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THE TASK OF FORMING ELECTRONIC FILES IN THE ELECTRONIC
DOCUMENT FLOW SYSTEM

In connection with the transition of organizations and enterprises of the country from paper
to electronic document management and the adoption of regulatory requirements for electronic
document management systems and archival storage, the task of creating electronic files becomes
relevant. The paper proposes an approach to solving the problem of generating electronic files,
which is characterized by sufficient generality and simplicity in the creation of algorithmic and (or)
software. The task of forming electronic files is solved by implementing a sequence of operations
for binary (paired) comparison of the metadata of an electronic document within the existing
(ordered in some way) feature space. Within the framework of the proposed approach, it is possible
to obtain in an explicit form the conditions for the belonging of an electronic document to the
corresponding electronic file. Fulfillment (non-fulfillment) of these conditions is equivalent to the
truth (falsehood) of some very specific predicate, and the structure of this predicate makes it
possible to implement the mentioned sequence of comparison operations. In practice, the approach
allows you to effectively solve the problem of automated distribution of an electronic document in
electronic cases, when some of the details of the electronic document are known.
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DIIEKTPOHBLIK, KY>KaT alfHAJBIMbI XKYHeciH/ae 3JIEKTPOHABIK icTep/ii KAJbIITACTBIPY MaceJjieci

Emnimiznin yiibiM1apbl MEH K9CIIOPBIHIAPBIHBIH, Kara3 KYKaT aifHaJIbIMBIHAH 3JIEKTPOH/JIBIK KY2KaT
affHAJIBIMBIHA K@IITYyiHE KOHE 3JIEKTPOHJIBIK, KY?KAT aifHAJBIMbI MEH apXUBTIK CAKTay Kyliesepine
KOMBIIATHIH HOPMATUBTIK TaJalTapAblH KaOBLIAAHYbIHA OalIaHBICTBI JIEKTPOHABIK iCTepIi
KAJBIITACTBIPY Mocesieci @g3ekTi 6osa Gacrambl. 2KyMbICTa 3JEKTPOHIBIK iCTepai KaJbIITacThi-
DY/IbIH, &JATOPUTMJIK YKoHe (HeMece) GarmapiaMablk, KAMTAMACBHI3 eTYIH JKeTKUIKTI Jopekene
JKAJIIBLIBIFBIMEH YKOHE KAPaIaibIMJIbLIBIFBIMEH CUIIATTAJIATHIH TOCLI YCHIHBLIFAH. DJIEKTPOHIBIK,
icrepii KAJIBIITACTBIPY SJIEKTPOHBIK, KYXKATTap MeTajepekTepinin (Kammait ga Oip KoJiMeH
perrenren) Gejrijiep KeHicTiriage eKiIiK (KYITHIK) CAJIBICTHIPY ONEpalUaIapbl Ti30erin xyaere
aCbIpy apKbLIbl IIEIIJie/Al. ChIHbLIFaH TOCUIAIH MeHOepiHae 3JIEKTPOHIBIK KYXKATTHIH KaHIal
JIEKTPOHJBIK iCKEe THUECLTr ImapTTapblH afKbIH TYp/e aHbIKTayra 0osaabl. Bym maprrapiabt
OpBIHIAY (OprH,LLaMay) KaHa# 71a 6ip HAKTHI TPEINKATTHIH AKUKATTHIFBIHA, ()KaﬂFaH;LbIFbIHa) TEH,
JKoHe OYJI IPeINKATTHIH KYPBLIBIMbI XKOFAPBIJIa aTAJFaH CAJIBICTBIPY Oll€pAIUsIapbIHbIH, Ti30eriH
JKy3ere acblpyFa MyMKIiHIIK 6epei. Toxipubene OyJI TOCLIT 9JIEKTPOHIBIK KY2KAT JepeKTeMeIePiHiH,
Genrimi 6ip O@JIri aHLIKTAJIFAH YKArdaiga, SJeKTPOHIBLIK, KYXKATTapabl aBTOMATTAHIBIPBLIFAH
TYpJle JIEKTPOHJIBIK iCTEpPre TapaTy MOCEJIECIiH THIMJII TYpJie TIIelte/T.
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3agavua dbopMUpoOBaHus IEKTPOHHBIX JEJI B CUCTEME 3JIEKTPOHHOTO JIOKyMeHTOO0OopoTa

