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Abstract

Performance of information system is one of the main indices of its efficiency. Most existing
information systems and software complexes operate with relational data warehouses. Design of data
warehouses for information system is comprised of sequential development of conceptual, logical,
and physical models. This design sequence has proved its efficiency in the case when the
requirements to database, defined by domain area, are strictly formalized, the load on data
processing center is forecastable. However, there are cases when several information systems
operate with data warehouse. Each of them has its own requirements to information, sometimes
contradictory, which should be presented by database in the shortest possible time. In such cases,
forecasting of load, detection of the most resource consuming requests require for system analysis.
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Introduction

Online communication with user, minimization of system response time are the
requirements to most information systems based on data warehouses. Execution of the
requirements depends not only on hardware comprised of servers and communication lines,
but also on software components including web applications and data warehouse. The most
time consuming are disk operations related with position of reading head as well as with
data reading time related with interruptions of these operations. Time consumption for these
operations in its turn depends on data model, methods of its physical allocation on hard
disks.

Relational data warehouse is a combination of data and respective interrelations.
Data are arranged in the form of table structures comprised of attributes and sets of attribute
values: strings. The table structures contain information about objects of domain area
presented in data warehouse. Each column of table structure contains data of certain type
corresponding to that of column attribute. Intersection of column and string contains the
attribute value. A string of table structure contains a set of interrelated values characterizing
the object of domain area. Primary key is the value or set of values of attributes uniquely
characterizing the string of table structure. Links between table structures are implemented
by linking potential and external keys. These data can be accessed by various requests,
table rearrangement is not required. One of the main principles upon determination of
structure of physical record is saving of logical record content. Physical record is a
combination of linked data corresponding to one or several logical records. Physical record
is comprised of two parts: service part and information one. The service part of physical
record is used by data warehouse for identification of record, definition of its type, storing
deletion identifier, storing tags of record elements, identifier of record length, establishment
of structural associations between records, coding element values. User software does not
have access to service part of physical record. The fields of information parts contain values
of data elements. There are several methods to allocate data in physical record.

Formats of physical records:

- Positional arrangement of physical records. In each record the sequence of
elements is the same, the element type is not shown, only its value is stored. The fields have
fixed length. The element value in each record copy appears from one and the same position
determined in description of file structure of data warehouse. All records have the same
length. Upon such record format, it is possible to apply efficient search algorithms (binary
method, golden section method, etc.), however, the memory is used inefficiently. Another
advantage of the positional arrangement of physical records is the absence of time
consumption for determination of end address of one record and start of another one. If the
data have less length than the size of record field, then they are justified leftwards or
rightwards, free spaces are filled with spaces. The field size is determined at the stage of
structure design of data warehouse according to possible values of attributes of domain
area. The number of free positions can be reduced by separators or index method.

- Record storage with separator. Record has fields of variable length, hence,
the stored record has variable length. According to storing method, it is required to select
certain separating symbol which is not used anywhere upon arrangement of database files.
For instance, the symbol #. Upon such arrangement of stored records, the memory is used
sparingly, however, rapid algorithms of data search cannot be applied. There is a gain in
memory but loss in performance.
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- Index arrangement of physical records. Upon such method, the start of record
elements is determined by index array located in service part of the record. Similar to storage
with separator, the index method consumes memory more sparingly, though, does not allow
to use efficient data search algorithms. Necessity to read service part in addition to
information part, as well as its processing exert negative effect on execution rate of requests
for data reading.

- Storage with handles. This method is efficient when record contains many
elements, the values of which are absent, and it is necessary to store only elements with
known values.

The three latter methods use memory more sparingly, especially when some fields
are not filled, though, the search for required information consumes more time.

Record clustering: combination of records of various types in physical groups, which
allows to efficiently use the advantage of sequential data allocation. Clustering is allocation
of linked data near each other aiming at increase of access efficiency. Upon logical
clustering, certain types of data elements are combined into records. Upon physical
clustering, the copies of records of the same or different types are combined and allocated
into one block, one domain, or onto one storing device, that is, addressed memory of fixed
size. The problem of clustering is to determine how to store records of data warehouse for
preset model so that to minimize access time for typical operation loads; that is, the data
most frequently used in search operations and data manipulation are combined and
addressed firstly. In general case, optimum clustering is difficult for complex integrated data
warehouses where data addressed by various applications are overlapped and searches by
sequential and random methods can be easily compromised. An important notion upon
consideration of physical arrangement of data warehouses is the notion of block.

Block is the minimum addressed element of external memory, by means of which
data exchange between RAM and external memory is performed. The block-based principle
of data presentation is the main for operation system and is characterized by numerous
advantages, the most important is fixed size of data transferred by data buses. RAM and
ROM data are exchanged in blocks. Writing and reading of blocks are performed via RAM
buffer. In order to organize each file of data warehouse, depending on its size in external
memory, from one to N blocks are allocated for records. In accordance with the block
principle of data storage, the following allocations are possible:

- all records can be placed in one block;
- one record is in several blocks;
- otherwise, one record is in one block.

