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Abstract

This thesis is aimed at developing practical skills of building mathematical
svstems for data collection and analyvsis. The peculiarity of the work is to learn
to self-decision-making. to develop research skills. which is especially important
in a dynamic world. Data collection is carried ontl. in almost all arcas of science
and technology. Over the past few vears. data collection techniques have heen
applied to applications and new corporations have cmerged to commercialize the
technologv. Many business and financial problems are successfully solved with
the use of big data. Problems of management, classification. pattern recognition,
forecasting, inherent in almost all application arcas. such as medicine. militarv
Affairs. aviation and space. construction, are increasingly solved with the use of
this technology. In this regard. vou will sce a fundamental understanding of the
hasic concepts and models of big data, as well as learn how to apply this knowledge

-

in practice.



Anxgarna

By ILTOMIBIK. ZKYABIC JICPERTEP 1 KIHAY ZKoHe TAL1AY VHIIH MaTeMaTlika-
JBIK YT eI KyPiUIbi ToARIPHOS TIK JTAIBLIAPbIH Kacavia OarblTTa iran. ZIy-
MBICTBIH OPBIHIATY epeKkuie -3 OeTIHIIE HICHNN KaObLL TV 1Ll yIIPeHy. 3epTrey
KaOLIeTTePI JTaMbITY. Oy oCipece KaPKLIL LI TANMBbIT KCTe ZKUTKAH OJTCM.IC MaHbl-
3oL JepesTep, i zkitay ic Ky 31,10 UL ILIN MCH TONHHKaHbIL Oap. IbIK ¢a 1. lapblH-
Ja ZKy3ere acbipbliaibl. Colrbl GipHelIe Kbl 11 J1CPeKTeP Il zKilay o/ icTepl Kol-
Janda bl calatapia Kolllalblla 0acTa bl KOHC OCbl TCNHOTOTHSIHBL KOMMEPILI-
SUIBIK N 1A TAHVMEH allHATIBICATBIH ZKaHa KOPHOPALdIap naiita 00,116l Y1KeH
JICpeKTep Il NaiilasiaHa oTbIpbIl, OI131ec HeH KapzKbIbIH KonTereHn pod.enasia-
PbI TAOLICTBI etiyvIe. Memna, ockepit ic. ABHAILIS ZKO1e Tapbill. KyPbLILIC
CHSIKTBI 0aP.IbIK KOTIAHOATHI calatapra Tol bacKapy. Kikrev. OeiiHe1epIi Tauy.
00 T/Kav MIHIeTTepl 0Cbl TeXHOOTIIHBI KO LIAHY apKbL bl 7k weri1e . Qcbiran
OAIL1AHBICTB] €13 YUIKEH JePeKTePAid Herlsrl TYyCHIIKTeP] Mel MoAe.1bIepi TVPATIbl

ipre.1i TycinikTep i Kopecis, con1aii-ax ocbl OLML ToxKipnbe e,
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AHHOTAIMSI

Jannas miosnas paboTa Hanparena la BbipadaThiBaHIe IPAKTIUCCKIIN Ha-
BbIKOB ITOCTPOCHIIZ MAaTOMATHICCKIIN CHETEM LT cOopa 11 alla1isa ladibix. Qco-
OCHHOCTBIO BBIIOTHOHIS PAOOTLE ARIACTCA TO. TTOOBL HANTITHLCS K CANMOCTOSNTC b
HONMY TIPHHATIIO PeHIeHIT, PasBITL B ¢eOC HCC ICI0BATCILCKIIC CIIOCOOHOCTIL. UTO
OCOOCHIO BAAKHO B UIHAMITTHO DasBiBaionleMest Mpe. COop Lalnibix 0CvLIeeTE, 151-
CTCsl IPAKTINECKIT BO BCEN 0OJACTAN HAVKIL 1T TOXHIKIL 34 [OCTOIHIE HOCKO. Th-
Ko JIeT MeToAbl ¢00pa 1aHHBIX CTa [l IPHMEHSITLCST B HPIHK T IHBIN 00 1aCTsIN 1
MNOABILTICH HOBbIC KOPHOPAILIL. 3aHIIMAIOUIICC KOMMCPUCCKIIN 11C110.1b30BaH11-
ent 91oii Texnodgormi. C nenobsosaiines GobHHIN JaHHBIN VCHCIIIO PEIAIOTed
MHOPIE NPODTIeMDBl DIrsHeca 11 (DUIAHCOR. 314t VOPARIeHs. KIaccihikai.
PacTo3HaBaLIsl 0OPA30B. NPOTHOIPOBAHIA. IPHCYIIIC MPAKTIMECKIT BCEM IIpli-
K& IHBIN 0071ACTAM, TaKHM Kak MeTNIHA. BOeHHOE (810, aBIalls I KOCMOC,
CTPOUTEIbCTBO. BCe HALLe PCLHAIOTCS ¢ IPIMEHEHICM JaHHOI TexXHo1oru. B ¢psi-
311 ¢ 9THM Bbl VBILZUITE PVHIAMEHTA THHOE IPeIcTaB eHie 00 OCHOBHBIX HOHATIHX
[ MOEAX OOTLIIIN JAHHBIN. & TAKAE HAY'HITb OPIMEHsITh 3T 3HAlA Ha TPaK-

THKe.
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1. Introduction

Big data refers to a wide variety of data sets that cannot be properly processed
by traditional applications hecause of their large size or complex composition.
The complexity of the analvsis of big data lies in the specifics of their collection.
supervision. division. storage. transmission. visualization and confidentiality. Big
data analysis is often understood as the application of predictive Analytics or other
best practices to extract some useful information from a set of data. Accuracy
in big data analysis helps vou make better decisions. In turn, making the best
decisions can increase production efficiency. reduce costs and reduce risks. Big
data Analytics can be applied in areas such as tracking of market conditions,
the prevention of the spread of epidemics and the fight against crime. Scientists,
CEOs. workers of mass-media and advertising, as well as government agencies
often face difficulties in the analysis of huge amounts of data volumes in the
arcas of scarch in the Internet, information technologv in the field of business and
Finance, ete. The work of scientists. especially meteorologists, genome scientists.
researchers working in the field of communication, physicists creating complex
simulations. and Dbiologists and ecologists is often limited by the processing of
hiuge amounts of data. The amount of data is constal’itly Increasing, as the ability
to collect information using low-cost mobile devices. digital aerial photography;,
cameras, microphones, radio frequency tag readers and wireless sensor networks

is expanding[].
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1.1 Analysis and development of big data pro-

cessing technologies

Let's look at how big data technologies are used in scientific rescarch. A Large
Collider was used to capture data from 130 million sensors 40 million times per
second. That’s about 600 million collisions per second. After filtering and re-
moving more than 99.99995% of them. 100 collisions per second remained. which
were studied by rescarchers. As a result. after studving less than 0.001% of the
data from the sensors. the volume of data [rom all four experiments using the
Large Collider was 25 petabytes per vear before replication (as of 2012) or nearly
200 petabytes after replication. If all the data from the sensors installed in the
Large Collider were recorded. this amount of data would be extremely difficult to
process. The data flow exceeded 150 million petabytes per vear. or 500 exabytes
per day before replication. This is equivalent to 500 quintillion (5 x 1020) bytes
per day. which is almost 200 times the amount of data received from all other

resources in the world.

1.2 Analysis of big data processing methods

Under the analysis of big data is ugderstood as the analvsis of data sets within
the capabilitics of a personal computer. and within the capabilitics of relational
database management systems. while both in the first and in the second case
in the formation and statistics, and visualization there are certain difficulties.
which are the need to ensure coordinated operation of computer programs on tens,
hundreds or even thousands of servers. Big data analyvsis can be characterized by

the following parameters:

1. Volume. i.e. the amount of data generated. Whether a particular dataset
can be considered big data or not depends on this metric. The data is stored

by the SQL server in the cloud.

2. Diversity, i.e. the category to which big data belongs. The knowledge of

such membership allows analysts to most effectively work with information.

Speed. i.e. the speed at which data are generated or processed in order to

.C,.',
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Figure 1.1: Big Data Analvsis methods

achieve goals.

1. Variabilitv. i.c.. the instability of the data over time.

the analvsis depends. N

5. Reliability, i.e. the quality of the data collected, on which the accuracy of

6. Complexity, i.e. the complexity of the process of correlation and building

relationships between data. Let’s consider the main methods of big data

analysis. Methods of analysis of big data used in modern technologies can

be displayed using the following diagram .

Architecture of big data technologies

In 2004, Google published an article on the MapReduce process. The MapRe-

duce framework uses a parallel processing model for very large amounts of data.
Within MapReduce, requests are split and distributed across parallel nodes, and
they are processed in parallel (allocation stage (IDA)). The results are then col-
lected and delivered (the pre-conversion (Reduce) stage). This framework was
very efficient, so other companies also wanted to copy the algorithim. The MNapRe-
duce framework was used in an open source Apache project called Hadoop|2]. Re-

cent studies have shown that multi-tier architecture can be successfully used for
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big data analysiz. The architecture of distributed parallel processing distributes
data across multiple nodes. which. prodncing. respectively. parallel processing.
generate the result miich faster than other svstems. Within this architecture.
data is transferred ro parallel DBAIS using MapReduce and Iadoop frameworks.
This involves front-end application servers.

Solving practical problems using big data processing technology Pro-
cessing of big data now involves, as a rule. the introduction of special software
svstems. such as hadoop. allowing the processing of large amounts of data on the
basis of the concept of Map-Reduce. Iladoop is currently the "de facto" standard
for big data processing. Hadoop is a framework that is used to develop appli-
cations for big data analyvsis and visualization. Data storage in this framework
is carried out using a special distributed file system HDFS (Hadoop Distributed
File System), which is the basis of Hadoop and allows you to store and provide
access to data on multiple nodes of the cluster. Thus, if one or more cluster nodes
fail. the risk of information loss is minimized and the cluster continues 10 operate

normally.
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Figure 1.2: Map Reduce Scheme

1.3 Data processing in Hadoop application

Big data uses the MapReduce algorithm, all stages of Map should complete its
work hefore the beginning of Reduce. Also. the input data requires pre-processing.
Thus, the General algorithm of work shown in figure 2 is obtained. One of the
most urgent tasks of modern informgation technology is the task of fast processing
of large amounts of data. An effective solution to this problem allows you to make

faster decisions based on the data obtained in the past. The paper analvzes the

methods and approaches to big data processing technology.



