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PREFACE

Economic cybernetics, as one of the scientific directions of cybernetics,
deals with the application of ideas and methods of cybernetics to
economic systems. In a broad sense, economic cybernetics refers to the
field of science that emerged at the junction of mathematics and
cybernetics with economics, including mathematical programming,
operations research, economic-mathematical models, econometrics, and
mathematical economics.

Economic cybernetics considers the economy, as well as its structural
and functional parts as complex systems in which the processes of
regulation and management, which are realized by the movement and
transformation of information. Methods of economic cybernetics make it
possible to standardize and unify this information, to rationalize the
receipt, transmission and processing of economic information, to justify
the structure and composition of technical means of its processing.

4
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1. SUBJECT, METHODS AND CONCEPTUAL APPARATUS OF ECONOMIC CYBERNETICS

ALGORITHM OF ECONOMIC CIBERNETICS

Financial analysis
of the enterprise

—

Identification of
"bottlenecks"

Observation
(forming a samp
data)

—

Select the
optimization
option

le of

1

Statistical analysis of the
obtained data to the
completeness, reliability
and level of influence on
the source factor

Decomposition
(selecting the list of
factors that affect the
selected parameter)

Determination of the
delay and its parameters

Implementation of
the solution in
production

<«

Determining the
best solutions for
the selected model

Construction of a model
that reflects the
connection of the input
parameters with the
output

»bJ

Verification of
Approximation Quality and
Model Forecasting
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The subject of economic cybernetics is the laws, principles and
information processes of management of socio-economic systems.
Methods of economic cybernetics:

Mathematical programming ObJeCt

Operations Research

Econometrics
X Y,
X2 QI:' ‘?2: q Y2
X Y,

(
D _ f(rx.2)

di d = 8lt.x.2)

(tk+l) (tkaz(tk) ( ))
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SYSTEM

Perturbation

M_
" Yif Yai Ya| Yal % . . . e Yz
o L iy 1 e
) BN T —— 5
m |—22 s 1 i+1 1+2 SYSTEM L2 .
e U3 | . Perturbation . _Xr»:\__;’ I
n X
i i+ j+2 — LT
}:‘ . y . ?x

: \Q G+ S22 \Elements | .

L l.ln /F ' A Km J
C | -~ J
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Feedback

s B Xp =1
([?1_., /73,,,,;7”!) «——
Xy = .
X =rp+X y 4/\ Y= T,
® > (gl& fL]z,...q”) \/ >

YA = f(XA, g1, g2,...qn), YB = g(XB, h1, h2,...hm)
Y=MfXA+g(Y,h1,h2,...hm), g1, q2,...qn),

YA=5dj;A +3X,-10, Y, =—8X, +4.
d| X +(-8Y +4)] v .

Y=5

dt
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USE OF THE COMPUTER (MAXIMA PACKAGE)
FOR SOLVING DIFFERENTIAL EQUATIONS

dy

Syntax: o — 'diff (y,x) x" = x"n Jx = sqrt(x)

X
Example: Solve the Cauchy problem for differential 2, sin x
equation of the first order Ty +3-y-x=

X
(511) x"2*"diff(y,x) + 3*y*x = sin(x)/x$

(%$12) odeZ(%,v,x);

$c-coslx)
($02) y= Initial Condition y(:fr) -0
3

(%$13) 1cl(%02,x=%pi,v=0);

coslx)l+1

(303) v=-

3
X

8
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USE OF A COMPUTER (MAXIMA PACKAGE) FOR GRAPHICS BUILDING

Draw a single variable function:
(%i1) plot2d (sin(x), [X, -%pi, %pi])$
abo

(%i1) plot2d (sec(x), [X, -2, 2], [y, -20, 20])$

30

Bt

y
A WOMN =2 0 = N W &

-4 -3 -2 -1 0 1 2 3 4
Draw of a three-dimensional image
(%i1) plot3d (27(-u”2 + v/*2), [u, -3, 3],
v, -2, 2])$

0

sin(x)

-0.5

-1

-3 -2 -1 0 1 2 3

Draw of the function of two variables
(%i1) contour_plot (x*2 + y*2, [, -4, 4],
[v. -4 41\$

20(vA2-ur2)
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Information H(X)=—Y pilogpi.

[==]
MAIN LAWS AND PRINCIPLES OF
CIBERNETICS

The law of the necessary diversity.

Principle of decision making based on
selection and transforming information

The principle of mandatory feedback

Principle of external addition

‘ (e ntudp.com. 10




2. MODELING OF SOCIO-ECONOMIC SYSTEMS AS THE MAIN METHOD OF ECONOMIC CYBERNETICS

/| MODELING |\‘
|

I Complete l I Incomplete I

I Appr?ximate I

! v
a. Deterministic: A. In real time ({1). B In the changed time (t2).
B. Stochasiic,
| 'maginary Material |

\ !

