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class A class A
{ {
public: private:
int value; int—wvalue =100+

int value;
int getValue() {
return value; public:
} A() {
}; value = 100;
}
int main() {

A object; protected:



object.value = 100; int getvValue () {

cout << object. return value;
getValue() ; }
} }
class B : public A int main() {
{ A object;
public: ebjeet-value =100+
int value2; eout << objeet-getValue ()

int getSum() {

return class B : public A
value + value2; {
} public:
}; int value2;
int main() { int getSum() {
B object; return—value+—value?;
object.value = 100; return
object.value2 = 10; getValue () + value2;
cout << }

object.getValue() ;
cout << };
object.getSum() ;
} int main() {

B object;
ebject—ralue =100
object.value2 = 10;
eout<<-object-getValue();
cout << object.getSum() ;
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class A
{
public:
void printl () {
cout << "A::printl ()" << endl;
}

virtual void print2() {
cout << "A::print2 ()" << endl;



}

void print3() {
cout << "A::print3 ()" << endl;

}

virtual void print4d () {
cout << "A::print4d ()" << endl;

}
}s
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class B : public A
{
public:
// not related to A::printl()
void printl () {
cout << "B::printl ()" << endl;
}

// overrides A::print2()
void print2() {
cout << "B::print2 ()" << endl;
}
};
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B objectB;

B * addressB = &objectB;
A * addressA = addressB;
(*addressd) .printl () ;

A & referenceA = objectB;
referenceA.print2() ;



referenceA.print3() ;
referenceA.print4d () ;
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void taskl (A & reference) {
reference.printl(); // static binding
reference.print2(); // late binding

}

int main() {
B objectB;
objectB.printl(); // static binding
objectB.print2(); // static binding
taskl (objectB); // static binding

}
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1 class A // an abstract class

2 A

3 public:

4 // a pure virtual function

5 virtual void print() const = 0;
6 };

5

8 void taskl (const A & reference) {

9 reference.print(); // late binding
10 }

11

12 class B : public A // B implements A
13 {

14 public:

15 // overrides A::print2()

16 virtual void print() const ({

17 cout << "B::print ()" << endl;
18 }

19 };
20
21 // C also implements A
22 class C : public A
23 {
24 public:
25 // overrides A::print2()
26 virtual void print() const ({

27 cout << "C::print()" << endl;
28 }

29 };

30

31 int main() {

32 A—a;

33 taskl (B()) ;

34 taskl (C())

35 }
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class Student
{
public:
int id;
string name;
double GPA; // grade point average
};

// interface

class Comparator

{

public:
virtual bool isLarger (Student &, Student &)
const = 0;

};

// polymorphism function
void sort(vector<Student> & students,
const Comparator & comparator) ({
int size = students.size();
for (int i = size - 1; i > 0; -- i) {
for (int j = 0; j < i; ++ 3) {
Student & sl = students[j]:;
Student & s2 = students[j + 1];

if (comparator.islLarger(sl, s2)) {
Student temp = sl1;
sl = s2;
s2 = temp;

// implementation 1
class IdComparator : public Comparator
{
// overrides
bool isLarger (Student & sl, Student & s2) const {
return sl.id > s2.id;

};

// implementation 2
class NameComparator : public Comparator



bool isLarger (Student & sl, Student & s2) const {
return sl.name > s2.name;

};

// implementation 3
class GPAComparator : public Comparator

{
bool isLarger (Student & sl, Student & s2) const {

return sl1l.GPA > s2.GPA;

};

void print(vector<Student> & students) {

cout << "students = " << endl;

for (int i = 0; i < students.size(); ++ i) {
cout << students[i] .id << " " <L
students[i] .name << " " <

students[i] .GPA << endl;

int main() {
vector<Student> students;
for (int i = 0; i < 10; ++ i) {

Student s;
s.id = (5 + i) % 10 + 1;
s.name = "nameO";

s.name[4] += 9 - i;
s.GPA = 3 + 0.05 * (i % 3);
students.push back(s) ;

}
print (students) ;

sort(students, IdComparator())
print (students) ;

sort (students, NameComparator()) ;
print (students) ;

sort (students, GPAComparator()) ;
print (students) ;
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// interface Iterator

class Iterator

{

public:
virtual bool hasNext () = O;
virtual double next() = O0;

};

// interface Iterable
class Iterable
{
public:
virtual Iterator * getIterator() = O0;

