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AN ARCHITECTURE AND EMPIRICAL RESEARCH OF DEDICATED KNOWLEDGE
PROCESSING INTERPRETER

Ivan V. Savchenko

Abstract: Developing of architectures of computer systems, which effectively support knowledge processing,
remains a relevant problem. Architecture and empirical research of performance of dedicated knowledge
processing interpreter are suggested in the paper. The studies were made by using the methods of mathematical
statistics. The results proved reasonability of using dedicated knowledge processing interpreters. The knowledge
processing interpreter can be used to develop high-performance knowledge processing systems.

Keywords: knowledge processing interpreter, performance, architecture, processor, instruction set, prototyping
board.

ACM Classification Keywords: C.1.3 Other Architecture Styles

Introduction

Knowledge processing systems play an important role in human life and their using is constantly growing. The
systems are used in such application areas [Rossitza Setchi at al., 2010]: management and control of production
processes; diagnostics, trouble-shooting; robotics; image processing; computer vision; medical systems;
monitoring and forecasting of the financial and stock markets, efc.

The volume and complexity of the tasks that solve knowledge processing systems are constantly growing. This
causes hardware developers to find ways to create faster, more reliable and at the same time energy-conserving
architectures of computer systems. The major tasks in this area are [Stallings, 2010]: increasing processor
performance, increasing memory speed and increasing input-output speed of ports. In this paper a focus is
concentrated on increasing processor performance task.

Modern knowledge processing systems use such hardware architectures of their processors [Stallings, 2010]:
multi-core, multithreading, superscalar and very long instruction word. Today increasing architecture
performance is achieved by [Stallings, 2010]: reduction in the size and density of gates; increasing size and
speed of cache memory; implementation of changes to architecture and organization of the processor (using
various forms of parallelism, instruction pipelining and an integration of additional sets of instructions). However,
semantic gap, lack of architectural flexibility, inefficient use of memory and high hardware cost make it necessary
to develop dedicated hardware architectures to efficiently support problem of knowledge processing
[Kurgaev, 2008].

The first attempts to solve the problem of the semantic gap were made in the 60's and 70's. Their essence was
to develop non-von Neumann architecture of computer systems, suitable for direct interpretation of the programs
written in high or intermediate level. Well-known works of such famous scientists in this area are: Glushkov V.M.,
Skurihin V.I., Palagin A.V., Morozov A.O., Malinowski B.M., BoyunV.P., KlimenkoV.P., YakovlevY.S.,
Amamiya M., Tanaka Y. et al. However, a huge implementation complexity of these architectures forced to
abandon the approach [Amamiya at al., 1993].
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Rapid development of modern system-on-a-chip technologies, suggest the developing of a new dedicated
architectures for solving problems in subject area. Dedicated system structure (fig. 1) contains the following main
modules: general-purpose processor, random-access memory (RAM), problem-oriented coprocessor (dedicated
coprocessor), processor and peripheral bus. Depending on the location of the general-purpose processor to
dedicated coprocessor, there are two types of coupling [Hauck, 2008]: 1) tightly coupling — general-purpose
processor and dedicated logic are placed in the same module (general-purpose processor) or general-purpose
processor and dedicated coprocessor are placed on the same processor bus; 2) loosely coupling — general-
purpose processor and dedicated coprocessor are placed in various busses (processor and peripheral buses).
Selecting of the type of connection depends on the intensity of the data exchange between general-purpose
processor and dedicated coprocessor.

The main principle of operation of dedicated architecture is reducing sequential logic with combinational logic
(fig. 2) in a system. The system has a number of independent dedicated arithmetic logic units (ALU) which
operates simultaneously. Thanks to this adaptation the systems can provide a much more performance.
However, this increases the amount of equipment that is involved in the system, and as a result increases energy
consumptions [Hauck, 2008].

Programming code

General-purpouse
processor RAM | commands
i_ —D d_ t_d |—- - D Processor _Instruction-level
A Fm————————bts————————— -/ parallelism
? 4 Processorbus | A
< ¢ ¢ > I Scheduler of commands i
I ;
rFr————— = 1 | . | A .
. | 1 Arrival rate of
: cgsgg:;i(cj)r Busbar bridge ! D L] ] ... !/ instructions
Vo
_______ _ B TTE £y
< ¢Perlpgera| bus : N : Internal
- — _¢_ - : ] L] |:| ',, | instruction
I “Dedicated | ! N~ Sz paralelism
I P, eI .
_coprocessor_ | | ALU AW | . | AW Egassnp
Ll lw o _lm_ 3

Figure 2. The main principle of operation of dedicated

Fi 1. Structure of dedicated syst
igure 1. Structure of dedicated system architecture

Systems based on system-on-a-chip technologies are widely used for creation of dedicated hardware which
increasing performance of knowledge processing systems (systems based on neural networks, genetic
algorithms, database search, word-processing, logical conclusion).

In [Poznanovic, 2006] suggested FPGA based non-von Neuman processor which achieving performance through
harnessing parallelism of data-flow processing, utilizing multi-core fixed logic technology, increasing chip
capacity and higher clock rates and delivering power efficient performance. In [Salapura at al., 1994] suggested
an economic architecture (cost of hardware resources) and fast topology map, which allows for large neural
network. The proposed topology allows for a variety of models of neural networks. In [Netin at al., 2003]
suggested FPGA implementation of an expert system, according to which the knowledge base is transformed
into an equivalent hardware network whose nodes are the facts, and the connections between nodes -
relationships. Results of experiments show a significant advantage of the expert system. In [Kokosinski at
al., 2002] proposed architecture and multi-operand associative processor, which is capable of simultaneously
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and efficiently perform 16 operations logical search operation, including the operations (= #, <,>, <, 2). In
monograph [Teodorescu at al., 2001] presented broad overview of the architectures of hardware
implementations of intelligent systems that using: reconfigurable logic, genetic algorithms, fuzzy logic, neural
networks and parallel algorithms. In [Galuzzi at al., 2008] suggested increasing performance of architecture of
computer system by expanding instruction set of processor with new instructions.

Among the main limitation of the existing architectures for knowledge processing systems are [Kurgaev, 2008]: 1)
the need to implement a large number of operations for symbolic computations; 2) lack of effective knowledge
representation in memory and lack of effective information processing of complex structures such as: nested,
iterative and recursive.

Research task of the paper are suggesting an effective architecture of dedicated knowledge processing
interpreter and empirical study of its performance.

2 Knowledge processing interpreter functioning principles

The functional structure (fig. 3) of the knowledge processing interpreter includes [Kurgaev, 2008]: compiler,
interpreter of knowledge base, interpreter of terminal programs, glossary of terms, input and output arrays.

2 X Text form of knowledge base .
.@ ! Compiler
<>
Machine form of knowledge base
Expert 3

Knowledge base

A
A

P Glossary of Interpreter of
N 5
terms knowledge base

/ A
X Interpreter of terminal Output
—>| Input array > >
< i %; ; programs array
x <J —‘
{ B={0, 1}

Figure 3. Functional structure of knowledge processing interpreter

User

The knowledge base of any structurally complex problem can be represented formally [Kurgaev, 2008]:
KB = <Arr, Acon, C, S >, (1)

where KB — knowledge base, Arr — a set of terminal programs defined outside the knowledge base; Acon — set of
nonterminal concepts; C — set of concepts of high complexity; S — data structures of concepts in set C which
describing the relevant concepts as an alternative or a sequence of some of the concepts, each of which may be
information structure iteration, terminal program or constant.

Knowledge base contains related concepts of some subject area. Each concept is defined as an alternative or a
sequence of some concepts (concept also may include itself). Each concept can be an iteration of structures of
definitions or set definitions. Any simple concept (with lowest level of complexity) is defined in the form of a
constant or a procedure (terminal program) and is executed by main processor or dedicated hardware unit
[Kurgaev, 2008].

Compiler converts the text representation of the knowledge base in a machine form.
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The input and output arrays in the form of ASCII code contain such data accordingly: subject x of categorical
statement P(x) which is necessary to prove; subject y obtained as a result of this proving.

Interpreter of terminal programs contains a set of terminal programs that execute on the request of the interpreter
of knowledge base. Its input data is received from the input array. Output results are generated in the form of the
truth value and in the form of data written to the output array.

Glossary of terms contains a set of records, each of which consists of two fields: «Name of concept» and
«Address of concept». «Name of concept» in symbolic form contains name of a concept P. And «Address of
concept» contains an address A of a concept P in knowledge base. Converting of name of a concept P in the
address A is based on search function Fcow:

Foon(P) — A (2)
Interpreter of knowledge base derive categorical statement P(x) according to the algorithm of interpretation Finr:
Fir(x, P) =y, B, (3)

where B = {0, 1} — the logical result of proving of categorical statement P(x), y — the subject (set of characters)
obtained as result of proving P(x).

The process of the knowledge processing consists of four stages: 1) an expert creates knowledge base in text
form; 2) knowledge base is compiled into machine form; 3) user formulates the problem in subject-predicate form
P(x); 4) searching for the problem solution.

3 Knowledge processing interpreter architecture

The structure of knowledge processing interpreter, which is based on prototyping board M1AGL-DEV-KIT-SCS of
Actel corp., is presented in fig. 4.

Prototyping board M1AGL-DEV-KIT-SCS

| Static Flash I

i memory memory I

i t h Chip M1AGL600 FPGA i

P e i A e I
Host | : ) 4 :I
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I ¥ A A i
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<Y \ 4 Y_ o
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! 110 11O ports Interrupt | |
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Figured. Structure of the knowledge processing interpreter

The core of the interpreter is a chip M1AGL600 FPGA, which is located on prototyping board (fig. 4). The main
modules of the interpreter are: static memory, flash memory, main processor (CortexM1), memory controller,
register memory, processor bus (AHB), peripheral bus (APB), knowledge processing coprocessor, busbar bridge,
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I/O controller, 1/0 ports and interrupt controller. The interpreter also includes a host computer for problem
statement and for reading the solved problem from interpreter. Host computer interacts with the interpreter
through host busses. In order to extend an instruction set of the main processor, knowledge processing
coprocessor was integrated into the interpreter.

Main processor performs following functions: initialization of knowledge processing interpreter; obtaining problem
from host computer and transferring it to knowledge processing coprocessor; transferring result of solved
problem to host computer; execution of a terminal programs by request of knowledge processing coprocessor.

Flash memory is intended for permanent storage of: program memory, knowledge base, glossary of terms, input
and output arrays. Since flash memory is quite slow, but volatile, a data stored in it only when power is turned off.
During the system initialization the data from flash memory is copying to faster memory — static memory.

Static memory is continuously using while the knowledge processing interpreter solving stated problem. And it
also stores: program memory, stack of main processor (Cortex-M1), glossary of terms.

Register memory is used by main processor for storing local data (variables, arrays, constants). This provides
maximum access to the local data.

Knowledge processing coprocessor performs interpretation of a knowledge base in accordance with the
assigned problem stated by the host computer. It also maintains such memories: trace memory, stack memory,
input and output array.

Interrupt controller is used for synchronizing the processes of exchanging of commands and data between the
main processor and all functional modules of the interpreter. Interrupt controller also performs a major role in an
exchange of data between the host computer and the interpreter.

/O controller performs a function of a high-performance bridge between the interpreter and the host computer.
Timer and I/O ports are used to visually inform user about a current status of the interpreter.

The address space of the interpreter is divided into separated segments, so main processor has access to
individual modules of the interpreter. The structure of knowledge processing interpreter memory, based on
prototyping board, is shown in fig. 5.

Static memory includes program memory and glossary of memory of terms (fig. 5). Program memory contains
program (algorithm) which controls interpreter functioning. The program provides interpreter functioning
according to an algorithm (fig. 6). Consider the algorithm in more details.

( Begi:ning D
Knowledge base [ Initializing interpreter memory
(0xA5000000) o
Knowledge processing coprocessor Trace memory [ Initializing interpreter modules
(0xA4000000) . .
Interrupt controller \ Stack memory l Outputting greefing to user
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(QXASOOOOOO) \ [ Displaying interpreter status
Timer N\ Input arra
(0xA2000000) N P Y [ Initializing of knowledge-based coprocessor registers
1/0 controller \
(0xA1000000) N Output array [ Obtaining a new problem from host computer [6]
1/0 ports ¥
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Figure 5. Structure of memory of knowledge Figure 6. Algorithm of knowledge processing interpreter

processing interpreter functioning
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1. Initializing interpreter memory. The procedure begins by applying a power to the interpreter or after pressing
the «RESET» button on the prototyping board. The information that is stored in flash memory is automatically
rewriting to a static memory.

2. Initializing interpreter modules. Main processor writes specific data to the registers of all functional modules
(input-output ports, I/O controller, interrupt controller, I/0 ports, timer and knowledge processing coprocessor).

3. Outputting greeting to user. Main processor sends the host computer a message that indicates the
interpreter is ready for problem execution.

4. Displaying interpreter status. Main processor reads data from registers (COUNTER, input and output array)
of knowledge processing coprocessor and refers them to the host computer.

5. Initializing of knowledge processing coprocessor registers. Main processor initializing the registers (Ro—
Ro3, Ros—Rog, Roi, Ruu) to zero in order to prepare of the interpreter to solve next problem.

6. Obtaining a new problem from host computer. Main processor receives from the host computer a new
problem which comes as three parameters: a function argument, a function name and a mode of interpretation.
The function argument (sequence of characters) stores in the input array. Then function name is searching in
glossary of terms. If function name is found, then the address of function name in knowledge base is stored in
knowledge processing coprocessor register Ros. In other case, you are prompted to re-enter the correct function
name. Registers Rig and R+1 are initializing depending on the mode of interpretation (table 1).

Table 1. Interpretation modes

No Regime Rio Ris
0 | Analysis without tracing 0 0
1 | Analysis with tracing 1 0

7. Starting knowledge processing coprocessor. Main processor sending «START» message to knowledge
processing coprocessor and it becomes solve the stated problem.

8. Analyzing of the interpretation process. If next to be done is terminal program, then go to Point 9,
otherwise, go to Point 10.

9. Processing of terminal program. Knowledge processing coprocessor terminates its work and transfers
control to the main processor. When processing of the terminal program is finished, control and results of
processing are transferred to the knowledge processing coprocessor and go to Point 7.

10. Processing of stated problem. Knowledge processing coprocessor solves an interpretation problem
according with its algorithm and current data in its registers and memories.

11. Transferring results to host computer. The main processor reads data from knowledge processing
coprocessor registers, input, output arrays and forward them to the host computer. Next go to Point 5.

4 Knowledge processing coprocessor architecture

Since all functional modules of the knowledge processing interpreter are standard (we can find them in CAD
system library), besides knowledge processing coprocessor, then let us discuss its architecture.

Knowledge processing coprocessor interprets knowledge base presented in the form of meta-language.

Knowledge processing coprocessor consists of (fig. 7): knowledge-based processor, knowledge base, trace
memory, stack memory, input and output arrays [Kurgaev, 2008].
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Figure 7. Structure of the knowledge processing coprocessor

Knowledge-based processor consists of control unit and processing unit. The control unit is designed as a Moore
finite state machine. Processing unit contains such registers: Rot, Ro2, Ros, Ros—Ros and Ris. Detailed list of
knowledge processing coprocessor register list are represented in table 2.

Table 2. Set of registers of knowledge processing coprocessor

Register Description Width, bits
Ros Name of structure register 16
Ro2 Number words frame register 16
Ros Address knowledge base register 16
Ros Coordinates trace register 16
Ros Top trace register 16
Ros Address register in the input array 16
Ror Address register in the output array 16
Ros Iteration register 16
Rog Truth register 16

Rio | Trace signs register

R | Production signs register

R12 | Inversion 1 register

Ris

R | Type frame register

1
1
1
Rz | Inversion 2 register 1
3
1

Ris | Sign last element register

Rsm Stack memory register 16
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Stack memory contains the current state of interpretation process. States are stored in fixed-length records. Each
record contains data about: input and output array index position, trace iteration register, the number of
successful iterations and mode of interpretation.

The trace memory contains an array of records with fixed-length, which reflects the progress the interpretation of
concepts in the form of derivation tree. Each record can contain data of two types of data: physical address of
successfully interpreted alternatives or a number of successful executed iterations.

Knowledge base contains information structure of a knowledge, which consists of a set of frames. Each frame
contains head and frame elements that are related with each other by ratio: conjunction, disjunction or iteration.

Head of frame and any frame elements occupy several adjacent locations in memory. The frame elements are
located in following memory locations. Head of a frame is the first in this sequence and frame size (number of
elements in a frame) can be various. lteration frame consists of two components: a head and an iterated
element. Iterated element is represented by a reference frame, which is the main component of a description of
this item. This ensures connectivity of different frames in a single multiply nested structure that allows recursive
structures. Difficulty of the description can be arbitrary and limits by resources of a particular implementation.

Instruction set of knowledge-based processor is showed in table 3.
Table 3. Instruction set of knowledge-based processor

Ne Command name Bin value Description

1 NOP 000000 , No operation

2 INC_PC 000001 Incrementing Ro2

3 | TDEEP_PC 000011 Loading Ro2 to Ros

4 PUSH_REG 0001004 r:z?;nrgj (Ro4, Ros, Ros, Roz, Rio, Ri1 and Rys) into stack
5 | POP_REG1 000101 Popping (Ro4, Ros, Ros, Ro7, Rio, Ri1 and Rys) from stack
6 | POP_REG2 000110 memory

7 | GET_TRUTH 000111 Getting Rog data from terminal program

8 | SET_TRUTH 001000 Setting Rog to «1» value

9 INV_TRUTH 001001 Inverting Rog value

Table 3 prolongation. Instruction set of knowledge-based processor

Recording the address of successfully interpreted alternative

10 | WR_TRACE_ALT 001010y .
into trace memory

Recording the number of successfully interpreted iterations

11 | WR_TRACE_ITER 001011y .
into trace memory

12 | SAVE_TR_WR_ADDR | 001100 Saving (Ro4, Ros) data into trace memory
13 | REST_TR_WR_ADDR | 0011014 Loading (Ros, Ros) data from trace memory
14 | SET_TR_WR_ADDR | 0011104 Loading (Ros) data from trace memory

15 | SET_TRACE_REG 001111 Setting R1g to «1» value

16 | CLR_TRACE_REG 010000 Setting R1g to «0» value

17 | SET_PROD_REG 010001 Setting R11 to «1» value
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18 | CLR_PROD_REG 010010 Setting R11 to «0» value

19 | INIT_NUM_ITER 010011 Setting iteration counter register to «0» value

20 | INC_NUM_ITER 010100 Incrementing iteration counter register

21 | DEC_NUM_ITER 0101015 Decrementing iteration counter register

22 | LOAD_NUM_ITER 010110 Loading iteration counter register from trace memory

23 | SET_TR_RD_ADDR | 010111, Loading Ros from trace memory

24 | RD_TR 011000 Reading data from trace memory

25 | SET_KB_WR 011001 Setting knowledge base in writing mode

26 | SET_KB_RD 011010 Setting knowledge base in reading mode

27 | TERMINAL 011011 Requesting terminal program

28 | REQUEST 011100 Requesting for main processor resources

29 | CLR_ALL 011101 Clear all the registers of knowledge processing coprocessor
30 | IDLE 011110 Knowledge processing coprocessor is ready for processing
31 | RESTORE REG 01111, rF:lZi:?)r:;\g (Ro4, Ros, Ros, Ro7, Rio, R11 and Ru4) from stack
32 | WR_OUT_MAS 100000 Write data to output array

33 | WR_TR_NUL 100001 Write «0» data to trace memory

A simplified example of an algorithm of knowledge-based processor functioning in a form of directed graph is
showed in fig. 8. The algorithm solves only analysis task. Analysis with the tracing and analysis with generation
tasks is omitted for simplicity. Consider the algorithm in more details.

Figure 8. Algorithm of knowledge-based processor functioning
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IDLE. Knowledge-based processor waits for «START» signal from main processor and sends instruction
«IDLE». When «START» signal arrives then it goes to the state 1.

STATE Ne1. Knowledge-based processor sends instruction «NOP». If current word of frame is: 1) terminal — then
it goes to the state « TERMINAL; 2) text constant — then it goes to the state «CMP»; 3) first frame word - then it
goes to the state «INC_PC1»; 4) else — then it goes to the state «<PUSH_REG1».

PUSH_REG1. Knowledge-based processor sends instruction «PUSH_REG». Then it sends instruction «NOP». If
memory stack is full then it goes to the state «CLR_ALL» else it goes to the state « STATE Ne1».

CLR_ALL. Knowledge-based processor sends instruction «CLR_ALL». Then it goes to the state <REQUEST».
TERMINAL. Knowledge-based processor sends instruction « TERMINAL». Then it goes to the state «STATE
No2y.

CMP. Knowledge-based processor sends instruction «TERMINAL». If current frame element is last then
processor goes to the state «STATE Ne2» else it goes to the state «CMP_NOP1».

CMP2. Knowledge-based processor sends instruction «TERMINAL». If current frame element is last then
processor goes to the state «STATE Ne2» else it goes to the state «CMP_NOP1».

CMP_NOP1. Knowledge-based processor sends instruction «NOP» while the terminal program is executing.
When terminal program is executed then it goes to the state «X1».

STATE Ne2. Knowledge-based processor sends instruction «NOP». If memory stack is empty then processor
goes to the state kcREQUEST» else it goes to the state «POP_PC1».

REQUEST. Knowledge-based processor sends instruction «KREQUEST». Then it waits until signal «START» is
reset. Then it goes to the state «IDLE».

POP_PC1. Knowledge-based processor sends a sequence of instruction «POP_REG1», «POP_REG2» and
«NOP». If signal «TRUTH» arrived then processor goes to the state «X8» else it goes to the state
«REST_REGp.

REST_REG. Knowledge-based processor sends instruction «RESTORE_REG». Then it goes to the state «X8».

X1. Knowledge-based processor sends instruction «<NOP». If signal « TRUTH» arrived then processor goes to the
state «INC_PC4» else it goes to the state «STATE Ne2».

X8. Knowledge-based processor sends instruction «NOP». If current frame element is «KALTERNATIVE» and
signals «TRUTH» and «LAST FRAME ELEMENT» is turned off then processor goes to the state «INC_PC2». If
current frame element is «SEQUENCE» and signals «TRUTH» and «LAST FRAME ELEMENT» is turned on
then processor goes to the state «INC_PC3». If current frame element is « TERATION» and signals « TRUTH» is
turned off then processor goes to the state «SET_TRUTHO».

INC_PC1. Knowledge-based processor sends instruction «INC_PC» and after that sends instruction «NOP».
Then it goes to the state «STATE No1».

INC_PC2. Knowledge-based processor sends a sequence of instruction «INC_PC» and «<NOP». Then it goes to
the state «STATE Na1».

INC_PC3. Knowledge-based processor sends a sequence of instruction «INC_PC» and «NOP». Then it goes to
the state «STATE No1».

INC_PC4. Knowledge-based processor sends a sequence of instruction «INC_PC» and «NOP». Then it goes to
the state «STATE Ne1».

SET_TRUTHO0. Knowledge-based processor sends instruction «SET_TRUTH». Then it goes to the state
«STATE Ne2y.
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5 Empirical research of knowledge processing interpreter performance

Empirical research was investigated by comparing an efficiency of software-based knowledge processing
interpreter (SBKPI) and hardware-based knowledge processing interpreter (HBKI). HBKI was implemented on
the prototyping board M1AGL-DEV-KIT-SCS. SBKI was compiled in an environment Microsoft Visual Studio
2010 using the library Boost/Spirit [Boost Spirit About, 2011] and implemented in two configurations — SBKI2 and
SBKI4. SBKI2 operates on a PC with following features: operating system — MS Windows XP Professional 32-bit
SP3; processor — Intel Mobile Core 2 Duo T8100 2.10 GHz; processor cores — 2; RAM size — 2GB. SBKI4
operates on a PC with the following features: operating system — Windows Server 2008 R2 Standard SP 1;
processor — Intel Xeon CPU E5504 2.00 GHz; processor cores — 4, RAM size — 12 GB.

In order to eliminate the influence of the technological features of the HBKI, SBKI2 and SBKI4 implementations, it
is useful to compare not absolute time in seconds but in the number of processor clock cycles.

During of the empirical research was used a knowledge base which contains two concepts: Identifier (4) and
Sentence (5). The knowledge base has been implemented in accordance with the syntax of interpreter and
loaded into SBKI2, SBKI4 and HBKI. During the empirical research, the experimental data was generated
automatically or obtained from a literature. All the data were analyzed in turn on SBKI2, SBKI4 and HBKI and
written in a spreadsheet for analysis. The analysis of the experimental data proved that the algorithmic
complexity of interpretation algorithm is linear. The main empirical results are shown in fig. 9-10.

Identifier = Letter (Letter/Numeral); (4)
Letter =g A/B/C/DIE/F/G/HNIKILIMIN/O/PIQ/IR/SITIUNIWIXIY/Z a/b/cldle/fig/h/ijik/im/n/olp/
q//sttlulviwixly/z;

Sentence =4 NP Auxy VP; (5)

NP =4 Art; AP1 N PP;;

VP =4 Verb NP1 PP; Advsy;

PP =4 Prep NP;

AP =4 Adj PP;

Auxy =g Aux/1;

Arty =g Art/1;

AP; =4 AP/1;

PP; =4 PP/1;

NP; =4 NP/1;

Advy =4 AdV/1;

Adj =4 old/red/slimy/white/new/hungry;
Adv =4 slowly/now/quite_quick;
Art =4 the/an/a;

Aux =g will/can/might;

N =g tree/wind/children/toys/toy/box/boy/ball/house/shorts/letter/jon/man/fish/toby/book/dogs
/swimmer;

Prep =4 at/in/to/with/out_of;
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Verb =4 swayed/put/found/kicked/was reading/gave/saw/read/fed/was/pulled/have_been_rea-
ding;
In fig. 9 are showed the results of empirical research of SBKI and HBKI during interpretation of the concept
«ldentifier».

Empirical research of SBKI and HBKI performances during interpretation of the concept

«ldentifier»
y = 979,02x + 15631
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< _ 1 R® =0,9976
(5} | -
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@ 40000 = ° SBKl4
| =
58 - Y= 48880+ 10220 | |y
=% = e R 209939 |_ _ qpui
- =
g WOFL=t |y =366,16x + 982,59 — - — SBKI4
5 10000 9 // R=0999 | ——HBKI
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Figure 9. Empirical research of SBKI and HBKI during interpretation of the concept «Identifiers
These results represent dependence of the run duration of interpreting task on length of the task. The functions
of approximations are got for SBKI2, SBKI4 and HBKI, which are accordingly equal:
Yoo (X)=979,02X +15631, Yegea(X)=453,89x+10220 and y,q, (x)=366,16x +982,59 . It is
possible to make conclusion, that algorithmic complexity of problem of interpreting of concept «ldentifier» is
linear. Otherwise: Vg (M)=0(n), Viga (n)=0(n) and ygg(n)=0(n). In comparison with functions

Visxo (X) @Nd Vg (X), rate of function y,. (x) is least (366,16 < 453,89 < 979,02). Middle run time of

interpretation of concept «ldentifier» on SBKI2, SBKI4 and HBKI accordingly equals: 37658,775; 20483,15 and
9221,15 processor clock cycles. The middle advantage of HBKI in comparison with SBKI2 and SBKI4
accordingly equal 4,08 and 2,22 times faster.

In fig. 10 are showed the results of empirical research of SBKI and HBKI during interpretation of the concept
«Sentence». Middle run time of interpretation of concept «Sentence» on SBKI2, SBKI4 and HBKI accordingly
equals: 27510,556; 15284,556 and 2272,2 processor clock cycles. The middle advantage of HBKI in comparison
with SBKI2 and SBKI4 accordingly equal 12,11 and 6,73 times faster.

Empirical research of SBKI and HBKI performances during interpretation of the
concept «Sentence»
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Figure 10. Empirical research of SBKI and HBKI during interpretation of the concept «Sentence»
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Conclusion

The empirical researches of dedicated knowledge processing interpreter proved that architecture of modern
computer is not effective for knowledge processing. The main reason is semantic gap between the concepts of
relations and their objects in the high-level languages of representation of knowledge and concepts of operations
and data which are determined by architecture of modern computer.

It is necessary to develop dedicated architectures of computer systems, which will be more efficient for
knowledge interpretation. Advisability of this tendency is stipulated by modern system on chip technologies,
which allow fast and cheap realization of new dedicated architectures.

It is shown that dedicated knowledge processing interpreter provides advantage in performance in comparison
with the programmable interpreters, which function on the base of universal architecture. The middle advantage
in performance varies from 2 to 12 times faster.

