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Bukonano nopiBHsSHHS MOXKJIUBOCTe# MOB nporpamyBanas C++, C#, Python i Pharo
00 KOMiroBaHHsI 00’ekTiB. ZKIO 70 CKaamy 06’€kTa BXOAUTH X04a O OjgHe moJsimopdHe
nocuianus (abo BKa3iBHEK), TO 3aja4a MIHOOKOrO KOIIIOBAHHS IepecTae OyTu TpUBiab-
HOIO. Sk MopmesbHHIl NPWKIIAJ BHKOPHUCTAHO [OC/IAOBHHI KOHTeHHED, SKHHE MICTHTH
pi3HOTHIIHI 00’€KTH, IO MOJENIOITh reoMeTpudHi dirypu. IIpogeMoOHCTPOBaHO, AK KOXK-
HOIO 3 MOB OrOJIOCHTH BiAmOBimHI K/acu, HAIOBHUTH KOJIEKHiI0 Ta mobyaysaru i1 komiio.
Bukonani nepeBipku 3acBiguuim, mo oTpUMaHa KOIisd He 3aJI€KUTh BiJl OpUriHAIY.

Mogorw C++ riuboke KOmifOBaHHSI BUKOHAHO “pyuHUM” cmocobom: Ha 6a3i std::vector
OroJIONIEHO MMADJIOH MOJIIMOP(HOr0 BEKTOpaA, SIKWM KOPEKTHO OYHINAE MaM’siTh Bij JuHA-
MiYHEUX 00’€KTiB, MPABUJILHO BHKOHYE KOIIOBAHHS BMICTYy KOHTeiiHepa 3 BHKODPHCTAHHSIM
crerjiaJlbHAX METOJIB, OorojomeHux y kjacax ¢iryp. KomiroBanus moBoro C# BHKOHAHO
3a gomomoror 3araiabHux MeroniB LINQ, a moBamm Python i Pharo — crampmaprammn
BOyqoBanuMu 3acobamu. Iligreepikeno, mo Pharo Hagae nporpamicrosi Hadimupiie Kojio
MOXKJIHBOCTEH 111010 KOMIiFOBaHHs O0’€KTiB.

Karomo6i caosa: Tinboke KOMIIOBaHHsI, MOBEPXHEBE KOMIIOBAHHS, MOJIMOPGHA KOJIEKIIis,
KOHCTPYKTOp KomitoBaHHS, iHTepdeiic ICloneable, moayns copy, meton postCopy.

1. Bcryin

Exzemmnisgpu KnaciB, 00’€KTH y Cy9aCHHX MPOrpaMax 3a3BHUYAil PO3TAIIOBYIOTHCS B
JUHAMIYHIA aM’gaTi, a JOCTYI 10 HAX MOXKJ/IMBHM 3a BKA3iBHHKOM a00 3a IMOCHJIAHHIM
(Bimcunkoro). YV Takiii curyamii KomioBaHHS 00’€KTa CTa€ HETPUBIATIBHHOIO 33AY€I0,
a/IKe TPOCTe MPUCBOEHHS BKA3IBHUKA YW MOCUJIAHHS KOIIIOE ajpecy, a He caM O0’€KT.
Pi3ni MoBu mporpamyBaHHs HaJAalOTh pizHi 3acobu Jia nmosepxuesoro (shallow copy) Ta
rambokoro (deep copy) xouniroBanHsi. Posrasinemo ix.

fK MOmesb BHUKOPHCTAEMO MOJIMOP(MHY KOJIEKIHI0 00’€KTiB, €K3eMILIIpiB PIi3HUX
KJIACIB, IO HaJIEKATh M0 OmHIET iepapxii. 11106 He mepeodTsKyBaTH MIPKYBAHHS CTPYK-
TYPHUMH YU AQJTOPUTMIYHUMHU CKJIQIHOIIAMHA, MOIEIb MA€ OyTHU MPOCTOI i BOTHOUAC
JOCTATHBOIO JJIsi TOTO, 100 MPOJAEMOHCTPYBATH METO/IN TIO0JIaHHS TPYIHOIIIB IJIMO0KOTO
KOMifOBaHHA MOMIMOpGHUX 00’eKTiB. [l MHOro OroJOCHMO TPH KJAACH: ONWH 0Oa30BUii
i mBa #ioro migkacw, HAIPHUK/IAI, i€papXii0 KJIACIB ITaHiMeTpudHuX PIiryp y CKIadi
abcrpakTHoro kitacy Dieypa ta kiaciB Ilpamoxymuuk i Kpye. CrTBOPUMO KOJIEKIHIO
3 KPYTiB i TPAMOKYTHHKIB, TPOAEMOHCTPYEMO, IK CTBOPUTH ii MOBHOIIHHY Kormifo. [liar-
pama KJjaciB Mozesi 300pakeHa Ha puc. 1.

TlopiBHSIEMO MOXKIMBOCTI MIOAO KOIIOBAHHS OO’€KTIB YOTHUPHOX TMOMYIIPHUX MOB
nporpamyBants Bucokoro pisusi: C++, C#, Python i Pharo (cyuache Brinenus kia-
cuunol cucremu Smalltalk). ITopasy orosouyBarumemo iepapxiro KJacisB BiJLOBLIHOIO
MOBOIO 1 HAMOBHIOBATMMEMO IXHIMU EK3EeMIUISIpAMU IesKWi TOCTiOBHUI KOHTEHHED.
Jaji copoOyeMO CTBOPUTH KOO IIHOTM0 KOHTEHHEPa 1 3MIHUTH eJIeMeHTH Komii. A morim
TIEPEeKOHAEMOCS, YU 3a3HAIOTH 3MiH €JIEeMEeHTU OPHUTIHAJIHHOTO KOHTeitHepa.
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Puc. 1. Hiarpama kiacis

