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Abstract. This paper is a part of reseach, in which the way the experts of
information systems design follow in their work is analysed and spedfied. The
goal of this paper is to present a method for spedficaion d user requirements
in the ealiest stages of information system development. The techndogy for
spedfication o user requirements, and the rules, which help to keep correa
spedfication o user requirements, is presented. These technology and
verificaion rules can be implemented in CASE tool to fadlitate the
spedfication d information system.
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1 Introduction

Nowadays there ae many methods for the development of computerised information
systems (CIS) and projed management. The spedficaion of requirements is one of
the most important stages in the development of information system. The rred
description is one of the principle goals in preparation of spedficaion of
requirements. Well-done spedfication of information system is a significant suppart
to creae software with high functionality, low maintenance and adaptation costs.

Many methods rely on graphicd spedfication techniques [1-7]. The reeson is that
concepts used in the method are eay to understand and use if they are expressd in
graphicd notation. A formal spedfication has many qualities. But it is difficult to
prepare concrete, formal and understandable to all persons concerned dacument —
requirements’ spedficaion. The user must verify al requirements becaise they are
the holders of the requirements. But this is possble if the requirements are presented
in the form understandable to user. Formalism used in traditional methods for the
requirements’ spedficaion is not accetable to the user if he/she has no spedal
knowledge. These methods are not applicable in the ealiest phases of requirements
spedfication when requirements are informal.

Filled in document forms play an important role in the analysis of user
requirements. This analysis helps to reduce the gap between the user and the system
analyst. The methods of form analysis [8] are oriented in credion of an entity
relationship scheme, but from document forms more information about the needs of
user can be aquired. However, not al information used in the CIS development is
presented as document forms.
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Many powerful todls already exist to assist in system development for instance
Orade Designer/2000[1,2], Cayenne [9], Rational Rose [7]. But pradice shows that
these toods metimes are not useful. The reason is that they use technology of
spedficaion of user reguirements, which is not adequate to the natural way of
analysis of the user neals. In addition, they require high educated and trained
spedalists to work with them. And the system designer has to work hard for some
time.

Information systems designers, experts of information systems development, use
their knowledge and experience in their work [10]. They perform the analysis of user
requirements and make formal description if user demandsit or if it is helpful to them.
Thisway of working is cheded in pradice and is used succes<ully.

This paper is a part of reseach, in which the way the experts of information
systems development follow in their work is analysed. The model and process of
modelling which deds with ealiest stages of spedfication of user requirements is
presented only.

2 Description of model and the way of specification

The task to reduce agap between user, the holder of requirements, and the designer is
not a simple task for the researchers. The one important property of good spedfication
of user requirements is that it expresses these requirements in the notation
understandable to the user without additional training. So, what kind of notation
satisfies user understanding best?

All people can express requirementsin netural language. But expressonsin ratural
language can be full of contradictions, redundancies and ambiguities. Besides, the
natural language is not formal, so, finding of shortcomingsis complicated enough.

Many different kinds of document forms are widely used for communicating
information and knowledge in organisation. A document form refleds a wmnceptual
view of some red-world system and is a partly formal representation of a wlledion of
data. A grea ded of conceptual applicaion knowledge is contained in these forms.
Therefore, the document forms are famili ar to user. So, a solution to use the document
forms in the requirements aaquisition, spedficaion, and validation is taken in our
approach.

The posshility to extrad knowledge &out problem domain and to use it for
building a cnceptual schema has intrigued a number of reseachers. The typicd
approach taken by the reseaches is to implement prototype system that accepts
information requirement statements from user in terms of graphica form designs, or
spedficaions, and examples of filled in forms, and derives conceptual, ER-type
schema.