Advanced research of the paper can be developing of a knowledge processing interpreter with multiple
independent processing cores based the suggested architecture.
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SPECTRAL COEFFICIENT OF CONSISTENCY OF FUZZY EXPERT INFORMATION
AND ESTIMATION OF ITS SENSITIVITY TO FUZZY SCALES WHEN SOLVING
FORESIGHT PROBLEMS

Nataliya Pankratova, Nadezhda Nedashkovskaya

Abstract: An estimation of sensitivity of a new measure of consistency of interval pairwise comparison matrix,
i.e. interval spectral coefficient of consistency to fuzzy fundamental scales which are the most often used in fuzzy
AHP methods is carried out. This coefficient of consistency may be more valid for solving some foresight
problems than other known indexes and methods. The coefficient of consistency is theoretical, but not empiric
attribute of consistency of pairwise comparison matrix in the sense that on determination of consistency are not
used randomly filled pairwise comparison matrices. For determination of admissible level of inconsistency of
interval pairwise comparison matrices application and detection thresholds are developed. To estimate the
sensitivity of interval spectral coefficient of consistency a computer simulation study was performed. Spectral
coefficient of consistency of FPCM is proposed as combination of ISCC in all « -levels using linear,
multiplicative and min combination rules of the AHP. For determination of admissible level of inconsistency of
FPCM necessary and sufficient conditions are proposed. The AHP method and spectral coefficient of
consistency were used to evaluate critical technologies of energy conservation and power efficiency in Ukraine.

Keywords: interval pairwise comparison matrix, fuzzy pairwise comparison matrix, spectral coefficient of
consistency, admissible level of inconsistency, interval weights, fuzzy fundamental scales, foresight problems.

ACM Classification Keywords: H.4.2. INFORMATION SYSTEM APPLICATION: type of system strategy

Introduction

Technological foresight is a decision making relative to complex systems with human factor concerning their
potential behaviour in future [Zgurovskiy & Pankratova, 2007]. Reliability of expert estimation of information in
problems of technological foresight is of importance under modern conditions of high dynamism of world
globalization. Foresight problems have innovation character. Mainly information of qualitative character in a form
of expert estimates, which is often fuzzy, contradictory and incomplete, serves as input data for these problems,
therefore, technique of decision making support must include methods for processing information of the
mentioned character and, moreover, means of estimation of validity and degree of consistency for the obtained
results.

One of the methods, which are applied in the technique of scenario analysis [Zgurovskiy & Pankratova, 2007] for
solving problems of technological foresight, is the Analytic Hierarchy Process (AHP). Elaborated by T.Saaty AHP
and its generalization Analytic Network Process are popular decision tools used to weight items based on
pairwise comparisons in terms of multiple criteria [Saaty, 1980]. Nowadays AHP and its extensions are used to
determine relative weights (priorities) of items and probabilities of scenarios for solving foresight problems
[Pankratova & Nedashkovskaya, 2007 a, b].

In general, estimates, which are given by experts, will not be consistent. T.Saaty [Saaty, 1980] defines the
consistency index Cl and ratio CR for a crisp pairwise comparison matrix. The CR value is calculated using the
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average of the Cl values for random matrices. Other consistency coefficients have been developed: the harmonic
consistency index [Stein & Mizzi, 2007], which can be viewed as an approximation to the Cl, the determinant to
measure consistency [Pelaez & Lamata, 2003]. Another type of consistency measure is the distance from a
specific consistent matrix. The sum of squared deviations of the log of the elements of a matrix from the log of
the matrix elements generated by the row geometric mean solution is used as a measure of consistency
[Aguaron & Moreno-Jimenez, 2003].

Problems of technological foresight are characterized by the presence of conceptual uncertainty and multiple-
factor risks. Inaccuracy in expert estimates and connected with it risks can be expressed in two ways: 1) by
means of crisp estimates and probability distribution function; 2) by means of interval estimates without
distribution of probabilities. Probabilistic representation of crisp estimates and distribution functions provides
creation of several modifications of AHP, which are called stochastic AHP, while the second way of
representation of inaccuracy of expert estimates results in necessity of application of interval and fuzzy methods
of weights calculation. Methods for obtaining weights from interval pairwise comparison matrixes (IPCM) may be
classified as follows: methods, which make it possible to obtain weights from both consistent and inconsistent
IPCM [Saaty&Vargas, 1987; Wang & Elhag, 2007], as well as methods, which work only with consistent IPCM
[Arbel, 1989] or do not guarantee solution obtaining in the case of inconsistent IPCM [Sugihara et al, 2004].

New measure of consistency of IPCM the interval spectral coefficient of consistency (ISCC) k;""’” was

introduced [Pankratova & Nedashkovskaya, 2007 b]. This spectral coefficient is theoretical, but not empiric
attribute of consistency of IPCM in the sense that on determination of consistency we do not use random
matrices. An application and detection thresholds of the ISCC are developed [Pankratova & Nedashkovskaya,
2007 b] for determination of admissible level of inconsistency of IPCM in the AHP method.

One of the problems when formalizing expert judgment in a form of fuzzy number and linguistic variable is to
choose the type and parameters of a membership function. The lognormal [Laininen & Hamalainen, 2003], logit
and probit multinomial [Hahn, 2003] and other [Lipovetsky & Conklin, 2002] distributions of expert judgments are
used in modified AHP methods. But justification of the distribution law of expert judgments needs further
investigations. In fuzzy AHP methods [Wang & Chen, 2008; Amy Lee et al, 2008; Wu et al, 2008; Amy Lee,
2009; Kreng & Wu, 2007; Kulak& Kahraman, 2005] different fuzzy fundamental scales are used to formalize
expert judgment.

In present paper we perform an estimation of sensitivity of ISCC to fuzzy fundamental scales which are the most
often used in fuzzy AHP methods.

Problem statement

Let us consider definition of fuzzy pairwise comparison matrix, which is to be used further.

Fuzzy  pairwise = comparison  matrix (FPCM) is a  pairwise  comparison  matrix
A" ={(a]") i =1,n, j=1,n}, for which a™ = (x, 4;(x)) is a normal convex fuzzy set (fuzzy
number) reflecting the result of paired comparison of objects O, and O, x €R, where R is the set of real

fuzzy

;  Isthe degree of realization of

numbers. The value of the membership function 1z, (x) of the fuzzy set a

preference O, =0, [Pankratova & Nedashkovskaya, 2007 a].
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Let it be given: FPCM 47 the vector of fuzzy weights W' = {(W/“)|i =1,_n}, which reflects
preferences written in FPCM 4" ; coordinate W,'-ﬁtzzy of this vector is a fuzzy set.

It is necessary to determine a degree of consistency of FPCM and admissible level of inconsistency of FPCM.

Problem solving. Interval spectral coefficient of consistency (ISCC)

For estimating consistency of expert information we decompose FPCM 4/“% by sets of level A(c), where

A(a) ={(a; (@) |i=1,n, j=1,n} is a matrix of sets of level a €[0,1], a;(a)=1{x:p,(x)2a},

4;(x) is a membership function of fuzzy set a;“zzy , xeR.

Sfuzzy

Since elements a;

of FPCM serve as estimates for some parameters (in this case as estimates of paired

, oo . . ) ! )
comparisons), then it is convenient to use triangular fuzzy values a,z;””y =(a,,a;,a;), a; <a; <a; for

i
their representation. Then we pass from the initial FPFCM A4/“¥ to consideration of the set of IPCM
{A(a)| a €[0,1]}, where A(a) ={(a,(a))|i,j=1n}, a,() =la; —x1,(@),a; +x2,(2)], a;

is the value of interval with the greatest degree of realization of preference, x1,(a)=(l1-a)(a; —afj ,

x2,(@)=(-a)(a; —a;), x1;,(a)>0, x2,(a)>0 are values of deviations from the value a;;,

i=Ln, j=Ln.

We state that necessary condition for FPCM 47“? to be consistent is as follows: all IPCM A(ar) of sets of
levels o €[0,1] are consistent. Thus the problem is reduced to determination of consistency of IPCM. Let us
consider [IPCM

A={(ay)|a; =[l;,u;l,i=1n,j=1n;,

where [, =m; —x1,, u, =m,; +x2,, m, is the value of the interval with the greatest degree of realization

i
of preference. Values x1, >0 and x2, >0 show the degree of uncertainty associated with approximate

equality m, ~w, /w,.
Let {4" |h= I,_n} be the set of matrices generated by rows [Pankratova & Nedashkovskaya, 2007 b] of the
matrix 4. Suppose every object O,, kzl,_n is characterized by »n estimates of interval weights

WE ={(wW"Y|h=1,n}, where W =[w""' W] is interval weight of the object O, , obtained from the

matrix A" using two-staged method, described in [Pankratova & Nedashkovskaya, 2007 a].

Further we assume that estimates of weights are numbers of marks of certain scale S = {sj | j=0,m} with
(m+1) marks. The number of scale marks can be determined, if we set admissible error of attribution of weight
estimate to either this or another mark. The zero, first and the last scale marks are equal correspondingly to
So=0, s, =1/m and s, =1.8Scale mark s, isequalto j/m .
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We construct mapping F*: W* S, F* (wkh) = ;. The mapping F* is composition of mappings G and
FI(

D*, where G(d"™) defines scale mark, which is the least remote from d".
DY ={d" |d™ e R, h=1,n} is the set of distances from interval weights w* to scale mark s,. In the

case of interval weights we realize attribution of weight w** to either one or another scale mark according to

khu

TR 2 1 (e _ kil 2
distance d*" = D(W",0)= [Tj +§[TJ . Advantage of this method of

determination of distance between intervals consists in the fact that we take into account all points in both
intervals in contrast to the majority of existing techniques, which are often based only on the left or right
boundaries of intervals.

Next, the set W* is represented by spectrum, which is a vector R* = {(rjk ) Jj =1,_m}, where r_/.k is the

number of interval weights belonging to scale mark s .

To construct ISCC of IPCM we initially determine the ISCC k;"te”(Rk ) of spectrum for the set W of object
O, interval weights [Pankratova & Nedashkovskaya, 2007 b]:

m k k m rk rk
1 P Nl
S -3l

k;nterv (Rk) — 1 _ Jj=1 j=1 z

m

G| -1+ In(m)

J=1

where a* is mean value of the set of interval weights W*, G = n/In(n)m In(m) is scale coefficient, z is
Boolean function, which sets necessary and sufficient conditions of equality to zero for ISCC.
Coefficient k;’”g” = kler[llt; ]k;”’e’” (R") is called the interval spectral coefficient of consistency (ISCC) of
IPCM A [Pankratova & Nedashkovskaya, 2007 b].
For determination of admissible level of inconsistency of IPCM the criterion is proposed.
Criterion of admissible level of inconsistency of IPCM:

- If k;”’m < TX”"?W, where T,"“" is detection threshold, then IPCM does not contain information and it

is necessary to make paired comparisons again;
— I T <k <TM™", where T is application threshold, then IPCM contains useful

information, but this IPCM is strongly inconsistent and it is necessary to use methods for increase of its
consistency;

- f k;”’m >T™"  then the degree of inconsistency of IPCM is supposed as admissible.

Detection threshold 7, on estimate of consistency of interval judgements is the ISCC k;"””(RO) of the

spectrum R°, which is constructed from spectrum, in which every scale mark was selected exactly by one
expert. In spectrum R’ estimate being at first scale mark is excluded and placed supplementary on scale mark
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[em + 1], where [.] is operation of taking integer part, £ = 0.5 is minimally registered quantity in terms of the
scale.

Application threshold 7™ on estimate of consistency of interval judgements is the ISCC k;"’e”(Rl‘) of

consistency of the spectrum R", which contains only two estimates distant for & scale marks, b=1.

Spectral coefficient of consistency of fuzzy pairwise comparison matrix

Decomposing FPCM ~ 4”“¥ by sets of levels a,,...,a,,...ct; €[0,]] we obtain a set of IPCM
A={A(a,)|s = 1,5} and a set of ISCC:

k}lrllerv — {k;nter\/(as) | § = 1, S} ,
interv .
where k""" (ex,) is 1SCC of IPCM A(«x,).

Using  triangular  fuzzy  values ayf“zzy —(al/,au ,a we have A(e,)= {(a,.j(as) =

=l (@) uy (@)D i j=1n}, (@) =a] —(1=a,)a; —a)), u,(e,)=a; +(1—a,)(a; -

A low value of ¢, corresponds to IPCM with wide intervals, whose bounds have low memberships in the fuzzy
set a;f”zzy . Therefore, a lower value of o corresponds to less reliable IPCM with a high level of uncertainty. A
greater value of ¢, corresponds to IPCM with narrow intervals, whose bounds have higher memberships in the
fuzzy set a;;””y . Therefore, a higher value of &, corresponds to more reliable IPCM. Level o, =1 results in the
crisp pairwise comparison matrix, whose elements are the values a of initial fuzzy judgments aﬁ‘zzy with the
greatest degree of realization of dominance.

In this paper spectral coefficient of consistency of FPCM A7 is defined as combination of k;"’e"v(as) in all

levels ¢ , s=1,S using combination rules of the AHP method. Linear, multiplicative and min combination
rules of the AHP method are known in literature of the subject [Pankratova & Nedashkovskaya, 2011]. Let us

consider calculation of spectral coefficient of consistency k-yﬁ‘”y of FPCM using these combination rules.

Suppose «, are normalized values, o = «, / Z“s :
s=1

Spectral coefficient of consistency kf‘”y of FPCM A”“* using linear combination rule is as follows:
k Sfuzzy(l) _ Z as k)l:1terv

Spectral coefficient of consistency k;"zzy of FPCM A’“* using multiplicative combination rule is as

follows:

S *
fuzzp(2) _ H( interv )a.s
k}’ - y (as ) .

s=1
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Spectral coefficient of consistency kf‘”y of FPCM A’ using min combination rule is as follows:

Suzzy(3) __ . * g _interv
k; = min ak " (a,).

For determination of admissible level of inconsistency of FPCM necessary and sufficient conditions are
proposed. The necessary condition requires admissible level of IPCM at each level «,...,,,...a; €[0,1].
The sufficient condition deals with combined spectral coefficient of consistency kf’zzy obtained by one of above

combination rules.

Necessary condition of admissible level of inconsistency of FPCM:

- If k;”"””(as) <T,"" at each level a, €[0,1], s =1,.5, then FPCM does not contain information and it is

necessary to make paired comparisons again.

-If Ty < k(e ) < T, at each level @, €[0,1], s =1, 5, then FPCM contains useful information,

but this FPCM is strongly inconsistent and it is necessary to use methods for increase of its consistency.

- If k;”"”'v(ay)ZYZ”’e"v at each level a, €[0,1], s=1,5, then the degree of inconsistency of FPCM is
supposed as admissible.
Sufficient condition of admissible level of inconsistency of FPCM has the same formulation, but combined

value k'yﬁ‘”y obtained by one of above combination rules is used instead of k;”’e”(as).

Estimation of sensitivity of ISCC to fuzzy fundamental scales

In AHP the fundamental scale of relative importance [Saaty, 1980] is the most commonly used numerical scale to
quantify the pairwise comparisons. Marks of this scale (linguistic terms) are as follows: “equal importance”
(corresponding scalar value is equal to 1), “moderate preference” (3), “strong preference” (5), “very strong
preference” (7), “absolute preference” (9) and intermediate marks. This scale is one of the advantages of AHP
over other expert methods since it optimally takes into account psychophysiological features of a human being
[Arbel, 1989].

We consider fuzzy fundamental scales [Wang & Chen, 2008; Amy Lee et al, 2008; Wu et al, 2008; Amy Lee,
2009; Kreng & Wu, 2007; Kulak& Kahraman, 2005], which are the most often used in fuzzy AHP methods.
Linguistic terms of the fuzzy scales are the same as the terms of traditional (crisp) fundamental scale and their
numerical values are represented as triangular fuzzy numbers (see Table 1). The fuzzy numbers of different
fuzzy scales have different parameters. Let us perform an estimation of sensitivity of ISCC to the fuzzy
fundamental scales shown in the Table 1.

Table 1. Fuzzy fundamental scales (FFSs)

Triangular fuzzy numbers

Linguistic terms FFS 1 FFS 2 FFS 3 FFS 4 FFS 5 FFS 6
[Wang & Chen, | [AmyLeeetal, | [Wuetal, 2008] [Amy Lee, [Kreng & Wu, [Kulak& Kahraman,
2008] 2008] 2009] 2007] 2005]

Equal 1 T=13) | T=@L) | T=@L) | T=1L2) | T=QL) | 1=(1/213/2)
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Moderate N 3= (1,3,5) 3= (2,3,4) 3= (2,3.4) 3= (2,3,4) 3= 1,3,5) 3= (1,3/2,2)
preference 3
Strong 5_ (3,5,7) 3= (4,5,6) 5= (4,5,6) 5= (4,5,6) 5= (3,5,7) 5= (3/2,2,5/2)

preference §

e Sg | 72(579) | T=(678) | T=(678) | T=(678) | 7=(579) | T=(2.5/2.3)

preference 7

=(89,10) | 9=(89,9) | 9=(7.9.11) | 9=(5/23,7/2)

Neb]

Absolute 9-— (7,9,9) 9= (9,9,9)

preference 9

2=(1,23) | 2=(123)

2 2= (1,2,4) 2=(3/4,5/4,7/4)
trms: 2, 41 F_246) | 4=(345) | 3=(345) | 4=(345) | T=(246) | i=(5/47/49/4)
6 6
8 8

Intermediate 5= (1,2,4) 2= 1,2,3)

6.8 - - - - - -
6 = (49658) 6 = (5:697) = (59637) 6 = (59637) = (456’8) 6 = (7/4’9/4’1 1/4)
8=(6.89) | 8=(7.89) =(789) | 8=(7.8,9)

=(6,8,10) | 8=(9/411/413/4)

The ISCC k;"m of IPCM is sensitive to fuzzy scale if there are different results about admissible level of

inconsistency of IPCM according to above Criterion when different fuzzy scales are used. Inadmissible level of
inconsistency means that IPCM do not contain information and it is necessary to make paired comparisons again

(k;'”e” <T;"") or IPCM is strongly inconsistent and it is necessary to use methods for increase of its
ConSiStency (]-(v]interv S k}i}nterv < T;interv)'

To estimate a sensitivity of ISCC to fuzzy scale a computer simulation study was performed. Random test FPCM
were examined while dimentions of the FPCM were varied. Lenguistic terms which represented elements of one
triangular part of these test FPCM were chosen randomly from the set {T, 5,...,5} . Then FPCM were formed in
six different FFS shown in the Table 1. Elements of another triangular part of the FPCM were calculated
according to the property of reciprocity as follows: 1/% = (1/¢,1/b,1/a). 1/X is an element of lower triangular
part of the FPCM, where X = (a, b, ¢) is symmetric element of upper triangular part of the FPCM. Elements on

a diagonal of the FPCM are equal to a fuzzy number 1= (1,1,1) . Each FPCM was decomposed by sets of level

a €[0,1] and IPCM were built. Level o was possessed the values a; =0, a, =0.1, ..., o, =1. Interval
weights were calculated for each of the matrices generated by rows of the IPCM using two-staged method
[Pankratova & Nedashkovskaya, 2007 a]. ISCC k;"tm of IPCM was determined. Random test FPCM's were
formed with 10000 replications per each case in order to derive statistically significant results. Cases of
sensitivity of the ISCC of IPCM to fuzzy scale were recorded.

The results reveal that in general the ISCC is not sensitive to the considered fuzzy scales.

To better understand method of estimation of sensitivity of ISCC to fuzzy fundamental scales, the following test
decision problem with four alternatives is considered. Pairwise comparisons of these alternatives in linguistic
terms are shown in Fig.1. Let two different FFS from the Table 1, for instance FFS 1 and FFS 2 are chosen to

form FPCM. These FPCM A" and 4" are shown in Fig. 2. Let us consider sets of the level &, =0.1 of

the FPCM that result in two IPCM, i.e. IPCM™™ (a,)and IPCM"™ (ct,) shown in Fig.3.
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Figure 1. Pairwise comparison matrix in linguistic terms
(LLL) (1,3,5) (1,2,4) (2,4,6)
AFFSI _ (1/531/3 31) (13151) (254a6) (53739)

/4,12, (1/6,1/4,1/2)  (LLI) (799
(1/6,1/4,1/2) (1/9,1/7,1/5) (1/9,1/9,1/7) (LL1)

(a)
1,1,1) (2,3,4) 1,2,3) (3,4,5)
4FFS; (1/4,1/3,1/2) 1,11 (3.4.,5) (6,7,8)

/3,172, (1/5,1/4,1/3) QL) (9.9.9)
(1/5,1/4,1/3)  (1/8,1/7,1/6) (1/9,1/9,1/9) (LL])

(b)
Figure 2. FPCMs on the FFS 1 (a) and on the FFS 2 (b)

[1,1] [12,48] [1.1,3.8] [2.2,5.8]
POV () = [021,093]  [L1] [2.2,5.8] [5.2,8.8]
[0.28,0.95] [0.18,0.48]  [L1] [7.2,9]
[0.18,0.48] [0.11,0.19] [0.11,0.14] [L1]

(@)
[1,1] [2.1,39] [1.1,2.9] [3.1,4.9]
POV () = [0.26,0.49]  [L1] [3.1,49] [6.1,7.9]
[0.35,0.95] [0.21,033]  [L1] [9, 9]
[0.21,0.33] [0.13,0.16] [0.11,0.11] [L1]

(b)

Figure 3. IPCMs for FPCM on the FFS 1 (a) and on the FFS 2 (b) when «, =0.1

Then matrices generated by rows of these IPCM are formed. For instance, IPCM generated by h-th row of the

PCM™ (a,), h=1 is shown in Fig 4. Weights for two matrices generated by h-th rows of the
IPCM™ (a,) and IPCM™™(a,), h=1 are calculated using two-staged method [Pankratova &
Nedashkovskaya, 2007 a] and are as follows: w"™™ =(0.40,0.36,0.16,0.07),
w" % =(0.35,0.44, 0.14, 0.07)..

Also weights for matrices generated by other rows of the IPCM are calculated.
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[1,1] [1.2,48]  [1.1,3.8] [22,58]
[0.21,093]  [L1] [0.8,0.9] [1.2,1.8]
[0.28,0.95] [1.1L,1.25]  [L1]  [L5,2.0]
[0.18, 0.48] [0.56,0.83] [0.50,0.67] [L1]

IPCMh FFS _

F

Figure 4. IPCM generated by h-th row of the JPCM""™ (a,) when h=1

Values of ISCC of the IPCM"™™ and IPCM "™ detection and application thresholds are equal
correspondingly to  k}"*(IPCM"™)=0.851, k""(IPCM""™)=0.784, T,"=0.398 and

7" =0.878. Since T,"" < k;"’m <T™" for both IPCMs, then both IPCMs contain useful information,

but are strongly inconsistent and it is necessary to use methods for increase of their consistency. Hence ISCC of
IPCM when using different scales, namely FFS 1 and FFS 2, leads to the same conclusion about strong
inconsistency of IPCM. Therefore ISCC is not sensitive to the considered fuzzy scales. This result holds for
majority of the random FPCM.

Evaluation of critical technologies (CTs) of energy conservation and power efficiency in Ukraine

The AHP method and ISCC were used to calculate consistent relative priority values for critical technologies
(CTs) of energy conservation and power efficiency in Ukraine. Quantitative information of passports of CTs and
qualitative information in a form of expert estimates serves as input data for this problem. A list of 14 CTs and
their technical passports were presented by leading organizations in energy sector of Ukraine on a first stage of
foresight process. Then the CTs were clustered as follows: energy conservation CTs, renewable energy CTs and
eco-house CT. Energy conservation CTs include energy conservation while producing energy (cogeneration
technologies and power machine building) and in energy networks (electrical power engineering and
technologies of burning). Renewable energy CTs include geothermal, wind, solar and bioenergetics
technologies. Problem of power efficiency is included in a notion of eco-house only as a part along with building
materials production, construction of eco-house and waste utilization. Therefore the technology of effective eco-
house was considered separately.

Using information of passports of CTs and estimates of 12 experts about different factors of risk for CTs and
importance of decision criteria (Fig.5), consistent relative priority values for CTs were calculated. On basis of
these priority values rating of CTs of energy conservation and power efficiency in Ukraine was determined.

{ Priorities of critical J The main goal

technologies (CTs)
I

Economical - . Processing ) Criteria
efficiency J Competitive ablhty] { complexity J —[ Costs J [ Risks J
Annual sales lsitﬁﬂ;fiz:m" Fericcli-;r;cifenﬁﬁc Overall amount of financing Sub-criteria
of new science o > research berore before implementation
intensive anaiogues implementation of CT
product -
In_ttﬁlogpgnson Start of output of new | || Costs for implementation
with foreign Ls! science intensive
analogues product
4 Period of implementation

Figure 5. Hierarchy of criteria for choice of priority CTs
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Economical efficiency includes annual sales of new science intensive product in value indicator (millions of
dollars). Competitive ability of CTs is evaluated in comparison with native and foreign analogues. Processing
complexity of CTs is measured by two parameters: period of scientific research before implementation of CT
(years) and start of output of new science intensive product (in x years). Costs include costs in terms of money
and time, namely: overall amount of financing before implementation (thousands of grivnas), costs for
implementation (thousands of grivnas), period of implementation (years).

Table 2. Relative priority values (weights) of decision criteria

Criterion Sub-criterion Weight
Economical efficiency(0.486) | Annual sales of new science intensive product (1) 0.486
Competitive ability (0.137) Competitive ability in comparison with native analogues 0.017

(0.125)
Competitive ability in comparison with foreign analogues 0.120
(0.875)
Processing complexity Period of scientific research before implementation of CT 0.054
(0.066) (0.833)
Start of output of new science intensive product (0.167) 0.011
Costs (0.149) Overall amount of financing before implementation (0.481) 0.072
Costs for implementation (0.405) 0.060
Period of implementation (0.114) 0.017
Risks (0.162) Risks (1) 0.162

Global Priorities of clusters of CTs, calculated on basis of judgements of 12 experts are shown in Table 3 (values
without sign *). Spectral coefficients of consistency of individual global priorities spectrums for clusters “Energy
conservation CTs”, “Renewable energy CTs” and “Eco-house” (Fig. 6) which are equal to 0.682, 0.737 and 0.658
respectively, indicate that expert judgements for these clusters are strongly inconsistent (ky<Tu), T0=0.398,
T,=0.790 and it is necessary to use methods for increase of its consistency. Revised values are marked in
Table3 with sign *. Spectrums of revised values are more consistent, spectral coefficients take values 0.758,
0.771 and 0.770 respectively (Fig.7).

5 8 4
4 6 3
3
4 2 H
2 a
1 L |_I 2 1] alm
0 0 0
012 3 456 7 8 910 0123 456 7 8 910 0123 45678 91

Figure 6. Spectrums of individual global priorities for clusters “Energy conservation CTs” (a), “Renewable energy
CTs” (b) and “Eco-house” (c)
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012 3 45678 91

OKy=0.758

Table 3. Individual global priorities of clusters of CTs
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0123 4567 8 910

BKy=0.771

Figure 7. Spectrums of revised individual global priorities for clusters “Energy conservation CTs” (a), “Renewable
energy CTs” (b) and “Eco-house” (c)

BKy=0.770

01 23 456 7 8 910

Expert's | Individual global priorities Expert's | Individual global priorities

No Energy Renewable Eco-house No Energy Renewable Eco-house
conservation energy CTs conservation energy CTs
CTs CTs

1 0.247/0.257* 0.115/0.225* | 0.638/0.519* | 7 0.251 0.165 0.584

2 0.186/0.254* 0.210/0.269* | 0.604/0.477* | 8 0.358 0.176 0.466

3 0.677/- 0.230 0.093/ - 9 0.229 0.391 0.380

4 0.223 0.416 0.361 10 0.160 0.240 0.600

5 0.143 0.248 0.609 1 0.319 0.179 0.502

6 0.322 0.535/- 0.143/- 12 0.441/0.216* 0.102 0.457/0.379*

Group global priorities (Table 4) result in cluster “Eco-house” as the most priority cluster of CTs of energy
conservation and power efficiency in Ukraine (corresponding priority value equals 0.426). Clusters “Energy
conservation CTs” and “Renewable energy CTs” receive lower priority values. Cluster “Eco-house” contains only
one technology “Technology of power efficient eco-house with renewable energy”. This CT receives the highest
priority value, i.e. the first rank, thus, cluster “Eco-house” and CT “Technology of power efficient eco-house with
renewable energy” are not considered in further analysis. Then, CTs with second, third and other ranks, which
form clusters “Energy conservation CTs” and “Renewable energy CTs” are founded during further analysis.

Consistent normalized relative priority values of CTs, obtained as aggregated values in terms of clusters with
group global priorities of clusters as weighted coefficients are shown in Table 5.