2. PEAI3AIISA MOBOIO C++

3a konifoBanHs 00’¢kTiB y mporpamax Moo C++ BiANOBiAIOTH KOHCTPYKTOD
KomifoBaHHs 1 omeparop KomiroBasbHOro TpucBoeHHst [1].  Kowmmimarop 3reHepye ix
aBTOMATHUYHO, AKIIO MPOTPAMICT He BU3HAYUTD y KJIACi BJIACHI BEPCil ITUX KOHCTPYKTOPA
i oneparopa. Taki “aBromarmyni”’ 4ieHn Kjacy 3a0e3He4yiOTh TOBEPXHEBE KOIMiIOBAHHS
nomiB o6’ekra. Exzemmnapu npoekroBanux tumiB Kpye i [Ipamoxymrux MiCTUTHMYTH
TLIBKM YUCJIA, TOMY IIPOCTOrO KOIIIIOBAHHS 3HAYEHb IOJIB ILJIKOM JIOCTATHBO, 1 MOXKHA, HE
TypOyBaTUCA 1IPO BU3HAYEHHS CIIELiaJbHUX KOHCTPYKTODPIB YU OIEPATOPIB IIPUCBOEHHSI.
Bigkaamemo 1m0 TypOOTY 10 MOMEHTY CTBODPEHHS KOJIEKINii 00’ €KTiB.

[Iporpamuwnii Koz orosoriends KaaciB y C++ mpuitHaTo JiauTu Ha Bl yactuau: gaiin
3ar0JIOBKIB 3a3BUYail MICTUTHb TiJIbKMA OIOJIOIIEHHS INPOTOTUIIB METOJIB, a peaJii3alliio
METOMIB PO3TAMOBYIOThH ¥ hailjli BUXiTHOTO KOAY. 3apaaud MPOCTOTH 3AITHIIEMO BCE B
OHOMY MiCIi Tax, HiI6M MeTO¥ KJaciB Bu3HA4YeHO y (aiii 3arosoBkis (Tum Gijbiie, mo
BOHH JIOBOJII TTPOCTH).

class Figure

{
public:
virtual “Figure() { }
virtual double area() const = 0;
virtual double perimeter() comnst = 0;
virtual void printOn(std::ostream& os) const = 0;
virtual Figure& scalingBy(double coef) = 0;
s
std::ostream& operator<<(std::ostream& os, const Figure& fig)
{ fig.printOn(os); return os; }

class Circle :public Figure
{

private: double radius;
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public:
Circle(double r = 1.) :radius(r) { }
virtual double area() const override

{ return M_PI * radius * radius; }
virtual double perimeter() const override
{ return 2.0 * M_PI * radius; }
virtual void printOn(std::ostream& os) const override
{ 0s << "Circle(" << radius << ?)7?; }
virtual Circle& scalingBy(double coef) override
{ radius *= coef; return *this; }
s
class Rectangle :public Figure
{
private: double length, width;
public:
Rectangle(double a = 3., double b = 4.) :length(a), width(b) { }
virtual double area() const override
{ return length * width; }
virtual double perimeter() const override
{ return 2.0 * (length + width); }
virtual void printOn(std::ostream& os) const override
{ os << "Rectangle[" << length << ’x’ << width << ’]7; }
virtual Rectangle& scalingBy(double coef) override
{ length *= coef; width *= coef; return *this; }
s

Tyt meron Figureds scalingBy(double coef) namae MOXIUBICTL 3MiHIOBATH PO3MipH
dirypu. Came 1p0ro HaM Tpeda, MO0 mepeBipuTH, Yu 3MiHU KOl 00’€KTiB BILIMHYTH HA,
ixHi opuriHagu. 3ayBaskWMO, M0 B MiJKJIACAX KO0 MEPEBAHTAYKEHO KOBAPIAHTHUMU 33,
TUNOM PE3YIbTATy METOIAMH.

st mobynoBu KosekIiii (hiryp BHKOPHCTAEMO JEIKHH CTaHIAPTHHII TUI KOHTeHe-
pa, Hanpukiaz, std::vector<T> [2]. Tunom ememenTiB moniMopdHOTO KoHTelHEpa y
nporpami MoBo0 C++ MycuTh OyTH BKA3iBHWK HaA 0a30BWil KJac, TOMY HOJiMOpdHMH
BEKTOD MICTUTHME BKA31BHUKHW HA KPYTU Ta MPSAMOKYTHUKH, PO3TAIIOBAHL B JUHAMITHIM
mam’ari. Kmnac std::vector<T> Bu3Hadae KOHCTPYKTOD KOINIOBAHHS, SKU MPABUIHHO
KOII0€ CTPYKTYPY MaM’sTi KOHTeiiHepa Ta 3Ha4YeHHs #oro emeMmenTiB. MoxkHA cka3aTw,
wo BiH BUKOHY€E LimbOKe kouiopanus (Bekropuoi nam’sti xoureiinepa). Ile 1o6pe
TIPAITIOE 3 YMCIOBUMU TUTIAMHY, PSATKAMY, PO3TAOBAHNME B CTEKY 00 €KTaMu, ajie 30BCiM
HE TIXOINTH /I BKA3iBHUKIB: KOHCTPYKTOP CKOINIOE apecu IWHAMITHUX 00 €KTiB, a
He ix cammuX. Tak Komiss KOHTeHHepa MOALISATAME 3 OPUTiHAIOM OJWH Habip 00’€KTiB.