2. Data structure

2.1 The concept of data structures and algorithms

Data structures and algorithms are the materials from which programs are built.
Moreover, the computer itself consists of data structures and algorithms. The
built-in data structures are represented by the memory registers and words where
the binary values are stored. The algoriths incorporated in the design of the
equipment are rigid rules embodied in electronic logic circuits, according to which
the data stored in memory are interpreted as commands to be executed. There-
fore. the basis of the work of any computer is the ability to operate with onlv
one type of data - with individual bits. or binary digits. The computer works
with these data only in accordance with a constant set of algorithms that are
determined by the system of commands of the Central processor.

Tasks that are solved with the™help of a computer are rarely expressed in
the language of bits. Typically, data is in the form of numbers, letters. texts.
svmbols. and more complex structures such as sequences. lists, and trees. Even
more diverse are the algorithms used to solve various problems: in fact. there are
no fewer algorithms than computational problens.

For the precise description of abstract data structures and program algorithms,
such formal notation systemns are used, called programming languages, in which
the meaning of any sentence is determined accurately and unambiguously. Among
the tools represented by alimost all programiming languages. it is possible to refer
to the data element using the name assigned to it, or. otherwise, the identifier.
Some named values are constants that maintain a constant value in the part of
the program where they are defined. others are variables that can be assigned
any new value using an operator in the program. But until the program starts

running. their value is undefined.
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The name of a constant or variable Lelps the programmer. but it doesn't tell
the computer anvthing. The compiler. which translates the program text into
binary code. associates cach identifier with a certain memory address. But in
order for the compiler to be able to do this. yvou need to report the "type" of
cach named value. A person who solves a problem "manually" has an intuitive
ability to quickly understand the types of data and the operations that are valid
for each type. Tor example. vou cannot extract the square root of a word or write
a number with a capital letter. One of the reasons why this recognition is easv
to make is that words. numbers. and other designations look different. However,
for a computer. all data types are ultimately reduced 1o a sequence of hits, so the
difference in tvpes should be made explicit.

Data types accepted in programming langnages include natural and integer
numbers. real (real) munbers (in the form of approximate decimals). letters.
strings, etc.

In some programming languages. the type of cach constant or variable is de-
termined by the compiler by writing the assigned value: the presence of a decimal
point, for example. can be a sign of a real number. Other languages require the
programumer to explicitly specify the type of each variable. and this has one impor-
tant advantage. Although the value of a variable can change many times during
program execution. its tvpe should never change: this means that the compiler
can check the operations performed on this variable and make sure that all of
them are consistent with the description of the variable tvpe. Such a review can
be carried out by analysing the entire text of the programme. in which case it will
cover all possible actions defined by the programme.

Depending on the purpose of the programming language. the type protection
provided at compile time can be more or less stringent. For example, THE Pascal
language. which was originally primarily a tool for illustrating data structures
and algorithis. retains very strict type protection from its original purpose. In
most cases. the PASCAL compiler considers mixing data of different types in
one expression or applying operations that are not typical for the data type as a
fatal error. In contrast. C. which is primarily intended for svstem programming.
is a language with very little type protection. C compilers only issue warnings
in such cases. The lack of strict type protection gives the system programmer,
who develops the program in the (" language. additional opportunities, but such

12



programuuer i responsible for the correctness of lis actions.

The data structure is essentiallv a "spatial" concept: it can be reduced to a
scheme of organization of information in computer memory. The algorithm is an
appropriate procedural element in the structure of the progra - it serves as a
calculation recipe.

The first algorithms were invented to solve nunerical problems such as mul-
tiplying numbers. finding the greatest common divisor. calculating trigonometric
functions and others. Today. uncounted algorithins are equally mportant: they
are designed for such tasks as, for example. searching for a given word in the text.
planning events. sorting data in a specified order. ete. Uncounted algorithms op-
erate with data that are not necessarily numbers: moreover. no deep mathematical
concepts are needed to construct or understand then. This. however. does 1ot
mean that there is no place for mathematics in the study of such algorithms: on
the contrary. accurate. mathematical methods are necessary in finding the hest
solutions to uncounted problems in proving the correctness of these solutions.

Data structures used in algorithms can be extremely complex. As a reslt.
choosing the right data representation is often the key to successful programming
and can have a greater impact on program performance than the details of the
algorithm nsed. It is unlikely that there will ever he a General theory of the
choice of data structures. The best thing vou can do is to understand all the
basic "bricks" and the structures asstmbled from them. The ability to apply this
knowledge to the design of large systems is primarily a matter of engineering skill

and practice.

2.2 Information and its representation in memory

Starting the study of data structures or information structures, it is necessary to
clearly establish what is meant by information, how information is transmitted
and how it is phyvsically placed in the memory of the computer. The nature of
the information We can say that the solution of each problem with the help of
a computer involves recording information into memory, extracting information
from memory and manipulating information. Can information be measured? In
the theoretical and informational sense. information is considered as a measure of

uncertainty resolution. Suppose that there are n possible States of some svstem

—
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in which each stare has a probability of p, and all probabilities are 111dependent

Then the uncertainty of this svstem is defined a
H = =3 (p(i) - log2(p(1)))

To measure the uncertainty of the system. a special unit called a bit is selected.
A bit s a measure of the uncertainty (or information) associated with having
only two possible States. such as true-false or Yes-no. The bit is used to measure
both uncertainty and information. This is understandable, since the amount of
information received is equal to the amount of uncertainty removed as a result of
the information received.

In digital computers. there are three main types of storage devices: ultra-
fast. RAM and external memory. Typically. over-memory is built on registers.
Registers are used to temporarily store and transform information.

Some of the most important registers are contained in the computer's CPU,
The CPU contains registers (sometimes called accumulators) into which argu-
ments (i.c. operands) of arithmetic operations are placed. Additiow, subtraction,
multiplication and division of the information entered in the batteries is performed
using very complex logic circuits. In addition. individual bits may be analyzed
in batteries to verify that the normal sequence of control transmissions needs to
he changed. Tn addition to storing qperands and the results of arithmetic opera-
tions, registers are also used to temporarily store program commands and control
information about the number of the next executed command.

RAM is designed to remember more constant, in nature information. The most
important property of RAM is addressability. This means that each memory cell
has its own identifier that uniquely identifics it in the total array of memory
cells.  This identifier is called an address. The cell addresses are operands of
those machine instructions that access memory. In the vast majority of modern
computing systems, the unit of addressing is a hyte cell consisting of 8 binary
digits. A specific memory location or set of locations can be associated with a
specific variable in a program. However, to perform arithmetic calculations in
which a variable is involved. the value oi the variable must be transferred from
the memory location to the register before the calculations begin. If the result of
the caleulation is to be assigned to a variable, the resulting value must again be

fransterred from the corresponding register to the associated memory location|5).
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During the excecution of the progran. its comands and data are mainh placed
in memory cells. The complete set of elements of RAM is often called the main
memory.

External memory serves primarily for long-term data storage. Charactoristic
of the data on the external memory is that they can be stored there even after the
completion of the program that created them and can be subsequently rensed by
the same program when it is run again or by other programs. External memory
is also used to store the programs themselves when they are not running. Since
the cost of external memory is much less than the RAM. and the amount is much
larger. another purpose of external memory - temporary storage of those codes and
data of the running program that are not used at this stage of its execution. The
active codes of the executed program and the data processed by it at this stage
must necessarily be placed in the RAN. since direct exchange between external
memory and operating devices (registers) is impossible.

As a data warehouse. external memory has basically the same properties as the
RAM, including the property of addressability. Therefore, in principle. the data
structures on the external memory can be the same as in the operational memory.
and the algorithms for their processing can be the same. But external memorv
has a completely different physical nature, different access methods are used for
it (at the phvsical level). and this access has different time characteristics. This
leads to the fact that the structures and algorithms that are effective for RAM
are not those for external memory.

Number system

To provide an appropriate basis for the study of data structures, existing types
of number svstems should be discussed: positional and non-positional.

Numbers are used to symbolize the number of objects. A very simple method
of representing quantity is to use the same icons. In such a system. a one-to-
one correspondence is established between the icons and the recaleulated objects.
For example, six objects can be represented as % or 111111, Such a system
becomes very inconvenient if you trv to use it to represent large quantities.

The Roman numeral system provides a partial solution to the problem of
representation of a large number of objects. In the Roman system. additional
characters are used to represent groups of icons. For example, vou can assume
that T=* Y -TITIL. XYY, L. XXXXX. ete. the Specified value is represented

15



by combining characters according to a munber of rules that depend to some
extent on the position of the character in the number. The disadvantage of the
svstem. which from the very heginning ix based on the grouping of a certain set
of characters in order to form a new character, is the fact that to represent very
large quantities requires a lot of unique characters.

Positional number systems The positional number svstem uses a finite
number R of unique characters. The value R is often called the base of the
nuber svstem. In a positional svstent. the number is represented both by the
svibols themselves and by their position in the number record. The number
svstem with the base ten. or decimal svstem is positional. Consider. for example.

the number 1303. It can be represented as:
1%10° +3%102 4 0% 10" + 3 x 10

(Hereafter, the &ymbol is used as a sign of the exponentiation operation.) Frac-
tional numbers can also be represented in the positional svstem. For example,

one fourth is written as 0.25, which is interpreted as:
2% 100 — 1) +5 % 10" = 2)

Another example of a positional number syvstem is a binary system. The binary
munber 11001.101 represents the same number as the decimal number 26.625. The
decomposition of a given binary number according to its positional representation

1= as follows:

T2l T2 4 0520+ 1420+ 1520 1) 4 0%20 - 2) + 1520~ 3) =
16+ 8 + 1+ 0.5 + 0.125 = 26.625.

