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Abstract: The task of analyzing the effectiveness of the
functioning of electronic document management systems
(EDMS) is formulated and the methodological basis for
optimization is developed according to the criteria of reliability,
complexity and cost of information processing. A technique for
estimating the time of input, transmission, storage, processing,
exchange of documents and increasing the reliability of
information based on implemented and traditional approaches
aimed at using statistical, logical, semantic and structural -
technological relationships of document elements is proposed.
Models and algorithms for optimizing the placement of electronic
documents (ED) in databases and other information systems
associated with the system have been developed. Methods are
proposed to minimize the time of searching, processing,
increasing the reliability of information and presenting the
required document to the user. A computational scheme for
solving the optimization problem based on the use of adaptive
methods of stochastic random search, modeling by a truncated
Markov chain and dynamic programming has been developed
and implemented. The conditions for optimizing the values of the
labor-intensiveness coefficients and the cost of information
processing algorithms based on the application of linear
constraints on their efficiency areas are studied. The experimental
results of the gain coefficient in the reliability of the information
obtained by the maximum rating score are obtained. The software
package has been implemented and the values of the coefficient of
efficiency of algorithms for increasing the reliability of
information based on the use of adaptive random search,
segmentation, semantic redundancy and lexicological synthesis of
the structure of electronic documents have been analyzed.

KEY WORDS: efficiency, electronic document management
system, the complexity and cost of information processing, the
reliability of information, optimization, optimization strategy,
stochastic model.

I. INTRODUCTION

The functioning of electronic  document
management agencies, information resource and monitoring
systems is associated with the input, transmission, formation,
storage, editing, reliability control of information, the
presentation of organizational and administrative documents
to users whose software tools are integrated with other
information systems [1,2]. It is required that the results of
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these functions ensure the integrity, security, completeness,
relevance of documents, as well as the reliability of the
information at all stages of input, transmission, search,
processing of a larger number of electronic documents (ED)
[3]. In electronic document management systems (EMDS),
tasks are also solved to optimize information processing,
which are aimed at finding parameters in accordance with the
criteria for minimizing the volume of documents occupied in
databases, the time it takes to obtain the required ED from the
database, and other information systems.

The quality of EDMS depends on the results of the
following processes [4-6]:

- input information using a human operator,
technical means of scanning and recognition;

- information transfer on local, corporate, global,
satellite networks;

- storage of operational, medium-term, long-term
information, the formation of a database, knowledge base, as
well as the placement of document flows in other information
systems;

- statistical, dynamic, intellectual analysis and
information processing;

- increase the reliability of information, service,
presentation of services to the user with the results.

In this work, the methodological foundations of a
multi-criteria analysis of the quality of functioning of EDMS
and the effectiveness of the implemented methods and
algorithms for increasing the reliability of information are
developed.

Il. THE BASIC PRINCIPLES OF THE ANALYSIS OF
THE QUALITY OF FUNCTIONING OF EDMS.

Criteria of the effectiveness of the functioning of
EDMS are examined in the form of time and cost indicators,
the results of which are evaluated from the stage of document
input to the provision of services to the user, taking into
account the contribution of each instrument to increase the
reliability of document information[7].

Optimization of the accuracy of processing
information of documents begins with solving the problem of
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placing streams of ED in a database, minimizing the time they
are presented to the user from the database and from other
information systems, minimizing the total amount of memory
occupied by system documents. In this regard, the following
optimization principles are observed [8]:

- The first principle is aimed at minimizing the time
of obtaining the required document by the user, which is the
sum of the time the request was sent, the document is
searched, the information is processed, and the time the ED
are presented to the user. The objective optimization function
depends on the methods of organization and placement of ED
in databases in other information systems;

- the second principle, aimed at minimizing the time
and cost of exchanging documents by the user and the
database system, as well as by the user and other information
systems;

- the third principle, aimed at minimizing the
memory of stored ED in the database of the system in order to
reduce non-periodic costs of storage, updating, making
changes to documents located in all storages and in other
information systems;

- the fourth principle, aimed at minimizing the cost of
obtaining the desired document by the user, transmitting
information, increasing the reliability of information and
correcting the contents of the document.

1. OPTIMIZATION OF THE PLACEMENT OF
DOCUMENTS IN THE DATABASE

Solutions to the problems of placing ED in a
database that are occupied by many elements, attributes,
concepts, characteristics and other data are in high demand,
which are directly used in the analysis and assessment of the
quality functioning of EDMS. The development of a new
approach aimed at optimizing the placement of large amounts
documents is also justified due to the variety of formats of
ED, image frames that use typical search, recognition,
classification, template, reference, frame, probabilistic,
logical and semantic methods to increase the reliability of
information, as well as mechanisms for finding local and
global extrema of the objective function [9,10].

