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Âèêîíàíî ïîðiâíÿííÿ ìîæëèâîñòåé ìîâ ïðîãðàìóâàííÿ Ñ++, C#, Python i Pharo
ùîäî êîïiþâàííÿ îá'¹êòiâ. ßêùî äî ñêëàäó îá'¹êòà âõîäèòü õî÷à á îäíå ïîëiìîðôíå
ïîñèëàííÿ (àáî âêàçiâíèê), çàäà÷à ãëèáîêîãî êîïiþâàííÿ ïåðåñòà¹ áóòè òðèâiàëüíîþ.
ßê ìîäåëüíèé ïðèêëàä âèêîðèñòàíî ïîñëiäîâíèé êîíòåéíåð, ÿêèé ìiñòèòü ðiçíîòèïíi
îá'¹êòè, ùî ìîäåëþþòü ãåîìåòðè÷íi ôiãóðè. Ïîêàçàíî, ÿê êîæíîþ ç ìîâ îãîëîñèòè
âiäïîâiäíi êëàñè, íàïîâíèòè êîëåêöiþ òà ïîáóäóâàòè ¨¨ êîïiþ. Âèêîíàíi ïåðåâiðêè
çàñâiä÷èëè, ùî îòðèìàíà êîïiÿ íå çàëåæèòü âiä îðèãiíàëó.

Ìîâîþ Ñ++ ãëèáîêå êîïiþâàííÿ âèêîíàíî �ðó÷íèì� ñïîñîáîì: íà áàçi std::vector
îãîëîøåíî øàáëîí ïîëiìîðôíîãî âåêòîðà, ÿêèé êîðåêòíî î÷èùà¹ ïàì'ÿòü âiä äèíà-
ìi÷íèõ îá'¹êòiâ, ïðàâèëüíî âèêîíó¹ êîïiþâàííÿ âìiñòó êîíòåéíåðà ç âèêîðèñòàííÿì
ñïåöiàëüíèõ ìåòîäiâ, îãîëîøåíèõ ó êëàñàõ ôiãóð. Êîïiþâàííÿ ìîâîþ C# âèêîíàíî
çà äîïîìîãîþ çàãàëüíèõ ìåòîäiâ LINQ, à ìîâàìè Python i Pharo � ñòàíäàðòíèìè
âáóäîâàíèìè çàñîáàìè. Ïîêàçàíî, ùî Pharo íàäà¹ ïðîãðàìiñòîâi íàéøèðøå êîëî
ìîæëèâîñòåé ùîäî êîïiþâàííÿ îá'¹êòiâ.

Êëþ÷îâi ñëîâà: ãëèáîêå êîïiþâàííÿ, ïîâåðõíåâå êîïiþâàííÿ, ïîëiìîðôíà êîëåêöiÿ,
êîíñòðóêòîð êîïiþâàííÿ, iíòåðôåéñ ICloneable, ìîäóëü copy, ìåòîä postCopy.

1. Âñòóï

Åêçåìïëÿðè êëàñiâ, îá'¹êòè, ó ñó÷àñíèõ ïðîãðàìàõ çàçâè÷àé ðîçòàøîâóþòüñÿ â
äèíàìi÷íié ïàì'ÿòi, à äîñòóï äî íèõ ìîæëèâèé çà âêàçiâíèêîì àáî çà ïîñèëàííÿì
(âiäñèëêîþ). Ó òàêié ñèòóàöi¨ êîïiþâàííÿ îá'¹êòà ñòà¹ íåòðèâiàëüíîþ çàäà÷åþ,
àäæå ïðîñòå ïðèñâî¹ííÿ âêàçiâíèêà ÷è ïîñèëàííÿ êîïiþ¹ àäðåñó, à íå ñàì îá'¹êò.
Ðiçíi ìîâè ïðîãðàìóâàííÿ íàäàþòü ðiçíi çàñîáè äëÿ ïîâåðõíåâîãî (shallow copy) òà
ãëèáîêîãî (deep copy) êîïiþâàííÿ. Ðîçãëÿíåìî ¨õ.

ßê ìîäåëü âèêîðèñòà¹ìî ïîëiìîðôíó êîëåêöiþ îá'¹êòiâ, åêçåìïëÿðiâ ðiçíèõ
êëàñiâ, ùî íàëåæàòü äî îäíi¹¨ i¹ðàðõi¨. Ùîá íå ïåðåîáòÿæóâàòè ìiðêóâàííÿ ñòðóê-
òóðíèìè ÷è àëãîðèòìi÷íèìè ñêëàäíîùàìè, ìîäåëü ìà¹ áóòè ïðîñòîþ i, âîäíî÷àñ,
äîñòàòíüîþ äëÿ òîãî, ùîá ïîêàçàòè ìåòîäè ïîäîëàííÿ òðóäíîùiâ ãëèáîêîãî êî-
ïiþâàííÿ ïîëiìîðôíèõ îá'¹êòiâ. Äëÿ öüîãî îãîëîñèìî òðè êëàñè: îäèí áàçîâèé
i äâà éîãî ïiäêëàñè, íàïðèêëàä, i¹ðàðõiþ êëàñiâ ïëàíiìåòðè÷íèõ ôiãóð ó ñêëàäi
àáñòðàêòíîãî êëàñó Ôiãóðà òà êëàñiâ Ïðÿìîêóòíèê i Êðóã. Ñòâîðèìî êîëåêöiþ
ç êðóãiâ i ïðÿìîêóòíèêiâ i ïîêàæåìî, ÿê ñòâîðèòè ¨¨ ïîâíîöiííó êîïiþ. Äiàãðàìà
êëàñiâ ìîäåëi çîáðàæåíà íà ðèñ. 1.