Table 4. Group global priorities of clusters of CTs

Clusters of CTs

Group global priorities

Energy conservation CTs

0.284

Renewable energy CTs

0.290

Eco-house

0.426
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Table 5. Normalized consistent group global relative priority values of CTs

No CTs Relative priority
values, *10

1 |Technology of power efficient eco-house with renewable energy 4.260

9 Technology of improvement and structural optimization of energy networks in accordance with a 0.764
purpose of harmonization with energy system of countries of the European Union

3 [Technology of effective usage of soil and groundwater heat in complex thermal pump systems 0.571

4 |Technology of diverse renewable energy sources usage in integrated thermal pump systems 0.568

5 [Technology of steam compressor thermal pumps 0.557

6 |Technology of usage of high-temperature conductivity in electrical machines and devices 0.545

7 |Technology of magneto-liquid sealing for considerable increasing energy equipment’s service life 0.499

8 Technology of production of generative power capacities on basis of integrated co-generation and 0.443
thermal pump plants

9 |Technology of energy loss saving in transit power networks 0.437

10 Technology of production of thermostable and corrosion-proof heat-insulating materials for 0.420
thermal networks

11 |Technology of synthetic fuel (gas) production 0415

1 Technology of heating and housing and domestic hot-water supply on basis of usage of solar 0.380
energy

13 Technology of production of engine oil and methanol on basis of Ukrainian deposit(s) of brown 0.377
coal, peat, shales, coal and other carbon raw materials

14 |Technology of usage of modular systems in low wind power engineering 0.299

Thus, first rank, i.e. the highest priority has cluster “Eco-house” and technology “Technology of power efficient
eco-house with renewable energy”. Second rank has technology “Technology of improvement and structural
optimization of energy networks in accordance with a purpose of harmonization with energy system of countries
of the European Union”. Three thermal pump technologies “Technology of effective usage of soil and
groundwater heat in complex thermal pump systems”, “Technology of diverse renewable energy sources usage in
integrated thermal pump systems” and “Technology of steam compressor thermal pumps” receive third rank,

differences between their priority values are rather small. Other technologies have lower priorities (Table 5).

Conclusion

In the present paper we provide a research of a new measure of consistency of interval pairwise comparison
matrix, i.e. interval spectral coefficient of consistency. This coefficient is theoretical, but not empiric attribute of
consistency of pairwise comparison matrix in the sense that on determination of consistency we do not use
randomly filled pairwise comparison matrices. For determination of admissible level of inconsistency of IPCM
application and detection thresholds are developed.

A computer simulation study was performed to estimate a sensitivity of interval spectral coefficient of consistency
to fuzzy fundamental scales, which are the most often used in fuzzy AHP methods. The results reveal that in
general the ISCC of interval pairwise comparison matrices is not sensitive to the considered fuzzy scales. This
means that this coefficient of consistency leads to the same conclusion about inconsistency of interval pairwise
comparison matrix when using different fuzzy scales to represent linguistic terms.
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Spectral coefficient of consistency of FPCM is proposed as combination of ISCC in all « -levels using linear,
multiplicative and min combination rules of the AHP. For determination of admissible level of inconsistency of
FPCM strong and weak criteria are proposed.
The AHP method and spectral coefficient of consistency were used to evaluate critical technologies of energy
conservation and power efficiency in Ukraine.
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METHODS FOR SOLVING OF SOME TASKS WITHIN THE PROBLEM OF OPTIMAL
SYNTHESIS OF INFORMATION NETWORKS IN THE COURSE OF THEIR
EVOLUTION

Galyna Gayvoronska, Svetlana Sakharova, Maxim Solomitsky

Annotation: Possible methods for solving particular problems arising from the decomposition of the problem of
optimal synthesis of information networks in the course of their evolution are considered. The contribution of the
scientific collective of the Information-communication Technologies Department of Odessa State Academy of
Refrigeration is analyzed. The efforts of this collective allowed to come close to the formalized statement of this
problem.

Keywords: synthesis, information network, infocommunication services, access network, load, calls and
messages streams.

Keywords classification of ACM: C.2. Computer-communication networks, H. Information Systems - H.1
Models and Principles, K. Computing Milieux - K.6 Management of computing and information system

«... sentient beings live only to
enrich the awareness ...»

C. Castaneda

The status of the issue

Problems of development of the existing information networks (IN) with a rational redistribution of information
streams and the most appropriate using of funds allocated for the network equipment’'s modernization contain
elements of both analysis and synthesis [Roginsky, 1981].

In the context of this problem the difference between the concepts of information and telecommunication
networks must be taken into account, since the information network involves a set of telecommunication
networks (TN) and information technologies (IT), designed to provide infocommunication services (ICS). Earlier
the concept of electrical communications was widely used. It was defined as the correspondent’s tool for
delivering to one or more correspondents information of any kind in any form (written or printed document, fixed
or moving image, speech, music, visual or audible signals, control signals, etc.) using any electromagnetic
system (wire transfer, radio transfer, optical transmission, or a combination of these systems) [Davydov, 1977].

However, the answer to the question: "What exactly is transmitted by electromagnetic systems?", - may be
straightforward: "Electrical signals are transmitted by electromagnetic systems". To do this, information of any
kind and form is converted into electrical signals for transmission and reception by electromagnetic systems.
With the advent of optical telecommunication systems, the term electrical communication has ceased reflect the
essence of the process of information transmission over communication networks longer, and was replaced by
the term -"telecommunications". However, the term telecommunications does not reflect the fact that
communications is moving kind of information too, because the tele- simply means "far", "at a distance." That is,
telecommunications literally means "the movement at a distance". Plumbing, electrical networks, other tools

designed to move anything may be included to communications. And hence it does not follow that we are talking
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about electrical communications, but in fact the concept of electrical communications and telecommunications
are very similar if not identical.

With this came the concept of infocommunications [Gayvoronska, 2008] that combines the processes of
communication, information and the provision of ICS to users, by which we understand modern information-
communication infrastructure of society that provides not only the transmission and reception of information, but
also its processing and storage. Infocommunications include as one of the components of the user's terminal, in
which information intended for transmission over the network converts into an electrical signal and its inverse
transformation [Varakin, 2001]. That is, the user terminal can be seen as a means of information technology and
telecommunication technology, as it supports aligns with the electrical parameters of the network, enters the
service signals, etc. The question then arises: "What is Information Technology?" This term refers to a set of
methods and hardware - software tools, combined in the processing chain, providing collection, processing,
storage, distribution and display of information to reduce the complexity of the processes of using information
resources and improve the reliability and efficiency. The main purpose of information technologies - providing
information services (IS). It is necessary to settle on the concept of information-communication technologies, or
simply infocommunication technologies (ICT). It implies a set of processes required to render that part of IS,
which is associated with the transfer of information, i.e. infocommunication services (ICS) [Davydov, 1985].

Scientists from different countries are united in their opinion that we have entered an era of global information
society, characterized by a new "information economy". This is due to the fact that, on the one hand, the services
offered by modern IN can be viewed as a mass commodity for common using, having its price and its share in
GDP of any country, on the other, infocommunications are an integral part of almost social processes and play
very important role in the global economy. This thesis is supported by the fact that the total share of the world's
infocommunications is more than 10% of total world GDP. As a rule, where is the higher the GDP - there is the
higher proportion of infocommunications in it. This percentage is higher than the combined figures oil and
automobile industries [Parliament hearings, 2005).

In the beginning of 21st century, there was a crisis in the global infocommunication sector, associated with the
reassessment of the potential consumer demand. As a result there were excessive investments in steel industry
and the very high rate of long-term debt. Currently, the world's infocommunications has emerged from the crisis
and are strategically positioned not only in economics but also in politics and social life. For example, in the USA
only 1 USD invested in telecommunications provides 6.2 USD of GDP growth, and one job in
telecommunications generates 5.4 jobs in other industries. Telecommunications employing over 20 million
professionals who provided 70-80 million jobs. At the same time there is a redistribution of jobs in various fields.
For example, the banking system is experiencing an information revolution: banks use about 80% of its profits for
their computerization. The transition to computer exchange of information has reduced employment in the
banking sector by 30%. All this occurs against the backdrop of globalization, which requires establishment of an
information infrastructure that provides the transmission and processing of information [Parliament hearings,
2005].

From this point of view the problem of optimal synthesis of switched IN, takes on a new extremely important
meaning because of its decisions are depended not only by the cost of network and service quality, but without
exaggeration, by the development of society as a whole. It caused by the fact that in the twenty-first century the
spontaneous market mechanism of world civilization development is being replaced by the global order, when
the power of the state is not determined by the number of iron and steel, tanks and missiles, but by the ability to
produce knowledge and modern technologies, to manage the socio-economic processes and to exchange
information rapidly, creating the conditions for the prosperity of its citizens.
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In September 2005, in Ukraine, there were parliamentary hearings on the development of information society.
The major tasks of the information society were identified in December 2003, in Geneva, at the World meeting on
the creating of information society. In such a society, everyone should be able to create information and
knowledge, to have access to them, to use and share them to individuals, societies and peoples were able fully
realize their potential, adhering to the Universal Declaration of Human Rights. Education, knowledges,
information and communication are the basis of human development. At the same time ICT have an enormous
impact on practically all aspects of our lives. The rapid progress of ICT offers new prospects for the development
of society, however, ICT should be seen as a tool but not as an goal in itself.

When the conceptual basis of the information society has just started to form, Ukraine was among the
undisputed leaders and ideologists of its construction (see Table 1 [Parliament hearings, 2005]).

1925

1941

1948

1951

1953

1954 -
1957

1961

1966

1958 -
1968
1964 -
1967
1965
1959 -
1975
1961

Table 1. Formation of the conceptual foundations of the Information Society of Ukraine

The idea of mechanization of formalizing logical operations was formulated, mechanical thinking machine was built

V.E. Lashkarev experimentally opened p-n junction. American scientists used it later for the creation of
the transistor.

S.0. Lebedev justified principles and structure of an universal digital computer with a recorded program
(regardless of the American and British scientists). USSR Academy of Sciences.

At first the digital electronic computer SECM (S.O. Lebedev) was introduced in the Soviet Union and
continental Europe

The principles of building, architecture and structure of the matrix-vector processor of the first Ukrainian
specialized electronic computer (SEVM) for solving systems of linear algebraic equations was based,
and introduced in 1955.

The base principles of construction, structure and architecture for the first Ukraine asynchronous
computer "Kiev" with "address" of the language were developed.

The theoretical basis for the design of computer was developed. V.M. Glushkov

The idea of the circuit realization of high-level languages was proposed. Computer implementation of the
project "Ukraine".

The principles of construction, structure and architecture of the first Soviet semiconductor general-
purpose control computer "Dnepr" were developed. A full-scale production was launched into.

The principles of construction, structure and architecture, and the first in Ukraine information and control
complex "Dnepr-2" for the automated control systems were developed. NPO "Electronmash."

The principles of construction were developed, and the first Soviet digital regulator "Avtooperator"
Severodonetsk NPO «IMPYLS» was created.

Principles of building, structure, and the architecture were developed, and the first production cars in the
USSR for engineering calculations "Promin" and "MIR" - the forerunners of future PC - were implemented.

V.M. Glushkov suggested brain-like structures of computers.
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An inventor's certificate to a step microprogram control was received and implemented as a family of
vehicles "Mir". V.M. Glushkov

A complex computer systems design was developed and used in many organizations of the USSR.
Ukraine's first mini-computer M 180 Falcon was established, and released as series in 1972.

Ukraine's first mini-computer M 180 Falcon was established, and released as series in 1972.
The first domestic ideology of the family of micro-computers "Electronics C5-01" was developed.

The first in Ukraine complex microprocessor means "Neuron" and setup tools for it were designed and
produced.

Unique specialized computers Kiev 67 and Kiev 70 for the automation of design and manufacture of
IPOs with Elyon technology were developed.

Gage Complex Bars was created and released.
The first World's "Encyclopedia of Cybernetics" has been prepared and published.
The powerful control VC M4030 was developed, designed and made ready for commercial production.

Ukraine, the Soviet Union and Europe for the first time launched mass production of large-scale
integrated circuits at the NGO "Crystal".

The principles of constructing a recursive (non-von Neumann) computers were proposed.

Specialized computer "Neva" for digital communication systems was developed in cooperation with the
GDR and the GDR has arranged industry production.

Specialized mini computers - Iskra, Mriya, Chyka, Moscow, Scorpion, Romb, Orion - were developed and
produced by industry.

Unique specialized on-board computer systems for spacecraft control without reckoning were developed
and produced by the Defense Ministry enterprises.

The family of specialized industrial computer for pre-flight testing and pre-mooring WIG, ships, hydrofoil
ships, seaworthy for complex testing of ships of the Navy for testing and diagnostics of aircraft were
developed, designed and produced.

Superproductive macroconveyor complexes ES-2701 and ES-1766, which have no analogues were
developed, designed and created. The maximum number of processors 256. The maximum productivity of
500 min. oper. / Sec.

A lot of great digital media industrial systems engineering were developed, designed and created
(machine of control and communication with the object of management), to ensure the creation of wide
range of control systems in industry and power for the entire former Soviet Union. Multi-processor
systems for heavy duty systems, geophysical prospecting of mineral resources and a number of unique
military systems were created and produced.

12 types of on-board computers (including steady from influence radiations) for space-rocket complexes
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1989 |strategic were developed designed and organized its production.

Ultra-reliable computer specialist «Carat» (17 models) for weapon systems and management of surface
1969 - |and underwater, including nuclear power, the courts of the Navy, and for solving problems of navigation
1989 |in the merchant navy ships and nuclear power drifting ice was developed, designed and implemented its
mass production.

Implemented mass production of computers «Kashtan» for automated cutting of chestnut tissue

1
%9 according to the specified range.

1981 |Serial production of the computer systems of small computers was mastered.

1984 - | The principles of construction and developed a unique computer ultra speed system - complex «Star» to
1988 |detect submarines.

International Computer Society (IEEE Computer Society) awarded to S.0. Lebedev medal "Pioneer of
1997 |computer technology" with the inscription:
S.0. Lebedev, 1902-1974. The developer and designer of the first computer. The founder of computer.

International Computer Society (IEEE Computer Society) awarded to V.M. Glushkov medal "Pioneer of
1997 |computer technology" for the foundation of the first in the USSR Institute of Cybernetics and creation the
theory of digital automat and work in the industry macroconveyor computing architectures.

New ways of communications and communication systems blur the boundaries between nations and peoples.
Digital technologies have fundamentally changed not only connectivity but also the technology of exchange of
goods, services, knowledge management, production, socio-economic and political processes in society. In the
development of electronic union and the information co-operation gap among countries which have already made
the transition to an information society, and others, for various reasons backward from this process, is becoming
increasingly obvious. A detailed analysis of the level of global competitiveness of individual sectors shows that
there are the most competitive country in which co-exist successfully hi-tech production and management of their
own natural resources, knowledge, and information technology [Parliament hearings, 2005].

In this regard, the role of infocommunications and information networks, in particular, is immeasurably increased,

and certainly increases the importance and relevance of their scientific support. Methods of synthesis of IN
created in the last century and no longer meet any of networks, or the needs of society.

The statement of the problem

Detailed formulation of the problem of synthesis of developing switched network is performed in [Gayvoronska,
2007]. The basic problems and the appropriate methods for their solving were formulated and analyzed in this
paper too. However, during the five years since its publication, information networks are developing so rapidly
that the formulation of the problem of optimal synthesis of developing switched networks no longer meets the
current situation in the field of infocommunications sphere. In this connection, it took some refinement of the
overall problem, the introduction of new tasks and more careful formulating of the tasks that were identified in the
decomposition of the general problem of synthesis.

In addition, over these years a number of objectives set out in [Gayvoronska, 2007] are more or less solved. Al
of this required a revision of the formulating of some statements of the developing switched IN synthesis
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problem. This article is aimed at the consecration of the possible approaches to solving of some aspects from the
complex of tasks, mentioned in the decomposition of the overall problem.

Overview of problems solved by collective of the ICT department within the general problem of
synthesis of developing switched information network

In [Gayvoronska, 2007] it is showed that in terms of the topological structure, parameters and principles of
information exchange in the network under research it can be divided into two subnets: access network and core
network [Sokolov, 1999, Gayvoronska, 2008, Gayvoronska, 2010]. Thus, the overall problem is divided into:
synthesis of the access network and synthesis of the core network. Formulated set of tasks in the problem of
optimal synthesis of switched information network in the course of their evolution in recently is being solved by
the collective of the information-communication technologies (ICT) department of Odessa State Academy of
Refrigeration. Solving of separate problems is being studied by lecturers and post-graduates, supervised by
Galyna Gayvoronska, namely: Alexander Ryabtsov [Ryabtsov, 2010-2012], Semen Pavlov [Pavlov, 2007-2012],
Alexandra Kotova [Kotova, 2009-2012], Svetlana Sakharova [Sakharova, 2010-2012], Anna Kryzhanovskaya
[Kryzhanovskaya, 2010-2012], lllya Gannitsky [Gannitsky, 2007-2011], Anton Bondrenko [Bondarenko, 2011-
2012], Maxim Solomitsky [Solomitsky, 2011-2012], Yuri Grynkov [Grynkov, 2011-2012], Eugene Konyshev
[Konyshev, 2012], Oleg Domaskin [Domaskin, 2012]. Masters’ works, performed at the ICT department are
devoted to the same topic.

In [Gayvoronska, 2007] all tasks within the researched problem of information networks’ synthesis are grouped in
such way that they are interrelated and stem from one another within each group of tasks.

The first group of problems, in particular, includes:

— analysis of users’ needs in communications services, which are to be satisfied by the created network;

— definition of the requirements for network services and equipment for speed connectivity, bandwidth and
volume of transmitted information, the absolute value of the allowable information delay and its
variations in the network, the allowable error rate, etc.;

— development of recommendations for the necessary parameters of access parameters for the
information services rendering in accordance with the requirements specified in the preceding
paragraphs.

The first of this group of tasks includes the determination of projected volumes of information streams and their
distribution in space and time. Existing algorithms that allow solving this problem by means of computers tools for
the existing telephone networks or data transfer networks (DT) should be updated taking into account the
specifics of integrated services and the convergence process of separate TN into unified information Next
Generation Network (NGN). There are very strong expected fluctuations of the traffic in the network with mixed
traffic (voice, dates, images). Interactive traffic often changes spasmodically (from periods of high to the low
activity periods and vice versa) and those of its features should also be taken into account at the synthesis of the
network structure. Here planning is clarifying types and volumes of traditional and new communication services,
selecting the right relationship between the volume and nature of the distribution of streams generated by these
services. Works in the field of economics, sociology, and other service sectors are accounted at the forecasting
of the services.

Semen Pavlov's work is addressed to the relevant objectives of the study requirements for networks and network
equipment from the ICS. There are analyzed properties and characteristics of the ICS, highlighted main factors
affecting the provision of these services and the international documents governing the provision of ICS in this
study. As the result of the done analysis there were denoted main characteristics of services, which became the
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base of the proposed classification of all possible ICS, both existing and those that may occur in the future. The
main purpose of this work is to identify the main characteristics of ICS. Its accounting is required for the synthesis
of IN, the evaluation of correlation among them and the formalization of these characteristics with the way when
they can be put into a general model of the synthesis of IN. To solve this problem there were analyzed the
existing classification methods appropriate to apply to the ICS, identified advantages and disadvantages of these
methods. The necessity of applied statistics methods’ usage for classifying ICS is proved. With the help of factor,
cluster and discriminant analysis the relationship between the parameters of providing ICS was revealed. The
effect of ICS on the development of IN was researched, and revealed that both qualitative and quantitative
changes in the parameters of service affect the development of IN. By using statistical methods for processing
ICS parameters and reducing feature space classification of ICS was proposed. It is taking into account five
parameters of these services rendering. The reliability of the process and the results of ICS classification are
proved. Parameters are analyzed to provide services to the real IN. For each of the ICS classes requirements for
IN and its equipment were definite. The method for classification of any existing or planned ICS to a particular
class is developed. A model of the ICS classes’ presentation is built. It is shown how this model can be extended
with additional parameters of service rendering. Two types of formal description of the ICS for convenient human
and computer perception are proposed. The formalized description of the services makes it easy to build
interfaces and data entry programs into the various models of IN analysis and synthesis. It is unified
representation of the service and it is characterized by the parameters of service’s rendering. Software complex
which automates the assignment of a specific service to a definite class and definition of requirements for the
network equipment from service groups is developed. The implemented software improves the efficacy of IN
design and modernization as compared to known methods by about 12-17%. The effectiveness of the program
complex experimentally evaluated on real IN. That is evidenced by the introduction of the relevant statutes.
Semen Pavlov has presented the research of this problem in the form of dissertation work and was awarded with
the academic degree of Ph.D. after its main results’ defense.

Alexandra Kotova's work is devoted to solving the problem of increasing the efficiency of the development of
perspective access networks (AN) by upgrading existing subscriber networks. The solution of the problem allows
to identify cost-effective options for the access network’s organization, one of which is the usage of the existing
subscriber network as the basis for its construction. Studies conducted in the work allowed detection of the
structural characteristics of existing subscriber lines, value of which determine the ability of digital information
transfer over the analog network and assessing the suitability of xDSL equipment and other access technologies
of existing networks. A large amount of processed statistical information allows evaluation of the structure and
technical condition of the existing subscriber network in Ukraine. Methods used to process of statistic allow
determination of the possibility of extending these results to other areas that have not been participated in the
study. The developed method for calculating the structural characteristics of the access lines (AL) for perspective
AN allows determination of the most advantageous location and capacity of the access point (AP) from the
standpoint of minimizing the cost, length and bandwidth of access lines in the transport and the local segments,
taking into account the current configuration of the service area. The proposed method takes into account the
existing principles of organization of subscriber access lines only to the PSTN, as well as possible connections to
other core networks. Research was presented in the form of dissertation work. After the defense of its main
theses academic degree of Ph.D. was awarded to Alexandra Kotova.

Besides it researches are conducted by post-graduates of ICT department in the following areas:

— improvement of the functioning of information networks by unifying the calculation method of network
equipment - lllya Gannitsky;
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— the method and model of accounting of inclination at the implementation of access networks - Anna
Kryzhanovskaya;

— the model of optimal synthesis of access networks - Anton Bondarenko;
— peculiarities of optical switching in the access networks - Yuri Grynkov;

— the model of information network's user as badly formalized object - Anastasia Smirnova.

Registration of errors in the course of access networks parameters’ forecasting

The problem of AN designing efficiency’s increasing by taking into account the sensitivity of networks’
characteristics to forecasted parameters is being solved in Svetlana Sakharova's work.

To solve the problem of estimating the sensitivity the simulation model of the development of perspective AN,
taking into account their concept, structure and design principles was developed. Research and analysis of the
parameters involved in the process of AN creating allowed identifying that parameters which variation had the
most significant impact on the characteristics of these networks. Forecasted parameters, which are the subject of
the study, are highlighted. They are the number of AN users, the list of requested by them ICS, the surface
density and the distribution of users in the territory served by the network, the load created by these users and
several other variables. Taking in account the concept, structure and functions of perspective AN, generalized
scheme of the process of these networks’ creating was developed. It differs by the analytical methods and
program procedures. Developed scheme defines sequence of stages, each of which solves set of goals of AN
creating. Existing methods are partially used to solve these problems. But for the most purposes author
developed new methods and software procedures which were presented in the thesis. The method for optimizing
the number, capacity, location of AP and size of areas served by them, by criterion of the network total cost was
developed. To minimize the cost of the line facilities in the course of overcoming obstacles to the laying of access
lines, it is proposed method of adaptation of access lines ways’ construction and choose of AP places to the
structure of the network. It
allows taking into account the
influence of local conditions
on the choice of the optimal
location of the AP.
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Impact of load variation was investigated taking into account the cost of AN, quality of service and network
structure. Let's denote load stream created by users of selected group i to the service rendering point of one of
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the core network j as F;

i and the load stream, which occurs as a result of unanticipated changes in advance -

F; . Then it can be determined by multiplying by a constant F; = KF;. For instance, here it is given the

research of forecasting faults of the values of two AN parameters when the factor that accounts deviation of the
load’s actual value from the forecasted, from 1 to 2 with step of 0.1. Parameters under research are cost of the
network optimized for the original load structure and cost of the network optimized for the varied load. The latter
case suggests that the capacity of AP is fixed, and bandwidth of local and transport segments of AL are
calculated anew, to meet the quality of service standards. Fig. 1 shows the obtained results. The solid line shows
the cost of the network, based on the original value of the load, and the dotted shows the loss of investment due
to the difference between the calculated parameters, averaging about 1.1%.

Besides it the effect of the load distribution prediction fault is determined. Here it is suggesting that the total
amount of load is calculated exactly. Load varying element F,] is calculated as F,] =F;(1+R), where R - is

uniformly distributed random variable in the range [-a,+a] a <[0,1]. The results are shown in Fig. 2.
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variations of predicted initial parameters is being Range ofrandom value «
used for the design of modern TN. This fact is
evidence of the introducing act of the research
results by the enterprise "Ukrsvyazproekt", which
states the following. The analysis has revealed that the cost of AN with increasing of the prediction error of the
requirements for connection of new users increases linearly; the prediction error of the geographical distribution
of requirements for connection of new users, while maintaining the overall forecast of network capacity growth
leads to an increase in the total cost of the network up to 20%; minimum change of the node location increases
the value of a network of about 8%. Fluctuations in the cost parameters lead to change of AP number more than
ten times or until the loss in value to 16% in the worst case. Manual changes in the distribution of nodes and the
boundaries of their service, as a rule, are inevitable at the last stage of network planning. As a result of the
investigations it has been shown that the optimal network configuration is insensitive to variations of number of
parameters. In order to optimize the location and boundaries of AP servicing the most important was the cost of
AP hardware. Forecasting error of users’ number, the load created by the ICS users and the coefficients of the
inclination influence much less than it is usually indicated. As expected factors of AP cost, local access lines and
transport segments have a dominant influence on the configuration and cost of the optimal network.

oy

Figure 2. Impact of connections paths' load
distribution's forecasting fault on the network cost
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Development of messages stream's model of convergent telecommunication network

Before to speak about information network's synthesis it is necessary to solve a problem of the analysis of users’
requirements in communication services for which satisfaction the network is being established. Such analysis
includes determination of predicted volumes of information streams, their distribution in space and time. Here it is
necessary to specify kinds and volumes of traditional and new infocommunication services, to choose proper
correlations between volumes and behaviour of streams' distribution established by these services.

The decision of the majority of problems of the information distribution theory is based on the law of stream
preservation, saying that intensity of requirements number's growth in the system is defined by a difference of
intensity of inlet and outlet streams. The stream of requirements, demands or calls is a set of the moments of
these requirements' arrival in the system. The call is a requirement of connection between two network users for
a message transfer. The message is the information converted to electromagnetic signals. Considering a
difference between the call and the message it is possible to speak about the calls stream as arriving in the
network, and the messages stream as circulating in networks for the users information transfer. Nowadays there
is no common theory of distribution and calculation of quantitative and quality parameters for messages streams
in the TN. The messages stream between points i and j is a sequence of messages transferred from the one
point to another. Except the effective information network provides transfer of control handling and signalling
messages which do not have values for the user. Callbacks as result of connection's deny for primary call
essentially load networks without giving useful effect too.

At the network synthesis it is also necessary to solve problem of information streams' distribution. Existing
algorithms allowing by means of computer computing tools to solve this problem for existing telephone networks
or data networks should be modernised taking into account specificity of integrated service. In the network with
the mixed traffic (speech, data, images) it should be expected very strong oscillations of traffic. Dialogue traffic
often varies spasmodically (from the periods of high to the periods of low activity and on the contrary) and these
features also should be considered at the network architecture's synthesis. It is not enough to speak only about
need of information delivery: it is necessary to know what these information is (both from quantitative and
qualitative positions), what information value is to be transferred and in what way it would be carried out. This
information is to be known from the point of view of information transformation both in time and in space.

The model of messages stream allows defining quantitative parameters of the streams circulating in the TN at:
interaction between the TN and an information metastructure in the context of processes of network service,
transmission of messages streams through bypaths instead of the main ones, etc. Thus, it is possible to
determine characteristics of mainly stochastic processes of convergent TN at the different moments and time
intervals on different segments of the network that is especially important, for example, at realisation of
interoperators interaction within the limits of common physical network's sharing. Such special case can be result
not only of market relations in infocommunication sphere, but also can be a pressing need of providers in the
conditions of monopoly. Proceeding from these assumptions principles of the description and the model of
messages stream should differ essentially from the model of calls stream, however now there is no common
theory of distribution and calculation qualitative and quantitative parameters for messages streams in the TN.
Therefore the problem of making up of the messages stream's model in the network, and the method of these
streams characteristics' registration at the designing of convergent TN is essential, actual and nontrivial at all.

The volume of transferred messages is rather important characteristic at the designing of the messages stream's
model. Instead of duration of calls streams' service it is characterised not only by the message transfer time, but
by volume and value of the information transmitted in this message. That is much more important. Besides, it is
necessary to consider presence and level of priority of each message and number of other parameters.
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Hence, a common problem of creation of the messages stream's model circulating in the network can be splitted
into following subtasks.

1. An estimation of distribution function of the moments of messages' receipt in the network.
2. Research of correlation between duration of message transfer and volume of the information transmitted in it.

3. An estimation of influence of the transmitted information value on type of the transmitted message and a
method of its account at designing of the messages stream's model.

4. A method of the message priorities' forming depending on its volume and value of the containing information.

5. A method of the registration of callbacks and other factors which are important for provision of qualitative
message transfer service through the network.

6. Development of the generalised formalized messages stream's model circulating in the convergent TN.
7. Research of the offered model by imitating modelling.

The problem of development of messages stream's mathematical model circulating in the convergent
telecommunication network (CTN) (fig. 3) and designing of based on it imitating model of CTN messages
streams is being decided in work of Maxim Solomitsky.
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Determination of CTN is given in the production paper [Solomitsky, 2011], where CTN is considered from system
positions. Some formal representations and approach for decision of problems of CTN analysis and synthesis
are formulated in this paper too. It is established that it is impossible to carry CTN directly to one of such well
known classes of networks, as data-processing, data transfer, telephone which urged to render services for
users only of the defined accurately limited area.