The time of reading and recording of file elements depends on the selected allocation
variant. Each byte in block has its number. The number of block byte, from which the record
starts, defines relative record address in the block, that is, the record address equals to the
block number plus relative address in the block (consecutive access), or the block number
and the key value (here: combination of consecutive and direct access). Records in blocks
are located densely, without intervals, consecutively one after another. In a block, part of
memory is allocated for service information: relative address of free memory segments,
pointers to next block, etc.
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For the delivered data, which should be located in one block already filled completely,
additional memory block is allocated in record overflow area arranged in the form of one
block, where records are linked by pointers in one chain. The overflow area is generally
restricted, since the time of data search in the overflow area increases significantly. Thus,
as the limit of overflow area is reached, the data warehouse file is rearranged. The file is
supplemented by the required number of blocks in main memory and records are repacked.
Herewith, the main aim is to free overflow area and to locate all records in partially free
blocks (empty or reserved for possible addition of records)®.

Repacking of physical data blocks is a resource consuming operation, which is
followed by rearrangement of indices. Therefore, selection of attribute type, amount of disk
space occupied by element is an important multicriterial problem, which is often omitted by
designers of data warehouses, thus, the data types with unreasonably high upper limit are
selected?.

For each file the blocks are numbered, and the system determines the required file
by file name and block number. Therefore, the search rate depends on block size in bytes,
file size, number of records in file block, number of records in index block, number of blocks
in file, fraction of reserved part of block, number of fields in record, record size in bytes,
length of key field in record.

In accordance with the aim, i.e. decreasing time for requests for data reading from
relational data warehouse, the procedures consider positional arrangement of stored
records, which provides high search rate due to fixed length of physical records stored in
blocks.

The proposed procedures are aimed at optimization of table allocation in relational
data warehouse and are comprised of the following initial data and elements of basic sets.

Data types of information system. Data type of certain object is such property of these
data, which determines the values to be stored in this object and operations to be executed
with these values.

In modern data warehouses the following data types are used:

symbol (text);
- numerical;

- logical;

- time;

- specialized.

L E. I. Chigarina, Databases: guidebook (Samara: SGAU, 2015).
2 1. V. Belchenko y R. A. Dyachenko, “Metodika povysheniya proizvoditel'nosti informatsionnoi
sistemy za schet optimal'noi restrukturizatsii dannykh”, Izvestiya vysshikh uchebnykh zavedenii.
Povolzhskii region. Tekhnicheskie nauki num 1 (2018): 26-38.
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Selection of data types for information system depends on the expert's opinion in the
field interrelated with information system. String types of data with fixed and variable length
affect the rate of request execution. Indexation by string fields is faster if they have fixed
length. The data files of information systems include various subtypes, which differ in
dimensionality but retain all properties of parent type. For instance, data type is string.
Subtypes of string type are nchar (10), varchar (255), etc.

Attributes of information system data model. Attribute presents property describing
the essence. Attributes correspond to data types of information systems. All data stored in
attribute should be of the same type and have same properties.

Memory size occupied by attribute. Each data subtype is characterized by memory
size required for copy storage. The issue of selection of optimum attribute subtype is related
with response speed of information system and respective relational data warehouse.

D. Gorokhov and V. Chernov in their article titled Methods of data storage in DBMS
describe principles of physical data storage in DBMS. The main units of physical storage
are data block, extent, file (or hard disk patrtition). Logical level of data presentation includes
spaces (or table spaces). Data block or page is a unit of exchange with external memory.
Page size is fixed for data warehouse or for its various structures and is set upon creation.
It is very important to select correct block size at once: it is nearly impossible to change it in
operating base. The block size exerts high effect on performance of data warehouse: at
large sizes the rate of reading/writing increases, especially this is peculiar for complete
review of tables and operations of intensive data load, however, charges for storage
increase and efficiency of index review decreases. Smaller block size allows more efficient
memory consumption; however, it is relatively expensive. Long blocks should be better used
for large data objects: full text fragments, multimedia objects, long strings, etc. Short blocks
are more suitable for numerical values, strings of moderate length, date and time. It is
important to consider block size of operation system, it should be multiple to the block size
of data warehouse. Small block size is more suitable for systems of online transaction
processing, because if server blocks data at the level of blocks, then more users can operate
without interrupting each other. In the decision systems, for which more important is not
general capacity (number of transactions per unit time) but average response time, larger
block is more preferable.

Indices. In data warehouses the most common are indices of two types: cluster and
noncluster. A feature of cluster index is that one index element corresponds to data page. A
page is a physical block for data storage. When server determines a page, it determines the
required record in the page. Cluster index executes the mechanism of index consecutive
access, and the index is made in the form of binary tree. Since cluster index allows to reach
the first record of result and to arrange subsequent search for other records without return
to index level, cluster indices are suitable for data interval sampling. This category includes
external keys, lists of names and any other sets of data with consecutive keys. Due to the
structure of cluster indices, the search in them is faster than upon sampling of random
records for respective noncluster indices. Though, this is conventional rule depending on
the number of pointers required for indices of each type and on their width. Sometimes
cluster index operates significantly faster and sometimes does not provide gain in the speed,
though for most requests the cluster indices operate faster than the noncluster indices.
Noncluster index executes mechanism of index random access. Its important feature is that
one index element is accounted for one record. Identifier is assigned to each record in table.
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Since in noncluster index each pointer corresponds to one record, as well as since
their pointers have larger size than that of cluster indices because they contain record
identifier and not just page identifier, noncluster indices occupy significantly more space. In
order to increase response rate, cluster index should be created prior to noncluster ones.
Creation of cluster indices requires for physical sorting of records, and noncluster indices
contain pointers to pages and records, which are modified upon transfer of records. During
creation of cluster index, free space in data warehouse is required in the amount of sorted
copy with index, or about 120-150% of table size.