CrangapTHuil AeCTPpyKTOD BEKTOpa TEX BHKOHAE HE BCe, MO Tpeba BUKOHATH Y
BUIIAJKY, KOJM EIeEMEHTAMH KOHTEHHepa € BKa3iBHMKH HA JWHAMIYHI O0’€KTH: BiH
OYHUCTUTH TAM’SITh BiJl BHYTPIITHIX CTPYKTYpP BEKTOPA, aje 3ajuIWUTh y JUHAMIYHIN
mam’aTi 06’ektu. Came TOMY It CTBOPEHHS TOIIMOP(MHUX KOHTEHHEPIB PEKOMEH IOBAHO
BUKOPHUCTOBYBATH “po3yMHi’ BKa3iBHUKY 3aMicTh 3Bu4aitaux. bibmioreka STL mpomomye
Ha BUOIp Taki Tumnu: std::unique ptr<T>, std::shared ptr<T> i std::weak ptr<T>
Ilepmuit 3 HEUX 3abe3medye omHOOCIOHE BOMOMIHHS O0’€KTOM, APYTHil — CIi/IbHE 3 BH-
KOPUCTAHHSIM MiIPAXyHKY MOCUJIAHb, 8 TPeTiii — cjaabke MOCWJIaHHS Ha O0’€KT, SIKUM
BoJsioziie shared _ptr. Mu morsin 6 BUKOpHCTATH 715 T00YI0BU KoJtekIiii ¢iryp shared ptr
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abo unique_ptr, i 1eCTPyKTOp MpAIfoBaB O MPABUJIbHO, aje KOHCTPYKTOP KOTMiIOBAHHS
BCe 2K He 3a0e3nednTh OaykaHoi nosedinku. Koureitnep tumny vector<shared ptr<T>>
noziiaTHME O0’€KTH 31 CBOEIO KOI€I0, a Tumy vector<unigue ptr<T>> — mepemactb
06’ekTH CBOI# Korii.

Mu morpebyemo iHITOI MOBEMiHKH, TOMY OTOJIOCHMO HOBHil KJjac, miakmac std::vec-
tor<T>. lligkmac y 3uHa4YHili Mipi BHKOPHCTOBYBATHME MOXKJIMBOCTI 6A30BOro Kiiacy
Haunpuknan, meros pVector<pT>::clear() nicis oduienss AuHaMivHuX 00 €KTiB BUKJIM-
ue 6a30By peasizariio vector::clear(), mob KoHuTelHep MOBIBCs, AK 3BUYANHO.

Iloxi6uno koucrpykrop komitoBauusi pVector<pT> crodarky BUK/IHYE KOHCTPYKTOD
0a30BOro KJ1acy, o0 CKOMIIOBATH BHYTPIIHI CTPYKTYPH BEKTOPA, & TO/I B IUKJIi cripobye
CKOMIIOBATH KOXKEH HOro ejaemMeHt. AJie 1o caMe TyT KOMIOBATH: KPYT, YU MPSIMOKYT-
muk! Tun emementa KOHTeWiHEpA — BKa3iBHUK HA, 0a30BWil THI, 9AaCTO aOCTPAKTHUIA,
TOMY CKOMifoBaTH 6€3 JOJATKOBUX 3YCHJIb O0’€KT, KUl 33 HUM XOBAETHCs, HE BIACTHCS.
Y C++ € oneparop typeid, sikuii 1a€ 3MOry po3mizHaTH TUI 00’€KTA, ajle B 3arajibHOMY
BUMAAKY (K B OPOJIOIIEHHI HAIIOTO KOHTEHHEPA) BiH HE JOMOMONKE.

Opuu 3 npunanunis OOII rnacurs: “He nurait y 06’ekra, XT0 BiH, a MIPOCH BUKOHATH
neBHy pobory”. Xto Haiiminire 3Hae, skoro tumy o0’ekt? Bim cam. To mompocumo B
eJIeMeHTa, KOHTeHepa, MOBEPHYTH CBOIO KOIIio!

template <typename pT>
class pVector :public vector<pT>
{
private:
void internalClear() // ouwwmae muHaMiuHi 06°’€KTH
{ for (auto it = this->begin(); it != this->end(); ++it) delete *it;
}
public:
pVector() : vector() { }
“pVector() { internalClear();
}
pVector(const pVector& pV) : vector<pT>(pV) {
// BUKOHye TimMb6OKe KOIiNBaHHS
for (auto it = begin(); it != end(); ++it) *it = (*it)->clone();
}
pVector(const std::initializer_list<pT>& list) {
this->reserve(list.size()); for (auto x : list) this->push_back(x);
}
pVector& operator=(const pVector& pV) {
if (this != &pV) {
internalClear (); vector::operator=(pV);
for (auto it = begin(); it != end(); ++it) *it = (*it)->clone();
}
return *this;
}
void clear() {
internalClear(); vector::clear();
}
s
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TyT B KOHCTPYKTOPi KOTIOBAHHS i B OMIEPATOPi KOMIOBATHLHOTO MPUCBOEHHS KOKHOMY
€JIEMEHTOBI KOHTelHEepa HA ICUIAIOTh oBigoMIenHs clone(), mo6 orpuMaru y BiAIOBiIL
#0oro KOTmifo.

st Toro, mo6 moxkHa Oyno Bukopuctaru p Vector<Figure* >, nosenerbcs qONOBHATH
peasizauio kiacis ¢iryp merogamu clone().

class Figure abstract

{
public: . . . . .
virtual Figure* clone() const = 0;
s
class Circle :public Figure
{
private: double radius;
public: . . . . .
virtual Circle* clone() const override
{ return new Circle(*this); }
s
class Rectangle :public Figure
{
private: double length, width;
public: . . . . .
virtual Rectanglex clone() const override
{ return new Rectangle(xthis); }
s

Tenep MokHA 3aBEPIIUTH EKCIIEPUMEHT: CTBOPUTH €K3EMILIAD KOHTEeHHepa, HATIOBHU-
Tu fforo dirypamu, ckonitoBaru. Jlerko nepekonarucs, mo 3MiHH €JIEMEHTIB KOl HifK
He BIJINBAIOTH Ha OPUTIHAJI.

int main()

{

pVector<Figure*> origin{ new Circle(), new Rectangle(),

new Circle(2.), new Rectangle(2., 1.) };

print_vector("--- The origin vector of figures", origin);

pVector<Figure*> copy(origin);

for (Figurex fig : copy) fig->scalingBy(2.);

print_vector("\n--- The copy after scaling by 2.0", copy);

print_vector("\n--- The origin after scaling copy by 2.0", origin);
}

void print_vector(const char* title, const pVector<Figure*>& vect)
{
std::cout << title << ’\n’;
for (Figurex fig : vect) std::cout << *fig
<< "\n S =" << fig->area() << " P ="
<< fig->perimeter() << ’\n’;
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TToBHMIT TEKCT MPOrPAMHOrO TIPOEKTY MOYKHA 3aBAHTAXKHUTH 3 [3].