\.-"is_ual Natural
hypotheses, visual analogs, production experiment,
schemes generalization of field data,

generalization of production

Symbolically

ordered record, topological ;
. Physical
record, grap:hlcal record temporal models, spatial-
| temporal spatial

Mathematical
substitution scheme, software
solutions. economic models Mathematic
al analog models, structural. digital,
functional cvbernetic devices

11
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ECONOMIC-MATHEMATICAL MODELS

Mathematical Balance
programming

Based on the Based on the theory of

analysis theory of graphs probability and
mathematical statistics

" Analysis of
Linear ’
Nonlinear intersectoral balances Network Theories of correlation
Plannine analysis and regression

Convex Methods of matrix Deterministic ThEDﬂ_ES of dispersion
Non—Cm.:wex assembly of financial Stochastic Solution of anal}fs?s
g_r;dr?;m plan Transport Problems jelj;}s; of mass

er Convex i
Dynamic Others on the Networks of Theories of reliability
Block Integer Theory of Stocks Theories of games
(Discrete) Other applications of Theories of statistical
A non-integer the theory of graphs decisions
stochastic in economics Theory of decomposition
non-stochastic Theory of information
(deterministic) Statistical modeling
parametric (Monte Carlo method)
nonparametric Other models

12
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Examples of cybernetic models of socio-economic systems

r r
r,=n e —1 ?":I’Ill'l[1+e)

Interest calculation model 17

— In,— O,

NPV = -
— (1+7)

Models of financial calculations
T

NPTV = [In,—O1,(1+7,)
=0

Cobb-D las Model
o ougilas mMode Z=bOXb1yb2

Dynamic models @ —fx(N-x) y_ N
al L+ (o —1)e M
Pistunova-Chukhlev's
I 0,29

frodpensny tod bank;uptcy oI Poiimmie — 0.9, YIP® . BAS . CPIT™Y ( (YI1(3)) s
rade  an ranspor ) K307 . 300 BA
enterprises of
Dnipropetrovsk region (HI1(3)) . %08

+ 2

ap
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Theory of sets
Comparison j'-l C E i — N - A = I < B

Association

Operations over sets

AU B = {I'I - Avax = B}
ANB:={zlrc Arz € B}
Difference A\B = {.’I‘Il‘ cAANCT Q B}

Symmetric difference

AAB = 4;B = (4UB)\(ADB)— {r| reAnz/

@ 0.

Example of concepts (indicated by solid lines):

the union (1), the intersection (2) and the difference
(3) of the sets A and B.

Crossing

(r¢ ANz € B)}

3
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Tables of special mathematical symbols

Name
Symbol Pronunciation Value Example
The section of mathematics
Conjunction
AAB trueifandonlyifAandBare | >2)A(n<4)e (n=3)ifnisa
A «and»
both true. natural number.
Mathematical logic
Disjunction ‘
v «Or» AV B true, if at least one of the (n<2)V(n=24)en#3ifnisa
conditions A and B is true. natural number.
Mathematical logic
Denial
. o n -(ANB)& (mA)V (-B)
- ‘not” —A true if and only if A is false. ( )& AV
Mathematical logic
Quantum of universality
v "For Any", "For All" Y2, P(2) genotes "P (x) true forallx". |Vn €N, n”> 2 n
Mathematical logic
Affiliation / not belonging to the [ 5 = S eans "a is an element of the set
. |plural 5" 2 €N

"Belongs", "c¢" does not belong

Theory of sets

agsS means "a is an not element of the
set S"




Subset A C Bmeans "every element of A is
" bset". "included in" also an element of B". C
s e A C B usually means the same as that 4nB)c 4
Theory of sets A C B, However, some authors use to
indicate rigorous inclusion (i.e. 5-:).
Association
"Association. and. ",".. united |4 U B means a plurality of elements , , B
U with, " belonging to A or B (or both at once). ACBwAUB=B
Theory of sets
Crossing
"Crossing. and ","., Crossed AN B means a plurality of elements 2 -
O |with, belonging to both A and B. lze€R|z"=1}NN= {1}
Theory of sets
Natural numbers N means plural {1,2, 3, ...}
N «En» {U, 1,2, 3 ...} (depending on the {la] |la€ Z} =N
Numbers situation).
Whole numbers
Z means plural
7 «Zed» { 3 ) 101)3 ] {a, —alae N} =1Z
oy TV TE TH Y 4 Y e
Numbers
Rational numbers Q means plural ‘
0 » 3,14 Q
“«Qw {—pEZAqEZAq%U}
Numbers 9

ntudp.com e®
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3. ANALYSIS AS A CATEGORY OF KNOWLEDGE AND ITS APPLICATION IN RESEARCH OF SQCIO-
ECONOMIC SYSTEMS

An example of the format of the observation table by factors
SOcCio-economic system

Time or date | Incoming factors Output factors
of Xi |l X | o | Xo |l Ya |l Yol | Yo
observation
Statistical
1 N
M, =FZXI . oy =Dy
=1 D, =—>MX'-M*
X N-l; i X
g, =607 () .o 0,8N +1,2
| e, =D O () . D
N(N -1 G, = X
hw -- N
var(X) =— _ o)
M) AR T

17
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Dispersion analysis L(x —X)- (J’: y)

=T S

1. 1+r 1 1
z=—ln—o, z'—t \/ <z<Z'+t \/
2 1=r "Vn—-1-3 "\n-1-3

Analysis of expert conclusions

6Zd

According to n —N
Spearman
d d(m + 1)
125 (3, -
Behind Kendal A R
d’>(m’ —m)

18
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Late analysis Z () Fo y_"(g__[:zl: y(t)

(1)

Types of inertial R
processes in 0 g
socio-economic T
systems

1

T ==y In?-
A yi()

k4

19
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Spectral analysis

The Fourier series - in mathematics - is a way to
represent an arbitrary complex function with a
simpler sum. In the general case, the number of
such functions can be infinite, with the more such
functions are taken into account in the calculation,
the higher the final accuracy of the representation of
this function becomes. In most cases trigonometric
functions of sinus and cosine are used as the
simplest. In this case, the Fourier series is called
trigonometric, and the calculation of such a series is
often called a harmonic expansion.

ntudp.com e®
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A Fourier trigonometric series is called a series of form

y = a?ﬂ + Z (@, cos(nx) + b, sin(nx)]

n=1

Stain numbersto, tn , by (n € N) called coefficients
trigonometric series and are like

a, = 1 /f(r) cos(nx)dr, b, = %jf(:z:) sin(nx)dx.

