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Ïîñòàíîâêà çàäà÷è

I Íåîáõîäèìî íàïèñàòü ïðîãðàììó äëÿ áóõãàëòåðà â íåáîëüøîì
ñòàðòàïå.

I Ïðîãðàììà äîëæíà õðàíèòü èíôîðìàöèþ î ñîòðóäíèêàõ è
ðàñ÷èòûâàòü ñóììàðíûé îáúåì çàðàáîòíîé ïëàòû (ÇÏ). Íà
äàííûé ìîìåíò åñòü äâå äîëæíîñòè:

Ïðîãðàììèñò: èìÿ, âîçðàñò, ñòàâêà, êàòåãîðèÿ, ïðåìèÿ çà ðåëèç.

Ïðîäàâåö: èìÿ, âîçðàñò, ãîðîä, öåíà ïðîäóêòà, ïðîöåíò ñ

ïðîäàæè, îáúåì.

I Íåîáõîäèìî íàïèñàòü ïðîãðàììó òàê, ÷òîáû êîãäà ñòàðòàï
âûðàñòåò è íàéìåò ñîòðóäíèêîâ íà äðóãèå äîëæíîñòè (òåñòåð,
ìàðêåòîëîã è ò.ä.) ñî ñâîèìè àëãîðèòìàìè ðàñ÷åòà ÇÏ, òî
ïðîãðàììó íå ïðèøëîñü áû ñèëüíî ìåíÿòü.
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main

Íà îñíîâå òðåáîâàíèé ïîïðîáóåì ïðîäóìàòü main.

main() {

WorkerDB db; // stores info about workers

Delevloper d1("Masha", 20, 2000, 1, false);

Delevloper d2("Kolya", 21, 2000, 1, false);

Sale s("Marina", 25, "Spb", 500, 20, 100);

db.add(d1);

db.add(d2);

db.add(s);

int total = db.getTotalSalary ();

}

I Íåîáõîäèìî çàùèòèòü WorkerDB îò èçìåíåíèé, ò.å. êîãäà
ïîÿâÿòñÿ Marketing è Tester ýòîò êëàññ íå ïðèøëîñü áû
ïåðåäåëûâàòü!

I Ïîëèìîðôíûé êîä ìîæåò ðàáîòàòü ñ ðàçíûìè òèïàìè äàííûõ (â
C++ ñ íàñëåäíèêàìè íåêîòîðîãî áàçîâîãî êëàññà).
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Áàçîâûé êëàññ

I Âñïîìíèì ëåêöèþ ïðî LinkedList è åãî íàñëåäíèêà DoubleList.
I Â ôóíêöèþ �ll(LinkedList &l, int value, int count) ìîæíî ïåðåäàòü

îáúåêòû îáîèõ êëàññîâ, ïîòîìó ÷òî DoubleList �óìååò� âñå
(ïîääåðæèâàåò òå æå ïóáëè÷íûå ìåòîäû), ÷òî óìååò LinkedList.

I Âîñïîëüçóåìñÿ ýòîé èäåé. Çàäàäèì áàçîâûé êëàññ Worker,
êîòîðûé áóäåò îïèñûâàòü �êîíòðàêò� (íàáîð ïóáëè÷íûõ
ìåòîäîâ), êîòîðûé äîëæåí âûïîëíèòü ëþáîé êëàññ, ÷òîáû
WorkerDB ñìîã ñ íèì ðàáîòàòü.

class Worker {

protected:

char *name;

int age;

public:

Worker(const char *n, ...) {

name = new char [strlen(n)+1]; strcpy(name , n);

}

~Worker () { delete [] name; }

// dummy implementation

virtual int getSalary () const { return 0; }

};
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Developer

class Developer: public Worker {

protected:

int base;

int level;

bool isBonus;

public:

Developer(const char* n, ...) : Worker(n, ...) { ... }

//destructor is not required

virtual int getSalary () {

int res = isBonus ? base * level + 500 : base * level;

retun res;

