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1 Introduction

Jackson (Jackson 95) recognises the vital differdaetween an application’s domain and its code:
two different worlds, each with its own languageperts, ways of thinking etc. A finished
application forms the intersection between thesddso The difficult job of the software engineer
is to build a bridge between these worlds, at #mestime as solving problems in both worlds.
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Figure 1. M oving from domain idea to finished product

Figure 1 shows four different ways in which thisdge-building has occurred: how developers
have moved from an initial domain idea to a finhmoduct. In the first two ways, the problem
had to be solved in domain terms first, then trotutton was mapped to the world of the
implementation platform, and implemented there. Tiheention of more powerful chips,
assemblers, and compilers steadily narrowed theadwproduct gap from the right inwards,
allowing the final ‘hand-made’ artefacts of the idesr to be at a higher and higher level of
abstraction. These artefacts could then automBtibaltransformed into the finished product.

The introduction of modelling languages such as UbHanges surprisingly little: the
problem must still be solved first in domain termh little or no tool support. This solution must
then be mapped to the core UML models represetiiegmplementation in code, from which in
general a relatively small percentage of the fietsitode can be automatically generated. The
developer must then fill in the method bodies bgchdhe largest part of the implementation. Thus
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the developer still has to solve the problem twmece in domain terms (often in his head and on
the backs of envelopes), and once in code termsstilehas to perform the mapping from the
domain solution to the code solution, now with atrae‘stepping stone’ of UML — planted firmly
near the code side. In fact, in cases where UMLeatsodo not provide adequate mappings to code,
the developer must now solve the problem threestime

Primarily from industry, there have been moves tolwaa way of building software that
removes this resource-intensive and error-pronepimgpand duplicated (or even triplicated)
problem solving. The dream is that a developer @dna able to develop the solution once only, as
a model in domain terms, from which the finisheddarct could be automatically generated. Such
an approach has already been seen to work drathagfi@ctively in a limited range of situations
(notably embedded systems based on state machines).

However, the gap between a model in domain terrddla@necessary finished product code
has generally been too wide for automatic generattamilarly, the work involved in creating the
infrastructure necessary to enable domain-spegibdelling and generation has been significant,
reducing the number of situations in which thisrapgh is applicable.

In this paper we look at how the benefits of tresndin modelling approach can be achieved
for a far wider range of applications, by bringitagether results from several research areas. In
particular we find that metaCASE technology sigrafitly reduces the workload in the hardest
parts of the work. As a demonstration of the poksds of this approach, we look at how Nokia
uses the MetaEdit+ metaCASE tool to build its mepihones, and the benefits they gained from it.

2 Converging research areas

All of the research areas below are large; eachitsaswn substantial body of literature and
experience. In an article like this, we can do rayerthan scratch the surface of each.

2.1 Methods and CASE

Empirical studies (Necco 87, Fitzgerald 95) havastgiently shown that only around half of all
development projects use methods. Among those usiethods, over 50% either modify the
methods to better fit to their need or even devéhair own methods (Russo 95, Hardy 95).

In a standard CASE tool, the method supported bydbl is fixed: it cannot be changed. In
a metaCASE tool, there is complete freedom to chdng method, or even develop an entirely new
method. Both models and metamodels (method deserg)tare stored as first-class elements in the
repository. This allows an organisation to devedapethod that suits their situation and needs, and
to store and disseminate that knowledge to all ldpees. The tool and method then guide
developers, provide a common framework for themwaok in, and integrate the work of the whole
team.

Research prototypes and even commercial metaCAS& hiave existed for many years, but
only recently have there been tools which are neatuser-friendly and stable for both the method
developer and the method user. One of the mostlwikeown and used metaCASE tools
(Isazadeh97, Alderson 99) is MetaEdit+ (Kelly 199@hich was used in the case study below.



2.2 Visual programming languages

A large body of research (see e.g. Burnett 99)Yt&%@s various visual languages that either map to
existing textual languages, or else allow executogether with their own interpreters or compilers.
Space does not allow further elaboration here:icift to say that there are many proven and
useful ways of using visual models to representcabedle programs, for a wide variety of
applications.

2.3 Domain-specific modelling

In a domain-specific method, the models are madefuglements representing things that are part
of the domain world, not the code world. In spife-e and in parallel with — the trend towards
standardised code-world methods such as UML, aaglebrvey (Seppanen 96) found that the
direction in many companies is away from ‘universakethods and towards domain-specific
methods implemented with metaCASE technology.

A patrticularly fertile area for domain-specific medihg is families of products, where there
is a large amount of code shared between sevardlpis. Even using simple text-based modelling
tools, experiences at Lucent (Weiss 99) show tlmhain-based modelling for product line
configuration can be economically viable if there more than 2-4 product lines (or variants).

2.4 Code generation

Standard CASE tools and methods can generate & @ene¢ntage of operational code, and a large
percentage of data description code. Real gaingear{) 100% generation, are generally based on
some form of state charts (Harel 87). Harel’'s eantyk on these progressed to code generation in
the Statemate and Rhapsody (Harel 97) tools. Qutwetucts such as ObjectTime (Selic 94) (how
Rose/RT) claim even better results, backed up tdgpandent reports (IDC 99).