Stored procedures and functions. A stored procedure is an object of data warehouse,
a set of compiled commands: server-based subprogram. Since a stored procedure is
preliminary compiled and optimized, it is more efficient than similar client-based set of
commands. The stored procedure is called by name as a software module, it can receive
parameters and return results. The code of stored procedure can include not only operations
of data extraction and modification but also branching logics, variables and other language
instructions, which make the stored procedures a powerful tool of implementation of
processing logics. There are four types of stored procedures:

system,

local,

time,
- remote.

This classification is based on visibility. System procedures are stored in database
and begin with specialized prefix. In order to modify the system stored procedure, it is
required to make its copy, to save original procedure under another name. Local stored
procedures are created in user databases. If a procedure is created with # or ## name, then
a temporary stored procedure is created in separate database. The procedures starting from
## are global, they are visible for any communication session with this server.

The procedures with one # are local and visible only from communication where they
were created. When the communication, where a procedure is created, is closed, the
procedure is automatically deleted. Remote procedures can be called not only from current
server communicated by client application. Herewith, the current server is an intermediate
unit. There is one more type of stored procedures: expanded stored procedures.

They are cardinally different regarding the mentioned ones. These are files of DLL,
generally written in high level programming language, and are referred to as stored only
because the name is stored in DBMS. The DLLs are stored as files in respective list of
operation system.

Triggers. Trigger is an object of data warehouse, which is a special type of stored
procedure which, for instance, is executed by SQL Server during operations in this table.
Triggers are executed after application of rules, default values, they provide restriction of
integrity at the level of strings, reference integrity in data warehouse. Execution of any
modification command results in trigger activation.
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Group of requests. Requests to data warehouse are formed using SQL and inform
DBMS about necessity to perform certain action. For instance, SQL requests allow as
follows:

- to create table;

- to receive final data;

- to add data;

- to remove data;

- to update (modify) data;
- to protect data.

A group of requests to data warehouse contains data about activated attributes of
tables for each request for information sampling, as well as frequency of each request for
selected time period.

The procedure is based on statistical analysis of group of requests used by
application software upon operation with relational database. Lifecycle of any stable
information system, which stores data in relational data warehouse, at certain stage allows
to form final set of typical requests for data reading.

Formalization of optimization of data model in the form of set-theoretical model

Construction of suboptimal data model of information system includes suboptimal
distribution of tables of relational data warehouse by blocks on hard disk. The main
optimization criterion of data model of information system using data warehouse is the
minimum size of table string of relational data warehouse, allowing to store more data in one
block and, as a consequence, to minimize the number of reading operations of data blocks
from hard disk upon requests to data warehouse.

This is achieved by decrease in memory size indirectly participating in the request.
Conventional flowchart of data block reading to execute request for data reading is illustrated
in Fig. 18,

3 S. I. Rodzin, Teoriya prinyatiya reshenii: lektsii i praktikum: Guidebook (Taganrog: TTI YuFU, 2010).
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Conventional flowchart of data block reading to execute request for data reading
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In the frames of the procedure it is proposed to subdivide the tables of data
warehouse into several entities interrelated by one to one ratio. According to the principles

of block storage of data, each table will be stored in a separate block. Upon request for
information sampling, data warehouse reads data block from hard disk to RAM for each
table, the attributes of which participate in the request. The flowchart of data block reading
to execute request for data reading using vertical subdivision of tables is illustrated in Fig. 2
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Figure 2
Flowchart of data block reading to execute request for data reading using vertical
subdivision of tables

The performance improvement of information system is reduced to optimization of
one of key subsystems: data warehouse.

In order to formalize the problem, let us consider sets and parameters affecting the
processing rate of requests to the considered table of database.

1. Integer parameter TS equaling to the number of columns in the table.

2. Vector of data types DBT = {dbtidbt|idbt = 1,ndbt}, which are supported by
selected data warehouse. Vector element: data size in bytes occupied by vector of the type.

3. Set of attributes (table columns) TA preset by binary matrix, the element of
which ta;tq jr, €quals to one if the type of table column ita is jta, ita=1,..,TS,jta =
1, ...,ndbt.

4, For formalization of the problem let us consider the set representing the group
of requests Q = {q;4liq = 1,nq} to obtain data from database table; 2-tuple Qiq =
{SFQ;q,QA;iq}, Where SFQ,, is the numerical parameter equaling to the frequency of request
per selected time interval, Q4;;, = {qa;qqliqa = 1, TS} is the binary vector, the dimensionality
of which equals to the number of table attributes TS. ga;q, = 1 if the table attribute TA
participates in the request, otherwise, 0. nq is the number of requests.

