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Introduction

Despite the benefits, the implementation of pro-
cedures for minimization of logical functions in
ESOP (EXOR Sum-Of-Product) is complicated
in comparison to that of logical functions in SOP
(Sum-Of-Product) [1-8]. As mentioned in parts
1-3 of the previously published articles' about
the method for minimization of logical functions
in ESOP, one of the significant reasons of the im-
plementation complexity is that the simplification
procedures [20—26] are not generalized regarding
the Hamming distance d between two arbitrary
conjuncterms with different ranks: thus the final
minimization of the given function is not guaran-
teed.

In the mentioned above method, a generalized
approach to the minimization of arbitrary set func-

1 YCuM, 2015, Ne 2 (part 1), Ne 4 (part 2), Ne 5 (part 3).

tions (see parts 1 and 2) and systems of such func-
tions (see part 3) in ESOP for arbitrary Hamming
distances between two conjuncterms with different
ranks is proposed for the first time. This approach
isbased on a visual pattern method [28, 31], asa re-
sult of which a set of transformed ESOP conjunc-
terms, having lower rank than rank of two initial
(given) conjuncterms, is formed. Transformed con-
juncterms can be used for further to simplification
of the given function to decrease simplificantly the
implementation cost, reflected by the ratio kg / kl* ,
where kg is the amount of conjuncterms, and k,* is
the amount of literals of the minimized function.
In parts 1 and 2, there are formulated and proved
theorems for different possible initial transforma-
tion conditions that are determined by the ranks
of the initial conjuncterms pairs. In particulary,
Theorem 1 (T1) considers two minterms, Theorem
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2(T2) — a minterm and a conjuncterm of (n-1)-
rank and Theorem 3 (T3) — two conjuncterms,
one of (n-1)-rank and the other of (n-2)-rank.

Table 4.1 demonstrates the generalized formulas
of sets the PSTF Y® of transformed conjunctermes,
reflectedin T1, T2 and T3 ford =1, 2, 3 and 4. For
arbitrary initial d (see the last row in Table 4.1) the
general amount k; of transformed conjuncterms
will be determined by the power set of each set: for
T1 that is one set of power set d!, for T2 that is d
sets, each of powerset (d —1)!, and for T3 that

d
is Z(d —1i) sets, each of powerset (d —2)!. For
i=1
example, if d=4 we will get the following amount of
transformed conjuncterms: for T1 that is ke =96,
for T2 that is kg =96, for T3 that is ky = 48.
Minimization of logical function in ESOP using
the transformed conjuncterms can be realized by

two approaches. In the given function the distance
d between an arbitrary pair of conjuncterms (or
minterms, if the function is in perfect STF ! ) is
determined. Then, this function, with chosen some
pair of (initial) conjuncterms with certain d,, can be
replaced by a set of conjuncterms using:

= a pre-formed library (its full set depends on
the computer memory capacity ford =d_, ), from
which for a specific given d, a set of transformed
conjuncterms is determined; see in Table 4.1 an
example of such library ford , =4;

= an iterative polynomial extension procedure
of two initial conjuncterms with arbitrary ranks,
spaced at a distance d, which will be called the
"handshaking" procedure; the proposed name in the
simplest case (according to Theorem T1) reflects
conditionally, on the pattern of a given function, the
motion of one vertex (minterm) to a distant distance
d >1 of the second vertex (minterm) on the edges
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of the pattern (conjuncterms of the (n-1)-rank),
that creates some (required) set of transformed
conjuncterms of the (n-1)-rank (see part 1.2,
Fig. 1 and 2).

Unlike the first approach having the significant
limitations regarding the computer position and
requiring the value of d, the second approach does
not have such restrictions. Let us consider the latter
in more details.

“Handshaking” Procedure

The"handshaking” procedureisbased on Theorem?2

_\e
for (6) (see part 1), i.e. (o{ ):Nfi, where q,  {0,1},
1
i€{0,1,....(n—1)} is the arbitrary binary position
in conjuncterm of rank r € {l,2,...,n}. In particu-
lar, for minterm (o ---a; ---a,,) from the function
S (X155 X5, X,) the «handshaking» procedure is
performed to i-th position 2* looks as follows:

(a1~-~ai-*'an):§ ((alm(_)"ma”)].