B cBaA3M ¢ 1EPEX0Z0M OPraHu3alUil ¥ NpeJupHATHii CTPaHbl 0T GYyMAXKHOIO K 9JIEKTDOHHOMY
JIOKYMEHTOOBOPOTY U IPUHATHEM HOPMATUBHBIX TPEOOBAHUIT K CHCTEMAaM JIEKTPOHHOIO JOKYMEH-
TO0BOPOTA M APXUBHOIO XPAHEHUsI CTAHOBUTCSI AKTYaJbHON 3a/1ada (HOPMUPOBAHUST SJIEKTPOHHBIX
Jesl. B pabore mpesyioxKeH IOAXOJ] K DPEIIeHHI0 331a4i (OPMUPOBAHUS 3JIEKTPOHHBIX JIElI,
OTJIMYAIONUHCS JIOCTATOYHOH OOIHOCTBIO M TPOCTOTONH IPH CO3JAHHH AJTOPHUTMHYECKOrO M
(nnm) mporpammuoro obectedenus. 3agada GOPMUPOBAHUS JIEKTPOHHBIX €I PENIAeTCd IyTeM
pean3anuy  IIOCJIEJOBATEJLHOCTH  Ollepalii GuHAPHONO (IAPHOrO) CPABHEHHS METaJIaHHBIX
9JIEKTPOHHOTO JIOKYMEHTa B paMKaX HMeEMOIMEerocst (ynopsiIoOUeHHOIO HEKOTOPBIM 06pa3oM )
[IPOCTPAHCTBA TIPU3HAKOB. B paMKax IIPeJIOXKEHHOIO TOX0/a Y/IAeTCsl MOJIYIUTh B SBHOM BHJIE
YCJIOBUST TIPUHAJJIEXKHOCTH JIEKTPOHHOTO JIOKYMEHTA K COOTBETCTBYIOIIEMY 3JIEKTPOHHOMY JIEJLY.
Beimosnenue (HEBBLITOJIHEHNE) STUX YCJIOBUH 9KBHBAJCHTHO MCTHHHOCTH (JIO)KHOCTH) HEKOTOPOTO
BIIOJIHE KOHKDETHOIO IPEeAMKATa, & CTPYKTYPa ITOrO NPEJUKATA U IO3BOJISET DPEaJn30BAThH
YIOMSIHYTYIO TIOCJIEOBATEHLHOCTh Omeparuii cpaBHeHUWsi. Ha NpakTHKe II0XOJ] TO3BOJISIET
5 dEeKTHBHO perarh 3a/ady aBTOMATU3UPOBAHHOIO DPACIPEJEJIEHHs] JEKTPOHHOIO JIOKYMEHTA
0 9JIEKTPOHHBIM JIeJIaM, KOTJ[a YaCTh PEKBU3UTOB 3JIEKTPOHHOI'O JIOKYMEHTA 3aBEJIOMO H3BECTHA.

KuroueBbie ciioBa: 10KyMEHTAIIMOHHOE 00ECIIeIeHne YIIPABJICHNS, SJIEKTPOHHBIN TOKYMEHT, PEK-
BU3UTHI 9JIEKTPOHHOI'O JieJ1a, METAJaHHbIE, CUCTEMA JJIEKTPOHHOI'O JIOKYMEHTO000POTA, HOMEHKJIA~
Typa zeji, GopMUpOBaHUE SJIEKTPOHHOIO Jiejia, TEOPHUs IIPEINKATOB, OMHAPHOE CPABHEHHUE.

