legacy database the importer uses theidumadity of
ODRA2RDBMS reverse engineering tool to create getsystem independent description of the data.ifphe
for the ODRA2RDMBS are the connection informatidine output is an XML file with a relational schema
description. The overall generation process ofttteema description is depicted in Figure 100.
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Step 1 - RDBMS connection configuration

JDBC adapter type | |

RDBMS

JDBC driver class | |

|
JDBC connection URL | |
Username | |
Password | |

ODRA2RDBMS

reverse engineering

Schema description
file:
vide_importer-
schema.generated.xml

Figure 100: Generation of legacy data model desorip

According to the connection details, the reversgirerering module connects to a target databaseeauts the
schemd The description of the schema is saved in themf@f XML file named: vide importer-
schema.generated.xml. The file is used by the itepon the process of creating VIDE legacy model.
Additionally, the XML description together with tlmnnection details are then retained for the psepaf the
further use by the ODRA2RDBMS model execution eagn for actual accessing the data source.

11.3.3 Step 2: Generation of the legacy model in VIDE
This step supplements the previous one with theerfamthe module that is to be created.

Step 2 - Creating the model

Module name | |

< Back ] [ Create

Figure 101: Setting the module name

%2 The method is thus dependent on the availabifithe® schema exposed by the RDBMS.
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Finally, the importer creates the VIDE model repréimg the legacy relational data. The model detaile
described in the following section.

11.3.4 Presentation and use of the legacy schema in VIDEadel

In VIDE model the legacy relational schema intreeth@as described above will be represented withotisee
UML package. The name of the package is the nantieeofnodule given in the step 2 of the importinggess.
Figure 102 shows sample package storing generadeddlmamed “legacy_data”.

VIDE legacy model

1

«generated»
legacy_data

Figure 102 Package with «generated» stereotype

Inside a package the relational model is expressiduse of the following assumptions:
1. Definition of the schema:
a. Each relational table/view in the source legacy ehad represented with use of the UML
class. The name of the class is the name of theceotable/view with suffix ‘Def.
Additionally, the class is given the stereotypeeyws’.
b. Each table/view attribute is represented as thibaté of a corresponding class.
c. The class attribute that corresponds to a primay &tribute is additionally marked with
«primarykey stereotype.
d. The nullability of an attribute is represented bg {0..1] cardinality of the corresponding class
attribute.
e. Further integrity constrains (e.g. type of the mignkey, foreign keys, etc.) are currently not
represented, however creating OCL constraints $ordee them in VIDE model is considered.
f. . The type mapping are presented in the
SQL VIDE
var char String
var char 2
char
t ext
neno
Cl ob
i nt eger I nt eger
i nt
int2
int4
int8

% We do not make any distinction between tables\aens in the legacy relational model. Moreover wefer
to use the view concept that is consistent with ANSI/SPARC database layer architecture that assuime
external level build up from the (possibly updagghliews.
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seri al
smal | i nt
bi gi nt
byte
Seri al
nunber Real
fl oat
real
numeric
Deci nal
bool Bool ean
bool ean
Bit

dat e Dat e
ti mestanp

Table 26 Type mapping between SQL and UML in VIDE

2. Declaration of instances collections:
a. The package contains a class, named same as tkegpaavith a stereotype «module». Each
table is represented by an attribute of this okeiffs cardinality [0..*].
Figure 103 shows interior of a sample packages gétterated model based on sample relational data.

VIDE legacy model

<<package>>
<<generated>> legacy_data

«view» «view»
EmployeeDef DepartmentDef
«primarykey» id : Integer «primarykey» id : Integer
name : String name : String
salary : Integer location : String
«module»
legacy_data

employee[0..*] : EmployeeDef
department[0..*] : DepartmentDef

Figure 103: Sample legacy model elements

After importing such a data source, it can be pansntly used by in other parts of the VIDE modade In
particular we assume that other parts of the VID&eh can, as a part of its behaviour, execute démegted
model parts representing legacy data (effectivadyfggming reads and updates of actual data in thizde
sources).