(0~ 0+ Ty)

The procedure is similar if we have a pair of
conjuncterms with their ranks differing by one. In
such case, the complete transformed conjuncterms
set formation will combinatorially depend on the
weights order of binary positions to which this pro-
cedure is performed.

Let us consider the transformed conjuncterms
set formation using the «handshaking» procedure
for theorems T1, T2 and T3 (see part 1).

Implementation of the Transformed
Conjuncterms Set Based on
Theorem T1

In general for d =2 we obtain a transformed con-
juncterms set for two binary position sequences
20 5 2tand 2! - 2° Thus, for generative minterm

(o B) we get:
_ [
a_

WERERE
af af| (-B

af ap

—=\ ol B0 —E =
W
a op ap o—

For generative minterm (o B) the result will be
the same:

=7\ 20 % 21i1_ ® ((g—
(GBJ: af |= _E :{a_}
o |72
o
B
B [ ()
=lap === _ |
OLB EB ;g o—

Therefore, (Eﬁji {(E_] . (_B)} that corre
ap —B) \a—

sponds to (3) in part 1.

For d =3, considering all possible sequences, we
will get the following set of transformed conjunc-
terms of (n#-1)-rank:

— ap - L
EBV 20 GB__ 2! a-y 22 aﬁ_
( j:ﬁ[}y:_ =>la-v |,
apy ofy apy gy
ofy
= ap - =
Y T Rl P I B TS R
(aﬁy]; apy SN By |;
P apy ZEZ a-y

a—v _
=\ [ FTY |2 = [0 %Y
[aﬁv)j a7 | 7 :[—BV ;

afy ofy affy of -
oPy

= o=y 50 (i[;j 22 a—y

(QBYJ oy |=| _ =| af- |;

P ey ) | 2]
affy
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Therefore, 5 =3l o=y [,| =By || BY |
a
! By Ja—v | af-
a-v) [ B7 | [ -BY
ap— |.| op — |,| a =7 |} that corresponds to (4).
Py J{a—v){aB-
. . {000 .
For example, for minterms pair we will
111
get the following:
00-)(00-)(0-0)(0-0)(-00
000\ @
" =< 0-11,] =011, =10 |,] 01— [,| 10—,
=11)\1-1)\11-){ =11 ) {1-1
-00
1-0 |+, where the first subset, for instance, is

11—

formed as follows:

00— B -
000 2° 2 o—11]2?
=| 001 |[= =[0-1].
111 1
111
The same can be realized for sets of transformed
conjuncterms of rank (n-1) for 4 > 3.

Implementation of the Ttransformed
Conjuncterms Set Based on
Theorem T2

For d=2 the minterm extension procedure is
easier performed on position, where the conjunc-
term of (n-1)-rank has a line (—), namely:

o =) 2° el P iy 2! B —
(a2 Pla ol | 1
p
that corresponds to (7): (J— :[__J and
o

el

For d =3 considering T1 for d =2 (3) we obtain
(8), (9) and (10), accordingly:

T-7)2 =Yg ||| 7Y
- |=lo=7 =3 =7 ||loa == |}’

a By afBy )\ apPy
e () (7
=| = Br|=1| —— 7| -B-
a By apy ) LaPy
o121 e (0= (-1
Forexample,(lm]: 10— [=<| 0= [,| 1——= |},
100 100 100
0_0\2 0-0 ® 0——\(--0
= 1-1 =] ==1],|1-=},
101
111 111 111
»(-10 1= (-=0
-10)2 ®
=| 01 [=q|—--1|,] -0-
101
001 001 001

For d =4 considering T1 for d =3 we get (11—
14). For demonstration purposes we consider only

101—

th (11), for inst 101-) 2 010
e case , for instance — |,

0100 )=

0101

. . . (101—
by applying the T1 transformation to pair

010—

for d =3.
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For six different possible sequences of binary
positions, the formation of transformed conjunc-
terms for example for 2! 522 528 s presented
as follows:

1 0==1 10
1012 (10772 1m0 |2 1077
( J:> 100- |= =|1-0-|,and
010— 110-
~10—
010
10——
101-) 2 | 1-0—
then we have 0100 — 10— . For the re-
0101

maining variants of the binary position sequences
we obtain the required set of transformed conjunc-
terms that corresponds to (11), that is:

10-=Y) (10—=) (1-1=) (1-1-
001-\® [[1-0—|| —00— || 11— ||11-~
(omj:> ~10- 1 0-0-[]| 01—=|"{ =10- [’
0101 )\ o101 )\ o101 J { 0101
—01-" (-01-
00——||0-1-
0-0—||01——
0101 ) { 0101

Sets of transformed conjuncterms for d >3 are
formed in a similar way.