Ïîðiâíÿ¹ìî ìîæëèâîñòi ùîäî êîïiþâàííÿ îá'¹êòi ÷îòèðüîõ ïîïóëÿðíèõ ìîâ ïðîã-
ðàìóâàííÿ âèñîêîãî ðiâíÿ: Ñ++, Ñ#, Python i Pharo (ñó÷àñíå âòiëåííÿ êëàñè÷íî¨
ñèñòåìè Smalltalk). Ùîðàçó îãîëîøóâàòèìåìî i¹ðàðõiþ êëàñiâ âiäïîâiäíîþ ìîâîþ
i íàïîâíþâàòèìåìî ¨õíiìè åêçåìïëÿðàìè äåÿêèé ïîñëiäîâíèé êîíòåéíåð. Äàëi
ñïðîáó¹ìî ñòâîðèòè êîïiþ öüîãî êîíòåéíåðà i çìiíèòè åëåìåíòè êîïi¨. À ïîòiì
ïåðåêîíà¹ìîñÿ, ÷è çàçíàþòü çìií åëåìåíòè îðèãiíàëüíîãî êîíòåéíåðà.
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Ðèñ. 1. Äiàãðàìà êëàñiâ

2. Ðåàëiçàöiÿ ìîâîþ Ñ++

Çà êîïiþâàííÿ îá'¹êòiâ ó ïðîãðàìàõ ìîâîþ Ñ++ âiäïîâiäàþòü êîíñòðóêòîð
êîïiþâàííÿ i îïåðàòîð êîïiþâàëüíîãî ïðèñâî¹ííÿ [1]. Êîìïiëÿòîð çãåíåðó¹ ¨õ
àâòîìàòè÷íî, ÿêùî ïðîãðàìiñò íå âèçíà÷èòü ó êëàñi âëàñíi âåðñi¨ öèõ êîíñòðóêòîðà
i îïåðàòîðà. Òàêi �àâòîìàòè÷íi� ÷ëåíè êëàñó çàáåçïå÷óþòü ïîâåðõíåâå êîïiþâàííÿ
ïîëiâ îá'¹êòà. Åêçåìïëÿðè ïðî¹êòîâàíèõ òèïiâ Êðóã i Ïðÿìîêóòíèê ìiñòèòèìóòü
òiëüêè ÷èñëà, òîìó ïðîñòîãî êîïiþâàííÿ çíà÷åíü ïîëiâ öiëêîì äîñòàòíüî, i ìîæíà íå
òóðáóâàòèñÿ ïðî âèçíà÷åííÿ ñïåöiàëüíèõ êîíñòðóêòîðiâ ÷è îïåðàòîðiâ ïðèñâî¹ííÿ.
Âiäêëàäåìî öþ òóðáîòó äî ìîìåíòó ñòâîðåííÿ êîëåêöi¨ îá'¹êòiâ.

Ïðîãðàìíèé êîä îãîëîøåííÿ êëàñiâ ó Ñ++ ïðèéíÿòî äiëèòè íà äâi ÷àñòèíè: ôàéë
çàãîëîâêiâ çàçâè÷àé ìiñòèòü òiëüêè îãîëîøåííÿ ïðîòîòèïiâ ìåòîäiâ, à ðåàëiçàöiþ
ìåòîäiâ ðîçòàøîâóþòü ó ôàéëi âèõiäíîãî êîäó. Çàðàäè ïðîñòîòè çàïèøåìî âñå â
îäíîìó ìiñöi òàê, íiáè ìåòîäè êëàñiâ âèçíà÷åíî ó ôàéëi çàãîëîâêiâ (òèì áiëüøå, ùî
âîíè äîâîëi ïðîñòi).

class Figure

{

public:

virtual ~Figure() { }

virtual double area() const = 0;

virtual double perimeter() const = 0;

virtual void printOn(std::ostream& os) const = 0;

virtual Figure& scalingBy(double coef) = 0;

};

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

{ os << "Circle(" << radius << ')'; }

virtual Circle& scalingBy(double coef) override

{ radius *= coef; return *this; }

};

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 << ']'; }

virtual Rectangle& scalingBy(double coef) override

{ length *= coef; width *= coef; return *this; }

};

Òóò ìåòîä Figure& scalingBy(double coef) íàäà¹ ìîæëèâiñòü çìiíþâàòè ðîçìiðè
ôiãóðè. Ñàìå öüîãî íàì òðåáà, ùîá ïåðåâiðèòè, ÷è çìiíè êîïi¨ îá'¹êòiâ âïëèíóòü íà
¨õíi îðèãiíàëè. Çàóâàæèìî, ùî â ïiäêëàñàõ éîãî ïåðåâàíòàæåíî êîâàðiàíòíèìè çà
òèïîì ðåçóëüòàòó ìåòîäàìè.