3. PEAJI3ALIIA MOBOIO CH#

BianosiganbuicTs 3a komitoBamHS 00’€¢kTiB y mporpamax moBoio C# posmomiiena
imakmie, wixk y C++. Tyr He mpuifHATO OroJoNIyBATH KOHCTPYKTOP KOMIIOBAHHS.
Harowmicrs Bci knacu macaimytors Bin System.Object [4] meron object Memberwise-
Clone(), 3narHuii BUrOTOBUTH LIOBEPXHEBY KOLiO J0BliabHOrO 06’ckra. Takox kiacu
peasnizyiors (abo ui) inrepdeiic IClonable.

public interface ICloneable
{
public object Clone();

Y o0ox Bumagkax TYT BUKOPHUCTAHO Hai3arasbHimmuili tun object, mo He cupusie
3PYYHOCTI T HAMIMHOCTI BUKOPUCTAHHS IUX 3aCODIB, a3Ke IM0pa3y JOBOTUTHCS TPUBO-
JUTH OTPUMAHY KO 10 KOHKpeTHOro Tuiy. Jlimime 0y10 6 BUKOPUCTOBYBATH y3araJib-
nenwuit inrepdeiic IClonable<T>>, ajie B cucTemi Takoro HeMae.

Mosa C# npomnonye Garary 6i6i0TeKy KOHTeHHEPiB. YCi BOHUM € THIIAMU-ITOCUTIAHHSI-
MU, TOMY 3BUYAiHE TPUCBOECHHS MiXK 3MIHHUMY THUIy KOHTEHHEPA O3HAYAE KOMIIOBAHHS
azpec. 3pO3yMiJIo, IO B Takiil cuTyarii 3aBJaHHs TJIMOOKOTrO KOMIOBAHHS € AKTYaJIbHUM.
Ouu 3 Hainpocrinmx KoHTelHepiB Array peadnisye inrepdeiic IClonable, anre oro merot
Clone() nie nomibHO 10 KOHCTPYKTOpa KOIiloBaHHs KOHTeitHepa std::vector<T> moBu
C+-+: Komioe CTPYKTYpU MACHBY, ajie HE KOMIIOE eJIEMEHTIB MACUBY 34 MOCUIAHHIME HA
HUX, HABITh, SKINO BOHM peasi3yiorsk [Clonable.

3amicTh MacuBy MOXKHA BHKOPHUCTOBYBaTH KOHTeiiHep List<<T>>, cXOxKuii 38 MOKJIHU-
BOCTSIMU Ta [OBEIIHKOIO Ha std::vector<T>. 3a3Hadymmo Julle, 10 Ha BiaMiny Bim Array
Bin e peanizye inrepdeiic IClonable. 1 macus Figure|] figures, i cuucok List<Figure>
list — nonimopdui. Ao Figure — kiac, ro enemenramu figures um list MoxkyTb OyTH
exk3eMIIsapu Oyab-akux migkiaacis Figure. Ille ogna mpueMHa BIACTUBICTH KOHTEHHEPIB
C# — me migTpmMka aBTOMATWYHOrO 30mpaHHs cmiTTs. MoxkHA HE TypOyBaTHCH PO
KOPEeKTHe OYHINEHHs UHAMITHOI TTaM’saTi Bix 00’ €KTiB.

Hi macus, Hi cnmcok He HmiATPUMYyIOTH ITHOOKE KOINIOBAHHS, TO K CTBOPUTH KOIITO
KoHTelHepa? MoykHa BUKOPUCTATH CIEIiaJbHI METOIM KOHTeHHepa, SKIIO BOHU €, abo
sarasbHi Meroau LINQ [5]. Hiskde HaBeIeHO MPUKJIAIN, 5K Ie 3pOOHTH 34 TIPHITYIIEHHS,
0 €JIEMEeHTH KOHTeitHepa y Bianosiap Ha nosizomisents Clone() mosepraioTh CBOIO
KOIIi10.

// MeTom KoHTeliHepa

List<Figure> list_copy = list.ConvertAll(fig => fig.Clone());

// LINQ

Figure[] arr_copy = figures.Select(fig => fig.Clone()).ToArray();

[licas Beix mux MipKyBaHb MM TOTOBI orosiocutn Kjacu iryp i HammcaTu rOJIOBHY
mporpamy, SKa CTBOPIOE CIHCOK (iryp i ekcmepmMmeHnTye 3 #oro komi€io. Bimpasy
BuszHauuMo B Kiacax merox Clone(), ane upocrime e 6y/e 3poburu 63 BUKOPUCTAHHS
intepdeiicy IClonable. 3awmicts 3ramanoro pamime meroxny void printOn(stream) y
Kjacax BusHadeHo string ToString() — ue 3arajbHa NPAKTUKA [jisd porpaM MoBoo C#.
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abstract class Figure

{

}

public abstract double area();

public abstract double perimeter();

public abstract Figure scalingBy(double coef);
public abstract Figure Clone();

class Circle : Figure

{

}

private double radius;
public Circle(double r = 1.0) => radius = r;
public override double area() => Math.PI * radius * radius;
public override double perimeter() => 2.0 * Math.PI * radius;
public override Circle scalingBy(double coef) {

radius *= coef; return this;
}
public override Circle Clone() => new Circle(this.radius);
public override string ToString() => $"Circle({radius})";

class Rectangle : Figure

{

}

private double length, width;

public Rectangle(double a= 3.0, double b = 4.0) {
length = a; width = b;

}

public override double area() => length * width;

public override double perimeter() => 2.0 * (length + width);

public override Rectangle scalingBy(double coef) {
length *= coef; width *= coef; return this;

}

public override Rectangle Clone() =>
new Rectangle(this.length, this.width);

public override string ToString() =>
$"Rectangle[{length}x{width}]";

class Program

{

static void Main(string[] args)

{

List<Figure> origin = new() { new Circle(), new Rectangle(),

new Circle(2.0), new Rectangle(2.0, 1.0) };
PrintList("--- The origin list of figures", origin);

List<Figure> copy = origin.ConvertAll(book => book.Clone());

foreach (Figure fig in copy) fig.scalingBy(2.0);

PrintList("\n--- The copy after scaling by 2.0", copy);

PrintList("\n--- The origin after scaling copy by 2.0",
origin);
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static void PrintList(string title, List<Figure> list)
{
Console.WriteLine(title);
foreach (Figure fig in list) Console.WriteLine(
\$"{fig}\n S = {fig.area()} P = {fig.perimeter(0}");

IToBHMiIi TeKCT HPOrPAMHOIO POEKTY MOXKHA 3aBaHTaxKuTu 3 [3].

