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Abstract

Business processes and goals change rapidly due to théeturletvironment in which
they operate. Their supporting and underpinning techiesomay, as a result, require to
change. Meanwhile, technological advances are being maeiacreasing rate. This may
trigger changes in business goals and processes to expsé hew advances; a notable ex-
ample iss-commercande-learning Understanding and analysing the interplay and the dual
effect between these two entities, technologies and bssin® vital both for the prosperity
of business and the success and further development ofchediegies themselves. This
paper proposes the K-Mediator framework together withridanpinning theory to facilitate
the co-evolution between businesses and their suppoggeigblogies.

1 Introduction

Business environment, both at global and local levels, @ging rapidly. Multinational corpo-
rations are facing growing challenges caused by, e.g. h@weges in the world monetary systems,
competitive mergers and national governments strivingatd® accelerated economic progress.
These shifts in the market often lead to the need for redefimisinesgoalswhich subsequently
affect the requirements of the underpinning technologeeg. ( computing systems). Even the
installation of new technology affects busingsacticesand hence leads to changes in such re-
guirements. Systemvolutionis therefore often attributed to changes in system’s regquént. In
fact, the inability to deliver all business required funcis, results in incremental development
that also lead to system evolution.

Meanwhile the underpinning technology is also changingiigpand the business may need
to change to exploit this technology (e.g. e-commerce aledmeing). The inter-relationships
between the changing business environment, its impacteretfuirements of the end-user and
business software applications are important. Fundarhiestees include:

e Understanding the nature and meaning of evolution withim@anisational context and
of co-evolution of related socio-technical entities witlai social ecosystem and
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e Identifying, articulating and analysing (i) the conditowhich enable and constrain co-
evolution, and (ii) some specific instances of the phenomeno

Some key questions may include what are the socio-techrocalitions, which enable and con-
strain co-evolution between organisational change anwvacd evolution? Do changes in these
conditions affect the rate of co-evolution? What necetestthe (re)configuration of software
components? What new organisational procedures or patteay emerge from the reconfig-
uration of software components using a domain specific lagg@ Can the resulting end-user
developed system exhibit emergent behaviour, which inflasmrganisational environment and
direction? To what extent (if at all) is this behaviour padble? Can the network of decisions
and interactions, that lead to the development or recordigur of an information system, be
traced? How does the end-user select which componentsild@oracepts to use in building a
system? How are end-user selections influenced by the sageomal dynamics? What is the
role of feedback in fixing end-user choices within the orgation, amplifying their effect and
establishing technical platforms, component usage andadolanguages?

In this paper we present the-Mediator ('K’ stands for ‘Knowledge’) framework, within
which the notion of co-evolution may be studied and analyisethe setting of Information
System (IS) design and development. The K-Mediator framkewould be viewed from different
levels of abstractions. At a conceptual level, the framé&wpoovides the role of an architect in the
procurement process which results in making decisions eadn stage of software development
life cycle. At a concrete level, the framework provides aaebusiness-specificomponents
from which a system may be constructed and configured/réegord rapidly and efficiently
from new or existing business components. Three main ategmust therefore be satisfied
for such component-based development infrastructure. gooents must be able to pkugged
together easilyAgility is another important characteristic for it permits rapiddifiability. For
business-critical applicationkigh-integrityis fundamental as it ensures high level of assurance
through ‘provably correct’ components.

A key advantage of such a rapid assembly is that the assemihleris also playing the role
of a ‘mediator’, has &lear understanding of the business goals. Hence the constregséein
is guaranteed to be driven by the business need; a requiteéhatris crucial for the success of
the system. Additionally, a gained advantage is that systégmirements need not to be captured
(or negotiated) as the ‘mediator’ can freelgticulate system’s intentions through components
selection without the intervention of a technology expditis view is predicated on the need
for fast product development, turbulence in the businegs@ment, semantic inoperability, the
individual nature of requirements and the limited avaligpof IT resources due to downsizing
and outsourcing.