Äëÿ ïîáóäîâè êîëåêöi¨ ôiãóð âèêîðèñòà¹ìî äåÿêèé ñòàíäàðòíèé òèï êîíòåéíå-
ðà, íàïðèêëàä, std::vector<T> [2]. Òèïîì åëåìåíòiâ ïîëiìîðôíîãî êîíòåéíåðà ó
ïðîãðàìi ìîâîþ Ñ++ ìóñèòü áóòè âêàçiâíèê íà áàçîâèé êëàñ, òîìó ïîëiìîðôíèé
âåêòîð ìiñòèòèìå âêàçiâíèêè íà êðóãè òà ïðÿìîêóòíèêè, ðîçòàøîâàíi â äèíàìi÷íié
ïàì'ÿòi. Êëàñ std::vector<T> âèçíà÷à¹ êîíñòðóêòîð êîïiþâàííÿ, ÿêèé ïðàâèëüíî
êîïiþ¹ ñòðóêòóðó ïàì'ÿòi êîíòåéíåðà òà çíà÷åííÿ éîãî åëåìåíòiâ. Ìîæíà ñêàçàòè,
ùî âií âèêîíó¹ ãëèáîêå êîïiþâàííÿ (âåêòîðíî¨ ïàì'ÿòi êîíòåéíåðà). Öå äîáðå
ïðàöþ¹ ç ÷èñëîâèìè òèïàìè, ðÿäêàìè, ðîçòàøîâàíèìè â ñòåêó îá'¹êòàìè, àëå çîâñiì
íå ïiäõîäèòü äëÿ âêàçiâíèêiâ: êîíñòðóêòîð ñêîïiþ¹ àäðåñè äèíàìi÷íèõ îá'¹êòiâ, à
íå ¨õ ñàìèõ. Òàêèì ÷èíîì êîïiÿ êîíòåéíåðà ïîäiëÿòèìå ç îðèãiíàëîì îäèí íàáið
îá'¹êòiâ.

Ñòàíäàðòíèé äåñòðóêòîð âåêòîðà òåæ âèêîíà¹ íå âñå, ùî òðåáà âèêîíàòè ó
âèïàäêó, êîëè åëåìåíòàìè êîíòåéíåðà ¹ âêàçiâíèêè íà äèíàìi÷íi îá'¹êòè: âií
î÷èñòèòü ïàì'ÿòü âiä âíóòðiøíiõ ñòðóêòóð âåêòîðà, àëå çàëèøèòü ó äèíàìi÷íié
ïàì'ÿòi îá'¹êòè. Ñàìå òîìó äëÿ ñòâîðåííÿ ïîëiìîðôíèõ êîíòåéíåðiâ ðåêîìåíäîâàíî
âèêîðèñòîâóâàòè �ðîçóìíi� âêàçiâíèêè çàìiñòü çâè÷àéíèõ. Áiáëiîòåêà STL ïðîïîíó¹
íà âèáið òàêi òèïè: std::unique_ptr<T>, std::shared_ptr<T> i std::weak_ptr<T>.
Ïåðøèé ç íèõ çàáåçïå÷ó¹ îäíîîñiáíå âîëîäiííÿ îá'¹êòîì, äðóãèé � ñïiëüíå ç âè-
êîðèñòàííÿì ïiäðàõóíêó ïîñèëàíü, à òðåòié � ñëàáêå ïîñèëàííÿ íà îá'¹êò, ÿêèì
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âîëîäi¹ shared_ptr. Ìè ìîãëè á âèêîðèñòàòè äëÿ ïîáóäîâè êîëåêöi¨ ôiãóð shared_ptr
àáî unique_ptr, i äåñòðóêòîð ïðàöþâàâ áè ïðàâèëüíî, àëå êîíñòðóêòîð êîïiþâàííÿ
âñå æ íå çàáåçïå÷èòü áàæàíî¨ ïîâåäiíêè. Êîíòåéíåð òèïó vector<shared_ptr<T>>
ïîäiëÿòèìå îá'¹êòè çi ñâî¹þ êîïi¹þ, à òèïó vector<unigue_ptr<T>> � ïåðåäàñòü
îá'¹êòè ñâî¨é êîïi¨.

Ìè ïîòðåáó¹ìî iíøî¨ ïîâåäiíêè, òîìó îãîëîñèìî íîâèé êëàñ, ïiäêëàñ std::vec-
tor<T>. Ïiäêëàñ ó çíà÷íié ìiði âèêîðèñòîâóâàòèìå ìîæëèâîñòi áàçîâîãî êëàñó.
Íàïðèêëàä, ìåòîä pVector<pT>::clear() ïiñëÿ î÷èùåííÿ äèíàìi÷íèõ îá'¹êòiâ âèêëè-
÷å áàçîâó ðåàëiçàöiþ vector::clear(), ùîá êîíòåéíåð ïîâiâñÿ, ÿê çâè÷àéíî.

Ïîäiáíî êîíñòðóêòîð êîïiþâàííÿ pVector<pT> ñïî÷àòêó âèêëè÷å êîíñòðóêòîð
áàçîâîãî êëàñó, ùîá ñêîïiþâàòè âíóòðiøíi ñòðóêòóðè âåêòîðà, à òîäi â öèêëi ñïðîáó¹
ñêîïiþâàòè êîæåí éîãî åëåìåíò. Àëå ùî, âëàñíå, òóò êîïiþâàòè: êðóã, ÷è ïðÿìî-
êóòíèê? Òèï åëåìåíòà êîíòåéíåðà � âêàçiâíèê íà áàçîâèé òèï, ÷àñòî àáñòðàêòíèé,
òîìó ñêîïiþâàòè áåç äîäàòêîâèõ çóñèëü îá'¹êò, ÿêèé çà íèì õîâà¹òüñÿ, íå âäàñòüñÿ.
Ó Ñ++ ¹ îïåðàòîð typeid, ÿêèé äà¹ çìîãó ðîçïiçíàòè òèï îá'¹êòà, àëå â çàãàëüíîìó
âèïàäêó (ÿê â îãîëîøåííi íàøîãî êîíòåéíåðà) âií íå äîïîìîæå.

