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A NEW METHOD FOR SYMMETRY RECOGNITION
IN BOOLEAN FUNCTIONS BASED ON THE SET-THEORETICAL

LOGIC DIFFERENTIATION. II'

The article describes a new method for the recognition of different types of total and partial symmetry in boolean functions based
on the numeric set-theoretical differentiation. The proposed algorithm is based on the theorem on the recognition of different
types of partial symmetry. This algorithm, compared to the known, has a relatively less computational complexity of realization
due to a comparatively smaller number of operations and procedures necessary for the accomplishment of the given task. This is
evidenced by the presented examples for the recognition of the proposed method of the different types of symmetry in complete and
incomplete of Boolean functions, including given in the SOP format, borrowed for comparison reasons from publications of well-

known authors.
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IDESCRIPTION OF ALGORITHM

The algorithm of the numeric set-theoreti-
cal method for recognition of the partial sym-
metries types in complete of Boolean function
S=&, X, ., X, .. x ) given by the perfect STF
Y'={m,m, .., mz}‘, 2 <z <2", can be realized by

means of the following steps:
AN U
Step 1: The mask of the literals { b l_./ ln }’
TR A A

/{0, 1}, impose on the set of given binary min-
termsm ,m,, ...,m, and determine the vectorial ST-

derivative of the 2-nd order (1) forall €2 = — "
(n-2)

possible pairs of variables of the function f; if zis an
odd number, then proceed to Step 3, and if z is an
even number, then

Step 2: Check the condition (2) of the theorem
(Section 3) for all C,f pairs of variables and if it is
executed, then the given function has a totally poly-

symmetry of variables and then perform the transi-
tion to Step 6; if condition (2) is satisfied only for
one or some pairs of variables, then this function
has a partial polysymmetry with respect to these
variables and then perform the transition to Step 5,
and if condition (2) is not fulfilled, then

Step 3: Check condition (3) for all C,f pairs of
variables, and if it is executed, then the given func-
tion has a totally simple symmetry of variables and
then perform the transition to Step 6; if condition
(3) is satisfied only for some pairs of variables, then
this function has a partial simple symmetry with
respect to these variables and then perform the
transition to Step 5, and if condition (3) is not sa-
tisfied, then

Step 4: Check condition (4) for all C ,f pairs of va-
riables and if it is executed, then the given function
has the totally antisymmetry of the variables, and if
condition (4) is satisfied only for some pairs of vari-
ables, then this function has a partial antisymmet-
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ry with respect to these variables; if the condition
(4) is not fulfilled, then proceed to the Step 6;

Step 5: Check condition (3) or (4) for the re-
maining pairs of variables and if it is executed, then
the function has a partial simple symmetry or par-
tial antisymmetry with respect to these variables,
and if condition (3) or (4) is not satisfied, then

Step 6: Write the final result.

Note that if a function is given in SOP format
(or STF) and has non-orthogonal pseudoternary
conjuncterms, then such a function needs to be or-
thogonalized, for example by numeric set-theore-
tical method [16].

Recognition of partial symmetries
types in incomplete functions

The proposed method can also be used to identify
partial symmetries in incomplete (incompletey
specified) functions on the basis of the theorem
(Part I) with respect to the peculiarities of incom-
plete functions.

In the set-theoretical format (STF) the incom-
plete function £:{0,1}"—{0, 1, ~}, where the sign of
the tilde ~ symbolizes the uncertainty of the func-
tion f, is represented by two sets that constitute the
perfect STF [18]

Y= {m,m,y,...m.}
orqy__ - (%)
Y :{mz+19mz+2""’m2n,z,h}
vyl = 1
= tmmy,...m.} h<2'-z, (6)

or
0 0
Yo=im sy, )

where Y', Y* and Y are subsets of the minterms of

the set E;, on which the function f has values 1, 0
and “don’t care” (~). In our case we will apply the
perfect STF (5).

