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Figure 4: A generic model for a collaboration management system
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Database querying and programming based on Visual SQL

Query formulation is still a difficult task whenever a database schema is large or

complex. The user has to entirely understand the schema before a correct and

complete formulation of the query will be found. Furthermore, users may overlook

types in the SQL schema that must be used in the query. Visualization based on

Visual SQL leads to higher conceptual correctness and conceptual completeness.
Visual SQL is at the same time

as powerful as SQL-2 and SQL:1999,

e is well-founded and has a well-defined semantics [Tha03],

e simpler to use and to comprehend, and

e less error-prone in complex settings.

Visual SQL shows what we would gain after realization of Chen’s dream on ER
database systems. It demonstrates the power of visual programming already for
existing database technology. There have already been reported several project
(for the analysis of these projects, proposals and tools see [Tha03]) but none of
them covered the complete SQL:1999 or SQL-2 standard. It is more powerful than
the editors for MS Access and Oracle.

Visual SQL eases usability (understandability, learnability, operability, attrac-
tiveness) [JTO3]. Users do not have to have the ability to formulate a query while
having complete understanding of a large database schema, of the impact of spe-
cific values such as null values and of the integrity constraints.

The Cottbus and Kiel teams have developed the Visual SQL editor and a re-
translator from SQL-2 to Visual SQL. The editor has been used in a number of



projects and for teaching purposes in universities and high schools in Germany
and New Zealand. It has a German, English and Chinese version. The database
schema is typically given on the basis of DBMain schemata. The re-translator has
been used in project aiming to document already existing SQL code. The largest
SQL query that has been cracked through the re-translator consists of more than
250 dense lines of SQL code. The version 1.5 of the system has been exhibited
at CeBIT 2006. The version 1.6 is available from teaching path of the website
http://www.is.informatik.uni-kiel.de/~fiedler/.

A demonstration example

Let us compare the facilities of Visual SQL with SQL-92 based on the database
schema used in [Tha0O0].

We consider the following query:

Provide data on students who have successfully completed those courses which have
successfully been given or which are currently given by the student’s supervisor?

: EED
crptonng | coopiony [ entomen | o | on | comect [ aok | rowara | manstorm [FROM Person P1, Student §1, Supenvisor §2, Professor P2, Lecture L1, Student 83, Envall E1, Lecture L2
atngwe | don | sonkete, | oraerny | roupdy | nistnes_| Hawg | Resuronoer | Temmorary, | _Aceview | canview | tnston HERE P1 Nams = 51 Nams AND

P1.BithDate = 51 BirthDate AND

FansOfTheiSupervisorssa §1.8tudNo = 52 StudNo
P2

Birtn
P2.Name = L1 Lecturer AND

E1 Lecturer = L2 Lecturer AND
E1.8emester = L2 Semester AND
E1.CourseNo = L2 CourseNo AND

E1.5tudNo = 53 StudNo AND
E1.Result NOT NULL AND
NOT EXISTS (SELECT *
FROM Person P3, Student S4, Supenvisor S5, Professor P4, Lecture L3
WHERE  P1.Name = P3.Name AND
P1.BirthDate = P3 BirthDate AND
51.8tudNo = 54.5tudNo AND
52.8tudNo = 85.5tudNo AND
P2.Narme = P4.Name AND
P2.BirthDate = P4 BirthDate AND
Lt Semester= L3.Semester AND
L1.CourseNo = L3.CourseNo AND
Lecure L2 (34.5tudNo,L3.CourseNo) NOT IN (SELECT S6 StudNo,L4.CourseNo
FROM Student S5, Enroll E2, Lecture Lo
WHERE  S3.5tudNo = 86.5tudNo AND
E1.5tudNo = E2.8tudNo AND
L2.8em:
L2.CourseNo=
E2 Lecturer= L4 Lecturer AND
E2.Semester= L4 Semester AND

E2.CourseNo = L4 CourseNo AND

£2 St = 50 Suaa AND

E2.Result NOTNULL )

q . 5
‘ e

Figure 1: Comparison of Visual SQL query formulation and SQL-2 representation
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Abstract

Traditional software engineering and information
systems engineering is structured into requirements
analysis and definition, systems design, systems
implementation and testing, and systems operation and
maintenance. For web information systems the traditional
approach suffers in three obstacles: late integration of
architectural decisions, neglecting user expectations, and
late implementations. Web information systems follow
pre-defined three-tiered architectures. They also must
consider expectations, profiles and portfolio of a large
variety of users. Additionally, users expect an early
involvement into the development and an early evaluation
of the system. At the same time, traditional software
engineering has led to quality assurance during the
development process based on CMMI and SPICE. This
paper shows how the achievements of traditional software
engineering can be preserved while overcoming the
obstacles. We develop an approach that integrates
application domain description with development of
presentation and information systems. The development
methodology is improved based on the requirements of
SPICE.

