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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 of two variables.

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

a < y<b.1Itis necessary to find the value and coordinates of the global minimum z = f(x, y).
The algorithm works by means of a defining function:

g(@) = [ [[lf (5, 2) o= (f(x,3) )" dxdy , Q)

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

touch of the global minimum of a function z = f(x, y) with a plane z = &, 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 & = globmin f (X, ). To do
this, it is necessary to select the value & 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 = @ passes below the function graph or touches the
bottom. In further we select a value ¢ greater than it was before.

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

Continue to choose a until, (@, —,,|<& whereg(a,)=0 and g(,,,)>0. After a certain

n+l
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 & €[, ;,,,]-

In searching for the coordinates of the global minimum, it is necessary that the defining function takes

a positive number g(&) > 0. Therefore, the approximate value of the global minimum takes the right end

of the segment [an, anﬂ], g(a,,,)>0.
a,., =a=globmin f(x,) 2)

We found the value of the global minimum (2) with ¢ - precision.

Let's start searching for the coordinates of the global minimum point X and ), where X € [a;b] and

y €la;b]. We look for the coordinates of the point in the square[a; b], x[a;b], . Divide the given square
into four equal parts. We get four squares [a;x,]. x[a;y,],.[a;x ], x[y;0],, [x;;b], x[a;y,],and

and y, :l)JrTa' We modify the defining

[x,5b], x[y;;b], by dividing the sides in half x, = bta

function for each of the obtained regions(1).

1%

Elaspotans, @) = [ [/ o 0) = 6] = (S (. 1) = D)) dxdy ..o 3)

o, (@) = ”Hf(xa y-a|-(f(x,y)—a)] dxdy

X

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

X, —X, +1| < ¢ and | =y +1| Sé&where g . (a@)>0.The coordinates of the global minimum

m

xm+l+xm and J’>:yl+l+yl

2

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

point are equal to X =

values and coordinates of the global minimum are calculated with precision & = 10°°,

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:

fep)=x"+y",
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,»)=0, x=0, y=0. There are no local

minimums. The graph of the 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 - x*)* +(1-x)*,
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, x=0, y=0. There are no local minimums. The graph of the function in space
is shown in figure 2.

BB

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,¥)=20+x"+y* —10cos(2zx) —10cos(2m) ,
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 of the function
in space is shown in Figure 3.
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Figure 3 - Graph of the Rastrigin function of two variables

We will show how to search for the global minimum of the 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:

5.12 5.12
g(a) = j j[\20+x2 +y* =10cos(27x) - 10cos(27y) - | -

-5.12-5.12
—(20+x* + y* —=10cos(27x) —10cos(27y) — &)]® dxdy

Search @ for the value of the global minimum point using the function g(«). The initial value « is
randomly selected. If the function value area is set, you can start from it. If the function value area is not
specified, then start searching with & =0. At @ =0, it turns out g(0) = 0. Then the plane z = & passes
below the graph of the specified function or touches at the point of the global minimum. Table 1 below
shows a computational search & experiment.

Table 1- step-by-step search a

Calculate the value of The location of the plane z = « We need to find the
Select a value & the defining function definition of an interval
belonging to &

1 a=0 2(0)=0 z=0 the plane passes below the | We need to find the global
graph or touches the function graph at | minimum value is greater
the global minimum point than 0, & €[0;+0)

a=5 g(5)>0 z=>5 the plane passes above or | We need to find the global
intersects the function graph minimum value is less than
5, ae[05)
a=25 g(2.5)>0 z=2.5 the plane passes above or | We need to find the global
intersects the function graph minimum value is less than
2.5, €[0;2.5)
a=1.25 g(1.25)>0 z=1.25 the plane passes above or | We need to find the global
intersects the function graph minimum value is less than
1.25, a €[0;1.25)
a =0.000001 £(0.000001) > 0 z=0.000001 the plane passes above | The accuracy has been
or intersects the function graph achieved o €[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 £<107 is taken. We took the right end
a=0,000001 of the segment « €[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 % and J, where

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

5.12+(-5.12) 5.12+(=5.12)

Dividing the sides in half x, = =0 and y, =0, we get four squares

[-5.12,0], x[-5.12;,0], [-5.12;,0], x[0;5.12],, [0;5.12], x[-5.12;0], and [0;5.12] x[0;5.12] . We
will start calculating modified defining functions for the obtained regions.