Implementation of the Transformed
Conjuncterms Set Based on Theo-
rem T3

If d=2, the result (15) is obvious. For d=3 we
have (16), (17) and (18), which are formed as fol-
lows:

(e

_ = ——

(dﬁ—jg ap-)®f
_B" _

X =
—By ;{——v] 5
= —pY
—By
For instance,
21—
= _——
01-\©® 11-) @
0l =1, =| 11— |;
— M7 o=
— -00
-00
2 o——
= _—
01-)® 00— )®
-0 =1 =| 00— |5
- M-
N 1-1
1-1
20—
= —
0-1\® I-1) @
00 =9 =| 1-1
_ 2 (__p
- -10
o)

For d =4 we have (19)—(24). This can be de-
monstrated on the example of the transformed
conjuncterms formation for the case (20) consi-
dering Theorem T1 for d =2 (3):

2(0-0-) (0-0- 0———
=

000\ @ 010- J®| 010~ |® || 010~

= = = ,

1-10 01— 1-1- ——1-
:{1—11) 1-11 1-11

——0-

010-

l———

1-11
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If one of the initial conjuncterms has lower rank
than described in Theorem T3, the extension pro- 2 (0112 2* 1-1-
cedure should be performed to the conjuncterm 01-10) © :{ ):> -1 |3
with greater rank considering all the possible se- ( ]: 01-11 01-11 =
quences as it is shown in the example below: --10- ,
)2 2 (0=
——0- ——0- —
= ——00-
010— ~10-
—00-) ® ® @ N
= 1\ -—l-= 1| | (-—-——-
1-10 011\ @ 0—1— ——=1- —-0-1- 0—1-
= =|0-1- Pl o=1=|®| 11=1=|®
1-11 1-11 = =| 11-1- |;
1-11 11-1- 01-11 0111
i ——0- 01-11 ———0- 00
S 010— ——00- e
:@> -10- —-00-)® ®
= =
0-1- 1-10) " | 3y T
1-11 :(0—1()): ——11 2*(_1-10)2° 11—111
__o- -1 01-101® |7\ 11-10)7| 77 |2
—— TN ind 11-10 )=
ol 197 |o —10- 2(___o-
—1- =
= 1- |=> T 00—
——11
1-10
1-10 N/ -
—00-\@ || =10— || -10- ——-1=) | -0-1-
Therefore, = 23 ® ol 01
1-10 0-1- || —-1 —0-1- -1-11
= = =| -1-11 |;
1—11 1 lo=10 ~1-11 11-10 10
Sets of transformed conjuncterms for d >4 are 11-10 —=—0- —_00—
formed in a similar way. —-—00-
The following example demonstrates the case
for d =5:
2°701-1-\2° 0--1- 2t (2121012 -0
T —0-10
S e L P e o o
= _ = = 11-10 )=
10— 01-11 ——10-
2
22 - 2 (———0—
= :(——00—
——00-
1= ___1-
——=1- 1--1- 1 ———1- ———11 "
2 1——1-|e| 01-1- |®| 2 ——-11|®| —0-10 |®
= = = 00-1- |[; = = =| —0-10 |;
00-1- 01-11 -0-10 11-10
01-11 11-10
01-11 -———0- 11-10 ———0-
——00- --00-
——00- —-—00-
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2 ro——10y2 [T} oo
ol—10\@ |= 00_10]: 1--10 [,0 —__11le
——10-)" 00-10)=1__yo |7
2 ———0—) 00-10
=
——00-—
1=
-1 11
@ 1-—10 |®
= = 1--10 |;
00-10
0010
Q-
——00-
——00-
SRZ R TOTC] il [ —
01-10)@ (00_10)3 O——IT1¢_y_ e
——10-)" 0-10)= g__11 |7
22(———0—J 00—10
e
——00-—
——_1=
1--1-
1-—1-
& 0—-11|®
= =| 0—-11
00-10
00-10
—— -
——00—
——00-
l——1- | | —0—-1-
01-10\®
Hence 10 00-1—|,| 11-1- |,
01-11 01-11
——00-) { ——00-
01— | | —==11 | | —==11 | | 1--1-
-1-11 {,{ -0-10 |, 1-=10 |,] 0—-10
11-10 11-10 00-10 00-10
——00—) (==00- ) { ——00- ) { ——00—