The document forms, which circulate in organisation, can be divided into two
subsets: the document forms containing information concerning transadions of
businessprocess (1), and the document forms, which generalise an information from
the document forms of first subset (2). Examples of document forms from the first
subset are orders, invoices, and insurance palicies. Examples of document forms from
the second subset are financial reports, market reports, and summaries of day saes. In
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our approach document forms from the first subset are identified as data resources,
and dacument forms from the second subset are identified as output reports.

In many cases a dedsion to computerise the information system is taken to get
more and in eff ective way the generali sed information about the business If user can
identify what kind of generalised information (output reports) he/she wish to extrad
from the computerised IS then it is reasonable solution to start the aquisition of user
requirements from identification of output reports of computerised system must be
developed. Identified output reports must be spedfied becaise they are apart of user
functional requirements.

In our approach for spedfication of output report a model of output report is
proposed. To make this model understandable to user this model consists of two
layers (seeFig. 1): auser-oriented layer and a designer-oriented layer. A user-oriented
layer is a graphicd design of output report where eat graphicd element represents a
certain concept from output report spedfication. At first sight it isa apy of document
form. Designer-oriented layer is an output report model obtained from the user-
oriented layer after several iterations of analysis. This modd is a graphicd
representation of output report’s pedficaion where lay out position of ead element
isas close & posdble to the paosition of the same @mncept in user-oriented layer. The
purpose of this is possbility easier skip from one layer to another. Each element of
this model is classified (for example, attribute, group of attributes, value-constraint)
and can be related with others elements by relationships (for example, an attribute A
is a part of group B). These relationships reflect some semantic dependencies among
data, and later are used to build conceptual schemaof CIS. The model of output report
is used to identify the data resources must be processed by CIS to form spedfied
output reports.

To begin the spedficaion of user requirements from the spedfication of output
reports is reasonable because spedfied output reports describe the boundaries of the
IS must be analysed and computerised. It means, for example, that designers must
involve only that business objeds in the @nceptual model of CIS about which
information is presented in the data resources used to form one spedfied output report
at lesst.

In our approach for spedfication of data resources a model analogicd to the model
of output reportsis used. Thismodel is smilar to the form model from approaches of
other researches[8] and is used to derive conceptual schema dso.

But not only this £hema can be aquired from the data resources. The aquisition
of functional requirements, which describe dynamic of CIS, is complicaed task for
designer. The involvement of data resources in the process of aqquisition of these
regquirements can make this process smpler.

A process of filling in of document forms corresponds to the cetain business
process For example, the order isrecorded if a austomer orders a product; the order is
cancdled if a customer cancds it. If information about ordering and cancdlation
presented in order must be stored in the CIS database, then adion “order” and
“cancd” are the business adions, which must be suppated by CIS becaise these
adions process this information. If ordering information is recorded first and
cancdlation information can be recorded after only then it means that cancdl ation of
order is possble only if customer performed an ordering adion. In this way the
precondition to perform cancdlation of order was described. Anaysing the
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alternatives of way how to fill in a cetain document form, knowledge aout posshle
sequences of businessadions can be aquired.

Orders’ QEP ORT Specified concepts

User- Customer (name) of output report

oriented layer

to orders' report
(date) (date) customer
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Fig. 1 An example of data resource model

The adors, responsible for performance of spedfied adions, play an important role
in CIS design. Spedficaion of knowledge a@out them is necessary. The data
resources and output reports can be helpful in the aquisition of such knowledge. For
example, by asking the user ‘who is responsible for filling of certain fields in the
document form’ knowledge &out adors, who are responsible to perform certain
adion, can be aquired.

In our approach an enterprise model, suggested by R.Gustas [12], was sleded to
express user functional requirements graphicdly. Problem is that this model is
oriented to designer, not to user. We think that prototype of CIS can be asolution of
this problem.