11.4 Documenting interacting with existing software avdable through
Web Services

Nowadays, Web Services are important part of coempaystems. They make communication across their
boundaries easier. The purpose of including WelviGess support in VIDE is to allow its users to take
advantage of service oriented architectures an@uee existing services inside Line-of-Businesdiegions.
Another reason worth mentioning is TNM:WebFace @gie, being used for GUI prototyping in VIDE, whic
implements communication with VIDE via Web Services
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11.4.1 Functional aspect

Web Service implements directed communication betwelient and server. Hence, we distinguish two
functional aspects of their usage. Web Servicesmamonsumed in order to include a remotely acblessi
functionalities into VIDE systems (i.e. currencychange). Certain model elements can be publishefeis
Service to allow external connectivity with them. that case (remote) clients can trigger execuibNIDE
code from the outside.

11.4.2 Concepts mapping

In this section we describe how WSDL and VIDE medate mapped to each other. Both for Web Services
consuming and publishing scenarios we provide ketanformation regarding extended constructs ohiced

to VIDE to handle Web Service integration properly.

The de-facto standard for Web Services descriptorWWSDL 1.1 (http://www.w3.org/TR/wsdl). WSDL
contracts consist of two parts: abstract and caacr&he first one contains interface and typeoliad in
communication details. The second part describgdeimentation details such as supported messagidg an
transport protocols.

wsdl:definition

wsdl:types
xsd:schema
wsdl:message
wsdl:part
wsdl:portType
' wsdl:operation
| wsdlinput || wsdloutput || wsdlfault | i

wsdl:binding

' wsdl:operation

- wsdlinput || wsdl:output | wsdlfault

wsdl:service

wsdl:port

Legend

D Interface
D Implementation

Mutiple occurence possible

Figure 104 WSDL 1.1 contract diagram
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We base VIDE Web Services integration on samen@¥$DL) separation between abstract and conceaate p
Mapping between WSDL abstract part and VIDE mosl@ascribed in the next section.

11.4.2.1 WSDL definition to VIDE mapping

Publishing and consuming Web Services can be ceresidas symmetrical tasks. In mapping from WSDL to
VIDE model and from VIDE to WSDL we try to follovhat symmetry. On PIM level only abstract WSDL part
is taken into account. This includégpes and (specifiedportType section. Types are described as XML
Schema and are imported to the system to providaegly typed access to a Web Service. Interfactherother
hand is imported as specialized class to allowsparent remote methods invocations.
Since one WSDL contract maps to many VIDE entitigsneed to use container for them. For that purpose
standard UML package is used. Container conteatiis-generated and hence should not be editedusgra
Because it is impossible to forbid editing in a @énway on model level it is only an advice forDH users.
They should not tweak such imported services ménirahny way (but the restriction is not forced).
PortType is imported into the container package as a alaasked with«ConsumedService» stereotype.
Only one such element is allowed to be includethénpackage. The Web Service proxy class has ribuaés
but it contains an operation for each Web methothftarget Web Service. Operation parameters aredbars
input/output web method messages and raisedExosptssociation is based on WSDL web method faults.
Types described in WSDL are imported as well. Trappmng is handled by dedicated component. The types
import produces UML types with optional stereotypssigned to reflect their exact XML Schema meaniig
are not describing details of XSD types import hsea external tool - XmIModeling hyperModel 3.0
(http://www.xmImodeling.com/) - will be used forahpurpose. The tool bases on complete implementati
UML profile for XML Schema. It is used to annotatdtML models with specific preferences for schema
customization (reasonable defaults are assumashfannotated elements).

Stereotype «ConsumedService»

Designates that class will be a proxy to remote V&abvice conforming to certain WSDL

contract. Its operations are associated to rematbe Wiethod calls of given Web Service. Exact

shape of this stereotype will be specified basedthen design decisions in model compilers

development in VIDE.

Generalizations

Class

During types and portType import to model, thedwaling naming conventions are used:

WSDL VIDE
(encoded) target namespace containing package names
Port type (proxy) class name
operations names operations names

Table 27 Naming conventions used in WSDL to VIDE nyaping

11.4.2.2 VIDE to WSDL definition mapping

The second scenario of the Web Services integratiodlDE applies to exposing model elements as Web
Services. Any class without attributes declared dan published. Exposing is achieved by adding
«PublishedService» and ®ublishedOperation» stereotypes respectively to a class and its tipasa

«PublishedService»

Tells system that class should be exposed as Weit&endpoint.

