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STUDYING THE EFFECTIVENESS OF A NEW ALGORITHM
WITH A DEFINING FUNCTION FOR FINDING
THE GLOBAL MINIMUM OF A SMOOTH FUNCTION

Abstract. This article presents a new algorithm with a defining function to find the global minimum of multi-
extreme functions of two variables. The stages of the new algorithm are described in detail.

Computational experiments were performed on three different test assignments. We have found the global
minima of the test functions. A convex function was given as the first example. In the second example, a non-convex
function that has a global minimum inside a parabolic strongly elongated surface has been analyzed. In the third
example, a function with a large number of local minima has been analyzed. These functions are different in
complexity, but our algorithm determines the global minimum of different functions in the same amount of time.

A determining function is formed depending on the function considered so that the algorithm to function. If a
function is two variables, then the defining function will contain a double integral. Such integrals were calculated
using Sobolev's cubature formulas with a regular boundary layer. Computer programs were used to calculate
cubature formulas. The calculation algorithm has been implemented using Microsoft Visual Studio in C++.

As a result of the computational experiment, the values and coordinates of the global minima of the test
functions have been found. A comparative analysis of the reference values and those found was made using the new
algorithm.

Key words: multidimensional optimization, global optimization algorithm, Sobolev’s cubature formulas, De
Jong function, Rosenbrock function, Rastrigin function.

Recently, the relevance of optimization problems has been growing very rapidly and successfully.
The range of optimization tasks has significantly expanded. There is a need to solve optimization
problems in almost all Sciences. Many methods for finding the minimum of the function have been
suggested [1-4]. Each method has its advantages and disadvantages. The task becomes more difficult if
you need to find a global minimum for a function with a large number of local minima.

We have built a new algorithm for finding the global minimum. The algorithm for a function of a
single variable has been analyzed [5] and tested.

Now let's describe the proposed algorithm for a function oftwo variables.

Let be a smooth function of two variablesz = f (x,y ). The domain of the function a <x<b,

a <y <b.lItisnecessary to find the value and coordinates of the global minimum z = f (x,y) .

The algorithm works by means of a defining function:
b b

g(a) =jj0f (x,y) -a\- (f(x,y) - a)]mixdy , (1)

aa
where the integration area on the plane xOy is a square [a;b]xx[a;b] . This integral defines the first

touch ofthe global minimum of a function z = f (x,y) with a plane z = a , so the function (1) was called
the defining function.
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Let's start with the value of the global minimum point. Let's denote it a = globminf (X,y) . To do

this, it is necessary to select the value a and put it into the defining function and calculate the value of the
integral.
If f(x,y)>a, then the module as a defining function is expanded with a positive sign and is

obtained g(a) = 0. This means that the plane z = a passes below the function graph or touches the
bottom. In further we select a value a greater than it was before.

If f (Xy)<a, then the module in the defining function is expanded with a negative sign and is
obtained g(a) > 0. This means that the plane z = a passes above the function graph or intersects, so we
select a value a less than it was before.

Continue to choose a until, \an—an¥*<s whereg(an)=0 and g(antl) > 0. After a certain

number of iterations, we will get close to the value of the global minimum up to the desired accuracy. The
global minimum lies on the segment a e [an;ant].

In searching for the coordinates ofthe global minimum, it is necessary that the defining function takes
a positive numberg (a) > 0. Therefore, the approximate value ofthe global minimum takes the right end

ofthe segment [an,anl g(antl) >0 .
anl»a =globminf (Xy) (2)

We found the value ofthe global minimum (2) with s - precision.
Let's start searching for the coordinates of the global minimum point X and y , where Xe [a;b] and

y e [a;b].We look for the coordinates ofthe point in the square [a; b]x x [a; b]y. Divide the given square

into four equal parts. We get four squares [a;xjxx[a;y1]y,[a;xjxx[yLbly, [xxb]xx[a;y1]yand

[xxb]xx[yi;b]y by dividing the sides in half xl1=~+~~and yl=~+~. We modify the defining

function for each ofthe obtained regions(2).