1. Introduction

1.1 Web Information Systems

In general, every data-intensive information system
that is realised in a way that users can access it via web
browsers or thin clients will be called a web information
system (WIS). Typically, such systems are realised by a
web site, i.e. a collection of web pages, each of which is
just a file that can be interpreted by the browser. We may
thus apply classical methods of information systems
engineering to website development. The main difference
is however that the purpose and usage of the systems as
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well as the users are known in advance. Therefore, we
have to pay more attention to a “mission statement” for
the system, i.e. the important questions “Who will use the
system?”, “Which user intentions and behaviour shall be
supported?”, “Which technical devices will be used by
the users?”, etc. have to be taken into account. We thus
consider six different aspects for web information
systems: intention, usage, content, functionality, context,
and presentation.

1.2 Engineering of Web Information Systems

Bjorner [2] and Heinrich [6] consider software
engineering on the basis of the trilogy consisting of the
application domain description, the requirements
prescriptions, and finally the systems specifications. They
extend modern software engineering approaches, e.g. [11,
15] by explicit consideration of the application domain.
Schewe and Thalheim [16, 19] extend these approaches
by (1) explicit consideration of user expectations, profiles
and portfolio and by (2) storyboards and story spaces.
WIS specification is oriented towards systems that are
easy and intuitive to use. Therefore the classical
information systems development model adds to systems
development the development of presentation systems,
too. Classically user interfaces are built after the system
has been developed. In this case, the user has to learn
how the system behaves and must adapt his/her behaviour
to the systems behaviour. We repair this mismatch by
primarily considering the user worlds, the user stories,
and the applications.

WIS has two different faces: the systems perspective
and the user perspective. These perspectives are tightly
related to each other. We consider the presentation system
as an integral part of WIS. It satisfies all user
requirements, and it is based on real life cases.

Top-down development of systems seems to be the
most appropriate whenever a system is developed from
scratch or a system is extended. For this reason, we may
differentiate among three layers: the systems description



and prescription layer, the conceptual specification layer,
and the systems layer. These layers may be extended by
the strategic layer that describes the general intention of
the system, by the business user layer that describes how
business users will see the system and by the logical layer
that relates the conceptual layer to the systems layer by
using the systems languages for programming and
specification.

Classical software engineering typically climbs down
to the implementation layer in order to create a productive
system. The usual way in today’s WIS development is a
manual approach: human modelling experts interpret the
specification to enrich and transform it. This way of
developing specifications is error-prone: even if the
specification on a certain layer is given in a formal
language, the modelling expert as a human being will not
interpret it in a formal way. Misinterpretations,
misunderstandings, and therefore the loss of already
specified system properties is the usual business.

To overcome these obstacles a methodology for WIS
engineering (WIS-E) has been developed [19]. The
methodology is under continuous development. To
prioritize the efforts and to ensure coherence of the
enhancements, a comparison with more mature software
engineering approaches was considered to be of benefit.

1.3 Software process improvement

Approaches to improve a software process can be
based on e.g. modelling, assessment, measurement,
technology adoption or management. The approaches
supplement each other, but one of them is usually in a
dominating position. Process assessment is a norm-based
approach, which usually leads to evolutionary process
improvement [1].

The development of web information systems is a
special case for a software process. Such a process is
considered to be the set of activities, methods, and
practices used in the production and evolution of software
[7] and the associated products [12]. A process transforms
its inputs to outputs. The properties of the process have a
great influence on its efficiency and on the properties of
its outputs. It is widely accepted that the quality of a
software product is largely determined by the quality of
the process used [21]. The quality of a process can be
measured using the attributes of process capability.

Since 1998 the technical report ISO/IEC TR 15504 [9]
has provided a framework for the assessment of software
processes. It is generally known as SPICE (Software
Process Improvement and Capability dEtermination), a
term, which originally stands for the initiative to support
the development of a standard for software process
assessment. The international standard ISO/IEC 15504,
with five parts, has been published in 2003-2006 [9, 10].

Process capability is a characterization of the ability of
a process to meet current or projected business goals [8].
Part 2 of the standard defines a measurement framework
for the assessment of process capability. In the
framework, Process capability is defined on a six point
ordinal scale (0-5) that enables capability to be assessed
from Incomplete (0) to Optimizing (5). The scale
represents increasing capability of the implemented
process. The measure of capability is based upon a set of
process attributes, which define particular aspects of
process capability [9].