Convergence of the Fourier series

21
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CONSTRUCTION OF THE AMPLITUDE-FREQUENCY
CHARACTERISTICS OF PROCESS BY STATISTICA PACKET

&PES!anaTbl CNeKTPanbHOro aHanvsa: sunspot H!m
TMepeman. : SPOTS: MNumber of sun spots
B Data: Sunspot*... =]
; Wiemo wnabrmomernoi: 17¢ Mepeoe: 1 Ilocmegmee: 176
Wolfer's & N mafn. nocne xob. womcT: 176
SUHSEEIt data Mpecbpazoramma: Cpen=447,65 EEYTeHO
1
SPOTS Mare Hamb. IMKOE HepMOZOTrp. (SHAYEHME I YACTOTA):
{1)406E4: ,0852 {2)319E4:,0909 (3)244E4:,01l14 (4)206E4:,1023 (5)108E4: ,Dlﬁﬂ
1749 | EIiE]|
1750 834 BricTpeiit I J]onomurenbno' MpocmoTp 1 rpacpmu]
1751 477
1752 478 Mrer | V¥ Boienars sHaeHHA ﬁnnee:lL
1753 307
.
1754 172 - MNepuogorparrda |- Cnektp nnmuomul
1755 9% Mpadi — -
1756 10 ’>{;- Yscrora ' Mepaa ¢ Mor (nepiion) me CnekTp. aHanvs: SPOTS :Number of sun spots* M=l B3
1757 324 Cnextp. aHanka,  SPOTS : Number of sun spots
1758 476 Yweno Hatn.: 176
1759 540 4 S5E6 - . ' . ' . 4 5E6
1760 629 4EE | 4EB
1761 859 5 3,5E6 ¢ 3,9E6
1762 k12 :
1763 451 g =
1764 364 S 25E6 by 2 5E6
o
1765 209 2 oesl 268
1766 M4« E
u [ % 1,5E6 1,5E6
“  E6} 1EB
SES | SES
I§ -
000 005 040 015 020 025 030 035 040 045 050
YacToTa
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Cluster analysis 4

Distances between two objects 2 0

Nf P 0
dS(x,f;y,f)z i Vi 0 1 2 3 4

i=1

= | =

Representation of three objects,

d (x.;v.) \/Z(\/_ \/y_) as points on a plane

NF N
dE(xi;yi):\/Z(xi_yi)z dXEM(xf;yf):Zl(xf_yf)

dSUP(xf;yf — X — Vi

N
d,(x;y)=>
i=1

23
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Clustering with complete overview of

v, Objects
Z:ZZ%% — max qu gNO qu :1
i=1 j=1

=1 j=1

0, 8 Objects Amount
2249, =N, by
= t | 21 3|45 | clsters
101,000 |
1 ) 3 4 5 0 2 11000710 1
1 0 [0,89]0,41 0,74 | 0,46 {-‘3 37000 ] 1|1 2
2 1089 0 |086]087]0,61]| U 4 10|01 ]0]0 |
3 1041(0,86| 0 0,96 0,66 5 10001010 0
4 1074087096 | 0 |0,62|] Amountby
5 10,46 |0,61]0,66[0,62] 0 columns | 1 | 1| 1|11 5

24
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Dispersion analysis (continued)

Student's criterion is used to
determine how likely it is that
two samples from the general
population have the same
mean.

If the probability is small (<0.33),
we can assume that the
samples have significantly
different meanings, and
therefore they can not be
combined in one to construct a
mathematical model.

To implement this distribution
law, there is the TTEST function

TTEST (Data 1; Data 2; Mode;
Type)

The F-test (Fisher)
determines the one-way
probability that the variance
of the arguments arrayl and
array2 differ insignificantly.
This function is used to
determine if there are two
different variances in the
sample. If the probability is
small (<0.55), this means
that the variance of the
sample varies significantly,
and therefore, simulation
can not use data from the
samples at the same time.

To implement this test,
there is the FTEST function

FTEST (arrayl; array2)

25
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4. METHODOLOGY AND METHODS OF SYNTHESIS OF MODELS OF SOCIO-ECONOMIC SYSTEMS

Creation of models of social and economic systems
This direction of scientific activity can be divided into three
types:

The first type is the development of models when the
structure of the socio-economic system is known. For example,
develop a profit model for an enterprise that produces TVs, video
recorders and music centers, if the price of these products is
1200, 800 and 950 UAH respectively. Each type of product
includes four components, which have a price of 0.8,
respectively; 1.2; 3.3; and 4.4 UAH. In each type of product,
these components come in the following quantities: for TV - 1, 5,
8, 4 pcs .; for VCR - 0, 8, 6, 2 pcs .; for the music center - 4, §,
3, 1 pc. Availability of spare parts in stock, respectively - 12000,
15000, 14000, 45000 pcs. The price of working time per unit of
production is 12, 15 and 18 UAH respectively. Continuous costs
are not counted.