0 0
Esmopsio, (@)= | [[204x" + 37 ~10cos(272) ~10cos(27) - | -

-5.12-5.12

—(20+x” + y* —=10cos(2x) —10cos(2y) — @)]° dxdy

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], x[-5.12;0],. 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[-5.125.12],.

g[—S.]2;5.]2]Ax[—5.12;5.]2]y (@)>0

Divide the definition area into four
equal parts

[-5.12,0], x[5.12,0],

g[—5.12;0]\x[—5.12;0]y (@)>0

Divide the definition area into four
equal parts

[-5.12-2.56], x[-5.12-2.56],

8-5.12;-2.56], X[-5.12:-256], (0)=0

Do not consider this part, move to the
next square

[-5.12;-2.56], x[-2.56,0],

g[—S.12;—2.56]X><[—2.56;0]y (x)=0

Do not consider this part, move to the
next square

[-2.56,0], x[2.56,0],

81-5.12:01,4-256:0] , (@)>0

Divide the definition area into four
equal parts

’[:o.oooooLO]x x[-0.000001,0],

&[-0.0000050],x[~0.00000£0] ) (@)>0

Stop searching for coordinates. The
desired accuracy has been achieved.

This iteration continues until we reach the desired accuracy & < 107°. The coordinates of the global

0+(~0.000001) _

minimum point are X &

2

0+ (~0.000001) _

~—0.0000005 . We

~—0.0000005 and p ~

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 & < 107 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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K. XKy6anos ateinnarsl AOMY, Axre6e, Kasakcran;

TEI'IC ®YHKIIUAHBIH I'VIOBAJIBbl MUHUMYMBbIH I3JEYJIE
KAHA AJITOPUTMHIH TUIMAUII'TH 3EPTTEY

Annorauusi. COHFBI yaKpITTa OHTaWIaHABIPY €CENTEPiHIH ©3eKTLIIri eTe KapKBIHABI JKOHE TaOBICTHI OCyIe.
OHraitnangplpy €cenTepiH KOJJaHy aschl aWTapiblKTail KeHeiai. OHTallaHABIpy ecenTepiH HIenry KaXeTTiIiri
OapibIK FhUTBIMIApAa 0ap. OYHKUUSHBIH JOKAIbABl MUHUMYMBIH TaOyJbIH KONTEreH OMICTEPl YCHIHBUILIBL bipak
(OYHKIHMSHBIH T100a7IbI6I MHHUMYMBIH Ta0y MIHAETI a3 3epTTENTeH. Op OIICTIH ©3iHiH apTHIKIIBUTBIKTapEl MEH
Kemiinikrepi 6ap. Jlokanpapl MUHUMYMIaps! Kol (GyHKUUSHBIH I7100abI6I MUHUMYMbIH Ta0y KaXeT Oosca, ecer
KHUBIHJAH Tycesi.

By makanaga exi aifHBIMaNIBICHI Oap JIOKaIbJbl MHHUMYMAApPbl Kol ()YHKIUSHBIH TI00anbIbl MUHAMYMBIH
i371ey YIIiH ’KaHa aJrOPUTM YCHIHBIIFaH. MyH/Ia )KaHa alTOPUTMHIH XKYMBIC Ke3eHIepi erKei-TerKeii jka3blIFaH.

¥ ChIHBUTFaH 9/1ic 0acKa 9JicTepeH epeKIleNeHei, Oyl xepae i37ey i r100anbapl MUHUMYM HYKTECIHIH MOHIH,
SFHA JICHTeHiH aHBIKTayJaH OacTaiMbI3. [ 1o6ansapl MUHUMYM HYKTECiHIH MOHIH JKOHE KOOPAWHATAJAPBIH €CeITey
YIUiH JKaHAa aHBIKTayIIbl (YHKIUS KYpbULABL AHBIKTaymIbl (YHKIHUSHBIH KeMeriMeH OepiireH (yHKIUSHBIH
rno0aibipl MMHHUMYM HYKTECIHE JKaHama JKa3bIKTBIKTBI Tabamb3. [7100anbipl MUHMMYM HYKTECIHIH MOHIH
AHBIKTaFraHHaH KeHiH OHBIH KOOPJMHATTApPhI ECENTEN .

