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Tasks of data refreshment in information systems

Abstract

In this work is resolved task of monitoring of databases, functioning for
a long period of time and serving the end users. Data of such databases are
characterized by a number of parameters one of which is their actuality.
For example, collection of outdated data leads to overload of databases.
So, such data need to be removed from the databases. In this work is
resolved the task of detection of various parameters of data nd conditions,
determining necessity of their removal from the databases. Due to this,
during the long term use of the databases, the last ones will be
automatically cleaned up from outdated data preventing the database from
overload.
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1. Introduction

Widespread usage of distributed information systems, oriented on
solving social tasks (S1S), allows to substantially raise effectiveness
of functioning of the social environment. An example of these SIS can
be systems of social insurance, related to medical services, pension
system services and other kinds of services [1]. Basic features of such
systems are as follows:
service life of these systems is rather long,
information containing in different SIS can have common
fragments,
full replacement of a system with another one due to obsolescence is
not desirable,

- changes in social information systems have to reflect the
corresponding changes in the social environment,

the possibility to transfer of information fragments from active state
to passive state is a natural functioning process of random social
systems.

Because an information fragment by itself is an abstraction to
a degree, we will discuss not the information fragments but the
fragments of information images or the information images as a whole
(Ioy). Let us review the definition of an information image.

Definition 1. An information image is a set of data that has an
individual interpretation in the corresponding subject area, which is
formally described by the following relation:

10;(D) = j(Xi1) - Xin),

where D are data that make up Jo; and x;; is an element of the
interpretational description of /o;.

In most cases x;; can be a single word or a phrase in the native
language of a SIS user. Information images /o; can have their own
structure. This structure describes the interconnection between
components io; € I0;(D). Description of these interconnections can
look like certain functions or another form of description of
interconnections between io;(d;) and io;j(d;). This structure
corresponds to the description structure of the interpretation
Jj(Xi1, -, Xin) of the information image I0;(D;). A socially oriented
base has to be filled with information images because these images
describe different people or single groups from the social
environment. Thus, certain data are interconnected corresponding to
the description of interpretational extensions j(x;q, ..., X; ). Features
of an information description are mostly determined by specifics of
perception of the corresponding image by the users. This perception is
met by a hierarchic structure of the corresponding image. A hierarchic
structure is formally described by the following relation:

10;(D;) = {(i0;1(di1) = i0;z(dip) =....> oy (dix))V
(i0;2(di2) = i0;23(di23) = 10;24(diz4) ...
10421 (dizi)) V...V (104 (di) =....> (044 (dirg )}

M
where the indexes (i, m, k, ..., n) define the placement of a fragment
0 mk,.n (di,m,k,....,n) € lo;(D;) in the hierarchic structure
S[1o;(DY)].

2. Basic concepts

To choose information fragments for their exclusion from the active

part of SIS or for utilization of non-active I0;(D;), the corresponding
choice parameters are used, which will be called utilization parameters
(P}). These parameters are formed within the system (SUD) that
processes the utilization [0;(D;). Defining of these parameters is
based on using the following conditions and data:
- maximum time period when the chosen Io; (D;) is non-active, (BY),
- if the data received by user corresponding with his request do not
meet his expectations, (PM),
the data which, when used within the scope of tasks being solved,
lead to occurrence of structural anomalies in this system, (By),
the data which are no more relevant, which can happen in the social
environment due to changes occurring in it, (B2).
The mentioned conditions can be extended by others, that reflect
certain features or specifics of each single system [2, 3]. On the basis
of these conditions the SUD system forms a system of utilization
parameters. Thus, the main task that needs to be solved, is to define
the utilization parameters, used to define data characterized the above-
mentioned conditions and thus require utilization. As a whole, the
process of defining utilization parameters and removing the
corresponding [0;(D;) or their replacement with the corresponding
up-to-date I0;(D;) is called refreshment of SIS.

Utilization of [o0;(D;) in the system consists of the following
transformations, conducted by SUD in the SIS system:
certain Io;(D;) or their fragments are transferred from the SIS into
the data archiving system (SAD),

a necessary modification of /o;(D;) is conducted, the original of the

modified image is transferred from the SIS into the data archiving

system (SAD),

- in the SIS, one information image l0;(D;) is replaced with another
information image lo; (D;), however, the original of the replaced
image is transferred from the SIS into the data archiving system
(SAD),

- additional Io;; (Di j), absent in the SIS before, is introduced into the

SIS,

additional authentication of Io;(D;) is performed, because SUD has

detected absence in the [o0;(D;) the necessary fragments of

interpretation description of [o;(D;) in the subject area of
interpretation of SIS.