Îäèí ç ïðèíöèïiâ ÎÎÏ ãëàñèòü: �Íå ïèòàé ó îá'¹êòà, õòî âií, à ïðîñè âèêîíàòè
ïåâíó ðîáîòó�. Õòî íàéêðàùå çíà¹, ÿêîãî òèïó îá'¹êò? Âií ñàì. Òî ïîïðîñèìî â
åëåìåíòà êîíòåéíåðà ïîâåðíóòè ñâîþ êîïiþ!

template <typename pT>

class pVector :public vector<pT>

{

private:

void internalClear() // î÷èùà¹ äèíàìi÷íi îá'¹êòè

{ for (auto it = this->begin(); it != this->end(); ++it) delete *it;

}

public:

pVector() : vector() { }

~pVector() { internalClear();

}

pVector(const pVector& pV) : vector<pT>(pV) {

// âèêîíó¹ ãëèáîêå êîïiþâàííÿ

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();

}

};
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Òóò â êîíñòðóêòîði êîïiþâàííÿ i â îïåðàòîði êîïiþâàëüíîãî ïðèñâî¹ííÿ êîæíîìó
åëåìåíòîâi êîíòåéíåðà íàäñèëàþòü ïîâiäîìëåííÿ clone(), ùîá îòðèìàòè ó âiäïîâiäü
éîãî êîïiþ.

Äëÿ òîãî, ùîá ìîæíà áóëî âèêîðèñòàòè pVector<Figure*>, äîâåäåòüñÿ äîïîâíèòè
ðåàëiçàöiþ êëàñiâ ôiãóð ìåòîäàìè clone().

class Figure abstract

{

public: . . . . .

virtual Figure* clone() const = 0;

};

class Circle :public Figure

{

private: double radius;

public: . . . . .

virtual Circle* clone() const override

{ return new Circle(*this); }

};

class Rectangle :public Figure

{

private: double length, width;

public: . . . . .

virtual Rectangle* clone() const override

{ return new Rectangle(*this); }

};

Òåïåð ìîæíà çàâåðøèòè åêñïåðèìåíò: ñòâîðèòè åêçåìïëÿð êîíòåéíåðà, íàïîâíè-
òè éîãî ôiãóðàìè, ñêîïiþâàòè. Ëåãêî ïåðåêîíàòèñÿ, ùî çìiíè åëåìåíòiâ êîïi¨ íiÿê
íå âïëèâàþòü íà îðèãiíàë.

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 (Figure* 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 (Figure* fig : vect) std::cout << *fig

<< "\n S = " << fig->area() << " P = "

<< fig->perimeter() << '\n';

}
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Ïîâíèé òåêñò ïðîãðàìíîãî ïðî¹êòó ìîæíà çàâàíòàæèòè ç [3].

3. Ðåàëiçàöiÿ ìîâîþ C#

Âiäïîâiäàëüíiñòü çà êîïiþâàííÿ îá'¹êòiâ ó ïðîãðàìàõ ìîâîþ C# ðîçïîäiëåíà
iíàêøå, íiæ ó Ñ++. Òóò íå ïðèéíÿòî îãîëîøóâàòè êîíñòðóêòîð êîïiþâàííÿ.
Íàòîìiñòü âñi êëàñè íàñëiäóþòü âiä System.Object [4] ìåòîä object Memberwise-
Clone(), çäàòíèé âèãîòîâèòè ïîâåðõíåâó êîïiþ äîâiëüíîãî îá'¹êòà. Òàêîæ êëàñè
ðåàëiçóþòü (àáî íi) iíòåðôåéñ IClonable.

public interface ICloneable

{

public object Clone();

}

Ó îáîõ âèïàäêàõ òóò âèêîðèñòàíî íàéçàãàëüíiøèé òèï object, ùî íå ñïðèÿ¹
çðó÷íîñòi òà íàäiéíîñòi âèêîðèñòàííÿ öèõ çàñîáiâ, àäæå ùîðàçó äîâîäèòüñÿ ïðèâî-
äèòè îòðèìàíó êîïiþ äî êîíêðåòíîãî òèïó. Ëiïøå áóëî á âèêîðèñòîâóâàòè óçàãàëü-
íåíèé iíòåðôåéñ IClonable<T>, àëå â ñèñòåìi òàêîãî íåìà¹.

Ìîâà C# ïðîïîíó¹ áàãàòó áiáëiîòåêó êîíòåéíåðiâ. Óñi âîíè ¹ òèïàìè-ïîñèëàííÿ-
ìè, òîìó çâè÷àéíå ïðèñâî¹ííÿ ìiæ çìiííèìè òèïó êîíòåéíåðà îçíà÷à¹ êîïiþâàííÿ
àäðåñ. Çðîçóìiëî, ùî â òàêié ñèòóàöi¨ çàâäàííÿ ãëèáîêîãî êîïiþâàííÿ ¹ àêòóàëüíèì.
Îäèí ç íàéïðîñòiøèõ êîíòåéíåðiâArray ðåàëiçó¹ iíòåðôåéñ IClonable, àëå éîãî ìåòîä
Clone() äi¹ ïîäiáíî äî êîíñòðóêòîðà êîïiþâàííÿ êîíòåéíåðà std::vector<T> ìîâè
Ñ++: êîïiþ¹ ñòðóêòóðè ìàñèâó, àëå íå êîïiþ¹ åëåìåíòiâ ìàñèâó çà ïîñèëàííÿìè íà
íèõ, íàâiòü, ÿêùî âîíè ðåàëiçóþòü IClonable.