Accordingly, the vectorial ST-derivative of the
2-nd order with respect to variables (x, xj) of the
function f will consist of two sets of pairs of min-

ERYAREE /... n

R Py
terms formed by masks of literals {ll P },

i J n
PSTF’s Y®and Y®, that is Y®:¥®, where  is the
sign of separation of these sets. As in the case of

a complete function (Part I), the procedure for
simplifying the set Y ® will be realized by elimi-
nating pairs of identical elements. In addition,
the procedure for predetermined of an incom-
plete function will simultaneously be realized —
if any pair of minterms of the set ¥ has a copy
intheset ¥ ®, then it is eliminated from Y®.Then,
for received of minterms of the vectotial ST-
derivative 62Y®/6(xi,xj) of a predetermined in-
complete function f, the same as in the case of a
complete function, the verification of the condi-
tions (2), (3), and (4) of the theorem (Section 3)
is performed. Let’s consider it in the examples.

Example 7[9]. Identify the types of parti-al

symmetries for the incomplete function f(x,, x
X,, X,, X;) given by the perfect STF
Y'=1{0,6,9,10152122}'

Y ={1,25111618252631}"
method is used).

Solution. We firs tdefine the vectorial S7-de-
rivative 82Y®/6(x1,x2), impose the appropriate
mask of the ljterals on the minterms of the perfect
PSTF Y®:y®:

(in [9] the K-map

{Y®:Y®}az/&;x;x2 1112131415 _
LTI

_ {00000} {00110} {01001
11000/°\11110)>110001/°
( 010) (01111) (10101 10110 }
10009/ \10111) 01101 01110
. 00001)(00 )(00101 (01011) 10000)
“\ 11001, 010/-\11101/-110011/-101000

o) ) ey o) £ -

{00000} (00110 (01001)
—1\11000/-\11110)> \10001

01111} (10101)\ (10110
10111)>\01101)> \0O1110/{-
Since none of the conditions (2), (3) and
(4) of the theorem (Part I) is not satisfied here

the predetermined incomplete function f does
not have a partial symmetry with respect to the
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pair of variables {x , x,}. Similarly, there are no
partial symmetries with respect to the pairs of
variables {x, x.}, {x, x,} and {x, x}. Instead,
for the rest of all possible C; =10 pairs of vari-
ables we get:

° for the pair of variables {x,, x,} we have
{Y(-D :Y(-B}a /‘9()‘2 x3 1112131415
Aéé&é

_ (00000 1
13 \01100/° 1001
01111 1

( ) (00011) (N\m) (110 )}

. 00001 00010) (00{3\%) (01011) (10000)

: 01101 01110/-\010 00111)>\11100
10010 010} (11111 —
(11110)’ (N\m)’(lm ) (10011) } }

- (00000) (00110) _JE01=).(10--)=2
=1 \t1000)> {11110 (00— —).(~11-—)= D>
in accordance with condition (3), the predeter-

mined incomplete function f has the partial simple
symmetry x, ~ x; / X, ~ X;;

3

° for the pair of variables {x,, x,} we have

{Yea:Yea}az/i: " 1112131415
11111

172737475

_ {000 (00110) 01001

- 010/°101100)°100011)*

(010 )( 111 ( 01 (10110) ®;
00/> \ooTed)> \1111)> \11100) [ *

' (00001) (0001 ( 101) (01011) (10000)

29101011/ 2\01000/ > \01 18/ \00001/)>\1 1010)>

&

(10010) ( ) ( 10) (11111)}}——>
11000 10090/ {10101
ooooo 01001) (10110) ®
01100 00011/- 11100
(-0-1-),(-1-0-)%Q

M 5
(-0-0-),(-1-1-)=0

in accordance with condition (4) the predeter-
mined incomplete function f has the antisymmetry
type x, ~ X, / X, ~ x,.