1.4 Scope of the study

This paper introduces the background for WIS
engineering and its improvement using SPICE. WIS must
provide a sophisticated support for a large variety of
users, a large variety of usage stories, and for different
(technical) environments. Due to this flexibility the
development of WIS differs from the development of
information systems by careful elaboration of the
application domain, by adaptation to users, stories,
environments etc. In this context, process assessments
and interpretation of the software engineering process
models are used to improve a WIS engineering
methodology.

The next section explains the process of methodology
improvement and the general approach. Section 3
describes one of the major novel steps for WIS
engineering based on the SPICE analysis: The application
domain description. Section 4 concludes our experiences
in supporting WIS engineering with SPICE assessments.

2. Towards managed Web Information
Systems engineering

2.1 Process capability in process improvement
context

The starting point for software process improvement
actions is the gap between the current state of an
organization and the desired future state [5]. These two
states can be characterized using a norm for good
software practices. The most popular among such norms
are the Software Engineering Institute’s CMMI [3] and
SPICE [10] by international standardization bodies
ISO/IEC. The current state of software practice can be
evaluated with the help of process assessments, which is a
disciplined appraisal of an organization’s software
process by utilizing a norm: the software process
assessment model.

2.2 Applying process improvement principles in
method engineering



A methodology for WIS engineering (WIS-E) was
evaluated using a standard assessment approach with the
aim to generate improvement ideas for the development
of the methodology. The purpose of using an assessment
approach was to improve the structure of WIS-E and its
practice definitions. The assessment was performed (1) to
check that corresponding elements of 15504-5 process
assessment model can be found in WIS-E; (2) to ensure
that future use of WIS-E would satisfy the requirements
of the assessment model and; (3) to check the assessment
model scope from a database development oriented point
of view.

The assessment was performed in several phases
during a long period of time. The assessment team
consisted of the Co-Design chief engineer and two
experienced assessors. The main steps of the assessment
were planning, examination, discussion, documentation
and review. During the planning, the scope of the
assessment was fixed and the necessary material selected.
The material that described the WIS-E was examined by
the assessors and detailed questions were prepared. In the
discussions within the assessment team the methodology
was studied and the assessment questions were answered.
The documentation of the assessment results provided a
set of improvement ideas and a rough indication of the
methodology’s  correspondence to the capability
requirements of the assessment model. During the review
the assessment results were explained and the findings
were discussed to create a consistent path for
improvement and to set priorities.

2.3 Experiences of using SPICE in developing a
methodology

In general, the assessment approach worked well and
the findings were considered relevant. A difficulty in the
assessment was that the methodology was developed at
the same time. The extended assessment period and the
pressure to modify the methodology based on the
preliminary discussions, made some findings obsolete.

In the beginning of the assessment the main issue was
to map the Co-Design processes to the processes of the
15504-5 assessment model. E.g. the Stakeholder contract
step contained elements of three model processes i.e.
Requirements elicitation, Contract agreement and Project
management. Besides the structural issues, also the
content of the WIS-E practices and work products was
examined and discussed.

During the reviews concepts were clarified and
redundant descriptive elements removed, also the
wording of the elements was harmonized. The main
benefit for WIS-E was the improvement of the structure.
The result can be seen in clarified statements of process
purposes and outcomes, and defined work products. A

structured methodology is easy to develop further, the
completeness and correctness of the methodology can be
ensured, and the overall quality of the method is
improved.

When considering the content of the methodology the
software engineering process assessment approach
provided only minor improvements. On the contrary, the
assessment model could be further developed based on
the Co-Design approach. The most prominent areas are
the database design and the consideration of the user
needs in wider scope and from various aspects, than what
the prevailing software engineering process models cover.

2.4 Implications for WIS engineering

We applied the SPICE framework for improving WIS
engineering, for systematic development of all facets,
aspects, and work products, and for orchestration of WIS
specifications. Web information systems engineering
models the activities performed or managed by people
participating in the engineering process. Models support
understanding of the application domain and of the WIS,
can be a source of inspirations, can be used for
presentation and training, are abstractions that assert and
predict behaviour of the WIS, and are the source for the
implementation of the web information system.
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Fig. 1. The primary dimensions of information
systems engineering

Activities may result in work products, may revise
existing work products, or may be based on different
work products. Work products considered in our
framework are the developed documents and their role to
the completion of the activity (postcondition).

We therefore distinguish between the five primary
dimensions of WIS engineering. Activities (“how”)
describe the way how the work is performed and the
practises for the work. Work products (“what”) are the



result of the specification and are wused during
specification. Roles (“who”) describe obligations and
permissions, or the involvement of actors in the
specification process. Aspects (“where”) are used for
separation of concern during the specification process.
Resources (“on which basis”) are the basis for the
specification. These five main dimensions are
hierarchically structured. We structure the associations
among the dimensions in Figure 1.