Application of “Handshaking”
Procedure for Minimization of

Logical Functions

As mentioned above, the proposed "handshaking"
procedure has no restrictions on the Hamming

distance d between two conjuncterms of diffe-
rent ranks. The method of minimization of logical
functions using such a procedure will be advan-
tageously distinguished not only from minimiza-
tion in disjunctive format (where d =1), but also
from minimization in polynomial format, as per
known publications [20—26], where the search for
the minimal form of a given function is considered
for d <3. The principal advantage of the proposed
minimization method, based on the "handshaking"
procedure, is on expansion of the search for a poly-
nomial format of the minimal amount of conjunc-
terms with minimal rank for a given function. The
proposed approach is shown by examples of mini-
mization of complete and incomplete functions.

To illustrate the complete function we will use
the so-called cha in function [28], which is par-
ticular due to its cyclic core matrix, and both of its
minimal SOPs form, that are equivalent regarding
the function implementation cost, containing con-
juncterms of (n—1)-rank only. In particular, the
chain function f(x;,x,,x3,X4) with the perfect STF
Y' ={0,1,2,5,7,10,14,15}! wewill have two minimi-
zation solutions with the same implementation
cost [28]:

/o 1.{(0,1),(2,10),(5,7),(14,15)}1_
2.{(0,2),(1,5),(7,15), (10,14)}1

Hence the implementation cost in SOP we have
ko |k =4/12.

In ESOP we will obtain the function minimiza-
tion result as follows. First, in the given function we
determine the distance d = d,;, between all min-
term pairs. In our function the four pairs have d =1,
for which we will get conjuncterms of 3-rank in so-
lution 1) as per Theorem T1:

000\ ® 0010) @ 0101)®
=(000-), =(-010), =
-010 1010 0111
® 1110 @
=(01-1), =(111-).
-0 >0
In a similar way we will get conjuncterms of

3-rank in solution 2):
0000\ @ 0001) @ 0111\
=(00-0), =(0-01), =
0010 0101 1111
® 1010\ @
—111 1-1-).
=( )’(mojj( )
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Regarding the conjuncterms pairs in solution 1),
there are no pairs with d = 2, but with d = 3 there

. (000—) (000—) (-010) (01—1 i
are pairs , , , . Taking
-010 )\ 01-0){111—=)\111—

any of them, for example the pair (000 _} we can
-010

apply Theorem T3 to it:

2 (_00 -
= —-0-——
(000—)@ (100—)@
= =

010 . 100— |.
— 2’ (01—
= 0-11
011
By attaching the remaining conjuncterms of
3-rank to the last pair, we obtain the set, where we

apply the similar procedures considering Theorems
T1 and T2 (see the underlined elements):

—0——
100—
011 (=
01-1
111-

—0—-=-
® 1-0-
—011 |/
01-1
11—-

0———

-011 |®

=

01-0

1-1- 01-0

—0—— —_——
10——| | 1-0~
-011 |=
01-1 01-1

00——

@ 1—-1—
=
—011
01—

=]

While performing the same procedures to the
other pairs of conjuncterms of 3-rank for both so-
lution 1) and solution 2), the result remains the
same. This indicates that the given chain function
minimized in ESOP form, has, unlike to SOP, only
one solution, namely:

Y= {(0000),(0001),(0010),(0101),(0111),(1010),

(1110),(1111)}! i
, =
-011
01-0
Therefore, the implementation cost for the given
function in ESOP is better than in SOP, due to
ke I k) =4/8.
Furthermore, there are such functions that can-
not be minimized in SOP form, while in ESOP they
can be minimized thanks to the proposed method.