The SUD system cooperates with SIS in the following ways [4]:

by performing control of all Io;(D;) corresponding to the formed

strategy of data check of the SIS system,

by performing analysis of a dialog implemented between the SIS

and the user or the system that uses SIS,

- by implementing analysis of SIS functioning, performed on the
basis of data regarding the requirements of the owner of SIS.

3. Solving the main task

Interpretation of different types of utilization parameters P! and
information images [o0;(D;) describes why the corresponding
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information image is not suitable or not necessary for solving tasks
(Zd;) that SIS is oriented to, which will be called regular tasks
(Zd$). This means that different types of parameters P} are quite
closely related to the different tasks like Zd? . For instance, the task of
long-term storage of Io;(D;) is typical for information systems like
archives and is not a regular task Zd; for systems like SIS [5, 6].

One of the utilization parameters is defined by the time interval At;,
during which a certain Io;(D;) is not used or is not active. The
corresponding utilization parameter will be written as Pf (At), where
At is a parameter argument that defines the value of time interval after
which the corresponding I0;(D;) can be considered non-active, which
can be described by the following relation:

{{PL(AL) > AT [10;(D)}&(Zd} & Zdf)} - {PL(10;(Dy)) =
- (S1S\10;(D))}, )

where AT; is a time interval during which Io;(D;) has to be activated,
Zd! is the task of storing lo;(D;) during the time interval of
undefined value at the moment of using SUD system, Pi(SIS) is a set
of utilization parameters of the SIS system. The value of At for each
single 10;(D;) can be individual. Thus, within the scope of the work
of SUD system the value of AT; can be chosen as the maximum of all
AT; values of different Io;(D;) € SIS.

Utilization parameters Pi, as well as the SIS system itself, are
closely related to the subject area of interpretation of information
images of the system, which will be written as W;(SIS;).

A condition that defines the next P! parameter describes the
situation when the user or another system, while using /0;(D;) from
the SIS;, could not solve the task because of inconsistency of the
received image with the expected data. All tasks that can use lo;(D;)
from the SIS; are basically tasks related to Z dis € SIS;. The
description of Zd; present in the SIS; contains the description of all
requirements to /0;(D;). In this case, the following situations are
possible:

- the user of Io;(D;) misuses l0;(D;),
- the Z d{{j task description used by the user does not comply with the

Zd§ task description from the SIS;.

In the first case J(Io)[Zdf] # J(Io;;)[Zd;;], and the system

refuses to service the user. In the second case J (Ioij)[ng-] &
J(lo; j)[ZdiSj], which means the /(Io;;) contains inconsistency with
J[W;(SIS;)]. The SUD system performs analysis of the mentioned
inequality in order to determine whether Zd{j- is not correct or
de]- < W;(SIS;), which corresponds to the situation when
](Ioij)[dej] < W;(S1S;). This means that there were changes in
W, (SIS;) which did not have any representation in J (I0;;)[Z df}] and
in the SIS; in general. In this case the parameter P. — PM, which
corresponds to the situation when S1S; is not utilized, but refreshed.
Let us examine the statement:

Statement 1. 1f ] (I0;))[Zdf] & J(I0;;)[Zd;}], then there is such
amodification J(I0;;)[Zd fj] , which will lead to

1(10”-)[Zd{§] = ]*(Ioi]-)[ZdiSj )

Interpretational descriptions J (Io;;)=j G * ..xx2) and J(W;) =
J « ..+ x}¥) are normalized texts on the native language of the
user, and their fragments are written as tm;. According to [7], there is
a full output system for these texts, that consists of the rules of
replacement, exclusion, inclusion and transpositions, that,
correspondingly, are described by the relations:

(EMyq * ok tMyj % ok tMyg) /(M — Emy) = (Mg * %
EMyj_q % My * DMy % % B ), (EMyg % ok By % L%
tmy)/(tmy; = 0) = (Emyg * oo® TMy(og) * TMy(gq) * oo *
EMip ), (EMy * ok My % ok ty,) [ (Emy () Emy) = (Emyy *

ok tmi]- * tmy, * tmi]-+1 * Lk tmin),tmil * Lk tmi]- * Lk
tmin)/(tmij - tml-]-_l) = (tmi1 * ...tmi]-_z * tmi]- * tmi(]-_l) *
tMyjpq * o tMyy).