The most common number systems have a base of 2.10.10 and 16, which are
usually called binary, octal, decimal and hexadecimal systems, respectively. All
computer technology works in binary notation, since the basic elements of com-
puter technology have two stable States. Octal and hexadecimal systems are used
for the convenience of working with large binary numbers. JImage of numbers in
positional notation The representation of numbers in any positional number Sys-
tem with a natural base K (IC 1) is based on their representation as a product

of the integer power m of the base K on a polvnomial from this base:
A= R"> (al|i]R™)
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where: afil = 0.1..... R — 1 - digits of the R-th munber svstem : n - number of
digits (bit) used to represent the number: R - base of number svsteny: m ... -2, -1
0.-1.-2.... - order of number: R~ is the positional weight of the i - th digit. Thus.
in the decimal (R=10) svstem to represent the numbers used digits a = (0.1....9:
in binary (R =2 -a = 0.1. in hexadecimal (R~ 16). « =0.1....9. . B.C. D.E. F
where are capital letters ALF are equivalent to 10. respectivelv..15 in decimal

svsten. For example

1815 = 10%% (8% 10" = 1) + 1% 10" = 2) + 5% 10(=3)) = 85102+ 110! + 5% 10°;

0.0815 = 10" = 1) % (8« 10/ — 1) + 1% 10' —2) + 5% 10' — 3)) = 8 % 10¢ —
2) + 1% 100 - 3) + 5 % 100 — 4):

[

Converting numbers from one number system to another

When translating an integer (an integer part of a nunber) from one number
svstem to another. the initial number (or an integer part) must he divided on
the basis of the number system into which the translation is performed. Perform
division until the quotient is less than the hase of the new number system. The
translation result is determined by the remainder of the division: the first remain-
der gives the lowest digit of the resuTting number, the last quotient of the division
gives the highest digit. When transferring the correct fraction from one number
svstem to another nuniber system. the fraction should be multiplied by the base
of the number system to which the translation is performed. The integer part
“obtained after the first multiplication is the highest digit of the resulting num-
her. Multiplication lead until the product becomes zero or the required number
of characters after the dividing point is obtained|3|. For example.

1. convert the fractional number 0.243 from decimal to binary.

2. translate 164 integers from decimal number system to binary system.

When translating mixed numbers, the integer and fractional parts of the number

arc translated separately.



2.3 Classification of data structures

It is now possible to give a more specific definition of the machine-level presenta-
tion of information.

Regardless of the content and complexity of anv data in the computer memory
represented by a sequence of hinary bits. or bits. and their values are the corre-
sponding binary numbers. The data. considered as a sequence of bits. has a verv
sitnple vrganization or. in other words, poorly structured. Tor a person to describe
and explore any complex data in terms of sequences of bits very uncomfortable.
Larger and more meaningful than the bit, "building blocks" for the organization
of arbitrary data are obtained on the basis of the concept of "structure of the
given".

Under the DATA STRUCTURE in General. understand the many data ele-
ments and many relationships between them. This definition covers all possible
approaches to data structuring. but each task uses one or another of its aspects.
Therefore. an additional classification of data structures is introduced, the di-
rections of which correspond to different aspects of their consideration. Before
proceeding to the study of specific data structures. we give their General classifi-
cation on several grounds. The concept of "PHYSICAL data structure" reflects
the way the physical representation of data in the memory of the machine and is
also called the storage structure. internal strueture or memory structure.

Considering a data structure without considering its representation in machine
memory is called an abstract or LOGICAL structure. In General, there is a differ-
ence between the logical and the corresponding physical structures, the degree of
which depends on the structure itself and the charactéristics of the environment in
which it should be reflected. Because of this difference, there are procedures that
display the logical structure in the physical and. conversely, the physical struc-
ture in the logical. These procedures also provide access to and perform various
operations on physical structures, each operation being considered in relation to
a logical o1 physical data structure. .

There are SINPLE (basic, primitive) data structures (tvpes) and INTEGRATED
(structured. composite, complex). Simple data structures are those that cannot
be subdivided into parts larger than bits. From the point of view of physical

structure, it is iuportant that in this machine architecture, in this programming
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Figure 2.1: Basic data structures

system. we can alwayvs sav in advance what will he the size of this simple type
and what is the structure of its placement in memory. From a logical point of
view. simple data are indivisible units. Integrated data structures are those whose
components are other data structures - simple or, in turn, integrated. Integrated
data structures are constructed by the programmer using data integration tools
provided by programming languages.

Depending on the absence or presence of explicit relationships between data
items. vou should distinguish between DISJOINT structures (vectors, arrays,
rows, stacks. queues) and CONNECTED structures (linked lists).

A very important feature of the data structure is its variability - the change
in the number of elements and (or) relationships hetween the elements of the
structure. The definition of structure variability does not reflect the fact that
the values of data elements have changed, hecause in this case all data structures
would have the property of variability. On the basis of variability distinguish the
structure of STATIC, semi-static, DYNAMIC. Classification of data structures on
the basis of variahility is shown in Fig. 2.1. Basic data structures, static, semi-
static and dynamic, are typical of RAN and are often referred to as operational
structures. File structures correspond to data structures for external memory.

An important feature of the data structure is the ordering of its elements.
On this hasis the structure can he divided into LINEAR AND NONLINEAR

structures.
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Depending on the nature of the relative arrangement of clements in memory.
linear structures can be divided into structures with a« SEQUENTIAL distribution
of elements in memory (vectors. strings. arrays. stacks. queues) and structures
with an ARBITRARY CONNECTED distribution of elements in memory (simply
connected. doubly connected lists). An example of nonlinear structures is multi-
linked lists. trees. eraphs.

In programming languages. the concept of "data structures" is closely related
to the concept of "data types". Any data. i.e. constants. variables. function values
or expressions, are characterized by their types.

Information for each tvpe uniquely identifies:

1. the structure of data storage of the specified type. i.e. allocation of memory
and representation of data in it. on the one hand. and interpretation of

binary representation. on the other:

2. the set of valid values that can have one or another object of the described

type:

3. a set of valid operations that are applicable to the object of the described

type.

Operations on data structures Four General operations can be performed
on any data structures: create. destroy, select (access). update.

The create operation is to allocate memory for the data structure. Memory -
can be allocated during program execution or at compile time. In a number of
languages (for example, in C) for structured data constructed by the programmer,
the creation operation also involves setting the initial values of the parameters
created by the structure. For example, in PL/1, DECLARE N FIXED DECIMAL
will allocate address space for the variable N. FORTRAN (Integer I). PASCAL
(I: integer). and C (int 1) will allocate memory for the corresponding variables
as a result of the type description. For data structures declared in the program,
memory is allocated automatically by means of programming systems either at
the compilation stage or when the procedural block in which the corresponding
variables are declared is activated. The programmer can allocate memory for data
structures himself, using the procedures ‘functions of memory allocation ‘release

available in the programming system. In object-oriented programming languages,
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when developing a new object. procedures for creating and destroving it must be
defined.

The main thing is that regardless of the programuiing language used. the data
structures available in the program do not appear "from nothing". but are ex-
plicitly or implicitly declared by the operators ol creating structures. As a result.
all instances of structures in the prograin are allocated memory to accommodate
them.

The operation of destroying data structures is the opposite of the creation
operation. Some languages. such as BASIC. FORTRAN. do not allow the pro-
grammer o destroyv the created data structures. T heAlanguages PL 1. C. PASCAL
data structures available inside the unit are destroyved in the process of execution
ol the program when von exit that block. The destroy operation helps to use
memory efficiently.

The select operation is used by programmners to access data within the struc-
ture itself. The form of the access operation depends on the type of data structure
that is accessed. The accessor method is one of the most important properties
of structures. especially since this property is directly related to the choice of a
specific data structure|1].

The update operation allows you to change the data values in the data struc-
ture. An example of an update operation is an assignment operation, or a more
complex form of parameter passing:

The above fonur operations are mandatory for all data structures and types.
In addition to these General operations. specific operations that work only with
data of this type (this structure) can be defined for each data structure. Specific

operations are considered when considering each specific data structure.



2.4 Data structure and programming technology

Most of the authors of publications devoted to the structures and data organi-
zation. focus on the fact that the knowledge of the data structure to organize
their storage and processing as cfficiently as possible - from the point of view
of minimizing cost of both memory and CPU time. Another. and perhaps more
important. advantage of the structural approach to data is the ability to structure
a complex software product. Modern industrial software packages are extremely
complex products. the volume of which is estimated in thousands and millions of
lines of code. and the complexity of development - hundreds of man-vears. Nat-
urally. it is impossible to develop such a soltware product "all at once”. it should
be presented in the form of some structure - components and links between them.
The correct structuring of the product makes it possible at each stage of devel-
opment to focus the developer’s attention on one visible part of the product or to
entrust the implementation of different parts to different performers.

When structuring large software products. an approach based on the structur-
ing of algorithms, known as "top-down" design or "top-down programming". or an
approach based on data structuring. known as "bottom-up" design or "bottom-up
programming". may he applied.

In the first case. first of all, the actions that the program should perform
are structured. A large and complexstask facing the designed software product is
presented in the form of several subtasks of a smaller volume. Thus. the module of
the highest level, which is responsible for the solution of the whole problem, turns
out to be quite simple and provides only a sequence of calls to the modules that
implement the subtasks. At the first stage of design the modules of subtasks are
exccuted in the form of "plugs". Then each subproblem is decomposed according
to the same rules. The process of splitting into subtasks continues until at the
next level of decomposition a subtask is obtained. the implementation of which
will he quite foreseeable. In the limiting case. the decomposition can be brought
to the point that the subtasks of the lowest level can be solved by elementary
tools (for example. one operator of the selected programming language).

Another approach to structuring is hased on data. A programmer who wants
his program to have a real application in some application field should not forget

that programming is data processing. In programs. vou can invent as much intri-

N
[R]



cate and sophisticated algorithins as vou want. but a real software product always
has a Custonler. The Customer has the input data. and he wants the output data
to be obtained. and by what means it is provided - ke is not interested. Thus. the
task of any software product is to convert input data into eutput data. Program-
ming tools provide a set of basic (simple. primitive) data tvpes and operations
on them. By integrating basic tvpes, the programmer creates more complex data
types and defines new operations on complex types. Here we can draw an analogy
with the construction work: the basic types - "bricks", from which complex types
are created - "building blocks". The "building blocks" compositions obtained in
the first step are used as a basic set for the next step. which will result in even
more complex data constructions and even more powerful operations on them,
etc. Ideally. the last step of the composition gives data tvpes corresponding to
the input and output data of the task. and operations on these types implement
the full task of the project.