vi Xt m
glaixUxdayly (a) = JJue (x vy —a 1 —(f(x,¥y) —a)l dxdi e 3)
a
bb
g xLb]Xx[yLbly («) = [f (< vy)— —(f(X,¥)—a)] dxdy
YL XL

The found value of the global minimum (2)were used in the modified functions (3). At least one of
these four integrals must be positive. We continue to search for the point of the global minimum in the
part where the modified integral will take a positive number. We divide the selected part into four more
squares and build four more integrals for them in the same way. This iteration continues until

\xm—er*rl A's and W yhH <s where g[zmmﬂ{ylMﬂ](Ci) > 0. The coordinates ofthe global minimum
point are equal to X= m12+ Xn and y = jI+12+jI

The accuracy of the value and coordinates of the global minimum is set by us. In our examples, the

values and coordinates of the global minimum are calculated with precision s = 10~6.

To calculate a two-dimensional complex integral, we used Sobolev's cubature formulas with a regular
boundary layer [6-8], as multidimensional integrals are well approached by Sobolev's formulas.

The proposed algorithm for the minimization problem has been implemented in C++ in the Microsoft
Visual Studio 2017 development environment [9].

In this article, we will test the new algorithm for accuracy and efficiency. Optimization methods are
tested for accuracy and efficiency by means of test functions that have well-known exact extremes. To test
our algorithm three well-known functions were chosen [11-12].
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De Jong’s Function. It is sometimes called a spherical function. It is one of the simplest test tasks
used for testing the optimization algorithm [13]. The function is defined by the following formula:
f(xy)=x2+y2,
where the scope of the function definition is - 5.12 <x<5.12, - 5.12<y <5.12. The function is
continuous and convex and has one global minimum: f (x,y) =0, x =0, y =0. There are no local
minimums. The graph ofthe function in space is shown in figure 1.

Figure 1-Graph of the De Jong’ function of two variables

Rosenbrock Function. It is also called the "banana function”. Finding the global minimum for this
function is considered a non-trivial task [14-15]. The function has a slowly decreasing large plateau. The
global minimum is located inside a long, narrow, parabolic flat valley. It is difficult to find a global
minimum under these conditions,. The function has the following definition:

f(x;y)=100(y - x2)2+ (1- x)2,

where the function definition area is: - 2.048 <x <2.048, - 2.048 <y <2.048 and has one global
minimum: f (x,y) =0, Xx =0, y = 0. There are no local minimums. The graph of the function in space
is shown in figure 2.

Figure 2 - Graph of the Rosenbrock function of two variables

The Rastrigin function is a non-convex and multi-extreme function [16]. Finding the global
minimum of such a function is a difficult task because of the large number of local minima. For this
reason, the Rastrigin function is used to test the effectiveness of optimization algorithms. The function is
defined by the following formula:

f(x,y)=20+x2+y2-10 cos(2nx)-10 cos(2"y),

where the region of definition of the coordinates is -5.12 <x <5.12 and -5.12 <y <5.12 and has one
global minimum: f (x,y) =0, x =0, y = 0. There are many local minimums. The graph ofthe function
in space is shown in Figure 3.
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0 0

Figure 3 - Graph of the Rastrigin function of two variables

We will show how to search for the global minimum ofthe last example on the basis of the algorithm
proposed above. It is more difficult to solve this example by using the gradient method than convex
functions. The algorithm proposed above will easily calculate the value and coordinates of the global
minimum.

First let's build a defining function for the Rastrigin function:

512 512

g(a) = j j[20+x2+y2- 10cos(2”x)- 10cos(2"y) -a
512512

-(20 +Xx2+y2- 10cos(2”x)- 10cos(2”y )-a)]6dxdy

Search a for the value ofthe global minimum point using the function g (a). The initial value a is

randomly selected. If the function value area is set, you can start from it. 1f the function value area is not
specified, then start searching with a =0.At a =0, itturns out g(0) = 0. Then the plane z = a passes

below the graph of the specified function or touches at the point of the global minimum. Table 1 below
shows a computational search a experiment.