Designers of CIS analyse the document formsto extrad user requirements. But the
traditional methods (and toals) do not correspond to this way of working. The way the
experts of analysis and design of information system follow in ealiest stages of
spedfication of user requirements can be described as foll ow:

1. Spedfication of functions of CIS.

2. Spedficdion of output reports of CIS.

3. Spedficaion of data resources.

4. Spedfication of relationships among data resources.

5. Spedficaion of adions processng the data resource

Function is smething a CIS does or neadsto doin the future to help to achieve its
objedives. Output report is a result of functionality of CIS (for example, result of
query displayed in screen or printed on paper in spedfied presentation form). Data
resource is aresource of data necessary to form the output reports. The data resource
can be documents' forms that circulate in organization, verba reports, and other
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information medium. Relationships define the way the data resources can be linked.
Action is an adivity, which changes gate of data resource

These five stages presented above mrrespond to ordinary adions performed by
experts in the analysis of the users’ requirements. These five stages do not cover a
processof spedficaion of requirements fully.

A formal definition of model M of spedficaion of users reguirements to CIS
preliminary is defined astuple M=<Q, F, O, I, T, P, A, S, R, Z>, where

Q —set of projeds,

F — set of functions,
O — set of output reports,
| — set of data resources,
T — set of attributes,
P — set of adions,
A —set of adors,
S—set of states of data resources,
R — set of relationships, R=Rp[IRs, where
Rp - set of relationships among data resources,
Rs - set of relationships among data resources being in a cetain states,

Z —set of IS_A dependencies.

An attribute is a part of output report and/or data resource. An actor is mething
or somebody responsible for carrying out the adion and/or interest in outcome of
adion. A Sate of data resource is described in section 2.5. In the next sections eech
stageis discussd.

The Orade CASE Method Entity-Relationship dagram notation [2] (seeFig. 2) is
used for graphicd representation of model for spedficaion of users requirements.
The model for spedficaion users' requirements concerning computerized functions,
output reports and data resources (first four stages of process of spedfication) is
presented in Fig. 3.

First order predicae logic is used to define mnstrains for ead stage of
spedfication.

2.1 Specification of functionsof CIS

The spedfication of user requirements garts from the description of the purpose of
CIS. The adivity of CIS must be based on the goals, which wsers of CIS want to
adhieve in they business with help of CIS. The users of CIS starts description of
purpose of CIS identifying which business functions must be computerised. In this
way, the part of existing information system must be analysed is identified. Example
of function can be registration of orders. In the model presented in Fig. 2 possbility to
model relationships among functions, and relationships among adors and functionsis
not included because of reason do not complicate the diagram. But posshility to
model them istaken into acount in the ealier reseach [11].
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Fig. 2. Notation of Orade CASE Method Entity-Relationship dagram
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Fig. 3. Model for spedficaion d functions, output reports and data resources

Constraint:
- For ead projed q at least one function f must be spedfied which is analysed in

projed q:
0 qUQ OfOF [projed_function(q,f)]. (1)
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2.2 Specification of output reportsof CIS

A description of purpose of CIS ends when the output reports are identified to
define the results of functionality of CIS.
Constraints:
— For eadt function f at least one output report o must be spedfied which is a result
of function f:

0 fOF OodO [result(f,0)]. 2
— Each output report o isaresult of one and only one function f:
0 00O O fOF [result(f,0)]. ©)

— For ead output report o at least one atribute t must be speafied which describes
this output report o:

0 o0JO OtOT [describe_o(o,t)]. 4

2.3 Specification of dataresourcesof CIS

Spedfied output reports define what kind of data resourcethey neel.

Constraints:

For eadt output report o at least one data resourcei must be spedfied which is used
to form the output report o:

0 o0 Lill [use_data resource(o,i)]. (5
— For ead dataresourcei at least one dtribute t must be speafied which describes
the data resourcei:
Oi0l OtOT [describe_i(i,1)]. (6)
— Each attribute t describes output report o or data resourcei:
O tOT [OodO [describe_o(o,t)] 0 0oO [describe i(i,t)]]. (7

Equation (4) can be expressed more predsely. For ead output report o and
attribute t', which describes output report o, data resource i and attribute t”,
which describes data resource i, must be spedfied which is used to form the
attribute t’ of output report o:

0O o0O O t'0T [describe _o(o,t') O Oidl Ot"OT [describe i(i,t") O (8)
use_attribute(o,t’,i,t"]].