Programmers who have a superficial understanding of structural programming
often oppose top-down design to bottom-up design. adhering to one approach
they have chosen. The implementation of any real project is always carried out
in opposite ways, and, with constant correction of algorithm structures based on
the results of the development of data structures.

Another extremely productive technological technique associated with data
structuring is encapsulation. Its meaning is that the constructed new type of
data - the "building block" - is designed in such a way that its internal structure
beconies inaccessible to the programmer - user of this tvpe. A programmer using
this tvpe of data in his program (in a higher-level module) can operate on this
tvpe of data only through calls to procedures defined for this type. The new data
type is represented for it in the form of a "black hox" for which inputs and outputs
are known. but the content is unknown and unavailable.

Encapsulation is extreimely useful both as a means of overcoming complexity
and as a means ol protecting against errors. The first goal is achieved due 1o
the fact that the complexity of the internal structure of a new type of data and
algorithms for performing operations on it is excluded from the field of view of the
programmer-user. The second goal is achieved by the fact that the user’s access
is limited only by the obviously correct input points, therefore, the probability of

errors i1s reduced.



Modern prograiming languages of hlock rvpe (PASCAL. C) have sufficiently
developed capabilities to huild programs with a modular structure and control
module access to data and procedures. Extensions languages additional features
design types and their encapsulations makes a languaee object-oriented.  Con-
structed and fully enclosed data tvpes are objects, and procedures that work with
their internal structuwre arc methods of working with objects. At the same time.
the very concept of programming is changing to a large extent. A programmer
operating on objects tells the program WHAT to do with the object. not HOW
to do it.

Database technology has evolved in parallel with. and not always in concert
with, programming language technology. Partlv this. and partly objective dif-
ferences in the nature of the problems solved by database management systems
(DBMS) and programming systems. caused some terminological and conceptual
differences in the approach to data in these two areas. The kev concept in DBMIS
ix the concept of data model. basically identical to the concept of logical data
structure. Note that the physical structure of the data in the DBMIS is not con-
sidered at all. But the DBMS are software packages that display the physical
structure in the logical (in the data model). To implement these packages, cer-
tain programming systems are used, DBNS developers. therefore, deal with data
structures in terms of programming systems. For the user, the internal structure
of the database and the physical stiucture of the data is completely transparent;

it deals only with the data model and other concepts of the logical level.



3. Modeling systems

3.1 Simulation modeling system

An important class ol systems to support strategic decision-making solutions.
make up simulation svstems. Thev allow you to create computer models that
describe the various processes as they would have passed in reality. Such models
can be "scrolled" in time many times. practicing various management decisions
(analyvsis of "what=if") or simply accumulating the resulting data for the pur-
pose of further statistical processing. Until recently. simulation modeling (IN)
was perceived only as the tool of the scientist-researcher, which serves to identify
the General patterns of the studied phenomena. Currently, THEY began to pav
attention to managers (business analysts, consultants). considering it as a tool
forecast. analvsis and optimization (Borschev. 2008). There were works (includ-
ing Russian-speaking). concerning the theme of simulation modeling for strategic
decision-making.

For example. the monograph (Bulycheva. Miloradov, Khalikov. 2009) devoted
to the modeling of market strategy of the enterprise. If at the stage of anal-
vsis and forecasting of the system THEY are helped to answer the questions
"Why the company is developing 'al'l}f\K’a.\,"?"kll‘l(l "Where will the business move
with time?"then at the synthesis stage thev should help to answer the question
"How to act 1o bring the company to prosperity?» Simulation models are used
not only for activity analysis enterprises, but also to predict the behavior of the
environment. Thus. the sub-step 2.2 will help THENM to determine the degree of
attractiveness of selected areas of management under different scenarios. To do
this, vou need to design models. reflecting the major actors in the area of mai-
ket forces: supplicrs. customers. competitors, substitute products. new traders of

market. Alrcady now there are interesting examples of such studies, for example.



specialists of the company NJ Technologies has huilt a number of models dedi-
cated to competitive analysis. Simulation experiments will also be useful directly
in the selection of strategic decisions (sub-step 3.2). For example. vou can use
the supply chain model (on the web site) to make an informed decision about
the strategy for building resource stocks. Finally. its application will increase the
efficiency of planning the implementation of specific actions and resources within
the framework of the chosen strategy (sub-stage 3.3). Today. three modeling
paradigms are the most popular: system-dvnamic (processes are described in the
form of flowcharts). discrete-event (processes are described by a set of entities
that generate individual events in time and react to them) and agent (the svstem
is modeled multiple independent, but interacting with each other objects). In
the work (Tenchurin. Shatilov, Avdoshin. 2009) devoted to the development of
the information system of scenario strategic planning. the appropriateness of the
use of svstem-dynamic methodology in CS. In (Barnabe. 2011) shows how vou
can use the system-dynamic model of the enterprise together with a system of
kev performance indicators. Job (Hell, Vida¢ié, Garacéa. 2009) is devoted to the
mathematical model used for finding the allocation of resources that maximizes
the achievement of the goals of the company. The model itself is static. but its
use in the framework of discrete-event simulation model of the enterprise allows
to develop an effective resource management strategy for a given period of tine.

In (Druckenmiller. Acar, Trout? 2001). agent-based modeling is used in con-
junction with cognitive maps to develop scenarios for the behavior of the pas-
senger air transport market and make decisions about pricing policy airlines. In
(Krasnoselsky, 2009) agent-based modeling is used for modeling of cellular com-
munication market in with the aim of supporting decision-making concerning the
integration strategies of companieé operating in this market.

Finally. the article (Borschev, 2008) States that all three methodologies can
suceessfully used to design models to support adoption strategic resource decisions
maximizing the level of achievement of enterprise goals. The model itself is static.
but its use in the framework of discrete-event simulation model of the enterprise
allows to develop an effective resource management strategy for a given period of
time.

Product of domestic company XJ Technologies AnyLogic it has the advantage

of supporting all three simulation paradigms. The monograph (Karpov) is devoted
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to modeling in AnvLogic, 2006). A separate paragraph of this work is devoted to
solving problems related to strategic management of the organization.

The other three products support only the svstem-dynamic paradigm. but
cach of them has its advantages. So. Powersim is casy to integrate with external
development environments. Based on created in this the system of models using
additional programming tools was a prototype of the Center for situational analv-
sis and forecasting ol CENTI RAS was built. The center is a library of econometric
models. which can be worked with by means of web-browser-based solutions of
courses, maximizing the level of achievement of enterprise goals. The model itself
is static. but its use in the framework of discrete-event simulation model of the
enterprise allows to develop an effective resource management strategy for a given
period of time. Simulation tools can be built into the System. for example. in
Microsoft Office Excel there is a function "Analysis "chtoesli". which allows to -
evaluate the effects of different management alternatives. As a inhibiting factor
in the widespread use of simulation in the management of enterprises in the ar-
ticle there is a shortage of qualified specialists. It is caused by the high school's
isolation from solving real business problems. In addition. it should to recognize
that creating an adequate simulation model to support strategic decision-making
is a much more complex task than creating models for optimization of continuous
processes at the enterprise. It duce to the fact that the current processes. as a
rule, amenable to formal description: each of them can be assigned a number of
numerical parameters and fix their dynamics over a sufficient number of periods
in order to further hypothesize. analyze, model and optimize the process. The
formation of the strategy is aimed at developing solutions that entail a significant
change in a certain set of characteristics of the enterprise (for example, update
the range of products, expansion/ reduction of scope of integration, the transition
from one managemom model to another stocks). In addition. strategic decisions
often lead to qualitative changes in the enterprise and may affect arcas such as
cultural. institutional, cognitive environment, tvpe of stalf, management struc-
ture ete the Problem situation in this it is difficult (and sometimes impossible) to
describe the case in terms of a quantitative model and, ultimately, a programme.
establet a library of econometric models. which can be implemented through web-
hrowserdevices reginiussen that maximizes the level of achievement of the goals of

the company. The model itself is static, but its use in the framework of discrete-
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event simulation model of the enterprise allows to develop an effective resource
lmanagement strategy for a given period of time. '

System of expert estimation

If decision-making procedures in operational management can be automated
(for example, many ERDP-systems automatically balance the allocation of re-
sources of the enterprise), the formation of the strategy is almost impossible to
[ully standardize. and therefore automate. This is largely due to the fact that in
the strategic management of a greater role plaved by the subjective views of the
decision maker.

Based on their knowledge. LPR can provide forecasts and solve difficult tasks
for which the methods of management accounting and economic analysis are not
applicable. Expert evaluation systems are designed to support decision-making
based on subjective assessments.

The work is devoted to the application of expert assessments for strategic
planning tasks. The risk of making the wrong decision the only LPR. rarely having
all the necessary information and clearly aware of the trends in the development
of the enterprise and the environment. can be reduced by attracting a variety of
experts. In this case. the support systems for collective decision-making, forming
a separate class of svstems, closely related to the systems of expert evaluation.
come to the aid. The paper describes the conceptual model of the ARgo system,
which serves to support collective dbcision-making in the process of CS.

Expert evaluation systems can be used: in assessing the elements of the po-
tential of the enterprise. ranking of cconomic zones according to the degree of
required attractiveness {expert evaluation is almost the only way to determine
the impact on demand in that or other zone of political, social. technological,
environmental and other difficult to formalize factors). development of criteria
for evaluating alternatives and criteria for reviewing the strategy, assessing the
compliance of the desired and actual potential . ranking the formed variants of
the integrated strategy, etc.