By performing the proposed method similar
procedures for the remaining pairs of variables of
the given incomplete function f, we obtain the fol-
lowing partial symmetries:

° for the pair of variables {x , x
antisymmetry X, ~ X5 / X, ~ X,

,» Xs} we have the
° for the pair of variables {x;, x,} we have the
antisymmetry x, ~ X, / X; ~ x,,

° for the pair of variables {x,, x,} we have the
antisymmetry x, ~ X, / X, ~ X;,

° for the pair of variables {x
simple symmetry x, ~ x; / X, ~ X;.

Thus, the given incomplete function f is
characterized by a mixed symmetry of type
X (g ~ X ~X, ~X) or X, + (X, ~ X, ~ X, ~X,).

We note that partial symmetries were detected in
[9] only for two pairs of variables {x,, x,} and {x,, x,} ,
that is mixed symmetry type x, + x5 # (x, ~ x, ~X,)
or X, + X + (X, ~ X, ~ X,).

X,, X;} we have the

Example 8 [14]. Identify the types of partial
symmetries for the incomplete function fix,, x,,
x,, x,) given by theperfect STF

Y' = {(0001),(0100),(0101),(0110), (011 1)}
Y™ ={(0000),(0010),(0011),(1001),(1010)}"

Solution. For the pair of variables {x , x

{Y® :Yé}az/g(:): . {I 121314}

,»X,} we have:

INAN

1727374

_ (0001) (0100) (@{21) ( 110) (0111) ‘.
0111){0010/-\ 00+1)-\ 0080} \0001)J *
®
./ {0000\ {0010} {0011 01 10
‘{(1100)’(1110)’(1111)’((})(1)@4)’ ((P)Q\m)} =
0001 (0100) 0111\ | [(01-=),(10-—)»@
1101)> \1000/> (1011) [ (00— -),(11-—) = -
As well as for a pair {x, x,}, the predetermined
incomplete function f does not have partial sym-
metries with respect to the pairs of variables {x , x,}
and {x, x,}. Let’s consider for the rest of all possible

C; = 6 pairs of variables.
For the pair of variables {x, x,} we have:

{Y@:Yé}g/&” L | _
1111

1727374
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®
0100 (0101 (0110Y] ",
~ 1L0010 7001171 0000 )|
(0000 (0010 (0011) (1001) (1010 é_@
o110/l 0100 ) 0101\ 1111\ 1100 ){

After simplifying the set ¥®here you can find dif-

0001) (0100} ( 0101) (0110} (0111 ®_
z{(moo]’[0001}’(0000}’(0011}’(0010]} :
_((0000Y (0010 (0011 (1001} (1010Y]|®
:{[0110]’[0100}(0101}’[1111)’[1100]} '
In this case, just like in the previous one, we also
have three variants for the predetermination:

ferent types of partial symmetries, which depend ®
. . 101 110 111 .
on the selected variant for the predetermination of 1. 00 :

the given function f. Consider these variants: 0\ 0011/ 00

SIS f{(mﬁ(’J(W@Jﬁf?ﬁé}[ﬁ?ﬁ?}}i@;
5{[0 ooj,[omoj,(om1}(1001]{1010}:g; N { SK& Hoons) (QOXJ} .

11 1 1 111111100
100 101) (0110))° J 000 010Y (0011} (1001 (1010 lea
2. . . 5 5 5 > =
{%0]’%1}[0000]} ' L[mo ] (01 j [0110} {1100} (nnl
é 0110 -1, %)
S{ooooj ( 010] ( 011] (1001] [1010}}: :‘{[0011]} {E 0)),(( §¢@,
0110 /L0100 )L 0104 )\ 1111 /)7L 1100
5 0101 0111
:{[0110} {( ~01-),(-10-) = {(ooooj (Q\ ]’(oomj} '