The main effort in modern research on such stasedaeneration is towards code that
performs well in terms of time and memory usageg.(8urst 98). Such a trend is necessary in
embedded software, but less so for other kindefbivare.

2.5 Components

A natural progression from earlier research in ntaxdization, abstract data types, object orientation
and reuse, components form one of the ‘hot tomitsdday. By enabling programmers to work at a
higher level of abstraction, and by leveraging pres successful programming effectively,
components promise much. The main cloud on theztwris how to help the developer find
components, indeed even know that there might belwat does something he wants.

3 How can metaCASE bring these together?

To get to a situation of domain modelling followby full automatic code generation, we must
provide three things: a modelling tool with a domapecific method, a code generator, and a
domain-specific component library. For any reaisthance of being able to achieve these, we need
an expert: a good developer who has already desélspveral products in this domain, developed
the architecture behind the product, or has begporesible for forming the component library for
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the product. Figure 2 shows these three elemeataitbst be made by the expert, along with how
they will be used by the normal user.
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Figure 2. Leveraging expertsto enable others

3.1

Starting on the right, the component library is abways necessary, but it makes the task of code
generation development significantly easier. Ofteoge components already exist from earlier
development cycles, at least in the form of rewsgidces of code. Further developing these pieces
of code into true components is a relatively eask tfor the expert, requiring only the normal
developer programming tools.

In addition to components developed in-house, itrary can of course contain third-party
components. Whilst the component library here igstimothing new, the fact that it will be
intrinsically part of the development process eaesuhat the components there will actually be
used.

Assembling the component library

3.2

A harder task is the development of the domain metkel; the concepts and notation the end user
will build his model with. The experience and itikom of the expert, combined with hints from the

component library, domain rules and architectstlaeereal sources of clues. The expert should also
consider the issue of code generation, which wlhis next task: a good mapping from the domain
metamodel to combinations of components will mdia thuch easier. Metamodelling languages
can be applied here to describe both the domaes rathd their mappings (e.g. Hillegersberg et al.
1998). Use of metamodelling languages, such as GORRIly et al. 1996), is reported by several
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successful metamodelling efforts (cf. Tolvanen aggtinen 1993, Rossi and Brinkkemper 1996,
Hillegersberg et al. 1998, Merunka and Polak 1999).

In the creation of a domain metamodel, the suppiteted by the metaCASE tool is vital. A
metaCASE tool that allows rapid prototyping is picadly a necessity: the expert can then make a
part of the metamodel as a prototype, and instdasiit by making an example model. Similarly,
the more the metaCASE tool can automatically mdkbeofinished CASE environment, the better:
the expert can then concentrate on the hard probfeseveloping the method, and the CASE tool
implementation of it, with all its menus, toolbargsons and behaviour, is instantly and
automatically available.

With a good metaCASE environment, then, the mairkuin establishing the content and
structure of the method: the metaCASE environmeaktas creation of tool support for the method
a simple task, of the order of a day or two.

3.3 Developing the code generator

The code generation definition forms the final tasdnceptually if not chronologically: in practice
there will be a large degree of parallelism andeantentality between all three tasks. In this phase
the expert specifies how code using the componeats be automatically generated from the
structures in the users’ models. The metaCASEgbould provide the necessary functionality for
creating such generation scripts, and should gthideexpert where possible by allowing him to
reference and use the concepts in the metamodel.

Of all the phases, code generation probably vahesmost between domains. In some
domains it will be possible to produce a large tfcac of code with a relatively simple code
generation scripting language, such as is alreaoyiged in metaCASE tools. In other domains, it
may be necessary to use a more powerful languageet@te on data exported from the CASE tool.
The most important goal is that the end user shbaldble to use the code generation simply: the
cost of developing the code generation is theragteft over many users.

4 Case study: Nokia Mobile Phones

As with any case study where significant benefasehachieved, reporting them in an academic
way faces two difficulties: the danger of soundittgimphalist or overly commercial when
providing evidence from case study participants] #me problem of providing enough detalil
without revealing trade secrets. Hopefully the ezagdill finds this section useful, and can ovekloo
the areas where we have fallen foul of these difiies.

4.1 Application domain

Mobile phones and mobile computing is one of thetefst growing markets today. There are
roughly 500 million mobile phone users world-widnd the 1 billion mark is expected to be
broken in 2002 (Nokia 1999) (compared to an esenoht2005 one year earlier). New innovations
and phone features, such as Internet capabilittes WAP, are changing the way people
communicate and make business. At the same timesdftevare inside the mobile phone has
become the most critical part from the consumeoistpof view: it determines the winners.



For the manufacturers, time to market and qualry eritical: innovative features and
problem-free operation guarantee the publicity gnold reviews, which lead to top sales figures. In
this environment, where releasing a product a mbeflore a competitor translates to millions of
dollars, the productivity of the development pracasd tools is vital.

