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1 Information Systems Should Support
Business Activities

A company is running some kind of business activities. The direction and scope of the activities are
guided towards some business goals of the company. We can classify the activities in different ways:

- operative or administrative activities
- manual or automatable  activities

The operative activities realize the company's business goals. They produce the products and services
for customers on the market. Operative activities are the real business activities in a company.
Administrative activities are supporting activities. They control and coordinate the operative activities in
order to fulfil the business goals. The administrative activities support operative activities with
appropriate information. Information systems are examples of administrative activities.

Both operative and administrative activities can be executed in different ways. When people execute
the work tasks, we have manual activities. If machines can execute the work, we have automatable
activities, An example of this is computer-based activities. We can combine operative/administrative
and manual/automatable parts in an activity matrix for a company. See figure 1 with an example from a
car repair company.
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Figure 1  Activity matrix: car repair company

The main perspective we have here is that information systems should support the business activities in
a company. The information systems should provide the desired effects and benefits for operative
activities. This is a pragmatic and praxiologic view of information systems [8,12,13]. We are against a
perspective saying that information systems are ends in themselves. This view leads to a separation
between information systems and business activities which is purposeless.

Our perspective admits that a specific information system can support other information systems
before giving direct effects to the operative activities. A trend is to distinguish many small information
subsystems each giving support to a well defined local activity (function), rather than to find a totally
integrated information system in a company.

An information system consists of three main parts; input messages, message processing and output
messages. We have also processing rules which control the execution of the information system. If the
processing rules are formalized we can have computer-based information systems. But if the
processing rules are "fuzzy" and we need a lot of personal knowledge, judgement and intuition, the
information systems must be manual. A purposeful information system shall help users to make good
decisions and support their actions.

2 Life Cycle Of Information Systems

Information systems, like other products, are going through a life cycle. We can identify four main
phases In a life cycle for information systems:

1 Information Systems Development

2 Information Systems in Use (Operation)

3 Information Systems Maintenance Management

4 Information Systems Withdrawal

There is an interaction between these phases. See figure 2. We start with information systems
development. This means work with analysis and design of information systems. We create or acquire
information systems which shall fulfil user needs and requirements. After that it is time for the users to

begin to utilize the information systems in their activities. The information systems are now in use or
operation.
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Figure 2 Life cycle

After some time we need to maintain the information systems. Maintenance consists of measures for
corrections, adaptations, improvements and reorganizations of information systems. The causes for
maintenance can be changes in business activities, in the environment of the company or in
information technology. Maintenance management is taking place when information systems are in use
(operation).

An important task for maintenance management is to make regular follow-ups (reviews, audits) of the
quality of information systems; at least once a year. A follow-up can lead to different outcomes:

- status quo

- maintenance measures

- renewed systems development
- need for withdrawal

Information systems will at the end be obsolete or unprofitable. They will not give the desired support
for the business activities in the company. The last phase of the life cycle is therefore withdrawal of
information systems. This can be the starting point for a new life cycle.

3 Classification Of Information Systems
Development

We shall now concentrate on the process of information systems development. But development of
information systems Is only one possible strategy or measure to improve business activities in a
company. Examples of other forms of corporate development are product/service development,
market development and organization development. In a real case you often choose a combination of
development measures in order to satisfy the business goals of the company. This points out the need
for a business activity analysis as a starting point for all development work. The business activity
analysis can lead to different outcomes:

- information systems development

- other development

- status quo (current situation is sufficiently good)
- liquidation (of activities that are obsolete)




We focus our interest on information systems development. The business activity analysis must have
pointed out that information systems development is a possible and appropriate strategy for
improvements in the company.