Paper Organisation

The paper is organised as follows. Section 2 provides anaofor the K-Mediator and also
gives a taxonomy of change at both business and technologiiesrticulates each of these
changes and present the case for its effect. Section 3 psedenK-Mediator and its roles.
In Section 4, we present our component-based developmehotheand conclude, in Section 5,



with a discussion and future and related work.

2 Rationale and Taxonomy for Change

In this section we articulate the problems often found inding a software solution that meets
business needs and goals, setting the scene buseess-driversolution in which evolution
at the business side could be rapidly realised. Furthernvegeprovide a small taxonomy of
changes from both the business and technology viewpoint.

2.1 BusinessNeedsand IT Solutions

Business needs arise from the inescapable factors in amydsss external environment. Most
obviously they can be competitors, and therefore part afrtheket, not only competing with their
outputs but even for inputs including employee skills, raatenials and components. Business
needs can be at various levels:

Operational:E.g. to discover the address of a supplier
Tactical: E.g. to decide on the most relevant supplier

Strategic: E.g. to decide which firm to try to buy up in order to guarantee supply of an
essential component.

Similar information may be used for different purposes. &oroperational purpose, it may
provide a definite answer; for strategic purposes, it may balone factor to reduce the risk in a
decision.

Business needs are often realised by a solution in software:

Needs=- Solution.

However, in practice, the transition from identifying theed (which is a large problem in its
own right) to building a solution is divided into two parts3J1 The need leads to a specification
of a solution and then a solution is built that conforms togpecification. Thus

Needs=- Solution
becomes
Needs=- Specification and Specificatiog Solution.

Each part of such a process invariably involves a domainrexgese expertise and knowledge
does not often cross other domains. This results in theioreaf many gaps that need to be
bridged if we are to beertain that the resulting solution indeedeet$ the original business
needs; a fundamental issue to the whole process which hgerio¢en fully resolved.

1Known assatisfiabilityproblem



In fact, involving many domain experts may be seen as a magsan for the creation of these
gaps. Additionally, it makes the whole process time-coriegrfundesirable aspect especially in
a rapidly changing and volatile business environment) artté expensive and prone to errors.
Economics, and other factors, therefore dictate the nesdédk a faster process for realising the
business needs.

The K-Mediator framework plays an important role in achmgysuch a goal. From identi-
fying businessmeeds/goal$o thedecision making proceder selecting the appropriate software
solution throughraceabilitymechanisms which ensures that needs are traced to a sollitien
K-Mediator may thus be seen as a ‘conceptual’ and ‘techmaialdleware that resides between
business goals and their realisation.

2.2 Taxonomy of Change

We believe that a well defined taxonomy of changes will playew tole when people identify
problems and endeavour to find best strategic solutionsptim lbusiness and technical worlds.
There are two major classes of changes depending on tlggetri

221 ChangesTriggered by the Business World

The following are main classes of triggers that affect amad l® changes in the business world.
It should be noted that these are loosely coupled triggelsrasome organisation are indeed
inter-dependent.

Politics
Allocation of power and resource are two main factors thggar changes. Tichy [17]
summarised the main issues of political entities. TheySuecession Concerng/hich
refer to managing structure of the organisati@gal Concernswhich is the result of
deciding and lengthy political-bargaining process folimas organisation’s goal$/eans
of Doing the Work Concernsvhich is caused by different strategies of how best to carry
out the organisation’s goal&€nvironmental Changesind Reward Reallocations/hich
concerns on how to satisfy all competing coalitions of thgaorsation.
A general example is that both government rhetoric and dtas created a context in
which an organisation has been more prepared to undertafenciindamental changes
(e.g., amedical centre may have to undertake a new goaldfitepinstead of pure health
care, under the governmental power to push them to do so).

Organisation
Changes in this system come from reformation or reorgdarsaf business organisations
themselves, such as merging/splitting organisations gaediag/closing coalitions within
organisations. One recent example is that the UK'’s largastpany, Vodafone, was bat-
tling for control of German telecoms group Mannesmann. Aaptvas the turmoil in the
financial sector when Bank of Scotland and Royal Bank of @oadtlwere fighting over
NatWest [12].