Table 1- step-by-step search a

Calculate the value of The location ofthe plane z = a We need to find the
Select avalue a the defining function definition of an interval
belonging to a
1 a-=o g(0)=0 =0 the plane passes below the We need to find the global
graph or touches the function graphat  minimum  value is greater
the global minimum point than 0, a e [0;+s9
2 as5 9(5>0 7=5 the plane passes above or We need to find the global
intersects the function graph minimum value is less than
5,a e [05)
3 a=25 g(25)>0 z=25 the plane passes above or We need to find the global
intersects the function graph minimum value is less than
2.5a e [0;25)
4 a=1l% g(125)>0 z=125 the plane passes above or We need to find the global
intersects the function graph minimum value is less than
» ae[0l)
a =0.000001 g(0.000001) >0 z =0.000001 the plane passes above The accuracy has been
or intersects the function graph achieved a e [0;0.000001)
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We stop the computational experiment when we reach the desired accuracy. In our examples, the
accuracy for the value of the global minimum point s< 10 6 is taken. We took the right end
a =0,000001 of the segment ae [0;0.000001) as the value of the global minimum, because in

searching for the coordinates of the global minimum point, the defining function must give a positive
number.
Let's start searching for the coordinates of the global minimum point X and y, where

xe[-5.12;5.12] and y e[-5.12;5.12]. We are looking for the coordinates of the point in the square
[-5.12;5.12]xx[-5.12;5.12]y . Divide the given square into four equal parts.

Bi-viding the siges in ﬂal]I x1:§l-1-g--+- 5:12) :8 anc‘ii ylz-EZi-l-g--t 5:12) :8,We geIt Four

squares [-5.12;0]xx [-5.12;0]y, [-5.12;0]xx[0;5.12]y, [0;5.12]xx [-5.12;0], and
[0;5.12]x x [0;5.12]y. We will start calculating modified defining functions for the obtained regions.
0 O
g[-5.22004-5120y(a) = j j[20+~ +y"-10c°s(2”) - 10cos(2™/) - a
512512

- (20 +Xx2+y2- 10cos(2”x)- 10cos(2”y)-a)]6dxdy

The integral for the first part gives a positive number. The integrals over the other parts can not be
seen. We continue to search for the global minimum point in the square [-5.12;0]xx[-5.12;0]y. We

divide the selected part into four more squares and build four more integrals for them in the same way.
table 1 below shows the search for global minimum coordinates.

Table 2-step-by-step search for global minimum coordinates

The definition area under consideration Value of defining functions Actions

[-5.12;5.12]x x[-5.12;5.12]y. g[5125151251(a) >0 eD(;\u/ia(Ij% ;22 definition area into four
[-5.12;0]xx[-5.12;0]y g [5200{520) (a) >0 eD(:L/;clit:);rfgg definition area into four
[-5.12;-2.56]xx[-5.12;-2.56]y g [52250{5 12258 (a) = 0 rliao X{](s)(t1 L(I:acljrr;sider this part, move to the
[-5.12;-2.56]x x[-2.56;0]y g[5225{250 (a) =0 rI]3eo xP(s)ctJ L(j:;)rrgsider this part, move to the
[-2.56;0]xx[-2.56;0]y g[520%{2%0y (a) >0 eD(;L/;clit:) atrrgg definition area into four
[-0.000001;0]xx[-0.000001;0]y g [-00miokq-Q0mq (a) A 0 Stop searching for coordinates. The

desired accuracy has been achieved.

This iteration continues until we reach the desired accuracy s < 10 6. The coordinates of the global

minimum point are x * 0+ (-0 000001) * -0.0000005 and y * 0+ (-0 000001) * -0.0000005 .We
2 2

found the global minimum: f (x,y)* 0, x* 0, y * 0. They match the reference values.

All test cases have been solved with accuracy s < 10 6 and the answers received match the reference
values.