Information systems development can be accomplished in different ways. We need to characterize the
process of information systems development into some appropriate situations. A frame of reference will
be presented in this sense. See figure 3. We first classify information systems development after the
degree of "prespecification" into:

1 acquisition of standard application packages
development with help of ready-made subsystems

2 use of application generators
development with help of semi-manufactures built upon some kind of 4GL-tool

3 specification and design of tailor-made systems
development with help of new specifications from scratch

Each of these strategies represent a very special development milieu. They require quite different
methodologies in order to accomplish the development work in a fruitful manner. Information systems
development can also be regarded as an abstract or a concrete process by users. This leads to
another way of classifying information systems development after the degree of "concreteness" into:

1 analytical design
an abstract model of the information systems is analyzed in detall, the
requirement specification is "frozen" before an implementation takes place

2 experimental design (prototyping)
a simplified prototype (experiment system) of the information systems is quickly
implemented. The users get a concrete picture and can define their information
needs in a better way before a final implementation :

Information systems development is always a change process. There is a need for a cooperation
between users and systems analysts. We can classify information systems development after the
degree of "user influence" on the process into:

1 expert work
systems analysts are regarded as experts and develop information systems on their own
for the users (expert strategy)

2 collaborative work
users and systems analysts develop information systems In collaboration within
teamworks (anchoring strategy)

3 user work
users develop information systems on their own (self-service), if needed the users can get
help from the systems analysts during the development process (process strategy)

Above we have classified information systems development after the degree of prespecification,
concreteness and user influence. They are independent classifications. We can therefore combine the
different outcomes into 3 x 2 x 3 = 18 different situations of information systems development. In the
past the dominating combination was "tailor-made systems with analytical design by expert work". In
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Figure 3 Classilicalion of Informalion systems development



the future we can have many more situations than we have sketched here. But a common denominator
is the need for a business activity analysis before we choose our strategy for information systems
development.

4 What Is a Methodology?

The concept of methodology for information systems development has been debated during a long
period of time. Today most researchers agree upon the fact that a methodology gives a set of
guidelines for a systematic way of working with development tasks. It is important to realize that every
methodology is built upon:

1 a perspective including principles and values for good information systems and systems work
2 a set of more or less defined concepts which the development work Is based upon

Information systems development is a comprehensive and complex work task. You have to tackle
many problems and to decide upon many questions. Therefore a methodology have to divide the
development work into a number of perceivable phases. A useful methodology should consist of the
following parts:

3 a mode/ with a number of development areas (phases)
4 a method with a number of coherent work steps (method steps) for each development area
5 a set of description techniques for actual document types produced during the work steps

6 a set of tools like computer supports for document handling and to manage transitions
between work steps

In a real case you often have to choose between alternative methods, techniques and tools. Different
situations may require different methodologies. We have also a possibility to combine some
methodologies with each other and get a "methodology chain”". Sometimes we use the concept
approach as a synonym for methodology. But an approach could be a whole methodology or only
some parts of it.

5 Development Models - Our Perspective

The development process will now be illustrated by some models from which we have derived
experience from applications in Swedish industry. They are:

1 the V-model/
an overall model for corporate development

2 the ISAC-model
a general model for information systems development

3 the SIV-model
a specific model for acquisition of standard application packages




We also present the history and evolution of our development models with an emphasis on the
ISAC-model.

5.1 V-model

The V-model is focused on corporate development with a connection to information systems
development. It gives a broad perspective for development of business activities in organizations. The
model has an ability to comprise different methods, techniques and tools. Our V-model consists of nine
development areas (see figure 4):

V1  Business Diagnosis
a short and rapid diagnosis of the company's business activities; this gives direction and scope
for further development work

V2  Change Study (Change Analysis)
a deeper and more detailed study of problems, needs for changes and alternative solutions for a
delimited activity area in the company; this leads to a change programme

V3  Activity Study
a study of information systems and their potential contributions to the business activities, we
classify the information systems in manual and computer-based parts

V4  Information Study (Information Analysis)
a detailed study of the user’s information needs; this leads to a requirement specification for each
information system with messages and processes

V6  System Design

a technical design of data systems following the requirement specification; we create
data/program structures and manual routines

V6  Realization
we build and manufacture the information systems according to the system design, such as
program coding, data base organization and system tests

V7  Implementation

means that the users start to utilize the developed or acquired information systems in their
activities

V8  Follow-up (Post Audit)
we summatize experiences from using the information systems; achieved results are checked
against the change programme

V9  Business Assessment
we check that the developed activity areas correspond to our visions from business diagnosis

There is a logic that we draw the model as a "V". The development areas has a specific
correspondence to each other. Business assessment is a check to business diagnosis, follow-up is a
check to change study, implementation shall fulfil the results from activity study and finally realization
shall fulfil the results from information study.
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We have used the concepts business activity analysis and information systems development many
times. Business activity analysis corresponds to the development areas V1, V2 and V3 in the V-model.
Information systems development corresponds to the areas V3, V4, V5 and V6. Two important features
with the V-model are the possibilities to use the ISAC-approach (with computer support GraphDoc) and
the SIV-approach (with computer support SIV-DOC).