For eat data resource i’ attribute t* must be spedfied which describes data
resourcei’, and is used to form the atribute t”, which describes output report o,
or attribute t’” , which describes data resourcei” :

0’01 Ot OT [describe i(i’,t') O[Oo0O Ot"OT [describe_o(o,t”) O (9)
use_attribute(o,t”,i’,t')] O[Ti"OI Ot OT [describe_i(i”,t'™") O
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use_attribute(i” t'",i’ t']].

2.4 Specification of relationships among data resour ces

Spedfied data resources can be related. If a catain field of data resourceis copied to
corresponding field of another data resource then it means that relationship between
these data resources exists. For example, the invoice to be filled part of data is
rewritten from order. Knowledge &out relationships among data resources is
aqquired by analysing the process of filling of data resources. The relationships
among data resources must be spedfied because they evaluate to the relationships
among entities (or classs).
Congtraints:
— For ead data resource i’ and i”, which describes attribute t' and t” respedively,
and attribute t” of dataresourcei” is used to form attribute t' of data resourcei’,
relationship r between dataresourcesi’ and i” must be spedfied:

Oi,i"01 Ot 0T [[describe i(i’,t') O describe i(i” ") O (10)
use _attribute(i’,t',i”,t"] O OrOR, [relate(r,i’,i")]].

— Each relationship r relates two data resourcesi’ andi” only:

OrORo O 17, "0 [relate(r,i’,i")]. (12)

2.5 Specification of actions processing the data resour ces

The business adions change the mntent of information presented in document forms.
In our approach the change of this content is expressed as change of state of data
resource A state of data resource can be defined as data resource described by certain
set of attributes (not empty) or/and by set of relationships with cther data resources.
Each state of data resource differs in set of attributes or/and by set of relationships.
For example, after ordering adion one set of fields was filed in the order, and after
cancdlation another set of fields was filled in order. The invoiced order must be
related with certain invoice The adions transit data resources to the state in which
data resource becane suitable to form a ceatain output report. The adions of user can
be of five types:

1. Action of credion — credes the item of dataresourcein a cetain state;

2. Action of transition — transits data resource from state to state;

3. Action of termination — deletes item of dataresourcebeing in a cetain state;

4. Action of modification — modifies data resource without state changing;

5. Action of seach — seaches a spedfied data (in this paper this type of adion is

not analysed).

Spedficaion of adions processng the data resources defines not only the
functionality of information system but gives an oppatunity to spedfy data resources
more predsely. For example, relationship between order and invoice reduces
ambiguity if it is gedfied between order beingin state “invoiced” and invoice.
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Integration of static and dynamic dependencies bewmmes necessary to get
spedfication of higher quality. Enterprise modelling approach was €leded as model
having posgbility to integrate static and dynamic dependencies. Typicd
communicdion adion loopis abasic construct of enterprise modelling approach [12].
Communication adion loop consists of communicaion adions and transition
dependencies. Graphicd notation of communication adion and transition dependency
isdepicted in Fig. 4.

The graphicd representation of model for fifth stage is presented in Fig. 5 using
Orade CASE Method Entity-Relationship diagram notation (seeFig. 2).

Agent Q

Next state Current state

Name pf Flow
Recipient é
the same flow
Legend
- state of object <4——— -state
transition

© - action 44— — ;Ig\tlnvmumcatlon
|:| - actor

Fig. 4. Communication adion and state transition dependencies

Constraints:

Each data resourcei exist in a cetain state s. For ead data resourcei at least one
state s must be spedfied:

Oidl OsOS [state of data resource(i,s)]. (12)

Eadc state sis gedfied for one dataresourcei only:
OsOSi0l [state_of data resource(i,s)]. (13)

Eadh attribute t, which describes data resource i and attribute t, describes at least
one state s of data resourcei:

Oi0I OtdT [describe_i(i,t) O OsOS[state of data resource(i,s) O (14)
describe_state(i,st)]] .