The optimization principle based on the “nesting”
method is proposed, which is an NP-difficult task, which
leads to modifications to the technology for solving it. We
describe the features of the algorithms for solving the
optimization problem.

The principle of rectangular cutting. Let a field be
given - an infinite strip with a width W, on which m
rectangular objects are placed (I;,w;),i=12,...m - the
length and width of the document image format specified
under the following conditions:

- (X, Y;) -coordinates of the lower left corner of the

rectangle on the I strip;
- when placed on a strip, no two objects intersect
with each other i.e.

(O 2%+ v X 25 +6) vy 2y +w) v (y; 2y +W))

where I, ] =1,2,....m,1# |;

- no object crosses the borders of the strip i.e (X; =0) A (Y; 20) A(Y; +W, <W) for i =1,2,...,.m.

The geometric meaning of the variables W is
presented in [2].

It is required to place a set of rectangular objects on
an infinite strip so that the part of the strip occupied by them is
minimal in length. Therefore, there is a set (X;,y;) such that

L = max(x; +1;) - min,
where L(Ii,wi),(xi,yi), 1=12,...m.

The principle of cutting round objects. In this
version of the solution, the problem of placing ED in
databases for which the required memory is represented on an

infinite strip with a width W for placement, m round objects
whose radii are known as I;. The optimization problem is
solved under the following conditions: ]

- (X, Y;) - coordinates of the center of circle | on

the strip;
- when placed on a strip, no two items intersect with
each other i.e

(X =X) 2+ (i =y = (0 +1))%

- no object crosses the borders of the strip i.e.

(% —r; Z0) A(Y; =1 20) A(Y; +1; <W).

Therefore, it is required to place a set of round
objects on an infinite strip so that the part of the strip
occupied by them is minimal in length, and the placement
should be as dense as possible. The length of the strip
occupied by the placement of objects is optimized.
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IV. MINIMIZING THE TIME (COST) OF
SUBMITTING ED TO THE USER FROM THE
DATABASE AND FROM OTHER IS
The objective function F, is defined as
F, =t'+t"— min, 1)
where t' - the average time the user receives ED from the
database;
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t"- the average time the user receives ED from
other IS.

Positive results of solving problems are achieved
depending on the methods used to place data in the database
of the system and in other information systems, search, and
also to increase the reliability of information [11, 12].

The time (cost) of information processing in the
system is optimized by functionality

N n . M m; N
i1 -1 i1 j=1

)

where I - the number of ED stored in database H;;

m; - the number of ED stored in other IS | i

N - the number of database systems;
M - the number of other IS connected to EMDS;

Wij - the time (cost) of providing services to

the user according to document dj from database H; ;

Wij - time (cost) of the provision of services for

document d j from other information systems I; .

ED are presented in the form of an attached file, a set
of files of arbitrary size, and each of them can have a certain
number of copies in various repositories.

V. THE TASK OF OPTIMIZING THE SEARCH FOR
THE REQUIRED ED

The optimization of the problem is connected with
the routing method, in which the optimal solution is found
taking into account its large size and is a laborious task. To
optimize the search route of objects, a special type of matrix is
used. In it, search objects form rows, and the columns display
a list of rules received along the route [13].

At the position (X, i) of the matrix is 1 in the case

when the object x occupies the | -th place in the route. In the
n!
case of n search objects, we are faced with 2— different rules
n
retrieved in the search route and it is required to find the
shortest among them. In this regard, in contrast to traditional
approaches aimed at optimizing the identification of the route
of search objects, an approach is proposed related to the use
of neural networks (NN), in particular the Hopfield network.
In this case, a matrix of neurons of size N X N etworks is
compiled, which interact in rows and columns.
In it, each neuron is denoted by two indices x and i,
moreover, X reflects the object, and the i-th position in the

searchroute, i.e. Z; - the output of a neuron in which object

x is located at the i-th position of the route. However, the
Hopfield NN is distinguished by computational complexity

( n4 , Where N is the dimension of the problem) and the need
to apply the mechanism of multi-iterative selection of
variables for the neuron activation function.

To simplify the calculations associated with the search
for an object, a recurrent NN is used in the implementation,
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which reduces the complexity of the routing algorithm from
O(n*)t O(n?).

Further, the search mechanism is modified using the
grafted model, which consists of edges connecting the nearest
vertices. New vertices are selected not with equal probability,
but with a probability depending on the distance from the
current one. The larger it is, the smaller the value of this
probability will be. The modified search algorithm is
characterized by the following features [14]:

- the agent launched to go along the search route saves
the previous object search route;

- if the agent was already at this peak, then he himself
is destroyed;

- the number of user requests is selected based on the
condition

H-N=>|G|,

where H is the size of the ED (number of elements); N is the
size of the desired document concept (the number of elements
in the concept); G- database capacity (humber of ED).