5.2 ISAC-model

The ISAC-model is general for information systems development with an emphasis on tailor-made and
generated systems. ISAC is an acronym for "Information Systems work and Analysis of Changes". The
ISAC-model consists of two main development areas according to the acronym:

1 Change Analysis
investigation of problems and possible solutions for business activities in a company

2 Information Systems Development ("Systemeering")
analysis and design of information systems in order to support the business activities

The ISAC-model corresponds to the development areas V2, V3, V4 and V5 in the V-model. The
ISAC-approach is a complete methodology and it is published in a full version [14] and a short version
[3]. For a summary of the short version, see figure 5. The most interesting feature of the
ISAC-methodology is the use of activity descriptions with A-graphs (activity graphs). The A-graphs
show how information systems support business activities in a company. A-graphs is a part of the
" SDA-technique for Systematic Description of Activities.

GraphDoc is a powerful tool for drawing and updating A-graphs (and I-graphs). The computer support
guarantees a consistent documentation. GraphDoc can be used during the development areas V1, V2,
V3 and V4 in the V-model. In the ISAC-model GraphDoc is used during work steps with graph drawing.
There have been many attempts to produce computerized tools for the ISAC-methodology, but
GraphDoc is the first really useful product in this sense. An interesting trend is the use of knowledge
based systems (expert systems) as computerized tools for the ISAC-methodology [11].

5.3 SlIV-model

The SIV-model is a specific approach for acquisition of standard application packages to support
business activities. The acronym SIV stands for "Standard application packages for Improved business
Activities ( = "Verksamhet" in Swedish)". Application packages are more and more taking over the
importance of self made systems [6,9]. The SIV-model consists of three main development areas (see
figure 6):
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1 Choice
between several available packages on the market for our delimited activity area (V3 in the
V-model)

s Adaptation

of the application package and the business activities to each other (V4, V5 and V6 in the
V-model)

3 Installation
of the application package in real life to support the business activities (V7 in the V-model)

The SIV-model comprises the development areas V3 through V7 in the V-model. A change study
precedes and a follow-up succeeds the SIV-model. The SIV-approach is published as a complete
methodology [1,2]. It has a customer perspective when dealing with application packages towards a
vendor.
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Figure 6 SiV-model

A special thing In this development milieu is that we have to make comparisons between our
requirements for the business activities and the properties of the application packages. In this sense we
need access to three types of documentation; activity description, package description and a
compared description. See figure 7. Activity descriptions with A-graphs can be a powerful basis for
both choice and adaptation of application packages.

ACTIVUITY
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PACKAGE
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COMPARISON

COMPARED
DESCRIPTION

Figure 7 Documentation (according to SIV)

SIV-DOC is a computer support for applying the SIV-approach in a more efficient manner. The tool is
for the moment only a prototype in order to illustrate a choice of application packages on the market. A
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user defines a search profile for his demands and then scans through databases of application
packages. SIV-DOC can be integrated with the tool GraphDoc and corresponds to the development
areas V3 and V4 in the V-model.

5.4 Evolution

We will now present the history and evolution behind the ISAC-approach. See figure 8. Information
systems development starts with some perceived problems of the users and goes through a
requirement specification to implementation of computer solutions. The first version of the
ISAC-approach was developed in 1968. The information analysis area was invented as a purposeful
basis for system construction. At this time many systems were built without regarding the real
information needs of the users. Information analysis became an instrument for doing better computer
programs.

Empirical tests of the ISAC-approach showed that information analysis was not enough. We have to
know if the information systems are a real support for the business activities. So around 1972 the
development area activity analysis was invented. Further empirical tests of the ISAC-approach showed
that even activity analysis was not enough. We have to know if information systems are solutions to the
existing problems or if other development measures should be taken. So around 1976 the development
area change analysis was invented. At the same time system construction was divided into data
system design and equipment adaptation. The ISAC-approach now became a complete methodology
and was published in a book [14].