}s

// polymorphism function
void writeToFile (const char filename][],
Iterable & iterable) {
Iterator * it = iterable.getIterator();
ofstream out(filename) ;
while ((*it) .hasNext()) {
double value = (*it) .next();
out << value << " ";
}
out.close() ;
delete it;

// implementation of Iterable
class FixedLengthVector : public Iterable
{
private:
int length;
double * array;

public:
FixedLengthVector (int lengthl) ({
length = lengthl;
array = new double[length];

~FixedLengthVector () ({
delete [] array;



double & operator [] (int index) {
return array[index];

private:

// implementation of Iterator
class Iteratorl : public Iterator
{
private:
FixedLengthVector * vector;
int nextIndex;

public:
Iteratorl (FixedLengthVector * vectorl) {
vector = vectorl;
nextIndex = 0;

// overrides
bool hasNext () {
return (nextIndex < (*vector) .length) ;

// overrides
double next () {
++ nextIndex;
return (*vector) .array[nextIndex - 1];

}

}; // end of inner-class

public:
// overrides
Iterator * getlIterator() ({
return new Iteratorl (this);

}s

int main() {
FixedLengthVector vector (10) ;
for (int 1 = 0; i < 10; ++ i) {
vector[i] =1 + i;



writeToFile("1.txt", vector);
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1+2+4+8+..+8192=(210+1-1)/(2-1)=16384

BN RN T UL 1.6383 K. {HELHHAN TS
10001 P JycE ), Vector B 5 HIHIZRAF 45 0] 9 16384 4,
FARIRTE T 6283 N7 [H] o X 7T 3% /N B0 LA £ 19 K 1 2 ]
S BT 2o — B DUR 2 25 (A 4 B S AT R R



FATHIX AN HTH Vector [T KA FastVector. 7£
FastVector H73fr EAEGEIK o3 MO 5 B2 B A7 % 5
[EIAHSS . B, FERA BEFh AR A 10001 IR )E,
SR LA G RN O 10001, 1 B4 FR HIAF it 25 TR K
/NN 16384, FTULTE FastVector HIRATHEZE L — AR &
count, A count FIRITCHEANHL, MK Vector 111
capacity F A7 2 RN R /1
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class FastVector : public Vector
{
private:
int count; // additional member variable

void ensureCapacityO (int capacity2) {
if (capacity >= capacity2) return;
while (capacity < capacity2) ({
capacity *= 2;
}
double * temp = new double[capacity]
copyO (temp, elements, count);
delete [] elements;
elements = temp;

}

// additional member function
void assign0O (const FastVector & vector2) {



if (elements !'= 0) {
delete [] elements;
}
capacity = vector2.capacity;
count = vector2.count;
elements = new double[capacity]
copyO (elements, vector2.elements, count)

public:
// calls the default constructor of Vector
FastVector () {
capacity = 1;
count = 0;

// calls the default constructor of Vector
FastVector (const FastVector & vector2) {
assign0 (vector2); // static binding

// no need to define a destructor, the default
// destructor calls that of its super-class

// may cause error
FastVector & operator = (const FastVector &
vector2) ({
assign0 (vector?2) ;

// may cause error

void push back (double elem) {
// static binding
ensureCapacityO (count + 1) ;
elements[count] = elem;
++ count;

int size() {
return count;
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FastVector MJBHIPREL (FEH AW BEMRED 1
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int main() {
FastVector vectorl;
for (int 1 = 0; i < 10; ++ i) {
vectorl.push back(i + 0.5);
}
for (int 1 = 0; i < 10; ++ i) {
cout << vectorl[i] << endl;

}

7 ETH) main BRECH, FRATAIK T rastvector, MIX
A main EREH, BATKIA T rastvector AT AN, H
B NIRRT .

void errorInside (Vector & vectord) ({

vector4.push back(100) ;

/*

Is 100 in the 6-th element in vector4?

- Yes, if FastVector::push back was called.
- No, if Vector::push back was called.

*/
cout << vectord.size() << endl;
/*

We will see 9.

Which means that Vector::size() was called,
and Vector: :push back was called previously.