Each data resourcei being in certain state s must be described by one atribute t at
least:

Oi0l O sdS[state of data resource(i,s) O OtOT [describe_state(i,s,t)]] . (15)

The states of certain data resource ae related by 1S A relationship. For example,
an order can be in such states. Invoiced, Not Paid, and Paid. The adions, which
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transit an order to these states, are Invoice, and Pay. These adions are performed
consequently. An adion Invoice transits an order to state Invoiced. But redly, while
an adion Pay is not exeauted, the order is transited to the state Not Paid, which is a
sub-state of state Invoiced. An adion Pay transits an order from state Not Paid to the
state Paid. But after payment an order remains in the state Invoiced, also. Not paid
order and paid order inherit al attributes and relationships, which describe the
invoiced order. So, order in state Not Paid and order in state Paid is an order in state
I nvoiced.

— Eacdh IS A relationship z relates two states s and S” (S’ is a spedalizaion of s’)

spedfied for dataresourcei:

OzO0z0O Oi01 O 8, s'"0S[state_of _data resource(i,s') O (16)
state of data resource(i,s’) O isa(r,i,s',s")]] -

— For ead relationship r’ spedfied among data resources i’ and i” at least one
relationship r” relating this inputs being in a ceatain states s and s’ acwrdingly
must be spedfied:

OrORp O1,i"0l [relate(r,i’,i”) 0 Or'Rs O Os, s'0OS (17)
[state_of data resource(i’,s') Ostate of data resource(i”,s’) O
relate(r”,i’,s,i”,sN)]] .

— Each relationship r relates only two data resources i’ and i” being in the catain
statess' and s’ acardingly:

OrORsO O, 1”0l O, s'"0OS[state_of _data resource(i’,s') O (18)
state_of data resource(i”,s’) O relate(r,i’,s,i",s")].

— For eadt state s of data resourcei at least one adion p must be spedfied which
trangit dataresourcei to the state s (state sis a next state acordingly to the adion

p):
Oi0l O sOS[state of data resource(i,s) 0 OpOP [next_state(i,s,p)]]. (19)

— For eat dataresourcesi at least one adion p must be spedfied which creaes data
resourcesi in a cetain state s;

Oidl OsOS OplP [state_of data resource(i,s) O creae(p,i,s)]. (20)

- For eath adion p, which creaes data resourcesi in a cetain state s, state sis the
expeded (next) state of dataresourcei acardingto adion p:

O pOP OOl O sOS[creae(p,i,s) O next_state(i,s,p)]. (21)

— For eat adion p one and only one agjent @ and one and only one redpient a”
must be spedfied:

OpOP [ &, a"lA [agent(p,a) Oredpient(p,a”)]. (22)
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Fig. 5. Model for spedficaion d adions processng data resources

— For eath ador a at least one process p must be spedfied, in which an ador
participate:

0O alJA OpOP [agent(p,a) O redpient(p,a)]. (23)

— For ead adion p, which transit dataresourcei from state s’ to state s”, state s’ isa

current state of dataresourcei acwrdingto adion p and state s’ is a next state of
resourcei acordingto adion p:

OpOPOI0I Os,s'0OS[[transit(p,i,s,s’) Ostate_of data resource(i,s) (24)
Ostate of data resource(i,s’)] O [current_state(i,s' ,p) O
next_state(i,s’,p)]] .