5. Set of indices characterized by the set of table fields, used for creation of the
index IN = {in;;liin = 1,un}. The set element in;;, = {inmy jimljin = 1, TS} is the binary
vector, the dimensionality of which equals to the number of table attributes TS, in; jin = 1
if the attribute jin of table TA participates in the index in;;,, otherwise, 0.
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6. Stored procedures and functions PF = {pfipf|ipf = 1,npf} characterized by
the set of fields, used in the body of stored procedure or function. The set element pf;, =
fiprjprlinf = 1,TS} is the binary vector, the dimensionality of which equals to the number
of table attributes TS, pfi,r jpr = 1 if the attribute jpf of table TA participates in the body of
stored procedure or function pf;, , otherwise, 0.

7. Set of triggers of database TG = {tg;4litg = 1,ntg} characterized by the set
of table fields used in the trigger body. The set element tg;.y = {tgitg jeglitg = 1, TS} is the
binary vector, the dimensionality of which equals to the number of table attributes TS,
tgitg,jtg = 1 if the attribute jtg of table TA participates in the trigger body tg;;4, otherwise,
04

The influence of number of physical data blocks used by table of data warehouse on
total number of executions of group of requests

A set of requests Q to the considered table is processed by DBMS in the time
T(Q,TA,DBT). The time consumption T(Q,TA, DBT) can be presented in the form of sum of
time consumptions for reading data blocks of tables T}, (Q, TA, DBT), participating in requests
Q, and other time consumptions T,(Q, TA, DBT), including time consumptions for execution
of plan of request processing, for data transfer, etc.

T(Q,TA,DBT) = T,(Q,TA, DBT) + T,(Q,TA, DBT)

In the frames of the procedure it is proposed to decrease the term influencing total
execution time of request T, (Q, TA, DBT). The time consumptions T, (Q,TA, DBT) in general
form depend on the number of reading operations of data blocks in tables from hard disk.
Let the time delay related with reading of one data block be T}, then:

nq
Th(Q) = Z B(qiq,TA,DBT) * Tp,

iq

where B(qy4, TA, DBT) is the number of data blocks to be read from hard disk to cash
of data warehouse for further execution of request g;, to the table preset by binary matrix

TA. The cash of data warehouse is in RAM of computing device; T, is the time delay related
with reading of one data block.

The function B(q;4, TA, DBT) is calculated as follows:

RC * RS(TA, DBT) * q;4(SFQ)

B(qiq, TA,DBT) = o8

where RC is the number of strings in the considered table.

RS(TA,DBT) = RSS(TA, DBT) + RST(TA, DBT),

1. V. Belchenko y R. A. Dyachenko, “Metodika povysheniya proizvoditel'nosti...
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where RS(TA, DBT) is the value characterizing disk space occupied by one table
string in bytes; RSS(TA, DBT) is the memory size occupied by service marks of DBMS for
string. In particular case, it equals to the size of primary key identifier. RST(TA, DBT) is the
memory size occupied by table attributes in string:

RST(TA,DBT) = Z?S[(Z?fbbtt DBT;apt * TAj,idbt)]s

where DB is the fixed size of fata block of selected data warehouse. In most data
warehouses it equals to 8 Kb.

The parameters RC and DB are unchanged.

Since the time delay Ty, related with reading of one data block, can be assumed
constant, the sum of time delays for reading of data blocks of table TA, T,(Q,TA, DBT),
depends on the number of blocks required for reading, it is calculated as the function
F(Q,TA,DBT):

nq
F(Q,TA,DBT) = z B(qiq, TA, DBT)
iq

Let us substitute into F(Q,TA,DBT) the equation B(q;;, TA,DBT). The function
determining the number of blocks required for reading from hard disk in RAM upon execution
of requests Q to the considered table TA is as follows:

F(Q,TA,DBT) =

i(RC « RS(TADBT) * 4iq(SFQ),

d DB
iq
Procedure of reduction of number of physical data blocks used by data warehouse

for execution of requests Q to table TA by means of its subdivision into daughter
tables

In the frames of the procedure it is proposed to subdivide the considered table into
NB € [1; TS] daughter tables interrelated with the parent table by 1:1 ratio.

Let us introduce the following variable:

o = {1, if the attribute j should be allocated into i — th table,

U otherwise, 0
The variable is the binary TS x TS matrix for table of relational database, where TS is the
number of table attributes. The matrix strings correspond to the tables, into which the parent
table is subdivided, and the columns correspond to their attributes. The variable
corresponding to table subdivision into three daughter tables is graphically exemplified in
Fig. 3.
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Figure 3
Graphic examples of variable corresponding to table subdivision into three daughter tables

Then the number of blocks read from data warehouse BM =
f(Q,RC,DB,DBT,TA, X), which should be read from hard disk to execute requests Q to table
TA, is calculated as the function equaling to sum of blocks, which should be read from hard
disk to execute requests Q to each daughter table. Maximum amount of daughter tables
equals to the number of attributes NB of parent table TA.
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BM = f(Q,RC,DB,DBT,TA,X) =
i [RC « RSM(DBT,TA, X,) * FQ(qiq, Xl)} .

) DB
ig=1
nq
RC * RSM(DBT,TA, Xirs) * FQ(qiq Xirs)
- '
: DB
ig=1
nq
RC * RSM(DBT,TA, Xnp) * FQ(qiq) Xnp)
+ Z ,
DB
ig=1
where:
TS ndbt
RSM(DBT,TA, Xys) = Z Xirs,j * z DBTiapt * TAjiape || + RDS(DBT,TA, Xis) |,
ki idbt

TS
FQ(quy Kops) = 4 T SFQLIF D (Kirs)u* (@1 (@A) > 0

otherwise, 0
irs=1,..,nb,j=1,..,TS,idbt = 1, ...,ndbt.