26
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The second type of scientific activity in the development of models refers
to the case when the structure of the socio-economic system is unknown,
but the researcher has a hypothesis as to what this structure is. For
example, a well-known model of an advertising campaign based on such
basic hypotheses. Let N (t) be the number of consumers who know about
the product and intend to buy it (t - the time since the beginning of the
advertising campaign), the value of dN / dt is the rate of change in the
number of already-informed clients. It is assumed that dN / dt is
proportional to the number of buyers who are not yet aware of this
product (service), that is, the value a;(t) (Np - N (t)), where Np is the
total number of potential paying customers, a;(t)> 0 characterizes the
intensity of the advertising campaign (which is determined by the cost of
advertising at a given time).? It is also assumed that those who find out
about the product, one way or another spread the information received
among the ignorant, acting as additional advertising agents of the
firm. Their contribution is determined by the value a,(t)(N (t) (Np - N
(t))) and will be greater than the larger number of agents. The value
a,(t)> 0 characterizes the degree of customer communication among
themselves (it can be established by the survey) .The result is the

following equation
% = [a(®) + e (OWCDIN, — M),

J ntudp.com e»
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The third type of scientific activity in the
development of models refers to the case where
the structure of the socio-economic system is
completely unknown. Then the researchers
resort to regression analysis, which allows
obtaining a formula for communication between
input and output factors. The procedure
described below is statistically not precise, but it

is quite sufficient for practical application in

solving microeconomic problems.

ntudp.com e®
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Synthesis of statistical linear and quasilinear
models
Possible transformations

£ a;Xx; _
y:aﬂ+2ai_xi y Zaof Y =4d, lognx
i=1

—1
y=a,+ Z aixl X1 X, X1/ X3, X4-X5, l0g X4 Xa,

I=n
An example of normalization-denormalization

— 2
.y'—fﬂj + a1X'+'32X' M aM a,o a,o
y=|M +a0, ::330—‘231 S i 2 R A e A
) ) O 0;2 9 0}2

X X

Lny = ap + a*Lnx, + a,*Lnx,

Lnx, +
o o o

X x2 X x2

aM_ . aM a,o a,o
1 x 72 x2:J}+ J J IJnx2

Lny = {M}; +0, [ao —

29
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Preliminary

Synthesis of autoregressive Profitability valise of

models profitability
0 -
5%0 \\
490 ~ 5%
S
1% 4005

1206 T 1%

Synthesis of periodic models

y=Ax" +C(1-e™)
Sin(Ex" +G)+ H

13 5 7 9 1113151719 21

30
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An example of a periodic model

C,,=1,342¢, ,,"*+0,525(1- """ )sin(0,524c, ,, """ +0,664)-
-0,402¢, ,, "¢ +0,288(1-e " )sin(0,524c, ,,,>***+0,195)-0,146

‘ 1,90——:2:%
o
£ ox A
: N
S % A
W
8 30 [\\ /
=
710
o \J A\
0,90 .
24 36 48 60 72
month number (2002 - 2007)

31
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Neural Networks

n
_ +1, net > 0
X, W, net = z-x;' Wi f(net) = sen(net) =
h i=] -1, net < 0
net finat)
0 I‘T >
J— 1
X, W, f(net) = —
Login Weight Composer Logical 1+
threshold element oUT
1+
McCulloch-Pits boundary neuron model
0.5
I {NET
-5 q 5

Type of logistics function

32
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Algorithm ot perceptron training
1. Primary weights may be any. The correction is proportional to the value of the
derivative of the given coordinate. The derivative is taken from the activation
function. Adjustment of j weight for i neuron is carried out according to the
Aw, = rfefmutaf (net, )] /(net,)- x, :
wherej=12, ..., n n - learning factor, is selected heurisfic

2. Error while studying at step k: E, = —[cfz. - f(n.c_gf!. )]2
where di - expected exit 2
3. General learning error:

1 £
where p is the number of examples in the E=—— E [cf,- - f(?ze.t!- )]2
training sample 2P

4. Derived from sigmoid where p - number of examples in the training sample.

['(net) = 4. [(net)-[1- [f(net)]

X1 W1l W12 W13 ©11

E / OUT1 W21

> OUT

NS :
¥ | —

OUT1 W22 @21
/

X3 W14 W15 W1 @12
d ntudp.com e 33
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Examples of neural nets

General view of the perceptron scheme with one neuron and adder at the input

1

e QU=
x, Y NET _F/ﬂ 1+ gﬁ%%ﬁﬁﬂ%}fm)
a-'d'ﬂ-—d
0
TR ok _
A NSOV
I NI Y A I ANEER
200
1,50 X I
1:99 AN =
6.0 R
-1,00 -0,50 0,000,00 0,50 1,00 1 ,5%(

Graph of the number of calls Y
per hour of working hours X
& - experimental curve

B - calculated curve
d ntudp.com e 34




Scheme of a two-layer perceptron with three inputs on each neuron

X1 W11 W12 W13 O11

E / ouT1 W21 “ o
X2 \ E
)2 e

k4
Y

Y

OUT1 W22 21
X3 W14 W15 W1 e12
. 10,37669298 7,940045065
OUT = Sign L3S, LG, | T {(1556474752X, +4,561436345X, + 2,883681367
41 382503396X, +4,683681367) 44 SE2503396K ,+-3,683681367)

35
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ASSESSMENT OF QUALITY OF APPROXIMATION AND FORECASTING

The most convenient test is the Pearson criterion, which is conducted in the
following order:

1. To verify the adequacy of the approximation, the calculation of the initial
values of the mathematical model is made, substituting in it the real input
values for which this model was constructed. To determine the quality of
prognosis, the values of input factors that are not used in calculating the
model coefficients are subjected to the model.