Let consider an example of such function that has
four minimization solutions (for d = 2):

Y! = {(0000),(0011),(1111)}' 2
1. {(000-),(00—1),(1111)}®

© 2:4(00-0),(001-), (111 1)}@‘
3.4(0000),(0—11),(-111)}®
4.4(0000),(=011),(1-11)}®

By the way, the similar result will be obtaining

using Theorem T1 to the minterms pair (????j

In case of incomplete weakly determined func-
tion, which is mainly defined with two sets ¥ Vand
Y 0, there is appropriate to determine which is spe-
cific lower-rank conjuncterms will be formed as a
result of in predetermined (from set Y7) in set Y !
and will participate in the «handshaking» proce-
dure before performing it (procedure). In order to
do that, every minterm of set ¥ is split into a set
of lower-rank conjuncterms, for instance (n—1)-
rank. If the split set contains minterm(s) of the
set ¥ 0, such conjuncterms is not futher consi-
dered. In such way, a set of conjuncterms is formed
from all the minterms, and afterwards, the «hand-
shaking» procedure is applied to this set by using
the corresponding theorems. As a result, the need-
ed minimal form of the given function is generated
in ESOP.

Let us demonstrate that with an example of
weakly determined function, specified by perfect

1 1
STF Y=15.9.12} (in [41, p.120] this function is
Y% =11,6,8°

minimized by the K-map method). For each min-
term of set ¥! we will determine the set of only those
conjuncterms of (7 —1)-rank, that will participate
in the following «<handshaking» procedure:

(0101) = {(010-),(01—-1),(-101)},

(1001) = {(10-1),(1-01)},

(1100) = {(110-),(11=0),(=100)}.

The formed conjuncterms can be grouped by
classes (with line at the same position), and after-
wards, the «handshaking» procedure can be per-
formed to the conjuncterms pairs:
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Table 4.2
XORS5 6Sym 9Sym 9Symml 91 Z9Sym
d | ke /ki=16/80 | ke /k = 50/300 | ke /i =87/522 ke /i =87/522 ko /kr = 420/3780
ka/ky t ko't t ka'k; ko'l : t ka'k t
4 5/5 =0 13/54 =0 76/395 3Ims 78/402 3ms 80/391 13 ms
5 5/5 =0 13/54 35 76/394 9 ms 75/385 11 ms 80/388 25 ms
6 = - 13/54 35 75/387 30 ms 74/382 | 24 ms 77/382 14 10 ms
7 - 5 = = 74/384 1h 20ms 70/368 | 1h38 ms 77/382 14 31 ms
8 - - - - 73/382 | 2h 30ms 70/368 | 2h 6 ms 77/382 2h 23 ms
9 - - - - 73/382 70/368 | 2h40 ms 77/382 1h 36 ms
Table 4.3
d XORS5 6Sym 9Sym 9symml 91 Z9sym
4 0.0195 0.0468 0.6610 0.6904 0.0197
5 0.0195 0.0468 0.6594 0.6358 0.0196
6 - 0.0468 0.6391 0.6225 0.0186
7 - - 0.6257 0.5672 0.0185
8 - - 0.6140 0.5672 0.0185
9 - - 0.6140 0.5672 0.0185
—-101\ @ 010-\® The ob&aingd result are presented in Table 4.2,
100 =(=10-); 10— =(=10-); where ky / k; is the ratio of the total amount of con-

01-1 ® 0—-1 / —-1-1 ® -1-1 ®

10-1 |=|{-0-1 1--1) |=|1--1|=

11-0 11-0 11-0
—1-=) (-1-1

® ®

=11 |/|1-—=|=0-=1D/(-1=1).
01-0 10-0

Therefore, minimal (P) STF Y ={(-10-),
(1--D}={(4,5,12,13),(9,11,13,15)}, that corres-
ponds to [41].

The Experimental Part

Based on the proposed “handshaking” procedure,
an algorithm and a program for minimization an
arbitrarily given logical function from n variables
in a polynomial format have been developed. The
developed program was applied to experiment
with some benchmarks [15, 20 39], namely: XOR5
(n=15), 6Sym (n = 6) and 9Sym, 9symml 91 and
Z9sym (n=9). These functions were minimized by
the program for different of "handshaking" depths d.

juncterms to the total amount of literals of a cer-
tain function before its minimization, respectively
kg / k; is the ratio after the minimization, ¢ is the
time spent on the minimization.