As a result of executed in [Solomitsky, 2011] analyses of possibility of the teletraffic theory mathematical
apparatus' usage for the description of interaction between the CTN and environment it is concluded that existing
models of networks functioning, networks processes' models and methods of calculation of the network
equipment in their initial kind are unsuitable for the decision of problems of the CTN analysis and designing.
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To develop the messages stream model in CTN first of all it is necessary to understand what is the CTN and
what are its fundamental differences from other kinds of communication networks. The formal description of CTN
architecture in the form of the environment and network medium is developed for its research [Solomitsky, 2012].
Each of these mediums is represented in their turn in the form of two mediums: environment - generation and
distribution mediums, network medium - interaction and processing mediums (fig. 4).

Extraction of the generation medium allows to describe influence of users on the network, i.e., streams of their
requests for the network resources; the distribution medium allows to reflect influence of any external prevent
factors on propagation of physical signals in the network; the interaction medium gives the possibility to describe
the network as a whole; the processing medium - possibility to describe the basic structural network elements
processing the digital information.

An approach to formal determination of points of interaction between the CTN and information metastructure,
processes of network service is offered in [Solomitsky, 2012]. That is important for adequate modeling of the
messages streams circulating in CTN. The interaction medium is presented as some homogeneous data-
processing medium consisting from SN and service nodes. Apparatus of hierarchical connectivity matrixes (CM)
is offered for the description and analysis of the interaction medium features. Thus the configuration of nodes is
set in a matrix form with usage of square CM for the given level nodes (dimension is N; x Ni, where N; — number
of nodes of corresponding i-level) and rectangular CM for the adjacent levels nodes (dimension is N; x Ni.1, where
Ni1 — number of nodes of the bottom level). In CM there can be as the designations pointing presence or
absence of connection between nodes, and designations of numerical value of some parameters characterizing
corresponding connections. Interlevel CM are being made for displaying communications between nodes of the
next levels. They can be primary, displaying physical connections between nodes, and secondary, showing
internodes logic connections.

Messages
streams

System level |
——————————————————————— _ of interaction !

| Interaction medium
| (network as unified system)

____________________________________ stream

Figure 4. Formal conception of CTN architecture



342 International Journal "Information Technologies & Knowledge" Vol.6, Number 4, 2012

According to the given decomposition of the problem of messages stream model's development, being based on
the received results, further it is planned: development of the apparatus of the formal description of information
content in the messages stream; determination of a distribution function of the messages stream in time and
distribution function of information content of the messages stream; development of the apparatus of the formal
description of control information in the CTN messages streams and the formalized apparatus of determination,
whether is the separate message the finished semantic unit or represents a part of the whole; development of
formalistic approach to determination of information value and function and/or set of functions of information
value; development of the mechanism of formal determination of the messages stream's priority, including
conditions of fuzzy statement. That is a direction of the further research.

Conclusion

The formulated set of problems is being successfully solved by the collective of information-communication
technologies department. However, nowadays it is impossible to formalize common problem of synthesis of
optimum variant of information network as a whole in a general view. Furthermore this problem is the NP-difficult
problem which does not have both the analytical decision and any solution at all. Possibility of use of analytical
methods is coupled to introduction of some assumptions. Therefore in process of the decision of problems of
separate network segments' topological structure's synthesis, algorithms of management and information
exchange particular problems are being formulated and solved. Combination of these problems' decisions by
analytical methods and by imitating modeling will allow to approach closely in due course to creation of general
imitating model reflecting process of switched information network evolution. The similar model will allow to
approach closely to the decision of a problem of these networks' optimum synthesis. There are assumptions to
hope, that these works can be useful both scientists in the field of information technologies and at the practical
planning and designing of information networks.
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The tendency and function

Characteristic feature of the progress of computer information systems that are relevant to Ukraine is an absolute
priority to development of expert systems based on the using of artificial intellect Institute. This trend is
substantiated by a factor that expert systems allow the manager or specialist to get expert advice on any
problems which have accumulated knowledge of these systems. Artificial intellect is usually described as the
ability of computer systems to such actions, which would be called intelligent if it came from the man.

Of course, the solution of special problems requires special knowledge. However, not every company can afford
to keep a staff of experts on everything related to her work, problems, or even invite them each time the problem
occurred. This, at first glance, the only economic problem, which is inherent in almost every young and poor
country such as Ukraine, was the main reason for this: main idea of using the technology of expert systems is to
obtain from the expert's knowledge, and download them to your computer, use whenever the need arises.

As one of the major applications of artificial intellect, expert systems are computer programs that transform the
experience of experts in any field of knowledge in the form of heuristics rules. Heuristics do not guarantee
optimal results with the same confidence as usual algorithms used to solve problems through decision support
technologies. However, they often provide sufficiently acceptable solutions to their practical use. All this makes it
possible to use expert systems technology as advising systems.

The similarity of the information technologies used in expert systems and decision support systems is that they
both provide a high level of support for business decision-making in Ukraine. However, there are three significant
differences, rather the features.

The first is that the solution to the problem in the decision support systems reflects the level of understanding of
the Ukrainian particular user, his mentality and the ability to obtain and interpret the optimal solution. The
technology of expert systems, on the contrary, asks the user to decide which exceeds its capabilities.

The second difference between these technologies is reflected in the ability of expert systems to explain their
reasoning in the process of receiving the decision. Very often, these explanations are more relevant to users
than the decision itself.

The third difference involves the use of a new component of information technology - general knowledge and
expertise.
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The main components of information technology used in the expert system

The main components of information technology expert systems are: the user interface, knowledge base, the
interpreter, module for creation system.

To enter data and commands in an expert system and receiving output information from her manager (specialist)
uses the interface. Teams include the parameters that guide the processing of knowledge. The information is
usually issued in the form of values assigned to certain variables.

The manager can use the four methods of data entry menus, commands, natural language and its own interface.

The technology of expert systems provides an opportunity to get as output information is not only a solution, but
also the necessary explanations.

We distinguish between the two most important kinds of explanations:

e explanation issued on request. The user may at any time require the expert system to explain their
actions;
e explanation of the solution of the problem.

After receiving the decision, you can demand an explanation of how it was obtained. The system should explain
every step of his reasoning, leading to the solution of the problem. Although the technology to work with the
expert system is not simple, the user interface of these systems is friendly and usually does not cause difficulties
in the dialogue.

Facts describing the problem area, as well as the logical relationship of these facts, contains a knowledge base.
Of course, central to the knowledge base belongs to the rules. This is usually determines what should be done in
this particular situation, and consists of two parts: a condition that can be executed or not, and the action that
should be performed if the condition.

All materials used in the expert system rules and form a system of rules, even for relatively simple systems may
contain thousands of rules.

All kinds of knowledge depending on the specific subject area and qualification of the designer (knowledge
engineer) with varying degrees of adequacy may be represented by one or several semantic models. The most
common models are logical, production, and frame-based semantic network.

Part of an expert system that produces in a certain order processing knowledge, which are in the knowledge
base, we called the "interpreter”. The technology of interpreters™ activity reduced to a consistent set of rules of
consideration (rule after rule). If the condition contained in the rule is observed, then the appropriate action must
be done, and users have the option to solve the problem.

Besides that, in many expert systems it is appropriate to introduce additional blocks: the database, the unit of
calculation, the block entry and data correction. The block is needed if solution of the conflict situations mast be
taken or associated with the adoption of management decisions. An important role is played by a database of
planning, physical, settliement, reporting, and other permanent or operational performance. Block entry and data
correction is used for quick and timely reflection of current changes in the database.

Create and organize a set of rules are done by module of the system. There are two approaches that can be
used as a basis for creating a module of the system: the use of algorithmic programming languages and the use
of expert systems shells.

In Russia and Ukraine in order to provide the knowledge base using a specially designed language "Lisp" and
"Prologue" are using, although you can use any known algorithmic language.
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In most cases, faster and easier compared to programming, to create expert systems using expert systems shell
- ready software environment that can be tailored to address specific issues through the creation of a knowledge
base.

Decision support systems and stages of their evolution

During its development, decision support systems were the following stages.

The first stage of the evolution of transaction processing systems have appeared (TSP) - a computer system
designed to perform routine operations of registration, accumulation, storage and delivery of information in a
predetermined manner. As we see, in such decision-making systems provided only information.

The next stage of development of information systems was the concept of automated control system (ACS). In
the West, this concept was called MIS. It is a computer system designed to provide timely information for
decision-making.

The level of support solutions using this concept - the information, we apply some models and methods for
making optimal decisions.

Note, to a large extent the nature of all the generations of systems and their concepts determined by the
technical capabilities of processing information available at that time. Office automation systems (OAS)
implemented the distributed database. Eliminated excessive centralization. There were local area networks
based on the average computer. The level of decision support (information) apply some models and methods for
making optimal decisions. OAS - computer system to perform complex operations management system as such.

The next stage - a decision support system (DDS). DDS - interactive computer system, which uses formal rules
and the controlled object model in conjunction with the database manager and personal experience to develop
and test options for management decisions. As you can see, the system of this kind is not ensured by information
and decision-making process, but participate in it.

The peak of the development of information systems are expert system (ES). Expert System - a computer
system that uses knowledge of one or more experts, presented in a formal form to decision address (ESS - a
variant of DDS decisions to senior management).

There are many members of various types of information systems.

Thus, the decision support system - interactive automated information system that uses rule-making and the
corresponding models with databases, and interactive computer modeling process that supports the adoption of
independent and unstructured decisions by individual managers and the personal experience of the person
making specific implemented solutions to problems which are not amenable to solution by conventional methods.

Recently, DSS are beginning to be applied in Ukraing, in the interests of small and medium-sized businesses (for
example, selecting placement of outlets, the choice of candidates for the vacant position, with the option of
information, etc.). In general, they are able to maintain an individual style and meet the personal needs of the
manager.

Developed and implemented application systems, designed for solving complex problems in large commercial
and government organizations in Ukraine, for example: in the airline industry - using a decision support system -
Analytical Information Management System. It was created by American Airlines, but its modified versions are
used by other companies, aircraft manufacturers, aviation analysts, consultants and associations, including those
in Ukraine. This system supports a variety of solutions in this sector by analyzing data collected during the
utilization of transport, traffic assessment, statistical analysis of the chart. For example, it allows you to make
forecasts for the aviation market for the shares of companies, revenue and profitability. Thus, this system allows



International Journal "Information Technologies & Knowledge" Vol.6, Number 4, 2012 349

management to make decisions about airline ticket prices, demands for transport. Also it is used to study the
degree of urbanization, forestry, railway business, agricultural, etc.

Conclusion

Last time, in Ukraine the recent DSS became more and more actual and applied in the interests of large
commercial and government organizations, small and medium-sized businesses.

It is very popular for the small and medium-sized businesses: selecting placement of outlets, the choice of
candidates for the vacant position, with the option of information, etc. In general, they are able to maintain an
individual style and meet the personal needs of the manager.

Developed and implemented application systems, designed for solving complex problems of large companies are
using. For example, in the airline industry a decision support system - Analytical Information Management
System is using. It was created by American Airlines, but its modified versions are used by other companies,
aircraft manufacturers, aviation analysts, consultants and associations, including those in Ukraine. This system
supports a variety of solutions in this sector by analyzing data collected during the utilization of transport, traffic
assessment, statistical analysis of the chart. As well as, it allows them to make forecasts for the aviation market
for the shares of companies, revenue and profitability. Thus, this system allows management to make decisions
about airline ticket prices, demands for transport. Also it is used to study the degree of urbanization, forestry,
railway business, agricultural, etc.
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Introduction

Application of the customs services of the European Union, modern information technology [WCO] allow to automate
customs procedures. They use analytics and decision support have improved the efficiency of customs control
and clearance. The use of the mechanism of risk management violations of customs legislation is a key part of
their automated information processing systems E-customs [ASYCUDA]. Customs risk management allows for the
selective control of the appropriate level of detail where it is needed. This approach allows for the acceleration of
customs procedures and effective detection of violation of customs regulations.

In the Ukrainian Customs Service is also actively improving customs control at the expense of upgrading the Unified
Automated Information System. The concept of e-Customs [Moroz, 2011] involves the active use of customs risk
analysis system. Only the use of effective methods and tools for information processing of customs control will
reliably identify potentially dangerous situations. This in turn increases the economic security of Ukraine.

Based on the foregoing, it is possible to select a current area of research as the development of methods and
tools to identify risks violation of customs laws. Publications on the use of information processing methods of
customs control are relatively few and, for the most part, they are conceptual in nature, highlighting the problems
and the relevance of the topic. In the work [Moroz, 2011] it was shown that the use of mathematical models
of neural networks such as multilayer perceptron can be pretty good to recognize the input data vector x =
(21,20, -+, 2;]7 risk {‘Low” “‘Moderate”,“High”}. In spite of this fully connected network has some drawbacks,
which may reduce their effectiveness. This increase in the dimension of the input vector, which leads to an increase
in adjustable parameters and the network as a result of more training time. Additionally, you must take into account
the need for E-customs in the recognition of graphic data recorded by technical means of customs control (X-ray,
video cameras, etc.). That is, information processing system should have such properties as a relatively small
number of adjustable parameters, resistance to distortion, taking into account the topology of the input space and
scale. These properties are convolutional neural networks. Convolutional neural network performed well in pattern
recognition [Lawrence et al., 1997], closed-circuit television [Fan et al., 2010], scanning systems [Prokhorov, 2010],
assessing the quality of digital video [Callet et al., 2006].

This gives us the opportunity to consider the possibility of using convolutional neural networks for recognition of the

risks violation of customs laws. In this paper we describe the theoretical aspects of this paradigm of Applications for
the needs of the customs service. We ask authors to follow some simple guidelines.
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Problem definition

The purpose of this paper is a theoretical consideration of the application of the mathematical apparatus of convo-
lutional neural networks for risk analysis breach of customs legislation, in connection with which there is a need in
the following tasks:

o To carry out the transformation of the input data vector to the pseudo-image;
e Form a network architecture of the convolution;
e Draw conclusions about the possibility of using this architecture in the customs risk management.

Customs risk management

Risk Management is a methodology that helps managers make best use of their available resources (Fig. 1).
Risk assessment is a feature of many industries, such as insurance, banking, and environmental protection. Risk
Management include:

Good management practice;

Process steps that enable improvement in decision making;
A logical and systematic approach;

Identifying opportunities;

Avoiding or minimizing losses.

Risk assessment is a technique used to predict adverse outcomes and to contain risks within acceptable limits.
Customs Risk Management (CRM) is the name given to a logical and systematic method of identifying, analysing,
treating and monitoring the risks involved in any activity or process of customs control.

1. Risk
identification

3. Risk
Management solifion

Fig. 1. Risk Management

Risk analysis breach of customs legislation is implemented by means of risk profiles (PR). PR applied at the time
of customs control and customs clearance of goods i of vehicles crossing the customs border, and are on target to
prevent the Inspector of the risks involved violations of the law at the time of a particular foreign operation. Next,
the system gives the inspector recommendations for the use of certain forms of control. The ultimate goal of PR —
Customs security software by making management decisions.

Development of PR involves the execution of such actions:
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The definition of an indicator of risk;

an assessment of selectivity;

assessment of the importance of PR for filling the state budget;
determine the effect of negative PR stories, etc.

Using the system of risk analysis methods and tools of effective intellectual processing of information will improve
the quality of risk identification of violations of customs rules and smuggling.

Convolutional neural networks and customs risks

Consider the problem of analyzing and identifying risks violation of the customs legislation as a problem of pattern
recognition, which in turn is a complex and multidimensional (Fig. 2). It is proposed to use for this purpose the
model of information processing based on neural network approach.

CARMET TIR - O
Rt

Information jof| ) System of .
customs| | medium customs ris
control I management

Fig. 2. Customs Risk Managament.

In [Moroz, 2011] were obtained quite good results on the multilayer perceptron Good results were obtained at the
expense of low-dimensional input vector and undistorted (adequate) training and testing samples. But in our case it
is necessary to ensure effective learning and recognition of the quality of the network by increasing the dimension
or change the input vector. This can be achieved by using convolutional neural networks [LeCun and Bengio, 1995].
Convolution neural network is resistant to changes in scale displacements, rotations, changing angles, and other
distortions in the input space [Bishop, 2006]. The basis of this paradigm are the following ideas [Haykin, 1998]:

e Invariance to shift with the help of maps of the convolution;
¢ Reducing the number of free parameters within the overall balance;
e Layers of sub-sample of implementing the local average.

Maps of the convolution implement local perception, i.e. on the input of one neuron is fed is not the whole image
(or outputs of the previous layer), but only a portion (area). The use of shared common scale means that for a large
number of connections used is very small set of weights (kernel). This kernel is the same for all layers of convolution.
With the sub-sample resolution is achieved by reducing the signs of cards, which reduces sensitivity to deformation.
Construction of convolutional neural networks lies in the alternation of convolutional layers (C-layers), subsampling
layers (S-layers) and the presence of fully connected (F-layers) at the output layer (Fig. 3)

‘ Subsampling Convolutional 2 Subsampling
14 S 14 A _______' |

n'i\
Convolutional

4

y

Input layer C-layer S-layer C-layer
Fig. 3. Convolutional neural network.
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The size of the convolution plane is determined in accordance with the following expression:

We = Wy — K + 1,

- (1)
he = hy — H+1,

where w,,h. — width and height of the convolution plane, respectively; w,,, h,, — width and height of the plane of
the previous layer; K (H ) — width (height) of window scanning.

The state of the convolutional neuron is given by the:

K H
yf,j =+ Z Z wk’s’t$<(i—1)+s>,o+t>’ @)
s=1 t=1

where yf i k-th neuron of the plane of the convolutional layer; b* — neuronal bias the &-th plane; K - the size of
the receptive field of the neuron; w*** — element of the matrix of synaptic coefficients; & — output neurons of the
previous layer.

The process of functioning of the neuron subsampling layer is given by the following relation:

1 "L
k k k
vy = V" + DD () ) (3)
s=1 t=1

For training the neural network described algorithm error backpropagation [LeCun et al., 1998]. As the neuron
activation function used the hyperbolic tangent f(z) = tanh(x). To assess the quality of recognition usually use
the most common in the theory of neural networks is a function of mean-square error:

E, = %(Dp — oI, WP))?, (1)

where £, — this is an error detection for the p-th training pair, D — the desired network output, O (17, WP) -
output of the network, depending on the p-th input and the weights 177, which includes the convolution kernel, bias,
weighting coefficients of S-and F-layers.

Thus, we describe the theoretical model of the recognition of risk breach of customs legislation with the help of
the convolution of the neural network. At our disposal is the input vector = = [z, x2, - - -, 2;]7, which has in its
structure, heterogeneous data types in need of normalization and coding, so that our network could work with him
[Moroz, 2011]. Because the network is working with two-dimensional convolution of images, the input data should
lead to precisely this form. Consider a vector of seven elements and transform them into pseudo-dimension image
of 7 x 7 (Fig. 4). Graphic matrix is horizontally symmetrical range of risk levels (1;0.7;0.3;0;0.3;0.7; 1), and
vertically - the elements of our input vector (1...7). Each value is the input vector is estimated in accordance with
the profile and level of risk (the anomaly) from 0 to 1. And then stained with the cell at the intersection of the
corresponding element of the vector and its significance level of risk. The symmetry of the level of risk necessary
for a better perception of the network image. Examples are presented in Figure 4 forming the input vector to the
pseudoimage, the first column corresponds to a high level of risk, the second and third — the moderate and low. Now,
the input vector data suitable for processing by the convolution of the neural network. We project a convolution neural
network (Fig. 5) The size of the input layer is equal to 7 x 7 neurons realizing only way to feed the input to the neural
network. Next to the input layer is a convolutional layer C', consisting of a folded card features with its kernel (weight
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vector T¥). Each neuron in the map signs to get their inputs locally receptive field dimensions of 2 x 2. For our
problem will be enough to select four maps attributes dimension of 6 x 6 (1). The next layer implements subsample
S and the local average of the layer C. Each plane of S is associated with only one plane of the layer C'. The size
of each plane of the layer S — 3 x 3 neurons, which is twice smaller than the size of the plane of the previous layer.
Each plane of S has a single factor and neuronal synaptic bias. In our case, then alternate layers of convolution
subsample does not make sense because of the small dimension of the input image. Layers F'1 and F'2 contain
simple neurons. These layers provide the classification after the extraction of features implemented and a reduction
in the dimension of the entrance. In the layer 4 neuron F'1 is, each neuron is fully connected with each neuron
only one layer plane S, it performs weighted summation of its nine entries, adds the offset neuron and passes the
result through an activation function. Three of the £'2 layer neuron is fully connected to all neurons in layer £'1 and
perform the final classification. Each neuron corresponds to one of three levels of risk {“Low”,“Moderate”,“High”}.
Thus a network, where a total of 143 adjustable parameters (C' — 80,C — 8, F'1 — 40, F2 — 15), which is
several times smaller than similar fully connected networks. This effect is achieved through the principle of sharing
of synaptic coefficients. This in turn will only improve the quality of recognition and stability of the network compared
to the multilayer perceptron.
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Fig. 5. Convolution model of the recognition of risks.

Conclusion

As a result of this work was theoretically developed models to identify risks breach of customs legislation, based on
the convolution of the neural network. The paper shows the mechanism of transformation was not originally a graphic
information in a graphical origin of the plane. On the basis of studying and research papers and publications can be
argued that the proposed model has not bad processing input recognition quality images than the fully connected
network. In addition, the convolution of the neural network model has fewer adjustable parameters than the earlier
model by [Moroz, 2011]. The use of convolutional neural networks as a method of classification of information of
customs control may be a useful tool in the management of customs risk management. Further research should
be devoted to the study of the practical implementation of convolutional neural network models for classification of
pseudo-information, and enable them to recognize the numbers of transport crossing the border.
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USING OF PROCESS ONTOLOGIES FOR DECISION SUPPORT IN INFORMATION
MANAGEMENT SYSTEMS

T. Atanasova

Abstract: The use of ontologies for data mining and knowledge discovery in databases is proposed by many
researchers. In this paper it is proposed to use a lot of data collected in the information systems, to develop
methods for decision support, based on previous experience in implementing similar tasks. It is shown that the
investigations are directed towards to reduce the time and the resources, necessary to achieve efficient solutions
in the work of enterprises and organizations. In this paper emphasis is placed on the use of problem-oriented
thesauri to create ontology of processes. The development will be useful in analyzing the results and the
formation of future strategies of management.

Keywords: process ontologies, semantics, data sources, information management

ACM Classification Keywords: H. Information Systems, H.4 Information Systems Applications

Introduction

Large databases within information management systems often contain interesting hidden knowledge model that
could be extracted using data mining [Mansingh, 2011]. Review of the literature shows that both objective and
subjective methods for the extraction of the interesting links have to be applied. Ontologies (as an objective
method) allow to reveal hidden implicit knowledge and to make them explicit by means of conceptualization,
which can be used in different applications and organizations.

The approach proposed in this paper involves the use of process ontologies for the implementation of decision
support, based on previous experience in implementing similar problems in the information management
systems.

Ontologies

The term "ontology" in the context of knowledge management is considered as a formal explicit specification of
shared conceptualization, which covers the consistent knowledge. Well-formed knowledge representation
language can be adopted as ontology.

The main components of the ontology are concepts, relationships, instances, rules and axioms that restrict the
interpretation of the components of the ontology. The concept is a class of objects (entities) in the area.
Relationships describe the interactions between concepts or properties. The relationships are of two types:
taxonomy and the associative relationship. Taxonomies systematize concepts as a hierarchical tree, and the
associative relationship disposals the concept on the tree. Instances are specifications of concepts, together with
the taxonomy and the relationships they form the knowledge domain.

Axioms are used to restrict the values of classes or objects (examples). Ontology may have logic inference, and
then it is so-called formal ontology. Formal ontology must have axioms that restrict the possible interpretations of
logical expressions.
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Ontologies are created in various forms - from lexicon to dictionary terms, or as first-order logic. In a broad
sense, they can be distributed over three categories: general, domain or applied ontology.

General ontologies represent knowledge, applicable in various fields of knowledge. The domain ontology focuses
on the refinement of a more narrow meaning of the terms used in a certain area, and may represent a basic
reality, in this specific area, but independent of a specific task. Domain ontology has four levels: domain,
category, class and instance.

Applied ontology is a specific sub-ontology that contains concepts and relationships which are relevant only to
the definite task, such as thesauri, which are semantic relations between lexical units. Usually they contain a
small number of concepts with relationships and inference rules, which are defined in detail for solution of
particular independent task.

Ontology construction

Ontologies can be expressed in different modelling techniques. The choice of an appropriate semantic model to
represent ontology depends on the purpose for which the ontology is build and the underlying assumptions for
achieving these goals. The mechanism of the formal description of ontology for information management is
proposed in [3aropyneko, 2009].

Lot of researches makes extensive engineering efforts in ontologies construction using a relational database as a
data source. Construction rules of ontology elements based on relational database, which are used to generate
ontology concepts, properties, axioms, instances are put forward. Most approaches are based on converting a
database schema (DB) to the ontology as, for example, it is shown in [Zhang and Li, 2011].

Most domain knowledge about domain entities with their properties and relationships is embodied in document
collections. On this base in the [Hou et al, 2011] a graph-based formalism to represent ontologies has been
proposed. The procedure for ontology construction based on the Concept Map is considered in [Huang and Diao,
2008].

To construct a hierarchy of classes it is necessary not only to use the analysis of the database schema but to
make identification of hierarchies in the data itself, that's why machine learning methods have to be involved.

The elicitation of ontology goes through few steps [Santoso et al, 2011]:

1. As the basic knowledge, a hierarchy of concepts gives information about the domain, a hierarchy of concepts
is represented as a graph G = (N, E); N - the set of nodes, E - the set of branches, where N={hs, ny,...n},
E={e1,ey,...e,}. The graph can be described using XML Schema Datatype (XSD).

2. The inclusion of basic knowledge in the process of building ontology on OWL (Web Ontology Language)
allows to speed up the process of ontologies construction. Metadata from the relational database are displayed
in OWL with group of rules for the tables, attributes, and rows: R - set of tables r;, R={r1,r>,..., 1}, ri consists of a
set of tuples {, i ={ti, ti, ...., tn }; p_a () - is predicate to obtain a set of attributes a from r, p_a(r) ={an, ai, ...,
ain}; P_k(r;) - predicate for getting the primary key from the r;; f_k(r;) - a predicate of obtaining a secondary key
from the r;. Then the rules for mapping tables, attributes, and instances into ontology can be design [Santoso et
al, 2011]. Only database scheme is used in [Santoso et al, 2011], without considering the actual data and
processes that accompany them. While a large amount of data stored in relational databases, represent a
valuable resource for building ontologies.

The use of ontologies for data mining and knowledge discovery in databases is proposed by many researchers
[Jung, 2009; Savvas and Bassiliades, 2009; 3yesa et al, 2008; Ferilli, 2011; Pomares et al, 2011]. In this paper,
attention is focused on the process ontologies and its use for information management.
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Process ontology

One of the most famous books on the philosophy of the processes is Process and Reality, (1929), written by
Alfred North Whitehead. The author argues that all events are connected with each other and with the
environment in which they arise. Thus, the world is represented as an interconnected system of large and small
events; some of them are relatively stable. The events are always changing. The changes represent the
actualization of certain features and disappearance of others. The world is not just exists, it always becomes. As
in [Paloméaki and Keto, 2006] here the idea is discussed that everything is a process and consists of the
processes. These processes are divided into constant processes that are interpreted as concepts, and the
processes which are interpreted as events, represent a finite set of four-dimensional space-time. Thus, the world
is built from events, i.e., ontologically, all consists of processes.

The consideration of processes includes [Jussupova-Mariethoz and Probst, 2007]:
e when a process should be initiated and finished;
e who participates in this process;

e how this process should be performed; which results must be examined, analyzed and taken into
account.

Spatial and temporal order is constructed from the relation between events ey, ey, ..., €. The relationship is a
causal connection between events, where the cause of the event is happening before its effect. The process in
its entirety is interpreted as a topological space T. The space T has starting point a and the end point b of the
process, which are events. The chain from a to b contains a sequence of events. The formal description of the
process ontology is proposed in [Palomaki and Keto, 2011].

In context of information management systems different processes can be divided into core processes
(associated with the creation of a product or service); providing processes (varying depending on changes in the
composition of the basic processes and technology) and external processes of interaction. Additionally,
processes can be identified that determine the trends and directions of development of basic processes,
depending on the analysis and estimated trends aiming in improving management procedures in the organization
[YepHuin and Tysosckuia, 2009].
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Using process ontology to support the decision-making in information management

Observations show that in the systems of organizational management a mixture of workflow and dataflow
technology can be seen. Thus this work focuses on how to identify implicit patterns (as processes) in the streams
of data available in the documents held in the systems of organizational management.

All information and data in the organization is contained in a multitude of sources S (documents, files, databases,
external resources), S = {Sy, ..., Sp}. Such information is structured and includes numerical data and text
fragments. Extracting knowledge from a specific domain can be considered as the construction of ontology.
Using a hierarchy of concepts as the main (basic) knowledge allows the expression of the identified knowledge at
a higher level of abstraction.