2. For each pair calculated yp;and real values Yp; are calculated by the

n . RY:
criterion "hi-square” by the formula Ar :Zf $4J N Vm) :

i= 'Pi
3. Determine the number of degrees of freedom as r=n - 2.
4. The theoretical value of the "chi-squared” is determined by the pre-
determined probability of confidence. This confidence probability should be
sufficiently high so that the researcher could trust the results (0,8-0,99). If
this value is more than calculated, the model is adequate with the
determined probability of probability. Otherwise - the model is not adequate,
that is, it badly describes the process. The quality of forecasting is also
understood by this probability.
5. In the case where it is necessary to determine the quality of forecasting,
for the construction of the model, only part of the actual values of input and
output factors are used. And for the remaining values, the predicted values
of the source factor are calculated. then act on pp. 2-4.

ntudp.com e®
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Synthesis of dynamic models

Simple delay y@)y=y° (t— T), L = T;
Frequently used model di;f) — by [y (j) — yo (z}]
dy (t
ﬁ;ﬁ Ly () = M, y(t)=(1—eM) gy,

Discrete latency models

N
go=Busior+Pugi-at...= 3 Boyioo,  Bo=Pou; 2Po=1.
0 =1

Aye="M[yz— Y],
A=1—r, a Yooy = Yo + Ay, T =1, 2,...

37
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Algebra of logic

Unary logical operations

T Tea—

g1 () 2 (3) g (1) g4(0)

] 0 1 0

0 1 ] 0

Binary logical operations

<l i@ | a0 [ B2 r@ | s | PO Al | A0
00 0 0 1 0 1 1 1 1
01 0 1 0 1 0 1 0 1
1{0 0 1 0 1 1 0 0 1
1)1 1 1 1 0 1 1 0 0
x|y fo f10 Ju f12 f13 f14 fis f16
00 0 0 1 1 0 0 1 0
01 0 | 1 0 0 1 1 0
110 1 0 0 1 1 0 1 0
1|1 0 0 0 0 1 1 1 0

ntudp.com e®

38



Properties of logical operations
1. Communicative: xy = yx ©° ©{&, V,P,~, ‘:-L }.
2. Identity: xx = x © €{&, V}.
3. Associativity: (xy)oz = xo(yz) © ={&, VB, ~
4. Distribution of conjunctions and disjunctions

Regarding disjunction, conjuncture and modulus amount
two respectively:

« xA YV = AYVAZ), 8.0thers (3) (Addition of de Morgan's laws):

= VA = (VAGVzZ), ¢ T [y=(zAy)= VY,
o AYDB2) = (AYBeAZ). o Tly=-Vy = 2y

4. The laws of de Morgan: 9. The laws of gluing:
o T (xAy) = (0 x)V(y), -
o (xVy) = (0 X)A(7y). (avb)an(avbd)s=
5. Laws of absorption: -
o XN\(xy)= x (anb)yv(anb)=
o XV(X0= x. 0. T bvious |
6. Others (1): 10. wo more obvious laws
= XN\(7x) = xN0 = xx = 0. xvx=l; xAx =0,

o XV(x) =xV1l = Xx~X=Xx—X= 1.
o xXVx = xN\x = x\1 = xV0 = xB0 = x.
o )561?'1=X—>0=x~0=x|g(=x-|r§=—-x.
r=r.
7.0Others (2)

»z®yY=(xAY)V (/\y\ (zVy) Az VE)
s T~NY=2By=(zAy)V(EAG) = (VI AEVY)
(A )EBx)EBl
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In algebra of logic, logical connections and their
corresponding logical operations have special names
and are denoted as follows:

Logical connection|The name of the logial operation | Marking

Not Denial, Inversion & |
And, but Conjunction, logical multiplication & * A
Or Disjunction, logical addition hT

ce =2, —
f..then Implication, follow up

Then and only when Equivalence

‘ (e ntudp.com -




Fuzzy models
The function of belonging A = {x/mA(x)>0}.

Triangular Types of belonging functions Trapezoid
([ b—x
1-— , =x=h i _
b—-a =7 l—b x, a=x=h
o h—a
MFE(x)=91- , b=x=c 1, b=x=c
c—b MFP(x) =
0, .- 1-27°%  c=x=d
in other cases d—c
0,1,
in other cases
Gaussian
i _ Circular
2
A—-—C 1
MF{x) = exp| - p(x) = T/ x
a 1+ (x—a)
- - b
X X
H(x)=a —[1——]
xmwc xmar

41
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An example of the appearance of membership functions

Triangular Trapezoidal Gaussian

MF MF nE

sigma=4 X

The structure of the fuzzy control system
IF x,itA, .AND . x, it A,, THEN y it B.