The parameters RC and DB are constant, RSM is the function characterizing disk
space occupied by one string of daughter table irs in bytes, RDS(DBT,TA, X;,;) is the
function characterizing disk space occupied by service marks of data warehouse in string of
daughter table irs in bytes®.

Therefore, the performance improvement of information system using data
warehouse is reduced to search for such subdivision of table into daughter tables, at which
the sum blocks to be read into cash of data warehouse for execution of requests Q is
minimum.

The obijective function is as follows:

lf((Z,T-S[xirs,,- « (X145 DBT;qp; * TAjiape)] + RDS(DBT, T4, Xm)))1I
Z | * RC * F(qiquirs |
iq irsl bB I
I I
where:

TS
FQ(Qiq'Xirs — 1 4iq (SFQ),if Z(Xirs)u * (Qiq (QA))w, >0

otherwise, 0
irs=1,..,nb,j=1,..,TS,idbt =1, ...,ndbt.

Under structural restrictions:
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1. Each attribute of parent table can be present only in one daughter table

mel’il =1,m=1.,TS,i =1,..,TS

i1

2. The table attributes used upon construction of indices should belong to at
least one daughter table.

TS | TS

Vix,ix =1,...,|IN|: 1—[ Z(xmz i, * INiy; = INix i)
2
my, = 1, ...,TS,lZ = 1, ,TS

3. The table attributes used in body of stored procedures or functions should
belong to at least one daughter table.

TS | TS

vpx,px =1, [PFl: 1—[ z(xms is * PFpx,is — PFPx,is) =0,
m3 = 1, ...,TS,l3 = 1, ey S

4. The table attributes used in operation of triggers of the considered table
should belong to at least one daughter table.

TS | TS

vix, tx = 1, ..., |TG|: 1_[ Z(xmm * TGy, — TGryy, )| = 0,

my | iy

my = 1, ...,TS, i4_ - 1, ...,TS.

5. The ratio of the number of physical data blocks required for data storage of
the considered table before the use to the number of blocks required for data storage in the
daughter tables after the use of the procedure should not exceed preset parameter
TSIZE,TSIZE € (0; 1].

_ (RC % RS(TA,DBT)
TSIzE = ( / Zm C * RSM(DBT, TA,ers),) /DB
irs=1,..,nb

Search for optimum subdivision of table T4 into daughter tables for execution of
requests Q by exhaustive search in solution space

The objective function is nonlinear, the constraints are also nonlinear. The variable
X isthe TS * TS binary matrix. Let us present the variable in the form of TS * TS binary vector.
Hence, the number of possible combinations of the variable is defined as 275*7S. On this
basis, the problem is characterized by exponential complexity and is NP difficult. A set
of N variables, each of them can acquire K possible states, can have KV possible states.
Analysis of such system requires for processing of at least KV bytes of data. A problem
becomes transcomputational if KV > 1093,
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This problem becomes transcomputational at the number of attributes TS = 17, then,
the exhaustive search of solutions in acceptable time is unavailable®.

The work analyzes the reduction of possible combinations of variable by constraining
maximum possible number of daughter tables used for the subdivision. With this aim, it is
required to reduce the number of strings in binary matrix X. Such approach would allow to
determine optimum subdivision of the parent table TA into daughter tables for execution of
requests Q if the number of attributes in the parent table is small. This is suitable for
reference tables described by small number of attributes.

Mathematical formulation of cluster analysis based on alpha quasi-equivalence

The following definitions are given in’:

Definition 1. Common (nonfuzzy) n-ary ratio R between the sets X4, X, ..., X,, is the
subset of Cartesian product X; X X, X ... X X,

RS Xy XXy X . X Xp,.

Definition 2. Fuzzy n-ary ratio R between subsets X;, X,, ..., X, is the fuzzy set R,
where V(xq, X5, ..., Xp) € X1 X Xp X .. X Xy, ur(x1, X5, ..., X) € [0,1];

X; = {1}, Xy ={x}, ..., X, = {x,,} are regular sets.
Definition 3. Fuzzy binary ratio R between the sets X, Y is the fuzzy set R, where
V(x,y) EX XY,
ur(x,v) €0,1],X = {x},Y = {y}are the regular sets. If the sets are finite,
X ={x1,x2 ..., % 1, Y = {y1,¥2, .., ¥}, then the fuzzy binary ratio R can be defined by the
matrix of ratio R, the strings and columns of which are associated with the set elements X, Y,

and the cross section of the i — th string and the j — th column is the element uR(xi,yj).
Therefore,

(HR(XL)’l)- #R(xl'y'm)->
R = : :
ur e, y1)- o+ g (o, Yim).-
Definition 4. Fuzzy binary ratio R on the set X is the fuzzy set R, where V(x,y) €
X XX; .UR(X'Y) S [Oll]

Definition 5. Fuzzy binary ratio R, belongs to fuzzy binary ratio R, if forVx € X,Vy €

tg, (x,y) < pg, (x,y)

61. V. Belchenko y R. A. Dyachenko, “Metodika povysheniya proizvoditel'nosti...
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Definition 6. Fuzzy binary ratio R is referred to as reflective if ug(x,x) =1, vx € X

Definition 7. Fuzzy binary ratio R is referred to as symmetrical if pug(x,y) = ug(y, x),
vx,y € X

Fuzzy binary ratios can be presented as combination of regular binary ratios
arranged by inclusion and presenting hierarchical combination of ratios. Expansion of fuzzy
binary ratios is based on the notion of « level of fuzzy binary ratio.