4.2 Objectives for development tools

To compete more effectively, NMP was looking forvelepment tools that would improve the
productivity of development teams by an order ofgmade. These improvements were to be
achieved by applying the following strategies:

* Working at higher abstraction levels so that desigron’t have to know everything. They can
focus on designs rather than on how to implemantabde.

* Encapsulate domain knowledge so that only the aslepart of mobile phone software is
captured. This lets development teams focus ortliheacteristics of the needed functionality.
The domain knowledge contained in the method alakes for an easier, faster learning curve
for new employees or transferred personnel.

* Link designs to code generators so that designergféectively ‘writing code’ as they design
(but they don't realise it immediately!).

* Underpin the development process with a tool effecenough that no one will want to
develop outside the tool.

4.3 The tool search

In the beginning, a team in NMP’s Advanced DeveleptmGroup evaluated prominent CASE
tools. The result of the tool evaluation was a giEantment. The tools examined were found to be
inflexible in terms of method extensions, code gatugs and process support. Most available tools
support published methods that were not domaimtete They allow the description of almost any
application, but only by often clumsy mappings fréine application domain to the tool's own
concepts, losing vital understanding of the domaithe process. “UML and other methods say
nothing about mobile phones. We were looking foretosaid David Narraway, Project Manager
at NMP. Further, existing methods assumed ‘clea®simplementations, whereas the majority of
NMP projects built on existing previous work.

Most importantly, NMP realised that there was adnfee tools that fitted the domain, rather
than for tools which required the domain and orgaimbn to change. A team in the Advanced
Development Group of NMP had already developed @aneharchitecture, components and code
generators to partly automate creation of mobilenghuser-interfaces. A graphical design tool was
needed to obtain the full advantage from theserdtiws. Hence, they decided to undertake the
development of their own CASE solution.

Quite early on, NMP chose a metaCASE approach.eTtvas a strong need for method
flexibility — as the domain evolves, so should theethod — and for applying the new
development objectives quickly. Among a number @ta€ASE tools evaluated, MetaEdit+ was
selected: “It was the most flexible, allowed usdifine our own design syntax quickly, and test



ideas quickly while developing the method,” summedi David Narraway. Report generation
capabilities and links to code generation were highly valued.

4.4 Application of metaCASE technology

As in many other development projects, existingvipmes work was available in the form of
software components. At NMP, previous researchaboliation had also produced an in-house tool
prototype, which would later form part of the capeeration.

The main work of developing the method was caroatlby Software Technologist Jyrki
Okkonen. Initial prototypes of the method were §lyicachieved and tested, revealing further
possibilities for improvement. From an early stagetual users began modelling in the method,
even as it was still being developed.

The code generation solution adopted in this ces® tev produce part of the code directly
from MetaEdit+, and part by exporting from MetaEdib the code generator mentioned above,
which then generated the rest of the code.

45 Results

By developing and implementing their own domainesfoe method with metaCASE technology
Nokia has achieved what they were seeking. Indesdn to this day the flexibility of the
metaCASE approach is being used regularly to imptbe method, now in use in ten sites by over
100 developers. In many ways this success was\ahitarough the benefits of the approach per
se, rather than any particularly magnificent impbatation in MetaEdit+. Of the features of this
case that are particular to MetaEdit+, incrememiathod development and automatic model update
were perhaps the most important. Below are soméeimain benefits, with quotes from project
leader David Narraway.

» Order of magnitude productivity gains: “A modulathvas expected to take 2 weeks even with
the new tool now took 1 day from the start of tlesign to the finished product”

» Domain-oriented method allowed developers to cotmaeon the required functionality, and
shifted the focus from code to design.

* Results from code generation more than fulfillegestations. “In many cases we can generate
100% of the required code. This is a result of irative method development: domain-oriented
metamodels provide the ideal way to link designsae and to software components.”

» Documentation was improved. Documentation repartplemented in MetaEdit+ followed
NMP’s standards, and are used for review meetisgsedl as product description. Automated
document generation naturally saved time and inggaonsistency and standard compliance.

* Training time was reduced significantly. Because iirethod fitted the domain, the developers
found it easy to adopt: it already included theasgts and vocabulary they were familiar with.
Similarly new employees only needed training in tfwenain, not coding: “Earlier it took 6
months for a new worker to become productive. Niotakes 2 weeks”



5 Conclusion

Domain-specific visual modelling languages represepowerful way to leverage the abilities of
expert developers to enable other developersaarm.t Previously largely only applicable to a small
area, recent advances in components and metaCAS#&otegy significantly increase the range of
applicability of this approach. In particular, a deon metaCASE environment can markedly reduce
the time and effort required to develop a domaieesit method, along with its tool support and
code generation.

Industrial application of this approach in a cagkelg shows remarkable improvements in
productivity and training time: of the order ofactor of ten times faster, in both cases. The lisnef
to the industry of such an increase in productiatg clear. Even clearer are the commercial
benefits to be gained in areas of fast technolbgieaelopment and short product lifespan, in terms
of reduced time to market. In an era of rapid cleaaugd fast employee turnover, some of the most
important improvements are related to training £astd introduction of new team members.
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