Because the given system is full, it is possible to perform a random
transformation J (10;) — J*(I0;) on its basis, using the following:

JU0;)=j (xf) % ok x0y) and J(W;) = j(xf] * .ok xh).

The condition that defines the parameter P is formally described
by the relation:

{[hX (T0;(SIS)) = (SIS; » h¥(I0))]&U o] % I0)}
> {PM[I0;&W;(S1S;)] » hX(I10})}
3)

The next parameter of the class P! corresponds to the case when
within the SIS; such situations occur when certain /o; are no longer
relevant to W;(SIS;). This happens because in the W;, which is
a certain fragment of the social environment, there are natural changes
that may miss the SIS;. It is obvious that such a situation can be
detected in case when user addresses the SIS; and the received Io;
does not allow him to solve his task. Naturally, such situations should
be avoided. Because of that, within the SIS;, among all the tasks
Z df']- c SIS; those are preferred which check and replace or modify
the lo; with the purpose of ensuring their relevance to W;. The
parameter which corresponds to this case will be called relevance
parameter and written as PA.

Unlike PM, the P/ parameter is oriented towards the part of tasks
from the task set Z dis , that are not activated by users addressing the
SIS;. This part of tasks will be written as Zd;" or the inner regular
tasks of the SIS;. A possible example of Zd;" is a task of the system
audit [8, 9]. Any SIS; contains not only data from the subject area of
interpretation W;( SIS;), but also the housekeeping data, that basically,
too, are information images that will be written as Is;. These Is; are in
fact characteristics of /o; classes. Possible examples of Is; are:

- number of addressing a certain class /0; by users,

- duration of /o; inactivity,

- sizes of different /o; classes and so on.

These characteristics are defined by the specifics of W;(SIS;).

Housekeeping data are parameters used to solve tasks like Zd;".

Activation of tasks of Zd;" type is based on the set of criteria related

to the housekeeping characteristics. Possible examples of these criteria

are:

- intensity of using a certain /o; type,

- sizes of lo; of different types,

- number of denials of service by various /o; types,

- violations of conditions of providing services by the system and so
on.

Tasks Zd; are activated corresponding to the requirements for
technical maintenance of the SIS;. However, situations can occur
when, while the system is servicing the users, anomalies appear. These
anomalies, as stated before, are identified by the parameter P# and are
connected with changes in the W;(SIS;). Any changes in the W;
performed by workers of the corresponding departments have to be
recorded in the corresponding SIS;. Because there is no physical
connection between the documents, produced in the institutions, and
lo; € SIS, it is necessary to define certain parameters of /o; image
from the document and image lo; € SIS;, which, regardless of the
text semantics, would allow to identify the version of the lo; text
contained in the SIS;. Let us assume the following propositions:

Proposition 1. Each producer of a new version of an element /o]
has to represent it in such a way that [o; could be distinguished from
Io; on the basis of different values of technical parameters.

Proposition 2. A relevant image of [o;" is an image, formed on the
basis of the document created after the occurrence of Io; € SIS;.
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According  to  this  proposition, if o] (p{y, -, Dik)FE
Io;(pi1, ---,Pi1), a replacement is made: [0;(piy, -, Pik) =
Io; (piy, -, Dii)- Utilization parameters are used to detect lo; that
needs to be replaced. Thus, P/ characterizes the difference between
p;; and ip;;, which is described by the relation:

{(v(pij € 10)V(pij € 10} )Ipux[pix # pij]} = RLLU0} (0ik) »
lo;(pir)]-
©)

Possible examples of p;; parameters of o; image are image sizes,
image structure, coordinates of /o; placement in the SIS; and others,
formed on the basis of /0; interpretation in the W;.

The utilization parameter, used in the case when anomalies in the
SIS; appear on the structural level, is written as P;. This parameter
concerns the consistency measure u(lo;, [0;) between certain /o; and
lo;j in the SIS;. If the user chooses Io; and [o; within a single request,
then the number of requests of various users, who choose images /o;
and lo; within a single addressing, defines their consistency measure.
Obviously, u(lo;, 10;) depends on the structure S( SIS;) because the
latter considers interconnections between the corresponding /o; and
loj. However, S( SIS;) is formed during the design of SIS, and after
a certain amount of time the corresponding, structurally close, images
can become weakly dependent, which leads to decrease of
u(lo;, Ioj) . This is defined by the external factors, which are user
requests for data in the SIS;, and it can be changed during the process
of SIS; functioning. Change in consistency measure during the SIS;
functioning between single Jo;, [o; must not exceed the given value. If
Su(lo;, 1oj) > Au( S1S;), the system requires structural refreshment.
In practice, this could mean that SUD performs transpositions in the
S(SIS;) of those images [o; that, corresponding to the structure,
became inconsistent with the adjacent images Ilo; by the value
exceeding Au( SIS;). This parameter is formally described by the
following relation:

{{uti(T0ij, 10y 41)) = au|&[ ptysq (T, 104j41y) = Bu]&
&[(lap — Bul) > Aul&3I0y [utsq(T0g,10) < Ap]&
(Ioi; > 10i)} = BE[(10i¢j41) = 1047)& (05 = 104j41))]
&)

When using the introduced utilization parameters, a task arises of
defining the fullness of these parameters. This means that it is
necessary to determine if these parameters are sufficient to perform
the given measure of refreshment of the system SIS; [10]. To solve
this task it is necessary to prove that the parameter system
{PL,PM, PS5, P4} is full. Thus, let us define the concept of refreshment
measure 1) of the system S1S;. We will introduce the definition:

Definition 2. A given refreshment measure 7 of the system SIS; is
determined by a certain value of deviation of an integral parameter,
that characterizes accordance of the SIS; functioning process to the
technical requirements, from the real value of this parameter, that
characterizes current abilities of SIS;.

The mentioned definition of 7 is in fact similar to the classical
definition of reliability of a technical system [11]. Unlike reliability,
refreshability defines by which utilization parameters P} and to what
extent we need to perform the system refreshment. Reliability, in its
classical sense, means the measure of probability of a system
malfunction, because in most cases, to define reliability, data
regarding probability of failure of various system elements are used.

Let us assume that an integral parameter P is a certain function of
single parameters, that, in a sense, can be called technological, which
is written in this way: P = F (P, PM, B3, P/). Then the refreshability
measure will be written as: n = 5, — P;, where Pp, P; are the value
of the integral parameter after finishing all stages of SIS; design and
its current value. As an approximation of explicit form of the F
function, the following linear polynomial will be assumed:

P =alPl+a¥ BM +a¥ By + a} PA.

Thanks to using the data utilization parameters, it is possible to
discuss detected deviations of these parameters from the given values
and the influence measure of each parameter on the value of system
refreshability. In this case it is not necessary to wait for manifestation
of change of even one utilization parameter, which in fact represents
the system state relatively to this parameter, because SUD system
checks their values corresponding to the refreshing strategy
of SIS; [12].

Interpretation of situations that correspond to presence of certain
values of utilization parameters, is as follows:
irrelevance of necessary data means that the user receives data and
discovers their irrelevance after an attempt to use them by a third
party, which in most cases is another information system,
necessary data do not meet the user expectations, which is
discovered by the user, so it is known where the discrepancy is,
some data, received by user as a set after a single request, are not
sufficiently related to each other, which means that they are not
placed properly in the SIS; structure relatively to their actual
importance,
data are not used during a set time interval, so they are defined as
irrelevant for the user.

In this case, the users are divided into the following categories:

users that address SIS; to obtain information from the system, (hX)
users that enter data into the system corresponding to their
authority,( h")

users that maintain the functioning process of the system (k).

Let us examine the following statement:

Statement 2. The system of utilization parameters is full.

This statement means that the system P(SIS;) is full when
a random possible user successfully performs requests, that meet the
technical requirements, to the system SIS;, provided that the values of
the utilization parameters are within acceptable range.

Let us assume that hX addresses SIS;, or hX — SIS;. As a result,
SIS; gives an information image /0;(D), which can be written as the
following relation: hX — SIS; - I0;(D) — h¥. In this case, the
following negative situations can take place:

1. Io;(D) does not correspond to h¥ (10; (D)), where Io; (D) is an
image expected by h¥, or X — SIS; - 7(I0; (D)).

2. Using lo;(D) has led to a conflict between h¥ and St;, or
hK(IOi (D)) d _f(Sti, IOL')A

3. Received images (10;,10;) = 7(lo; + 10j).

4. Areceived image [0;(D) — 7(I0;(D)&W;(SIS;)).

If the system SIS; is addressed by the user h", the following
negative situations can take place:

1. The user hV enters an information image into the SIS;, which is
described by the relation:

[hY(I0;(D)) = (S1S)] = {[Io;(D) & W;(SIS)]&[Io;(D) U
SIS, 3.