Definition 8. a level of fuzzy binary ratio R is the regular ratio R, defined for each «
as follows®:

Ry ={(x,y) € X X Y|ug(x,y) = a}

According to the theorem of decomposition, fuzzy binary ratio R can be presented as

follows:
R = U aR,
a€lo0,1]
or
@ = | (@Re),
a€l0,1]
where:
_ 1, HUR (X) 4
He () = {O,MR(x) <a

Heuristic algorithm of search for suboptimal subdivision of table based on cluster
analysis of requests for data warehouses of large information systems

In order to solve the problem, the procedure was developed based on cluster
analysis of requests to database.

Heuristic analysis is comprised of the following stages®:

1) Let us consider binary fuzzy ratio R on the set ATR = {atry, atr,, ..., atrrg}
defined in the form of membership function R = {uz(atr,,, atr,,)|atr,,, atr,, EATR}, where:

nq

Vitg(atre, at72,) = ) ((01q (QANa, * (010 (Q))  * a1q (SFQ,
iq 2

8V. A. Atroshchenko; V. Y. Belchenko; I.V. Belchenko y R.A. Dyachenko, “Development and research
of statistical methods and optimization algorithms of search for solutions in intelligence automated
systems”, International Journal of Pharmacy and Technology Vol: 8 num 2 (2016): 14137-14149.

° 1. V. Belchenko, “Metodika povysheniya proizvoditel'nosti krupnykh informatsionnykh sistem za
schet restrukturizatsii dannykh na osnove klasternogo analiza statistiki zaprosov”, CloudofScience
Vol: 5 num 2 (2018): 352-366.
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ig=1,..,nq,a4,a, € [1,TS]

The membership function defines in which requests the attributes atr, , atr,, are met
together. The ratio R is characterized by the following properties:

1. It is reflexive:
Ur (atral,atral) =1,Vatr, € ATR,
2. It is symmetric:
ur(atry,, atry,) = pg(atr,,, atr, ),V atr, , atr,, € ATR.

The algorithm of automatic clustering requires that the ratio R is characterized by
transitivity (max — min):

yR(atral, atraz) = \/ (MR (atral, atrk) A Ug (atrk, atraz)) ,
atry€EATR

V atry ,atry,, atr, € ATR.

(max — min) is transitive closure of binary fuzzy ratio R on the set ATR, where
card(ATR) = TS is the binary fuzzy ratio R on the set ATR determined as follows'**:

R=R'UR?U..UR™S,
where the ratios R™S are determined recursively:
R*=R,R™ =RTS"1oR,TS =23,...

2) After obtaining of binary fuzzy transitive ratio R the a levels are determined,
a € [0,1], the clusters Al 1 €[1,TS] are determined in accordance with the rule: if
ué(atral, atTaz) > a for some atr, , atr,, EATR, then the objects atr, , atr,, EATR belong to
the cluster At;

3) From the obtained hierarchy of subdivisions, the subdivision is selected, the
efficiency of which is estimated by the objective function obtained in this work. The attributes
belonging to cluster are separated to single daughter table®?,

Calculation by the procedure for a table of 5 attributes. A set of requests is presented
in the form of Table 1.

101, V. Belchenko, “Metodika povysheniya proizvoditel'nosti...
11 A, A. Barsegyan; M. S. Kupriyanov; I. I. Kholod; M. D. Tess y S. |. Elizarov, Analiz dannykh i
protsessov: Guidebook (St Petersburg: BKhV-Peterburg, 2009)
1211, V. Belchenko, “Metodika povysheniya proizvoditel'nosti...
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No. Number of requests to server per | Binary vector of attributes participating in
selected time period request
1. 20 <0,0,1,1,0,0>
2. 5 <1,0,1,1,1>
3. 10 <0,0,1,1,1>
Table 1

Characteristics of requests

Binary ratio is constructed on the basis of a set of requests. The element of ratio
equals to the frequency of occurrence of element pair in group of requests, summarized in
Fig. 4.

atr, | 8lrz | atry | atry | atrg
atr, 5 0 5 5 5
atrs 0 20 20 0 0

atrs 5 20 35 15 15

atr, 5 0 15 15 15

ay | 5 | 0 | 15 | 15 | 15

Figure 4
Binary ratio on the basis of request set is arranged

After normalization by maximum element of ratio the binary fuzzy ratio was obtained,
illustrated in Fig. 5.