0000 (=00-),(-11-) =&’

e AR

0010 )’ 0011)°{ 000
000 (0010 (0011 (1001 (1010Y)° 0110 fo111)| [(=01),(-10-) =&
= A .
{( M M N ]( J}: 0000/ 0010)f" |(-00-),(-11-) =@
0110 "l 0100 /'L 0101 )"\ 1111 (1100

Consequently, for a pair of variables {x,, x,
0110) (0101 (-01-),(-10-) = have the following partial symmetries:
b m :
0000 )\ 0011 (—00-),(-11-) = 1. polysymmetry %, ~ X, ;
Consequently, for each of the variants for the 2. antisymmetry x, ~ X, / X, ~ x,;

predetermination we will have the following partial
symmetries with respect to the pair {x,, x,}:

X}, we

3. simple symmetry x, ~ x, / X, ~ X,.

1. polysymmetry X, ~ %,; * For the pair of variables {x,, x,} we have:
2. simple symmetry x, ~ x, / X, ~ X;; P (1111
3. antisymmetry x, ~ X, /X, ~ X,. {Y® y® 12%3%

» For the pair of variables {x,, x,} we have: A 12131 A

l AN}

1727374

Al
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({0000 (0010Y (0011) (1001) (1010))® .
: b b b 9 :
0011 )1 0001 ) { 0000) { 1010/ | 1001
01010110
——01),(--10)} =,
:{(OHOM o OJ}“ (= 01).(--10)}

and hence, in accordance with the condition (9),
the predetermined incomplete function f has a par-
tial symmetry .

Thus, the given function f has the following
variants of mixed partial symmetries:

Xy~ X, /Xy~ Xy

oX (X, ~ X ~ X)),

X F(x ~ X ~x) X (X, ~ Xy~ X,

that corresponds to [14].

REFERENCES

CONCLUSION

Part 2 of the article describes the algorithm of the
proposed method for the recognition of various
types of symmetry (polysymmetry, simple symmetry
and antisymmetry) in the boolean functions of n
variables, based on the numerical set-theoretical
logical differentiation. In particular, features of
recognition of partial symmetries in incomplete
functions are shown on the basis of the theorem
(Part 1). The advantage of the proposed method,
in comparison with other [2, 3, 8—11], consists in
the fact that during the simplification procedure
(of the set Y ®) the predetermination procedure
for the incomplete function is simultaneously
implemented. In addition, the proposed method is
easier to implement in practice, which in this work
is illustrated by examples of functions borrowed
from publications by well-known authors.

1. Maurer, PM., 2015. “Symmetric Boolean Functions”. Int. J. of Math., Game Theory and Algebra,. 24 (2—3),

pp. 159-202.

2. Scholl, Ch., 2001. “Functional Demposition with Application to FPGA Synthesis”. Kluwer Academic Publishers,

Boston/Dordrecht/London, pp. 50—63.

3. Schneeweiss, W.G., 1989. Boolean Functions with Engineering Applications and Computer Programs. Springer-

Verlag Berlin Heidelberg, 264 p.

4.  Bhattacharjee, PK., 2010. “Digital Combinational Circuits Design with the Help of Symmetric Functions
Considering Heat Dissipation by Each QCA Gate”. Int. J. of Computer and Electrical Engineering, 2 (4), pp. 666—672.
5.  Stanica, P, Maitra, S., 2008. “Rotation symmetric Boolean functions — Count and cryptographic properties”.

Discrete Applied Mathematics, 156 (10), pp. 1567—1580.

6.  Butler, J.T, Sasao, T, 2010. “Boolean Functions for Cryptography”. In book Sasao T., Butler J.T.: Progress in

Applications of Boolean Functions, pp. 33—53.

7. Zhang, J. S., Mishchenko, A., Brayton, R., Chszanowska, M., 2006. “Symmetry Detection for Large Boolean
Functions using Circuit Representation, Simulation, and Satisfiability”. DAC 2006, July 24—28, https://people.eecs. berke-

ley.edu/~alanmi/publications/2006/dac06_sym.pdf.