Generalizations

Class

«PublishedOperation»

Marks those operations, which should be availablé/ab methods of that endpoint.
Generalizations

Operation

Exact shape of these stereotypes will be spedifesg:d on the design decisions in model compilersidpment
in VIDE.

Same as in the consuming case name relevance etMi&E and WSDL models is maintained. It is
summarized in Table 28:
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VIDE WSDL
Name of class being exposed portType name
operations names operations names

Table 28 Naming conventions used in VIDE to WSDL naping

11.4.2.3 Limitations

WSDL 1.1 supports attaching multiple interfaceer{tType) realizations fort) to one endpoint (service).
Such approach introduces interoperability issuesigsmconsistent with the next WSDL version desigrorder
to deal with this problem for Web Service consumptiwe require user to specify the interface tauged. For
publishing we take minimalistic approach to alloampilers create the most interoperable descriptiahs
possible.

11.4.3 Visual support for handling services

Since visual programming is central concept in V] dedicate the last section of this documertisouss
how Web Services facilities can be embedded insideal VIDE Editor. Since Web Services integration
VIDE is separated between abstract and concretewsaidecided to implement consumption and publighin
processes using wizards. They ease definition peoby automatically applying necessary modification
VIDE model and generation of concrete Web Servige®ons files.

In our opinion the best way to explain visual suppe to describe the process with full usage sdesa
accompanied with (prototype) diagrams.

11.4.3.1 Scenario 1: Importing remote service into the model

The task is tamport Web Service definition into model in orderbie able to use it to invoke remote methods
transparently from VIDE code.

Step 1: User choosedmport Web Service option from main VIDE menu. Wizard appears. On its
first screen user provides information about cantod Web Service to be consumed seeFigure 105.

Import Web Service

This wizard will help you with the adding remote Web Service component into your
UML model .

Please provide the following information about WS being imported:

WSDL URL http://localhost:8080/Shop?wsdl m

portType

T J

Figure 105: Import Web Service Option
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Step 2: User clicksDownload button. After WSDL contract is downloaded succelgf- interface
drop down list gets enabled. It is populated witlagailable port types from the Web Service cocitra
User chooses the interface, which he wants to peiitad to the model see Figure 106.

Import Web) Service

This wizard will help you with the adding remote Web Service component into your
UML model .

Please provide the following information about WS being imported:

WSDL URL |http://localhost:8080/Shop?wsdl |

portType SalePortType v

SalePortType
CataloguingPortTl e
SuppliesPortType

[ Next ][ Cancel

Figure 106: Import web Service Option showing portypes

Step 3: User provides platform specific information aboueM/Service being imported. This include

service and port to use (only those are listed, ciwvhcontain previously chosen interface
implementation) see Figure 107

Import Web) Service

This wizard will help you with the adding remote Web Service component into your
UML model .

Please provide the following platform specific information:

Service ‘ ShopService J ‘

Port ‘ ShopPortSoap11 v ‘

[ Create ][ Continue ][ Cancel

Figure 107: User provides platform specific informaion
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Step 4: User may choosCreate or Continue option. The first one is active if and only if aati
package element from VIDE model was aclon wizard start. Choosing it will create Web Se
proxy inside chosen (active) package. On the dtlaed clicking Continue button allows to spec
target container sdeigure108

Figure 108: Specifying target container

Step 5: All requested options are required. Additionallgyhmay be pre populated with some defau
For example Model may be filled in if on wizard rstactive file in IDE explorer pane was VIC
model file. Similarly for package it will be filled in if it wagn active model element in the momen
wizard execution. In order to enter or modify modeld package fields user can use assoc
Browse button.

= VIDE model Selection @ = Package Selection @
Chaoose WIDE model ta import wweb service to; Choose a package:
| Consutmed|
= T= VIDE Exatnple Project EE Consumed Test

+ | consuming-example uml

[ Ok ” Cancel ] [ Ok ” Cancel

Figure 109: Pre-populated fill for required options

Container is always prefilled with (filtered) comsed Web Service namespace but can be chang
a user see Figure 109.
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Step 6: After clicking Create button wizard modifies modeténsuming-example.uml file Figure
110 by importing Web Service proxy stub into

L Project Explorer 22 — 4.:{; ¥ =0
=I-1=F VIDE
8| consuming-example, uml
e comsUming-escannple. urnldi
consuming-example, umlws

<

Figure 110: Wizard modifies model

All added model elementse contained in the package.itcludes (exactly one) class marked v
«Consumed&rvice» stereotype named after port type and tyjsdmitions its methods operate «
From now on wawill refer to the whole component as (imported) WBalyvice proxy.