4. PEAJII3ALIIA MOBOKO PYTHON

VY momepenHiX ABOX MpOrpamMax a0CTPAaKTHI 6a30Bi KJacw OroJONIyBaju iHTEpdEeiic
B32a€MO/Iil 3 00’€KTaMu i CIyIyBaJii OCHOBOIO [IJIsi CTBOPEHHS TOJIMOP(MHUX KOJEKITIH.
V moBax nporpamysanus 3i craruunoro tumizamnieo (ak C++ 1 C#) 6e3 rakux Kjacis
uwe obifinemicas. Mosu Python i Pharo minrpumyrors nunamiuny rtumizamio. Y Takwux
mporpamMax B OJHY KOJIEKII0 MOXKHA MOMIMATH Pi3Hi 00’€KTH HE3aJeKHO BiJl IXHBOIO
THUIY, ONPAIIOBAHHS MOBiIOM/IEHh O0’€KT BUKOHYE BXKE€ HA, €Talll BUKOHAHHS, TOMY,
3maBajiocss 0, MOXKHA ODifiTucs 0e3 BUKOPHCTAaHHS a0CTpakTHuX KjaciB. Ilpore i B
MOBaX 3 [WHAMIYHOIO TWITI3AI[€I0 OrOJIONIeHHsS a0CTpAKTHUX 0A30BUX KJIACIB YCIISKO
3aoxouyeTbcsa. HasgBHicTh cminbHOrO iHTEpdeiicy poduTh mporpaMamii Koa IuTabeTbHi-
MM i HGIHHITNIM, a/12Ke BCl aOCTPAKTHI METOIX TOTPIOHO MEePEeBU3HAYUTH B IIiIK/IACAX.

Ha xamn, Python me mHamae cuHTaKCHIHUX 3aCO0IB [IJIsT OrOJIONIEHHST aOCTPAKTHOIO
KJIACy YM METOJy. 3 I[i€l0 MeTOI0 BHKOPHCTOBYIOTH MOAYJIb abc: abcrpakTHmit Kiac
HacaiayoTh Big abc.ABC, a meron pobsisith abGCTPAKTHUM 3a JIOIOMOTOI0 JEKOPATOPa
abc.abstractmethod [6].

Pousb korcTpykTopa B kiaci Python Bimirpae “mariunnit” meron 3 ivenem _ init
dAxmo BciM mapamerpaM TAaKOrO METOAY HAJAATH 3HAYEHHS 33 3aMOBUYBAHHSM, TO BiH
MOKe JIATH i IK KOHCTPYKTOP 3a 3aMOBYYBAHHSM, 1 SK KOHCTPYKTOD 3 ITapaMeTpaMu, aje
axK HisK BiH He MOXKe Oy T KOHCTPYKTOPOM KomioBanus. ¥ Python peasizosano 3aranbhi
MeTOIN KomiioBamHs 00’ekTiB. Ix Hamzae Moaymsh copy: dbymuKkis copy.copy(obj) Gymaye
noBepxHeBy Komito o6’ekra obj, a dyukis copy.deepcopy(obj) — rombory [7]. Oxpewmi
KJIaCH MalOTh CBOI MeTOAM KOMiIOBaHHs, Hampukiaz, list.copy() abo dict.copy(). A
e B Oyab-gIKOMY KJIACl MOXKHA orosiocutu “mariuni” meromu _ copy (), deep-
copy (), mob peasizyBaru ocobuuBi criocobu KOLIIOBaHHS: BiAIIOBIIHO, IOBEPXHEBOIO
Ta riImbOKOro.

Orosocumo iepapxito KiaciB reomerpwdaux Giryp. 3akjaagaTa B HUX OCOOIUBY
MOBEJIIHKY IO/I0 KOIIIOBAHHS HEMAE TOTPeOU. 3a3HAYMMO TiTBKH, 10 B Kiaacax Python
BusHavatorh Meron  str (), wob o6’ekTu BMinu nepersoputu cebe Ha psagok. IIpo
JEeCTPYKTOpH MOXKHA He TypOyBarucs, 60 B Python Takox gie aBromarwane 30upaHHs
CMITTS.

from abc import ABC, abstractmethod
class Figure(ABC):
Q@abstractmethod
def area(self):
pass
Q@abstractmethod
def perimeter(self):
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@ab
def

class C

def

def

def

def

def

pass
stractmethod
scalingBy(self, coef):
pass

ircle(Figure):