8. Butler, J.T., Dueck, G.W., Holowinski, G., Shmerko, V.P., Janushkewich, V.N., 1999. “On Recognition of
Symmetries for Switching Functions in Reed-Muller Forms”. Proc. PRIP’99, Belarus, 1, pp. 215—234.

9.  Paulin, O.N., Lyakhovetskiy, A.M.,

1999. “Metod doopredeleniya nepolnost’yu zadannoy funktsii do

simmetricheskoy”. Elektron. Modelirovaniye, 21 (6), pp. 21—30. (In Russian).
10. Zakrevskiy, A.D., Pottosin, Yu.V., Cheremisinova, L.D., 2007. Logicheskiye osnovy proyektirovaniya diskretnykh

ustroystv. M.: Fizmatlit, 592 p. (In Russian).

11. Rytsar, B., 2018. “Set-Theoretical Decomposition on the Basis of Symmetric Functions”. Proc. TCSET 2018,

20-24 Feb., pp. 868—872.

12. Steinbach, B., Posthoff, C., 2009. Logic Functions and Equations. Examples and Exercises. Springer Science +

Business Media B.V., 230 p.

13. Steinbach, B., Posthoff, C., 2017. “Boolean Differential Calculus. Morgan & Claypool Publishers series”, 195 p.,

www.morganclaypool.com.

14. Wang, K.-H., Chen, J.-H., 2004. “Symmetry Detection for Incompletely Specified Functions”. DAC 2004, June 7—11,
San Diego, California, USA, pp. 434—437. https://www.sciencedirect.com/science/journal/0166218X/156/10.
15. Rytsar, B., 2016. “A Simple Numeric Set-Theoretical Method of the Logic Differential Calculus”. Control Systems

and Computers, 6, pp. 12—23.

ISSN 2706-8145, Control systems and computers, 2019, N° 5 9



B.Ye. Rytsar

16. Rytsar, B., Romanowski, P., Shvay, A., 2010. “Set-theoretical Constructions of Boolean Functions and theirs
Applications in Logic Synthesis”. Fundamenta Informaticae, 99 (3), pp. 339—354.

17. Ruytsar, B., 2003. “Identification of symmetry of Boolean function decomposition cloning method”. Proc. 6™ Int.
Conf. on Telecom., TELSIKS 2003, Yugoslavia, Nis. 003, pp. 596—603.

18. Rytsar, B.2015. “A new minimization method of logical functions in polynomial set-theoretical format. 1. Generalized
rules of conjuncterms simplification”. Control Systems and Computers, 2, pp. 39—57.

19. Rytsar, B.Ye., 2013. “A Numeric Set-Theoretical Interpretation of Reed-Muller Expressions with Fixed and Mixed
Polarity”, Control Systems and Computers, 3, pp. 30—44.

20. Yang, S., 1991. Logic synthesis and optimization benchmarks user guide — version 3.0. Microelectronics Center
of North Carolina, Research Triangle Park, NC, January.

21. Kravets, V.N., Sakallah, K.A. Generalized Symmetries in Boolean Functions, [online]. Available at: <www.eecs.
umich > [Accessed 15 Dec. 2018].

22. Kaeslin, H.,2008. “Digital Integrated Circuit Design From VLSI Architectures to CMOS Fabrication”. Cambridge
University Press, pp. 741.