The proposed algorithm does not do any extra work. First of all, it finds the value of the global
minimum. And only then searches for the coordinates of this point. This will take less time and make your
computer work easier.
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IMatemaTuka MHCTUTYTI, Y(ha, Peceir;
2K. XX"6aHoB aTbiHaarel AOMY, AkTebe, KasakcTaH;

TEMNC oYHKUNAHBLW, TITOBAJIbABI MVHNMYMBbIH 130EY IE
XAUA ANTOPUTMHL, TMIMALN1MIH 3EPTTEY

AHHoTauua. COHrbl yakblTTa OHTaliNaHAbIPY ecenTepLull, e3eKTifiri ete KapKbiHAbl XX3He TabbICTbl ecyge.
OHTalinaHabIpy €ecenTepiH KOMJaHy ascbl anTapnbikTali KeHeigi. OHTalinaHablpy €CenTepiH LUewwy KaXeTTLumn
6apnblK rbinbiMgapga 6ap. PYHKUMAHBIH OKa/IbAbl MUHUMYMbIH TabyAblH KenTereH 3gicTepi ~CblHblifgbl. Bipak
(OYHKUMAHBIH 1106a/1bAbl MUHUMYMbIH Taby MiHAETi a3 3epTTenireH. 3p 3AOTLW, e3iHiH apTbIKLWbIbIKTapbl MeH
KeMLUinikTepi 6ap. JIokanbabl MUHUMYMAAPbI Ken QYHKUUAHbIH rnobansisl MUHUMYMbIH Taby KaXeT 6osica, ecen
KubIHAaR TYCes.

BAn makanaga ekl aiiHbiManbiCbl 6ap 0Kanbabl MUHUMYMAAPb! Ken (YHKUUAHBIH Fno6anbabl MUHUMYMbIH
i30ey YLLiH XKaHa anropuT™ ~cbiHblnraH. M”Hga )aHa anropUTMHIH X MbIC Ke3eHAepi enken-Tenkelini xasbiiraH.

¥CbIHbINTaH 34ic 6acka 3410TEPAEH epeKLueneHefi, 6”1 epae i3geyai rnobanbabl MUHUMYM HYKTECLULL, M3HIH,
ArHa fieHrellH aHblKTayfaH 6actaimbl3. [106anbbl MAHMMYM HYKTECLULL, M3HIH JX3He KOOpAuHaTaiapblH ecenTey
YWiH >kaHa aHblKTaylbl (YHKUMA K¥pbingbl. AHbIKTayLWbl (QYHKUUAHbIH KemeriMeH 6epinreH (yHKUMAHbIH
rno6anbbl MVHWMYM HYKTECLUE >aHama XXasblKTbiKTbl Tabambl3. [N106anbAbl MUHUMYM HYKTECLULL M3HiH
aHblKTaraHHaH KeliiH OHbIH KOOpAMHATTapbl ecenTengi.

Makanaga KBagpatTa aHbIKTanraH yHKUMANap KapacTbipblaraH. no6anbisl MUHUMYM KOOPAMHATTapbIH Taby
YLiH aHbIKTasy 06/bICbIH TEPT TEH KBagpaTka 6eny kepek. 6”aaH api ocbl KBagpaTTapablH KaicbiCbiHAA rN06anbAbl
MUHUMYM 6ap eKeHLL aHblKTalimMbI3. TaHaanraH KBagpaT Tarbl TEPT TeH KBagpaTka 6eTHega. bisre kaxern gangikke
JeliH KBagpatTbl 6eny >xanracagbl. Onap e3repreH aHblKTayLlbl (PYHKLUMAHBIH KEMENMEH aHblKTanabl. bi3 "xaHa"
KBaApaTThl KapacTblpraHaa, aHbIKTayLbl PYHKUMA fa MHTErpangay aimarbl esrepTei.

B/An anropuTm ecenTeynep caHbIH aiTap/bIKTain asaritagbl, 0nain 60/ca ecenTey yakbiTbl KbiCKapapl.