Economy

Economicshanges are especially caused by events in economic citances from which
they emerge. For example, the world recession of 1979-188tiered by the rise in oil
prices following the outbreak of the Gulf War and deepenethbytightening of monetary
controls in the Western economies, formed a painful breaktgor most publishers[14].
Some publishers have been forced to widen their competithge, like expanding from
Europe to the Far East, and to combine growth (a doubling thusiness) and internation-
alism.

Technology

Technical changes alter the information-processing dgpaican organisation. It involves
adjusting components of the organisational model. Thegestidents are made either to
increase or decrease the organisation’s capacity to hdiftheent goals. Technical align-
ment in the business world is designed to manage the develuphthe organisation and
uncertainty of environment with tight regards to the finahand business criteria outputs.
For example, people can be prescribed to interact with sthiarformal committees, task
forces, etc., in order to increase information-processaggacity. At Volvo, each work
group assembles a total engine rather than one piece on asseqbly line.

2.2.2 Changes Triggered by Technical Requirements

Performance
Performance plays an important part as a trigger for tedgicél changes. The cost of
high-performance hardware is continually declining whiekults in the demand for up-
grading the current system. As an organisation moves toepegformance configuration,
business processes will need to change as business opstedio now be performed with
higher speed. This in turns requires business processjiaesting.

Computing Paradigms and Versions
Advances in computational paradigms have also an impaag@ngsations. This can be
seen, for example in the ever increasing requests for systgration from procedural
to object-oriented languages. This is perceived to havefiidn the organisation from a
reusability point of view.

A similar situation occurs when the deployment of a new \eersif software takes place.
For example, changing from Window 95 to Window 2000 or Winddv can have an
impact on the way people within an organisation work.

New Emergent Technologies
New technologies are perhaps the fundamental triggermilia technological infrastruc-
ture of an organisation. The Internet is the most celebraxadhple of this situation.



3 K-Mediator

As we mentioned earlier, the K-Mediator framework may beweae from various levels of ab-

stractions. In this paper, we discuss the framework fromreeptual viewpoint and its underly-
ing supporting environment.

External Events from Environments and
Internal Events from within Organisations

Business Market Vision/
Politics  Position Goals

Collaborations Mergers
Politics B ; -~ Economy&
Executive Finance
Board
Impact Analysis
Information Human Finance
Technology Resources

l Mediator J l Mediator J l Mediator J

Figure 1. K-Mediator

3.1 K-Mediator: Actor and Role

A K-Mediator as an actor has the role of mediating betweerbtigness and technology do-
mains. Therefore, a K-mediator has an inside knowledge tf orlds: business needs and
goals, and the software assets available within the orgaais (this is depicted in Figure 1).

Fundamental to its role (which distinguishes it from, foample, an architect, analyst, require-
ment engineer, or domain engineer) is the immediate (fastdh access to knowledge of the
business needs that requires a software solution. Suclihénst knowledge reduces errors that
will inevitably occur when articulating requirements, fexample as done by an analyst or a

requirement engineer. In addition, it ensures ‘real’ pgvttion in system’s development and
hence securing its ownership and responsibility.



In this way, the K-mediator role may be described &sisiness champiorHis sole respon-
sibility is to generate innovative ideas by utilising ekigtresources and visualise/(re-)configure
software applications from those resources.

Within the E-business world, time is very much critical,.,i.eystems and their develop-
ment must conforms to tight deadlines. Innovative ideaki;idompetitive E-business arena are
emerging constantly which give a K-mediatoreactiverole.

A K-mediator role is fundamental in shaping the way techggland business goals evolve
and for controlling their impact. This is justified by the adw¥ of new technologies such as
Component Based Development and the E-Business revoluwilmre business needs are taking
aleadrole.