Makanana KBasipaTTa aHbIKTaJIFaH (QYHKIHSUIAP KapacThlpblUIra. [7100a16/161 MUHUIMYM KOOPAWHATTapbIH Ta0y
YILIIH aHBIKTay OOJIBICBIH TOPT TEH KBajJpaTka 0eily kepek. bynan opi ochl KBaapaTTap/iblH KaiiChIChIHAA TTI00aIbbl
MHUHIMYM Oap eKeHiH aHbIKTaiMbI3. TaHmaxFaH KBaJpaT Tarkl TOPT TEH KBaapaTKa OeriHeni. bisre KakeTTi gommikke
JIeiiH KBajparThl Oeiy kairacaabl. Onap e3repreH aHbIKTaylibl (YHKIHUSHBIH KOMETriMeH aHbIKTanaabl. bi3 "xana'
KBaJIpaTThl KApacThIPFaH/a, aHbIKTAYIIbl (DYHKIHS A3 HHTerpaigay aiMarbl e3reprei.

By anroput™m ecenteyiep CaHBIH alTapibIKTail a3aiTapl, oyait 0oJica ecenTey YakbIThl KbICKapasibl.

I'moGanbap! OHTAIAHABIPY AITOPUTMIEPIHIH JKBUIIAMIBIFBI MEH JIIIIriH Oaranay YIIiH TECTTIK (QyHKLUsIIap
KOJIAAHBUIIBI. Y II TYpIi TECTTIK (DYHKIMSIAP albiHAbL. BipiHIui Mbican peTinae neHec GpyHkuus kenripingi. Exinmi
MBICAIIa TapaboNaiblK KATTBI CO3BUTFAaH OCTTiH IMmHAe TI00ampIbl MHUHHMYMBI Oap IeHec emec (QyHKIHS
KapacThIpbUIABL. Y IIIHIII MBICAJIJIA JIOKAIbBl MUHIMYMIAPH! 6T¢ KOl ()yHKIHSHBIH T100abIbI MUHUMYMBI 1371€T1/11.
Ochl QyHKIHUSATIApMEH €ceNTey SKCIepUMEHTTEPI Kyprizini. bapislk ecenteynep ¢ < 10°° moniriMeH opsIHAAIIbL.
Bi3 TecTTik QyHKUIMSIIApABIH TII00ATBIR MHHUMYMIAPBIHEIH MOHIEPiH KOHE KOOPIUHATTAPHIH KaHa alTOPUTMHIH
KOMETIMEeH TayBblIIl, 3TAJOH/IBIK MOHAEPMEH CalbICTHIPABIK. EcenTenren MoHIep 3TaJOHIBIK MOHAEPre COHKeC KeJi.
by TecTTik yHKUMsIIap KYpIeilirine Kapai op TypJi, 6ipak yChIHBUIFaH ajropuTM OipAel yaksIT iliHae ap Typii
(bYHKIUIapABIH 1100l MUHUMYMBIH QHBIKTAHIbI.

AHBIKTayIIB! (DYHKIHS KapacThIPbLIATHIH (PYHKIMSFA )KOHE OHBIH aHbBIKTAy oOnbIchiHA OaiinmanbicThl. Erep exi
aiiHpIManbicel Gap ¢yHKuus OepinreH Oosca, OHIA aHBIKTAYHIbl (YHKIMS KOC HMHTErpaiibl OoJa/bl, OHBIH
WHTETpajinay aiiMarbl aHBIKTAay OOJIBICEIHA colikec kenemi. bepinren o0ipIc OOMBIHINIA eceli MHTETpaabl )KyBIKTAIl
€cerTey YIIiH TYpakThl mieKkapaiblK Kabarsl 6ap CoboneB KyOaTypaiblK GopMysIaigapbH Naijganany Kosaiiusl. bip
OINIIIeMII KBajpaTypajapipl ecenTeyneri Manbpi3abl KacuerrepiH CoOOJEBTIH KeIl eeMIal KyOaTypalibiK
hopmynanaperaia na cakraigaasl. Onap KEHICTIKTIH KeH KIacCTaphl YIIiH KOJIOHBIIAIbL.

Kybatypanbik (opmynanapapl ecenrtey KOMIBIOTep OarmapiaMaliapbl apKbUIbl JKy3ere achlpbliaisl. biz C++
barmapnamanay TimiH TaHmaaeik. Cebedi C++ Oarmapiamanay TUTIHIH KOJJIAHY asChl ©T€ KEH JKOHE Kypaewi
ecemnTepni icke acelpy MYMKIiHZITi Jkorapel. Ecemrey amroputmi C++ timiEme Microsoft Visual Studio
OariapIaMachbIHBIH KOMETIMEH iCKe aChIPBIIIBI.