"no6anbfbl OHTaRNAHABIPY airOPUTMAEPLLLL, XbITAAMABITbI MEH AAA4ITIH 6aranay YiiH TeCTTiK QyHKUmsnap
KonpaHbIngbl. Y TYpi TeCTTIK PYHKUMANAP anbiHAbl. BipiHWi Mbican peTiHge feHec hyHKUMA KenTipingi. EKiHwi
Mbicanga napabonasblk KaTTbl cO3bliraH 6eTTw, iwiHge rnobanbibl MUHUMYMbl 6ap [eHec emec (QYHKUMS
KapacTbIpbiigbl. YLWiHWi Mblcasiga NoKa/bAbl MUHUMYMAAPLI eTe Ken MYHKUUAHbIH rnobanbibl MUHUMYMbI i30eng.
Ocbl hyHKUMANAPMEH ecenTey aKcnepumeHTe” xYprisingi. bapnbik ecenteynep s <10 6 43nATMeH OpbIHAANAbI.
Bi3 TecTTiK pyHKUMANAPAbIH TN06abAbl MUHUMYMAAPbIHBIH M3HAEPIH X3He KOOPAMHATTApbIH XaHa airOpUTMHLL,
KeMerimMeH Taybln, 3TaNOHAbIK M3HAEPMEH CanbICTbIPAbIK. EcenTenreH MaHAep 3Ta/I0HAbIK M3HAEpPre CaiKec Kengi.
BN TeCTTiK (hyHKUMANAp KypAenLnHe kapaii ap Typn” 6ipak ~CbIHbIITaH airoputm Gipaei yakbsIT WwWBe e ap TYpA
(hyHKUMANAPAbIH rN06anbabl MUHUMYMbIH aHbIKTaAab!.

AHbIKTayLIbl PYHKUMA KapacTbipbinaTbiH DYHKLMAra X3He OHbIH aHblKTay 06/biCbiHa GainaHbicTbl. Erep ekl
aiiHbIManbiCbl 6ap (yHKUMS GeplureH 607ca, OHAA aHbiKTaylbl (QYHKUWMS KOC WHTerpangsl 6onafbl, OHbIH
MHTerpasgay avimarbl aHblKTay 06/biCbiHa CalikeC kened™ beplureH o6/bic 6oibIHLLIA eceni MHTerpangpbl XybIKTan
ecenTey YLUiH TepakTbl LUekapa/iblk KabaTbl 6ap Cobones KybaTypanbik (opMynanapbiH nanganaHy konainsl. bip
enwemMai  Ksadpatypanapfbl ecenTeyferi MaHbi3fbl KacueTTepiH Co060MeBTLY, Ken enwemii KybaTypanbik
thopmynanapbiHaa fa caktanafbl. Onap KeHICTIKTIH KeH KnaccTapbl YLUiH KONLOHbIAAbI.

Kyb6atypasibik thopmyranapfbl ecentey KommnbioTep 6arfapnaManapbl apKbiibl Xy3ere acbipbinagbl. bis C++
bargapnamanay TifiH TaHgagblk. Ceb6ebi C++ Gargapnamanay TifliHIH KOngaHy ascbl eTe KeH >kaHe KYpgeni
ecenTepfi icke acblpy MYMKiHAIri >xorapbl. Ecentey anroputm C++ TiniHge Microsoft Visual Studio
6argapnamacbIHbLL, KeMEriMeH HOKe acbIpbi/igpl.

TYWiH ce3fep: Ken enwemgi OHTaiinanabIpy, Fo6anbAbl OHTaliNaHAbIpy anroputMi, Co6ones KybaTypasblk
thopmynanapsl, e IXXOHr yHKUMACKI, PO3eHOPOK (hyHKUMACHI, PaCTPUTNH (hyHKLIMACHI.
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Ypumckuia MHCTMTYT MaTemaTuku, Yda, PP;
2AKTIOBMHCKMIA pernoHanbHbIA FOCYAapCTBEHHbIA YHUBEPCUTET
nmenn KOKybaHosa, AkTobe, KasaxcTaH;