1 Introduction

The increasing pace of transition of the organization and enterprise of the country from
paper to electronic document management causes a rapid increase in the volume of
electronic documents (ED), which must be accepted for archival storage and used for public
administration purposes. The directive documents [1,|2] define the requirements for systems
of documentary support for management, electronic document management (EDMS) and
archival storage of ED in the Republic of Kazakhstan.

In accordance with regulatory documents and historical tradition, the unit of archival
storage of documents on paper is an archival file, which contains a finite number of archival
documents, combined by subject matter, taking into account the importance and timing of
their archival storage. In the case of electronic document management, this means that EDs
must also be distributed among the relevant electronic files (formation of electronic files),
which are subject to subsequent transfer to departmental and then state storage |3,/4]. Thus,
the task of forming electronic files is to distribute a huge array of EDs executed over a calendar
period (year) in electronic files, which will be stored, first, in the information system of the
departmental archive of the organization, and then, possibly, in the information system of
the state archive.

Currently, the interaction of the EDMS and the systems of temporary and long-term
archival storage of ED in state bodies is carried out according to a "simplified"scheme, due
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Figure 1: The current state of the formation of cases from traditional documents and electronic
documents.

to the unresolved tasks of automating the processes of forming electronic files. In practice, it
is performed manually, after making paper copies from the completed ED and in the future
operating only with documents on paper. This nullifies the huge efforts to automate the
organization’s workflow, since at the output of the EDMS we are again dealing with paper
documents that are manually distributed among cases according to its nomenclature of files.

Therefore, the automation of the now widely used routine manual actions of clerks and
archivists for the distribution of completed documents on paper cases is an urgent task due to
the lack of a unified scientific and methodological approach, the lack of effective algorithmic
and software development, as well as the presence of a huge array of ED that has accumulated
in the EDMS servers of the organization and requiring accelerated transfer to archival storage.

2 Methods

2.1 Statement of the problem of the formation of electronic files from ED

The process of forming electronic files from completed EDs consists in distributing a set
of EDs between a set of electronic files in accordance with a finite set of common features
(details) characteristic of all EDs included in one electronic file. In accordance with regulatory
requirements, each case should include: case index, its name, start and end date, storage
period in accordance with the List of typical archival documents with storage periods [5],
article number of the departmental list of documents with their storage periods, name
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structural subdivision to whose information field of activity the electronic file belongs, etc.
"tuple which will unambiguously identify a specific electronic file, which will include this ED.

The scheme for recognition of ED attributes proposed in [6] (determining the values of
tuple elements) begins with the definition of a set of knowledge areas (activity) in accordance
with a given classifier, which include ED stored in the archive and newly arriving in the
archive. The initial data are a list of standard documents with their storage periods, a
nomenclature of cases for the current year, which corresponds to a certain set A of all
electronic files in the archive A;;, 1 < i < e, 1 < j < j(i), where ¢ - kind (number) of
the classifier, j(i) is the number of templates in the i-th classifier, e is a natural number
corresponding to the number of classifiers, e > 1.

The set of electronic files A;; combines all EDs compiled according to the template a;j,
related to the i-th classifier ¢ (for example, "Foreign economic activity") and with the j-th
type of electronic document template (for example, "Orders"), 1 <i <, 1 <j < j(i), e > 1.
Each case A;; can belong to one of the knowledge areas (classifier) C; from a certain set of
knowledge areas C', which is represented as a union of classifiers of cases in each knowledge
area, i.e. each field of knowledge has its own unique classifier: C' = {C1,Cs, ..., C.}, e > 1,
where each classifier ; can be represented as a set (set) of EDs related to the i-th classifier with
the j-th type of models (templates), C; = {a;, @i, . . ., aiji) }, where 1 <i <e, 1 <5 < j(4).

To determine for each executed ED a specific electronic file, in [6-9] it is proposed to
carry out the following sequence of actions. Initial data are set: nomenclature of files for the
current year (set of cases A); criteria for attributing ED to a particular field of knowledge
(classifier), as well as to a specific electronic file; requirements for the size of the electronic
file (volume). Based on the initial data, a set of areas of knowledge is formed, according to
the subject-matter and industry-specific features, and within the framework of the existing
feature space, the executor distributes ED in electronic files.