Received 22.07.2019

b.€. Puyap, noKTOp TeXHIUHUX HayK, mpodecop,
Kadeapa paaioeaeKTPOHHUX MPUCTPOIB Ta CUCTEM,
HauionanbHuit yHiBepcuteT «JIbBiBCbKa MOJTITEXHIKA»,
Bys. C. bannepu, 12, JIsBiB, 79013, YkpaiHa,

E-mail: bohdanrytsar@gmail.com

HOBMI METOJI PO3II3HABAHHS CUMETPIi V BYJIOBUX ®YHKIIAX
HA OCHOBI TEOPETUKO-MHOXWHHOTO JIOTTKOBOT'O AM®EPEHLITFOBAHHA. 11

Beryn. CuMerpuyHi OysoBi (DyHKIIi 3aBASKM CBOIM CrielM(biYHMM BJIACTUBOCTSM MalOTh IIMPOKE 3aCTOCYBaHHS Y
MPOEKTYBaHHiI LIM(MPOBUX MIPUCTPOIB, TeJIEKOMYHiKallisix, KpunTtorpadii Touro. OcKibku O0yJI0Bi (hyHKIIiT MOXYTh MaTH
Pi3Hi TUITM CUMETPIl 3 BJJACTUBUMMU IM OCOOJIMBOCTSIMU, BAXKJIMBO BMITH iX pO3ITi3HABATH SIKOMOTa MPOCTIIMMU 3aC00aMU.
ITpoTe npobeMa yCKIaIHIOETHCS TUM, 1110, 3 OTHOTO OOKY, (DYHKIIii MOXYTb OYTH SIK OIHOTO TUITY, TaK i 3MIiIlIaHOTO, a TAKOXK
SIK TIOBHICTIO CUMETPUYHUMU, TaK i YACTKOBO CUMETPUYHUMU, a 3 IPYroro OOKy, cama (pyHKIlist Moxe OyTH He TTOBHICTIO
BU3HaveHa, TOOTO 3a/7aHa 4yacTKoBo, abo 3amaHa JJH®. CyyacHi MeTonM po3mi3HaBaHHST TUITIB CUMETPii IPYHTYIOThCS
MepeBaXHO Ha aHATITUUHOMY Miaxoni (po3kiani LlleHHoHa), BisyaJbHOMY METO/Ii, aHATITUMHOMY OOUMCIICHHI JIOTIKOBUX
MOXiIHUX i T.iH., HAATO CKJAAHI 1010 peaiizallii Ta Mano eeKTUBHI A1 (GPYHKIIM BEJTUKUX pO3MIpiB i 0COOJUBO, KOJIU
BOHMU 3a/1aHi YaCTKOBO.

Merta cTaTTi — pO3pOOUTH MPOCTU U1 peatizallii MeTo/l po3Mi3HaBaHHS Pi3HUX TUITiB TOBHUX i YACTUHHUX CUMETPili
SIK y TIOBHUX, TaK i YACTKOBO 33JaHUX OYJI0BUX (DYHKILisIX.

MeToau. Y cTatTTi 3a11ponoHOBaHO HOBUI METO PO3Ii3HABAHHS Pi3HUX TUTIIB MOBHUX i YACTUHHUX CUMETPIii, TAKUX
SIK TIOJTICUMETpisl, TIPOCTa CUMETPisl Ta aHTUCUMETPisl, SIK y TIOBHICTIO, TaK i YaCTMHHO 3aJaHUX (PYHKIIiSIX HA OCHOBIi
YHCJIOBOIO TEOPETUKO-MHOXUHHOTO JIOTKOBOro AudepeHLiloBaHHSI. AJITOPUTM METOIY I'PYHTYETLCS Ha TeOpeMi Ipo
pO3Mi3HaBaHHS Pi3HUX TUITIB YACTMHHUX CUMETPiil, sIKUii, MOPiBHSIHO 3 BiIOMUMM, Ma€ BiIHOCHO MEHIIy o0O4uc-
JIIOBAJIbHY CKJIAIHICTh 32 PaXyHOK MOPiBHSHO MEHILOI KiJIbKOCTI ornepalliil i mpoienyp, NOTpiOHUX /11 BUKOHAHHS
MOCTaBJIEHOI 3a1ayi.