These five dimensions must be mapped to technology.
This mapping includes the derivation of the general
solution and of the software architecture. The five
dimensions can be enhanced by secondary dimensions.
Finally, each object of one dimension may be associated
to other objects of the same or other dimensions. We
observe in the resource dimension, that, for instance,
methods are founded on theories.

The Co-design approach to modelling [16, 19]
integrates specification of structuring (structure and static
integrity  constraints), functionality (processes and
dynamic integrity constraints), distribution (services and
exchange frames), and interactivity (foreseen stories and
envisioned actors).

2.5 Orchestration of WIS development for
managed engineering

Orchestration uses the metaphor to music. It denotes
the arrangement of a musical composition for
performance by an orchestra. It may also denote
harmonious organization, i.e. through orchestration of
cultural diversities. Figure 1 displays dimensions of
information systems engineering. Partners must integrate
all activities, for all aspects, for all resources, and all
work products. SPICE [9] requires for development
processes that the implemented process achieves its
process purpose (SPICE level 1). SPICE level 2 is
achieved if the process is implemented in a managed
fashion (planned, monitored and adjusted) and its work
products are appropriately established, controlled and
maintained.

Therefore, managed engineering is based on
performance management and on work product
management. Performance management requires that
objectives for the performance of the process are
identified, performance of the process is planned and
monitored, performance of the process is adjusted to meet
plans, responsibilities and authorities for performing the
process are defined, assigned and communicated,
resources and information necessary for performing the
process are identified, made available, allocated and used,
and interfaces between the involved parties are managed
to ensure both effective communication and also clear
assignment of responsibility. Work product management
requires a well-defined and well-implemented work

product management. Requirements for the work
products of the process must be defined as well as
requirements for documentation and control of the work.
Work products must be appropriately identified,
documented, and controlled. Work products are going to
be reviewed in accordance with planned arrangements
and adjusted as necessary to meet requirements. [10]

We show now in the sequel how orchestration of WIS
development leads to managed WIS engineering. Due to
space limitations we restrict on the first process:
Application domain description and requirements
statement.

3. Application domain description for WIS

3.1 The Co-Design framework for WIS
engineering

The co-design framework [18, 20] provides a
methodology  for  description,  prescription  and
specification. A methodology is the study of and
knowledge about methods. Methods used in the co-design
framework are based

(@) on the extended entity-relationship model that
supports specification of structures and functions,

(b) on the storyboarding language SiteLang that
supports specification of users, their profiles, their
portfolio, their actions, and their stories and

(¢) on the framework DistLang that provides a
general framework for architecturing, for development of
services and exchange frames.

We distinguish a number of facets or views on the
application domain. Typical facets to be considered are
business procedure and rule facets, intrinsic facets,
support technology facets, management and organisation
facets, script facets, and human behaviour.

In the sequel we demonstrate how SPICE-improved
WIS engineering can be performed for the WIS
application domain engineering. Application domain
engineering forms a process in the sense of SPICE. It
aims in describing the application perspective, i.e. the
subject world, the usage world, the intentions of the WIS
according to Pohl and Rolland [13, 14]. It results in a
general statement of requirements. Requirements
engineering aims in elicitation of requirements within the
system environment, exploration of system choices,
complete extraction of functional and non-functional
requirements, conflict detection and resolution,
documentation and negotiation of agreed requirements,
and in providing a framework for WIS evolution.

Classical application domain engineering is rather
informal and fuzzy. It is based on general multi-facetted
descriptions of desires, beliefs, intentions, skills, and



awareness [14]. The co-design framework is the first one
that results in a formal description of the application
domain. At the same time, the framework is based on a
methodology. We describe the first process, Application
domain description and requirements statement, of this
methodology in the next subsection.

3.2 Application domain description and
requirements statement

The most important outcome of application domain
engineering is an application domain model and its
associated application domain theory. The main activity is
to gather from application domain business users, from
literature and from our observations the knowledge about
the application domain. It is combined with validation,
i.e. the assurance that the application domain description
commensurates with how the business users view the
application domain. It also includes the application
domain analysis, i.e. the study of application domain
(rough) statements, the discovery of potential
inconsistencies, conflicts and incompleteness with the aim
of forming concepts from these statements.

Process purpose: Goals and subject
Each process of WIS development must be
characterised by goals and the subject.

Table 1. Process purpose

Goals and | Application domain
subject Agreement for development
Project scope: Milestones, financial
issues

Clarification of development goals
(intentions, rationale)

Sketch of requirements

description

Process Outcomes: Work Products as Process
Results

The work product is a result or deliverable of the
execution of a process and includes services, systems
(software and hardware) and processed materials. It has
elements that satisfy one or more aspects of a process
purpose and may be represented on various media
(tangible and intangible).