As an ontology a symbolic system {C, T, P, F, A} will be considered, where C is the set of concepts, T - a
thesaurus, or partial order on the set C, the hierarchy of relationships, "subclass" and "superclass”; P - the set of
predicates (properties); F - a function that assigns to each element of P an element from the set of C
(considering them in T); A -is a set of axioms of the ontology.

Thus, the information resources can be distributed among a set of hierarchically organized categories of
thesaurus. Each category is described semantically. Software module can be developed that allocates
annotation of documents concepts, instances of concepts and relationships between them.

When in a large organization a document is receiving (this is a starting point of the process) there is a problem of
its proper handling and direction to the appropriate department. Resolution of the document and its classification
is sometimes difficult and can bring to the loss of time and possible non-efficiency in its work. Each document
represents a specific event; the relationship between documents defines the process. Each action is associated
with the document; it is an event in the chain process of passage of the document. The process, which has been
formed during solution of certain problems, is implicitly stored in the database. Then the objective is to identify
processes that have brought to the event, as it reflected in the set of documents, and to predict future events
based on the past experience.

Description of the incoming document is summarized in terms of problem-oriented thesaurus with text processing
technology. Based on this description the graph of the document is constructed. According to the obtained
descriptions semantic search can be organized later. Then the concept - synonymous are normalized. The
conceptual closeness is derived from existing concepts in the domain.

To determine the relationship of units with one or more specified activities in the information system a method
may be used for calculation of the semantic proximity, which also assesses the relationship of these units to the
selected areas. Semantic interoperability can be calculated using the various existing methods. For example, an
algorithm for computing the conceptual similarity with the use of problem-oriented thesauri can be based on
fuzzy logic that is used to ease the difficulties in developing and analyzing complex systems.

Concepts in the ontology have many attributes, operations and associations. The mechanism of fuzzy inference
is used to calculate the conceptual closeness as the similarity of attribute xa, the operation of xo, by association
in this area xp and the range of the similarity xr - as the degree of affiliation between the concepts. That is, the
concept can probably be qualified to a given node in the ontology if the conceptual closeness is high, and so a
group of entities with identical attributes, operations, and associations with other entities is formed.

Discovering process models from information system event logs is definitely non-trivial. Within the analysis of
event logs, process can be defined as the automated construction of structured process models from event logs
[Goedertiera et al, 2011].
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By the classification of records and the use of the process ontology the system evaluates the documents. The
results are provided to the experts in the form of a semantic network of documents, which have a conceptual
affinity with concepts and relations in the ontology. In addition, the ontology of processes will determine what
information to extract and how to accelerate the semantic search. Semantic search is looking for documents in
the information resources of the organization, whose semantic descriptions are similar to the semantic query. As
a result of the semantic search, a list of found by the inquiry documents is ordered according to the semantic
proximity value and further grouped according to the process. This allows extracting and using of the information
and knowledge stored during operation of information systems.

Conclusion

The main problem for the information management systems is to manage the information and knowledge. The
ontology systems specify semantic information about documents, services, and workflows used in various
information systems. Ontology is also used to model the relations between documents and services and to
manage process configurations.

The primary aim to use of ontologies is to integrate different applications. The diverse of service models and
tools in information systems is constantly increasing, the necessity arises to have uniform base for their using
[Daskalova and Kolchakov, 2000]. Exchanging of various data needs to take into consideration not only
syntaxes but semantics of the data and processes.

The problem of inclusion of intelligent information systems constitute a scientific problem, ensuring that the
theoretical development of decision support (DSS) in real-world application areas is based on their specificity.
The knowledge-intensive approaches such as ontology are suitable for modeling complex systems.

To provide support decision making in information systems that is focused on specific goals and objectives of
management process the problem-oriented thesauri are used for the formation process ontology.

The use of ontologies allows processes to implement algorithms and decision support functions. The article
focuses on the use of problem-oriented thesauri to create an ontology of processes. Rules of generalization and
analysis of data and methods for finding solutions based on problem-oriented thesauri and ontologies processes
still have to be developed.
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RESOURCE APPROACH TO DATA MINING BASED ON NETWORK TRAFFIC
Vochkov D.B., Bakanov A.S., Tashev T.D.

Abstract: In the presented paper is considered resource approach to intellectual data analyses based on
network traffic. A model for calculation of loading on different segments of the network in the distributed systems
for organization control is designed. This allows more effective execution of data searching and analysis
procedure and also significant reduction of the time for data processing.

Keywords: Intellectual data analyses, network traffic, resource approach.
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Introduction

In the presented paper is considered resource approach to intellectual data analyses based on network traffic.
The term resource in our context includes information as well as telecommunication component. A data mining
and information evaluating approach is proposed based on preliminary quantity evaluation of the resource using
combined criteria with followed by multicriterial analyses.

Resource approach to intellectual data analyses

Intellectual data analysis problems in the organization control systems are considered in details in the work of
[bakaHoBa H.b., 2007], [Bakanova N., Atanasova T., 2008], [[eTtposckuit A.b., 2004], and also other authors. In
the presented paper intellectual data analysis is applied to the resource. In term resource we will understand
information as well as telecommunication component. One of the most important problem while creating
distributed information systems for organization control is information interaction with far apart departments and
sub-administration authorities. In accordance with the specifics of the application problems of the organization
control operative data exchange between the distributed network nodes is required and stable interactive mode
execution for control activity support is demanded. In the organization control components of the information
flows are documents that can be estimated using a row of criteria in accordance of a chosen scale. As criteria we
will consider the following: date of the creation of the document/date of the document changing, number of
readings (editings), number of document authors, document size etc. so it is possible to organize combined
resources using a row of criteria in accordance of one or another scale. The existence of a systematic structure
capable of analyzing data using multicriteria will allow more effective execution of the procedure of data
searching and analyzing and also to significantly reduce the time needed for data processing.

Quantified estimation of the network traffic

For characteristics determination is proposed to use real data which are collected in subsystems for monitoring
implemented in the life-supporting complex of application systems for organization control. The size of the data
required depends on the object type and the request conditions which means that data size will be calculated
individually for every single request. The size of the information exchange will depend on the stage of document
processing (data about workers, execution, control, additional images etc.). The data size concerning the results
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of request searches and communiqués is determined by the quantity of the chosen records and the set of the
returned fields according to the criteria chosen. The data size, when a request is directed to an element of a
reference book, depends on the request context (the set of meanings available for the user to choose, set of
fields dependent on the object from which the reference book is called out etc.) Generally object data are stored
in different fields of several tables. Let object data are stored in M-tables. In every j-th table object data are
distributed in Kj-attributes. Then object data size (Qj) situated in j-th table and object data size d can be
determined using the equations in [Bonukos [.B. n ap., 2012]. The so obtained size of the requested data is
recorded in monitoring Data Base at the moment when the object is called out.

The rate of channel utilization is determined by the part of the general time during which data transfer is provided
through the channel. To determine if the channel’s data transfer ability for traffic transmission using the current
level of documentation load we have as a first step to calculate the channel loading rate in the time interval
(fo; T), when the number of call outs is maximum. Source data are information about access time to objects of
Information system and the size of requested data. This information is available from the monitoring Data Base.

Let for the observation time interval (fo; T) are fixed call outs to N-objects of Information system.

From the monitoring Data Base are known access time to objects t4, ty, ... ,tv and size of the transmitted data
dy, da, ... ,dv. In order to simplify the calculations we will accept that object data will be chosen from queue with
length w and transmitted bit by bit. Current loading rate can be determined using the equations in [Bonukos [1.B.
u ap., 2012). If we accept the required loading rate p, using the dichotomy method we can calculate the
magnitude of the recommended throughout ability of the channel utilizing data about documentation loading

Based on the so described approach a program packet for calculation of the recommended network
characteristics is developed.

Conclusion

As a result of this work a model for calculation of loading on different segments of the network in the distributed
systems for organization control is designed. The new element of the proposed approach is that in its foundation
lays analysis of monitoring data about the current documentation loading which are collected in a constantly
working system. This allows more effective execution of data searching and analysis procedure and also
significant reduction of the time for data processing. Based on this approach a prototype of a program packet is
designed which collects data about documentation loading, analyses the current loading rate of the network
segments and calculates the throughout ability of the channel required for stable functioning of the information
system of the organization.
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AN INTEGRATED FRAMEWORK OF DESIGNING A DECISION SUPPORT SYSTEM
FOR ENGINEERING PREDICTIVE MAINTENANCE

Daniela Borissova, lvan Mustakerov

Abstract: The paper describes a framework of decision support system for engineering predictive maintenance
for civil engineering. The proposed framework integrates traditional decision support system with the advances of
expert system. While the traditional decision support system constitutes data management, decision
methodology and user interface the advances of expert system embrace symbolic reasoning and explanation
capabilities. That assists decision maker in making strategic decisions by presenting information and
interpretations for various alternatives. The essence of the proposed integrate framework of decision support
system is the ability to incorporate actual information from structure health monitoring and structure health
modeling modules with knowledge management module in a structure of health management module. The data
flow diagrams are used to define how data is processed and stored. They also show the points of data entry and
exit and are important tool assisting in building a logical model of the designed system. All of these contributed
the predictive maintenance enhancement by using of advantages decision support system together with the
capabilities of expert system.

Keywords: decision support system, knowledge management, expert system, predictive maintenance.

ACM Classification Keywords: H.4.2 [Information systems applications]: Types of systems — Decision support;
1.2.5 [Artificial intelligence]: Programming Languages and Software — Expert system tools and techniques.

Introduction

Nowadays, production assets are under constant pressure for reducing operating costs, enhancing reliability of
the equipments, and improving the quality of the product. Intelligent fault diagnosis and failure prognosis is a
cutting-edge direction involving interdisciplinary methods. It requires understanding of the physics of failure
mechanisms for condition-based maintenance in materials and structures and also presents strategies to detect
faults or incipient failures. The goal is to provide a framework of decision support systems (DSS) for engineering
predictive maintenance helping to take intelligent decisions. Predictive maintenance is the combining of various
measurements or data-sources to establish patterns that allow the state of an engineering system to be
predicted. The purpose of predictive maintenance is to establish criteria upon which planned maintenance can be
carried out before a failure or unexpected stoppage. Predictive maintenance strategies are very efficient in
mechanical-failure modes, when failure probability increases with time, and one or more condition-monitoring
techniques can predict the failure before breakage [Gilabert & Arnaiz, 2006]. Actuators and sensors placement
require specific knowledge to perform the constraints as it is demonstrated [Flynn & Todd, 2010]. The problem of
optimal sensor placement considers not only to find the best sensors location for a given task but also to
estimate the required number of sensors for the best sensor performance [Borissova, et al., 2012]. Optimal
location defining and optimal numbers of sensors determining are two separate problems. The knowledge and
experience of engineers are combined with signal processing for the proper solving of optimal sensors locations
problem. Designers and end-users of structures know where are the critical machinery areas which need to be
analyzed, controlled or monitored. Then an intelligent signal processing could help for the best sensor locations.
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The problem of optimal number of sensors relies very much on advanced signal processing techniques
[Staszewski & Worden, 2001]. From the signal processing point of view, optimal sensor location is optimization
and/or selection problem.

Condition-based maintenance is a decision-making strategy to enable real-time diagnosis of impending failures
and prognosis of future equipment health, where the decision to perform maintenance is reached by observing
the “condition” of the system and its components [Peng et al., 2010]. Condition-based maintenance method is
used to reduce the uncertainty of maintenance activities, and is carried out according to the need indicated by
the equipment condition. The existence of indicative prognostic parameters can be detected and used to quantify
possible failure of equipment before it actually occurs. In maintenance, common problems of equipment are
aging and deterioration. The trend of the deterioration of critical components can also be identified through a
trend analysis of the equipment condition data. Maintenance decisions depend very much on actual measured
abnormalities and incipient faults, and the prediction of the trend of equipment deterioration [Yam et al., 2001].
The condition-based maintenance is conceived to detect the onset of a failure, avoiding critical damages of high
cost components before they might happen, thus reducing overall maintenance costs. Possible faults are
detected by monitoring representative parameters by signal analysis techniques and comparing signals during
normal and abnormal conditions [Velarde-Suarez et al., 2006; Charbonnier et al., 2005]. Also, the methods of
case-based reasoning can be applied in units of analysis of the problem situation, search for solutions, learning,
adaptation and modification, modeling and forecasting [Eremeev & Varshavskiy, 2008].

The main idea of predictive engineering maintenance is to monitor the health of critical machine components
during operation and support the maintenance decisions based on the conditions estimation. The aim of current
paper is to provide an integrate framework for development of a new generation of decision support systems by
providing tools and methods for a better integration of knowledge management in an evolving environment. The
main interest lies not only in improved data analysis, but also in better formalization and use of diagnosis for the
goal of engineering predictive maintenance.

Problem Description

The most effective predictive maintenance programs trend to looking for signs of early failure, allowing the
equipment to be repaired at minimal cost and down time. In order to best utilize trend analysis, data must be
available on a regular basis. Obviously, the more frequently the sampling is performed the more accurate the
analysis becomes. Diagnostic reports from the DSS on the condition of the machinery assist maintenance
personnel in making critical decisions regarding equipment health conditions. DSS as computer-based
information system supports business or organizational decision-making activities. DSS aid in problem solving by
allowing for manipulation of data and models whereas expert systems allow experts to “teach” computers about
their field so that the system may support more of the decision making process for less expert decision makers.
From maintenance point of view, a properly designed DSS should integrate not only decision making process
where human user is required to weigh all the factors in making a decision but also the capabilities of expert
system which acquire knowledge from an expert and apply a large but standard set of probability based rules to
make a decision in a specific problem setting. Such predictive maintenance software-based system will help
decision makers compile useful information from monitoring, documents, personal knowledge, and models to
identify and solve problems and to make the most appropriate decision.

Because decision-making is based on many different considerations, decision support systems belong to a
multidisciplinary environment, including among others database research, artificial intelligence, human-computer
interaction, simulation methods, and software engineering. Combining the capabilities of DSS (contain equations
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that the system uses to solve problems or update reports immediately, and the users makes the final decisions
on the basis of the information) with advantages of expert system (works from a much larger set of modeling
rules, uses concepts from artificial intelligence to process and store the knowledge base and scans base to
suggest a final decision through inference) an integrated framework of DSS for metallurgical engineering
predictive maintenance is proposed.

General Context of the DSS Conception

Decision support systems represent a class of computer based information systems, including the knowledge
based systems that support decision making in respect of various activities. Properly designed DSS are
interactive software system designed to facilitate the decision maker to use information from data, documents,
personal knowledge and/or models to identify and solve problems and make decisions. A DSS is a way to model
data and make quality decisions based on it. DSS support decision maker, when scrolling through large amounts
of data and the choice between different alternatives. Systems for decision support have a certain structure, but
in fact the data and decisions based on them are constantly changing. The key to decision support systems is
data collection; analysis and structuring of data collected and determines the best decision or strategy as a result
of this analysis. Usually it does not matter whether computers, databases or people are involved, this is a
process of collecting raw or unstructured data, which are used to decision making.

Types of Decision Support Systems

Concerning the relationship between users and applications, DSS can be divided into three categories — passive
DSS, active DSS and proactive DSS as shown on Fig. 1 [Kwon et al., 2005].

‘ DSS
Passive models Active models Proactive models

Figure 1. DSS models based on the relationship with decision maker and his preferences

The passive models of DSS only collect data and organize it effectively and do not provide specific solutions, i.e.
they only show the collected data. Active decision support systems process data and clearly show solutions
based on that data. Although there are many systems that are able to be active, in many organizations will be
difficult to believe in a computer model without human intervention. The third category is proactive DSS, which
known as ubiquitous computing technology-based DSS which contains decision making and context aware
functionalities. They combine the human element and computer components to work together to get the best
possible solution.

While the above DSS models take into account the interaction with the user, another popular DSS model
consider the way of support (Fig. 2) [Kwon et al., 2005].
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Figure 2. DSS models, based on the way of support

Model-driven DSS is complex systems that help decision maker to analyze or choose between different options.
They use algebraic, decision analytic, simulation, and optimization models to provide decision support.
Communication-driven DSS enhances decision-making by network and Internet technologies to provide
environment for group decision making. Data-driven DSS emphasize on data collection and their manipulation for
particular decision maker needs satisfying. They include a database designed to store data in such a way as to
allow for its querying and analysis by users. Document-driven DSS uses a variety of documents such as
electronics spreadsheet documents and database record for information processing and strategies defining.
Knowledge-driven DSS use specific rules coded in computerized expert systems to support the decision maker.

Decision Making Process

According to Baker et al. [Baker et al., 2001], decision making should start with the identification of the decision
maker(s) and stakeholder(s) in the decision, reducing the possible disagreement about problem definition,
requirements, goals and criteria. Then, a general decision making process can be divided into the following
steps:

- Problem definition — the main reasons identification as limiting assumptions, system and all
stakeholders. The aim is to convey the essence in a clear sentence that describes both the initial
conditions and desired conditions. The formulation of the problem, however, must be short and clearly
expressed in writing and agreed by all decision makers;

- Requirements determination — description the requirements that the solution to the problem must meet.
In mathematical form, these requirements are constraints describing the set of possible (admissible)
solutions. Even if there are subjective evaluations on the next steps it is required specifications in
precise quantitative form;

- Definition of objectives — general statements of intent and desired values, i.e. establish the goals that
solving the problem should accomplish. In mathematical form, they are functions, as opposed to
requirements that are constraints. The objectives can be conflicting, but it is natural to solve practical
problems;

- ldentification of alternatives — different approaches to change the initial state to desired state of the
process. If the number of possible alternatives is finite, they can be checked one by one, if eligible. If the
number of possible alternatives is infinite, the set of alternatives is seen as a set of solutions satisfying
the requirements expressed mathematically as restrictions;

- Determination of criteria — needed to define the measures of objectives to estimate how each alternative
achieves the objectives. The criteria are usually based on objectives but sometimes it is possible to
have more than one criterion for some objective;
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- Select a tool for decision making — different tools that can support the decision maker. Choosing the
appropriate instrument depends on the specifics of the problem and the objectives of the decision
maker;

- Assessment of alternatives against the criteria — alternative evaluation by appraising it against the
criteria;

- Solution verification — the proposed solutions are compared against the goals and corrective actions are
taken if needed.

ldentifying and choosing alternatives based on the values and preferences of the decision maker are realize as a
result of decision making process. These basics steps will be incorporate in the proposed integrated framework
of DSS for engineering predictive maintenance.

Conceptual Model for Decision Support System

In the context of decision support systems, DSS are often an agglomeration of different techniques and methods
that aim at fulfilling a function to support the decision maker. DSS structure consists in many modules and sub-
modules depending on the flow of collecting and processing data. Different authors identify different components
of DSS. Three fundamental components of DSS as database management system, model-base management
system and dialog generation and management system are identified in [Sprague & Carlson, 1982]. According to
[Power, 2002], DSS is described by four major components: user interface, database, model and analytical tools,
and DSS architecture and network. Another generalized architecture [Marakas, 1999] with five distinct parts: data
management system, model management system, knowledge engine, user interface, and user(s) is proposed.
Taking into account the above considerations a conceptual architecture of typical DSS is shown on Fig. 3.

Knowledge Engine

‘""-————-"""
Database Model base

Database Management
System

____—*—____ N
Internet, other networks ——
and information systems External Database
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- e s e e o
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1
|
1
|
1
|
1
|
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Model-base 1
1
1
1
1
1
1
1
1
1
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Decision Maker

Figure 3. Architecture of conceptual DSS model

The DSS dialogue requires tradeoffs between simplicity and flexibility. Therefore, the user interface of DSS
should facilitate decision makers to have easy access, manipulation and usage of common decision domain
terms with all aspects of communication between the user and the DSS. Decision maker accesses database and
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model-base through database management system and model-base management system. They enable the user
to build a system to assist in making a particular type of decision. External database access allows the DSS to
examine the existing outside information, while connections to other network and information systems provide
access to information external to the organization like World Wide Web.

Different decision strategy could be used to transform initial information to a decision maker point of view. In
decision-making process there are various kinds of uncertainty, depending on the reasons for its occurrence.
Among the many sources of uncertainty the mainly distinguished incompleteness is the lack of information,
fortuitousness, which cannot be predicted. In such problems, optimal strategies approaches for decision making
under uncertainty conditions could be more appropriate [Borissova et al., 2011]. Although there is no widely
accepted definition of DSS, these systems can integrate a number of decision support technologies (tools),
including optimization and simulation models, information systems, data-mining tools, expert or knowledge-based
systems, statistical and graphing tools, etc. Nevertheless, there are three fundamental components of DSS
architecture that always exist — the database, the model-base (the decision context and user criteria) and the
user interface.

An Integrated Framework of Decision Support System for Engineering Predictive Maintenance

The design of a DSS for engineering predictive maintenance starts with choosing of the objectives. The end-user
input will help determine the exact objectives, outputs and any additional requirements. The specifics of the
predictive maintenance require usage of some monitoring system for engineering critical structural sections. This
ensures that appropriate sensors for the requirements of monitoring will be selected and optimally located in
such a way that sufficient information can be gathered. Typical predictive maintenance includes methods for data
acquiring and information fusion combined with signal processing. In the current paper knowledge management
subsystem is proposed as a module in the DSS. It stores and manages knowledge from prior data, human
expertise, examples (cases) for the goal of machine learning and case-based reasoning. That module benefits
from learned experience and will contribute to intelligent behavior and improved performance based on artificial
intelligence. The included inference engine will support the intelligent decisions making about the structure
health. The advantages of DSS could be combined with capabilities of expert system into an integrated
framework of DSS for civil engineering predictive maintenance. A general framework of such DSS could be
compound of four main modules for: structure properties defining and sensors placement, structure health
monitoring, structure health modeling and structure health management as it is shown on Fig. 4.

The structure properties defining and sensors placement module provides tools for choice of proper sensors
type, number and locations. The proper sensor type is based on structure properties and includes measurement
range (sensitivity), frequency range, broadband resolution (noise), temperature range, sensitivity tolerance and
size. The knowledge of a structure, past experience or analytical tools as finite element analysis can be used to
define the sensors locations. In addition, different fitness function can be used to formulate optimization task,
which solution will define optimal sensors locations.

The structure health monitoring module derives directly from routinely collected condition monitoring signals from
the sensors and from historical records to produce prediction outputs directly in terms of condition monitoring
data. The signal processing of sensor data is one of the most important functions of structural health monitoring
systems for goal of predictive maintenance. The results from signal processing are collected in an actual sensor
database for additional processing and feature extraction and selection, pattern recognition and information
fusion. The external data sources as Internet, other networks and information systems are also used. The
collected data are assessable through database management system as aid in the decision making process.
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Figure 4. An intergated framework of DSS for engineering predictive maintenance

Other characteristic of proposed DSS is the modeling capability represented by structure health modeling
module. Some of models can estimate the time to failure of a machine as well as forecasting the fault condition.
The way in which a prognostic model is developed differs therefore from the method for building an explanatory
model. The prognostic model is focus on the search for a combination of factors which are as strongly as
possible related to the outcome. Accurate prognostic models are based on algorithms that are capable of
predicting future component failure rates or performance degradation rates. Development of strategies for
assessment prognostic modeling of machinery working life involves various methods including structural system
reliability, probabilistic-based life cycle assessment and maintenance, optimization of multiple criteria under
uncertainty and integration of monitoring in life cycle management. Combining the advantages of these methods
could aid the decision-maker in decision making process for engineering systems diagnostics under uncertainty
or incomplete information conditions. A well-designed combination model could combine two or more theories
and algorithms to model the system in order to eliminate the disadvantages of each individual theory and utilize
the advantages of all combined methods. It should be pointed out, that it is a challenging work to choose
appropriate methods and combine them together for modeling.

The engineering predictive maintenance is a specific subject area which is characterized by availability of past
information about the possible problems, their diagnosis, assessment of situations and effective solutions. That
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information can be incorporated in an expert system module used for structure health management to
recommend courses of action and decisions. The structure health management module is composed of
knowledge management system, knowledge base, inference engine and explanation subsystem. The knowledge
management system is responsible for knowledge extraction and storing in a knowledge base in the form of
rules. It also interacts with decision maker to show him the results of incorporated inference engine and how
these results are obtained through the explanation subsystem. Knowledge extraction conducted primarily during
interviews with experts, field visits, service order, manuals, technical documentation and actual operations.
During the interview process, conversations were recorded in detail and then transformed into acceptable format
for diagnosing rules. Usually, rules are expressed in the form: IF condition, THEN consequence. The outcomes
can be used also to test other conditions/rules, or even add a new fact to the knowledge base. These rules can
be specific domain rules or heuristic rules and can be chained together using logical operators. The knowledge
consists of concepts, objects, relationships and inference rules.The set of rules constitute the knowledge base.
Another part of the knowledge base stores a set of problems and answers needed for case base reasoning.
Condition base reasoning solves new problems by retrieving relevant prior cases and adapting them to fit new
situations. Condition base reasoning is responsible to find the case that is most closely related to the new
problem and present a case's solution as an output, with suitable modifications. Condition base reasoning can be
effective even if the knowledge base or domain theory is incomplete. Certain techniques of automated learning,
such as explanation-based learning, work well when only a strong domain theory exists, whereas condition base
reasoning can use many examples to overcome the gaps in a weak domain theory while still taking advantage of
the domain theory. These characteristics of condition base reasoning make it appropriate for diagnosis,
prognosis, and predictive maintenance. The inference engine applies the knowledge base to the particular fact of
the case under consideration to derive conclusions that can be used by the decision maker. An important feature
is the possibility to justify the conclusions by the explanation subsystem. It should answer the questions of type
“how the conclusion is reached” or “why the conclusion is reached” or “trace the conclusion” and could be a great
help for decision maker to take the solutions about the predictive maintenance activities. The expert system
included in the DSS compensates for the user's limitations about some expertise areas. It makes use of all
available expert resources to present the most complete picture of the problem possible.

The advantage of proposed integrated framework of DSS contribute to enhance the predictive maintenance
taking into account decision maker preference together with the capabilities of expert system by means of
collected knowledge to make a decision in a specific problem setting. Therefore, the maintenance decisions rely
on not only of decision maker but also on the knowledge of actual sensor data base, model base and rule base
knowledge.

Data Flows in the Proposed DSS Framework

An essential step in DSS design process is to describe how the system transforms data. For that goal, the data
flow diagrams are used to define how data is processed and stored. They also show the points of data entry and
exit and are important tool assisting in building a logical model of the designed system. A generalized data flow
diagram of the proposed DSS is shown on Fig. 5.

To describe the logic and the actions on the data through data flow diagram the following basic steps could be
distinguished:

- Identifying the main processes and the external data sources and their inputs and outputs;

- I|dentifying the data flows from the external entities;

- Identifying the processes to perform to generate the input and output data flows;
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- Identifying the data stores;
- Connecting the processes and data stores with properly directed data flow;
- Naming each data flow, data store and process.

The interaction between decision maker and DSS start with definition of the structure properties and parameters
to be monitored. Type and sensor’s locations are defined on the basis of some theoretical investigations as finite
element analysis for example, or on the basis of past experience or from external data queries. The theoretical
investigations on sensors locations usually lead to large number of sensors. The next step is to minimize
sensor's number by optimizing their layout design in term of structural health monitoring. This is realized by
optimization tasks solving which are implemented in the first DSS module. The decision maker is responsible to
choose optimization criterion and/or acceptable range of data loss from the sensors. The data from the installed
sensors is collected and processed. Signal processing of sensors data supplies the actual monitoring data that is
stored in actual database and used for structural health monitoring. Statistical process control is another tool
aimed at continuously monitoring the common cause system and detecting significant deviations, possibly
pointing to special assignable causes.

Internet &
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result
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selection

Decision | ‘o QU
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Figure 5. Generalized data flow diagram of the proposed DSS for engineering predictive maintenance

The external data sources as Internet, other networks and information systems are assessable through database
external database. This component allows the DSS to examine and use outside experience. Model base is a set
of computer decision models similar to database, the only difference is that its stored objects are models. The
models in the model base can be strategic, tactical, operational and analytical, etc. The data and parameters
provided by decision maker are used to select a model, which is suitable for analyzing a situation. The selected
model represents knowledge about a system by means of algebraic, logical, or statistical variables that interact
by mathematical functions or logical rules. The mathematical methods analyze and solve the selected model to
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support decision making. Decision making under uncertainty enhances the above methods with statistical
approaches, such as reliability analysis, simulation.

The knowledge in structure health management module is based on "expertise" about a particular domain,
understanding of problems within that domain, and "skill" at solving some of these problems. It can suggest or
recommend actions to decision maker that will improve fault detection and recovery. A knowledge base consists
of descriptions of the elements in the process along with their characteristics, functions, and relationships
expressed as a collection of organized facts, rules, and procedures. When certain events occur the decision
maker makes queries to knowledge base and inference engine advices what actions to implement. Decision
maker can also judge the reasoning behind a conclusion by another query to explanation subsystem.