atr, atrp | atr, | atry | atrs

atr, 1 0 |0,143)|0,143| 0,143

atr, 0 1 10571 0 0

atr, | 0,143 0571 1 |0,429| 0,429

atry |0,143| 0 | 0,429 1 0,429

atrs | 0,143 0 | 0429|0429 1

Figure 5
Binary fuzzy ratio

According to the procedure, the transitive closure of fuzzy binary ratio is obtained.
The result of composition of two fuzzy ratios is illustrated in Fig. 6.
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R R RoR

alr, | @tz | airy | atrg | atrs alr, | @bz | &iry | alrg | atrs atr, | 8z [ &ty | alrg | alr
atr, 1 0 |0.143] 0,143| 0,143 atr, 1 0 |0.143] 0,143 0,143 atry 1 0,143( 0,143 | 0,143 0,143
atr, 0 1 |os71| 0 0 atr, 0 1 los7| o 0 atr | 0443| 1 | 0571|0429 0,420
atry | 0143|0571 1 |0429| 0429 Q atr; | 0143|0571 1 |0429| 0429 atry |0,143|0571| 1 | 0429|0429

Komnozauuua
atry |0143| 0 |o0420| 1 |0429 atry |0143| 0 |o0420| 1 |0429 atry | 0,143| 0429|0420 1 | 0429
atrs [0,143| 0 |0429|0429| 1 atrs [0143| 0 |0429|0429| 1 atrs | 0,143 | 0,429 0,429| 0,429 1
Figure 6

Composition of fuzzy binary ratios

Transitive closure of fuzzy binary ratio is illustrated in Fig. 7.

R

atr, | atrz | atry | atry | atr

atr, 1 01430143 | 0,143 0,143

atr; [ 0,143 1 0,571 0,428 0,429

atr; | 0,143 | 0,571 1 0,429 0,429

atrs | 0,143 |0429| 0,429] 1 0,425

atrs | 0,143 |0.429| 0,429| 0429 1

Figure 7
Transitive closure of fuzzy binary ratio

The alpha levels and clustering are summarized in Table 2.

Elements of alpha level Value of alpha | Value of objective function (Number of blocks
level read from data warehouse)
{A, Ay, A5,A,, A} 1 252,000
{A,, A3}, {A, A, A} 0.571 195,000
{A},{A,,A5, A, A} 0.429 237,000
{A, Ay, A5,A,, A} 0.143 252,000
Table 2

Calculation of alpha levels and clustering

With the constraint, if ug(atr,,,atr,,) =1 for certain atr, ,atr,, €EATR, then the
objects atr, , atr,, EATR belong to one cluster.

The procedure algorithm is illustrated in Fig. 8.
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{ Hauano }

v

MogSop rpynnel
3anpocoE AN\
aHannza,

OrpaHuYeHUi

v

[ocTpoeHWe SKHapHoro
OTHOLUEHWA B COOTBETCTEMK
C MyHELMER
NpUHAANEXHDCTH

v

MoCTpoeHWE HEYETKOMD
GUHapHOrD OTHOLIEHKA

TpaHauTUEHOE
T IEMEILEHNE

FazneneHue Ha
AnNsma-KnacTepsl

ameHede ansma-ypoexA

YNOBNETEOPAET MK paidneHue
LIENEB0H MyHELMK

Figure 8
Algorithm of procedure
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Havano Start

Mogbop rpynnbl  3anpocoB Ans  aHanmaa, | Selection of group of requests for analysis,
orpaHn4eHnin constraints

MocTpoeHne  OuHapHoro  oTHoweHust B | Construction of binary ratio in accordance with
COOTBETCTBUM C (PYHKUMEN NPUHAONEXHOCTU the membership function

MocTpoeHune HeyveTkoro GuHapHoro oTHoweHust | Construction of fuzzy binary ratio
TpaH3UTMBHOE 3aMblkaHne Transitive closure

PasgeneHuve Ha anbga-knacTtepbl Subdivision into alpha clusters

M3meHeHne anbda-ypoBHS Modification of alpha level

YooenetBopseT nu  pasbueHne ueneson | Partition satisfies objective function

YHKLMN

Het No

Oa Yes

KoHel, End

Development of procedure of suboptimal restructuring of table structures of data
warehouses of moderate information systems on the basis of multimodal distribution
of attributes

In order to solve the problem, the procedure was developed based on multimodal
distribution of attributes of the considered table by their occurrence in requests for data
reading. In order to obtain optimum subdivision of the considered table with the number of
attributes equaling to TS, it is required™:

1. To obtain for each attribute the frequency of occurrence for each attribute in
requests to data warehouse. The vector of occurrence frequency of attributes of the
considered table in requests Q, where FTA = {ftajs,|ifta = 1, TS}, is

nq
fraies = Zl GigSFQ) * (a1g(@)
iq=
iq=1,...,nq.

The distribution of attributes by frequency of their occurrence in request group is
exemplified in Fig. 9.

13 1. V. Belchenko y R. A. Dyachenko, “Metodika povysheniya proizvoditel'nosti nebol'shikh
informatsionnykh sistem za schet optimal'noi restrukturizatsii dannykh na osnove mnogomodal'nogo
raspredeleniya atributov”’, Vestnik Novosibirskogo gosudarstvennogo universiteta. Seriya:
Informatsionnye tekhnologii Vol: 16 num 2 (2018): 19-30.
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'
A A7
E Aq Ao
5
[
T
As Ag
Ay Az Ag
ATpuGYTHI
YacToTa Frequency
ATpnbyTbl Attributes
Figure 9
Graphical example of distribution of attributes by frequency of their occurrence in request
group

1. To sort the attributes by the frequency of their occurrence in requests. FTA' =
{fta’jpalifta = 1, TS, fta’ € FTA, fta’isa < fta’ifras1}

2. To form groups of attributes with the same frequency. We obtain the partition
of final set FTA'. GF = {gf;,..,gfpn}, Where gf; U..Ugfy, = FTA, gfy; # 0,1 <bi <
bn, where V ifta, fta' i, € gfy,i, if V (gfpi)p; = fta'ifea, ifta = 1, TS, bj = 1, gfy, |.