Documents of the application domain layer are HERM
[18] concept maps, HERM functionality feature
descriptions, the DistrLang distribution specification
resulting in contract sketches which include quality
criteria, and the SiteLang interactivity specification of the
application story with main application steps. The
documents are combined within the Stakeholder contract
and the feasibility study. Additionally a number of
internal documents are developed such as life case

studies, description of intentions, context specification,
and user profiles and portfolio.

Table 2. Developed documents
Application domain description section

Information analysis
missions and goals of the WIS, brand of the WIS
general characterisation of tasks and users
general characterisation of content and functions
description of WIS context
Intensions of the web information system
catalogue of requirements
scenarios, scenes, actions, context and life cases
user profiles and user portfolio
actor profiles and actor portfolio, personas
Business rule model and storyboards
scenarios, scenes, and actions
life cases and context
WIS utilisation portfolio
scenarios, activities
supporting content and functions
non-functional requirements, context space
Metaphor description
base metaphors, overlay metaphors
metaphor integration and deployment
Official and contracting section

Stakeholder contract
goal information
concept sketch, product functionality, story space,
views on product data, view collaboration sketch
Comparison with products of competitors
Evaluation of development costs
Internal section
Planning of goals
development strategy and plan,
quality management
Development documents on product components
and quality requirements
with base practices, generic practices
and capabilities, estimation of efforts

Practises: Base Activities and Steps

The system development process is usually
decomposed into clearly distinguishable development
activities that support to tackle separate issues at separate
time. An activity either starts from scratch and results in a
completed work product or starts from a set of work
products and results in a completed or revised work
product. Activities are work product transformations.
Therefore, the steps can be given through refinement
activities, i.e., elicitation, determination, instantiation,
extension, and fitting. Activities typically proceed in one
or (usually) more steps. Activities are describing the ways
how the work is performed and can be practices



according to SPICE. A practice contributes to achieving a
specific development process purpose or to the
achievement of a specific development process attribute
or enhances the capability of a development process.
Activities consist of steps. These activities are enhanced
by acquisition activities and activities supporting the life
cycle, which are not described here.
We envision three base activities and structure them
into development steps:
1. Development of application domain description
2. Development of the stakeholder contract
3. Development of the internal documents such as
description of product components and quality
requirements with base activities, generic
practices and capabilities and estimation of efforts
etc.

We demonstrate the base activities for the first one in
Table 3. We use the SiteLang specification language [17]
and the conceptual framework of [16].

Table 3. Steps of an activity

Development of application domain description

1. Analyze strategic information
Specify mission and brand
Characterise in general tasks and users of
application
Characterise in general content and functions
domain
Describe WIS context

2. Derive intensions of the WIS,
Obtain general requirements
Extract life cases
Describe scenarios, scenes, actions, and context
Describe user profiles and user portfolio
Derive actor profiles and actor portfolio, personas

3. Extract business rule model and storyboards
Develop scenarios, scenes, and actions
Specify life cases and context
Eliciting metaphors

4. Revise business rules of the application
Possibly with reorganization models

5. Compare new business rules with known visions

6. Compare with products of competitors

7. Derive WIS utilisation
Describe scenarios to be supported
Describe activities based on word fields
Describe supporting content
Describe supporting functions
Describe non-functional requirements
Describe the context space

8. Develop metaphor
Describe base and overlay metaphors
Find metaphor integration
Develop templates for deployment

Precondition | Contracted collaboration of all partners
Real necessity for WIS development

Postconditio | Description of application domain
n accepted and consistent
New business rule model accepted

Information analysis is based on WIS storyboard
pragmatics. We usually start with templates that specify
the brand of the WIS by the four dimensions provider,
content, receiver, and main actions. The brand is based on
the mission containing general statements on the content,
the user, the tasks, purposes, and benefits. The content
indication may be extended on the basis of the content
item specification frame and by a rough description of
context based on the general context template. The brand
description is compared with the description of tasks to be
supported. Tasks are specified through the general
characterisation template. The specification of the
intention of the WIS is based on the designation of goals
of the WIS.

Additionally we integrate metaphors. They must be
captured as early as possible. Metaphors may be based on
the style guides that are provided by the customer.
Metaphorical structures for WIS can be developed based
on linguistic and cognitive research [4].