Summary and Conclusion

In the current paper a framework of decision support system for engineering predictive maintenance is proposed.
It integrates traditional decision support system with the advances of expert system. While the traditional decision
support system constitutes data management, decision methodology and user interface the advances of expert
system embrace symbolic reasoning and explanation capabilities. That assists decision maker in making
strategic decisions by presenting information and interpretations for various alternatives. The essence of the
proposed decision support system framework is the ability to integrate actual information from structure health
monitoring and structure health modeling modules with knowledge management in structure health management
module. Therefore, knowledge and decision maker are key factors in maintenance. The maintenance decisions
rely on not only of decision maker preferences but also on the knowledge of actual sensor data base, model
base and rule base knowledge. So, to enhance the predictive maintenance a decision maker is required to
exploit the capabilities of expert system in a defining a maintenance decision.

The proposed framework is tested on a case study at metallurgical company. The sensors optimization module
has been developed and numerically tested by using actual data of a sample structure. A number of mixed
integer linear programming tasks are formulated and solved with different criteria and restrictions for sensors
accuracy deviation. Model database is in the process of completing for high temperature metallurgical objects
(fluidized beds, anode refining, etc.). In parallel, expert's knowledge is in process acquisition for the goal of
knowledge base creation.

The benefits of the proposed framework of decision support system for engineering predictive maintenance is in
efficiency savings, only carrying out maintenance when necessary but in-time to prevent failures. This can often
lead to substantial increases in productivity and decreasing of the maintenance costs.
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MULTI-OBJECTIVE DECISION MAKING UNDER CONDITIONS OF UNCERTAINTY
AND RISK OF KNOWLEDGE QUANTUM ENGINEERING MEANS

Sirodgea I. B., Kuzomin 0., Ya. Shtukin M.V.

Abstract: Methodology of a complex solution for a problem of decision making under conditions of multi-
objective optimization, uncertainties and risk based on the use of mathematical models and knowledge quantum
engineering (EKQ) methods is developed.

Key words: multi-objective optimization, utility function, interval scholastic uncertainty, decision making,
knowledge quantum engineering.

Introduction & Setting up the problem

The decision-making is an obligatory and an integral problematic stage in the human activity. Independent of the
universe of discourse (enterprise, knowledge domain) the general problem of decision-making reduces to
solution of the main four problems: 1) the objective setting up and analysis; 2) the feasible solutions set
generation; 3) choice and substantiation of the feasible solutions estimation system (estimation problem); 4)
definition of the best solution (optimization problem). The subject making decision (SMD) is always interested in
making effective decisions, as ineffective decisions in the vital and productive situations result in considerable
losses in possibilities and resources. It is a common knowledge that necessary requirements on effectiveness of
decisions are their completeness, timeliness and optimality, which are conceptually conflicting. The quest for
meeting the indicated requirements results in serious methodological and computational difficulties. In particular,
the provision of the decision complexity (completeness) results in the need for more complete accounting of the
internal and external factors, this increases the decision making problem dimensionality and involves its multi-
objectiveness acknowledgement. In this case the indeterminacy rises caused by incompleteness of the
knowledge of reciprocal action of factors, inaccuracy of their measurement, random external and internal actions.
Attempts to eliminate the initial indeterminacy by means of research require a high qualification of a SMD,
considerable time and, as a result, involve the decision making inopportuneness.

Today the traditional approach does not meet requirements of practice both as to precision, and as to
effectiveness by virtue of the unjustified problem decomposition into two conventionally independent problems.
The first problem is the determinate problem of multi-objective optimization is solved without regard for
indeterminacy, the second problem is the problem of decision making under conditions of indeterminacy without
regard for multi-objectiveness. This is stipulated according to Adamar by the crucial incorrectness of the multi-
objective optimization problem by virtue of its solution non-uniqueness. It is possible to solve the problem correct
only to the compromise solutions domain or through regularization [1, 2]. On the one hand the regularization of
the problem for defining the unique solution through calculation of the generalized multi factorial scalar estimate
of efficiency is based on the subjective expert estimates, their determination results in considerable errors. On
the other hand the models and methods for decision making under conditions of indeterminacy of the scalar
estimate proved to be inadequate without regard for its multi-objectiveness. Consequently, the quest for rising
efficiency of the decisions being made calls for development of the methodology of the complex solution of the
decision making problem with continuous regard for multi-objectiveness and indeterminacy of the initial data.
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The state of the problem. The survey and analysis of publications [1-20] point to the urgency of the problem of
development of the formal models and methods for decision making under conditions of multi-objectiveness,
indeterminacy and risk. The prospects for formalization of the complex procedures of decision making with
simultaneous regard for the indicated conditions are opened when using the utility theory [7, 8], interval analysis
[2, 17] and fuzzy sets theory [13, 14, 20]. But the obtained results are still far from exhausting the problem at

present. From [2] it is known that the admissible set of decisions Z = Z° U Z € contains in the general case
the subsets of consistent Z* and inconsistent (compromise) Z € decisions. Not a single local (partial) criterion
of efficiency &;(2) € (k;(z))cZ" from the compromises domain  Z can be improved without
deterioration of the quality if only one local criterion of the specified criteria finite sequence (k,(z))» j=1Ln-
According to the definition the sought optimal decision z* € Z€ That is why the multi-objective decision

making problem (MDMP) can be formally presented by the relation
' =argextr O[ (k,(2))], Vj =1n, (1)
zeZ¢

where © is some regularizing procedure making it possible to choose the unique decision from the domain of
compromises z< according to a definite optimality principle.

Formal approaches to the regularization based on some compromise schemes (sub optimization, lexicographic
optimization etc.) are known [1, 2]. Heuristic principles of the regularization are often used when the choice of
decision in the MDMP (1) is realized by a decision maker (DM) using own experience as a basis [2, 3]. Each of
the offered optimality principles has its own domain of correct practical application and significant shortages
[1-3].

The principle of optimality involving formation of the generalized scalar criterion on the set of the individual

criteria {kl. (z)}, I = I,_n It is termed the utility function I1(z) [7 - 9]:

(z)=0[4,k(2)]; i=Ln, 2)
where A, are the isomorphism coefficients bringing the dissimilar individual criteria k;(z) to the isomorph form;

Q s the operator realizing the procedure of the wtility function T1(z) calculation for all z e Z© . The utility theory
[8], which assumes existence of the quantitative estimate of decisions preference « - », serves the theoretical
basis for the multi-objective scalar estimates formation (2).This means that if the solutions

2,2, €Z°w z, = z,,70 T(z,) > T1(z,) 3)
Consequently, the solutions “utility” is the quantitative measure of their “effectiveness”, and MDMP (1) consists

in choosing the best decision z" :

z" =argmaxII(z). (@)
zez¢

According to (4) justification for the method is required for formation of the utility function as a metric in the
space of the individual criteria k;(z). It is characteristic that no objective metrics exists, and the principle of
decisions ranking represents subjective preferences of a DM.

Hence, the utility theory and the selection of the concrete utility function in the form of the operator Q in (2) bear
the axiomatic nature, where the axiomatics represents preferences of the concrete SDM or DM. That is why the
main hypothesis for existence of the “rational” behavior, which admits reproducibility and similarity of
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different DM’s decisions under identical conditions, lies at the basis for the utility theory. In the frameworks of this
hypothesis the decisions ranging process formalization helps a DM to identify his preferences and estimate
quantitatively all decisions z € Z“ through metrics. Hereinafter the estimation procedure can be realized
precisely on this basis using a computer without the DM participation. By this means the possibility is achieved to
create the decision making support system (DMSS) of different purpose [1; 2; 10-12; 14 - 16; 18 - 22]. The
analysis of these publications attests that the effective formalization of finding the best, in a certain sense, multi-
objective decision is possible only for the well-structured problems [1, 2]. Analysis of these publications testify to
the fact that effective formalization of finding the best from the certain viewpoint multi-objective decision is
possible only for well-structured problems [1, 2]. But in actual practice, weakly structured problems are more
abundant, the formalized methods are not developed completely for their decision. Thus, the modern tendency of
the DMSS creation is based on a compromise between a human ability to decide complicated problems and
possibilities of formal methods and computer simulation of the intelligent activity. Neural networks [14],
knowledge engineering expert systems [15] and other systems of the artificial intelligence [10 — 16; 18 - 21]
belong to such systems. Formalization of the human intelligent activity in the decision making processes is the
general requirement for all these systems. Investigations into this direction are always urgent both for the
scientific and practical purposes of automation of the imaginative work of people.

The objective of this work consists in development of the methodology for solving the problem of the
knowledge-oriented decision-making taking into complex account of multi-objectiveness, uncertainty and risk
based on creation of intelligent information technologies using the knowledge bit engineering (KBE) [10 — 12;
22].

Methodology of decision-making using KBE means. The object in view is reached by solving MDMP (1)
through the application of the utility function of the kind (2) with the operator Q, realized using the KBE. Let us
use the systems approach to the problem of the purposeful decision making based on knowledge, the essence
of this approach will be set forth in the theoretical-multiple representation. Let us term the set E of homogeneous

or heterogeneous elements, on which the set of cause-and-effect relations R ordering the elements e € £ into
the structure C is specified, as the purposeful decision making system S |

C={ExR} (5)
To attain the specified aim the system S should offer a set of properties X = {x,,x,,...,x, } . Let us map the
aim onto the set X and single out some subset G = X' of the system properties, which make it possible to attain
the aim through selection and synthesis of its Structure C (5) with the required properties G. Then the purposeful
decision making system S is defined by the ordered set in the form of the Cartesian product:
S ={{ExR}xG} (6)
It is evident that the domain of Z(S) existence of the system S with the properties G is defined by the set of
structures C (5) which can be find inductively under conditions of uncertainty and risk through the system

learning using knowledge-precedents. From economical, ecological, social and technical considerations
limitations are imposed on the domain Z(S) in the form of prohibitions on the use of some elements e € E and

relations 7 € R . As a result a set of acceptable structures, i.e. acceptable decisions Of Z< = Z(S) is singled
out.

Then the decision of MDMP of (1) type using EQK means is realizable in 4 stages. 1) Definition of the aim with
singling out the properties X of the system S to attain it. 2) Inductive synthesis in learning precedents of the
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acceptable set of structures C (5) as knowledge bases providing the mechanism of decisions logical deduction.
3) Determination of metric for comparison of the admissible decisions (the estimation problem). 4) Selection of

the best decision version of z* € Z < Z(S) (optimization problem).

Singularity of KBE methodology for MDMP (1) decision consists in the synthesis of S (6) system by means of the
O - knowledge quantum base (B 6 KQ) as a system of the implicative and functional regularities in the space of X
properties [22], inductively created at leamning from the precedents. B 0 KQ has a network structure C (5) of the
cause-effect relations between the initial & quanta (message events), intermediate and output © - quanta (i.e.
goal consequences- decisions) With the 0. quanta based built-in mechanisms of the deductive output of the
decisions being made. The parameter O € {¢, 7, v, @,...} characterizes the concrete conditions of & -uncertainty
and corresponding type of the used o -quanta of knowledge: faithful (O - t, tk-knowledge), approximate (O =
T, 7 k-knowledge), probabilistic (O =v, vk-knowledge), fuzzy (O =@, @ k-knowledge). For example, vk-

knowledge is used under conditions of v-uncertainty and risk as the selection of the alternative decisions is realized
on the basis of estimates of the probability of these or those selection consequences occurrence. It is precisely this
v-quantum of knowledge contains in its procedure component the built-in algorithms for calculating the quantum
events, taking into account their cause-effect relations logics. ¢ k-knowledge with the built-in algorithms of fuzzy sets

phasefication and dephasefication according to the specified membership functions are used by analogy with vk-
knowledge under conditions of ¢ -uncertainty (with fuzzy data).

Precedents for (B O KQ) learning are described by the tables of empirical data (TED) and scenario examples of
learning knowledge (SELK) with indication of the names of e; —premise, c;- intermediate, Cx — purposeful o -

quantum events with logical connectives “AND”, “OR”, “NOT” between events. The process of learning initially
consists in the algorithmic transformation of TED and SELK into the logical net of possible reasoning

(LNPR). Then LNPR is transformed into 0. quantum net for decision output (5 QNDO) through automatic
quantification. At the output of & QNDO there are s O -quantum vertexes {Ck}={zk}=Z, (k=1, 2,...,s), which
correspond to the unique complex zeZof purposeful decisions-effects in MDMP, which depend on the
specified premise ei and intermediate Cj 0. BbIX04e 0. quantum vertexes-events. Consequently, in MDMP (1)
the process of the output of the multi-objective decisions complex {zk}= Z s realized automatically through B g
KQ= & QNDO after sending to the input the premises e.i. (i = 1, 2,...,n) describing the observed situations
relative to the system object of decision making (ODM). Intensification of the complex Z € Zof O -quantum

vertexes Ck, (k=1, 2,...,s) at the output of & QNDO defines the result of purposeful decisions output for the
given system ODM.

Efficiency of the knowledge-oriented multi-object decisions in the EQK is estimated by the exterior criterion K
Z), which characterizes utility from the viewpoint of the minimal risk of negative consequences of the whole
complex 2 e Z€ of the made purposeful decisions, generated by & QNDO for the system ODM. Estimation of
Ks(Z) can be defined by the value of the probability (risk) of erroneous decision making after testing of the
given 0 QNDO on the control situations. This makes it possible to rank the alternative & QNDO by the quality
in the indicated sense from the general region of Z(S) existence. The rational complex of solutions z,,, € Z ¢
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generated by & QNDO with the /east value of the estimate Ki(Z) is considered to be the best ones. The
essence of the MDMP (1) solution by steps consists in the following.

In the 1t stage the aim of S (6) system is defined as some desirable state of the systems ODM, its
accomplishment requires purposeful actions. In our case the aim consists in the inductive synthesis with

irradiation of BS KQ= & QNDO which ensures derivation of the complex {zJ=2 € Z of the purposeful
decisions Cy for the whole systems ODM . Experts single out the particular functional properties

X ={x,,x,,...,x, }, required to attain this aim, which are measured in scales of different types and define

potential efficiency of the system S. Hence, the properties X are the local criteria for estimating efficiency of the
decisions being made, and the problem (1) being considered is the multi-objective one, as the aim is
characterized by a set of particular criteria X.

In the 279 stage the experts together with DM substantively form TED and SELK needed for the synthesis of the
purposeful LNPR in the learning mode. LNPR transforms through automatic quantification into & QNDO, the

sets of acceptable decisions 2 € Z° of the MDMP (1) problem are defined with its help. It is possible to form
several versions of TED and SELK for synthesis and learning of the fotality of different & QNDO on the precedents
of different types with the aim of the further rational version of & QNDO choice.

In the 3 stage the problem of estimating is solved, i.e. some measure is defined making it possible to
compare objectively the efficiency of complexes of solutions z € Z € petween themselves and, hence, estimate
quality of O QNDO generating Z under conditons of multi-objectiveness, risk and O -uncertainty
(0 elt,m, v, p,..}). Such a measure should take into account both a positive effect, i.e. the stage of the aim

attainment, and expenditures for attainment of this effect. The concrete expenditures for creation of the system
S (6) also requires a synthesis of any version of the structure C (5) which is realized by the net o -quantum

graph G, = 6 QNDO. On the output G, the complex of the required solutions {Ci=Z € Z s obtained

after activation of the message Ok -knowledge e; on the graph input. This makes it possible to apply the model
@(z) of the informal multi-objective estimation of decisions efficiency, available in KBE, by the value of the

probability of unfavorable consequences of the decisions made with the use of the outer criterion Ks( Z ):
D(2)=0[K,(2); SKCBP; B;], (j=L2,..s) (7)

Model (7) is presented by the operator mapping @(z) for definition of the utility of the complex of purposeful
decisions Z ={Cy,...,.Cse Z by the specified methods of the algorithmic calculation of the Ky( Z) efficiency
estimation. This mapping is realized by the operator O, which characterizes the structure of the model @ (%)
taking into account the procession of parameters Bj, kind of dependence between input and output B O
KQ = & QNDO and provides generation of Z e Z€ with calculation of the value of Ky(Z) risk to make
erroneous decision in control situations.

The concept of informal multi-objective estimation of the decisions being made in EQK is based on the
universally adopted verified in practice confidence in professional knowledge and experience of specialists in the
problematic domain, when choosing the alternatives without evident multi-objective formalization of the choice.

As professional knowledge and experience of experts admit the Ok -knowledge formalization in the form of a

special B 4 KQ=9 QNDO [10, 22] it is possible avoid the known difficulties of the explicit formalized synthesis
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of the generalized criterion for aggregating of the local criteria when estimating the decisions efficiency. With this

aim in view it is sufficient to estimate utility of the found final totality BY KQ= 9 QNDO under concrete

~

conditions of O -uncertainty and risk with the help of the Ka( Z) external criterion reaching the minimal risk of
the erroneous decision making in the control situations. In this case the model @(Z ) (7) fits the axioms of the
selection theory under conditions of risk of von Neuman and Morgenstern [7, 8] and is proper for estimating
efficiency of the knowledge-oriented decisions simultaneously under complex conditions of multi-objectiveness,
O -uncertainty and risk. Contrary to the polynomial approximation of dependence (7) known from [1, 2] in EQK

itis used O -quantum graph G, = 6 QNDO described by the generalized s -value predicate P (Gj, ) in the
form of disjunction s of Boolean functions F;(¢,(x;), B), (F1,2,...,s). The number s of purposeful decisions
(Ct,...,Cs)€ Z defines s-digit of the generalized predicate P(Gj, ). The functions F(p/(X,), El.) fit O -
quantum path of the graph Gy, and describe logical cause-effect reasoning in & QNDO relative to s

purposeful decisions-effects Ci,...,Cs in the complex Z. In this case the parameters b, € B, of the model
@(z) are defined with an accuracy of the interval uncertainty, this is stipulated by the diversity of the experts’
judgments when forming SELK. The interval uncertainty means that only boundaries of the interval
[b™", b Jof the possible values of parametersh,are known. The values @ of indications
x;=(a,af,...at) ), (j=1,2,..,n) of ODM also can be specified by the boundaries of the intervals

because of so-called NOT-factors (incompleteness of knowledge, inaccuracy of measurements etc.). In this
connection all interval values used in O -uncertainty are symbolized by «~».

Thus, separate complex of solutions Z € Z€ in MDMP (1) represent the net system of the logical derivation s
of purposeful consequences in the form of & ODM which is described by disjunction of Boolean functions

F(p/(x)), f?l.), (=1,2,...,s), depending on two-valued predicates ¢,(x;) and procession of parameters El. :
characterizing, respectively, meaning and quantity of o -quantum vortex- events with logical connections
between them. The predicates ,(X;) describe the logic of cause-effect connections between local criteria-

properties k,=x,, (j=12..,n) of ODM. Hence, the model @(2) (7) for estimation of the knowledge-

oriented solutions under conditions of multi-objectiveness, risk and o -uncertainty can be written as:
S ~
O(2)=0[K,(2); vE(@(%),B)] (8)
i=1

In the 4t stage the choice of the unique rational decision 2w €Z ¢ the from the admissible set Z  is realized

on the use of the 2" stage and the model (8) results. Then, according to the formulas (4) and (8), the problem
(1) is specified, i.e. MDMP, obtains the following formal form in terms of the knowledge quanta engineering:

%

N ~
ze ze i=1

The concept “rational” decision is more reliable here than the “optimal” one by virtue of the informal-multi-
objective motivation of the offered metrics (8) for estimation of the decisions being made under complex

conditions of multi-objectiveness, o - uncertainty and risk.
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Results of the EQK presented methods computer realization [10 — 12; 22] confirm its efficiency and advantages
over the available approaches when solving many practical decision-making problems in different conjectural
domains.

Conclusions.

1) The methods are developed on the basis of EQK means application and intelligent information technologies
for solving the problem of knowledge-oriented decision making with a complex consideration of multi-

objectiveness, various types of o - uncertainty (6 € {t, z, v, @,...}) and risk.

2) Contrary to the available approaches the offered EQK methodology ensures the cause-effect inference of
efficient multi-objective decisions under different conditions of o - uncertainty and risk at the expense of O k-
knowledge in the model of informal-multi-objective estimation of alternatives through external criterion according
to their utility in terms of any preferences of DM without resorting to the synthesis of the generalized criterion
with weighting the local criteria.
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WCTOYHUKM HEONPEOENEHHOCTW YENOBEYECKOIO ®AKTOPA B
AWAAKTUKE

Bnagumup KambiwmH

AHHomauyusi: TlockornbKy npuHsimue peweHull — 3amo Haubonee NPU3HaHHbIO ud UHMennekmyansHol
desmensHOCMU Yenoseka, Mo amom me3uc bbin pacnpocmpaqeH U Ha 0esimenibHOCMb y4acmHUKo8 y4ebHo-
gochumamernbHo20 npouecca (nedazoz208 U 0bydaembix), komopasi npedcmagnsaemcs Kak HenpepbieHas yenb
peweHul, ebipabambigaeMbix U peanusyeMbix 8 Ycrosusx 6030elicmeusi MHO20YUCTEHHbIX (hakmopos
pasHoobpasHol npupodsl. KnaccughukauyuoHHble NpusHaku peweHuli 8 y4yebHO-8ochumamesnbHOM npouyecce
cosnadarom ¢ xapakmepHbIMU npusHakamu okpyxarowel cpedsbi, npednoxeHHbmu P. [osapdom (R. Howard).
A UMEHHO, OHU, 80-nepebIxX, AeNAoMcs AUHaMUYHbIMU, NOCKOMbKY ypPOBEHb 0BYyYeHHOCMU U 80CNUMaHHOCMU
obyyaembix delicmeumenbHo srsiemcs (hyHKyuel epemeHu U 3agucum om npedbidyuieao ux cocmosiHus. Bo-
8mMopbIX, npouecc 0by4eHUs U B80CNUMAHUSI SI8IIemMCs MHO20UENe8bIM U MHO20KpUMepUasbHbIM, 4mo
coomeemcmeayem onpedenieHu0 8eKMOPHbIX (CHIOXHbIX) 3adad npUHAMUS peweHuld. B mpembux, 8 y4yebHo-
gocnumamesbHOM NPoUEeCcce NPUCymemeyrm ece NpusHaku 0emepMUHUPOBaHHOCMU (8 MeHbWwel cmeneHu) u
PUCKO8, UMEIOWUX CMOXacmuyecKyto U Hecmoxacmuyeckyro npupody. Ecnu nepeble U3 HUX y4umbigarmcsi no
pesynbmamamM MHO20KpamHoU npakmuku peanu3ayuti memodos, mexHonozuli, npouyedyp 0byyeHus u
60CNUMaHUs, MO  UCMOYHUKaMU  nocrieOHUX sienaemcs npupoOHas, uenegas U  nosedeH4yecKas
HeonpedeneHHOCMb, 00bsCHsIEMas Kak MUHUMYM NpOsieieHUeM munosioauyeckux ocobeHHocmel y4acmHUKo8
y4ebHO-80CNUMamenbHoO20  npouecca, UX KOHQIUKMHbIM  83aumodelicmeuemM, 4mo uccrnedyemcs U
modenupyemecs MemoOamu Meopuu uep, a makxke nposielIEHUEM ONacHbIX Kayecme nosedeHus,
0NepamugHo20 MbIWIEHUS U NPUHIMUST peweHud.

Ocoboe gHUMaHuUe ydeneHo cUCmMEMHOMY aHanu3y HeonpederieHHocmel Yernoseyecko2o hakmopa 8 y4ebHo-
gocnumamesibHOM nNpouecce, KomopbIll paccmampusaemcs Kak 2ymaHucmuyeckas obpa3oeamesibHast
cucmema (8 coomeemcmesuu ¢ noHumaHuem J1. 3ade u kpumepusmu A. U. ['ybuHckoeo). Mmeemces 8 8udy:
omcymemeue 3HaHull O SIBMIEHUAX U 3aKOHOMEPHOCMSX (hyHKUUOHUPOBaHUSi 06beKmo8 ynpaeseHus (8 mom
yucre, HeB03MOXHOCMb 8bISBIEHUST, y4ema U MOYHO20 ONUCAHUST allbmepHamue, 0COBEHHO C NOMOWbIO 0OHOU
(hyHKUUU nosesHocmu); e3aumodelicmeue ydacmHuka y4ebHO-8ocCnUmMamesnbHo20 npouecca ¢ 0ObeKkmom
u/unu serneHuem okpyxatowel cpedsi (npupodHol, coyuanbHol, y4ebHOU); nocmaHoska uesnu; NoCmpoeHue
cmpameaull PeWweHUsi MeopemuyeCcKux U npakmu4yeckux 3aday, a makxe UHEhOPMayUOHHO-IUH28UCMUYECKOU
HeonpedeneHHOCMU onucaHusi npobnemHbIX cumyayul 8 dudakmuke.

Knioyesble cnosa:  knaccugukayuOHHble — NPUSHaKU — NPOBIEMHbIX cumyayut 8 Oudakmuke;
HeonpedeneHHOCMb, C8si3aHHas C YernoseyeckuM (hakmopom (yqacmHUKaMu yqe6Ho-eocnumameanoeo
npouecca) U [IUH280-UHbOPMaYUOHHBLIMU npoueccamu; UCMOYHUKU PUCKa HECMOXacmu4yecKo20 Xapakmepa.

ACM Classification Keywords: J.1 Administrative Data Processing, Education. J.4 Social And Behavioral
Sciences.
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AKTyanbHoCTb

CoBepLueHcTBOBaHME yyebHo-socnumamesnbHo2o npouecca (YBI) noboro yyebHOro 3aBefeHnst HEBO3MOXHO
Be3 yyeTa onbiTa yaauHbIX/HEYAAYHbIX PELLEHUA, @ Takke puUcka Takux pelueHuit. Mpn aToM nog npuHsmuem
pewenuti (MP) cornacHo [Koseneukuin, 1979; HapexHoctb u achdpekTmBHOCTL B TexHuke, 1988; Peea, 2001;
Pesa, 2007; KamuwwH, 2012], 6ygem noHMmaTh LieneyCTpeMieHHbI akT 3MOLMOHaNbHO-BONEBOro Bbibopa
OLHOW cTpaTeruu, anbTepHaTWBbl, CNEeACTBUs, pesynbTaTa M T.M. M3 HECKOMbKWX, NyTeM npeobpasoBaHus
UCXOZHON MHADOpMALIMK, KOTAa CUTyaums He onpefeneHa. [leicTBuTensHo, npenogaBsatens BolbupaeT MeTodbl,
CpeAacTBa, negarorndeckne npuembl 0bydeHns:, NPUHUMAET PELUEHWE NPU OLEHKE 3HAHWIA, NPOSBASAET 3MOLMK Y
BOMIO, OTYNTbIBAS Hepagueoro 0By4aeMoro MM BbLICTABMAS €My HEraTWBHYK OLEHKY, B pesyrbTaTe 4ero
yyaLLmMincs MOXKET BbITb He TOMBKO MULWEH CTUMNEHAMM, HO 1 OTYMCIIEH M3 BhicLero yyebHoro 3aBeneHus (BY3a),
a B ODbIYHOWM LUKOME, CKaXeM, He MOMyyuT 30M0Ty0 Medarnb ¥ T.N. TOT Xe LUKOMbHUK, CTYAEHT NpUHUMaeT
PeLleHre O MOCELLEHWUM 3aHATUIA, BbINOMHEHUM [OOMALUHMX 3adaHui, yyactum B paboTe Ha 3aHATUSX, B
00LedakynbTeTCKIUX UMK By3OBCKUX (LUKONbHBIX) MEpPONPUATHSX W T.M. B TO xe Bpems, yuntbiBas [Kosenewkui,
1979; HapexHocTb u adhdektuHocTb B TexHuke, 1988; Pesa, 2007; Kamuwud, 2012; Mywwk, 1990;
Memxonorust: cnosapb, 1990], nog puckom Byaem NOHWMAaTb BO3MOXHOCTb HACTYMNEHWS HEXenaTenbHOro
cobbITus B YBI.