Additionally to the model modification wizard creat(or extends if it already ets) platform specific

Web Services options filcconsuming-example.umlws on the aboveicture).Further information
regarding the fildormat will be included in related WP6 docum

Step 7: Users addecently imported Web Service into diagram fromI@atpaneseeFigure 111.
5= outline &2 =0
% & =i
=-E2 «<Model=

=I-E7 <Package > ConsumedTest
+ ./ <hAssociation > Associationl
+-F7 {=Package> org.example.shop |
-2/ Class Diagram ConsumedSeryi
B ',:"::, <Profile Application = vide
+-'= Additional Resources

< ?

Figure 111: User adds recently imported web service
Diagram after addition adrg.example.shop package is depicted in Figutéz:
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package ConsumedTest )

ory. example. shop

<= ConsumedService ==
SalePortTypeProxy

+ huy(item : Tkemn)
+getlterns () Items

Item

1 | +Harget

1 & +source

Items

+items : Ikem[1..*] { unique }

Figure 112:Diagram after addition of org.example.shop packac

Step 8: User adds packages and contained classes Figure 113, which will use consume

SalePortTypeProxy:

package ConsumedTest )

ory. example. shop

<= ConsumedService ==
SalePortTypeProxy

+ huy(item : Tkemn)
+getlterns () Items

Item

1 | +Harget

1 & +source

Items

+items : Ikem[1..*] { unique }

F

<<impinrt=>
'

&

b

Test
Zemodule ==
Test
+rmain ()

Figure 113: User adds package and contained classes
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11.4.3.2 Scenario 2: Publishing class as a Web Service
The task is t@xpose class from the model as a Web Service, whachcan be called from the outside of VIDE
system.

Step 1: User creates class to be exposed see Figure 1Mindlaf model elements, which will be
exposed (class and containing package) shouldwiatlaming conventions described in the previous
section.

package nrg_shop.example)

ShopSalePortType

+ checklffyailable {item : Item) : Boolean
+ by fikem ¢ Ttem)
+ getlterns() : lkems

Items
+items ¢ Item[1..*] { unique }

1 % +source

1 | +Harget

Item

Figure 114: User creates class to be exposed

In contrast to the consuming - in this scenariodbetainer package may include multiple classe®seg
(as Web Services). User is not restricted in any \Wware except that it is not possible to expose
«ConsumedSer vi ce» or already exposed one. It is required by compitatichema which will be
described in WP6 part of Web Services in VIDE doentation.

Step 2: User choosefublish as Web Service option from main VIDE menu see Figure 115.
Wizard appears. On its first screen user providésrmnation about class to be exposed. Similarly as
for consuming fields from this step may be predlif appropriate element was active on wizard.star
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Publish- web: service

This wizard will help you with publishing certain model objects as remote web services

Please provide the following information:

Model |

Browse |
Browse l

Class to expose |

[ Continue ][ Cancel ]

Figure 115: Publish as Web Service option

Step 3: User fills inModel andClass to expose parameters using selection windows triggerec
associated browse button. Selection window for rhedews all files wittuml extension from current
workspace:

2 VIDE model Selection =<

Choose YIDE model to import wweb service to;
|

= = VIDE Example Praoject

E:] consuming-example uml

[ Ok, H Cancel ]

Figure 116: VIDE model selection screen
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Class Seleon window filters onlyclasses from previously chosen model:

= Class Selection . @

Choose a class:

ShopSale

B ShopSalePortType

[(] il | [)]

[ Ok, H Cancel ]

Figure 117: VIDE Class Selection screen

Step 4: On the next step namespace textbox value i-populated with exposed class contai
package’s (filtered) glob name. User tweaks it to meet his/hers needs amdsihecifies operations
be exposed see Figutd€. Unless at least one method is move@perations to expose panel
Create andContinue buttons are disable

Publish:web:service

This wizard will help you with publishing certain model objects as remote web services

Please provide the following information about WS being published:

Namespace | http://localhost:8080/Shop

Public object methods: Operations to expose
checklfAvailable > buy

buy getltems

getltems

<

[ Create ][ Continue ][ Cancel

Figure 118: User specifies operations to be exposed

Step 5: User may choose Create or Continue optionFigure 119 The first one allows to expo
Web Service with set of default (ccrete / platform specific) options. The second alew user tc
review and change them.

