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Abstract

In the article such ways of optimization of the structure of a database of complex structured objects that allow simplifying the scheme of
an information system. As a result, the response time of the information system to the user's request is reduced, and it becomes possible to
more effectively manage and monitor the progress of ongoing processes. A formalized model of the relational expression is developed, a
model of the corresponding equivalent transformation of the chosen relational expression is created, a formal description of the developed

algorithm for optimizing the queries is presented.
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1. Introduction

On large complex structured objects that contain a large number of
units, the information system consists of a number of subsystems
participating in the management of the units. This leads to complex
algorithms for obtaining, transmitting and processing data of pro-
cessed materials, for data loss, for delays in solving operational
problems, making it difficult to track the progress of individual
stages and production as a whole.

The development of complex structured systems takes into account
the availability of modern automated tracking systems, the collec-
tion of information about processes and the management of these
processes [1-4].

However, during the operation of the information system, unused
attributes that take up additional memory and reduce the perfor-
mance of the database, complicated connections between the ele-
ments and their attributes are identified.. This is due to the redun-
dancy of the information system.

Information support of the automated system for modeling pro-
cesses with complex structure takes into account a set of different
data reflecting the economic and production activities of the re-
search object, regulatory documentation, language tools and organ-
izational methods of creating and maintaining information arrays.
To store data, a relational dbms is used, which makes it possible to
provide the basic principles of the organization of information sup-
port, which are necessary for such a class of tasks:

e  Minimization of redundancy of stored data;;

e  Organization of maximum use of video terminals to provide
direct user access to information;

e  Availability of information presented to the user in the form
of tables, and the ability for the user to manipulate this data
using the pl / sql query language;

e  Ability to use high-level programming languages to imple-
ment data access;;

e  Ensuring reliability and safety.

2. Research method

In the first step, a group of final attributes is identified, associated
with one common attribute located above the level, and denoted by
a relational expression, where the common attribute will be the key
attribute of the normalized relationship.

For a given set of attributes, a set of relations is created.

A= {A1 peeen A } - set of attributes. Any element is described

by the set of values accepted by the attribute.
X (B), B — A - cartesian product of elements in the set B,

which is a subset 4 .

B(X(B)), B A - setof subsets of set X (B), B < A, which
is the set of all relations defined on the attributes B — 4 .

Since each attribute is used once in a relationship, you must specify

each attribute individually to establish a one-to-one correspondence
between the attribute and its semantics.

M = U LBCX(BY

VB=A

- Set of all relations defined on all subsets a. Each relationship
m e M is aset of tuples representing an enumeration of values
each relation has type B <= 4.

a relational expression is a set of arguments that assign values
from a given «set of relations A7 , logical expressions, subset of
the set of attributes, operations of relational algebrax.

A relational expression contains a set of elements.

B - set of elements of a relational expression.

O — B - asetof relational operations participating in the ex-
pression.

G < B? - setof relations of expression

(a,b)eG,acO,beB

As a result, a statement is formed:

O
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va|(a.h)eG—acBrbeB| vl ac B>(ab)eG /(h.a)<G)

Any element of a relational expression must be indirectly or directly
linked to other elements of the relational expression. Violation of
this principle entails a loss of correctness of the relational expres-
sion. Any operation can be an argument of only one other operation.

aceOAbeOA(ab)eG
vavb

— 3c[c e O A (c,b) € G]

For any operation b thatis an operation argument, there is no
other operation, b.

To optimize the conversion of a relational expression, it is formal-
ized. Any selection is presented in the form of a cascade of selec-
tions. Each selection moves to the side of greater nesting. In this
case, the projections can fade and split. Each cascade of selections
and projections is combined into single selection, single projection
or selection with subsequent projection [5, 6].