— For ead data resource i at least one adion p must be spedfied which terminates
dataresourcei beingin a cetain state s:

Oi0l OsOS O pOP [state_of _data_ resource(i,s) O terminate(p,i,s)]. (25)

— For eat adion p, which terminates data resources i being in a cetain state s, state
sisthe aurrent state of data resourcei acrding to adion p:

O pOdP Oi0l O sOS [terminate(p,i,s) O current_state(i,s,p)]. (26)
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— For ead adion p, modifies data resource i being in state s, current state of data
resource i (and next state of data resource i) before (and after) performance of
adionpis dates:

O pOP Oi01 O sOS [[modify(p,i,s) Ostate_of data resource( i,s)] O (27)
[current_state(i,s,p) O next_state(i,s,p)]] -

2.6 Inferencerules

In this edion some inference rules are presented. These rules help to identify certain
faults in spedficaion of user requirements. Some of them do not give proper
conclusion but two ore more posshle solutions. Right solution can be obtained from
the user.

The change of state of certain data resource ca change the state of other data
resource if these data resources are asociated. The mnseguence of rules (28, 29, 30,
31, and ) is based on the estimation of states of data resources, the assciations
among them, and the processng adion. The consequence of rules (33 and 34) is based
on the estimation of states of data resources, and the processng action. The
conseguence of rules (35 and 36 is based on the estimation of states of data
resources, IS A dependency among them, and the processng adion. The rest rules
derive the type of adion on the estimation of number of adions edfied to certain
data resource and on the estimation of role of state (current or next) acwrding to the
adion.

The rules presented below are proper if states of data resource ae digoint. The
asciations entitled as bijedion dependency and surjedion dependency [13] are
included in the inference rules because they allow a designer to avoid the holes of
semantics. A bijedion dependency can be defined as follow: A and B are in bijedion
dependency if ead instance of A is dependent on exadly one instance of B, and eat
instance of B is dependent on exadly one instance of A. A surjedion dependency can
be defined as follow: A and B are in surjedion dependency if each instance of A is
dependent on one or more instances of B, and ead instance of B is dependent on
exadly oneinstanceof A.

Rules:

— |If dataresourcei’ instate s’ isin at least one relationship r’ of bijedion kind or in
at least onerelationship r” of surjedion kind with dataresourcei” in state s’, and
state s' is a arrent state of data resourcei’ before performance of adion p, and
adion p acaording to state ' is not an adion of modificaion then state s” is a
current state of dataresourcei” before performance of adion p:

Oi,i"d1os,s’0sor, rRs OpdP [[state_of _data resource(i’,s') O (28)
state_of data resource(i”,s’) O[[relate(r,i’,s',i",s") Obijedion(r’)] O
[relate(r”,i’,s,i",s") Osurjedion(r”)]] Ocurrent_state(i,’s ,p) O
- modify(p,i’,s)] O current_state(i”,s",p)].

— If dataresourcei’ inthis gateisin at least one relationship r’ of bijedion kind or
in at least one relationship r” of surjedion kind with data resource i” being in
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state §’, and state S’ is a next state of dataresourcei’ after performance of adion
p, and adion p acording to state S’ is not an adion of modificaion then state s
isanext state of dataresourcei” after performance of adion p:

Oi,i"dros,s'0sor, rdRs OpOP [[state_of data resource(i’,s') O (29)
state of data resource(i”,s’) O[[relate(r’ ,i’,s',i",s") Obijedion(r')] O
[relate(r”,i’,s,i",s") Osurjedion(r’)]] Onext_state(i,’s’,p) O -modify(p,i’,s)]
O next_state(i”,s’,p)].

— If dataresourcei’ in state s isin at least one relationship of surjedion kind with
dataresourcei” beingin state s’, and state s’ isa aurrent state of data resourcei”
before performance of adion p, then state s’ isjust a current state of data resource
i’ before performance of adion p, or state S is a state, which is modified by
adion p:

gi,i"010s, s'0S 0OrdRs OpOP [[state_of data resource(i’,s') O (30)
state of data resource(i”,s’) Orelate(r,i’,s ,i”,s") Osurjedion(r) O
current_state(i”,s’,p)] O [current_state(i’,s',p) O modify(p,i’,s)]].