3.2 K-Mediator: Supporting Infrastructure

Recent interests in component technology will indeed entid# K-Mediator to realise its roles
efficiently and rapidlly. The advantage of mapping a giveariace to services offered by a com-
ponentis that requirements can be mapped once we know whahiation (interface) is required
from a service. For example, a Bank may have a ‘vision’ to glev¥inancial solutions to its per-
sonal and business customers. To achieve such a visioratteevarious needs/requirements that
a bank needs to fulfill, e.g., provide banking solutions tthdmisiness and personal customers.
There are variouprojectsthat banks must undertake in order to fulfill the bank’s neeti@ne of
those project is the ATM system. The ATM system providesrtb@stomer with several features
for example withdrawal, balance enquiry, etc. Each of tHeatures carries out its intended
goal, i.e., to dispense money when customers present thexasdath valid id (PIN) and request
a withdrawal of a particular amount. The ATM system acts agerface between the customer
and the bank. It accepts details from the customer and gadis the services of the appropriate
component. Services suchwaghdraw(account, moneyr validateCustomer(AcNo, PIN}see
Figure 2).

3.3 K-Mediator: Decision Making

The decision making process by the K-mediator can be divilstedwo phases. The first phase
is where decisions are made based on the business needsah&b the specification and the
second phase is to make decisions to build software frompbeifecation.

The kind of information which is available to the K-Mediafor the first phase can be busi-
ness vision, business needs, number of projects thatysdtesbusiness needs, the objectives of
each project.

Information that is helpful and can be used for decision mgkprocess at phase two can
include the following:

At Organisational Level: Total number of business needs, total number of projeats, et

At Business Needs Level: Total number of projects per need, etc.



ATM BANK

Requirements Interfaces Services

Actor <<Interface>>|

Enter Id/Pin

<<Query Service>>
IsValidCustomer(Acld,PIN

C O

<<Interface>> <<Query Service>>
Enter Withdrawal detail Withdraw(Acld,Amount)

N

<<Update Service>>
Update(Acld,Amount)

<<Req>>
Withdraw Money

Figure 2: ATM System

At Project Level: Number of business needs that are satisfied by a project,enuwhgoals per
project, number of use cases in a project, number of intesfa a project, number of
components used in a project, number of tasks in a projext, et

At Use Case Level: Number of actors for each use case, number of scenariosdbrnsa case,
number of main scenarios for each use case, number of extessenarios for each use
case, number of interfaces for use cases, etc.

At Interface Level: Number of goals that are supported by each interface, nuaitfenction-
alities that are supported by each interface, number ofcEthat are required by each
interface, etc.

At Service Level: Number of parameters per service, etc.

At Component Level: Number of services offered by a component, etc.

4 Agile Components

In this section, we elaborate on the technological supportife K-mediator. In particular we
present a&component-baseshodel of computation which provides the backbone of our &#am
work. To fulfill the roles of the K-Mediator, three main chararistics for a component must be
ensured:

1. Plugability. Mechanisms must exist to allow components to be ‘easilyggad (com-
posed) together to form a system.



2. Agility. This is a property that provides more flexibility to compotse This may be
materialised in our ability to ‘modify’ components.

3. High Integrity. High integrity components are essential for the succesgfatation of a
business or enterprise in business critical systems. Higild of assurance are desirable
and are achieved through formal verification.

It should be noted that plugability ensures system’s exbditg whilst agility could be
utilised by providing a repository of generic system conmgids which can be instantiated to
meet specific requirements. High integrity componentsiesghat our component-based model
must be formalised using sound and precise formal notations

4.1 Development Framework

The overall sketch of the proposed development framewadkpécted in Figure 3.

Business Software A
Solution N
<
D
Q
>
(<]

} Business
Components v

Essential Services

-

Figure 3: Development Framework

Primitives

A fundamental aspect in our framework is the provision ofdasial Services (ES). These
are seen as primitive services to all (kinds of) businesgbey;form a generic service repository.
Each service in this layer is closely related to an elemgrasiness task that has been specified
through domain analysis and modelling. Whilst the Busir@@ssponents (BC) are constructed
using a (rich) set of Business Specific Languages (BSLs).h [Eaastruct in a BSL is being
supported or implemented by one or more of the Essentiali&4£s). The construction of the
Business Components is performed through the grammardeduvy the specific BSL. For
example in a financial business we may haweeount, Customer, Transaction, Open, Withdraw
andMoneyto be part of the financial BSL. An Essential Business Compomay be constructed



asOpenCustomerAccouat WithdrawMoney from CustomerAccowvtiere ‘concatenation’ and
fromare part of the Business Specific Language grammar.