Examples of expert evaluation and support information systems collective
decision-making. Expert decision support svstemn (Ne 1 in table. 13) contains a
knowledge hase — a set of rules for selecting appropriate support methods decision-
making depending on the conditions characterizing a specific problem situation

(Tnformatization of cconomic decision-making, 2009). In it solutions of Creative
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Decisions and Expert Choice used the analvric hierarchy and analytic network.
Package Expert Choice successfully use the following when planning their activi-
ties Forty business giants like General Motors. Lockheed. Ford Motor Company.
Ferrari. General Electric and many others.

Expert system

For the purpose of the analysis of a condition of the enterprise. and also
development of recommendations expert systems can be used to make strategic
decisions (POWER STATION .) The main element of the ES is a knowledge base
containing formalized rules (for example. "if=then" bundles), according to which
the expert develops his decision. Thus. the subjective opinion of an expert (many
experts) is embedded inside the system. Using some mechanism applving these
rules (the inference scheme), ES argues like a man that leads her to answer the
question.

Interest in ES, serving to assist in the development of management decisions,
arose among developers and researchers for a long time. So T 2o to work describes
Finex systems (rescarch project) and ICS (eng. Integrated Consulting Svstem
developed by SRI International) created in the 1980s. First with the success for
financial analysis, the second — for the analysis of competitive opportunities and
planning of production strategy in the industry. characterized by a high degree
of differentiation products’. Variants of architecture of modern expert system
of strategic planning is described i the papers (Azadeh, Sharifi, Saberi. 2009:
Huang, 2009). The paper (Subramoniam. Krishnankutty, 2002) describes the
expert system. allows you to choose a method of strategic planning, depending
on the capabilities and requirements of the enterprise.

Examples of readv-made it solutions. which are expert svstenis are given.
According to the generally accepted classification of ES by the solved the problem
presented in the monograph. given in the table of the system can be attributed
to the class "Diagnostic ES", as well as to class "S supporting decision-making."

It is obvious that managers. analysts and consultants who develop an enter-
prise strategy need to know the methods of strategic management and have an
idea. of the state of Affairs in related areas (Economics. law. technologv. market-
ing). In addition, ideally they should be aware of hidden trends in the develop-
ment of the industry and patterns of demand for products | to share experiences

in the adoption of successful solutions. quickly find sources of information. and.
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finally. effectively conduct a dialogue on various issues of formation of the enter-
prise strategy. Anvwayv. all this assoclated with the creationsattraction. storage
and distribution of knowledge. as well as ensuring access to them. According to
(NMakarov, Kleiner. 2007) under the knowledge of the organization should be un-
derstood as a generalized. svstematic. past accepted in the organization of public
expertise and related to the essential aspects of the organization. To help in the
work with knowledge can knowledge management information svstems. Because a
wide range of supported processes, these svstems are quite diverse (classification
of knowledge management systems with examples is given, for example. in the
article).

Forty three In (Zach. 2010) especially stands out is the concept of governance
strategic knowledge. which is defined as the processes and infrastructure that
a firm uses to obtain. create. and distribute knowledge required to formulate a
strategyv. As an example, the company. which was formed online-mechanism for
collecting competitive knowledge about the external environment from employ-
ces engaged in sales and serviee of the goods, for subsequent transfer to persons
formulating the strategy. Strategic knowledge management should be clearly sep-
arated from strategy knowledge management (cognitive strategy). which is one
of the components of a compreliensive strategy of the enterprise and is a set
of strategic decisions that determine the structure and functioning of knowledge
of processes. In the book (Mintzberg. Ahlstrand, Lampel. 2000) management
knowledge and strategic management are comhined in a separate the direction of
strategic thought — "schools of learning".

In work (Perangai. 2010) to formalize procedural knowledge in management
are encouraged to use the technology of structuring algoritlnns decisions (SAVUR-
technologv). In its basis is the visual programming language DRAKON, aims to
improve the efliciency of the process of avtotormozami knowledge (that is. inde-
pendent of the process of formalization of their knowledge). A large number of
DRAGON-diagrams {rom the region strategic planning is presented in the paper
(Pavlova, 2002). In the management.of strategic knowledge, first of all, you can
use the following subclasses of svstems of knowledge management as a portal so-
lution. svstem. enterprise content managenient, knowledge bases, and distributed
advisory network.

Portal solutions allow you to create an internal web-site of the enterprise, with
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which vou can publish news and other messages for emplovees. provide access to
files and dociunents. Often corporate portals have functions to support collabo-
ration. providing individual projects or divisions of the organization with virtual
workspaces with task management functions, individual and group calendar. cte.
the Most developed portal solutions allow vou to organize access not only to data.
but also to applications.

The presence of a corporate portal in the company will be uselul in practice
at all stages of formation of complex strategy of the enterprige. Significantly it
will be easier to inform emplovees about the beginning of the strate formation
project- Forty four GIL Tt will he casier to schedule meetings with stakeholders
(sub-step 1.1). conduct a survey of employees, provide them with access to working
documents and reports (sub-step 1.2. stages 2. 3. 4). The portal can become a
platform for publishing a simplified version of the strategy and thus evervone with
access by the portal. the emplovee will he informed of the decisions taken (sub-
step 4.2). You can also use the portal as part of a compliance mechanisim decisions
made at the enterprise of the developed strategy (sub-step 1.3). For this should
he published in a dedicated section describing all significant decisions with an
explanation of how thev correspond to the strategy. Opportunity open discussion
of decisions by all stakeholders will allow for more effective strategy development.
An example of the implementation of a corporate portal to simplify the formation
of strategic plans is specifically devoted to the article (Milett, Togamau. Rhodes,
Clarke. Carswell, 2005).

In comparison with portal solutions. corporate information management sys-
tems. as a rule. have additional features: document version control. identification
of relationships between emplovees and documents (who creates, uses, approves,
edits). search for experts on the basis of authorship. In the paper (Hedelin. All-
wood. 2002). devoted to identifying the needs of Executive Directors in it solutions
for SU, the majority of respondents noted the urgent need for tools for quick search
and access to information sources (the need for search tools not only documents,
but also employees with the necessary knowledge). Corporate information man-
agenent systems are well suited for these tasks and, as well as corporate portals,
can he effectively used at almost all stages of the procedure for the formation of
the enterprise strategy.

Another important class of knowledge management svstems are databases.
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knowledges™. llerc. the tenm "knowledge base" does not mean a system of for-
malized rules, as in the theory of ES. and an clectronic encyvclopedia, formed hyv
experts and equipped with advanced tools for classification and search for the nec-
essary information. Especially uscful is the use of knowledge bases in consulting
firms. the main capital of which is knowledge in the field of enterprise manage-
went. For example. ErmnstYoung uses a database containing more than 5.000
basic methods ol organizing production processes implemented by more than in
30 countries (Telnov. 2004). A knowledge base of PricewaterhouseCoopers has
an independent trademark Global Best Practices (N 9 in table. 15. the present-
Forty five access to the database for external users is limited). Sometimes portal
solutions allow you to create knowledge bases using Wiki technology.

Since the knowledge base can reveal uselul experience in almost all aspects of
the formation of the strategy. their use is not limited to specific steps. It often
happens that the Manager making a strategic decision. it is necessary to seek
advice from colleagues or experts in the field of Economics. politics. law, man-
agement. After listening to the problem statement, they can suggest the right
solution based on their experience and knowledge. As a rule, this knowledge is
implicit — it can not be fixed on paper and formalized in the form of set of rules.
Therefore. to "force" someone else’'s knowledge "to work for themselvess. the
Manager must have personal contact with the bearer of knowledge. For remote
holding of such mini-consulting mevtings there are such solutions as distributed
Advisory networks (eng. Peer Advisory Network). The use of a distributed Advi-
sory network will be particularly important useful at the stage of strategic analysis
. in the formation of sketches strategies (sub-step 3.1). development of strategic

options , and when making the resulting decision.

3.2 Recommendations and implementation

The main purpose of this publication was to highlight the existing market tools
potentially useful in the formation of the enterprise strategy. This does not mean
that the introduction of these systems is unreasonable will have a positive effect
on the process of formation and implementation of the strategy at a particular
enterprise. Each company is unique, and the decision to implement a particu-

lar information system should come from the information needs of the persons
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responsible for the straregy (Executive Director. analvsts. consultants).

At the same time. in order to facilitate the sclection process of DSS for CS.
this paper describes the universal procedures for the formation of a comprehensive
strategy of the enterprise (sce section 11, Each solution is associated with any
(sub)class of DSS at SU. and each (sub)class. in turn. is associated with certain
procedures for the formation of the enterprise strategy. Thus. an overall picture
that reflects the potential Tt support for strategic decision-making. This section
provides some guidance on which systems should be implemented in a particular

case,

1. If the enterprise databases have accumulated a sufficiently large volume fac-
tual data (for example. sales and/or procurement. data in various sections —
by customer; supplier segments, departinents, regions). and experts recog-
nize the value of their in-depth analysis in the formation of strategies. vou
should think about implementing OLAP and Knowledge tools Discovery
(vou may need to pre-organize your data warchouse). You can start imple-
menting such svstems with SaaS solutions. This will help youn understand.

will thev bring any benefit without spending significant funds.

o

The implementation of external information systems should be approached
with caution. Since different information will be important for different
enterprises. the selection of solutions should be carried out strictly individ-

ually. Herewith it is necessary to pay attention to whether potential sources
of information have interfaces for integration with existing enterprise infor-

niation syvstems

If the enterprise has an entrepreneurial type and is at the stage of formation

_C.O

(ideas). then "light" business planning tools will be nseful. They incorpo-
rate techniques that can be used entrepreneurs who are not experienced in
planning. As said in subsection 3.3, business planning refers to the level
of tactics, however. well a well-thought business plan will form part of the

strategic decisions according to the principle "bottom-up".

4. Risk management systems are particularly useful for companies working in
the project style, as well as for financial companies. This is due to the

fact that the strategy of project enterprises is largely determined a set of
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executable projects (and Vice versa. a set of projects is formed on the basis
of strategv). and. as is known from the theorv of project management.
for successful project implementation requires a risk management svstem.

Financial companics initially "carn on risks" (Starinskaya. 2007).