The operation of the projection cascade has the domain of definition

f(C,,0,0)=0cIl narg,o Tl
Operation of the cascade of projections:
C,(0,0) =C,(O.o,arg, 0)

The operation of transforming an expression according to the law
of the projection cascade is of the type C, : @ x [T xI1—> O

and is written in a functional form @’ — C,(0,a,b)- The op-
eration is performed on projection operations @ u b , for which

the assertion holds that b argument in favor & , and attributes a
are among the attributes 5 .

aeH/\beH/\(a,b)eG/\Vp[peHA(a,p)eG—)(b,p)EG]—)
vdve|(d,e)e G a(d,e) % (a,b) nd b —(d,e) e G'| A
Ig[(b.g)eGAgeH A(a,g) €G]

Vdve|(d,e)eG' —(d,e)e GvIglge H A (d,e)=(a,g) A (b,g) €G] A
Vi[he B A3k[(k,h) e G'|—> heB|A

Vhlhe B'— he B]

The operation of the selection cascade has the domain of definition
J(C,,0,0)=0eZ narg,0eX-

Operation of the cascade of selections:

C,(08,0) =C;(0,0,arg, 0)

The operation of transforming an expression according to the law
of a cascade of selections is of the type C,:OxIxZ >0

and is written in functional notation 0" =C,(0,a,b) . The

operation is defined on such two selection operations ¢ u b , for
which it is true that H is an argument ¢ .

aeXnbeXa(ab)eG—>

vdve|(d,e)e G a(d,e)#(a,b)nd #b—>(d,e)eG'|A
vgl(b.g)e G- (a.g) €G]
Vdve|(d,e)eG' > (d,e)eGv|d=anecSUH]A
Vhlhe BAh#b—>heB'|A

Vh[he B'— he B]

All attributes can be divided into participating and not participating
in queries. The decision on the relation of a specific attribute to a
group is taken by the designer, relying on a denormalized or nor-
malized graph of functional dependencies. In the graphs, all the at-
tributes specified before the stage of construction are marked.

A group of attributes that do not participate in queries can be di-
vided into those on which the logical integrity of the information
system depends, and those in the storage of which there is no need
[7-11]. It is not necessary to store the final attributes of the func-
tional dependency graph that are not involved in the queries, and
the key attributes of the junior relationships that were denormalized,
since this attribute becomes final. When deleting the final attributes,
you must also exclude all functional dependencies combined with
these attributes.

3. Results and analysis

Application of the query optimization algorithm when creating an
information system for complex structured objects. The number of
queries that can be performed in an information system of complex
structured objects is quite large. And in the process of operating the
system, the number of requests increases with the growing need for
research on incoming data.

The algorithm for query optimization is presented on the example
of the query: "determine the dates for obtaining the types of prod-
ucts sold when performing operations that started -earlier
1.01.2018"». The relationships required to implement this query are
shown in fig.3.

Table 1: Example Relationship

relationship r

Product

Role in the operation

Operation

relationship q

Product

Date creation

Date of useing

relationship w

Operation ©
Date of the beginning L
Date of completion J

O w>

mm)>

The original query is written as the following relational expression:

7 (01 cvorome Prasreeei OR A=Q.A\RC-W.C (RxQxW))))

The disadvantage of this relational expression is the large expendi-
ture of computational resources for its implementation. The graph-
ical representation of the described relational expression is shown
in figure 1.

T

Fig. 2: Initial Relational Expression.
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Applying the formalized algorithm of query optimization to the
original relational expression, the optimal relational expression is
formed:

as (GR.A:Q.A(”Q.A,Q.F Q) x 7p a(Crcowc

(7r arc (R)x 7y ¢ (O 21012002 (W))))))

It is structurally more complex than the original relational expres-
sion, but its implementation is more efficient graphical representa-
tion of the developed optimal relational expression is shown in fig-
ure 2.
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Fig. 3: The Optimal Relational Expression.

In the figures, the thickness of the lines shows the relative amount
of information processed at each level of the relational expression
being examined. In the optimal relational expression, at each level,
a lower amount of information is realized relative to the original
relational expression. The result justified the higher efficiency of
the resulting query.

4. Conclusion

The method of query optimization when creating an information
system for complex structured objects is considered. The original
relational expression and the resulting optimal relational expression
are given.. From the initial formal model, a lot of basic functional
dependencies are obtained; the optimal structure of the imple-
mented database was developed on its basis, the algorithm of query
optimization. As a result, we developed a formal model of each re-
lational expression, established a formal model of the correspond-
ing equivalent transformation of the selected relational expression,
a formal description of the algorithm to optimize queries investi-
gated.
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