__init__(self, r = 1.0):
self.radius = r

__str__(self):

return f’Circle({self.radius})’
area(self):

return math.pi * self.radius ** 2
perimeter(self):

return 2.0 * math.pi * self.radius
scalingBy(self, coef):
self.radius *= coef

return self

class Rectangle(Figure):

def

def

def

def

def

__init__(self, a = 3.0, b = 4.0):
self.length = a

self.width = b

__str__(self):

return f’Rectangle[{self.length}x{self.width}]’
area(self):

return self.length * self.width
perimeter (self):

return 2.0 * (self.length + self.width)
scalingBy(self, coef):

self.length *= coef

self.width *= coef

return self

st mobymoBu KostekIii (piryp mpupoaHo BukopucTaTu cruucok. lle BOymoBanuit Tun
MoBu Python 3 mmpokom CHHTAKCHYHOK miaTpuMmkow. Komiro crucky figures my»xe
JIErKO OTPUMATH 3a JOMOMOro 3pidy figures[:] abo merony figures.copy(). Ilpore B
000X BHIAIKAX OTPUMAEMO TIOBEPXHEBY KOIII0: HOBUIl CIIMCOK TOIIIATAME MOCUIAHHS HA
06’ekTn 3 opurirasom. 11106 orpuMmaTy tAHOOKY KOIIif0, MOXKHA BUKOPHUCTATH CTAHIAPTHY
dyukuito copy.deepcopy (figures) abo reneparop CIUCKY, AKHUi II04EPrOBO CKOIIIOE KOXKEH
esnement: list(copy.copy(fig) for fig in figures). dpyruit cuocib nagae Gliblie KOHTPOIIIO
TTpOTpamMicToBi.

def printList(title, 1lst):

pri

nt(title)

for fig in 1lst:

Origin

print(fig)

print(f" S = {fig.area()} P = {fig.perimeter()}")

= [ Circle(), Rectangle(), Circle(2.0), Rectangle(2.0, 1.0) ]
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printList("--- The origin list of figures", Origin)
Copy = copy.deepcopy(0rigin)
for fig in Copy:
fig.scalingBy(2.0)
printList ("\n--- The copy after scaling by 2.0", Copy)
printList ("\n--- The origin after scaling copy by 2.0", Origin)

4K i B momepeHiX MporpaMax, 3MiHa KOTiil HifK He BIJIMBAE HA MOYATKOBUl CITHCOK.
TToBHMIT TEKCT TPOrPAMHOrO TPOEKTY MOXKHA 3aBAHTAXKHUTH 3 [3].

5. PEATI3AIIIA MOBOIO PHARO

Pharo — aunamiuno tumizoBana MOBa, B sIKiit yce € 06’€KTOM: €K3eMILIsIp KJIacy, KJac,
KOMIILIATOpP, KOMIijaboBaHuii meros Tomo. OO6’€KTH B3aEMOIIOTL 4Yepe3 HalCUJIAHHS
noBimomyerns O6’ekTHa MOomeasr Pharo BUKOPHUCTOBYE TPOCTE BiIKpUTE HACTILYBAHHS 3
onauM OazoBuM kjacom Object mist Bciel iepapxii. [loms maHwx — 3axuIneHi, METOmN
— Biakpuri, Bipryasnehi [8]. Posb KOHCTPYKTOPIB BHKOHYIOTH METOMH KJacy (ajpKe
kiaac — ob’ekr, Tomy B HbOro € meromu). II[o6 crBopuTH ek3eMIuIAp Kjacy, Homy
3a3BUYail HAICUIAIOTDH TOBiIOMIIeHHA new. BiamoBimmumit meTom po3momisise AuHAMITHY
aM’ ATb [/ eK3eMILIAPa 1 HaICHIa€e oMy IOBioMJIeHHs Initialize, o0 HajAIITyBaTH
3HAYEHHsT WOro mojiB manux. Tak mapa mMeTomiB new Ta initialize mi€ ik KOHCTPYKTOD
3a 3amoBuyBanusaM y C++. CemekTopu MeTOIiB KJlacy, MPU3HAYEHUX JjIsd CTBOPEHHS
€K3eMILIIpPiB, 3a3BUYail pO3MOINHAIOThHCA npedikcom new. Ilpusarnicrs y Pharo smarm-
TOBAHO Ha piBHI ek3eMiisgpa. lle o3Hawae, 1Mo HABITH KIac HE MA€ JOCTYIY J0 3MIHHHX
cBoro exkseminigpa. /s mporo #fiomy morpibHi MeTom-cemekTop i MeToa-MomudikaTop.
CenexkTopn TaKUX METOIIB 3a3BUYail 36iraloThCs 3 iMeHeM 3MIiHHOI.

Bukopucrannasi abCTpaKTHUX KJIACIB AKTUBHO MM ITPUMYETHCS CEPEIOBUINEM TTPOrPa-
myBanasg. 11106 3pobuTu Kaac abCTPAKTHUM, JTOCTATHBO B TiMl OTHOTO HOrO METOMLY
Hagicaaru nosigomienns self subclassResponsibility. Y wiracax 3a3Budail mepeBaHTa-
XKyIoTh MeroJ| printOn: aStream, mob eK3eMIUIApU MOIJIA BUBOAUTU cebe B MOTiK. Y
Pharo, six i 8 Python, aie aBromaruyne 30upaHHs CMIiTTS.

KomitoBanus 06’ekriB y Pharo ommpaerncst Ha kimbpka meromis kaacy Object. Meron
shallowCopy cTBOpIOE HOBUI €K3eMILIApP TOro K KJjacy, IO ¥ OpuriHai, i KOIifoe
3HadenHsi Bcix nosiB ganux, deepCopy Komiioe cam 06’€KT 1 peKypCHBHO BCi O0’€KTH,
Ha sKi Tol nocunaerbed. OcobiuBuil cnocib KOmoBaHHS BUZHAYAE COPY: BiH CIIOYATKY
sukaukae shallowCopy, a notim — postCopy. Crammaprauit meron postCopy He podbuTh
HIYOro, fI0ro MepeBU3HAYAIOTh Y KJACi, m00 337aT, [j1d KOl YACTHHY €K3EMILIIpa sSKe
KOMmioBaHHA OTPiOHO BukoHaTn. Kpim 3ramanux y kmaci Object, Bu3HAYEHO 1€ HU3KY
MeTo/iB, Hanpukaj, clone, veryDeepCopy With: deepCopier Toro.