Cowmplex BPAI solutions are recommended to be implemented in large com-
panies. Small and medium-sized companies may not have the problems that
this class of DSS is aiined at solving — the relationship between strategy and
operational plans and motivations of performers in small and medium-sized
companies. as a rule. are easily visible. and the resulting deviations are
eliminated by the owners or a small team of managers. In large companies.
these relationships are usually. thev are quite complex because of the large
munber of data centers responsibilitics and levels of coordination of deci-
sions. therelore the use ol integrated it systems. standardizing the planning
and control processes. should improve their effectiveness (Lyvamin. 2007).
To bring simulation systems to the enterprise benefit. it should have highly
skilled personnel familiar with methodology and tools. Although some au-
thors claim that simulation can easily become a tool of a top manager, in
Russia. the design of models and development of recomimendations with

their help remains the prerogative of specialized consulting companies.

Business modeling systeims, as well as simulation systems, are designed for

use by analysts who are familiar with the methodologies they support. If the |
company has a specialized analytical Department or an employee familiar
with the basics of husiness modeling. such syvstems can be very useful — they
will allow visualize the structure of the enterprise, business processes, which

is very important when planning management and restructuring strategies.

As the development of the strategy ultimately boils down to estimating for
the preference of the decision maker various options. the many stages of
strategy formation will be uscful to use a system of expert estimation. In
(Gulyaev, 2001) explains the use of expert assessments in the ranking of
potential areas of management. in the monograph (Kleiner, 2008) — when
selection of the resulting version of the integrated strategy in the work — to
make forecasts on the market share and value of the company, in the article

(Carlucei, 2010) = in the selection of key performance indicators companies.
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General principles of application of ¢xpert evaluation methods in strategic
planning is considercd in the work. First of all. vou should payv attention
to the expert evaluation svstems provided on the basis of the SaaS model -
their implementation will not require significant costs. and their use can be

abandoned at anyv time.

3. The advice provided by expert svstems is additional information for reflec-
tion, which will not prevent the adoption of respousible decisions’. Typi-
cally, ES have a user-friendly interface and simple logic of work. When vou
sclect the ES should take into account when it developed the system (the
rules that worked well in the past may be out of date) and on the use of the

companies thev are designed.

9. If the enterprise has distributed character (a set of branches. divisions.
points of coordination of decisions) or maintenance is implied strategic de-
velopments within the group (cluster) of enterprises. the use of portal so-
lutions and corporate information management systems will increase the
efficiency of the strategy formation process, at least from a technical point
of view. Improvement will be achieved at the expense ol convenient (at
proper organization of the portal) access to reports and documents arising
during the formation of the strategy, as well as through the possibility of

organizing joint work with ddcuments and remote management of meetings

Once again, we note that, introducing the DSS at a particular enterprise, it should
he first, develop a procedure for the formation of the strategy (it may not he fully
consistent with the proposed universal procedures in this work), and then choose
the tools so that they correspond to this order. supporting certain stages of the
strategy formation process and effectively interacting with each other. It is nec-
essary to pay attention to the fact that many information systems incorporate a
certain methodology. best practices. a view on how the strategy should be formed,
what its elements are important (determining) and which are secondary (depen-
dent). In this regard, in practice. it is often wiser to "adjust” the mechanism
strategic management under the methodology used in a particular information
svstem (with some modifications of this methodology). and not the information
system under the existing mechanism of the SU. This "adjustment" may lead to
the need to restructure the business processes of the enterprise using approaches

o
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to managing organizational changes (aslunarina. Gerasimov. 2011). In this case.
we will talk about the basis of the enterprise - processes managements. Thus. the
implementation of the DSS may be a strategic issue. <o it is imperative Lo assess
the benefits of the application this or that svstem. Methods of sucl assessment
for analyvtical level svstems described in the article (Seredenko. 2010).

Real mplementation projects DSS at SU are investigated using method of sit-
national analysis (eng. case-study). In the reports of these studies tyvpically. the
benefits (costs) received {incurred) are detailed) the enterprise at implementation
of the considered systenn. Also list difficulties encountered during the implemen-
tation of projects and steps that could be taken to avoid them. It follows that
it will he useful if the specialists responsible for the DSS implementation project
get acquainted with descriptions of the implementation of svstems set out in the
scientific literature. As exawples of studies on the implementation of DSS in SU
can be a report on implementation of Microsoft SharePoint portal solution to
support strategic planning at the University (Milett. Togamau. Rhodes. Clarke.
Carswell. 2005) and the work (Shen-IIsich. Schindler. 2002) containing a detailed
review project implementation of visual Analytics svstem to support the adoption
of strategic-decisions in a pharmaceutical company.

When implementing the DSS. it should also he borne in mind that the main
task is not to provide the DSS with as much information as possible. but, on
the contrary. providing a small amount of the most important data needed for
decision-making. Today, information overload is nothing no less a problem than '
the lack of information (although it has been found in research (Hedelin, Allwood,
2002), Executive Directors. responsible for strategic decision-making, almost never
experience information overload). ‘Informarion systems, on the one hand, allow to
cope with this overload (for example. corporate portals allow quickly search for the
necessary documents. set up virtual offices. based on individual information needs
of cach user). but, on the other hand, are sources of unnecessary information. If
the company a strategic planning division will be established. with sufficient staff,
to be able to work effectively with a variety of information systems to support SU.
Tn this case. one of the main tasks of such a Department will be "filtering" the
information received in order to preparation of summary reports for the LPR. In
a small company, it is enough to introduce 2-3 tools to get a useful effect and, at

the same time. avoid "idle" systems that will be used very rarely. In conclusion



of this section we give some references to electronic directories of 1P for business.
where vou get acquainted with the possibilities of different it solutions and to

choose a svstem that is appropriate for specific tasks.

3.3 Mapreduce

Chapter 2 introduced the MapReduce model. This Chapter diseusses practical
aspects of developing MapReduce applications in Hadoop. MapReduce programs
are written according to a certain scheme. First. vousvrite display and convolution
functions — ideally together with unit tests that check whether the functions work
as expected. Then. you write a control program to run the job. which can bhe
run from the integrated development envirommnent (IDE) with a small subset of
the data for functional test. If the startup fails. you use debugger your IDE to
find the source of the error. With complete information, you Refine unit tests
and display/convolution functions. by ensuring that these inputs are processed
correctly. When the program will work with a small set of data as expected. vou
can "release" it into the cluster. It is likely that when vou run the full set of
data. vou will find new problems that ave corrected hy the refinement of tests and
functions display convolution. Debugging programs in a cluster is not an casy
task. so we will look at some stand;ard techniques that simplifv it.

When the program is running. it is worth doing optimization — first, after ‘
some standard checks to speed up the work of MapReduce programs. then hy
profiling tasks. Profiling distributed programmer configuration... Two hundred
three it also creates a lot of problems, but Hadoop provides entry points that
simplify this process. Belore you start writing MapReduce programs. you should
prepare and set up the development environment. And for this it is necessary to
understand how to Hadoop configuration is configured.

During the development of Hadoop applications developer frequently switches
hetween running the application in local mode and in the cluster. What's more,
you can work with multiple clusters or create a local pseido-distributed cluster
to be used for testing ("pseudo-distributed" is called a cluster, all daemons of
which are running on the local computer.) For example. vou can create hadoop
configuration files with connection settings for each cluster in which you run the

prograni. and specify the file when you run hadoop applications or tools. Such it is
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desirable to store the files outside the hadoop installation directory tree. as 1 Nar-
masphere provides Eclipse and NetBeans plug-ins for developing and 1'1.111111119,; jobs
MapReduce jobs and browsing Hadoop clusters. Configuration management...
Two hundred nine this makes it casy to switch hetween Hadoop versions without
duplicating or loss of settings. We assuime that there is a directory named conf
that contains three configuration file: hadoop-local.xml. hadoop-localhost.xml
and hadoop-cluster(xml files are included in the code examples in the book).
Note that there is nothing special about file names: this is nothing more than
a convenient scheme for packing configuration parameters. Security Early ver-
sions of Hadoop assumed that HDFS and MapReduce clusters would be used by
groups of interacting users in a securce environinent. Access restriction measures
were designed to prevent accidental data loss. not unauthorized access to it. For
example. the svstem permissions in HDES will prevent accidental deletion of the
entire file svstem due to an error in the program or a accidentally entered hadoop
fs -rmr command. but not will prevent an attacker from impersonating a priv-
ileged user (see below). "Setting user ID", p. 210) for handling or deleting any
data in the cluster. The svstem lacked a secure authentication mechanism that
allowed would Hadoop make sure that the user wanting to perform the operation
in the cluster, the one he claims to be, and he can be trusted. HDFS file permis-
sions provide only an authorization mechanism, that is, define operations that a
particular user can perform on a pz\u"ti(:ular file. For example. only a specific file
can be read a group of users. and no user who is not a member of that group
can read the file. However, authorization alone is not enough because an attacker
with network access to the cluster conld gain access to the svstem by falsifying
personal data. In practice, access to data.

This was the situation in 2009, when Yahoo! instructed a group of engineers to
implement a secure authentication mechanism for Hadoop. System Hadoop itself
does not manage user credentials: instead it uses Kerberos — a proven open-source
network authentication Protocol. In turn. Kerberos does not. control permissions.
Kerberos only confirms that the user is who he or she claims to be: hadoop
{ask — 1o determine whether the user is allowed to perform the specified actions.
Kerheros is a fairlv extensive topic. so here we consider only the use of Kerberos in
the context of Hadoop. Readers who need for more information, we recommend

that vou refer to the book by Jason Garman (Jason Harman) "Kerberos: The
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Definitive Guide.

Distributed svstems — such as HDEFS or MapReduce — involve multiple client-
server interactions. each of which must be authenticated. For example. an HDFS
read operation requires multiple accesses to a name node and one or more data
nodes.