VI. MINIMIZATION OF NON-PERIODIC TIME AND
COST COSTS

The minimization of non-periodic time and cost
costs for storage, updating, changes to the entire information
storage is set by the following objective function F3

N N
F; =22 Vv; — min, 3)

i=1 j=1
where Vij - the amount of information of ED dj in the
database memory H;.
The integral cost criterion Sim is defined as
Sin‘[ = (Scs + Scos + Scods) —> min,
(4)

where SCS - the cost of storing ED in the database system;

S
other IS;

Scods
the database system.

cos - the cost of obtaining ED by the user from

- the cost of obtaining ED by the user from

VII. MINIMIZING THE TIME FOR THE USER TO
RECEIVE ED FROM OTHER IS

The average time 7; of receipt of ED d; at the
request of the user is limited by the permissible time T;'i.e.
7, <T, . (5)
The frequency of requests to other IS 1; set in the
form

N M
Q :ZZUinij ! (6)

i=1j=1
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where 77, - the frequency of circulation to another

information system Ii ;

Yi i indicator showing the presence of the required
ED inother IS I
1, is avaiable if d;el;;

Vi = 0, not isaviable if d;¢l;.

The size of memory required for storing ED in the
database is limited in the form

N nj

2. 2. %V <

i=1j=1 i
in H;;

M:

()

I
[uiy

where X;, - the number of dj

Oi — the amount of memory allowed for the

placement of ED in the database H .

The average time the document is presented to the
user by the system is specified as

1 NT .
5= 2 T Vi (8)
Qixia
V..
”, is the time for the transfer of ED dj with

where Tii = j

the amount of information V;; from other IS I
Ri - the bandwidth of the channels for processing

information of EDMS.
Substituting (6) into (8) we obtain

1 N m ,
a;jz:lrijnij Yij <T
oL )=
©)

The cost of storing ED in the system database is set
in the form

cs
ZZS le(zvuk +ZV|jk) (10)
i=1j=1
cs
§& = - the cost of storing a unit of
! V_cs
i

information in the database Hi ;

Wics - the cost of forming the database H ;

W-CS _ W rpe W CSE
=
W, rpe . . .
i - rental price of equipment;
W Pe — W e rd, W - the cost of equipment; I - is the
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depreciation coefficient; d - discount rates; Wicse - the cost
of servicing equipment;
WS =W, + WP + WP LW
W_OS

t .
i - operator's salary; Wi P _ cost of technical

support; Wilp - the cost of licensing policy; Wir - rental

price; Vics - the volume of the database storage H; .

The cost of submitting ED to the user from the H;
database is set as

N 1 o cos '
Seos = 2| 281 TliXij |-
i=1 ji=1
(11)
where Sicosis the cost of obtaining a unit of information from

the database H., ;

and Wicos :Wirpe +W|m,
Wim - the tariff cost of obtaining information from
the database H;;

Vicos - the amount of information transmitted from

the database H, ;

The cost of submitting ED to the user from other
information systems is set as

N 13 cod '
Seod = 2| = 2.8 T Xij |,
i=1 i j=1
(12)
where Sic od the cost of obtaining a unit of information from
other 1S | ;
d
W.CO
SiCOd = Vlcod Ri and

cod __ rpe m
W,oh =W, P W
The total cost of optimizing the algorithm for

increasing the reliability of information at all stages of
processing a document is set in the form

ﬂ’l (Scs + Scos + Scod) !

where 4 - the gain coefficient in the reliability of the

information.
Optimization of the reliability of information in the
collection of documents is set by the functional

sum
(13)
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N DNi Ni Ni N
Sopt = A, Zsicsxij (kZVijk +kZVijk) + 2,0,
=1 =1 i=1

i=1j=1

The computational scheme the problem is based on
the use of dynamic programming [8].

The win coefficient in the cost of processing
information is set in the form

S
K,=1-—2%
sum
The complexity of each operation ti associated with
document processing is determined by dividing the total
amount of information Qi by the established norm Ni
(standard amount of information), as

The total complexity performing n operations is
determined as

T

sum

The win coefficient in the complexity of information
processing is determined, similarly, by the technique (14)

T
KT:1—TWR

sum

where Tonm - is the optimal complexity of

information processing

Multicriteria optimization of the reliability of
information on the functional (14) is performed under the
following restrictions [15]

T<K; S<Q~*,
where T and S - the criteria for the complexity and
cost of processing information;
* * T
Q and K ™ - restrictions on the values of the
criteria T and S .
To analyze the effectiveness of the algorithms, the

range of admissible values of the criteria T and S is
narrowed by maintaining the following restrictions:

T<A+AdorT<a- K*+b;
S<A+4d or S<a-Q*+b;
K'=Q =d .
where d = /12 is the upper and b= ﬂ.i is the lower bounds

of the criteria;

d - the geometric distance between the points of the
boundaries of the efficiency of the algorithm.