After starting up Institute V during 1981 we have done some more empirical tests. Around 1982 we
divided change analysis into two subareas; business diagnosis and change study. The business
diagnosis is a broad change analysis for the whole business, while the change study Is a delimited
analysis for some activity area. After a change study you can choose between tallor-made, generated
or package systems. All of this we try to take care of in the V-model. The SIV-model is an extension for
dealing with application packages.

6 Classification Of Methodologies

Many researchers have done a lot of work to classify different information systems development
methodologies [5,7,17,18,19,20]. A common approach is to define a broad range of evaluation criteria
for comparison of methodologies. It could be over hundreds of criteria to handle in a concrete
evaluation situation. There is a need for a more comprehensive view of the avallable methodologies on
the market today. We have for some time looked for a simple, complete and fruitful classification of
methodologies. A proposal is to focus information systems development on three different aspects
[15,16, 22]:

1 Function analysis  (process-driven perspective)  (late 1960’s)
2 Object analysis (data-driven perspective) (mid 1970’s)

3 Event analysis (behaviour-driven perspective) (early 1980's)
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The classification also shows a historical evolution of methodologies. The first approaches for
development of computer-based information systems were function-oriented. As a reaction to these
data-driven approaches somewhat later emerged on the market emphasizing an object view of the
reality. They proposed that information systems development should be built on data, which are more
stable than functions [4,21]. Both function- and object-oriented methodologies originally proposed a
static description of information systems. As a reaction to these behavior-driven approaches emerged
considering properties such as triggers, dynamics and time-sequences. We use the term event analysis
for this kind of approaches. A special kind of event analysis is the use of routine analysis. An interesting
comment is that routine analysis has been used for a very long period of time when designing manual
routines in Information systems. ‘

At the beginning the three different aspects or "schools" were competing with each other. But
nowadays they more and more seek for appropriate combinations. The motive for this is that the three
aspects need to be complemented in real life applications. We think that a three-dimensional

classification in function, object and event analysis could be a solid base for comparison of
methodologies for information systems development. See figure 9.
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OBJECT
CI D

Figure 9 Classification of methodologies
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6.1 Function Analysis

Function-oriented methodologies emphasize the analysis of purposeful functions and their
connections within a delimited activity area. The development work follows a top-down approach with
hierarchical decomposition of functions in a number of levels:

1 Activities  and subactivities
2 Processes and subprocesses
3 Programs and program modules

For every function we define appropriate inputs and outputs. It is often recommended to start the
analysis with the outputs or the desired results from a function. The connections between the functions
is shown by the input/output sets. We can distinguish two major types of connections:

1 Physical flow of goods/persons  (operative aspect)

2 Information flow of messages (administrative aspect)
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The function analysis is documented in function graphs, like A-graphs or data flow graphs. All of the
function-oriented methodologies handle information flows but a few focus attention on physical flows,
foremost Scandinavian approaches. But at the end our interest Is to sketch the functions and their
information needs. A typical way of working with function analysis is as follows:

1 Break down the business area into purposeful functions
2 Indicate the processing philosophy for the functions (manual, computer-based)

3 Define exactly inputs/outputs for the functions and make when necessary descriptions of
the processes

6.2 Object Analysis

Object-oriented methodologies emphasize the analysis of objects and information (data) about them in
a delimited activity area. This "school" has many names like object/information/data/conceptual
modelling. A typical way of working with object analysis is as follows:

1 Identify purposeful objects (entities) in the business area
2 Describe necessary relations (associations) between two or more objects

3 Indicate appropriate information (data) about the objects and the relations;
this s called attributes (properties) and consist of both identifiers and descriptors

4 Define different constraints for objects, relations and attributes.
Examples are cardinality, transactions and value domains

Object analysis is documented in special graphs, often called data or conceptual models. These could
have a variety of complexity depending on how much constraints you want to show in the models. A
possibility is to have text pages and tables as complements to the data models. '

Data models of a reality can be constructed in different ways. It is often recommended that we first
make many small, local user models and then integrate these in several steps to a whole, global data
model. This is called view integration of user needs. The data model can be used as a basis for
normalization when we want to design data bases for an application.