Since the use of three-phase IKerberos ticket exchange Protocol for authenti-
cating cach case in the loaded cluster will create a high load on KDC. Hadoop
wses delegation tokens (delegation tokens) to authenticate subsequent requests
without reconnecting to the server The KDC. Hadoop creates and uses delegation
tokens transparently on behall of the users. so the user will not be required to do
anvthing other than run the kinit command to log in. Nevertheless, it is desirable
at least in General it is hard to imagine how this mechanism works. The delega-
tion token is generated by the server (tlie name node in owr case). Their you can
think of it as a shared secret between the client and the server. When RPC first
accesses the name node. the client does not have a delegation token, therefore.
the client uses IKerberos to perform authentication. As a part the response it
receives is a delegation token from the name host. On subsequent calls. the client
presents a delegation token that the name node can verify (because the token was
generated using a private kev); therefore. the client authenticates to the server.

When a client wants to perform an operation o HDES blocks. it uses a special
a type of delegation token is a so-called block access token that is passed by a
name node to a client in response to a metadata request. Client uses a block
access token when authenticating yourself on data nodes. This is only possible
hecause the name node provides access 1o its private key used to generate the
hlock access token, the data nodes. The key is trausmitted through the periodic
signal channel, and allows the data nodes to check the block access token. So, to
the block HDFES can only be accessed by a client that has received a valid token
hlock access from host names. This closes the security defeetin Hadoop. when
to gain access o the unit was a single block ID. To enable this mode. you must
specify dfs.block.access.token.enable set to true.

In MapReduce. job resources and metadata (JAR files, input splits, and config-
uration files) are available in HDFS for the job tracker. and user code is executed
on task trackers and accesses files in IIDES (this process is explained in the "Run-

ning MapReduce jobs"). Markers delegations ave used by jobh and task trackers



to access HDFES in the course of the assigninent.  Afrer a job is finished. the
delegation tokens are invalidated. Delegation tokens are automatically obtained
for the HDFS instance default. If your job needs to access other clusters HDFS.
vou can load delegation tokens for these clusters by specifying the mapreduce

property.joh.hdfs-servers comma separated list of HDFS URIs.

3.4 Description of the MapReduce model

Before starting the description of the MapReduce model itself, I would like to
note that it has onlv an introductory function and contains a large number of
simplifications. As already mentioned in the introduction. MapReduce programs
are used to process large amounts of data. and therefore usually run on clusters of
several nodes. The model is based on two functions Map and Reduce in General
similar to those that are often used in functional programming.

All MapReduce programs consist of two stages:

1. At the Map stage, the input data is divided into parts and sent to nodes.
On each node. the MNap function is called. the result of which is a list of pairs:
(intermediate key, intermediate value). Further. the data obtained using the
partition function are distributed to the machines that will perform the subsequent
processing. A little more on the partition function. as it will be largely key to
this work. Partition is a mapping of the set of intermediate kevs to the set [0, A1],
where & is the number of machines. In the classic version of MapReduce. the
same intermediate keys must get on the same machine for correct processing. so
this function should not have side effects. '

2. In the Reduce stage. the intermediate data on each machine is sorted and
grouped by the intermediate key, and then the reduce function is called on the
intermediate kev. The convolution function takes an intermediate key and a list
of all intermediate values mapped to it. and returns some pair The advantage of
this model is that the Map and Reduce stages can be produced in parallel on a
variety of machines. that there are no arbitrary shared data and, as a consequence,
constant network interaction required to synchronize data on the nodes. All this
allows the syvstem to be reliable and highly scalable. Figure 3.1 shows the main
stages of MapRednce programs:

Problem
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Figure 3.1: Model MapReduce
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On =ome MapReduce tasks. vou can obscerve the following situation: one or
more Reduce tasks run much longer than others. preventing subsequent data
processing from starting. Tt ix logical to assume that this mav be due to the
fact that the volume of processed data on different reducers varies greatlv. as a
consequence of the unsuccessful distribution of intermediate kevs.

Prerequisites

Real-world MapReduce tasks are performed with some periodicity from dav
to day on data that changes slightly. In view of this. it seems possible to use the
statistics of distribution of intermediate kevs and values obtained during previous
runs in order to optimize the load on the reducers. A similar idea is used in
relational databases when analyvzing the cost of a querv plan to predict the size
of intermediate data.

Existing work on optimization In this part we will consider some works
on optimization of NapReduce programs verv brieflv. In most of the optimization
work. SQL queries are adapted to MapReduce. An example of such work can be
the work [5]. which presents the Manimal tool that solves the problem of finding
projection. sampling. aggregation operations in MapReduce Programs that are
mixed with other program logic. and applies optimizations for these operations.
In another work [6] considered the optimization of the Join in MapReduce tasks.
The strategies presented in it work well in the case of join-a single very large table
with several small ones. A

Open implementation of MapReduce.The Hadoop Project

The most commnon implementation of the MapReduce model is HadoopTN
Project. the main contribution to which was made by the developers from Face-
hook and Yahoo! Hadoop has been successfully implemented in these companies.
Also, this project is officially supported on Amazon EC2, where official AMI
(Amazon Machine Images) are available. which immediately contain Hadoop. In
addition, the Hadoop distribution package contains tools that make it relatively
casy 1o deploy a cluster with Hadoop on Amazon EC2 and run MapReduce pro-
grams. Unfortunately, these tools and AMI have not been updated for a long
time and are very outdated. In view of the broad support for this project and
the ability to deploy the cluster on Amazon EC2, it was decided to conduct this
study on its basis. Consider the subprojects that make up it:

1. Hadoop Common: common utility classes required hy other Hadoop sub-
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projects.

2. Hadoop Distributed File System (HDFSTM : a distributed file svstenn with
high bandwidth.

3. Hadoop MapRednee: a framework for writing and exceuting MapReduee
progranis ol computing clusters.

The greatest interest for us represents the last sub-project of Iladoop MapRe-
duce. We describe the kev components included in it. and which will he used in
the future in this work. The most important class for this study is Partitioner. an
abstract class that is responsible for distributing kevs obtained in the Map stage
to Reduce machines. It has only one method with signature:

iabstract class Furiit o bbby VAL -

\

abstract int gotburticcarklY cov VAL vule it b

by

This method determines to which of the & machines the pair (key. value)
will be sent for convolution. The default implementation of this class is the
HashPartitioner class. in which the getPartition method takes the hash code
of the key modulo k. It is worth noting that this implementation is not specific
to the Hadoop project. it was mentioned in the very first publication about the
MapReduce paradigm.

The other two base classes are the abstract classes Mapper and Reducer.
Classes that inherit from Mapper uplement a custom map function, just as the

classes that inherit from Reducer implement a custom reduce function.

3.5 Problem statement

The aim of this work is to study the applicability and relevance of statistical
optimization in MapReduce problems. This requires:

1. Implement collection of statistics ol distribution of intermediate values by
intermediate kevs.

2. Tmplement an algorithm that provides a uniform load on the Reduce ma-
chine based on the collected statistics.

3. Lmplement tools for comparing distributions of intermediate kevs to the
reduce machines.

1. To carry out testing and comparative analyvsis of the optimized version on

13



real tasks.

Algorithm

Let's sav that we are able to collect statistics on intermediate keys and on
the basis of it to prediet the munber of intermediate values corresponding to each
intermediate key or group of kevs. With the help of this data it is necessary
to load reduce machines so that the reduce stage on all of them takes the same
time. We will proceed from the natural assumption that the execution time of the
reduce task on one machine is proportional to the total number of intermediate
values for all intermediate kevs processed on this machine. Thus, 1 want to ensure
that this number on all machines was the same. If we number the kevs. we can
get an array in which the nunber of intermediate values corresponding to the ¢
intermediate key is on the / position. and this array needs to be divided into A as

close as possible to the sum of the sets.

3.6 Mathematical formulation of the problem

Given an arrav of positive integers ay. .... a,; and it must be divided into

k- sets My. ... M) so that the difference is max (S)..... 5;) - min (S5, .... St),
was minimal where S;. = Zu Ak

This is one ol the special cases of the well-known K-balance partition problem,
which in life occurs in different formulations such as: distribution of network
requests to servers or tasks by processors: it is NP-complete. To solve this and
similar problems with different restrictions on the input data. there arc many
research works. the purpose of this work was not to develop or improve existing
approaches. The current implementation uses a simple algorithm similar to the
first Fit Descending algorithm. which solves the "container packing problem".
Steps of this algorithm:
1. Let's sort the array in descending order a.
2. On i iteration is taken clement a; and placed in a lot with a minimal amount
at the moment.

Architecture

In the previous section, it was assumed that we are able to collect statistics
on the distribution of intermediate values by intermediate keys. This section will

focus on the following questions: how it can be collected. which of the collec-
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tion options has been implemented and what are the points of expansion in this
implementation.

So. the first and fundamental question to answer is: what capabilities does
the Hadoop API provide to collect statistics. The data required for statistics is
available from the end of the Map stage to the beginning of the Reduce stage.
Consider where vou can add statistics collection in this interval:

1. The end stage Nap, based on the class Mapper. The first wayv is to
attempt to intercept the pair (intermediate kev. intermediate value) while theyv
are written to an instance of the M apperclass.Clontcrt. For this vou would need
to create a class. a proxy class Mapper.Context. except for the fact that the
method write (KOUT key. VOUT value) still would have updated statistics.
The next step would be to create a new class that inherits Mapper and passes it to
the method map (KEYIN key, VALULIN value. Mapper.Context context),
not the original context. but its proxy described above. This approach has the
disadvantage that in order to try our optimization on already existing programs.
it is necessary to make changes to the code. namely. to change the parent class
for Mapper.

2. The end stage Map, based on the class Partitioner. This is the second
wayv to collect statistics at the end of the Map stage. In this way is created an
abstract class that are inherited from Partitioner. before calling a real challenge
getPartition(KEY key. VALUE Value, int k) will update statistics. Unfortu-
nately. this method also contains its pitfalls: Partitioner does not have life cycle
methods. This can be bad if the statistics are just saved to a file. as we need
to know when Partitioner vou have finished vour work, and vou can write the
collected statistics to the file system.

3. The beginning of the Reduce phase, based on the class Reducer. The last
option is to update the statistics in the descendant of the Reducer class before
calling the reduce function. Let’s consider its disadvantages: first, this option
has the same disadvantage as the first option. second. additional iteration over all
intermediate values is extreiely dangerous. since in the case of a large number of
disk operations will be performed. which can negate the optimization attempts.