In solving this problem, the values of @ and b are
selected and the effective optimization area is adjusted. For
the analysis of the complexity factor of information
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13 cos '
ST |+
ji=1

N 1 m;
cod ' :
i=1 i j=1
processing, the following values of variables are set: the total

(14)

amount of information in one document is 8-10° bits;
information processing time 0.008 sec., and the entire
collection of 100 documents 0.8 sec.

Optimization options are considered, in which a linear
restriction is placed on the criteria together with typical limit
restrictions. This approach made it possible to set the level of
compensation between conflicting factors and to achieve a
significant narrowing of the range of feasible solutions.

The optimal points for the coefficients K and Ky

in the region of admissible values are obtained for the greedy
search algorithm for the global extremum with linear
constraint. It is established that the implemented algorithm
ensures the achievement of the required value of the
efficiency functional at 1600 iterations in comparison with the
search algorithm with a complete enumeration of all kinds of
options that runs at 65536 iterations. When segmentation and

(ﬁfithms for increasing the reliability of ED processing
ingrease 10-15 times.

%allel computing mechanisms are applied, the advantages of

VIII. THE EFFECTIVENESS OF THE SOFTWARE
PACKAGE TO INCREASE THE RELIABILITY OF
INFORMATION

A software package was developed and implemented
to increase the reliability of information, the effectiveness of

which is determined by the criterion Si - the cost of detecting
and correcting errors by the i-th algorithm. In this case, the
Si criterion is studied taking into account the criterion of the
T -averaged value of the complexity, which are associated
with increasing the reliability of a collection of 100
documents at all stages of information processing in the form
[15]
100

i=1

T—ow

Achieved high value, which should be close to or equal

d(S) =sup(T;4;).
ﬂ“i €S
In many cases, the gradient method is used to optimize
the function d (S) the implementation of which is due to

to

the following disadvantages: computational difficulties; the
lack of the possibility of an explicit analytical representation
of the function: the impossibility of obtaining its derivative
characteristics.
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An adaptive functional optimization strategy is
proposed in which, instead of the exact value of the function
gradient, its estimates are used. In the developed complex, a
stochastic search algorithm is synthesized from a partially
observable Markov chain. The advantage of this algorithm is
that it is executed under conditions of minimal a priori
information. The following important points of the research
results were established:

— adaptive optimization allows you to get a stable
value of the strategy (point) on the set C up to the third sign;

— the probability of choosing the values of the

parameter C adap is estimated within the framework of the

max and (:nﬁn’
adaptive search optimization, turned out to be an internal
point in the set of values of C ;

best and worst strategies C which, with

— the spread between the values of the best and worst
strategies obtained on the basis of a random search algorithm
with enumeration of all options turned out to be quite large;

— the objective optimization function becomes
sensitive when tuning the variables, which is reflected by
lower values of the efficiency coefficient of the algorithm;

— it was proved that the complexity of processing the
information of an algorithm with adaptive search for a global
extremum of a functional based on a stochastic model with a
partial Markov chain is an order of magnitude less than the
complexity of an algorithm with a search mechanism with
random enumeration of all kinds of options, which also gives
less accurate results.

Table 1 shows the results of the rating achieved at the
output of the complex, the graphs of which reflect the
effectiveness of algorithms to increase the reliability of
information (AIRI), and the traditional technology of visual
information control (TVIC).

The results of the task of optimizing the reliability of information in ED

Rating win
Strategy Rating score AIRLin % TVICin % Performance ratio Loss ratio
Codap 37,76 67,49 32,51 0,94 0,322
me 42,09 68,75 31,25 0,96 0,539
Cmin 25,40 48,15 51,85 0,68 0,315

I’X. CONCLUSION

The effectiveness of the software package to increase
the reliability of information is studied on examples of the
EMDS of a medical institution, higher educational institution,
machine-building enterprise of the Samarkand region of the
Republic of Uzbekistan. The values of the coefficients of gain
in the reliability, complexity and cost of processing
information using various methods are analyzed. Thanks to
the use of the complex, the following results are achieved:

- the complexity and cost of processing a collection of
100 documents related to the implementation of the function
of monitoring the implementation of organizational and
administrative documents is reduced from 2.4 hours to 1.1
hours compared to the use of traditional technology for visual
error correction;

- documents at the request of the user are submitted 2-3
times faster;

- the coefficients of the complexity and cost of
processing information are reduced 5-7 times;

- in conditions when algorithms are used to increase
the reliability of information based on the use of semantic
redundancy and lexicological synthesis of the structure of ED,
then the values of the labor-intensiveness coefficients and the
cost of processing information are reduced by an average of
2-3 times, and the reliability of the information is increased to
two orders of magnitude.
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