*/
}

int main() {

FastVector vectorl;

for (int 1 = 0; i < 5; ++ i) {
vectorl.push back(l + i);

}

// now, count==5, capacity==8

// C++ allows downcasting

Vector * vector2 = &vectorl;

Vector & vector3 = vectorl;

// pass downcasted reference
errorInside (vectorl) ;

}

H46E 88-101 171 main pK#. M 89-92 17, FATEIE
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// interface
class Vector

{
public:
virtual void push_back (double elem) = 0;

virtual void pop back() = 0;

virtual double & operator [] (int index)
const = 0;

virtual int size() const = 0;

}s

// common utility
class AbstractVector : public Vector



{
protected:

virtual int nextCapacityO (int capacity2) = 0;
protected:

double * elements;
int count;
int capacity;

void copyO (double to[], const double froml[],
int num) const {
for (int i = 0; i < num; ++ i) {
to[i] = from[i];

void ensureCapacityO (int capacity2) {
int capacity3 = nextCapacityO (capacity?) ;
if (capacity == capacity3) return;
capacity = capacity3;
double * temp = new double[capacity]
copyO (temp, elements, count);
delete [] elements;
elements = temp;

void assignO (const AbstractVector & vector2) ({
if (elements !'= 0) {
delete [] elements;
}
capacity = vector2.capacity;
count = vector2.count;
elements = new double[capacity];
copyO (elements, vector2.elements, count)

public:

AbstractVector () {
elements = new double[l];
capacity = 1;
count = 0;



~AbstractVector () {
delete [] elements;

AbstractVector (const AbstractVector & wvector2) ({
elements = 0;
assign0 (vector?2) ;

AbstractVector & operator =

(const AbstractVector & vector2) {
assign0 (vector?2) ;
return (*this);

void push back (double elem) {
ensureCapacityO (count + 1) ;
elements[count] = elem;
++ count;

void pop back() {
-- count;
ensureCapacityO (count) ;

double & operator [] (int index) const {
return elements[index];

int size() const {
return count;

}s

// implementation 1
class SlowVector : public AbstractVector
{
protected:
int nextCapacityO (int capacity2) ({
if (capacity2 == 0) return 1;



return capacity?2;

}s

// implementation 2
class FastVector : public AbstractVector

{

protected:
int nextCapacityO (int capacity2) {
if (capacity2 == 0) return 1;

int capacity3 = capacity;

while (capacity3 < capacity2) ({
capacity3 *= 2;

}

while (capacity3 >= capacity2 * 4) {
capacity3 /= 2;

}

return capacity3;

/\ﬁﬂ, 4\2§%§HQ§§ SlowVector %ﬂ FastVector Hﬁﬁ<ﬁﬂ
Z A RAE TR/ R 5 BoAF i =S TR R/ o BT DAAE 20 47+, JRATT
ﬁi‘ 4\@E§£X¢2§ ﬁﬁ nextCapacity0 klltﬁﬁ4\%$ E

X1
A 22 R 0] - B 75 270 Ao B Bk 2 TR) R/

EE 100 1T slowvector 1, HATAH TEM
nextCapacity0. A 1A BE WIS LE S1lowvector T AZNLE H BRI
AR AT G I (A RS G = A N N L (=
(operator =)o H52, FUNEAHBERAM MR AL E, XLk
R TR, (R TE B R IRATES AT DL RS A S, Ho
R BRA TR S8 T —Z P PR gih i, i, BRI



G RRAL. 5 VIR G PR A A R ORI {EL 5 /R A R AT A2
RS HAENR (RO KR EEN]H g E R AR
A, 2 Bah A A i B A 1 R B ARG . $5 DLk
JEUR T AR IEHEE I3 IR Bl R AL

NTRFRATME H 2 SRR R N B2 2R IS T E
BATRIN, {528/ 100000 B, stowvector F T 30 75,
ATk 100 {5 15 2%, Fastvector (N H T A% 1 #2 (1] o

void pushValues (Vector & vector, int size) ({
for (int i = 0; i < size; ++ i) {
vector.push back(i + 0.5);
}
}

void popAll (Vector & vector) ({
while (vector.size() > 0) {
vector.pop back() ;
}
}

void print(Vector & vector) ({
for (int i = 0; i < vector.size(); ++ i) {
cout << vector[i] << endl;
}
}

void testl () {
SlowVector vectorl;
pushValues (vectorl, 100000) ;
SlowVector vector2 (vectorl) ;
SlowVector vector3;
vector3 = vector2;
//print (vector3) ;
popAll (vectorl) ;



void test2() {
FastVector vectorl;
pushValues (vectorl, 100000 * 100);
FastVector vector2 (vectorl) ;
FastVector vector3;
vector3 = vector2;
//print (vector3) ;
popAll (vectorl) ;

int main() {
testl(); // about 30s
test2(); // < 1s

ORIEHEACHS E W IIRE . AR, H 4k et Qg &
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// common utility
class VectorImpl