}

};
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Sale

class Sale: public Worker {

protected:

char *city;

int price;

int num;

float percent;

public:

Sale(const char* n, const char *c ...) : Worker(n, ...) {

city = new char [strlen(c) + 1];

strcpy(city , c);

}

~Sale() { delete [] city; }

...

virtual int getSalary () const {

int res = price * num * percent;

retun res;

}

};
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WorkerDB

class WorkerDB {

private:

// don't forget to add default constructor to Worker

Worker workers [100];

int size;

public:

void addWorker(const Worker& w) {

workers[size ++] = w;

}

int getTotalSalary () const {

int sum = 0;

for(int i = 0; i < size; i++) {

sum += workers[i]. getSalary ();

} }

};

main: db.add(d1); db.add(d2); db.add(s);
Äëÿ worker[0] âûçîâåòñÿ getSalary() èç Developer.
Äëÿ worker[2] âûçîâåòñÿ getSalary() èç Sale.
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Îøèáêè è íåòî÷íîñòè - I

Ìîæíî çàáûòü â ïðîèçâîäíîì êëàññå (íàïðèìåð, â Sale) ïåðåêðûòü
ìåòîä getSalary(), òîãäà áóäåò èñïîëüçîâàí ìåòîä çàãëóøêà (dummy
èç Worker) è çàðïëàòà áóäåò 0.
Ðåøåíèå:

class Worker {

...

virtual int getSalary () = 0 const;

};

I getSalary() � ÷èñòî (pure) âèðòóàëüíàÿ ôóíêöèÿ, êëàññ Worker �
àáñòðàêòíûé, ò.å. îáúåêò òàêîãî êëàññà ñîçäàòü íåëüçÿ (íå
ñêîìïèëèðóåòñÿ), íî ìîæíî èñïîëüçîâàòü ýòîò êëàññ ïðè
íàñëåäîâàíèè.

I Åñëè íàñëåäíèê (íàïðèìåð, Sale) íå ïåðåêðîåò getSalary(), òî
òîæå ñòàíåò àáñòðàêòíûì.
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Îøèáêè è íåòî÷íîñòè - II

Cêîïèðóåì â ìàññèâ òîëüêî ÷àñòü îáúåêòà. Íè÷åãî ðàáîòàòü íå áóäåò!

// sizeof(Developer) > sizeof(Worker)

workers[size ++] = w;

Ðåøåíèå:

class WorkerDB {

Worker* workers [100];

void addWorker(const Worker* w) { workers[size ++] = w;}

~WorkerDB () {

for(int i = 0; i < size; i++) {

delete workers[i];

}

}

};

main() {

WorkerDb db; Developer *d1 = new Developer (...);

db.addPerson(d1)

}
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Îøèáêè è íåòî÷íîñòè - III

Äåñòðóêòîð Sale èç äåñòðóêòîðà WorkerDB íå âûçîâåòñÿ.

class Sale {

~Sale() { ... }

};

class WorkerDB {

~WorkerDB () {

for(int i = 0; i < size; i++) {

delete workers[i];

}

}

};
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Îøèáêè è íåòî÷íîñòè - III

Developer *d = new Developer (...);

//destructor Worker called, destructor Developer called

delete d;

Worker *w = new Developer (...);

//destructor Worker called, destructor Developer not called

delete w;

Ðåøåíèå:

class Sale {

virtual ~Sale() { ... }

};

Ïîäðîáíîñòè â ðàññêàçå ïðî ñâÿçûâàíèå (static/dynamic binding).
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Ñòàòè÷åñêîå è äèíàìè÷åñêîå ñâÿçûâàíèå

Â äàííîì êîíòåêñòå �ñâÿçûâàíèå� � ñîïîñòàâëåíèå èìåíè ôóíêöèè è
åå àäðåñà â ïàìÿòè.
Ñòàòè÷åñêîå ñâÿçûâàíèå � èìÿ ìîæíî çàìåíèòü íà àäðåñ íà ýòàïå
ïîñòðîåíèÿ ïðîãðàììû.