6.3 Event Analysis

Event-oriented methodologies emphasize the analysis of behaviour properties such as dynamics,
triggers and transactions in a delimited activity area. The most essential thing is to sketch the time
sequence for functions and data in a system. A special kind of event analysis is the use of routine
analysis. More exactly a routine (or an errand) triggers a series of events and normally goes through
several functions and uses different forms of data, all this in a certain time order. A typical way of
working with routine (event) analysis is as follows:
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1 Indicate purposeful routines (with events) for the business area

2 Define relevant functions and data sets for every routine;
identify actual interest groups which are responsible for different parts of a routine

3 Describe the time sequence and the behaviour logic of the routine such as triggers and
alternative/combined actions

Routine analysis can be documented in different ways, like graphs, matrices and tables. Such routine
sketches can be based on either some pedagogical (popular) symbols or some formal (correct) rules.

Most methodologies for routine analysis focus on information flows in a system (administrative aspect).

Very few approaches also consider the physical flow of goods (operative aspect).

Another way of using event analysis is to specify possible and allowed order between different parts in
a system. This is of special interest for dialogue-based systems. In a dialogue-based system we must
describe the structure and order between different dialogues (or menues). This can be documented in
State Transition Diagrams (STD). A dialogue is often a smaller part of a business routine.

Event analysis is a complement to function and object analysis. Sometimes you tackle limited
behaviour aspects also in function analysis (description of processes) and object analysis (description
of transactions). But often it is not enough for synchronization of functions and objects/data to each
other in a proper manner.

6.4 Examples Of Methodologies

We will now give some examples of methodologies for function, object and event analysis. This is a
selection of some well-known approaches from Scandinavia and from the international market. Most
methodologies have a focus on one aspect and some have an equal emphasis on two aspects. Here
are some examples:

Function analysis:  1SAC/SIV, MBI/SAK
HIPO, SADT, SASD (Gane&Sarson), SA/SD (Yourdon)

Object analysis: EASYDOC/SYSDOC, OH, SASMO/SCB, SIMOL/CMOL, SUDD
EAR, NIAM, REMORA

Event analysis: MEKAN, Wall-graphs, SEB-bank, Rutinfléden
JSD/JSP, STD, ABN-bank

Function/obfect-

analysis: DATA LOGIC (with SA/SD), ROS (with MBI/SAK/SUDD)

Function/event-

analysis: SIM, SMX

Object/event:

analysis: OBS, SVEA (with SASMO)

16
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There are several computer supports emerging on the market today. They support either a specific
methodology or a group of different methodologies from at least two of our aspects. We call the latter
group integrated tools. Here are som examples:

Function analysis:  GraphDoc (for ISAC), SIV-DOC, DASAK (for SAK)
- Object analysis: Modellator (for EASYDOC/SYSDOC and SASMO)
Event analysis: RUTH (for Rutinfléden), Speedbuilder (for JSD)

Integrated tools: BLUES (with ISAC), DEFT, Excelerator, IEW, RAMATIC

6.5 Transformation

In a real situation we often need to combine at least two of the three aspects function, object and event
analysis. We need an appropriate mix of the aspects. Normally one of the aspects have a dominating
role, i.e. function analysis when we have a process-complex application. There is a need for more
research of how to transform the three aspects to each other. We can on a crude level think of three
ways of working with the aspects, namely in:

- Sequential way
- Parallel way
- lterative way

There Is a good motive to start the development work with at least a crude function analysis. This gives
a delimitation of the business area as a basis for further discussions on data use and routine handling.
A perspective for working with the aspects could therefore be as follows:

1 Function analysis
2  Object and event analysis (in parallel)
with possibilities to do necessary iterations. We have some good experiences from this way of working.