Indeed, when the next ED is submitted for consideration, certain elements of its structure
(metadata) are sequentially checked for compliance with one or another predetermined
criteria (features) of referring to a specific electronic file, i.e. functions containing logical
comparison operations and taking values 1 (true) or 0 (false) are executed, which in
mathematical terminology are called "predicates". A predicate in programming is an
expression that uses one or more values with a boolean result [10].

Based on the distribution results, appropriate marks are made in the ED accounting
forms and details are formed, after which the ED is attached to the electronic file. However,
in case of overflow of the memory allocated for a single electronic volume (file), they are
automatically closed and the next volume of the file is formed. After the electronic file is
closed, an automatic procedure for the formation and execution of its electronic inventory is
performed.

We have proposed and substantiated the following approaches to solving the problem
mentioned above:

e Transition from the language of predicate calculus to the function of distributing ED
in electronic files and its advantage.

e Generalization of the ED distribution function for electronic files in the case of
establishing more than 2 details.
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e A new approach to solving the problem in the presence of an ED registration and
control card.

3 Results

3.1 Mathematical model of function F': D — A distribution of ED in electronic files

The set of templates mentioned above, constituting the corresponding classifier, can be built
as follows:

1. Denote by A the set of all electronic files in the departmental archive of the organization.

2. Denote by A; the set of all electronic files from A related to Cj;, that is, to the area of
knowledge (classifier) with the number 1 <i <'e.

Assuming that each case in A satisfies the conditions for belonging to one and only one area,
it is clear that A= A; U A U...UA,.

Let with a fixed number of the i-th classifier (nomenclature), 1 < i < e, the archive has
a set A;; files, where 1 < j < j(i), where j(i) - the number of files in the i-th classifier. Then
obviously, A; = {A;1, Aia, ..., A;;(i)}, 1 <i <e. Thus

All A12 e Alj(l)
A _ A21 A22 e A2j(2) (1)
Aa A ... A

For every file ;;, 1 <i <e, 1 <j < j(i), which combines all EDs related to the i-th type of
the classifier (nomenclature) and the j-th number of the electronic file in the set ;, enter a
unique template a;; (distracting from the structure of the template, in order to analyze the
methodology, it can be considered a;; the name of the template). Then, by definition, the
classifier ; consists of a set of predefined templates a;;, T.e. C; = {as, @i, ..., aij)}, 1 <i <
e,1 <5 <j(3).

It is assumed that there is a set D of all executed ED, which includes incoming documents
d, each incoming document d is placed in a single case from A, and criteria for assigning d
to a particular area are set C}, as well as to a specific electronic case, matching pattern a;;,
1<i<e, 1<j5<j(i).

Let’s introduce the distribution function of ED in electronic files F' : D — A, F(d) =
A;; € A for some ¢ and j (which must be determined).

The presence of appropriate criteria allows us to set predicates P and P,:

1, ecnm d satisfies the criterion for classifying ED as C;

PCd) = {

0, otherwise
and

1, if d matches pattern a;;

0, otherwise

Py(aij, CZ', d) = {
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In [6], it is proposed to determine the value of the function F'(d) through the value of an
appropriately constructed predicate Pp; based on the already introduced predicates P u P,
that is, based on the following equivalence:

F(d) = A;; <= Puy(i,j,d) — true

(or, which is the same, Py(i,7,d) = 1, if, as usual, we assume that the value is true — sro 1,
a false — this 0)

In view of the fact that the explicit expression for the predicate proposed in this work
Py incorrect both syntactically and semantically (in a number of subformula members it is
necessary to replace the predicates P u P, on their negations, there is also confusion in the
indices), below we have made the appropriate corrections in the work and given a specific type
of predicate Py, to calculate the function value F'(d) distribution of the document, which, in
turn, can undoubtedly simplify the mathematical calculations for the formation of electronic
files and the definition of their metadata. At the same time, we immediately pass from the
language of predicate calculus to the corresponding interpretation, which allows, without loss
of generality, to consider P,; the function of its parameters, which takes values only 0 or 1,
and the logical operation "and"(conjunction) corresponds to the usual multiplication.