The Primitivesare the usual computational primitive constructs: Assigniminput/Output,
and Null. Primitives are the basic building blocks for thaswuction of Essential Services.

It should be noted that Business Software Solution are oaetsd using only the BCs. BCs
are relevant to the particular business under considerafioese may differ from one business to
another within the same domain. BCs reflect the businessreuiincluding the current process)
and vocabularies used.

4.2 Components, Services and Features

The unit of computation, at the K-Mediator level in our frammek, is component. A component
has a set of interfaces which are the ‘gateways’ through lwbiber components can access
its services. Each service has a distinct sdfieatures In our model we define features to be
properties of the service. For exampl@H®INT is a component’s service, th@uplex, Simplex,
PageType andPageRange are features of the service. A component take the general for

CoMPONENT CName
PROVIDEDSERVICES
[pri] A: (f11,....fin; f21,...,f2n;...)
[pr2] B: (g11,...,91n; g21,...,92n;...)

REQUIREDSERVICES
C: (h11,...,h1n; h21,...,h2n;...)
D: (i11,...,i1n; i21,...,i2n;...)

END CName

As can be seen, acomponentis a black-&osapsulatingervices. Itis identified by its name
(CName) and is accessed by iitserfaces There are two types of interfaceBrovidedServices
andRequiredServices he former is a list of services that are provided by the conmemt. Each
Service has the usual input and output parameters (for keeafaxposure simplicity, these are
not dealt with here). Fundamental to a service is the pronisi a family of features in which
each member is a set of related features (&3...,fkn). The provided services are prioritised.
Services priority is optional, in which case all providedvsges have equal priority. Priorities
are partially ordered where 1 is the highe®equiredServiceare those services from other
components (in the system or repository) that the compamegtneed to perform its services.
This provides a powerful mechanism for adding or replaceafdres of a component; hence
increasing the component’s agility.
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Components interact with each other and the outside wortiith service calls. Each call
specifies the requested service(s) together with theirerhfiesatures. For example, the following
component provides printing and scanning services eathvarious features:

COMPONENT PrintScan
PROVIDEDSERVICES,
[1] print: (Simplex, Duplex; A4, A3, letter; #n)
[2] scan : HighResolution, LowResolution)
REQUIREDSERVICES
Filter. Transform: {extToPostscript, PostscriptToText)

END PrintScan

Here, the ‘print’ service is of higher priority than the ‘staervice. There are three ‘classes’
of features for the print service: type of printing, papensl aumber of copies. The scanning
service provides two features: either High or Low resohlutidhe ‘;’ separates the classes of
features. Features in one class are mutually exclusive.

PRINTSCAN also requires various services from other components. anple, the Trans-
form service from the ETER component with its featureBextToPostscript, PostscriptToText.
PRINTSCAN may be called using, for example

PrintScan.printDuplex

This activate the service print with the duplex feature. Bywention, the print will be
performed on A4 paper and only one copy. However

PrintScan.printDuplex; letter; 4

will result in 4 copies printed on letter paper and in a dupfede.

However, a service may also be called without specifyingraquaar feature. In such a case,
a defaultfeature will be chosen. By convention, the first in the listfeditures is taken. For
example

PrintScan.print:

will print in simplex form. To add features within a servicge create a new service with the
same name whose feature(s) are those that we require. Fropkxaf we wish to add the feature
Booklet to the print service, PrintScan is modified as follows

COMPONENT PrintScan
PROVIDEDSERVICES
[1] print: (Simplex, Duplex; A4, A3, letter; #n)
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[2] scan : HighResolution, LowResolution)
[1] print: (Booklet; ;)
REQUIREDSERVICES
Filter. Transform: {extToPostscript, PostscriptToText)

END PrintScan

It should be noted that the above is semantically equivatent

COMPONENT PrintScan
PROVIDEDSERVICES
[1] print: (Simplex, Duplex, Booklet; A4, A3, letter; #n)
[2] scan : HighResolution, LowResolution)
REQUIREDSERVICES
Filter. Transform: {extToPostscript, PostscriptToText)

END PrintScan

This is because both representation have the same famiatfres. However, at the imple-
mentation level, they are different as the former realised¢atures in two different services.