Attribute grouping by the frequency of their occurrence in requests is exemplified in
Fig. 10.

Az A7
Aq Ao

HacToTa

A5 Ag

Ag Ag Ag

Y

ATpUGYTHI
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YacToTa Frequency
ATpubyTHI Attributes
Figure 10

Graphic example of attribute grouping by frequency of their occurrence in request group

3. To obtain set partition of attribute group. We obtain partition of final set GF.
GF’ = {gf], ...,gfg’n}, where gfj U..Ugfg, = GF, gfg; # 0,1 < gi < gn,whereV gfy;, gfi,; €

!

g gi’
< bi< gi:(Ts, 1 < bi < bn.K is the coefficient characterizing the number of

partitions of attribute groups, K € [1, gn]. Subdivision of the considered table into daughter
tables is exemplified in Fig. 11.

(gi—1)+TS
K

F 3
i Az A7 Paz0ueHune 1
o A1 Az
S
4]
:r N
As Ag Pas0uenne 2
"E"l-i F‘ka Ag PazbueHne 3
ATpuGyTHI
YacTtoTa Frequency
ATpunbyThl Attributes
PasoueHue 1 Partition 1
PasbueHne 2 Partition 2
PasoueHne 3 Partition 3
Figure 11

Graphic example of considered table subdivision into daughter tables.

By varying the parameter K € [1, gn] characterizing the number of partitions of a set
of attribute groups, the procedure allows to obtain solutions, the efficiency of which is
estimated by the objective function developed in the studies™.

Calculation by the procedure for a table of 5 attributes. Prediction of the objective
function and consideration for attributes of the table are omitted and described in Section 4.
A set of requests is presented in the form of Table 3.1. The obtained frequency of occurrence
of each attribute in the group of requests to data warehouse is summarized in Table 3.

141, V. Belchenko y R. A. Dyachenko, “Metodika povysheniya proizvoditel'nosti...
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fta, fta, ftas fta, ftas
5 20 35 15 15
Table 3
Frequency of attribute occurrence in group of requests

The algorithm of the procedure is illustrated in Fig. 12.

{ Hauano ]

¥

Mogdop rpynnkl
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l
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aTpUEYTa 3HAYEHWA YACTOTHI
BCTPEYM B 3aMpocax

!

CopTUpoBKa aTpWayToB no
YACTOTE NOABMEHWA B
Tpynne 3anpocos

v

CoOpMUpOBaHKME IPyNn
aTpudyTOE C OOMHAKDEDN
YaCTOTOR

L

MNonyyeHne pazdueHna
MHOMECTEE NPynn
aTpudyToB

MameneHmre koszdduumedTa
paIdneHnA

YO0BNETEOPAET N pasdneHue
Lieneson dhyHKLIMKM
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Hauvano Start
Mogbop rpynnbl  3anpocoB Ans  aHanmaa, | Selection of group of requests for analysis,
orpaHn4eHnin constraints

I'IonyquMﬂ Ana Kaxgoro anI/I6yTa 3Ha4YeHunA
4YacCTOThbl BCTpe4Mn B 3anpocax

Getting occurrence frequency in requests for
each attribute

CopTtupoBka aTpubyToB No YacToTe NOSABEHUS
B rpynne 3anpocoB

Sorting of attributes by occurrence frequency in
requests

dopmMupoBaHve rpynn aTpubyToB c

OJMHAaKOBOW 4YacToToMn

Formation of attribute groups with the same
frequency

MonyyeHne pa3bueHns MHoOXecTBa rpynn | Obtaining partition of a set of attribute groups
aTpnbyTOB
M3meHeHne koadpduumeHTa pasbrneHus Modification of partition coefficient
YpoenetBopsieT nu  pa3bueHne ueneBon | Partition satisfies objective function
YHKLMN
Het No
[a Yes
KoHel End

Figure 12

Algorithm of the procedure application
Conclusion

1. Domain area of data warehouses has been described. The main definitions of
objects of data warehouses, their structures, interrelations, influence on performance have
been presented.

2. The influence of data block size of physical model of data warehouse on its
performance has been determined.

3. Optimization of data warehouse has been formalized, including description of
decision space, variables, main parameters, objective function, restrictions.

4. Nonlinear type of objective function has been determined, impossibility to solve
the problem by exhaustive search methods in acceptable time has been determined due to
its dimension. A method to decrease the problem dimension has been proposed.

5. Heuiristic algorithm has been proposed to search for suboptimal table subdivision,
based on cluster analysis of request group for data warehouses of large information
systems.

6. The procedure of suboptimal restructuring of table structures for data warehouses
of moderate information systems has been developed on the basis of multimodal attribute
distribution.
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