‘ (e ntudp.com- 42




SELECTIVE FUNCTIONS

F S . . , .
/B/ v=3Six.x4,x5) (a-x+D)

; 1, mpub>0;

N [ e
o e | sign(a)=40, 1pr 4 Swi)

T, o
XA! XBI L
a=igla)

Example description of segment AB

1, mpu b = 0;

sgn(a) = {

, —1, IIpn b <0. The look of the function sgn (x)
ST(X, X iy s X o ) = E ) {1 +5gn[(X — X ) - (X — .X')]}

Si(x,x,_, ,x )= Sign{l + sign|(x — x_min) (X — x)]}

1

Y

Xmin Xmax X
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5. THEORY OF OPTIMAL SYSTEMS AND ITS APPLICATION IN OPTIMIZATION OF MANAGEMENT
PROCESSES IN ECONOMY

Economic and mathematical models make it possible to make a choice of a set of
numbers x; (variables in equations) that provide the extremum of some function Z (target
function or quality indicator of an approved solution) under the constraints defined by the
operating conditions of the system. The model is written as follows: calculate the vector

that rotates at the maximum or minimum X = x1, X2, X3, ..., X, ..., X, target

function
z=[f(X)=F(x1, X2, X3, ..., Xj, ..., Xn) (1)
for condition
gi(X1, X2, X3y «vus Xjy v0uy Xn)=0 (=1, 2, 3, ..., m1);

Gi (X1, X2y X3y o ooy Xiy «nwy Xa) =0(E =i+ 1, 0+ 2, .., m); (2)

x;—:}:fﬂ (_I=l. 2, 3y ... H).

Expressions of type (2) are called constraints that define the region of solutions of the

objective function (1). It is the target function, partly, and is a model of the socio-
economic system. It is worth noting that the type of functions f and gi can be both linear

and nonlinear.
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EXAMPLE OF CONSTRUCTION OF THE REAL TASK

Price of commodity products: TV - 180 USD, video recorder - 260 USD, music
center - 420 USD
The cost consists of the cost of renting an area - 4000 USD, the cost of
components - 100, 170, 315 respectively for the release of one TV, VCR and
music center; other expenses - 4500 y. at.

The required salary of engineers is 400, the director - 600, the workers on the
conveyor - 350. For the enterprise of our scale, there are 3 directors, regardless
of issue and 1 per 150 units of production. It is necessary 1-2 engineers for
every 150 production units. The wage fund is limited due to tax problems at
260.5 million USD.

In total there are 230 seats, each of which occupies 7.4 square meters, taking
Into account passages to them. It is also necessary to deploy at least 10 jobs
for engineers, each of which occupies 8.5 square meters. The total area
of production space is 2000 square meters.

The area necessary for placing the finished product of each type is:

0,3 - for TVs that are issued for a month;

0.35- for VCRs issued per month;

0,4 - for musical centers, let out for a month.
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EXAMPLE OF SOLVING NONLINEAR MATHEMATIC
PROGRAMMING

FUNCTIONAL
19
Zklixi
o A = — MaxX | Vipaincbka Kiaacuka 1 .1
> | ———(a+blnx,) [+1 y = 0.7366Ln(x) - 4.8973
i=1 k];‘ +k2i 1.2
Limitation 1
0.8
- on the warehouse area and the 0.6
height of the boxes 04
i o,;
Z §X; <§5*5 0 1000 2000 3000 4000
=1
- on the upper and lower limits of trade - the type of variables
turnover
0 <xi<O x, =0
S XIS :
1 2 .
I z (1<i<n)
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Coefficients of exponential Frequency analysis of consumption of
smoothing of functions products
demand distribution on
certain types of goods.

- Teape
e A E mugHa
X; X; KETBRIC Kp " , . .
. Mae "y ok PospaxyrHor npasol Mexcl iRmepsatis
dianaz
1 Buna kpinaeni 0.25 -0.74 OHL
2 Bama cyxi 0.38 -127 7 328 29 40 47 28 128 168 208 | 248 | 288 [ 328
3 Bama CK 0.08 0.012 29 406 34 47 78 124 171 218 265 | 312 | 350 | 406
0 636 60 82 2 164 246 328 410 | 492 | 574 | 636
4 AP 0.2 0.83 6.6 - -
1064 101 261 | 962 | 106
§ JAP1 1.24 -10,57 2520 2 740 5 3333 4350 5566 | 6381 | 7396 1 ] 42
6 AP 15 1 735 1133 970 | 103 113
: 4820 7 393 2135 3633 6449 7264 | 8079 | 8893 8 2 37
7 Caggopix 0,2 672
0.83 6.29 422 | 462 | o2
g Canowox 0,2a 0.58 47 1809 | 3028 293 402 2211 2613 3016 | 3418 | 3821 3 ]
: N 413 | 439 | 304
? Canozox0,5a 238 -16.9 1471 | s044 323 447 | 1913 | 2364 2811 | 3257 | 374 7
o Canoox Ln 0.93 -8.21 1137 102 953 | 103 113
3413 3 743 0 4433 54353 5475 | 7495 | 83515 5 53 75
11 Cagouor: 1,50 0.65 -4 81
: i 135 | 158 | 181
12 Coxn "Yapaincsxa 073 189 0 1812 163 226 226 433 679 o06 | 1132 g 3 2
wracEra' la : :
3139 276 2055 | 2331 260 | 288 [ 313
13 Cosa "'Ppywra ceiry” 1a 0,19 -6.79 9507 7 2012 1 12268 | 15029 17790 2 3 74 33
14 Coxn Kracnr 1x 1.35 -10.31 415 467 320
: : 1031 | s200 380 521 1552 2074 2505 | 3116 | 3637 8 9 0
15 Cowrn Gold 1,5 7 572
R T 0.7’ 2./2 242 | 282 323
16 Cossz Cold 1o 112 10.07 0 3231 204 404 404 208 1212 | 1615 | 2019 3 7 1
1 % 2 24 173 497 ) 745 7 A
1 Conn Gold 0,251 L 02 D 0 994 01 124 124 248 373 49 621 45 | 870 | 904
557 | 590 | &4
18 Hanoi 0.2 22 -049 3066 | 6415 303 419 3485 3903 4322 | 4740 | 5139 8 & 5
19 Hamei' 1 024 061 323 360 398
. i 1000 | 3981 271 373 1373 1745 2118 | 2490 | 2863 6 8
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Wilson's formula

Enter the following notation: A - the cost of placing and fulfilling the order;
S - annual resource requirement; g - the size of a single delivery; r - interest
rate on storage of resources (discount rate); p - price of unit of purchased
resources, Cce - total expenses for a certain period of time (for simplification
of calculations, the period of time is usually taken equal to one year); Cp - the
cost of placing an order; Cx - expenses on storage of resources, Cz - expenses
for purchase of resources.