Tyiiin ce3mep: Kem emeMIi OHTAWIAHIBIPY, TJI00AIBABI OHTAMIAHABIPY anroputMi, Co00JIeB KyOaTypabIK
tdopmynanapsl, e JIxonr GpyHKImsce], PozeHOpok ¢yHKImsCH, PacTpurud QyHKIHSICEL.
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HUCCJIEJOBAHUE DOO®EKTUBHOCTH HOBOT'O AJITOPUTMA
C ONPEJEJSIIOILEN ®YHKIUMEN B IOUCKE
IJ10BAJILHOTO MUHUMYMA TJIAJIKON @ YHKIINHA

AHHOTanus. B mocnenHee BpeMsi akTyadbHOCTH 3a[ad ONTHMHU3AIUU PAcTET OUYCHb MHTEHCHBHO M YCIIEIIHO.
Kpyr 3agau onTuMu3anmy CymeCTBEHHO pacmmpuica. I1oTpeOHOCTh pemuTh ONTHMH3AIMOHHBIE 3a/ladd €CTh
MPAaKTHYECKH BO BceX Haykax. IIpemIoskeHbl MHOTO METOIOB HAXOKAEHWSA JOKAIFHOIO MHHHMYyMa (YHKIHH.
MeHbIle n3ydyeHa 3a7ada HAaXOXKICHUS TJI00aNbHOrO MHUHMMyMa OGYHKOMH. Y KaXIOr0 METoJa €cTh CBOHU
JIOCTOMHCTBA M HEAOCTATKH. 3aJjada CTAHOBHUTCS CIIOXKHEE, €CIIM HY>KHO HaWTH III00AIBHBI MHHUMYM Y (DYHKIIHH C
OOJIBIINM KOJIMYECTBOM JIOKAJTbHBIX MUHIMYMOB.

B naHHO# cTaTbe MpeNCTaBIeH HOBBIM aNTOPUTM ISl MIOMCKA III00AIFHOIO MUHMMYMa MHOT'O3KCTPEMAIbHbBIX
MIAAKAX (QYHKIUH ABYX IIEPEMEHHBIX. 31€Ch IETAIBHO PACIIMCAHBI BCE ATAIBI pabOTHl HOBOTO aJITOPUTMA.

[IpennoxeHHbI METO OTJIMYAEeTCs OT OPYIMX METOJOB TEM, YTO 3AeCh IMOMCK HAYMHAETCS CO 3HAYCHHUS, TO
€CTb ONpeesieM YPOBEHb TOUKH INT00aIbHOTO MUHMMYMA. J{7Isl BEIYHMCIIEHHS 3HAYCHUH M KOOPAMHAT TI100aIbHOTO
MHHAMYMa IIOCTpOE€Ha HOBas ompenensiomas QyHknus. C MOMOIIBI0 ompeaessomell (GyHKIUA Mbl HaXOIUM
KacaTeNlbHYIO IJIOCKOCTh K Tpaduky 3amaHHON (yHKIMHM B TOuke riiodanpHOro MuHMMyMa. Ilocie ompenenenus
3HAYEHMS TOYKHU III00AIEHOTO MUHUMYMa, BBIYHCIISTIOTCS KOOPAMHATEI TOYKH TTI00aIbHOT0 MUHIMYMa.

B cratee paccMoTpeHbl (DyHKIMH ONpeAelieHHbIE B KBajgpaTe, YTOObl HAMTH KOOPAMHATHI TI00AIBHOTO
MHHAMYMa, 00JacTh ONpPEICICHUs ACIUM Ha 4EThIpe paBHBIC KBaJpaThl. Jlambiie ompenenseM, B KaKOM M3 3THX
KBaJ[paToOB JISKUT HAICHHOE 3HAYEHHE ITI00aTbHOTO MUHMMYyMa. BBIOpaHHBIM KBagpaT AeNuM elie Ha YeThIpe
paBHbIe KBazpathl. M Tak mpomoipkaeTcss A0 HyKHOH HaM TOYHOCTH. OHM ONpPENeNsoTcsl ¢ MOMOIIBI0 BHIOU3ME-
HEHHOH ompeensiomend GyHKIuU. Y onpeaeisromeii GyHKIuN OyIeT MeHATHCS 00JIaCTh HHTETPUPOBAHUS, KaXKIBIi
pas3, KOoria Mbl pacCMaTpUBAacM «HOBBIH» KBa/Ipar.