Çàìiñòü ìàñèâó ìîæíà âèêîðèñòîâóâàòè êîíòåéíåð List<T>, ñõîæèé çà ìîæëè-
âîñòÿìè òà ïîâåäiíêîþ íà std::vector<T>. Çàçíà÷èìî ëèøå, ùî íà âiäìiíó âiä Array
âií íå ðåàëiçó¹ iíòåðôåéñ IClonable. I ìàñèâ Figure[] �gures, i ñïèñîê List<Figure>
list � ïîëiìîðôíi. ßêùî Figure � êëàñ, òî åëåìåíòàìè �gures ÷è list ìîæóòü áóòè
åêçåìïëÿðè áóäü-ÿêèõ ïiäêëàñiâ Figure. Ùå îäíà ïðè¹ìíà âëàñòèâiñòü êîíòåéíåðiâ
C# � öå ïiäòðèìêà àâòîìàòè÷íîãî çáèðàííÿ ñìiòòÿ. Ìîæíà íå òóðáóâàòèñÿ ïðî
êîðåêòíå î÷èùåííÿ äèíàìi÷íî¨ ïàì'ÿòi âiä îá'¹êòiâ.

Íi ìàñèâ, íi ñïèñîê íå ïiäòðèìóþòü ãëèáîêå êîïiþâàííÿ, òî ÿê ñòâîðèòè êîïiþ
êîíòåéíåðà? Ìîæíà âèêîðèñòàòè ñïåöiàëüíi ìåòîäè êîíòåéíåðà, ÿêùî âîíè ¹, àáî
çàãàëüíi ìåòîäè LINQ [5]. Íèæ÷å íàâåäåíî ïðèêëàäè, ÿê öå çðîáèòè çà ïðèïóùåííÿ,
ùî åëåìåíòè êîíòåéíåðà ó âiäïîâiäü íà ïîâiäîìëåííÿ Clone() ïîâåðòàþòü ñâîþ
êîïiþ.

// ìåòîä êîíòåéíåðà

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

// LINQ

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

Ïiñëÿ âñiõ öèõ ìiðêóâàíü ìè ãîòîâi îãîëîñèòè êëàñè ôiãóð i íàïèñàòè ãîëîâíó
ïðîãðàìó, ÿêà ñòâîðþ¹ ñïèñîê ôiãóð i åêñïåðèìåíòó¹ ç éîãî êîïi¹þ. Âiäðàçó
âèçíà÷èìî â êëàñàõ ìåòîä Clone(), àëå ïðîñòiøå öå áóäå çðîáèòè áåç âèêîðèñòàííÿ
iíòåðôåéñó IClonable. Çàìiñòü çãàäàíîãî ðàíiøå ìåòîäó void printOn(stream) ó
êëàñàõ âèçíà÷åíî string ToString() � öå çàãàëüíà ïðàêòèêà äëÿ ïðîãðàì ìîâîþ 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()}");

}

Ïîâíèé òåêñò ïðîãðàìíîãî ïðî¹êòó ìîæíà çàâàíòàæèòè ç [3].

4. Ðåàëiçàöiÿ ìîâîþ Python

Ó ïîïåðåäíiõ äâîõ ïðîãðàìàõ àáñòðàêòíi áàçîâi êëàñè îãîëîøóâàëè iíòåðôåéñ
âçà¹ìîäi¨ ç îá'¹êòàìè i ñëóãóâàëè îñíîâîþ äëÿ ñòâîðåííÿ ïîëiìîðôíèõ êîëåêöié.
Ó ìîâàõ ïðîãðàìóâàííÿ çi ñòàòè÷íîþ òèïiçàöi¹þ (ÿê Ñ++ i C#) áåç òàêèõ êëàñiâ
íå îáiéäåøñÿ. Ìîâè Python i Pharo ïiäòðèìóþòü äèíàìi÷íó òèïiçàöiþ. Ó òàêèõ
ïðîãðàìàõ â îäíó êîëåêöiþ ìîæíà ïîìiùàòè ðiçíi îá'¹êòè íåçàëåæíî âiä ¨õíüîãî
òèïó, îïðàöþâàííÿ ïîâiäîìëåíü îá'¹êò âèêîíó¹ âæå íà åòàïi âèêîíàííÿ, òîìó,
çäàâàëîñÿ á, ìîæíà îáiéòèñÿ áåç âèêîðèñòàííÿ àáñòðàêòíèõ êëàñiâ. Ïðîòå i â
ìîâàõ ç äèíàìi÷íîþ òèïiçàöi¹þ îãîëîøåííÿ àáñòðàêòíèõ áàçîâèõ êëàñiâ óñiëÿêî
çàîõî÷ó¹òüñÿ. Íàÿâíiñòü ñïiëüíîãî iíòåðôåéñó ðîáèòü ïðîãðàìíèé êîä ÷èòàáåëüíi-
øèì i íàäiéíiøèì, àäæå âñi àáñòðàêòíi ìåòîäè ïîòðiáíî ïåðåâèçíà÷èòè â ïiäêëàñàõ.

Íà æàëü, Python íå íàäà¹ ñèíòàêñè÷íèõ çàñîáiâ äëÿ îãîëîøåííÿ àáñòðàêòíîãî
êëàñó ÷è ìåòîäó. Ç öi¹þ ìåòîþ âèêîðèñòîâóþòü ìîäóëü abc: àáñòðàêòíèé êëàñ
íàñëiäóþòü âiä abc.ABC, à ìåòîä ðîáëÿòü àáñòðàêòíèì çà äîïîìîãîþ äåêîðàòîðà
abc.abstractmethod [6].