The total cost of the material flow is determined by the following known
formula: Cee = Cp + Cx + Cs.
In the expanded form, the formula will be as follows:

C_.= A5 +P4 4 5p.
= 5

s

The minimum wvalue is at the point of its extremum. If we take the
derivative in q and equate to zero, then the result will be:

g® 2

Accordingly, the point of the extremum of the function, the minimum cost
and the optimal size of delivery will be at the point of ggg:. Solving the equation
for g, we obtain:

2AS

P

ganm -
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Numerical methods for finding the optimal
solution for statistical models:

Ay _ f(za) =0 _ 0= f(xn)

Newton's method / _ _ay
f (Iﬂ-) - t.gcr _ Ar o

B flxn)
f(zn)

)
Tn — Tn4i Tn41 — T

x‘-n+l = I'p

: >
/)( / X+l Xn

d Geometric interpretation of Newton's method
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Functions of Bessel in mathematics are a family of
functions that are canonical solutions of the Bessel
differential equation:

24y dy

@"‘-’B%“F( —a’)y =0,

Bessel functions

0 ‘
33 () eommesn:
08 Q) =
o5+ |
A X~
O.i - ”I ’_/ \‘\ -\‘
g £ \ .“\ /-\)x' ™, o~
i VoA iy ¥ X A WAY ZXRN
l.,. “‘ \ Y \ | /I 7 ' . . X\ ["‘ AT
° O‘F‘ \\‘ 5‘. /,' _i' 1[)\\ / T R A A TN ‘ ” ’" \\
oAl \ \‘. ,’: lI \ \‘,\r’\_"" mu "\ \\I/””' ‘ “\\\\\\’~ ' X
P2 i M\\\\\\'l lif ‘o" A \\\\‘3 4
0.4 "'.’: \\k\\\\\'\," ’i \\\\\ \\\ y
“ N2 .
" ., Q“‘k\\\“‘ N4

o 2 ‘\\\\\\\\\\
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Multicriteria tasks

n ———
I r r -
L (x): E c, X, +c¢, —)mfx, r=1;R,
j=1

¥l
Zang >—-b,= & = Zang +b,,i=1;m,
. =

.~. x, 20, j=Ln,

The formal definition of the [ I-optimality of the solution x is
written as a requirement for the absence of such a solution
X € Dx, at which conditions the conditions were fulfilled

L'(x)>L (x),Vr,

51
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Summary to the problem of mathematical programming

§ =L'(x)-L(x)= Zc - X, Vo,
A=A(x)= 25 — max, _xeD \v’x > ().

Guaranteed result method

@ = (x) = min L (¥) = max

1<r<R
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Method of convolution of partial criteria

S LT
r=l1 Loy (x)
I, (x)— : =1 pLpn(x) + 1

= L(x) = )
Ly (x)+1 r=1 My Lizax ()
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TRANSPORT TASK

Matrix statement of transport task:

A; - resource of the i-th supplier (stock of products or plan of shipment from the current
production).

V; - the requirements for the same product in points j.

C; - distance or cost of transportation from i to j.

It is required to find such deliveries from each vendor to each customer, Xij (task
variables), in which the total cost or total mileage will be minimal.

Need Recipients
Stocks B; B> B3 eer | Bm
o | A1 C11 C12 Ci3 oo | C1m
§ A2 Co1 Co2 Ca3 . | Com
G Az Cs1 Ca2 Css .| C3m
g A C C C C
‘ n n1i n2 n3 nm
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Transport task

2 X;; =B, (=1,2, ... n —number of suppliers),
2 X;=A;,(=12,...m—-number of consumers);

Tvpes of transport tasks

Closed task

Application:

In the current
planning

ZXQ - 2B j

Open task with
exXcess
resources

Application:
For
optimization
of long-term
planning

2X i < ZEJ-

Open task with
excess of needs

Application:
May be an
integral part
of complex
optimal tasks

ntudp.com e®
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In an open task with an excess of resources, fewer exports can be removed

EKL{{AH

In the open task of overcoming the needs of possible supplies less availability

2 Xj<2B,

The criterion for optimality of the solution is a minimum of total transport or mileage
costs in ton-kilometers (car-kilometers) for all planned departures. If the cost of
transportation (distance) from i to | - denote as C; the target function will be determined
in this way

2 2 Ci Xj = min,
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OPTIMAL TRANSFER OF MANUFACTURING OBLIGATIONS OF EMPLOYEES
SERVICE ENTERPRISE

Criterion for minimizing transport costs

N N
F(X)=E§Cﬁ-}[ﬁ-£{.-ﬂ.—)-min. N

i=l =l

Limitation

SNX, =D ,j=1.N,
=

X!.j.=0 ado 1.