BHumaHue aBTOpa MMeHHO Kk npoueccam P B YBI He ABNsieTcs CryYaiHbIM 1 06 BbACHSIETCS CNeayoLLmMM:

80-nepsbix, MNP — 310 BUL MHTENNEKTyarnbHON AeATENbHOCTM YenoBeka, KOTOPLIN NMOBTOPSETCS Haubonee 4acTto
(mo 10000 () BribOpoB/AeHb) [WepnaaH, 1980; Sasapac, 1991; Xoaakos, 2005];

80-8mopbIX, peyb uaeT o MNP B Tak Ha3blBaeMon 2ymaHucmudeckol cucmeme [Pesa, 2001]. J1. 3age, oouH u3
OCHOBaTenei Teopun uHegucmudeckux nepemeHHsix (M) n Heyemkux mHoxecme (HM), onpegenset, yto
«TYMaHUCTUYECKME — 3TO TaKMe CUCTEMbI, Ha NOBELEHME KOTOPbIX BGOMbLUIOE BMMSHWE OKa3blBalOT CyXOEeHWs,
BOCTIPUSITST UNW 3MOLMM YeroBEKa: SKOHOMWUYECKME CUCTEMbI, MPaBoOBble CUCTEMbI, 06LieobpasoBaTenbHble
cuctembl M T.0. Cam 4enoBek (MHAMBMA) WM MPOLIECCHI €70 MbILNIEHUS TaKKe MOrYT pacCcMaTpuBaTbCsl Kak
rymaHucTyeckme cuctembl» [3age, 1976]. CornacHo ¢ kputepusimn, KoTopele paspabotaHbl A. . FybuHckum ans
OnpeaeneHns pasHoobpasHbIX KITAcCOB ryMaHUCTUYECKUX CUCTEM, nofd 06pa3osamesnibHOl 2yMaHUCMUYecKol
cucmemol, Gyaem noHMMaTb Takylo, rae «LEenbl AesTenbHOCTM cneumanucTa-negarora (npenogasatens), Unm
neaarornyeckoro (MpenoaaBaTenbCKoro) KOMMeKTMBa SIBMSETCS nepegada (y4eHukam, CTyaeHTaM, cryliatensm 1
T. N., HEOOXOAMMbIX 3HAHWI, HABLIKOB 1 YMEHWI, B TOM YKCNe YMEHMIA yunTbCs» [I'yOuHckui, 1982];

8-mpembux, y4acTHukam YBI1 npucyla Tak HassiBaemasi nogedenyeckass HeonpedeneHHOCmb [HagexHOCTb
3hheKTUBHOCTL B TexHuke, 1988; Pesa, 2001; Pesa, 2007; KamuwwH, 2012], obbscHsiemMasi, N0 MeHbLUEN Mepe,
TPEMSI  COCTaBMSAIOWMMW:  MPOSIBNIEHNEM  TUMOMOrUYECKUX  OCOOEHHOCTEN  NUYHOCTM  (TEMMepameHTOM)
[WnaveHko, 1976; Pycanos, 1979; Bonpockl MOpanbHO-NOAMTUYECKON U NMCUXONOMMYECKON NOArOTOBKA NETHOTO
cocrasa, 1982; Ctpensy, 1982; Pesa, 2003], HeonpeaeneHHOCTLI0 NoBeAeHUs NpoTuBHMKa [KamuwwuH, 2012;
Mywwmk, 1990; Netonc, 1961; ®on Heiman, 1970; Peea, 2005; Pesa, 2005; Pesa, 2007] u nposBneHuem
OMacHbIX CBOWCTB (CTpaTeruit, OTHOLIEHWW, Ka4YecTB) MOBEAEHWUS, OMEPaTUBHOTO MbILLMEHUS U MPUHATHEM
peweHun [KamuwuH, 2012; Jensen].

0O606Las BbILEN3NOXKEHHOE, CrnedyeT YKasaTb Ha BaXHOCTb ydyeTa B YBIT nposBneHus yennogeyeckozo
akmopa (4P). C apyroit CTOPOHbI, HA 3TOT cambli NpoLecc, ocoberHo Ha NP, BnnseT GonbLoe KonM4ecTBo
(bakTOpoB Camoit pasHooOpasHoit npupodbl. Takum obBpasoM, npobremy nNpOsBMEHMs, OnUCaHus W
cucTematusauum hakTopoB HeonpegeneHHocTn YBI cnegyet cuntath akTyansHOM.
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AHanus uccrnegosaHuii u nybnmkaumi

Bonbluas CnoxHOCTb ryMaHUCTMYECKMX 06pasoBaTenbHbIX CUCTEM TPeByeT NPUMEHEHMS B UX UCCME0BaHUN 1
COBEPLUEHCTBOBAHWM MOAXO0AA, B KOPHE OTNMYAKOLLErocs OT OOLLENpUHSTLIX KONMYECTBEHHO-CTOXaCTUYECKMX
METOJOB aHanu3a cucteM. Takum 00pas3oM, BbieynomsiHyTas npobrnema nposiBNEHUs, OMUCaHUs U
cucTemaTtnsauumn hakTopoB HeonpeaeneHHocTy YBIT fomkHa peLlaTbes ¢ NoMOLLbI MeTogonoriv Teopuu J1M u
HM [HagexHocTb 1 adhdpekTnBHOCTL B TexHUKe, 1988; Kamuwwumn, 2012; 3age, 1976; Opnosckui, 1981; Kodman,
1982; LWanupo, 1983; HeuveTkne MHOXeCTBa M Teopusi BoamoxxHocTen, 1986; bopucos, 1989; MeaHeHko, 1990;
[iobya, 1990 n gp.]. Beab AENCTBUTENBHO, UCXO4A M3 TOTO, YTO «... SNEMEHTaMW MbILLSIEHNS YenoBeka
SBNSIOTCA HE YMCMNA, a 3MEMEHTbl HEKOTOPbIX HEYETKMX MHOXECTB, MMM KNaccoB OOBLEKTOB, AN KOTOPbIX
nepexoa OT ‘NPUHAANEXHOCTW” K “HenpuHaAANEXHOCTU” He CKaykooOpasHblid, @ HenpepbIBHbINY, CTAHOBUTCS
MOHSATHLIM AeduHMUmMM camoii JTT1, nog KOTOPOI NOHUMAIOT SMEMEHTbI (CNIoBa UK NPELTIOKEHNS) NPUPOAHOro
um Moboro MCKyCCTBEHHOrO s3blka [HagexHocTb W adpekTuBHOCTL B TexHuke, 1988; 3age, 1976]. Takve
NepeMeHHble COCTABMAKT OCHOBY HEYETKO NIOTMKM M NPUONMKEHHBIX CNOCOBOB pacCyXaeHui, KOTopsle MOryT
oKa3aTbCs 60MbLUE CO3BYYHBIMM CMOXHOCTW M HETOYHOCTW TYMAHWCTUYECKIX CUCTEM, YEM OObIYHbIE YNUCTEHHbIE
MeToabl aHanm3a. C nomollbio JIM MOXHO NpUBNNU3NTENBHO ONUCHLIBATL SIBNEHS, KOTOPbLIE HACTONBKO CIOXHbI
UMK NOXO0 OnpeaeneHbl, YTO He NOAAAKTCSA ONUCAHNI0 OBLLENPUHSTLIMI METOAAMM.

A3 aHanu3a Hay4HbIX WCTOYHUKOB CReayeT, YTo npumeHeHue metogonoruu teopun JIM n HM B aupaktuke
ocyulectensetcs B CHI, rnaeHbIM 06pa3om, yyeHbIMM 1 cneunanuctamn Asepbaimxara, Poccum n YkpanHbl.
Mpu aTOM cuyMTaem LenecoobpasHbiM BbiaenuTtb pabotsl [Peea, 2007; KamuwmH, 2012], nockomnbky B HWX C
NO3NLMIA CUCTEMHOTO aHanm3a 3anoxeHbl OCHOBbI Knaccudukauum npobremHsix cumyayud (NC), B TOM uucne u
HeonpeneneHHbIX, KOTOpbIe MOryT BO3HUKHYTL B YBIT (puc. 1).

Mepa
CINOXHOCTU

4

S EEREEEEr ——Y—>
4 Mepa
HeonpeaeneHHoCcTU

Mepa
AVHaMUKK

Puc. 1. MpocTtpaHcTBo y4ebHOM cpeabl C PacnonoXeHHbIMW B HEM BUAAMM 33424 NPUHSTUS PELLEHN

C ppyroit CTOpOHbI, CYUTaeM LieniecoobpasHbIM NPUMEHNUTD OMbIT UCCegoBaHNA NPobrem HeonpeaeneHHoCTH B
aBMALMOHHBIX 3praTMYecknx rymaHucTnyeckux cuctemax [Hegbait, 2010; Pesa, 2010], agantaums n passutue
KOTOPOro Ans Hyxa AvaakTukn Byaet cnocobcTeoBath 6ornee NOMHOMY M BCECTOPOHHEMY aHanu3y npoLeccoB
(OYHKLMOHMPOBaHUS yxke 06pa3oBaTenbHbIX [yMaHUCTUYECKMX CUCTEM. Takoe obpalleHne K aBnauun SBRseTcs
HecnyJanHbIM 1 0BBSACHAETCS TeM, YTO 3Ta OTPacnb YENoBEYECKON LEeATENbHOCTW BCerga akkymynuposana
pesynbTaThl CaMblX COBPEMEHHbIX HayYHbIX JOCTMXEHUIA. BOT noyemy Ha MUPOBOM pbiHKe 1 KI COBPEMEHHOrO
camoneTa umeet ctoumocTb $ 2000, 1 kr aBToMo6uns — $ 15, a 1 kr ckosopomok — $ 1 [MnoTHuKoBs, 1991].

Llenb cTatby 3akntovaetcs B hopMUpoBaHumM cuctemoobpasytowmx npuaHakos I1C B YBI, BbISIBNEHNN, a TaKkke
CUCTEMHOM OMMUCAHWM UCTOYHUKOB HEOMPEAENEHHOCTH B HUX W BO Bpems [P ero yyacTHUKamu.
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KﬂaCCM(*)MKaLIMOHHbIe MPU3HAKNU U UICTOYHUKK HeonpeaeneHHOCTU MNC B anpakTUke

/Tak, onupasicb Ha yxe YynoOMMHaBLIMECS HayyHble ucTouHukM [Hepbam, 2010; Pesa, 2010] u puc. 1,
npeacTaBuM OBLLYK KNacCU(UKALMOHHYIO CXeMy HEeOnpedeneHHOCTH, KOTopas BO3HWKAET UMM Aaxe MOXET
BO3HWKHYTb B 00pa30BaTeNbHOM NyMaHUCTUYECKON cucTeMe «yyacTHukM YBIT (amapa “negaror — 0byyaemblit”) —
TEXHUYEeCKkue cpeacTaa yuebnbl (nabopatopHoe obopyaosanue, NMOOM u 1. n.) — yuebHas cpega» (puc. 2).

HeonpepneneHHocTb B (hyHKLUMOHMPOBaHUM 06pa3oBaTenbHOR
FYMaHUCTUYECKON CUCTEMBI
Heor Th, c Heor Th, c
3KCnnyaTaunen T cpeacte oby ABNEHNAMM OKpYXalowen cpeabl
LEATENLHOCTb MIOOENA -
YHaCTHWKOB AMAAKTUYECKOro npouecca
Heor Th, Heor Th, HeonpenenenHocTb,
CBR3aHHan CBA3aHHaRA ¢ H CBR3aHHaRA
i H - eonf Th,
C OoTCYTCTBMEM TBMEM €on iH g CBA3aHHAA € NOCTPOEHUEM
3HAHWIA 0 ABNEHNAX yenoseka ¢ CBA3aHHaA C ¢ nonyuexnem cTpaTerni
¥ 3aKOHOMEPHOCTAX o6 bexkTom 1 (Mn) MoCTaHOBKOH 1 oBpaBoTKol peweHws
uenu
(PYHKUMOHUPOBaHNS ABnEHEM WHAGOPMALAYN TEOPETHHEKCKUX
00BLEKTOB OKpYXatowwen ¥ NpaKTU4ECKNX
ynpaeneHus cpeas! 3apay

Puc. 2. Knaccudukaums BugoB HeonpeaeneHHoCTH B OYHKLMOHMPOBAHWM
06pa3oBaTenbHON ryMaHUCTUYECKOR CUCTEMDBI
«y4aCTHUKI AMAAKTUYECKOTO NpoLiecca — TeXHUYeCkue cpeacTea obyyeHus — yyebHas cpepa»

CTtpemscb JOCTMYb COPMYyNMpOBaHHOM Lenn, Byaem paccMmaTpuBaTh AEATENbHOCTb y4yacTHuka YBIT kak
HEeNpepbIBHYIO LEMb PeLieHn, KOTopble BbipabaTbiBATCA M Peanus3yloTcs B SIBHOW M HESIBHOW (hopmax.
[MOHATHO, YTO B LIENOM, 3TW PELIEHUS XapaKTepu3ylTCs HEOonpedeneHHOCTbIO NoMyvyaemoit MHhopMaLmn
BapMaTUBHOCTbIO YMPaBNSIOLMX BAWSHWIA. B Takon wHTepnpeTauun oOyyeHMe W BOCTMTAHWE YYEHMKOB,
CTYOEHTOB YA0OHO paccmaTpuBaTh kKak OAHO- M MHOrowwaroBbli npouecc MNP, 0CHOBaHHBIN Ha NPUONMKEHHOI
CTpaTernm 1 HeYeTKnx HabntoaeHusIx §a3oBbiX COCTOSHUI (YpOBHENW 0DY4YEHHOCTM W BOCTIUTAHHOCTH) 06bekTa
ynpaBneHus, Npy KOTOpbIX BbIOOP HEYETKMX YNPaBNSAKOLLMX BWSHUIA HANpaBfieH Ha AOCTUKEHWE «Pa3MbITON»
KOHEYHOW Lenu, HaumHas ¢ Mtoboro HayambHOr0 COCTOSIHUSI M C YY4ETOM HEYETKWX OrpaHUYeHuid, KOTopble
HanmaralTcs Ha Habnogaemble COCTOSHWA W ynpaBneHus o0bekTa AMOAKTUYHOrO BO3AEMCTBUSA [KamuwwuH,
2011].

Takum obpasom, npeanaraemoe onucaHue npouecca [P B Gonblueit cTeneHu OTBeYaeT NPUPOAE
(hOpMMPOBaHNS 1 peanu3allum ynpasnsiollen geatensHocTy B YBIT, xapakTepusyemoe, ckaxem, HakonneHmem
B MamaTW nefarora Onbita (hOPMMPOBAHMS AMAAKTUYHBIX HABBLIKOB B BMAE Mapbl HeyeTkux 06pasos
«3aMeyeHHoe COCTOsHME 0by4aemoro — ynpaensioliee BO3LeNCcTBUE». Ha aTane npuUMeHeHMs 3Toro onbiTa
peyb uaeT 06 accounalmm obpasa TekyLLero coCTosHUS 06beKTa-y4eHMka B NPOCTPAHCTBE CPeabl PesynbTaToB
0bYYeHNst 1 BOCTIUTaHMUS C NpeaBapUTENbHO HAKOMMEHHbBIM OMbITOM (KOHLLENTyanbHOM MOLENbIo) 1 BblpaboTKoi
B MpoLecce accounaTveHon 06paboTki MHchopMaLmmn obpasa ynpaBnstoLero BUSHAS Ans ero nocneayoLlen
peanusalum.

Kak cneayeT u3 puc. 2, npobrema HeonpeneneHHOCTY UMEET CMbICT MPEeuMYLLIECTBEHHO Ha TOM 3Tane, Koraa
YBIN HyxaaeTcsi BO BMeLIATENbCTBE Nefarora, NocKombKy MMEHHO B 3TOM CRy4ae BO3HWKAET HEOOXOAMMOCTb
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MP o mocneoytolmx OeACTBUSX, KOTOPOe, B CBOK o4epedb, OyaeT BMMSTb Ha COCTOSHWE BCE CUCTEMbI B
CcregyoLLMii MOMEHT BPEMEHMU.

KacatenbHo npouecca NP HeonpeeneHHOCTb YCMNOBHO pacnpeaensioT Ha Tpu knacca. [NepBblil Knace - aT1o Tak
HasblBaeMasi «HeonpeaeneHHOCTb NPUPOabI», TO eCTb (haKTOpbl NPOCTO HEM3BECTHbIE y4acTHUKY YBIT; BTOpo
Knacc - 3T0 «NOBEAEHYECKas HeONpeaeNeHHOCTbY, HEKOTOPbIE SNEMEHTbI KOTOPOK Bbl PacCMOTPEHb! BbILLE
npu 0BOCHOBaHUM aKTyanbHOCTU WUCCMEAOBaHWA. JTO CBSA3aHO C TEM, YTO YenoBeK BCeraa CyllecTByeT B
YCIOBUAX, KOrda pesynbTaTbl ero pelleHnid He CTPOro OAHO3HAYHbI, @ 3aBUCAT OT ApYruX nuy, (napTHepoB,
NPOTUBHUKOB W T.MN.), AEMCTBUS KOTOPbIX OH HE MOXET YYeCTb MNM NpedycMOTPEeTb B NOMHOM Mepe. TpeTui
Knacc - 3T0 «HEOmpefeNeHHOCTb XenaHuin W Lienen», NOCKONbKY B LEMCTBUTENbHOCTM BCerga CyllecTByeT
HECKONbKO Lienel, KOTopble HEBO3MOXHO OnMcaTb C MOMOLLBID OAHOrO nokasatens (kputepus) [OpnoBckui,
1981].

B cuTyauuu HemssecTHOCTU (puc. 3) WHGOpMauWs O 3afaHuW, SBREHUSX UMK 3aKoHaX (hYHKLMOHUPOBAHMS
AVOAKTUYECKMX OOBEKTOB YNpaBneHust NpakTUYeckn OTCYTCTBYET (HavarbHas CTagus M3yudeHus 3agaqus). B
npouecce cbopa MHOPMAaLMM Ha OMpedeneHHOM 3Tane MOXET OkasaTbCsl, YTO cobpaHa elle He BCA
BO3MOXHas WHGopmauust (HenomnHoTa). Takke MOXET CROXMTbCS CuTyauws, korga cobpaHa He BCA
Heobxogumast Hopmaums (HeROCTaTOYHOCTb).

[ Heor Th, ¢ QeATeNbHOCTBIO MoAeH ]
T T T T T T T T
I 1 1 1 I 1 ] 1
] 1 1 1 I 1 1 1
OTcyTCTBME 3HAHWA O u (unn) PHOCTRX
hYHKUMOHUPOBaHUA 06 BEKTOB YNpPaBneHus
CBA3M, KOTOPbIe HEBOIMOMHO BLIRBMTE W (MNK) yYecTb ]
HeB03MOXHOCTE NPOBECTM OMMCAHWE C MOMOLbID
0AHOM (PYHKLWUM NONE3HOCTH

Th Np 0 TOYHOrO ONMCaHWUA aneTepHaTUB

HeueTkne OTHOLWEHNA HECTPOroro NpeanoYTeHNA

HeueTkune oTHoweHWA Gespasznuuna

HeueTkne OTHOLWEHWURA CTPOroro NPeanoYTEHUA

[ecKonbKo OTHOWEHWA NPeaANOYTEHNA Ha MHOXeCTBe

anbTepHaTUB

SRR

Puc. 3. VIcTOYHMKM HeonpeaeneHHOCTH, CBA3aHHbIe C OTCYTCTBUEM 3HAHMIA
0 SIBNEHUSIX 1 3aKOHAX (PYHKLIMOHMPOBAHWS AMAAKTUYECKOrO 0BbeKTa ynpaBneHus

HekoTopble anemeHTbl YBIT, BpeMEHHO ONUCBLIBAKTCS NO aHanorum ¢ paHee 1ccrneayeMbiMmu, No3ToMy MMEEM
NULWb OMnKcaHue, «KKOTOpoe 3ameLlaeT» (HeadeKkBaTHOCTb). Takke BO3MOXHO MCMONb30BaHWE OnbiTa W NpUeMoB
peLLeHns y4ebHbIX 3aaaHuit, YTO MOXET ObITb ManoadheKTUBHLIM B KOHKPETHOM Cryyae. Hanuume Takux BuaoB
HeonpeaeneHHoCT (HeLOCTOBEPHOCTH) CBA3AHO MMM C TeM, 4To npouecc cbopa WH(OPMALMA BPEMEHHO
npekpaLleH, Hanpumep, B pesynbTaTe HeobXOAMMOCTM HEMEANEHHO pellaTb Opyroe, BHE3anHO BO3HMKLIEE
3alaHne, UM B CBSA3M C HEQOCTATKOM PecypcoB (BpemeHw), BbiaeneHHbIX ans cbopa uHgopmaumn. OgHako
BO3MOXHOCTb PE3yrbTaTMBHOTO MPOAOIIKEHNS N3Y4YEHMS U BbINOMHEHNS 3ajaHuUs BCE Xe CyLLECTBYeT.

CuTyaumst HeompefeneHHOCTH, CBsi3aHHAs C OTCYTCTBMEM 3HAHUIA O SBMEHMAX W 3aKOHOMEPHOCTAX
(DYHKUMOHMPOBaHWS  OOBEKTOB  YNpaBNieHWsl, Takke BO3HMKAeT B Crydyasx, Korda Ans  MpuHsSTUE
WHOMBUAYANBHOTO UMW FPYMNOBOrO PELIEHNUs YCTAHABMMBAOTCS YCMOBHbIE OrPaHUYEHMUS C LieMbl YNPOLLEHMS
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MC, wnm korga yyacTHuk YBIT He MMeeT BO3MOXHOCTM y4eCTb BCE CBA3W Mexay anemeHTamu nons MNP u T.n.
CornacHo puc. 3, nepBblii YpOBEHb AEKOMNO3nLMKM Grioka OTpaxaeT CUTyauuto, KOraa C LieMbio YnpoLLeHus
npouecca NP BBOAATCS OrpaHUYeHus, KOTOpble Ha CaMOM [ere MOryT U He CyLLecTBoBaTb.

AHanu3a kaxgon cucTembl, B TOM uncne 1 06pasoBaTenibHOM ryMaHUCTYECKOM, N0 Borbluen YacTu HyXaaeTcs B
PacCMOTPEHMM He BCEM CUCTEMbI, @ BbIOENEHUS HEKOTOPOM ee yvacTu. JTO Onpedensercs Tem, 4TO B
AENCTBUTENBHOCTM HEBO3MOXHO, Kak MpaBuMio, BbINMOMHWUTL MOMHOE (POPManM3oBaHHOE OMUCAHWE CIIOXHOIA
cuctembl. MNpu 3TOM BblOENEHWE ONpPeaeneHHon YacT M3 BCell CUCTEMbI BLIMOMHAETCS B COOTBETCTBUM C
LenaMn UccnefoBaHUA W NpefcTaBleHneM uccnegoBaTens o cucteme B LenoM. B aTom cnyvae, Bbigenss
cybeuctemMy M3 BCEM CUCTEMbl, MCCre[oBaTeNb BBOAWT ONPefeNeHHble rpaHuubl, KOTopble (haKTUYecKu
OTCYTCTBYIOT, MOCKOMbKY MOSHAs CUCTEMa He SBNSETCS AMCKPETHOM COBOKYMHOCTHIO CyBeucTeM, a ckopee
JOMKHa paccMaTpuBaTbCs Kak onpedernieHHoe none, rae cybcucteMbl UMEKT Te Unu Apyrue B3auMOCBSI3N W,
HEeKOTOpbIM 00pa3oM, «nepecekaloTCs» M MPOHMKAKT OfHa B Apyryto. Takum obpasom, mepexoq OT OfHOM
cybeucTeMbl K ApYroi He MOXET OCYLLECTBMATLCA CKAYkoOOpasHO Yepes YETKO YCTAHOBMEHHYIO rpaHuly, a
MPOUCXOAMT NOCTENEHHO W HEMPEPLIBHO. Takoro poaa NEpPexod WIMKCTPUPYET, CKaXEM, AWAAKTUYECKYHO
LeNOoYKy «AETCKWIA CaauK — LUKOMA — YHUBEPCUTETY.

AHanusupys onpefeneHHylo cybcuctemy, negaror-uccnefoBatenb He WMEET BO3MOXHOCTM Y4eCTb BCe
B3aMMOCBA3M Mexay cybcucTeMamu 1 ux anemMeHTamu (BHELLHWE U BHYTPEHHWE), MOTOMY OH MCMOMb3yeT CBOW
npeacTaBneHnss 06 9TUX CBA3AX, a TaKKe MHEHWSt CheunanucToB-akenepToB. 1o Gonbluei yactw, 3T
NPeACTaBNEHNS MPELACTABAATCA B MOHATUSX, MMEKLLMX HEYETKOe OrnucaHue 1 KOTopble He MOryT ObiTb
ONUCaHbl CPEACTBAMM KacCuyeckon matematuku. OTy npobnemy OTpaxaeT COOTBETCTBYHOLLMIA YPOBEHb
cybeTpyKTyphI (puc. 3, 6ok «Ces3u, Komopble HE8O3MOXHO 0BHaPYXUMb U y4€CMbY).

Mocnepnytolee u3yvenne MC MoXeT NPUBECTM UM K CMyYato ONpeaenieHHOCTY, Koraa BCe SMeMeHTbl OnucaHbl
OJHO3HAYHO, WNM K HEOAHO3HAYHOCTM. Torha [OMyckaeTcs, YTO BCS BO3MOXHas MHGOpMaUMs O 3ajaHum
cobpaHa, HO NOMHOCTbI0 ONpefeneHHoe onucaHe He NONY4YeHO 1 He MOXeT ObiTb TaKOBbIM.

3agavya MUMHAMM3AUMWM  (MakcUMM3auuM) 3adaHHOW DYHKUMM Ha 3a4aHHOM  MHOXECTBE  AOMyCTUMbIX
anbTepHaTMB 0ObIYHO pacCMaTpUBAETCA Kak CTaHAapTHAs 3ajaya MaTeMaTMyeckoro nporpammMy1poBaHUS
[Opnosckuit, 1981]. OaHako Npu MOAENMPOBAHWM B pearbHbIX YCMOBMSX NULO, NpuHuMarowee pewenue (JTMNP),
MOXET MMETb B CBOEM PacrOPSKEHWM NULb HEYeTKWe OMMcaHWs napameTpoB GYHKUMM W (Mnm) camoro
MHOXeCTBa. BWHapHOe OTHOLLEHME NpPEednoYTEHMs Ha MHOXECTBE amnbTEepHATUB MOXeT ObiTb OMMcaHo
HeckonbkuMM cnocobamu, B YaCTHOCTM, TaK HasbiBaeMoi yHkunen nonesHoctn (Or) [Koseneukuin, 1979;
HanexHocTb 1 acpdekTMBHOCTL B TexHuke, 1988; KamuwwuH, 2012; Kunu, 1981; Pea, 2010]. Takum obpasom,
HEONPEAENEHHOCTb MPX PeLleHnM 3adad MaTeMaTUyeckoro MporpaMMUMpPOBaHNS MOXET COOEepXaTbCa Kak B
ONMMUCaHUM MHOXECTBA arnbTepHaTuB, Tak 1 B onucaHun O, Takue 3agaun Ha3blBalOTCA 3adavyaMy HEYETKOro
MaTeMaTW4ecKoro MporpaMMMPOBAHNS UM MMEHHO 93TO oOTobpaxalT fgBa crneaylowmx CcyOypoBHs —
«HEeBO3MOXHOCTb MPOBECTU OMUCaHWEe C MOMOLLBK OAHOW (OYHKUMWM MOMEe3HOCTU» Ta «HEeBO3MOXHOCTb
NPOBEAEHNSI TOYHOO OMKUCaHNS anbTEPHATHBY (puc. 3).

MpoBoas QanbHEMLIMIA aHanu3 puc. 3, paccMoTpum Briok «HeonpeaeneHHOCTb, CBSI3aHHasi C B3aMOAENCTBUEM
yernoBeka ¢ 06LEKTOM U/MNK SBIEHNEM OKpYKatoLLei cpeabl» (puc. 4).

B pasHbix oTpacnsx 4enoBevyeckom AEATENbHOCTM W, B YacTHOCTW, B 06pa30BaTenbHbIX ryMaHUCTUYECKMX
cUCTeMax, 4acTo BCTPeYatoTCs CUTyauuu, B KOTOPbIX AOCTWXeHue uenu B pesynbtate [P oTaenbHbIM
yyacTHukom YBIT (nnm ux rpynnbl) 3aBUCAT He TOMbKO OT oTAenbHoro JIMP (unu rpynnbl Takux fing), HO W OT
peLleHnin (aeicTBuin) apyroro mmua (rpynnbl fUL), KOTOpbIE MPEecnemylT CBOM COOCTBEHHble Lenu. B aToMm
cnyyae HeobxoaWMo y4WTbIBaTb HamWuMe BIWMSIHUS STUX MWL, KOTOPble MOrYT ObiTb Kak mapTHepamu, Tak u
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npoTuBHUKamn. OfHUM 13 Hambonee YAoOHbIX MOAXOAOB K PELIeHWNO 3aay, KOTOpble MOPOXAAIOTCS TakuMMU
cuTyauusmu, siBnsietcs Teopust urp. HamGonbluee BHUMaHWe B Heil yoenseTcss ABYM TEOPETUKO-WUIPOBbIM
NPUHUMNAM PaLMOHANbHOCTM: MPUHLMMY HAUNMYYLWero rapaHTMPOBaHHOTO pesdynbTaTa M MPUHLMNA, KOTOPbIiA
OnMpaeTcs Ha NMoHsTMe paBHoBecKsl. COOGCTBEHHO Urpa 0TOBpaxaeT NpoLece B3aMMOAEHCTBIS ABYX NUL| (MnK
rpynn nuu). MocTpoeHue cTpaTerii NoBeAEHNs KaXaoro U3 WUrpOKOB CBS3aHO Takke C MpoBnemon Hanuums
APYTYX TUNOB HEONPEAEeNeHHOCTH (puc. 4).