Ðîëü êîíñòðóêòîðà â êëàñi Python âiäiãðà¹ �ìàãi÷íèé� ìåòîä ç iìåíåì __init__.
ßêùî âñiì ïàðàìåòðàì òàêîãî ìåòîäó íàäàòè çíà÷åííÿ çà çàìîâ÷óâàííÿì, òî âií
ìîæå äiÿòè i ÿê êîíñòðóêòîð çà çàìîâ÷óâàííÿì, i ÿê êîíñòðóêòîð ç ïàðàìåòðàìè, àëå
àæ íiÿê âií íå ìîæå áóòè êîíñòðóêòîðîì êîïiþâàííÿ. Ó Python ðåàëiçîâàíî çàãàëüíi
ìåòîäè êîïiþâàííÿ îá'¹êòiâ. �õ íàäà¹ ìîäóëü copy : ôóíêöiÿ copy.copy(obj) áóäó¹
ïîâåðõíåâó êîïiþ îá'¹êòà obj, à ôóíêiÿ copy.deepcopy(obj) � ãëèáîêó [7]. Îêðåìi
êëàñè ìàþòü ñâî¨ ìåòîäè êîïiþâàííÿ, íàïðèêëàä, list.copy() àáî dict.copy(). À
ùå â áóäü-ÿêîìó êëàñi ìîæíà îãîëîñèòè �ìàãi÷íi� ìåòîäè __copy__(), __deep-
copy__(), ùîá ðåàëiçóâàòè îñîáëèâi ñïîñîáè êîïiþâàííÿ: âiäïîâiäíî ïîâåðõíåâîãî
òà ãëèáîêîãî.

Îãîëîñèìî i¹ðàðõiþ êëàñiâ ãåîìåòðè÷íèõ ôiãóð. Çàêëàäàòè â íèõ îñîáëèâó
ïîâåäiíêó ùîäî êîïiþâàííÿ íåìà¹ ïîòðåáè. Çàçíà÷èìî òiëüêè, ùî â êëàñàõ Python
âèçíà÷àþòü ìåòîä __str__(), ùîá îá'¹êòè âìiëè ïåðåòâîðèòè ñåáå íà ðÿäîê. Ïðî
äåñòðóêòîðè ìîæíà íå òóðáóâàòèñÿ, áî â Python òàêîæ äi¹ àâòîìàòè÷íå çáèðàííÿ
ñìiòòÿ.

from abc import ABC, abstractmethod

class Figure(ABC):

@abstractmethod

def area(self):

pass

@abstractmethod

def perimeter(self):
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pass

@abstractmethod

def scalingBy(self, coef):

pass

class Circle(Figure):

def __init__(self, r = 1.0):

self.radius = r

def __str__(self):

return f'Circle({self.radius})'

def area(self):

return math.pi * self.radius ** 2

def perimeter(self):

return 2.0 * math.pi * self.radius

def scalingBy(self, coef):

self.radius *= coef

return self

class Rectangle(Figure):

def __init__(self, a = 3.0, b = 4.0):

self.length = a

self.width = b

def __str__(self):

return f'Rectangle[{self.length}x{self.width}]'

def area(self):

return self.length * self.width

def perimeter(self):

return 2.0 * (self.length + self.width)

def scalingBy(self, coef):

self.length *= coef

self.width *= coef

return self

Äëÿ ïîáóäîâè êîëåêöi¨ ôiãóð ïðèðîäíî âèêîðèñòàòè ñïèñîê. Öå âáóäîâàíèé òèï
ìîâè Python ç øèðîêîþ ñèíòàêñè÷íîþ ïiäòðèìêîþ. Êîïiþ ñïèñêó �gures äóæå
ëåãêî îòðèìàòè çà äîïîìîãîþ çðiçó �gures[:] àáî ìåòîäó �gures.copy(). Ïðîòå, â
îáîõ âèïàäêàõ îòðèìà¹ìî ïîâåðõíåâó êîïiþ: íîâèé ñïèñîê ïîäiëÿòèìå ïîñèëàííÿ íà
îá'¹êòè ç îðèãiíàëîì. Ùîá îòðèìàòè ãëèáîêó êîïiþ, ìîæíà âèêîðèñòàòè ñòàíäàðòíó
ôóíêöiþ copy.deepcopy(�gures) àáî ãåíåðàòîð ñïèñêó, ÿêèé ïî÷åðãîâî ñêîïiþ¹ êîæåí
åëåìåíò: list(copy.copy(�g) for �g in �gures). Äðóãèé ñïîñiá íàäà¹ áiëüøå êîíòðîëþ
ïðîãðàìiñòîâi.

def printList(title, lst):

print(title)

for fig in lst:

print(fig)

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

Origin = [ Circle(), Rectangle(), Circle(2.0), Rectangle(2.0, 1.0) ]
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printList("--- The origin list of figures", Origin)

Copy = copy.deepcopy(Origin)

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)

ßê i â ïîïåðåäíiõ ïðîãðàìàõ, çìiíà êîïié íiÿê íå âïëèâà¹ íà ïî÷àòêîâèé ñïèñîê.
Ïîâíèé òåêñò ïðîãðàìíîãî ïðî¹êòó ìîæíà çàâàíòàæèòè ç [3].