Object << #Figure

slots: {};

package: ’Compare-Project’
Figure >> area

~ self subclassResponsibility
Figure >> perimeter

~ self subclassResponsibility
Figure >> scalingBy: aNumber

~ self subclassResponsibility
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Figure << #FCircle

slots:

{ #radius };

package: ’Compare-Project’
FCircle class >> newWithRadius: alNumber

-~ self
FCircle >>
radius
FCircle >>
radius
FCircle >>

basicNew radius: aNumber
initialize

:= 1.0

radius: aNumber

:= aNumber max: 0.1

area

~ Float pi * radius squared

FCircle >>

perimeter

~ Float pi * radius * 2.0

FCircle >>
radius
FCircle >>

scalingBy: aNumber
:= radius * aNumber
printOn: aStream

aStream nextPutAll: ’Circle(’;
print: radius; nextPutAll: ’)?

Figure << #FRectangle

slots:

{ #length . #width };

package: ’Compare-Project’

FRectangle class >> newWithLength: a andWidth: b
~ self basicNew length: a; width: b
FRectangle >> initialize
length := 3.0. width := 4.0
FRectangle >> length: aNumber
length := aNumber max: 0.1
FRectangle >> width: alNumber
width := aNumber max: 0.1
FRectangle >> area

~ length * width

FRectangle

>> perimeter

~ (length + width) * 2.0

FRectangle >> scalingBy: aNumber
length := length * coef.
width := width * coef

FRectangle >> printOn: aStream

aStream nextPutAll: ’Rectangle[’; print: length;

nextPut: $x; print: width; nextPut: $]

IIporpamuwnii ko y Pharo mumryTs TiibKu B METOZAX KJIACIB, TOMY TOJOBHY TIPOTPAMY
omumiemo B Kjiaci FRunner. omowmixkuuit meron printCollection:withTitle: BuBOIUTD
KOJIEKITIT0 HAa KOHCOJIb cucTeMu — BikHO Transcript, a meron runExample cTBOPIOE i KOITiTOE

KOJIEKIIif0 (hiryp, 3MIiHIOE KOO Ta BUBOIUTH YCE& HA KOHCOJb.

Object << #FRunner
slots: {};
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package: ’Compare-Project’
FRunner class >> printCollection: collection withTitle: title
Transcript cr; show: title; cr.
collection do: [ :fig |
Transcript show: fig; cr;
show: > S =’ , fig area printString ,
’ P = 7, fig perimeter printString; cr ]
FRunner class >> runExample
<script>
| origin copy |
origin := OrderedCollection withAll: { FCircle new.
FRectangle new. (FCircle newWithRadius: 2.0).
(FRectangle newWithLength: 2.0 andWidth: 1.0) }.
self printCollection: origin
withTitle: ’--- The origin collection of figures’.
copy := origin deepCopy.
copy do: [ :fig | fig scalingBy: 2.0 ].
self printCollection: copy

withTitle: ’--- The copy after scaling by 2.0°.
self printCollection: origin
withTitle: ’--- The origin after scaling copy by 2.0’

OTpuMaeMo pe3ysbTaT, myzKe IMOmibHWHi 10 TPphox momepeaHix. IloBHMIA TeKCT mpor-
paMy 3aCTOCYHKY MOXKHA 3aBaHTaxkuTh 3 [9)].

6. BUCHOBKU

Ilixi6’eMmo KOPOTKi mimcymMKHM, 3a3HAYMMO THIIOBI IMJAXOAM ¥ OCOOJTHMBOCTI HASIBHUX
3aco0iB y KOXKHIH 3 MOB IIPOTPAMYBAHHS, AKI MU PO3TJISHYJIH.

e KomitoBanus o6’ekra y C++ BHKOHYE KOHCTPYKTOD KOIMifOBaHHsS ab0 omeparop
MPUCBOEHHS #ioro kyiacy. 1l wienn kiracy MoXKe reHepyBaTH KOMITLIATOP. 1oz BOHI
BUKOHYIOTH TTOBepXHEeBe KomitoBauus. 11106 komitoBaHHst 0y10 TIHOOKUM, TOTPIOHO
CaMOCTIf{HO BU3HAYMTH KOHCTPYKTOp KOMIIOBAHHS i OMEpaTOp MPUCBOEHHS. IxHi
AJTOPUTMU HAJIEXKATh J0 30HU BiJITOBITAJIHLHOCTI TporpaMicTa,

e Moea C# mninrpumye crammaprtauit inrvepdeiic ICloneable. Knacu, sxi iioro
peasi3yiorh, 3a3BUYail BUKOHYIOTH ITOBEPXHEBE KOIIIOBAHHS 33 [IOIOMOIOI0 yCITa -
koBaunoro merony Object.MemberwiseClone(). Henosikom nux 3acobisB € Bukopuc-
TaHHS 3arajabHOTO Tumy object. IIporpamict mMoxe Ha BIACHUN PO3CYJ BU3HAYATH
y cBoix kjacax meromu Clone(), DeepClone() i BukopucTroByBaTH iX pasoMm 3
Meronamu Koureiinepis abo LINQ ams riambokoro KomiroBaHHS.

e YV mosi Python s komioBanHs: 06’€KTiB BU3HAYEHO MOZYJb cOpy. VIoro moTpi6Ho
MPUETHYBATH /10 MPOrpaMu, mod CKOPUCTATHCS Horo 3acobamm: (DYHKIISIMH II0-
BEPXHEBOTO Ta IIMOOKOTO KomitoBaHHs. [I[00 MOJATKOBO HAMANITYBATH IO WX
dbyHKIi#, mporpaMicT MOXKe OroJIOCHUTH B CBOEMY KJaci “mariumi” meromm _ co-
py__(), __deepcopy__ ().