NCCNEAOBAHUNE S®PEKTUBHOCTN HOBOIO AJICOPUTMA
C ONPEAENAOWEN ®oYHKLWEW B TONCKE
FNOBANBHOIO MUHNMYMA TMAAKON dYHKU W

AHHOTauua. B nocnefHee Bpems aKTyalbHOCTb 3afad ONTUMM3ALMMW PacTeT OYeHb UHTEHCMBHO W YCMELLHO.
Kpyr 3afa4y onTMMmu3auMy CyLUECTBEHHO paclumpuncs. MoTpebHOCTb PewnTb ONTUMM3ALMOHHbIE 334a4Yn eCTb
MPaKkTUYeCKN BO BCEX HayKax. [pefnoXeHbl MHOr0 METOLOB HaxOXAeHWS fIOKAIbHOrO MUHMMYyMa QYHKLMN.
MeHblle un3yyeHa 3afaya HaxXOXKAEHWs Tr106afbHOr0 MUHUMYMA (YHKUMW. Y KaXXAoro MeTofa eCTb CBOM
[OCTOMHCTBA M HeJOCTaTKW. 3afadva CTaHOBUTCS CNIOXKHEE, ECN HYXXHO HaWTW rn106aibHbIA MUHUMYM Y (DYHKLWN C
60MbLUMM KONNYECTBOM JIOKa/IbHbIX MAHVMYMOB.

B paHHOI cTaTbe NpeAcTaBfieH HOBbIV anropuTM A MOMCKa rNo6a/ibHOr0 MUHUMYMa MHOTO3KCTPEMASbHbIX
rnagkux GyHKUWA 4BYX NepemMeHHbIX. 34ech AeTa/lbHO pacnucaHbl BCe aTanbl paboTbl HOBOrO anropuTMa.

MpeanoXeHHbI MeTOL OTAMYAeTCA OT APYruX METOAOB TeM, UTO 37eCb MOWMCK HAYMHAETCA CO 3HAYeHWs, TO
€CTb OnpesensemM YpoBeHb TOUKM FN06a/IbHOr0 MUHMMYMa. [1151 BbIYMCIEHUS 3HAYEHWUI U KOOPAMHAT r106anbHOro
MWUHMMYMa NOCTPOeHa HoBas onpefensiowias (yHKums. C MOMOLLbIO Oonpefenstoweinl PyHKUMW Mbl HaXo4uM
KacaTe/lbHYK M/I0CKOCTb K rpadivKy 3afaHHON (yHKLMM B TOUKe rnobanbHOro MuHMMyma. locne onpegeneHus
3HAYeHUsa TOUKW rNo6anbHOro MUHUMYMA, BbIYUCAAKOTCH KOOPAMHATLI TOYKM rN06anbHOro MAUHUMYMA.

B cTaTbe paccMOTpeHbl (PYHKUMM OnpefeneHHble B KBagpaTe, YTOObl HaWTW KOOPAMHATbl FNo6asbHOro
MVUHVMMYMa, 06/1aCTb OMpefeneHns AenMM Ha 4eTbipe paBHble KBagpatbl. Janblie onpefensieM, B KaKOM U3 3TWX
KBafpaToB NEXWT HalileHHOe 3HaueHue rnobasbHOr0 MUHUMYMa. Bbi6paHHbIA KBagpaT AenMM elle Ha uYeTbipe
paBHble KBagpaTbl. M1 Tak NpOAO/MKAeTCA [0 HY>KHOM Ham TOYHOCTU. OHU OMpefenstoTcs C NOMOLLbIO BUAOM3ME-
HEHHOI onpefenstoLein hyHKUMW. Y onpeaenstoLLei (yHKUMM 6yaeT MeHATbCA 06/1aCTb MHTErpupoBaHus, KaXxaplii
pas, Korja Mbl pacCMaTp1BaeM «HOBbIN» KBagpaT.

Takoil airopuTM 3HAUMTENbHO YMEHbLUAET KOMMYECTBO BbIUWACMEHWA - 3TO 3HAYMT, COKPALLAeTCs Bpems
BbIYMC/IEHNIA.