One can see, the result of minimization with
benchmarks XOR5 and 6Sym does not depend
on the depth d and is always the same. And for the
benchmarks 9Sym, 9symml_91 and Z9sym, the
obtained result demonstrates a decrease in the ratio
ky / k;, which illustrates the tendency to improve
the minimization results by the increasing of depth
d. Such feature of the "handshaking" procedure can

be estimated by the relative implementation cost
K, = ok 4.1
kqk;

In the Table 4.3 we demonstrate how the value of
the relative cost of implementation (4.1) changes

from the "handshaking" depth d due to the minimi-
zation of benchmarks by the proposed method.
Therefore, the closer the value of the relative im-
plementation cost £, is to 0, the more effective the
minimization is performed. Thus, if k,>1, the re-
sult obtained relatively to the implementation cost
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k, of the minimized function will be worse than for
non-minimized function. Based on that, one can
use the parameter k, to control the "handshaking”
procedure while minimizing an arbitrarily given
function from » variables.

Tables 4.2 and 4.3 also demonstrate that the best
result for Z9Sym is obtained starting with d = 6,
while it remains unchanged with increasing of d. A
similar trend is observed for 9symml_91 and 9Sym,
and for the first function, starting with d = 6, and
for the second function, starting with d = 8. For all
there cases, the minimization result improves with
increasing of d, but is also aligned with increasing
of the minimization time ¢. It is easy to assume that
the optimal depth of the "handshaking" d depends
on the function itself, that in some way affects the
minimization time. Therefore, in practice it is
important to record the optimal value of d, when
the minimization result will improve or will not
change.

Hence, the proposed “handshaking” minimiza-
tion program is written in a high-level program-
ming language (Python) and is not optimized for
performance and multitasking. However, the time
of execution the “handshaking” procedure only
in the case of conditional 100 minterms with a
Hamming distance d = 10 between them, can take
at least 150 hours even for a conventional ideal
modern processor core performing one operation
with one bit per clock cycle (excluding auxiliary
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HOBUWI METOJ MIHIMIBAILLIT JIOTIKOBUX ®YHKIII
Y ITOJITHOMHOMY TEOPETUKO-MHO>XKMHHOMY ©®OPMATI.
IV. TIPOLUEAYPA «PYKOCTUCKAHHA»

Beryn. OnHi€o 3 MpuuMH CKIaAHOCTI MiHiMi3aLlii 10riKoBUX QYHKIIiH y moJiHOMHOMY hopmarTi € Te, 1110 BioMi MpoLeaypu
CIIPOLIEHHSI HE MalOTh Y3araJlbHEHOTO XapaKTepy 11100 TeMiHI0BO1 BiICTaHi MiX TOBiLIbHMMM JBOMA KOH IOHKTEpPMaMU
Ppi3HUX paHTiB 3agaHol (YHKIIil, 1110 He TapaHTYyeE ii 0CTaTOYHOI MiHiMi3allil. ¥ BimoMux nyoiKalisXx Ha aHaJIOTiuHYy TeMY
3rajaHa reMiHroBa BiJICTaHb HE MePeBULILYE YUCIIO 3.

Meta. MeToi1o0 11i€i cTaTTi (SIKa € MPOIOBXEHHSAM OITyoJIikoBaHux crateit B YCuM y 2015 p. (Ne 2, 41 5)) € po3pobka
TaKOi MPOLEeAYPU HaJ| [BOMA KOH IOHKTEPMaMU TOBIIbHUX PAHTiB, TEMiHTOBA BiCTAHb MiX SIKUMH MOXKe OyTH TOBIUIBHOIO,
a yTBOPEHi BHAC/iJOK LIbOTO MEPETBOPEHI KOH'IOHKTEPMHU MATUMYTh MOPIBHSIHO HUXKYi PAHTH i MOXYTb OyTH BUKOPUCTAHI
IUTSI TIOAAJIBIIIOTO CIIPOIIeHHS 3anaHo1 GYHKILIT 3a MpaBUIaMu, OMMMCaHUMU B moBeaeHuX TeopeMax (YCuM Ne 23a2015p.).