5. Ðåàëiçàöiÿ ìîâîþ Pharo

Pharo � äèíàìi÷íî òèïiçîâàíà ìîâà, â ÿêié óñå ¹ îá'¹êòîì: åêçåìïëÿð êëàñó, êëàñ,
êîìïiëÿòîð, êîìïiëüîâàíèé ìåòîä òîùî. Îá'¹êòè âçà¹ìîäiþòü ÷åðåç íàäñèëàííÿ
ïîâiäîìëåíü Îá'¹êòíà ìîäåëü Pharo âèêîðèñòîâó¹ ïðîñòå âiäêðèòå íàñëiäóâàííÿ ç
îäíèì áàçîâèì êëàñîì Object äëÿ âñi¹¨ i¹ðàðõi¨. Ïîëÿ äàíèõ � çàõèùåíi, ìåòîäè
� âiäêðèòi, âiðòóàëüíi [8]. Ðîëü êîíñòðóêòîðiâ âèêîíóþòü ìåòîäè êëàñó (àäæå
êëàñ � îá'¹êò, òîìó â íüîãî ¹ ìåòîäè). Ùîá ñòâîðèòè åêçåìïëÿð êëàñó, éîìó
çàçâè÷àé íàäñèëàþòü ïîâiäîìëåííÿ new. Âiäïîâiäíèé ìåòîä ðîçïîäiëÿ¹ äèíàìi÷íó
ïàì'ÿòü äëÿ åêçåìïëÿðà i íàäñèëà¹ éîìó ïîâiäîìëåííÿ initialize, ùîá íàëàøòóâàòè
çíà÷åííÿ éîãî ïîëiâ äàíèõ. Òàêèì ÷èíîì ïàðà ìåòîäiâ new òà initialize äi¹ ÿê
êîíñòðóêòîð çà çàìîâ÷óâàííÿì ó Ñ++. Ñåëåêòîðè ìåòîäiâ êëàñó, ïðèçíà÷åíèõ äëÿ
ñòâîðåííÿ åêçåìïëÿðiâ, çàçâè÷àé ðîçïî÷èíàþòüñÿ ïðåôiêñîì new. Ïðèâàòíiñòü ó
Pharo âëàøòîâàíî íà ðiâíi åêçåìïëÿðà. Öå îçíà÷à¹, ùî íàâiòü êëàñ íå ìà¹ äîñòóïó
äî çìiííèõ ñâîãî åêçåìïëÿðà. Äëÿ öüîãî éîìó ïîòðiáíi ìåòîä-ñåëåêòîð i ìåòîä-
ìîäèôiêàòîð. Ñåëåêòîðè òàêèõ ìåòîäiâ çàçâè÷àé çáiãàþòüñÿ ç iìåíåì çìiííî¨.

Âèêîðèñòàííÿ àáñòðàêòíèõ êëàñiâ àêòèâíî ïiäòðèìó¹òüñÿ ñåðåäîâèùåì ïðîãðà-
ìóâàííÿ. Ùîá çðîáèòè êëàñ àáñòðàêòíèì, äîñòàòíüî â òiëi îäíîãî éîãî ìåòîäó
íàäiñëàòè ïîâiäîìëåííÿ self subclassResponsibility. Ó êëàñàõ çàçâè÷àé ïåðåâàíòà-
æóþòü ìåòîä printOn: aStream, ùîá åêçåìïëÿðè ìîãëè âèâîäèòè ñåáå â ïîòiê. Ó
Pharo, ÿê i â Python, äi¹ àâòîìàòè÷íå çáèðàííÿ ñìiòòÿ.

Êîïiþâàííÿ îá'¹êòiâ ó Pharo îïèðà¹òüñÿ íà êiëüêà ìåòîäiâ êëàñó Object. Ìåòîä
shallowCopy ñòâîðþ¹ íîâèé åêçåìïëÿð òîãî æ êëàñó, ùî é îðèãiíàë, i êîïiþ¹
çíà÷åííÿ âñiõ ïîëiâ äàíèõ, deepCopy êîïiþ¹ ñàì îá'¹êò i ðåêóðñèâíî âñi îá'¹êòè,
íà ÿêi òîé ïîñèëà¹òüñÿ. Îñîáëèâèé ñïîñiá êîïiþâàííÿ âèçíà÷à¹ copy : âií ñïî÷àòêó
âèêëèêà¹ shallowCopy, à ïîòiì � postCopy. Ñòàíäàðòíèé ìåòîä postCopy íå ðîáèòü
íi÷îãî, éîãî ïåðåâèçíà÷àþòü ó êëàñi, ùîá çàäàòè, äëÿ ÿêî¨ ÷àñòèíè åêçåìïëÿðà ÿêå
êîïiþâàííÿ ïîòðiáíî âèêîíàòè. Êðiì çãàäàíèõ ó êëàñi Object âèçíà÷åíî ùå íèçêó
ìåòîäiâ, íàïðèêëàä clone, veryDeepCopyWith: deepCopier òîùî.

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: aNumber

^ self basicNew radius: aNumber

FCircle >> initialize

radius := 1.0

FCircle >> radius: aNumber

radius := aNumber max: 0.1

FCircle >> area

^ Float pi * radius squared

FCircle >> perimeter

^ Float pi * radius * 2.0

FCircle >> scalingBy: aNumber

radius := radius * aNumber

FCircle >> 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: aNumber

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: $]

Ïðîãðàìíèé êîä ó Pharo ïèøóòü âèêëþ÷íî â ìåòîäàõ êëàñiâ, òîìó ãîëîâíó
ïðîãðàìó îïèøåìî â êëàñi FRunner. Äîïîìiæíèé ìåòîä printCollection:withTitle:
âèâîäèòü êîëåêöiþ íà êîíñîëü ñèñòåìè � âiêíî Transcript, à ìåòîä runExample
ñòâîðþ¹ i êîïiþ¹ êîëåêöiþ ôiãóð, çìiíþ¹ êîïiþ òà âèâîäèòü óñå íà êîíñîëü.

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 = ', 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'

Îòðèìà¹ìî ðåçóëüòàò, äóæå ïîäiáíèé äî òðüîõ ïîïåðåäíiõ. Ïîâíèé òåêñò ïðîã-
ðàìè çàñòîñóíêó ìîæíà çàâàíòàæèòè ç [9].