— If dataresourcei’ inthis date s’ isin at least one relationship r of surjedion kind
with data resourcei” being in state s’, and state s’ is a next state of data resource
i” after performance of adion p, then state s' isjust a next state of data resource
i’ after performance of adion p, or state ' is a state, in which data resourcei’ is
modified by adion p:

gi,i"010s, s'0S 0OrdRs OpOP [[state_of data resource(i’,s') O (3D
state of data resourceg(i”,s’) Orelate(r,i’,s ,i”,s") Osurjedion(r) O
next_state(i”,s’,p)] O [next_state(i’,s',p) O modify(p,i’,s)]] .

— |If dataresourcei’ instate s’ isin at least one relationship r’ of bijedion kind or in
at least one relationship r” of surjedion kind with data resourcei” beingin state
s’, and state s” of dataresourcei” can be modified by adion p then data resource
i" instate s’ ismodified by acion p also:

Oi,i"d1os,s'0sor, rORs OpOP [[state_of data resource(i’,s') O (32)
state_of dataresource(i”,s’) O[[relate(r’,i’,s,i",s") Obijedion(r')] O
[relate(r”,i’,s,i”,s") Osurjedion(r’)]] Omodify(p,i”,s")] O modify(p,i’,s)].

- If state S’ is anext state of dataresourcei’ after performance of adion p, and state
s’ isa arrent state of data resourcei” before performance of adion p then state
s* of data resource i’ exist, and this gate is a current state of data resource i’
before performance of adion p, and/or state s** of dataresourcei” exist, and this
state is a next state of dataresourcei” after performance of adion p:

gi’, i"01 0s,s'0S 0 pOP [[state_of _data resource(i’,s') O (33)
next_state(i’,s',p) [state of data resourcei”,s’) O current_state(i”,s’,p)] O
Os*0S [state_of_data resource(i’,s*) Ocurrent_state(i’,s*,p)] O Os**0OS
[state_of data resource(i”,s**) O next_state(i”,s**,p)]] .
- If state S’ is anext state of dataresourcei’ after performance of adion p, and state
S’ isanext state of dataresourcei” after performance of adion p, or if state s’ is
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a airrent state of dataresourcei’ before performance of adion p, and state s’ isa
current state of data resourcei” before performance of adion p then at least one
relationship r between dataresourcei’ being in state s and data resourcei” being
instate s’ exist:

ai, i"01 ds,s’0s 0 pdP [[state_of data resource(i’,s') O (34)
state_of data resource(i”,s’) O[[ next_state(i’,s',p) O next_state(i”,s’,p)] O
[current_state(i’,s',p) Ocurrent_state(i”,s”,p)]] O OrORs
[relate(r,i’,s ,i",s")]].

- If state s of data resourcei isrelated with other state s* of dataresourcei by IS A
dependency z (s* is a spedalization of '), and state S’ is current state of data
resource i acording to adion p, then state s* is current state of data resource i
acordingto adion p also:

didlds,s*0s0z0Z 0O pdP [[state_of data resourcel(i,s') O (35)
state_of data resource(i,s*) O isa(z,i,s*,s) Ocurrent_state(i,s',p)] O
current_state(i,s*,p)].

— |If state s’ of dataresourcei isrelated with other state s* of dataresourcei by IS A
dependency z (s* is a spedalization of §) and state S is next state of data
resource i acaording to adion p, then state s* is next state of data resource i
acordingto adion p also:

didlds,s*0s0z0Z 0O pdP [[state_of data resourcel(i,s') O (36)
state of data resource(i,s*) Oisa(z,i,s*,s) Onext_state(i,s ,p)] O
next_state(i,s*,p)].
Two sub-sets of data resources can be defined acording to the number of states of
data resources to describe the rules presented below:
I=1"01", where
I” — subset of data resources having more than one state,
I” —subset of data resources having one state only,