Sale s(...);

int r = s.getSalary ();

Äèíàìè÷åñêîå ñâÿçûâàíèå � èìÿ ìîæíî çàìåíèòü íà àäðåñ òîëüêî
íà ýòàïå âûïîëíåíèÿ ïðîãðàììû.

Worker *w;

int d;

scanf("%d", &d);

if(d > 0) {

w = new Developer (...);

}

else {

w = new Sale (...);

}

w->getSalary ();
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Ñòàòè÷åñêîå è äèíàìè÷åñêîå ñâÿçûâàíèå

I Ïî óìîë÷àíèþ â C++ èñïîëüçóåòñÿ ñòàòè÷åñêîå ñâÿçûâàíèå.

I Åñëè ó ìåòîäà çàäàíî êëþ÷åâîå ñëîâî virtual, òî äëÿ íåãî
èñïîëüçóåòñÿ äèíàìè÷åñêîå ñâÿçûâàíèå.

class Sale {

...

virtual ~Sale() { ... }

};

class Worker {

...

virtual int getSalary () = 0 const;

};

C++ 13 / 15



Òàáëèöà âèðòóàëüíûõ ôóíêöèé

I Êàê ïðè äèíàìè÷åñêîì ñâÿçûâàíèå ïðîèñõîäèò âûáîð íóæíîé
ôóíêöèè? Ñ ïîìîùüþ òàáëèöû âèðòóàëüíûõ ôóíêöèé!

I Ïðè ñòàðòå ïðîãðàììû äëÿ êàæäîãî êëàññà ñ âèðòóàëüíûìè
ìåòîäàìè ñîçäàåòñÿ òàáëèöà, â êîòîðîé çàäàíî ñîîòâåòñòâèå
ìåæäó èìåíåì ôóíêöèè è åå àäðåñîì â ïàìÿòè (óêàçàòåëü íà
ôóíêöèþ).

I Êàæäûé îáúåêò êëàññà ñ âèðòóàëüíûìè ôóíêöèÿìè õðàíèò
óêàçàòåëü (ñêðûòîå ïîëå vptr) íà íà÷àëî òàáëèöû âèðòóàëüíûõ
ôóíêöèé ñâîåãî êëàññà.

I Â ìåñòå âûçîâà âèðòóàëüíîé ôóíêöèè êîìïèëÿòîð ãåíåðèðóåò
ñëåäóþùèé êîä:

1 Ïîéäè ïî àäðåñó vptr.
2 Íàéäè â òàáëèöå ôóíêöèþ ñ íóæíûì èìåíåì.
3 Ñ÷èòàé èç òàáëèöû àäðåñ ôóíêöèè è ïåðåéäè íà íåå.

Âûçîâ êàêîé ôóíêöèè ïðîèñõîäèò áûñòðåå: îáû÷íîé èëè
âèðòóàëüíîé?
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Òàáëèöà âèðòóàëüíûõ ôóíêöèé

Имя функции Адрес

getSalary() 0xFFFF

Sale

Имя функции Адрес

getSalary() 0xFFCC

Developer

… ...

… ...

vptr

name

age

base

vptr

name

age

base

vptr

name

age

city

Developer d1

Developer d2

Sale s

Íà ñàìîì äåëå:

I Èìÿ ôóíêöèè â âèäå ñòðîêè íè â êîäå ïðîãðàììû, íè â òàáëèöå
íå õðàíèòñÿ.

I Ïðîñìîòð âñå ñòðîê òàáëèöû äëÿ ïîèñêà íå ïðîèçâîäèòñÿ.

Ïðèäóìàéòå ñïîñîá óñêîðåíèÿ îïèñàííîãî àëãîðèòìà âûçîâà
âèðòóàëüíîé ôóíêöèè. Hint: îòíîñèòåëüíûå àäðåñà â ïàìÿòè.
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