6. Âèñíîâêè

Ïiäiá'¹ìî êîðîòêi ïiäñóìêè, çàçíà÷èìî òèïîâi ïiäõîäè òà îñîáëèâîñòi íàÿâíèõ
çàñîáiâ ó êîæíié ç ìîâ ïðîãðàìóâàííÿ, ÿêi ìè ðîçãëÿíóëè.

• Êîïiþâàííÿ îá'¹êòà ó Ñ++ âèêîíó¹ êîíñòðóêòîð êîïiþâàííÿ àáî îïåðàòîð
ïðèñâî¹ííÿ éîãî êëàñó. Öi ÷ëåíè êëàñó ìîæå ãåíåðóâàòè êîìïiëÿòîð. Òîäi âîíè
âèêîíóþòü ïîâåðõíåâå êîïiþâàííÿ. Ùîá êîïiþâàííÿ áóëî ãëèáîêèì, ïîòðiáíî
ñàìîñòiéíî âèçíà÷èòè êîíñòðóêòîð êîïiþâàííÿ i îïåðàòîð ïðèñâî¹ííÿ. �õíi
àëãîðèòìè íàëåæàòü äî çîíè âiäïîâiäàëüíîñòi ïðîãðàìiñòà.

• Ìîâà C# ïiäòðèìó¹ ñòàíäàðòíèé iíòåðôåéñ ICloneable. Êëàñè, ÿêi éîãî
ðåàëiçóþòü, çàçâè÷àé âèêîíóþòü ïîâåðõíåâå êîïiþâàííÿ çà äîïîìîãîþ óñïàä-
êîâàíîãî ìåòîäó Object.MemberwiseClone(). Íåäîëiêîì öèõ çàñîáiâ ¹ âèêîðèñ-
òàííÿ çàãàëüíîãî òèïó object. Ïðîãðàìiñò ìîæå íà âëàñíèé ðîçñóä âèçíà÷àòè
ó ñâî¨õ êëàñàõ ìåòîäè Clone(), DeepClone() i âèêîðèñòîâóâàòè ¨õ ðàçîì ç
ìåòîäàìè êîíòåéíåðiâ àáî LINQ äëÿ ãëèáîêîãî êîïiþâàííÿ.

• Ó ìîâi Python äëÿ êîïiþâàííÿ îá'¹êòiâ âèçíà÷åíî ìîäóëü copy. Éîãî ïîòðiáíî
ïðè¹äíóâàòè äî ïðîãðàìè, ùîá ñêîðèñòàòèñÿ éîãî çàñîáàìè: ôóíêöiÿìè ïî-
âåðõíåâîãî òà ãëèáîêîãî êîïiþâàííÿ. Ùîá äîäàòêîâî íàëàøòóâàòè äiþ öèõ
ôóíêöié, ïðîãðàìiñò ìîæå îãîëîñèòè â ñâî¹ìó êëàñi �ìàãi÷íi� ìåòîäè __co-
py__(), __deepcopy__().

• Pharo íàäiëÿ¹ âñi îá'¹êòè çäàòíiñòþ ðiçíèìè ñïîñîáàìè âèãîòîâëÿòè ñâî¨ êîïi¨,
áî âñi êëàñè íàñëiäóþòü Object, ó ÿêîìó âèçíà÷åíî âiäïîâiäíi ìåòîäè: shallow-
Copy äëÿ ïîâåðõíåâîãî êîïiþâàííÿ, deepCopy � äëÿ ãëèáîêîãî, postCopy äëÿ
ïåðåâàíòàæåííÿ i íàëàøòóâàííÿ çàãàëüíîãî ìåòîäó copy, òà ùå íèçêó iíøèõ.
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Ó ñòàòòi ïîêàçàíî, ùî íàéðiçíîìàíiòíiøèé i íàéçðó÷íiøèé àðñåíàë çàñîáiâ êî-
ïiþâàííÿ íàäà¹ Pharo. Óñi êëàñè íàäiëåíî ìîæëèâîñòÿìè âèãîòîâëÿòè ñâîþ êîïiþ:
ïîâåðõíåâó, ãëèáîêó àáî íàëàøòîâóâàíó. Ó Python çàñîáè êîïiþâàííÿ îäíàêîâî
äîáðå ïðàöþþòü çi ñòàíäàðòíèìè òèïàìè i ç êëàñàìè êîðèñòóâà÷à. �õ âèíåñåíî â
îêðåìèé ìîäóëü. Ìîâè Ñ++ i C# íàäàþòü âáóäîâàíi çàñîáè ëèøå äëÿ ïîâåðõíåâîãî
êîïiþâàííÿ. Ïðî ãëèáîêå êîïiþâàííÿ äîâîäèòüñÿ òóðáóâàòèñÿ âëàñíîðó÷. Àâòîðè
çàïðîïîíóâàëè ñïîñiá âèðiøåííÿ öi¹¨ ïðîáëåìè íà ïðèêëàäi êëàñiâ ìîâîþ Ñ++.
Çàïðîïîíîâàíî òàêîæ ñïîñiá óäîñêîíàëåííÿ ñòàíäàðòíîãî êîíòåéíåðà std::vec-
tor<T> äëÿ òîãî, ùîá âií êîðåêòíî ïðàöþâàâ ç ïîëiìîðôíèìè âêàçiâíèêàìè.
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The capabilities of the C++, 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 di�erent types that model geometric shapes is used as a model example. It is shown
how to declare the corresponding classes in each language, �ll 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 de�ne 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 de�ne 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 de�ned 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 de�nes 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.