Oidr Os, s*OS[state_of data resource(i,s) Ostate of data resource(i,s*)],  (37)

Oi01" 0! sdS[state of data resource(i,s)]. (38)

— If state sisanext state of data resourcei after performance of adion p and state sis
only state of dataresourcei then adion p creaes dataresourcei in state s:

Oi01” OsOSOpdP [[state_of data resource(i,s) [ next_state(i,s,p)] O (39)
creae(p,i,9)].
- If state sis a arrent state of data resource i before performance of adion p and
dtate sis only state of data resourcei then adion p deletes data resourcei in state
s
Oidl1” O sOSOpdP [[state_of_data resource(i,s) O current_state(i,s,p)] O (40)
delete(p,i,s)].
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- If state " is a next state of data resourcei after performance of adion p and state
s’ is not the only state of data resourcei, then adion p creaes data resourcei in
state s’ or trangits date of data resourcei from state s' to state s’, or modify data
resourcei beingin state s”:

0 igr 0 s'0s UpUP [[state_of_data resource(i,s”) U next_state(i,s’,p)] U (41)

[creae(p,i,s’) O -0 sOS [state of data resource(i,s) O transit(p,i,s,s’)] O

- modify(p,i,s’)] O [-creae(p,i,s’) O OsOS [state of data resource(i,s) O

transit(p,i,s,s’)] O -modify(p,i,s’)] O [-~creaelp,i,s’) O -0 sOS

[state of data resource(i,s') Otransit(p,i,s,s’)] O modify(p,i,s")]].

- If state s’ is a aurrent state of data resource i before performance of adion p and
state s' is not the only state of data resourcei then adion p deletes data resourcei
in state §', or transits date of data resourcei from state ' to state s’, or modify
dataresourcei beingin state s':

Oidr O0sOSOpdP[[state of data resource(i,s) Ocurrent_state(i,s,p)] O  (42)
[delete(p,i,s) O-0s'0S[state of data resource(i,s’) Otransit(p,i,s',s’)] O
- modify(p,i,s’)] O[~delete(p,i,s) O Os'0S [state_of data resource(i,s’) O
transit(p,i,s',s’)] O-modify(p,i,s)] O[~delete(p,i,s) O-0s'0S
[state of data resource(i,s’) Otransit(p,i,s’,s’)] O modify(p,i,s)]].

3. Conclusion and futuredirections

The gproach for spedfication of user requirements in ealiest stages of development
of computerized information system is presented. The quality of it is that this
approach alows reducing the gap between wser of CIS and developer. The
requirements Pedfied as output reports and data resources are more understandable
to user than any graphicd or forma spedfication used in traditional methods. A
process of spedfication proposed for this method is natural and logicd, and do not
force the developer of CIS to acoommodate to methods which need another
technology of spedficaion of requirements than he use in his work usualy. A
spedficaion of requirements obtained in these five stages is not complete but it is
good kadckground for evolution. From the spedfied data resources, states and the
relationships the entity-relationship diagram (or classdiagram) can be modell ed easily
than from informal definition. Spedfied adions are badground for the modelling of
modules of applicaion. Spedfied agents of adion help to identify in which work
places CIS will be used.

The future work is planned on the development of next stages of spedfication of
requirements to CIS. Next stages of the requirements’ spedficdion are merged with
design stages of information system. One stage of information system design is the
data base design. The data base designis based on the spedfication of data resources,
which are modell ed up to entities (or objed classes) and relationships among them.

Besides, it is important to describe requirements for the user interface The
examples of such requirements are information system menu structure, alignment of
screen fields, way of data input, and so on. Requirements of such type ae difficult to
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express for the user. Only when the user has me experience he an say what he
wants. The spedfication of layout of output reports and data resources can be very
helpful in spedfication of user interface

This method can be implemented in CASE-tod to fadlitate the development of
information system.
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