To do this, note that the function

P(Cl,d):(), 1§l§2—1,P(CZ,d>:1,
Py(aij,C’i,d) =1
where 1 <i<e, 1<j<j(4).
Labeling for convenience
Q(C;,d) =1— P(C;,d),
Qy(aija Cid) =1~ Py(aija Ci, d)

(actually, it’s a negation P u P, respectively) and introducing the function

1—1 7j—1
PM(Z>]7d> = HQ(Clad) : P(de) . H Qy(aima Czad) : Py(aija Ci,d),
=1 m=1

defined on the set = {(i,7)[1 < i < e,1 <7 < j(i)}, we see that this function takes the
values 0 or 1 and only these values. Wherein

The proposed model for finding the value of the distribution function F' : D — A solves the
original problem, however, compared to the original model, it is very simple and convenient
for practical use in order to automate the procedure for generating electronic files (there is
no need to use the apparatus of mathematical logic and graph theory).
If we denote
[ = maxj(i),N:e-f,

1<i<e
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then it is obvious that the number of operations of the ED selection algorithm has O(N)
time complexity, ), that is, of polynomial complexity, and therefore, it is well implemented
(in terms of speed).

Thus, by implementing a sequence of operations for binary (paired) comparison of the
metadata of an electronic document within the existing feature space of features, we distribute
each ED over a maximum of N electronic files.

3.2 Generalization of the distribution function model F': D — A in case of more than 2
details

Note that the technique considered in [5] makes it possible to match a specific ED with a
specific number of an electronic file based on the results of recognizing two features: 1) the
number of the classifier, 2) the type of the ED template. However, in practice, the solution of
the desired task of distributing ED in electronic cases requires the establishment of a larger
number of features, such as the details of the types of formalized models (templates), areas
of knowledge (classifiers), articles of the List of standard documents with retention periods,
retention periods, structural unit numbers, etc.

We noted above that the symbols a;; serve as template names, where 1 <1i <e, 1 <j <
j(i). This allows you to determine whether the document belongs to the case number j in
the knowledge area Cj, i.e. (due to the one-to-one correspondence a;; and A;;) to the file A4;;.
In fact, for obtaining more detailed information or for the purpose of further ordering, these
symbols alone, of course, are not enough. To be able to do this, we propose (in line with the
arguments already given) to slightly improve the methodology.

For simplicity, we will assume that there is one more sign (props) of an electronic document
and there is an appropriate criterion for classifying this document in some part of the
electronic file A;;. This means that we must "divide"the file A;; subsection according to
the attribute values. We enumerate (encode) all possible values (or absence) of this feature
(props) by natural numbers from 1 to k. Then it is obvious that every file A;; splits into k
subdivisions (moreover, some of them may be empty, i.e., do not contain documents at all).

In accordance with the above, we will make some changes to our model, namely: Every
file A;; is a set of subfiles A;; = {A;;1, Aijo, ..., Aiji}, where A, consists of documents d
with attribute value code equal to s.

Let us designate the criterion for attributing an electronic document d to a specific
attribute code r, i.e. set the predicate

S(r, d) 1, if attribute code in document d is equal to r,
T? = .
0, otherwise,

where 1 < r < k an denote T'(r,d) =1 — S(r,d).

p—1

R(i, j,p,d) = Pu(i,j,d) - [ [ T(g,d) - S(p, d),

q=1

defined on the set = {(r,4,j)|1 <r <k, 11 <i<e,1 <j <j(i)}, we see that this function
takes the value 0 or 1 and only these values.
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Along with the function F', we can introduce its “modernized” analogue, i.e. function
G:D— A, st. G:d— Ajjs. Then

G(d) = Aijp — R(i,j,p, d) = 1.