2. The user hV extracts an information image from the SIS;, which
is described by the relation:

[R" (10;(D)) = (SIS)\I0;(D)] —~ {[I0;(D) & (SIS;)] V Tlo;(D)}.

The result of hY user actions corresponding to point 1 can lead to
the change of P# value, because Io;(D) is incompatible with
W;(SIS;). The result of h” user actions corresponding to point 2 can
lead to the change of PM value, because Io;(D) is compatible with
W;(SIS;) but excessive for SIS; and thus is excluded from SIS;,
however, it can be extracted from W; and SIS;.

The first case that concerns the h user corresponds to solving
within the SIS; one of Z dl-s tasks and is described by the relation (3).

This means that the following takes place:
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{hK > SIS; - 7(10o; (D))} = {(SIS; > 10,)&(I0} # 10;)}.

The relation [W;(SIS;) = (SIS; U lo;)] takes place and there is
a request h¥(Io;(D)). This means that we can write SIS;&W; —
AW;, because W; is a full description of the subject area of
interpretation. So we have hX(lo; (D)) — (SIS;&AW;) - Io}. In
the last case the following relation can be written:

R (Wi(SIS)&I0)] - [(AW;&SIS;) - Io]].

The second case that concerns the h¥ user corresponds to solving
within the SIS; one of Z dis tasks and is described by the relation (4).
Let us assume that St; represents a certain SIS;. Then the following
relation takes place: h (I0;(D)) — 7(SIS;&I0;(D). However, SIS;
and SIS; are oriented towards common users HX = {hf, ..., hf}.
Thus, the relation [W;(SIS;) N W}(SISJ-)] # 0 takes place. Because
Si(SIS)&S; (SIS j) are structures of the type described in (1), there
are common elements in S;(SIS;)&S; (SIS]-) connected by
implications in SIS; and S1S;. Fragments:

(0]}, ... 105,) € SIS;&[(103), ..., 105},) € SIS;]
will be called transitions PR(SISL-,SIS]-) = PR;; between SIS; and
S1S;. Thus, it can be written that:

[W;(SIS;)&W;(SIS;)&PR;;&(hX (10;(D) € SIS)] - Io;],

which corresponds to implementation of B2 from (4).

The third case can be described by the following relation between
images: (Ioi * Io]-) = [‘!(loi - Ioj)&‘f(loj - [o;)]. The following
relation can be written:

{[(To;&l0;) € W;(SIS)] = ok [(Io; > Toy — 10))]} = {[(Io;
- loj;) = Iog] vV [(1oj = l0;) = log]}.

The given relation can be extended on any number of lo; € W; on
the basis of the statement (1). This extension allows to write the
following relation:

[(Ioilr ,IOLn)&VVL(SISL)&(VIOU € VVL)] g {(Ioilr ...,IOin) b4
= [(Io; = 10j) v (Ioj = o]}

The last conjunct corresponds to the description of the operator
action P from the relation (5).

When kK (10;(D)) — 7[I0;(D)&W;(SIS;)] takes place, it means
that V(SIS;)3(SIS,)[lo;(D) € SIS;] takes place, because if
h¥(l0;(D)) is incorrect, the access system SD will deny the access
and SD[h¥ (10;(D))]~ 7(I0;(D)).

If V(S1S;)73(SIS)[I0;(D) € SIS;], then according to the rule (2)
for h¥, a Zd is initiated like: ¥ (Io;(D)) — (I0;(D) U SIS}).

The above-given proof shows that the system P (SIS) ensures the
implementation of all Zd? € SIS, where SIS = {SIS;, ..., SIS,,}.

4. Summary

The paper reviewed the task of refreshing SIS, that consists of
regular data actualization, removing from the SIS the data which are
no longer relevant and modifying the data, that represents processes of
changes occurring in the environment serviced by the SIS. The
introduced utilization parameters allows to detect and then to
eliminate anomalies that occur in the SIS for various reasons and can
lead to failure of solving the necessary tasks by using the SIS.

The possibility of data refreshment ensures the possibility of using
a system of SIS type regardless of the basic tools used to create each
of the single SIS, because SIS refreshing functions are implemented
by a separate SUD system that interacts with the SIS through its user
interfaces. Thanks to this, regardless of the natural aging of the SIS
system, it can be effectively used when solving social tasks.
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