A proposed methodology for combining function analysis (step 1-3) and object analysis (step 4-7)
could be as follows:

—

Break down the business area in purposeful functions with the help of A-graphs
2 Indicate manual and computer-based functions

3 Define the interfaces (inputs/outputs) between functions

4 Describe relevant interfaces with the help of visual layouts

5 Construct a local data model for every interface

6 Integrate the local models to a global data model

7 Check consistency, completeness and workability
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The function analysis is a top-down process while the object analysis is a bottom-up process [10]. A
proposed methodology for combining function analysis (step 1-3) and event/routine analysis (step 4-7)
could be as follows:

1 Break down the business area in purposeful functions with the help of A-graphs

2 Indicate manual and computer-based functions

3 Define data sets (inputs/outputs) between functions

4 Indicate purposeful routines (with events) for the business area

5 Define which functions and data sets in the A-graphs that are affected by each routine
6 Describe the time sequence for each routine going through the A-graphs

7 Construct a routine sketch or a state transition diagram (STD) for every routine showing the order
between different funtions/data sets in the A-graphs

6.6 Car Repair Company - an Example

We will now lllustrate how we can work with the three aspects function, object and event analysis in an
example from a car repair company. The example follows the transformation rules outlined in section
6.5 above. The business area of the car repair company is documented according to:

1 Function analysis
A-graphs (ISAC) using GraphDoc (figure 10)

2 Object analysis
Data model (EASYDOC) using Modellator (figure 11)

3 Event analysis 2
Routine sketches (Rutinfléden) using RUTH  (figure 12a, 12b)

We have documented the current situation of our car repair company. The function analysis consists of
two A-graphs; an overall graph of the "car repair company" and a detailed graph of the "repair shop".
The object analysis consists of a data model showing a graph of relevant objects and their relations
and a text list of attributes; all this In a car repair environment. The event analysis consists of two
routine sketches for "car handling" and "customer questions".

7 Conclusions

The purpose of this paper is to classify the process of information systems development according to a
frame of reference. The main perspective is that information systems should support business

activities. See figure 13. We have here the business activities in focus. There are many factors in a
company which contribute and interact in order to achieve desired results in the business activities. On
a crude level we have strategies for the physical flow of goods, information systems and organization of
work.
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Figure 11 Object analysls (Modellator): Car repalr environment
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Customer Questions
Routine sketch

[CUS TOHER I FOREHA | ORKER » JNNNTE0P-S S TR Rl S WL 4
o1 & Customer questions on work status

e I - B2 CONTAC
CORTAC Custoner contact
QUEST o3

auest| 22 =% et
Vorkorder questions
L - 04 PLa
84[[, B8 CHECK Work shop plamning (control of status)
PLAK -85 W

}

“W—l File on actual workorders
" ~ 8 W OK?

HO 89 Can you get info about status fron work order?
REPAIR -0 W
L 18 fictual workorder ,

Ti—- - 88 CHECK
4 MHSHER 5 12 proii Eh;cgk ;EP :;l:;k status fron actual workers
(?' CE— Tl Repair work at actual stations

CONTAC - 18 AHSVER
finswer about work status fron actual workers

15
cosT? - 11 S
14 17 19 Vork shop planning (surmarize of work status)

- 12 SIATUS

Hork status

- 13 CONTAC

Customer contact

- 14 ANSUER

finswers to customers about work status

- 15 C0S1?

Is the customer interested in estimated cost?
- 16 QUEST

Custoner questions on estimated cost for repair
- 17 IW.

Invoice estination

- 18 PRICES

Prices on work tine and spare parts

- 19 COSY

Estinated cost for repair

QUEST

~

1

®' ANSHER

COHTAC

Figure 12b Event analysis (RUTH): Customer questions routine
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Figure 13 Factors contributing to business activities




Information systems could be of different kinds such as package, generated or tailor-made systems. If

information systems should give a good support for business we have to consider the whole life cycle.

There is always possibilities to improve development, use and maintenance of information systems.
Information systems development Is influenced by many factors such as project management,
methodologies and cooperation principles. These factors have to be coordinated in a real situation.

Information systems development methodologies can have positive effects in a company. But this
requires that the methodologles lead to efficlent development, which In turn lead to high-quality
information systems, and furthermore to a good support for the business activities. It is also important
how a company choose, educate and support a methodology. We have today a huge number of
methodologies on the market. But it Is rather easy to classify them after function, object and event
analysis. In the future a useful methodology must be supported by powerful computerized tools.
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