The application domain description feeds the
derivation of the WIS utilisation portfolio. The general
section of the WIS utilisation portfolio consists of a list of
categories, refined brands, and a general description of
kinds of WIS portfolio. The partner section of the WIS
utilisation portfolio surveys partners, i.e. a list of actors
with portfolio, possibly with rights, obligations, and roles.
The storyboard section of the WIS utilisation portfolio
describes scenarios used and activities which are based on
a list of word fields characterising activities. Activities
are characterised by an activity style, by activity pattern,
and by collaboration styles and pattern. The content
section of the WIS utilisation portfolio describes the
content chunks together with the content portfolio, i.e.
content demand, consumption, and production. The
functionality section of the WIS utilisation portfolio
describes supporting functions on the basis of function
chunks and the functionality portfolio, i.e. demand,
consumption, production of functionality. The WIS
utilisation portfolio is enhanced by a designation of non-
functional requirements, especially quality requirements
and by a derivation of specifics of the context space.

4 Conclusions



Web information systems engineering inherits the
achievements and approaches of information systems
engineering. They differ in architectures that are used, in
integration of suites of (information) systems, in demands
for quality, in stories of utilisation etc. Therefore, WIS
engineering must cope with novel requirements and lead
to novel solutions.

The paper is one of the first contributions to explicit
treatment of application domain descriptions for WIS.
They become crucial for web information systems due the
general purpose use of websites by a large variety of
users who use a large number of display clients who have
very different profiles, goals, and tasks and who vary in
their behaviour.

WIS engineering must be a process that is based on a
well-defined methodology that is manageable. We
applied a SPICE evaluation to our first methodology and
improved this methodology based on the critics and
findings. This paper discusses the improvement process
and illustrates the results for the first engineering process.

Software  process  improvement applied to
methodology development has potential, but is also
demanding due to the fact that methodologies are more
abstract than e.g. software projects. For instance,
evidence in assessments can be interpreted quite freely.
In this case, the main benefits were found in improving
the structure of the methodology presentation.

WIS engineering is based on very early and stable
integration of business users. These users do not want to
control code or documents but are mainly interested in the
result. Therefore, each specification step must lead to an
executable specification.
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Abstract. Web information systems (WIS) augment classical information systems by
modern Web technologies. They require at the same time a careful development and
support for the interaction or story spaces beside the classical support for the working
space of users. These dimensions complicate the system development process. This
paper shows how classical advanced methodologies can be carefully enhanced. We
evaluated the Co-Design approach to information systems development according to
the ISO/IEC 15504 Framework for Process Assessment (SPICE) and derived the po-
tential and deficiencies of this approach. This evaluation has been used for a managed
Co-Design methodology. Since WIS constantly change and evolve the development
process never ends. We develop as a solution an optimization procedure and a run-
time environment for the Co-Design approach that allows to cope with such changes,
with evolution and extension of WIS and that demonstrates the new system facilities
whenever a change is mastered.

1 Introduction

Planning, developing, distributing, and maintaining sophisticated large-scaled systems is one
of the core competencies in software engineering. Properly working systems provide valuable
assets to users as well as operators while erroneous, incomplete, and misused software causes
losses in economical, technical, or social ways as systems become more and more ubiquitous.

Information systems are considered to be complex systems with a deep impact on the peo-
ple’s daily life. Web information systems (WIS) are systems providing information to users by
utilizing Web technologies. Usually, WIS are data-intensive applications which are backed by
a database. While the development of information systems is seen as a complex process, Web
information systems engineering (WIS-E) adds additional obstacles to this process because
of technical and organizational specifics:

e WIS are open systems from any point of view. For example, the user dimension is a
challenge. Although purpose and usage of the system can be formulated in advance, user
characteristics cannot be completely predefined. Applications have to be intuitively us-
able because there cannot be training courses for the users. Non-functional properties of
the application like ‘nice looking’ user interfaces are far more important compared with
standard business software. WIS-E is not only restricted to enterprises but is also driven
by an enthusiastic community fulfilling different goals with different tools.



e WIS are based on Web technologies and standards. Important aspects are only covered by
RFCs because of the conception of the Internet. These (quasi-)standards usually reflect
the ‘common sense’ only, while important aspects are handled individually.

e Looking at the complete infrastructure, a WIS contains software components with un-
controllable properties like faulty, incomplete, or individualistically implemented Web
browsers.

e Base technologies and protocols for the Web were defined more than 10 years ago to
fulfill the tasks of the World Wide Web as they had been considered at this time. For ex-
ample, the HTTP protocol was defined to transfer hypertext documents to enable users to
browse the Web. The nature of the Web changed significantly since these days, but there
were only minor changes to protocols to keep Compatibility alive which is considered to
be “indispensable”. Today, HTTP is used as a general purpose transfer protocol which
is used as the backbone for complex interactive applications. Shortcomings like state-
lessness, loose coupling of client and server, or the restrictions of the request-response
communication paradigm are covered by proprietary and heavy-weight frameworks on
top of HTTP. Therefore, they are not covered by the standard and handled individually
by the framework and the browser, e.g., session management. Small errors may cause
unwanted or uncontrollable behavior of the whole application or even security risks.