Pesyabrar. CripaBe/TMBICTh JOBEIECHOI TEOPEMU 3aCBiMUYIOTh TIPUKIIAAN PO3Ti3HABAaHHS Pi3HUX THUIIIB MTOBHUX i 4Ya-
CTUHHMX CUMETPIil IK y MOBHiCTIO 3amaHux GyHKisx (YactuHa 1), Tak i yacTKoBO 3agaHuxX ¢hyHKIisAX (YacTtruHa 2), y Tomy
yucni 3agannx y JIH®, ski 3 MeTOr0 MOPiBHSAHHS e(PEKTUBHOCTI 3aITPOMIOHOBAHOIO AJITOPUTMY 3alI03MUEHO 3 IMyOTiKalLliit
BiJIOMUX aBTOPIB.

BucHoBoOK. 3anpornoHOBaHU1 HOBUIA METO/T PO3MTi3HABAHHS Pi3HUX TUITiB TOBHUX i YACTUHHUX CUMETPiil (MoJicUMeTpii,
MPOCTi CUMETPil Ta aHTUCUMETPIi) K Y MOBHICTIO, TaK i YACTKOBO 3aJaHUX OyJI0BUX (PYHKIIiSIX HA OCHOBiI YMCJIOBOTO
TEOPETUKO-MHOXMHHOTO JIOTiKOBOTO NM(hepeHIIiF0BaHHS BiPi3HIETHCS Bill BiTOMUX BiTHOCHO MPOCTIIIO MPAKTUYHOIO
peaizali€ero.

Karouogi caosa: posniznaganns nosHUX i 4acmkogux cumempiil, 6yn08a yHKYis, 4UCI08e MEOPeMUKO-MHONUCUHHE N02IK08e
dugpepenuitosanHs.

10 ISSN 2706-8145, CucreMn KepyBaHHA Ta KoMm'totepy, 2019, N° 5



A New Method for Symmetry Recognition in Boolean Functions Based on the Set-Theoretical Logic Differentiation. 11
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HOBbIN METO/1 PACTIO3HABAHUSI CAUMMETPHWU B BYJIEBbIX ®YHKIIMUAX
HA OCHOBE TEOPETUKO-MHOXECTBEHHOTI'O JIOTUYECKOI'O JU®OEPEHIIMPOBAHMA. 11

Beenenne. CuMmmerpruHble OyjieBble (GYyHKIIMU Ojarogapst CBOUM crielu(pruIecKuM CBOMCTBAM LIMPOKO MCIOIb3YIOTCS
B IIPOEKTUPOBAHUM LIM(MPOBBIX YCTPOUCTB, TEJIEKOMMYHUKAIUAX, Kpuntorpaduu u T.0. [TockonbKy OynaeBbie PyHKIINU
MOTYT UMETh pa3Hble TUITbI CHMMETPUU C TIPUCYIIIUMUA UM OCOOEHHOCTSIMU, BAXKHO YMETh MX PAaCIlO3HaBaTh KaK MOXHO
npocreiimmmu crocodamu. Ho mpoGiema ycnoxHsieTcs TeM, 4To, C OMHON CTOPOHBI, (DYHKIIMU MOTYT OBITh KaK OTHOTO
THUIIA, TaK U CMELIAHHOT0, a TAKXE KaK MOJHOCTbIO CAMMETPUYHBIMU, TAK U YACTUMHO CUMMETPUYHBIMU, a C IPYTOH CTO-
POHBI, caMa (OYHKIIMS MOXKET ObITh HE MOJHOCTBIO OIpeaesieHa, T.e. 3amaHa yacTuyHo, uiu 3agaHa JJH®. CospemeHHbIe
METO/Ibl PACMIO3HABAHMSI TUIIOB CUMMETPUM OCHOBaHbI MPEUMYIIECTBEHHO Ha aHAIMTUYECKOM Moaxoae (pa3ioXeHUU
LlleHHOHA), BU3yaJIbHOM METOJIE, AHATUTUYECKOM BBIYUCIEHUU JIOTUYECKUX MPOU3BOAHBIX U AP., CIUIIKOM CJIOXHBI B
peanu3aruy 1 Maio 3G (GeKTUBHBI T QYHKINHT OOIBIINX pa3MePOB U OCOOEHHO, KOT/Ia OHM 33J]aHbl YaCTUIHO.