{

private:

double * elements;
int capacity;

void copyO (double to[], const double from|[],
int num) const {
for (int i = 0; i < num; ++ i) {
to[i] = from[i];
}
}

void assignO (const VectorImpl & vector2) ({



if (elements '= 0) {
delete [] elements;

}

capacity = vector2.capacity;

elements = new double[capacity];

copyO (elements, vector2.elements, capacity);

public:

——

VectorImpl ()
elements
capacity

new double[l];
1;

~VectorImpl () {
delete [] elements;

VectorImpl (const VectorImpl & vector2) ({
elements = 0;
assign0 (vector?2) ;

VectorImpl & operator =

(const VectorImpl & vector2) ({
assign0 (vector?2) ;
return (*this);

double & operator [] (int index) const ({
return elements[index];

void changeCapacity (int capacity2) {

if (capacity == capacity2) return;
int size = capacity;
capacity = capacity2;

if (size > capacity) size = capacity;
double * temp = new double[capacity]:
copyO (temp, elements, size);

delete [] elements;

elements = temp;



int getCapacity () {
return capacity;

}s

// implementation 1
class SlowVector : public Vector
{
private:
VectorImpl impl;
int count;

int nextCapacityO (int capacity2) ({
if (capacity2 == 0) return 1;
return capacity?2;

public:

SlowVector () {
count = 0;

// no need to define copy constructor
// no need to define operator =

double & operator [] (int index) const {
return impl[index];

int size() const {
return count;

void push back (double elem) {
int capacity = nextCapacityO (count + 1) ;
impl.changeCapacity (capacity) ;
impl [count] = elem;
++ count;

void pop back() {



int capacity = nextCapacityO (count - 1) ;
impl.changeCapacity (capacity) ;
-- count;

}s

// implementation 2
class FastVector : public Vector

{

private:
VectorImpl impl;
int count;

int nextCapacityO (int capacity2) ({

if (capacity2 == 0) return 1;

int capacity3 = impl.getCapacity () ;

while (capacity3 < capacity2) ({
capacity3 *= 2;

}

while (capacity3 >= capacity2 * 4) {
capacity3 /= 2;

}

return capacity3;

public:
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class Matrix

{
public:

class Entry

{



public:
int row;
int column;
double value;

};

class Iterator

{

public:
virtual bool hasNext() const = 0;
virtual Entry next() = O0;

}i
public:
virtual Iterator * iterator() = O0;
virtual int size(int dimension) const = 0;

virtual void set(int row, int column,
double value) = 0;

virtual double get(int row, int column)
const = 0;

virtual void print() = 0;

virtual Matrix & operator =
(Matrix & matrix2) = 0;

}s
FREF:

#include <iostream>
using namespace std;

void printMatrix (Matrix & matrix) {
matrix.print();

int main() {
int rows;
int columns;
cin >> rows >> columns;



int rowl;

int columnl;
double valuel;
cin >> rowl >> columnl >> valuel;

int row2;

int column2;
double value2;
cin >> row2 >> column2 >> value2;

int row3;

int column3;
double value3;
cin >> row3 >> column3 >> value3;

int row4;

int column4;
double value4;
cin >> row4d >> column4d >> value4;

Sparse sparsel (rows, columns) ;

Matrix & matrixl

matrixl
matrixl
matrixl
cout <<

.set (rowl,
.set (row2,
.print() ;
endl;

sparsel;
columnl, valuel);
column2, value2);

Sparse sparse2 (sparsel) ;

Matrix & matrix2

matrix2
cout <<

matrix2
matrix2
matrixl
matrixl

}
B FEA

1000000 1000000
1110

1000000 1000000 20
1 1000000 30
1000000 1 40

.print() ;
endl;

.set (row3,
.set (row4,
= matrix2;
.print() ;

sparse2;

column3, value3);
columnd, valued);
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(1,1,10)
(1000000,1000000,20)

(1,1,10)
(1000000,1000000,20)

(1,1,10)
(1,1000000,30)
(1000000, 1, 40)
(1000000, 1000000, 20)