An interim plan for moving specialists in the middle of a working day

Enterprise from which we move

D1p-
MH

Enterprise to which we move

[

=
(B8]

.-_|__’
e

4 | TS

=
[
=
=
[=

I11

0

I12

113

14

I15

I16

7

I18

119

1110

1111

I112

I113

je=l e an o) Qo) Han )l o]l Lon ) Ro l fon ) Bon o Y Kan

1114

O OO | C|Io|o|Io ||| |-

(e ol Kon ] Rom ) o] Lol o) o ol o R an ) oty fan ) R ol

DGGODGGGOGGHDDE

DGDDDDGI—*QDGDC}DE

(e fanll fonl fou ) Rl Rl k= L =2 =2 R == L ==0 L] L]

QQQQQHQQQQQQQQE

o|lo|o|lo|o|o|o|o|o|o | oo |-
(==j fon] fon] Ron) Lol ol lon ] fon ) Fon ) Ran ) o) ol Ko
(e Qo fon ] Hon )l §on ]l Ron ) e | an ) | ol fen i R on ] B i R B =]

=
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The task of traveling salesman

P 20 P aiiiide
(A) {B)
42 34
30 35
:Ifc ) (D)
- 12 -
Symmetric TSP for four cities.
: L ) . l
l
Condition multiplicity: each vertex Cycles: variables satisfy
must have one input and one condition multiplicity, but not
starting edge of the route. determine the rout.
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Dynamic programming

The method of dynamic programming is based on the condition of the
absence of an aftereffect and the condition of the additivity of the target

function.

Condition of absence of aftereffect. State X, in which the system went

over in one step, depends on the state X., and selected managerial actions

(MA) u; and does not depend on how the system came into the state X,

X = Je R s y)-

Similarly, the value of Wk depends on the state X,_; and selected MA U

W, =W (X ).,

The condition of the additivity of the target function. The total gain for N

steps is calculated by the formula

Year

1

2
3
4

k=1

for one invested hryvnia

N
S= ZW?: (CTNTIY)

The effectiveness of the investment project

A B C D E
-1.00 0 -1.00 -1.00 0
+0.30 -1,00 +1.00 0 0
11,00 +0.30 0 0 -1,00

0 +1,00 0 +1,75 +1.,40
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THEORY OF GAME
Antagonistic game

['paBens 2
B; Bg Bﬂ a;
['paBels 1
A; a;; ;> Ay a;
A az; azz Aop az
Ap A} Az Ump o
ﬁf ﬁf ﬁg ﬁn
. . ' m n
max min G;; = min max a; = V. N
o P M(Ap.9)=>> a,p4q,
i=1 j=1
A A A ”
1 27 ? e L _
Sl_[ : mie ZP:'—LP;'EO
Pi P > P i=1
B, B B &
1 2> tt> n _
S2:( ? e qu-—]_,qj.EO;
4, 45, ---» (g, =1
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( 3\
a1 o~ -~ Gl

A= an aia -~ ay - am

kaml 2 amj'" amnj

Mi<M;. i=1m;

Cooperative (bitartic) game

. B=

bbby by
ba i by By

bbby b

(arh) @3B ~(aph) - b))
(auhn) (b)) (arhy) - (@b

(@) @) (ansbn) - b))

M5<M»>.Jj=1n,

1 m n L m m n -

j=1 i=1j=1

~

J=1

m

fozl; X2 0, i=1m;
=1

n

i=1j=1

yj_=1; yj >0, j=Ln.

61

ntudp.com e®



Games with nature

Decision making with known probabilities of the state of nature

[}

o = Hl:’_:lX Z ay. P i
In some cases, the probability of occurrence of certain states of nature is given
conditioned that the accuracy of determining these probabilities is less than 100%. More
often, for each state of nature, [7; indicates its accuracy of calculating the probability of its
state t;, which, as well as the probability varies in the range from 0 to 1 (from about 0% to
100%). In this case, the choice of the optimal strategy of the active player is determined
by the involvement of the risk matrix r;

a=max| ), a;p;t; =, 1;p;(1—1;)
Jj=1 Jj=1

The matrix R can be constructed directly from the conditions of the problem or on the

when the environment of [7; is called, we will name the difference between the winnings
that a player would receive if he knew that the state of the environment would be [7;, and
the winnings the player receives without having this information. That is,

Ry' = IIl:_‘ElX a.—a,
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Games with nature ( I, 1II,

in conditions of complete A | a, ap,
uncertainty A

sz = m;ax a,—da,

\Am aml amE
: . M =max max a..
Maximax criteria nax s i
Maximum Wald criterion W= max mumn ;.

1€i<m  1£j<n

S = min max

Minimum risk criterion for Sevgias l<izm 1<jn i

The criterion for pessimism-onmimizm
Hurwitz

Hy=max {pmin a; +(1-p) max a;y,

1€i€m 1€7€n

1< j<n

amn J
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Optimization of the management of the
socioeconomic system, given by the fuzzy
model

R1:IF x1 1s A1l. And xn 1s Aln, the THEN 1s B1.
Ri: IF x1 1s A1l. And xn 1s Ain, THEN Bi1.

Rm: IF x1 1s Am1. And xn 1s Amn, THEN 1s Bm.

X The base rules Y
clear clear
value — _ value

Bringing to fuzziness
N Bringing to clarity
(phasification) ___
(dephasing)
Y
Fuzzy logical

conclusion
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Fuzzy outlet by Mamdani

a;=min(4 () B (y)=min(@,B()  MF(y)=max(B ()

B2
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