WIS can be considered from two perspectives: the system perspective and the user per-
spective. These perspectives are tightly related to each other. We consider the presentation
system as an integral part of WIS. It satisfies all user requirements. It is based on real life
cases. Software engineering has divided properties into functional and non-functional prop-
erties, restrictions and pseudo-properties. This separation can be understood as a separation
into essential properties and non-essential ones. If we consider the dichotomy of a WIS then
this separation leads to a far more natural separation into information system requirements
and presentation systems requirements. The system perspective considers properties such as
performance, efficiency, maintainability, portability, and other classical functional and non-
functional requirements. Typical presentation system requirements are usability, reliability,
and requirements oriented to high quality in use, e.g., effectiveness, productivity, safety, pri-
vacy, and satisfaction. Safety and security are also considered to be restrictions since they
specify undesired behavior of systems. Pseudo-properties are concerned with technological
decisions such as language, middleware, operating system or are imposed by the user envi-
ronment, the channel to be used, or the variety of client systems.

WIS must provide a sophisticated support for a large variety of users, a large variety of
usage stories, and for different (technical) environments. Due to this flexibility the develop-
ment of WIS differs from the development of information systems by careful elaboration of
the application domain, by adaptation to users, stories, environments, etc.

Classical software engineering typically climbs down the system ladder to the implemen-
tation layer in order to create a productive system. The usual way in today’s WIS development
is a manual approach: human modelling experts interpret the specification to enrich and trans-
form it along the system ladder. This way of developing specifications is error-prone: even if
the specification on a certain layer is given in a formal language, the modelling expert as a
human being will not interpret it in a formal way. Misinterpretations, misunderstandings, and
therefore the loss of already specified system properties is the usual business.

The paper is organized as follows: In section 2 we discuss existing approaches and method-
ologies for WIS development, especially the Co-Design approach with its integrated view on



structure, functionality, interactivity, and distribution. The presented methodologies miss cen-
tral specifics in today’s WIS development. No methodology is of value if it is not supported
and enforced by an organizational and technical infrastructure. The section ends with a short
discussion of the international standard ISO/IEC 15504, which provides a framework for the
assessment of software processes. Section 3 partially presents the results of an assessment of
the WIS Co-Design approach to enable the implementation of ideas from ISO/IEC 15504 to
develop the WIS Co-Design approach towards managed WIS engineering. Section 4 shows
the application of principles of SPICE to WIS development within the Co-Design approach
to prepare WIS-E processes to move towards the ‘Optimizing’ level.

2 Background and Related Work

Several methodologies and architectures were developed to cope with information systems
engineering in general and WIS-E in particular. [KPRRO3] provides an overview over con-
cepts, methods, and tools in WIS-E as well as the relationships between classical software
engineering and web development.

2.1 Classical (Web) Information Systems Methodologies

ARIS (Architecture of Integrated Information Systems, [Sch92]) defines a framework with
five views (functional, organizational, data, product, controlling) and three layers (conceptual
(‘Fachkonzept’), technical (‘DV-Konzept’), and implementation). ARIS was designed as a
general architecture for information systems in enterprise environments. Therefore, it is too
general to cover directly the specifics of Web information systems as they were mentioned in
Section 1 and needs to be tailored.

The Rational Unified Process (RUP, [Kru98]) is an iterative methodology incorporating
different interleaving development phases. RUP is backed by sets of development tools. RUP
is strongly bound to the Unified Modelling Language (UML). Therefore, RUP limits the ca-
pabilities of customization. Like ARIS, RUP does not address the specifics of WIS-E. A sim-
ilar discussion can be made for other general purpose approaches from software engineering
[HSSM*04].

OOHDM [SR98] is a methodology which deals with WIS-E specifics. It defines an it-
erative process with five subsequent activities: requirements gathering, conceptual design,
navigational design, abstract interface design, and implementation. OOHDM considers Web
Applications to be hypermedia applications. Therefore, it assumes an inherent navigational
structure which is derived from the conceptual model of the application domain. This is a
valid assumption for data-driven (hypermedia-driven) Web applications but does not fit the
requirements for Web information systems with dominating interactive components (e.g., en-
tertainment sites) or process-driven applications. There are several other methodologies sim-
ilar to OOHDM. Like OOHDM, most of these methodologies agree in an iterative process
with a strict top-down ordering of steps in each phase. Surprisingly, most of these methodolo-
gies consider the implementation step as an ‘obvious’ one which is done by the way, although
specifics of Web applications cause several pitfalls for the unexperienced programmer espe-
cially in the implementation step. Knowledge management during the development cycles is
usually neglected.