Platform specific options include communicationtpomls, port and service names. Default options
SOAP 1.1 as messaging protocol (document wrappe@dlistyle)and HTTP 1. (with published class
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name suffixed with “Endpoint” as URL address) faansport layer. Port defaults to published class
name with protocol name appended. Service defaultlass name with “Service” suffix appended.

User specifiegport and service names. Then he/she chooses to specify custom coivation
protocols for transport and messaging layers. ttase by checking appropriate checkbox. In case of
HTTP a URL is provided then.

Publish web service

This wizard will help you with publishing certain model objects as remote web services

Please provide the following platform specific information:

Port name ShopSaleSoap11

Service name ShopService

Do not use default target protocols configuration

Messaging | SOAP 1.1 v|

Transport | HTTP v |

[ Continue ][ Cancel

Figure 119: Specifying protocols
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Publish web service

This wizard will help you with publishing certain model objects as remote web services

Please provide the following HTTP options:

Address | http://localhost:8080/ShopEndpoint

[ Create ][ Cancel ]

Figure 120: URL address

Step 6: After clicking Create button wizard modifies mod@lublishing-example.uml file
below) by annotating chosen class with set of @efistereotypes. They are automatically viewable in
designer (after diagram refresh) as sown in Figae

package nrg_shnp.example)

<<PublishedService ==
ShopSalePortType

+ checkifAvailable (item : Item) : Boolean
< <PublishedOperation = + buy (itern @ Tkem)
<<PublishedOperation > + getltems () : Thems

Items
+itermns @ Item[1..*] { unique }

1 ¥ +source
1 | +target
Item

Figure 121: Adding defined stereotypes
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Step 7: After user completes the above step — Web Servipesing process is complete and model is
ready to be executed. Description of execution @msuming using external clients is outside of the
scope of this document.
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12. Conclusions

In this deliverable we have outlined the work thas been completed as part of Work Package 5.iffidved
the in depth study of 46 MDA tools. The list of lpavas taken from the OMG list of MDA compliant teo
available from their web site. A list of comparisieatures was constructed from the literature deddols were
reviewed. The results are shown in Chapter 2 alitly some requirements for the VIDE interface thad not
been specifically outlined in Deliverable D1.

The following two chapters reported the result @earch into the literature. Chapter 3 discussettiads of
evaluation that would allow the Consortium to inigeste the exploratory prototype. A number of melthavere
reviewed and both Focus Groups and the Cognitiveedsions Framework were selected for the evaluation
Chapter 4 reviewed the literature in Software Visadion and made a number of recommendations for
requirements with respect to component design iriqo#ar. The Visual Programming and Diagramming
research had some useful recommendations fromrtee &f class diagram layout and the use of secgndar
notation.

Chapter 5 discussed the work that was completegktigating the graphical user interfaces of fotatdshed
modeling environments. Various UML models were tadan each of the tools and the process invesiigtd
highlight any shortcomings. This was discussedhi work using the Cognitive Dimensions Frameworl an
allowed a number of requirements to be added. ©hewiing chapter, Chapter 6, outlined the specifaa of
the Exploratory prototype that was developed uffiegnitial requirements.

Chapter 7 drew together the feedback and evaluafitime exploratory prototype and the requiremdimas were
obtained in the preceding work. These requiremesi®e collated and cross referenced with the remérgs
from D1 to give a complete list. This was usedriate the definitive prototype specified in Cha@ter

Chapter 9 provided the specification of the VisQable Editor for State Visualisation Syntax. The kvoutlined
some of the research in the area which informeddésign. A number of screen shots are detaileds ®hi
followed by Chapter 10 which described the Visugbtession Builder. This is a graphical editor whidlows a
user to specify expressions using the Object Caim$tianguage. Finally Chapter 11 explored the VIDE
approach to dealing with legacy applications whislolve the use of Web Services.
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