e Pharo nazinsge Bci 00’€KTH 3MaTHICTIO PI3HUMEI CIOCOOAMHU BUTOTOBJISATH CBOI KOIIil,
60 Bci kitacu Hacaiayors Object, y skomy Bu3Ha4€HO BifnoBiaHi Mmeronu: shallow-
Copy nnsa nosepxueporo komitoBanusi, deepCopy — miist rinbokoro, postCopy miist
MMEPEBAHTAYKEHHS 1 HAJIAINTYBAHHS 3arajibHOTO METOIY COPY, Ta Ie HU3KY iHIINX.
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VY crarTi mATBEpIXKEHO, MO0 Halpi3HOMaHITHIMHMI i Hal3pyJHimuil apcenas 3acobiB
KomifoBanHa Hagae Pharo. Yci kaacu HagiIeHo MOKINBOCTSMA BUTOTOBJIATH CBOIO KOIIIO:
MOBEPXHEBY, uOOKY abo HasmamroByBany. ¥ Python 3acobm komiroBanHs OJHAKOBO
J06pe HpAIo0Th 31 CTAHJAPTHAME THIIAME i 3 KJaCaM# KOPHCTYBAda. IX BHHECEHO B
okpemuit mogynb. Mosu C++ i C# nagaiors BOy10BaHi 3acobu JuIiie Jjist TOBEPXHEBOIO
komifoBauus. IIpo rnboKe KOMIOBAHHS JTOBOIUTHLCS TYypOyBATHUCS BIACHOPYY. ABTOpM
3ampOIOHYBaJIN CHOCIO BupimeHHs Ii€l mpobjaemMu Ha TPUKIaAl KiaaciB Mool C++4-.
3amponoHOBAHO TAKOXK CIOCIO yIOCKOHAJIEHHS CTAHIAPTHONO KOHTehHepa std::vec-
tor<<T> mys Toro, mob BiH KOPEKTHO MPAIIOBAB 3 MOIIMOPMHUMY BKA3iBHUKAMHU.

CInCOK BUKOPUCTAHOI JIITEPATYPU

1. Copy Consructors [Esexkrponnuit pecypc| /Microsoft Corporation //Microsoft Docs. —
2026.— URL: |ttps://Iearn.microsoft.com/en-us/cpp/cpp/copy-constructors-and-copy-asi
pignment-operators-cpp fview=msvc-1/{}.

2. Class vector [Enexrponnuii pecypc| /Microsoft Corporation // Microsoft Docs. — 2026.—
https://learn.microsoft.com/en-us/cpp/standard-library/vector-class?view=msvc-170.

3. I'muboxke xonitoBanHs 06’exriB [Esmexrponnuit pecype] / Serhiy Yaroshko // Github. — 2026. -
Pexum nocrymy: https://github.com/LNUitTutor/CopyComparison.

4. Class Object [Enexkrponruii pecypc| /Microsoft Corporation //Microsoft Docs. — 2026.—
https://learn.microsoft.com/en-us/dotnet/api/system.object?view=net-10.0.

5. LINQ [Enexrponnuii pecypc| / Microsoft Corporation // Microsoft Docs. — 2026. — hitps:/]
learn.microsoit.com/en-us/dotnet /csharp/ling/.

6. Abstract Base Classes [Enexrponnuii pecypc| // Python Documentation. — Pexxum mocrymy:
https://docs.python.org/3/library/abc.html.

7. Shallow and deep copy operations [Emexrponmmii pecypc| //Python Documentation.—
Pexxum mocrymy:  https://docs.python.org/3/library/copy.html.

8. Credan Hokac Pharo 9 ma mpmxmamax /C.Hoxac, Ix.Paxiua [ra im.|; mep. 3 anrm.
C. dpomko. — JIseis: JIHY im. Isana @panka, 2022. - 270 c. [Enexrporte suganssa| — Pesxxum
gpocrymy: http://books.pharo.org/pharo-by-example9, .

9. I'muboxke xomiosanHs 06’ekTiB y Pharo [Enexrponnuii pecype| / Serhiy Yaroshko // github,
2026.— Pexum mocrymy: https://github.com/LNUitTutor/CopyComparisonPharo.

Cmamma: naditiwaa do pedkoaezii 03.02.2026
doonpayposana 24.02.2026
nputinama do dpyxy 04.03.2026

TOOLS OF HIGH-LEVEL PROGRAMMING LANGUAGES
FOR DEEP COPYING OBJECTS

Serhii Yaroshko, Svitlana Yaroshko

ITvan Franko National University of Luviv,
1, Universytetska str., 79007, Lviv, Ukraine,
e-mail:  serhiy.yaroshko@Inu.edu.ua

The capabilities of the C++4, C#, Python, and Pharo programming languages for
copying objects are compared. If an object contains at least one polymorphic reference (or
pointer), the deep copy task is no longer trivial. A sequential container containing objects
of different types that model geometric shapes is used as a model example. It is shown
how to declare the corresponding classes in each language, fill the collection, and build a
copy of it. The checks performed have shown that the resulting copy does not depend on
the original.
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In C++, deep copying is performed in a “manual” way: a polymorphic vector template
is declared based on std::vector, which correctly clears memory from dynamic objects, and
correctly copies the contents of the container using special methods declared in the shape
classes. Copying in C# is performed using general LINQ methods, and in Python and
Pharo, using standard built-in tools. It is shown that Pharo provides the programmer with
the widest range of possibilities for copying objects.

In C++, an object is copied by the copy constructor or assignment operator of its class.
The compiler can generate these class members. Then they perform shallow copying. To
make copying deep, a programmer needs to define the copy constructor and assignment op-
erator themselves. Their algorithms are the programmer’s responsibility. The C+# language
supports the standard ICloneable interface. Classes that implement it usually perform shal-
low copying using the inherited Object.MemberwiseClone() method. The disadvantage of
these tools is the use of the type object. The programmer can define the Clone() and
DeepClone() methods in his classes at his discretion and use them with container methods
or LINQ for deep copying. In Python, the copy module is defined for copying objects. It
must be connected to the program to use its tools: shallow and deep copy functions. To
further customize the behavior of these functions, the programmer can declare the “magic”
__copy__()and __ deepcopy () methods in the class. Pharo gives all objects the abil-
ity to make copies of themselves in various ways, because all classes inherit from Object,
which defines the corresponding methods: shallowCopy for shallow copying, deepCopy for
deep copying, postCopy for overloading and customizing the general copy method, and
others.

Key words: deep copy, shallow copy, polymorphic collection, copy constructor, interface
ICloneable, module copy, method postCopy.