There are several methodologies that cope with personalization of WIS. For example, the
HERA methodology [HBFVO03] provides a model-driven specification framework for per-



sonalized WIS supporting automated generation of presentation for different channels, inte-
gration and transformation of distributed data and integration of Semantic Web technologies.
Although some methodologies provide a solid ground for WIS-E, there is still a need for en-
hancing the possibilities for specifying the interaction space of the Web information system,
especially interaction stories based on the portfolio of personal tasks and goals.

2.2 Co-Design of Web Information Systems

We distinguish a number of facets or views on the application domain. Typical facets to be
considered are business procedure and rule facets, intrinsic facets, support technology facets,
management and organization facets, script facets, and human behavior. These facets are
combined into the following aspects that describe different separate concerns:

e The structural aspect deals with the data which is processed by the system. Schemata
are developed which express the characteristics of data such as types, classes, or static
integrity constraints.

e The functional aspect considers functions and processes of the application.

e The interactivity aspect describes the handling of the system by the user on the basis of
foreseen stories for a number of envisioned actors and is based on media objects which
are used to deliver the content of the database to users or to receive new content.

e The distribution aspect deals with the integration of different parts of the system which are
(physically or logically) distributed by the explicit specification of services and exchange
frames.

Each aspect provides different modelling languages which focus on specific needs. While
higher layers are usually based on specifications in natural language, lower layers facilitate
formally given modelling languages. For example, the classical WIS Co-Design approach
uses the Higher-Order Entity Relationship Modelling language [Tha00] for modelling struc-
tures, transition systems and Abstract State Machines [BS03] for modelling functionality,
Sitelang [TDO1] for the specification of interactivity, and collaboration frames [Tha03] for
expressing distribution. Other languages such as UML may be used depending on the skills
of modelers and programmers involved in the development process.

A specification of a WIS consists of a specification for each aspect such that the com-
bination of these specifications (the integrated specification) fulfills the given requirements.
Integrated specifications are considered on different levels of abstraction (see Figure 1) while
associations between specifications on different levels of abstraction reflect the progress of
the development process as well as versions and variations of specifications.

Unfortunately, the given aspects are not orthogonal to each other in a mathematical sense.
Different combinations of specifications for structure, functionality, interactivity, and distri-
bution can be used to fulfill given requirements while the definition of the ‘best combination’
relies on non-functional parameters which are only partially given in a formal way. Especially
the user perspective of a WIS contributes many informal and vague parameters possibly de-
pending on intuition. For example, ordering an article in an online shop may be modelled
as a workflow. Alternatively, the same situation may be modelled by storyboards for the di-
alog flow emphasizing the interactivity part. This principle of designing complex systems is
called Co-Design, known from the design process of embedded systems where certain aspects
can be realized alternatively in hardware or software (Hardware Software Co-Design). The
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Figure 1: Abstraction Layers and Model Categories in WIS Co-Design

Co-Design approach for WIS-E developed in [Tha00, Tha0O3, Tha04] defines the modelling
spaces according to this perception.

We can identify two extremes of WIS development. Turnkey development is typically
started from scratch in a response to a specific development call. Commercial off-the-shelf
development is based on software and infrastructure whose functionality is decided upon by
the makers of the software and the infrastructure than by the customers. A number of software
engineering models has been proposed in the past: waterfall model, iterative models, rapid
prototyping models, etc. The Co-Design approach can be integrated with all these methods.

At the same time, developers need certain flexibility during WIS engineering. Some in-
formation may not be available. We need to consider feedback loops for redoing work that
has been considered to be complete. All dependencies and assumptions must be explicit in
this case.

2.3 Aligning Co-Design and the ISO/IEC 15504 Framework for Process Assessment

There are several approaches for improving a software process, e.g. modelling, assessment,
measurement, and technology adoption [SO98]. The approaches supplement each other, but
one of them is usually in a dominating position. Process assessment is a norm-based ap-
proach, which usually leads to evolutionary process improvement [AAMNO1]. The starting
point for software improvement actions is the gap between the current state of an organi-
zation and the desired future state [GM97]. These two states can be characterized using a
norm for good software practices. The most popular among such norms are the Software
Engineering Institutes CMMI (Capability Maturity Model Integration) [CMMO06] and SPICE
(Software Process Improvement and Capability dEtermination) [ISO05], developed by inter-
national standardization bodies (ISO and IEC). The current state of software practice can be
evaluated with the help of process assessments, which is a disciplined appraisal of an organi-
zations software process by utilizing a norm: the software process assessment model. SPICE
(the technical report ISO/IEC TR 15504) has provided a framework for the assessment of
software processes since 1998. The term SPICE originally stands for the initiative to support