Takoil anropuT™M 3HAYUTENBHO YMEHBIIAET KOJMYECTBO BBIUMCICHHH — 3TO 3HAYHUT, COKPAINACTCS BPEMs
BBIYHCIIEHU.

J71s1 OLIeHKH CKOPOCTH ¥ TOYHOCTH aJrOPUTMOB INIOOATBHOM ONTUMH3ALNH IIPHUMEHSIOTCS] TECTOBBIE (DYHKIIUH.
ITono6paHsl TpU pa3aMyYHBIE TECTOBBIE 33/1a4d. B kadecTBe MepBOro mpuMmepa NMpUBEICHA BBIMYKIas (YHKIWA, TAe
JIOKJIBHBII MHHUMYM COBIIAIa€T C TJI00aIBHBIM MHHHMyMOM. Bo BTOpoM mpuMepe pa3oOpaHa HEBBITyKIas
(yHKIUS, KOTOpast UMEET INIO0ANBHBIA MHHAMYM BHYTPH NMapaOOIMYECKOW CHIIBHO BBITSHYTOW IOBEPXHOCTH. B
TpeTheM MpuMepe pa3oOpaHa (GYHKIUS C OOJBIIMM KOJMYECTBOM JIOKAIBHBIX MHHHMYMOB. IIpoBeneHs
BBIYHMCIIUTENbHBIE AKCIIEPUMEHTHl C NaHHBIMH (pyHKIMSAMH. MBI HalUM 3HAYEHUS W KOOPAMHATHI TJIOOATBHBIX
MHHAMYMOB TE€CTOBBIX (PyHKIMII C MOMOIIBIO HOBOTO QJITOPUTMA M CPaBHIIM C ATAIOHHBIMH 3Ha4eHHsMU. Bce
BBIYMCIIEHHS CHEaHbl ¢ TOYHOCTBIO &<10°. BBIYMCIEHHbIE 3HAYEHHS M KOOPIMHATHI TOYEK IJIOOATBHBIX
MHHAMYMOB COBHAJafOT C 3TAJOHHBIMU 3HAYCHUSIMH. OTH (YHKIHMH pasHbIC MO CIOXHOCTH, HO TPEIUIOKCHHBINA
ITOPUTM OIIPEAEIAET MIO0ATBHBIH MUHUMYM PA3JIMYHbBIX (QyHKINH 32 OJJMHAKOBOE KOJIMYECTBO BPEMEHH.

Omnpenenstomast (GyHKIHUS 3aBHCHUT OT paccMarpuBaeModl (YHKIMH M OT ee obiactu ompeneneHus. Ecmu
3agaHHas (QyHKOMS ABYX MEPEMEHHBIX, TO ompeaersomas (QyHKUUs OyIeT colep)kaTh IBOWHOH HHTETpal, Ine
00JIacTh MHTETPUPOBAHUS COBMANaeT C obOmacTeio ompeneneHus. st npuONMKEHHOTO BBIYMCIEHHS KPaTHBIX
WHTETPajoB 110 3aJaHHON 00JacTH IpeliaraeTcss UCIOJIb30BaTh KyOarypHble Gopmynbl CobosieBa ¢ peryispHbIM
MOTPaHUYHBIM clioeM. MHoroMmepHble KyOartypHbie (opmynsl CobonieBa COXpaHSIOT JAOCTOMHCTBA OJHOMEPHBIX
kBazparyp. OHM ONTHMAJIBHBI VIS ITUPOKOTO KJacca MPOCTPAHCTB.

Boruncnenust ky0aTypHbIX ()OpPMyYJT peann30BaHbl C IOMOIIBI0 KOMIBIOTEPHBIX IporpaMM. MblI BBIOpanu si3bIK
nporpammupoBanus C++ motomy, 9to 36K C++ IMeeT OYeHb IMUPOKOe MPIMEHEHHE U BO3MOKHOCTh PEan30BaTh
CIIOKHBIE 3a7jadd. ANTOPUTM BBIYHMCIICHHUS PeaTn30BaH ¢ MOMOIIBI0 TporpaMmMbl Microsoft Visual Studio Ha si3b1Ke
C++.

Ki1roueBble cjI0Ba: MHOTOMEpHAs ONITHMHU3ANNS, allTOPUTM TI00aNbHON ONTHMHU3aINH, KyOaTypHbIe (OPMYJIBI
Cobomnesa, pyukmus e xonra, yakmus Pozendpoka, pyrkius Pactpuruna.
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