The generalization of the ED distribution function model to the case of several features is
quite obvious. Thus, it is possible to continue expanding the ED distribution function for
electronic files on a finite set of cases, according to the nomenclature of the organization’s
files, which will significantly simplify the solution of the initial problem of ED distribution
and, accordingly, can serve as a mathematical tool for automating the formation of electronic
files in the EDMS.

3.3 A new approach to automating the formation of electronic files in the EDMS.

The method proposed in [7] for automatically generating electronic files from ED obtained
by scanning completed paper documents allows you to automatically set the number of
an electronic file by sequentially recognizing (determining) a set of ED details in the form
of a metadata tuple. Thus, the task of forming electronic files of the EDMS is reduced
to determining the set of ED-in, the details of which will correspond to the values of the
elements of the tuple describing the electronic file. This means that the intellectual activity
of officials of a state governing body or a state institution to determine "their"electronic file
for each executed ED is modeled and automated in the form of a sequence of procedures for
recognizing the details (metadata) applied to the ED, determining the type of formalized ED,
determining the structural unit (official) to whose zone of informational responsibility the ED
belongs, the articles of the standard list of documents with retention periods to which the
ED belongs, the definition of its storage period and, finally, the nomenclature of electronic
files.

It should be noted that this technique |7] does not take into account the main feature of
the functioning of modern EDMS, in which the origin of each ED (accounting, registration)
is accompanied by the creation of its registration and control card (RCC), which contains a
number of its important details. The presence of the RCM ED, which is filled in from the
moment of registration of the ED, greatly facilitates the task of automating the formation of
electronic files from the ED, since the RCM from the very beginning indicates the number of
the responsible structural unit and the number of the electronic file to which this ED belongs,
i.e. case index, type of document, etc. However, in practice, in many cases, the RCC, as a
rule, cannot knowingly contain the article number from the List of standard documents with
retention periods, the retention period, and some other ED details. In this case, to ensure
the completeness of the data in the RCC, one can resort to the method proposed in [7] in
order to establish the exact values of the missing details.

4 Discussion

The paper develops and simplifies the approach to automating the formation of electronic files
in the EDMS, considered in [6]. For further development of the approach under consideration,
it is necessary (by analogy with the technique proposed in [7]) to establish the optimal
structure of templates a;; (in terms of the names of the corresponding attributes) and specify
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the attribute of the document d belonging to the knowledge area (classifier) ;, which is
obviously equivalent to knowing explicit form of the predicates P, and P.

5 Conclusion

The paper proposes a mathematical model for the problem of generating electronic files from
ED, which boils down to sequential recognition and establishment of a complete set of details
and registration data for each completed ED, i.e. "tuple which will unambiguously identify a
specific electronic file, which will include this ED.

The proposed model for finding the value of the distribution function F' : D — A solves
the original problem, however, compared to the original model (from [6]), it is very simple
and convenient for practical use in order to automate the procedure for generating electronic
files, while there is no need to use the apparatus of mathematical logic and graph theory. If

f=maxj[i),N=e-f
then the number of operations of the ED selection algorithm is O(N), that is, polynomial
complexity, and therefore, it is well implemented (in terms of speed).

Thus, by implementing a sequence of operations for binary (paired) comparison of the
metadata of an electronic document within the existing feature space of features, we distribute
each ED over a maximum of N electronic files.

The generalization of the ED distribution function model to the case of several features
is quite obvious. Thus, it is possible to continue expanding the ED distribution function for
electronic files on a finite set of files, according to the nomenclature of the organization’s files,
which will significantly simplify the solution of the initial problem of ED distribution and,
accordingly, can serve as a mathematical tool for automating the formation of electronic files
in the EDMS.

Known methods for the automated generation of electronic files from ED obtained by
scanning completed paper archival documents are based on the sequential determination of
details, when at the final stage the index of the file is determined, where the executed ED will
be distributed. However, in modern EDMS; the index (file number and responsible structural
unit) of the electronic file is known, but a number of important details may be missing. In
this case, the application of the methodology we propose and its mathematical apparatus
gives an adequate and efficient solution to the desired problem.
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