MeTtoau. 3anporoHOBaHO MPOLIEAYPY TaK 3BAHOIO «PYKOCTHCKaHHs» (sIka YMOBHO BiZoOpaxka€ Ha Bi3epyHKY 3aaHOi
(yHKLIT pyX ONHOI BEPIIMHU [0 BiUIAJIEHOT APYroi BepLIMHU), 110 IPYHTYETLCS HA iTepaliiiHOMY PO3LIMPEHHI ABOX
YUCJIOBUX KOH TOHKTEPMIB Pi3HUX PAHTiB JIOTIKOBOT (hYHKIIii, 3a1aHOT Y TIOJIIHOMHOMY T€OPETUKO-MHOXUHHOMY (hOpMATi.
Tlpu uboMy remiHTOBa BiICTaHB MiX IIMMU KOH'IOHKTepPMaMu Moxe OyTH MoBinbHOMIO. [lepeTBOpeHi KOH'IOHKTEpMU
YTBOPEHOT MHOXWHU BUKOPHUCTOBYIOTBCS JUTsI MOJAANbILIONO CIIPOILEHHS 3a1aH0T (PYHKIIiT Ha OCHOBI MPOCTHX TEOPETUKO-
MHOXXWHHUX TIPaBUI y MOJIHOMHOMY (hOpMaTi.

Pesynsratu. Ha oCHOBI mpolienypy «pyKOCTHCKaHHsI» po3po0JeHO aJllOPUTM Ta MporpaMy MiHiMizallii JOTiKoBUX
(GyHKLi Yy NOJIHOMHOMY TEOPETUKO-MHOXUHHOMY dopmaTi. [lpoBeneHi Ha OeHumapkax eKClepUMEHTAIbHi
TMOCTIKEHHST TIPOTpaMu iTIOCTPYIOTh e(EeKTUBHICTh HOBOTO METOLY MiHiMi3allil JTOTiKOBUX (QYHKIIN y TIOJiHOMHOMY
TEOPETUKO-MHOXHUHHOMY (hOpMaTi.

BucHOBOK. 3aponoHOBaHO METO/ MiHiMi3allii TIOriKOBUX (PYHKILii y MOJTIHOMHOMY TEOPETMKO-MHOXHWHHOMY (hOpMaTi,
L0 TPYHTYETHCS HA TaK 3BaHiii MpouUeaypi «pPyKOCTUCKAHHS», sIKa BigoOpaxkae iTepaliiiHe MOJiHOMHE pO3ILIMPEHHS
IBOX TIOYATKOBUX KOH'IOHKTEPMIB MOBIBHMX PaHTiB, YHACIIZOK YOTO YTBOPIOETHCS IesiKa MHOXWHA IE€PETBOPEHMX
KOH'IOHKTEPMIB, 1110 MalOTh HUXYi paHTu, HiXX noyaTkosi. OCOOIMBICTb NPOLIEAYPU B TOMY, 1110 FEMiHIOBA BiICTaHb MixX
LMY IBOMA KOH FOHKTEpPMaMU MOKe Oy T! TOBLTbHOIO, 3aBASIKY YOMY €JIEMEHTU YTBOPEHOI MHOXXMHY MOXXHA BUKOPUCTATH
IUTST TIOANbIol MiHiMi3amii 3amaHoi GyHKIT 32 IeBHUMM TIpaBwiaMu. Lle TPUHIMIIOBO Bigpi3HSIE 3aMIPOIIOHOBAHUIM
METOJ, Bill BiIOMMX 11010 €(hEeKTUBHOCTI MiHimi3allii, 110 MiATBEPIXYIOTb HABEACHI MPUKIAAM Ta €KCMEPUMEHTAbHI
TOCTiIXKEeHHS pO3p00JIeHOT TPOrPaMM.

Karouoei caosa: minimizayis 102ik060i (yHKYIi, KOH OHKMEPM, NOAIHOMHUI MEOPeMUKO-MHONCUHHULL hopmam, 2eMIiHT08a
gidcmannb, npouedypa «pyKoCMUCKAHHS».
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