To facilitate the further use of this development, it was decided to implement
the collection of statisties on the basis of Partitioner. (It requires to register

new Partitioner in the configuration files that would have to do anyway. since
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we model and the algovithi of kev distribution ;. The next step after the collection
of statistics is its storage. and at this stage. too. there are two alternative ways:

1. store statistics in the file system;

2. store statisties in the database:

In view of the fact that the second way is much heavier, as it pulls new depen-
dencies into the project and requires additional deployment of the database server
in the cluster, and does not have the same obvious and signilicant advantages. it
was decided to go the first and simplest way.

Once the choice is made on the basis of which components statistics will be
collected. and where it will be stored. we will pav attention to the statistics itself.
The obvious and unpleasant fact is that it is lmpossible to store it as a pair of
intermediate key and the number of corresponding intermediate values. due to
the fact that Map-Reduce processes huge amounts of data, and as a result:

1. there can be a lot of intermediate keys:

2. the keys themselves can be heavy. that is, take up a lot of disk space. For
example, intermediate keys can be long strings:

Because of this probleni. it is necessary to combine keys into groups. and dis-
tribute these groups of kevs to reduce machines. And moving on to the software
implementation of this work. this need was taken into account in the Statisti-
cal interface. which shonld be implemented by classes that collect and process

. . N
statistics.

public interface Stavistc K Vo Rl extends VWrnitab o
void aiddib v N\ valoe] :

ConverteroK My cet{anverter

Wap kS Detepger o wvpart () _ 1
t
public interface Cunvortorabe R

WY ororvr (R bey

}

Statistic < I\. L, Ml >correctly read as follows: statistics of the host keys
K class, value class 17, and uniting the kev groups of class M. The standard
implementation of this interface will be described helow. but first we will hriefly
deseribe why we need some of its methods. Note that this interface inherits the
Witable package org.inter face.apache.hadoop.io, which contains the methods

reguired to serialize objects of this class when saving it to disk or transferring it
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over the network. Back to the interface methods Statistie:

1. add - adds to statistics key and calue.

2. getConverter - yetwrns a function that maps the kev to the group that
the key will belong to. This function should return the same group for the same
kev. otherwise the pairs with the same intermediate kev may appear on different
reduce machines. You should also keep in mind that this function will be called
for cach pair (intermediate kev. intermediate value).

3. export —returns Map. in which each key group is mapped to the expected
nunber of intermediate values mapped to all intermediate kevs in that group.

The HashStatistic class is the defanlt. implementation of the Statistical inter-
face. It groups kevs by hash code taken modulo some number V. which greatly
exceeds the number of machines. Based on the above algorithm and statistics
interface. an abstract Statistiscal Partitioner class is created. which has one
abstract method:

abstract Statistirc KLY, YALUE RY. e Statistil

Class Statistical Pariitioner with this method reads the statistics from the
previous runs. it distributes the intermediate kev. H Statistical Partitioner is
heirs Statistical Partitioner using HashStatistic class as an implementation of
the interface Statistic. I Statistical Partitioner is the simplest example of a
Partitioner that works based on the collected statistics of the distribution of
intermediate values. Even such a naive implementation is enough to test the
applicability of statistical optimization in the MapReduce paradigm.

The essence of MapReduce

The implementation of the algorithm takes on input 3 arguments:

1. source collection

-

2. Map function

. Reduce function

returns the new data collection after processing.

Collection MapReduce(Collection source, Function map, Function reduce)

The algorithin consists of several steps. 1. perform a map function for each
item in the source collection. 2. Map will return zero or 3.create instances of
Ney/Value objects.
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ArrayOfKeyvalue Map(object itemFromsourceCollection)

The responsibility of the Map function is to convert elements of the source

collection to zero or more instances of ey, Value objects. See image 3.2.

e e Pt —

R———— L K \r‘mue 5
| Maplitem 1)~ 5“:“:“':‘;,;?{;:2?

WSS

Source Collection

'La- Ry s i B -

: Map(item 2)- :

Mapfitemn 4}

In the next step. the algorithm will sort all Key/Value pairs and create new

instances of ohjects where all values will be grouped by key. See image 3.3.

The last step is the Reduce function — for each grdﬁped instance of the

Key/Value object
Itemresult Reduce(KeyWithArrayofvalues item)|

The Reduce function returns a new instance of the object to be included in
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the resulting collection.

| o P Result Collection

Example-implementation

As an example, we implement a very simple and visual implementation of this
algorithm in C. My example counts the number of vowels line by line in a rowset.

In the example, we created a generalized function of MapReduce. as the main
in this algorithm. which simply calls the specialized Map and Reduce functions
. threading their implementation. Actually the functions Map and Reduce . the
implementation of which is already specific to the problem that we are trying to
solve (in each case). and in this case — is to "count the number of vowels in a set

of strings."
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using
using
using
using
using

System;
System.Collections.Generic;
System.Cellections.Concurrent;
System.Ling;
System.Threading.Tasks;

namespace MapReduceSample

/7 JReMeHT pe3synbriupywlledi KOANEKUUW, TNacHaA U ee KONM4ecTBo
class VocalCount

~

public char Vvocal;

public int Count;

}

c¢lass Program

{

static void mMain(string[] args)

{

// “lines" - 370 UCXOAHAR KOANEKUMA.
var lines = new[] {

s

"How many vocals do",
“these two lines have?"

foreach (var line in lines)

{
}

console.tritatine(line);

Console.uritetine();

// BeizpiBaeTcA MapReduce
var results = MapReduce(lines, Map, Reduce);

// OTobpaxeHue pesyabTata
foreach (var result in rfesults)

r
L

}

console.Writetine("{0} = {1}", result.Vocal, result.Count);
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/17
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177
/17
11/
117

{
S

console.ReadKey(};

<summary>

OYHKUMA M3p C(UYUTIET KONUYECTBO TNaCHHX B CTpOKe

</summary>

<param name="sourceltem" />CTpoka BAA noacyeTa</param
<returns>Konnekuua axsemnnapos Key/Value,

fne key - rnacHam, W SHauYeHUL e2 KonuuecTso.</returns>

static IEnumeraeblecKeyvaluebPair<char, int>> Map(string sourceltem)

return sourceltem

.ToLower()

Jhere(c => "aeiou".Conteins(c))
.GroupBy(c => ¢, (¢, instances) => new KeyValuePair<char, int>(c, instances.Count()));

bl
5

/77

<summary >

/// eyHkuma Reduce cuyuraet obuwee YUCNO KaXAON TNaCHOR

/77

</summary>

/// <param name="reduceltem” />3k3emnnsp Key/Values, rpe key - rnacHas,
/// v value - cnucok BCeX NOACYETOB rAaCHHX MO CTPOKam</param>
/// <returns>3K3emMnAfp 3feMeHTa pesynsTupywed Konnekuuu, VocalCount</returns>
static VocalCount Reduce(KeyvaluePair<char, IEnumerable<int>> rediceitem)

f
8

—

117
117
1/
vy
11/
/17
/17

return new VocalCount
{
L

vocal
Count

s
e

<summary>

060bt1eHHaA
</summary>
<typeparam

<typeparam name="TKey">Tuna knwua Key ucnonb3yemoro B dyWkuusx Map u Reduce</typeparams

<typeparam
<typeparam

reduceltem.Key,
reduceltem.Value.Sum() // Computes total count

peanuszaumna GyHKuuM MapReduce
N
name="TSource">Tun 3NeMEHTOB WCXOAHOW Konnekuuu</typeparam>

name="Tvalue”>Tun vValue ucnonbayemstit 8 dyHkuuax Map u Reduce</typeparam>
name="TRasult">Tun 3neMeHTOB pe3ynbTupywued koanekuuu</typeparamd



/// <param name="snurca" />UCXORHaA KONASKUMSL, Daramd

/// <param name="map" />Oyukuua Map</paramd>

/// <param name="reduce” />OyHKkuus Reduce</param>

static IEnumerable<TResult> liapReduce<TSource, TKey, Tvalue, TResult>(
iEnumerable<TSource> source,
Func<TSource, IEnumerable<keyvaluePair<TKey, Tvalue>>> map,
Func<KeyvValuePair<TKey, IEnumerable<Tvalues>, TResult> reduce)

——

// Konnexuus, roe COXpaHUM pe3yNbTaTsl HaWeRd map-OyHKUHUK
var mapResulfs = new ConcurrentBag<KeyvaluePair<TKey, Tvalue>>();

// BunonHuM OyHKUKI0 1ap NapanensHo ANA Kax0oro 3NeMeHTa MCXOAHOR KOMneKumi
Parallel.Fortach(source, sourceitem =»

{
foreach (var mapResult in map(sourceltem))

f
L

mapResults.Add(mapResult);

// Crpynupyem BCe 3HRYEHUA NO KPYaM
var reduceSources = mapResults.GroupBy(
item => item.Key,
{key, values) => new KeyValuePair<TKey, IEnumerable<Tvalue>>(key, values.Select(i=>i.value)));

var resultfollection = new BlockingCollection<TResult>();

// Ctapyem reduce
Task.Factory.Startiew(() =>

{

// Buinonuaem OYyHKUMI Reduce napanensHo RNA KaxRoro snemeHta reducasSources

Parallel.Fortach(reduceSources,
| (reduceTtem) =»> resultCollection.Add(reduce(reduceltem)));

resuitCollection.Completeadding();
Ty
]))

return resultCollection,GetCogsumingEnumerable(); N

—
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4. Conclusion

In this thesis we consider a modern model of data collection and analysis. Mathe-
matical methods of processing and storage of big data are given. The goals set as
a conjugation of the system mathematical model taking into account all possible
problem phenomena were recorded and described in [ull.

Big data practices arc required for performance. A number of methods de-
signed to implement data collection and analvsis use explicit knowledge represen-
tations and carefully designed algorithms to create new products in the market.
Todax. many large firms and individuals have their own developments in this area.

The following method of working with large amounts of data is considered:
MapReduce - development of Google in the field of distributed computing models.

Used by the company itself for parallel calculations over large data sets:
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