[ns oLeHKN CKOPOCTM M TOUHOCTW arOpMTMOB F106a/1bHOM ONTUMM3ALIMI NPUMEHSAIOTCA TECTOBbIE (PYHKLMN.
Mofo6paHbl TPU pas/fiMyHble TeCTOBbIE 3afaun. B kayecTBe MepBOro npuMmepa NpuBefeHa BbiNyKIas QYHKUMA, rae
NOK&/IbHbIA MVUHWMYM COBMajaeT € rnobaibHbiM MUHWMYMOM. Bo BTOpoMm npumepe pasobpaHa HeBbIMyk/as
(hyHKUMA, KOTOpas UMeeT rnobanbHbli MUHUMYM BHYTPU NapabosMuyeckoil CUMbHO BbITSHYTOW MoBepxHOCTW. B
TpeTbeM Mpumepe pas3obpaHa @YHKUMA C  6OMbLUMM  KOMIMYECTBOM  JIOKA/bHBIX MWUHUMYMOB. [1poBefeHbI
BbIYMCNUTENbHbIE 3KCMEPUMEHTbI C AaHHbIMU (YHKUMAMU. Mbl HalMWM 3HAYEHWS U KOOPAMHATBLI rNo6anbHbIX
MWHWMYMOB TeCTOBbIX (DYHKLWA C MOMOLLbIO HOBOrO @1ropvTMa WM CpPaBHWIM C 3Ta/IOHHbIMK 3HaveHusMU. Bce
BbIYMCNIEHNUSA CAeNaHbl C TOYHOCTbIO e< 10 6. BbluWCNEeHHble 3HAYeHWs W KOOPAMHATbI TOYeK rnobaibHbIX
MWHUMYMOB COBMAZAlOT C 3TANOHHLIMU 3HAYEHUAMU. ST (PYHKUMW pasHble MO CAOXKHOCTW, HO MpPesnoXeHHbIN
anropuTm onpegenset rnobaibHbI MUHUMYM PasnnyHbIX QYHKLMI 33 04HAKOBOE KO/IMYECTBO BPEMEHN.

Onpegensowas QyHKUMA 3aBUCUT OT paccMaTpvMBaemMol (PYHKUMM W OT ee obnactu onpegeneHws. Ecnu
3aflaHHas PyHKUMA OBYX NepeMeHHbIX, TO onpegenswowias QyHKuma 6yaeT cogepXkaTb ABOMHOW WHTerpan, rae
06NaCTb WHTErpypoBaHWs COBMajaeT C 061acTblo onpefenieHns. 018 NpUGAVKEHHOTO BbIYUCIEHWS KPaTHbIX
VHTErpanioB no 3afjaHHoli 061acTy npeffiaraeTca UCMo/b3oBaTbh KybaTypHble hopmynbl Cobonesa ¢ perynspHbiM
norpaHnyHbIM cnoeM. MHoromepHble Ky6atypHble thopmMy/bl Co60neBa COXPaHAOT AOCTOMHCTBA OAHOMEPHbIX
kBagpatyp. OHWM ONTUMa/IbHbI 415 LUMPOKOrO KJiacca NMpPoCTPaHCTB.

BbluncneHns Ky6aTypHbIX (OPMY/ peasm3oBaHbl C NMOMOLLBIO KOMMbIOTEPHBIX NporpaMm. Mbl Bbibpany A3bIK
nporpaMmMmpoBaHus C++ NOTOMY, YTO A3blK C++ UMEET 0YeHb LUMPOKOE NMPUMEHEHWE U BO3MOXHOCTb Peasn3oBath
CMOXHbIe 33fja4n. ATOPUTM BbIYWUC/IEHWS pean30BaH ¢ MOMoLbo nporpammbl Microsoft Visual Studio Ha f3bike
Ct+.

KntoueBble cnoBa: MHOroOMepHas ONTUMK3aLMUSA, anNropuTM r1o6anbHOM onTUMmU3aLmMm, KybaTypHble hopmynbl
Cobonesa, hyHkuua [e [koHra, hyHKUMsA Po3eHOpoKa, (hyHKUMS PacTpuruHa.
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