Ilens craTbi — pa3paboTaTh MPOCTOI B peaTn3aliiy METO/ PACTIO3HABAHUSI PA3HBIX TUTIOB TIOJTHBIX M YACTUIHBIX CUM-
METPUii, KaK B MOJHBIX, TAK U YACTUYHO 3aJaHHBIX OyJIeBbIX DYHKIIMUSIX.

Mertoapl. B cTaTbe npeniox)eH HOBbII METOJ] paClIO3HABAHUSI Pa3HBIX TUMOB MOJHBIX U YACTUYHBIX CUMMETPUI, TAKUX
Kak MOJIMICUMMETPHUSI, TIPOCTasi CAMMETPHS M aHTUCUMMETPHSI, KaK B TIOJTHOCTBIO, TaK M YaCTUIHO 3aTaHHBIX (DYHKITUSIX
Ha OCHOBE YMCJIEHHOTO T€OPETUKO-MHOXKECTBEHHOTO JIornueckoro nuddepeHunpoBaHus. AJITOPUTM METOAa OCHOBAaH
Ha TeopeMe pacTio3HaBaHUsI Pa3HbBIX TUTIOB YACTUYHBIX CHMMETPHil, KOTOPBI, B CPABHEHUY C NU3BECTHBIMU, UMEET OTHO-
CUTEJIbHO MEHBIIYIO BEIYMCIUTETBHYIO CIIOXKHOCTh O1arofapst CPaBHUTEIbHO MEHbILIEMY KOJTUYECTBY OTepaluii U mpo-
Leayp, HEOOXOIUMBIX [IIs1 BBITTOTHEHUS TTIOCTABICHHOM 3a1auu.

Pe3yabrar. CripaBe/IMBOCTb JOKa3aHHON TEOPEMbI TOKa3bIBAIOT MPUMEPhI PACIIO3HABAHMS PA3HBIX TUIIOB MOJHBIX U
YACTUYHBIX CUMMETPUIi KaK B MOJHOCTBIO 3aJaHHbIX (pyHKIMsX (YacTb 1), Tak M yacTUYHO 3agaHHbIX PyHKUMsIX (HacTb
2), B ToM uncie 3agaHHbix B JIH®, koTtopble ¢ 1ienbio cpaBHeHUS 3(PGhEKTUBHOCTH TIPEUTOXKEHHOTO aJITOPUTMA B3SITO U3
MyOIMKAIIIA U3BECTHBIX aBTOPOB.

BoBopl. [TpenioxkeHHbII HOBBIN METO/ pacTIO3HABAHUSI Pa3HBIX TUIIOB MOJHBIX M YACTUYHBIX CUMMETPUH (TTOTUCUM-
METPUU, POCTbIE CUMMETPUU U aHTUCUMMETPUU) KaK B MOJTHOCTBIO, TaK U YACTUYHO 3aJIaHHBIX OyJIeBbIX QYHKIIMSIX Ha
OCHOBE YMCJIOBOT0 TEOPETUKO-MHOXECTBEHHOTO JIOrnyeckoro nuddepeHunpoBaHus OTINYAETCS OT U3BECTHBIX OTHOCHU-
TEJIbHO MPOCTEeULIEN MPAKTUYECKON peasin3aluei.

Karouesnie caosa: pacno3nasanue NOAHbIX U ACMUMHBIX CUMMEmPUL, 0y1e6as OyHKYUS, HUCA080€ MeOPemUK0-MHONCECBEHHOe
noeuueckoe oughgheperyuposarue.
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