HeonpeneneHHOCTb, CBA3aHHAA ¢
[eATeNnbHOCThLIO NMoaen

HeonpepgeneHHOCTb, CBSI3aHHas ¢ B3auModenCTBMEM YernoBeKa ¢
00BLEeKTOM U (MNU) ABMEeHUeM OKpYKaKoLWen cpeabl

Wrpa no npuHUMNY HaUNyuLWero rapaHTMPOBaHHOT O
pe3ynbTara, Koraa BbiGopbl MapTHepa cuMTaTCA
¢hakTopamn HeonpeAarneHHOCTN

_[ HeyeTkne ycnosns ]

HeueTkoe 3aiaHue
napameTpoB
(bYHKUMIA B BUOE
HEeYeTKUX MHOXKECTB

——

Mrpbl no NpuMHUMNY He4eTKOro pasHoBeCHs

Urpbl ¢ KOHGAUKTYHOLMMK MHTEpecamu
(aHTaroHucTUueckue)

' ™

L HeueTkoe 3agaHue
orpaHu4eHun

(. J

Wrpbl ¢ HeYeTKMM onMcaHWeM OT3blBa

T T T
T T T T

Puc. 4. cTouHukK HeonpeaeneHHoCT B npouecce B3aUMOLEMNCTBIS YerioBeKa ¢ APYyruMm 4enoBekom (Me)K,U,y
rpynnamu mo,u,e|7|), UNK YenoBeka ¢ 06bLEKTOM /UMK SBNEHNEM Opr)KalOLLl'eVI cpenbl

Cnegytowmm 6rokoM KnaccumuKaLMoHHON CTPYKTYpbl TUNOB U UCTOYHUKOB HEONpeaeneHHOCTH, NPUBESEHHON
Ha puc. 2, sBnsieTcst 6nok «HeonpeaeneHHOCTL NOCTAHOBKM Lienei» (puc. 5).

Mogoxoq k pelenuto 3adayu 1P (3MP) B ycnoBusix HeonpegeneHHOCTU NOCTaHOBKM Lienen bbin paspaboTaH
J1. 3age u P. Bennmaxom 1 nony4nn Haseanue «nogxon bennmaHa—-3age». OCHOBOWM 3TOr0 NoAXoAa SBNSETCS
70, 4TO Uenm MNP 1 MHOXECTBO LOMYCTUMbIX arnbTEPHATUB PAcCMATPUBAIOTCS KaK PABHOMPABHbIE HEYeTkue
CyOMHOXeCTBa HEKOTOPOro YHMBEPCANBHOrO MHOXECTBA anbTepHaTuB. B npepenax 3TOro HanpaBneHus, Kak
npaBuro, paccMaTpUBAIOTCA COOTBETCTBYHOLWME cyb63agaum, KOTOpble W NpeacTaBneHsl Ha puc. 5 [KysbmuH,
1982].

B npouecce wccnenoBaHus 3akOHOB  (DYHKLMOHMPOBaHMS 00pa3oBaTeNbHOM YMaHUCTUYECKOM CUCTEMbI
BO3HMKAET HEOBXOAMMOCTb peLleHns pasHoobpasHbiX 3aday, CBA3aHHbIX C CUHTE30M CTpaTerui ynpaBneHus
cucTemoit, paspaboTkoir MmeponpusTun no  obecneyeHnto  Be3onacHOCTM  (PYHKUMOHUPOBAHWUS  CUCTEMbI,
nocTpoeHneM Mopenei paboTbl COBCTBEHHO CUCTEMbI M €e COCTaBHbIX 9NEMEHTOB U T.N. B atom cnyyae
BO3HMKAET HeoOX0AMMOCTb YYWTbIBATb HEOMPELENEHHOCTb, CBA3AHHYI C TakUMW BuAamMu OESTENbHOCTY
yyacTHukoB YBI n ero uccneposatenei, kak usyyeHne npobnembl, NOCTaHOBKa 3agauy, Bbibop MeTonoB ee
pelieHns, obecneyeHne HeobXoauMMon WHgopmaumen u T.4. TouHee roBops, Npyu OPMYNMpOBKE 3agauu

nponcxoamuT oTobpaxeHne peanbHON 3adaun Ha HEKOTOPbIA (hOPManU3NPOBaHHbIN A3blk — MPOGECCUOHANBHBIN
A3bIK cneupnanucta. B pesynbTate BosHWkaeT psg Takux M1C:

—  CUTyaums HeM3BECTHOCTH, koraa uHdopmaums o 3I1P npakTU4eckn OTCyTCTBYET,
— B pacnopsikeHuu, B NepByto odepeab, neaarora kak MNP, nmeeTcs He BCs Heobxoaumas MHGopMaLms;
— cobpaHa He BCS BO3MOXHas MHopMaLms;



392 International Journal "Information Technologies & Knowledge" Vol.6, Number 4, 2012

— He CyLleCTBYET TOMHOro onncaHnAa BCEX SNEMEHTOB, KOTOPble NoaneXxat NCCneaoBaHuUIo;
— HEKOTOpblE AJIEMEHTbI ONNCaHbl HE NO d)aKTVI‘-IeCKI/IM AaHHbIM, @ N0 aHanormnm N T. A.

[ HeonpegeneHHoOCTb, CBA3aHHasA C AeATENbHOCTLIO J'IIO,D,eﬁ ]

I 1 ] 1 I I I 1
I | I I | | | 1
I 1 | 1 I | } 1

HeonpeneneHHoOCTh, CBA3aHHAsA € HEYETKO NOCTaBMNEeHHbIMU
uenaAMm

MpuHumn MapeTo ANA anbTepHaTUB, KOTOpble
He MOTyT 6bITh YNyyll eHbI

—[ [ocTveHWe He Lenu BoobLLe, a Lienu B onpeaeneHHoN cTeneHu

HEeKOTOpPOW Lienu

thyHKumMK

| YyeT cTeneHU BbINONHEHUA orpaHquHMﬁ npu OOCTUXeHUN ]

—[ HeueTkoe onMcaHUM MaKCUMU3UPYHOLLEH (MMHUMWU3NPYOLLEN)

Puc. 5. HeonpeaeneHHOCTb, CBA3aHHas C HEYETKO NOCTABEHHBIMU LENSMM

Kak Buaum, npobnemsl pelenus 3MP onpenenstoTcs COOTBETCTBYIOLWMM npoleccoM. CTpyKTypy aToro 6roka
ByayT COCTABNATL BCE ANEMEHTbI CTPYKTYP BbilLepaccMOTPeHHbIX 6rokoB. Kpome Toro, ctofa cnefyet OTHECTU
ellle OfMH ONEMEHT, KOTOPbIii SBMSETCA BaXHEMWWM Npu BCAkUX ycnosusix [P — HeonpeaeneHHoCTb,
CBSI3aHHYI0 C MH(OPMALMOHHBIM 0GECTIEYEHNEM.

Miobas MHOPMaLMOHHAsA efayHMLa MOXET XapaKTepu3oBaTbCs TakWMM MpU3Hakamu Kak «3Ha4YeHue» W
«OnpegeneHHocTby. Monyyas nobyio nHGpopmaLmio, Mbl 0bpaliaeM BHUMaHWe, BO-NEPBbIX, HA €€ COAepKaHue,
a, BO-BTOPbIX, HA TO, HACKOMBbKO OHA COOTBETCTBYET AEWCTBUTENLHOCTW. [pW TakoM NoAxode MOXeT UMETb
MeCTO CuUTyauwus, Koraa uHdopmMaums Bbina nepefaHa HETOMHO, APYrMMW CoBamu, Negaror He MOXeT 6biTb
YBEPEHHbIM B €€ WUCTWHHOCTW. B 3TOM cryyae BblLensT, COBCTBEHHO, HETOYHOCTb, KOTOPYIO CBSA3bIBAKT C
XapakTepucTukoin  «3HayeHue», W [OCTOBEPHOCTb WHQOpMaLuK, CBSA3bIBAEMYK) C  XapaKTepUCTUKOM
«OnpeneneHHocTbY. M3noxeHHoe NPeCTBNEHO CXEMATUYHO Ha puc. 6.

HeTouyHOCTb MHpOPMaLMKM NOPOXOAETCA €€ HEeOoAHO3HAYHOCTbIO, KOTOpasi, B CBOW O4epedb, MOXeT ObiTb
(b1314eCKoit N NIMHIBUCTUYECKON.

Ousnyeckass HeonpeLeneHHOCTb MOXET ObiTb CBA3aHa Kak C HanMuMem BO BHELUHEA CPEAe HEeCKOMbKWX
BO3MOXHOCTEN, Kaxzas M3 KOTOpbIX ChydyalHbIM 006pa3oM CTaHOBWTCS [EACTBMTENBHOCTHIO (CUTYaLus
CNYyYaltHOCTW, WM CTOXACTMYECKOM HeonpefeneHHOCTU), Tak M C HETOYHOCTbIO WM3MEePEeHWUi MONHOCTHI
ONPEAEneHHON BenuYMHbI, KOTOpble  BbLIMOMHAKOTCS, Ckakem, nabopaTopHbiMu npubopamn  (cuTyaums
HETOYHOCTHK).

B ycnoBusx pucka (ctoxacTuyeckasi HeonpegeneHHocTb) noboe MNP MOXET cTaTb NPUYUHON OAHOMO N3 MHOTUX
BO3MOXHbIX MOCMEACTBUIA, NPUYEM, Kaxaoe CMeAcTBue UMEeT U3BECTHYID BEPOSATHOCTb MOSBIEHUS. VIMEHHO
BENMMYMHA 3TOM BEPOSITHOCTW (POPMUPYET CTENEHb YBEPEHHOCTM yyacTHWka YBIT B cBoux pencteusx. B
YCIOBWSIX HECTOXaCTUYECKOW HeonpeaeneHHOCTH (HeonpeaeneHHoCTb) noboe MNP MoXeT NpuBecTu K 0GHOMY U3
MHOTUX NOCNEeACTBUN, BEPOSTHOCTb NOSIBIIEHUS KOTOPOro yyacTHuKam YBI1 HenssecTHa.
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JIMHrBUCTMYECKAs! HEOMPEdeNEHHOCTL CBsI3aHa C 0COOEHHOCTbIO MHTEPdIEca NpueMa v nepeaaym MHGopMaLmi
C NOMOLLBKD ECTECTBEHHOTO WK npodieccuoHanbHoro sisbika Ans onucanust 3MP. OcobeHHO akTyanbHa
npobnema NMHrBUCTUYECKOI HEONPEAENEHHOCTM CBA3aHa C UCMONb30BaHNEM HEPOAHOTO A3blKa.

Takoro pofia HeonpeaeneHHoOCTb 06yCrNOBNMBAETCS HEOOXOANMOCTbI0 ONepUPOBaTh KOHEYHBIM YMCIIOM CFIOB U
OrpaHUYeHHbIM YKUCTIOM CTPYKTYp chpas (NpeanoxeHni, ab3ales, TEKCTOB) A1s ONUCAHMS 38 HEKOTOPOE BpeMst
Moyt GECKOHEYHOrO MHOXECTBA PasHOOOPa3HbIX CUTyaLMid, KOTOpble BO3HMKAIOT B MPOLIECCE pPeLLeHMs
y4eGHoro 3apaHusi. JIMHIBUCTMYECKAS HEOMPEAENeHHOCTb NOPOXKAAETCS MHOXECTBEHHOCTBIO 3HAYEHUA CIOB,
KOTOpbI€ Ha3blBaOT MOMMCEMMEN, @ C APYroil CTOPOHbI, HEOHO3HAYHOCTbIO CoaepXaHus dpas.

WHSOPMALMOHHAA EAUHULIA

| 3SHaveHue |—| OnpepeneHHocTb I

——————

[ He,qOGTOBepHOCTb ] [ HeO,qH03Ha"IHOCTb ]

Hepocraro4HocTe

CnyuJaiiHble
npoueccebl

NuHrBucTMYecKan

| I

[ HeogHo3HauHOCTL ] [ HeonpeneneHHOCTb CMbIcHa ]

cnoe (nonucemuna)
HeTtouHocTb
MsmepeHMﬁ m

[ Mparmatnyeckas ] [ CemMaHTM4ecKaA ] [ CuHTakcnveckan ] [ HeyvetkocTb

FnyouHHasA NosepxHocTHaA

Puc. 6. ACTOYHMKM 1 TUMbI MHGOPMALMOHHON HEONPEeaENEeHHOCTH

TONKoBaHWA npe,qnomeﬂmﬁ

CnepyeTt OTMETUTb, YTO BCE TUMbl HEOMPEAENEHHOCTH COrNAacHO PAaCCMOTPEHHOI Ha puUC. 6 KnaccudmKkaLoHHON
CTPYKTYpbl SIBMSKOTCA 3HAYMMbIMM (DAKTOPaMK, KOTOPbIE CHUXAIT BEPOSITHOCTb MOMYYEHWUS [OCTOBEPHbIX
pe3ynbTaToB MCCNeaoBaHMin 06pa3oBaTenbHON yMaHWCTUYECKOM CUCTEMbl M Bbi3blBAOT HEOOXOAMMOCTb
NPUMEHEHMS CrieLmarnbHbIX MEPONPUATUI 1 METOLOB, KOTOPbIE Bbl NO3BOMANM YMEHBLUMTL Kak obLLee BNusHIe,
TaK W BNWUSIHWE OTAENbHBIX TUMOB HeoNpeaeneHHOCTU Ha NpoLece (YHKLMOHMPOBAHWS CUCTEMBI.

Mpw nccnegoBaHum Npobrembl NOBbILLEHUS 0TKa306€30MacHOCTI 0Bpa3oBaTeNbHON NYMaHUCTUYECKON CUCTEMBI
CneayeT OCTAHOBUTBLCA Ha TeX TUMax HEOnpederneHHOCTW W ee UCTOYHMKAX, KOTOpble UMEKT 3HauMTEerNbHOe
BNUSHWE Ha MPOLECC MOCTPOEHUS HOBbLIX CPEACTB W METOAOB WCCREAOBaHUA WM LOMKHbI ObiTb yYTeHbl, B
YaCTHOCTW, B MpOLiECCe MOCTPOEHUS MOZENM 3Toi cucTeMbl. pu 3TOM ofHWUM M3 Hambonee 3HaYUTENbHbIX
ABnAeTcs (PakTop MHPOPMALMOHHONM HeonpeaeneHHOCTH, @ UMEHHO, HEeJOCTOBEPHOCTL UHAopMaLu (puc. 6).

HepocToBepHOCTb  MHGOpMaLUK SIBRSIETCS  MOHSITUEM, KOTOPOE OXBaTblBAeT TakMe XapaKTepUCTUKM Kak
HEMorHoTa, HeAOCTAaTOMHOCTb U HeaaekBaTHOCTb. Hanbonbluee BrsiHWe 3TOT (haKTop OCYLLECTBIISET, CKAaXEM
B Cnyyasx, korga Ans OLEHUBAHUS aKafleMMYecKoW YCMeBaeMOCTU YYEHUKOB, CTYAEHTOB MpUMeEHSeTCs
HEIOCTaTO4YHO BaNWAHbINA 1 HaAEXHbIiA TECT.

CrieyeT 0CTaHOBUTLCA Ha (HOPMUPOBAHUN 3KCTIEPTHBIX OLLEHOK COCTOSIHUS CUCTEMBI, MOCKONBKY 3TW OLIEHKW NO
BonbLueit YacT UMeloT xapakTep BepbanbHOrO ONMUCAHUS WK WHTEPBANbHOW YWUCIIOBOM OLEHKM, TO €CTb HE
MOryT 0OBACHATLCS Kak KOHKPETHOE YeTkoe uucro. B atom crnyyae LenecoobpasHbiM SIBNSETCS NPUMEHeHNe
meTogos JIM u HM, B 4aCTHOCTM, B NPOLLECCE HAXOXAEHMUS FPYNNOBOrO peLleHus.



394 International Journal "Information Technologies & Knowledge" Vol.6, Number 4, 2012

CnepoBaTtenbHo, elle OAHWM TWMOM HEOMpedeNeHHOCTH, UMEIOWMUM 3HAUYMTENbHOE BIMSHWE Ha YPOBEHb
0TKa306€30MacHOCTW UCCNEAYEMON CUCTEMbI, SBRSETCA HEONMPEAENEHHOCTb, HEMOCPEACTBEHHO CBSI3aHHas C
AEATENbHOCTBIO NI0AEN, B YaCTHOCTH, C B3aUMOAECTBIEM Negarora ¢ 06bekToM ynpasneHus (puc. 4). B ceoto
ouvepenb 3TOT TUM HEONPEAEeNeHHOCTN UMEET TPU COCTaBHbIX YacTy:

— — HeyeTKMe YCMOBWS peELUEHMst 3adauu YnpaBneHus (Cryyail, Korga MHOXECTBO [EeNCTBUN,
HOPMUPYEMbIX ~PETNAMEHTUPYIOWMMIA  JOKYMEHTAMW B ONpefeneHHon y4ebHOM cuTyauuu, He
COOTBETCTBYET pearnbHbIM BO3MOXHOCTAM Kak 00beKTa ynpaBneHus, Tak U yNpaBnsioLLero 3BeHa);

— - HeyeTKoe 3afaHuWe napameTpoB (yHKUWA (B pe3ynbTaTe W3MEHEHWH, KOTOpble COCTOSNMCb B
nokasaTensix 00y4eHHOCTM W BOCTIMTAHHOCTM YYEHMKA UMK CTYLEHTA, U3MEHWUNUCh WU XapaKTEPUCTUKN
ero yNpaBMsiEMOCTW, @, 3HAYWT, YHKUWM, WX OMUCbIBAKOWME, He SBNAKTCH aLeKBaTHbIMM
haKTUYeCKUMm);

— — HeyeTKkoe 3ajaHue (chaKTMYeckoe COCTOSIHUE CUCTEMbl HEe SBMSIETCS COBMECTUMBIM C TeMM
OrpaHUYeHNsMI, KOTOPbIE OTBEYAIOT «MAeaNbHON» CUCTEME).

Elle ogHMM TUMOM HEONpeAeneHHOCTM, KOTopas UMeEeT MecTo B MpoLecce WccreaoBaHus 06pasoBaTenbHON
YyMaHUCTUYECKOA CUCTEMbl SIBNISIETCS HEBO3MOXHOCTb BbISIBMEHUS M/MIMKM yyeTa BCEX CBs3el Mexay
anemeHTamu cuctembl. OcTaHoBUMMCS [feTanbHee Ha 3ToM chakTope. [lp onpegeneHHbIX YCroBusX
CCreayemyto CUCTEMY MOXHO paccMaTpuBaTh Kak 3praTiyeckyto (puc. 7), MoTOMY OnucaHWe 3TOW CUCTEMbI
[I0JXHO OXBATbIBaTb HE TOMbKO OCHOBHbIE, HO M AOMONHUTENbHbIE NMPOLECCHI (CyGnpoLiecchl), koTopble Takxke
CBsI3aHbl (MOCPEACTBEHHO MM HENOCPELCTBEHHO) C AEATENBHOCTBLIO Nioaelt. B 3ToM cryyae uMeeTcs B Buay To,
YTO OnucaHue npolecca (HYHKLMOHMPOBAHWS 3PraTYecKoil CUCTEMbI, NMPEACTaBMNEHHON Ha pUC. 7, AOIMKHO
TaKke BKIOYaTb W ONUCaHWE LesiTenbHOCTY BTOPOCTENEHHbIX SPraTUYeCcKMX SNEMEHTOB, K KOTOPBIM OTHOCATCS
LEesTENbHOCTb, CKAaXEM, NPeAcTaBUTenei cryx6 TexHnyeckoro obecneyeHus.

1 I 1 1
1 1 1 1
1 1 1 1
1 I 1 1
' Megaror NaBMm <> OByvaeMblii N3BMm '
| : | :
1 1 1 1
1 1 1 1

Puc. 7. MpexcraeneHne 06pa3oBaTenbHON ryMaHUCTUYECKON CUCTEMbI B BUAE SPraTUYECKON CUCTEMBI

CBsi3n ynpaBnsitoLiero anemeHTa u obbekta ynpaBneHust ¢ 3TUMM 3neMeHTaMn MOryT ObiTb OMMCaHbl TOMbKO
YCMOBHO, TakuM 00Opa3oM, 3TO oOnucaHue He OyAeT WMETb YETKOW YMCTOBOM hopmanuaauuu W MOXET
paccMaTpuBaThCs Kak MHGOPMALMOHHOE NMPOCTPAHCTBO CIIOXHOM CTPYKTYPbI, KOTOPOE COAEPXUT Takue Biabl
MHGOPMALMK KaK YMUCTOBas, NMHIBUCTIYECKAS, rpadmyeckasl, CMELLaHHas 1 T. M. YYeT aTUX CBSA3ei MOXeT ObiTb
OCYLUECTBIIEH N0 pe3ynbTaTaM BO3HUKHOBEHWS UM OTCYTCTBUS ONPeaeneHHoro cobbiThs, KOTOpPOe MOXET BbiTb
NAEHTMULMPOBAHO NNLLb MO NEPEYHI0 OMPEeeneHHbIX NPU3HAKOB.

AMEHHO MHOXECTBO 3TUX NPU3HAKOB B COBOKYNHOCTU C MHOXECTBOM MPU3HAKOB COCTOAHWUA o6yquHocw|
LUKOMbHMKA MO3BONUT M3bexaTb MOMHOM novepun CBEAeHW 00 3TUX CBS3KaX. oA NPU3HAKUMKN B 3TOM Chy4ae
6y,qu NMOHMMaTb KaK YMCNOBbIE, TaK U FpaCbVI‘-IeCKMe U NUHIBUCTUYECKUE XapPaKTEPUCTUKK cobbITHs, KOTOpOE
onocpencTBeHHO NN HenocpeaCcTBEHHO CYXUT I'IpW-WIHOIZ nepexoaa CUCTeMbI U3 OAHOrO COCTOAHUA B ApYre.
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Bce npuBeaeHHble pacCyXAeHUs YKasblBaloT Ha HeoOXOAWMOCTb pelleHust 3apauu  (hopMUpOBaHUS
NPOCTPaHCTBA MPU3HAKOB MCCrieayeMoi CUCTEMbl C MOCNEAyIOLEe pa3paboTKoil TEXHONOMM OLEHUBAHMS
YPOBHS! €8 COCTOSIHMSI.

PaccmaTtpuBas NMHIBUCTUYECKYIO HEONPEAENIEHHOCTL Takke criesyeT OTMETUTb, YTO OObIYHO BbIAENANT ABa
BMOA MONMUCEMUM: OMOHUMWIO M HEYeTKOCTb. Ecnn oTobpaxeHHble Tem cambiM croBoM 06bekTbl 3[1P
CYLLIECTBEHHO pa3Hble, TO COOTBETCTBYHOLLYIO CUTyaLMI0 OTHOCST K OMOHMUMUW. Hanpumep, Kypc (MarHUTHBbIN,
UCTMHHBIN, OPTOAPOMMYECKUN). Ecrm e 3T OObekTbl NOAOOHbI, TO CUTYaLMIO OTHOCAT K HEYEeTKOCTW.
Hanpumep, ropHasi MecTHOCTb — niobasi MOACTUNAIOLLAs NOBEPXHOCTb C BbICOTOW BO3BbILEHHOCTM Gonee
2000 m.

PaCCManVIBaFI WCTOMHMKM  HEOAHO3Ha4YHOCTU coAepXaHna (bpas, MOXHO BblAefNTb CUHTAKCUYECKYIO,
CEeMaHTUYECKYH0 U nparMaTU4Hyr0 HEO4HO3HA4YHOCTb.

CeMmaHThYeckas HeonmpeneneHHOCTb BO3HWKAET TOrAa, KOrga HEmoHATHO cogepxaHue dpasbl (komaHgel). B
npakTuke OOYYEHWs CEMaHTW4YeCcKas HEOMpeAeneHHoCTb, B YaCTHOCTW, Y NedaroroB npakTUYeckm He
BCTPEYAETCS, XOTS YYEHUKM MOTYT rPewnTb WUCMOMb30BAHUEM XaproHHbIX BbIPAXEHWN, KOTOPbIE 3aMEHAT
MOHATWSI NPOCHECCUMOHANBHOTO fi3blka KOHKPETHOM y4ebHoM aucumnnuubl. OfHako, B pesynbTaTe He3HaHus
HEKOTOPbIX NPOhECCUOHANbBHBIX TEPMUHOB, BLIPAXKEHWUS, B KOTOPbIX OHM BCTpevarTcs, OyayT uMeTb
HEMOHSTHbINA CMbICH.

lMparMaTMyHas HeonpedeneHHOCTb CBA3aHa C  HEOQHO3HAYHOCTbI  MCMOMb30BAHWUS  CUHTAKCUYECKM W
CEMaHTUYECKI NOHATHOM MHGOPMaLMKM AN JOCTUXEHUS Lienei AesTeNbHOCTH (0ByyeHus).

B obuwem Bnge npobnema MNP B 0bpasoBatenbHOM ryMaHUCTUYECKON CUCTEME MOXET BbiTb OXapakTepusoBaHa
COBOKYMHOCTbIO 3IIEMEHTOB, KOTOpble 00pa3ytoT kopTex [HagexHOCTb M 3GhDeKTMBHOCTL B TexHuke, 1988;
Kamuumn, 2012; Wanupo, 1983; bopucos, 1989]:

(S,P,Q®,D,I,F,)

roe S — cpega MNC n 3MP; P — uenb negarora kak JIMP; Q — kputepuu, Xxapaktepuaytowwme TpeboBaHus K
TpebyeMOoMy COCTOSHWIO OBYY4EeHHOCTW U BOCMMTAHHOCTM OObekTa ynpaBneHus, T.e. obydaemoro; ¢ -
anbTepHaTUBHbIE PELLEHNS, KOTOpblE MOrYT ObiTb NPUHATBLI; D — npaBuna BbiGopa peLLeHusi, KOoTopble MoryT
BbiTb NPUMEHeHbl; | — uHdopMauus, Heobxogumas Ans AAHHOTO knacca 3ajaHuit; F, — cneuudinyeckue

0cobeHHOCTY (oLeHoYHas ®IT unu SoMUHaHTa) AeATenbHOCTM y4acTHUKoB YBIT.

B cnyuae, korga S «kak cpega MC B YBI xapaktepusayeTcsl HannyuMem HeOonpeaeneHHOCTH, TO NPUHUMAETCs
peLLeHue, He 3Hasi, B kakom cuTyauun oHo ByaeT peanusosaHo. Torda Ansg neaarora, kak cybbekta ynpaBneHus,
ByayT XapakTepHbl HEYETKOCTb ¥ NPUBAN3NTENBHOCTb YMCTBEHHBIX BbIBOAOB NPW ONUCAHUM W OLEHKE CUTYaLnn,
tbopMynupoBKe LLENEN W OTPaHUYEHUIA, a TaKKe MpKU ONepupoBaHMM UCXOAHBIMK AaHHbIMM [HoBukos, 1980].
MoaTtomy npu chopmanusaumv y4ebHOro 3aaaHns BO3HWKaET HEOBXOANMOCTb MCMOMNb30BaTh HEYETKUE MOHSATUS
1 HeYeTKue npoLeayps!.

BbiBoabl

1. BrusHue udenoseveckoro aktopa Ha  3PGeEKTUBHOCTb  PYHKLUMOHWMPOBAHWUS  0Bpa3oBaTEnNbHOI
TYMaHUCTUYECKON CUCTEMbI «yyacTHUKM YBIT (omaga “nemaror — obyvaemblii”’) — TeXHUYECKME CPeacTsa
o0yueHuss — yyebHas cpega» TpebyeT peanmsauuyu pasHOOOpPasHbIX NOOXOAOB ANSl €ro PasHOCTOPOHHErO
W3y4yeHUs W OMUCaHMs, OOHUM M3 KOTOPbIX SBASETCS NpeAcTaBfieHue npodeCCHOHanbHON AeATENbHOCTH
negaroroB kak CyObekTOB ynpaBneHus, a Takke y4vebHyl AesTenbHoCcTb camux ofyyaemblx B BuUAe
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HENpepbLIBHOM Lienu  PELLEHM, KOTopble BblpabaTbiBAOTCS B YCMOBUSX [OEWCTBMS MHOTMX  (DaKTOPOB
pasHoobpasHoii NPUpOAbI.

2. [leTanbHO paccMOTpeHbl HEoMpeneneHHOCTH, CBS3aHHble C AESTENbHOCTbIO YeNoBeKa B AMAAKTUYECKOM
npoLecce (OTCYTCTBME 3HAHUIA O SIBNEHUSX U 3aKOHOMEPHOCTSIX (PYHKLMOHMPOBaHUS 0By4aeMblix kak 06HEKTOB
ynpaBneHus; B3auMOLEeNCTBUE nefarora ¢ 0GLEKTOM U (UnK) SIBNIEHWEM OKPYXaloLLei cpeabl; onpeneneHue
Lienu; nonyyenue u 0bpaboTka MHGOPMALWK; NOCTPOEHIE CTPATEMIN PELUEHUS TEOPETUYECKNX U NPAKTUYECKNX
3a4au), a Takke MHOPMALMOHHO-NIMHIBUCTMYECKAS! HEOMPELENEHHOCTb OMMUCaHst NPOBNEMHbIX CUTYaLN.

3. MonyyeHHble pesynbTaTbl SBNAKTCS OCHOBAaHWEM AN1s MOCHEeAYHWMX WUCCNEAOBAHMIA U MOAENMPOBaHMS
NMPOLIECCOB (PYHKLIMOHMPOBaHUS 06pa3oBaTeNlbHOM yMaHUCTUYECKOA CUCTEMbI C WCMONb30BaHWEM METOLOB
TEOPUM JIMHIBUCTUYECKUX NEPEMEHHbIX 11 HEYETKIX MHOXECTB.
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