Notice that all services in the repository aeactiveawaiting to provide their services. This
reflects the reactiveness of system.

A system may be constructed and/or (re)configured by therddgef the various services
packaged within the components. The chosen services aneosau together within the assem-
bly using the standard composition operations: sequefjiaiteration (WHILE <boolean-
DO), conditional (IF<boolean- THEN <...> ELSE), etc.

SYSTEM Sysld
Body ::= service ; servicg
WHILE <boolean- DO service|
IF <boolean- THEN service ELSE service
service|| service
END Sysld

The high integrity of a component is reflected in way the smwviare specified and verified.
In [18, 2] we have provided a formal model based on Intervahferal Logic (ITL) [10, 11,
1]. Such a model is suitable for providing compositionahfat semantics to the services (and
hence components.) The compositional proof system of thérimework is also suitable for
verification and formal analysis.
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5 Concluding Remarks

Capturing or negotiating requirements is hard. There have been various approaoasds
such a goal from structured interviews and analysis to eftaphy. The most notable of them is
use-casg9] introduced by Jacobson. It defined use case as a sequktre@sactions initiated
by a user of the system (attor) and could be realised sequencer collaborationgraphs.
The technique has also been used to capture business E®eé@ssn the domain of Business
Process Engineering [7]. Various difficulties have beemtified with the use cases technique.
These include: how to write use cases, what to include in ases; how to structure use cases,
how big the use case should be, the levels at which use caselsl ¢ie applied, how to control
scenario explosion, and what shall be done with use casetbegdecome outdated.

These drawbacks and limitations were addressed in vargrisase-related approaches [3, 4,
5, 15, 8, 6] which addressed the need to map business needgdémdunctionalities. In [16] we
studied and compared representatives of these approadbes. of the approaches provides a
full solution to the problem. However, an integration betwtlse case with goalRJCWG) [3]
andRequirement, Services and Interfd&Sl) [4] approaches can provide a solution that maps
from business needs to services offered by the software coems.

We believe that the origin of the gap between business obgscand its underlying tech-
nologies stems from the language barrier between the twerdayOn the one hand, failure to
adequately capture business requirements due to, for dedack of articulation from the busi-
ness side, and on the other, deficiency in understandingémssigoals and objectives by the
champion of technologists. This gap gets wider as a resubofinualevolutionof both lev-
els. What we require is a mechanism by which such gap mayidged In this chapter, we
have outlined a framework -Mediator, that alleviate this problem. A key characteristic of
the approach is that we give the responsibilities of corsitig and (re)configuring systems to
those who have adequate business knowledge as they areabtectilate business goals and
objectives rather than relaying it to a requirement/desiggineer.

In addition to system’s construction, the K-Mediator playdecision making role at an or-
ganisational, business and project levels.

Crucial to the framework is the provision of a developmefriaistructure 3 which is a novel
approach of computation. This is basedservices andfeatures packaged withiromponents.
The infrastructure enjoyglugability (through ‘provided’ and ‘required’ servicesgility (using
features embedding) arfdgh integrityvia formal verification of correctness. Services are put
in an organisational-wide repository and continually updaas a result of either IT-evolution or
business needs.

We are currently in the process of building a tool supportiier K-Mediator. This tool has
the following components

1. A graphical Business Service Language for the constmeind the assembly of compo-
nents and systems;

2. A decision making facilities that enables the implemgaiteof business goals and objec-
tives; and
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3. Traceability mechanism that ensures that business raedsaced back to systems and
that the developed system satisfies business needs. IreFHguwe show such a facility.

% The FTR Workbench M B
Oroanisation  [nserd  View |

| From Business Requirements to Software Solution

] Business Detalis - [Business Users liew]
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Figure 4: Traceability
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