OBJECT ORIENTED PROGRAMMING

Solutions - 10 September 2026

Complete C++ solutions based on the 16 questions in the supplied OOP question paper. The programs emphasize
dynamic memory, RAII, unique_ptr, shared_ptr, and weak_ptr as requested.

1. Swap using pass by value, reference, and pointer

Solution:

#i ncl ude <i ostrean
usi ng namespace std;

voi d swapByValue(int a, int b) {

int tenp = a;

a = b;

b = tenp;

cout << "Inside swapByValue: a =" << a << ", b =" <<b<<"\n";
}
voi d swapByReference(int& a, int& b) {

int tenp = a;

a = b;

b = tenp;
}

voi d swapByPointer(int* a, int* b) {
int tenp = *a;

int pain() {

cout << "Original: x =" << x << ", y =" <<y << '\n';

swapByVal ue(x, vy);

cout << "After pass by value: x =" << x << ", y =" <<y << '\n';
swapByRef erence(x, y);

cout << "After pass by reference: x =" << x << ", y =" <<y << '\n';
swapByPoi nter (&, &y);

cout << "After pass by pointer: x =" << x << ", y =" <<y << '\n';

return O;

}

Explanation: Pass by value receives copies, so the caller's variables are unchanged. Reference parameters are aliases to the
original variables. Pointer parameters receive addresses, and dereferencing them changes the original variables.
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2. Dynamic integer array: sum, average, minimum, maximum

Solution:

#i ncl ude <iostrean
usi ng namespace std;

int main() {
int n;
cout << "Enter n: ";
cin >> n;

if (n<=0) {
cout << "n nust be positive.\n";
return O;

}
int* a =newint[n];

for (int i =0; i <n; ++i) {
cout << "Enter element " << i + 1 << ": ";
cin >> afil;

}

long I ong sum = O;
int mnimm= a[0], maximum = a[0];

for (int i =0; i <n; ++i) {
sum += afil];
if (ali] < mninum mninmm
if (a[i] > maxinmun) maximum

afi];

alil;

}

doubl e average = static_cast<doubl e>(sunm) / n;
cout << "Sum =" << sum<< '\n';

cout << "Average = " << average << '\n';
cout << "Mnimum=" << mnimum<< '\n';
cout << "Maximum =" << paxinmm<< '\n';

delete[] a;
a = nullptr;
return O;

}

Explanation: The array is allocated with new int[n] and released with delete[]. The average uses floating-point division. No vector is

used.
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3. Student records using dynamic memory

Solution:

#i ncl ude <iostrean
#i ncl ude <string>
usi ng namespace std;

struct Student {

int

rol | No;

string nane;
doubl e narks;

b

int main() {

int n;
cout << "Enter
cin >> n;

if (n <=

St udent *

for

int
for

}

cout
cout
cout
cout

(int
cout
cout
cin >> students[i].roll No;
cin.ignore();

cout << "Name: ";

getline(cin, students[i].nane);
cout << "Marks: ";

cin >> students[i]. marks;

best
(int
if (students[i].marks > students[best]. nmarks)

<<
<<
<<
<<

nunber of students:

0) return O;

students = new Student[n];

i =0;

i <n; ++i) {

<< "\nStudent " << i + 1 << '\n';
<< "Rol | nunber: ";

= 0;
i =1

best =

i< n; ++)

"\ nStudent w th hi ghest marks:\n";

"Roll No: " << students[best].rollNo << "\n';

" Narme:
" Mar ks:

" << students[best].name << '\n';
" << students[best].marks << '\n';

del ete[] students;

students

= null

return O;

}

ptr;

Explanation: Each student is stored in dynamically allocated memory. The program scans the array for the largest marks value and
releases the whole array with delete[].
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4. FileHandler demonstrating RAII

Solution:

#i ncl ude <iostrean
#i ncl ude <fstreanp
#i ncl ude <string>
usi ng namespace std;

class FileHandl er {
ofstreamfile;

public:
Fi | eHandl er (const string& fil ename) {
file.open(fil enane);
if ('file)
throw runtime_error("Coul d not open file.");
cout << "File opened.\n";

}

void witeData(const string& text) {
file << text << '\n';

}

~Fi | eHandl er () {
if (file.is_open())
file.close();
cout << "Destructor: file closed autonmatically.\n";

int main() {
cout << "Before block.\n";

{
Fi | eHandl er handl er("raii_deno.txt");
handl er.witeData("Hello fromRAII.");
handl er.witeData("The destructor closes the file.");
cout << "Inside block.\n";
}

cout << "After block: FileHandl er object is out of scope.\n";
return O;

}

Explanation: RAIl ties resource lifetime to object lifetime. The constructor acquires the file resource, writeData() uses it, and the
destructor releases it automatically when the block ends.
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5. DynamicArray class with RAII

Solution:

#i ncl ude <iostrean
usi ng namespace std;

cl ass Dynam cArray {
int* data;
int capacity;
int size;

public:
Dynam cArray(int n) : capacity(n), size(0) {
data = new int[capacity];

}

~Dynam cArray() {
del ete[] data;
}

void insert(int value) {
if (size < capacity)
dat a[ si ze++] = val ue;
el se
cout << "Array is full.\n";

}
voi d display() const {
for (int i =0; i < size; ++i)
cout << data[i] << ' ';
cout << '\n';
}

int findMaxi mum() const {

if (size == 0) throwruntine_error("Array is enpty.");

int nxk = data[0];

for (int i =1; i < size; ++i)
if (data[i] > nx) nx = datalil];
return nx;

int findM nimn() const {

if (size == 0) throw runtine_error("Array is enpty.");

int m = data[O0];

for (int i =1; i < size; ++i)
if (data[i] < m) m = data[i];
return m;

int main() {
Dynam cArray arr(5);

arr.insert(30);
arr.insert(10);
arr.insert(50);
arr.insert(20);

arr.display();

cout << "Maximum = " << arr.findMaxi munm() << '\n';
cout << "M nimum =" << arr.findMnimn() << '\n';

return 0; // destructor rel eases menory

}

Explanation: The class owns the array and therefore cleans it in its destructor. main() never calls delete[], satisfying the RAII

requirement.
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6. Employee management using unique_ptr

Solution:

#i ncl ude <i ostrean®

#i ncl ude <nenory>

#i ncl ude <string>

#i ncl ude <vector>

#i ncl ude <al gorithme
usi ng namespace std;

cl ass Enpl oyee {
public:
int id;
string nang;
doubl e sal ary;

Enpl oyee(int i, string n, double s)
id(i), name(nove(n)), salary(s) {}

b

cl ass Enpl oyeeManager {
vect or <uni que_pt r <Enpl oyee>> enpl oyees;

public:
voi d addEnpl oyee(int id, const string& name, double salary) {
enpl oyees. push_back( make_uni que<Enpl oyee>(i d, name, salary));

voi d displayAl () const {
for (const auto& e : enpl oyees)
cout << e->id << " | " << e->nane
<< " | " << e->salary << '\n';

}

Enpl oyee* sear chEnpl oyee(int id) const {
for (const auto& e : enpl oyees)
if (e->id ==1id) return e.get();
return null ptr;

}

bool renmoveEnpl oyee(int id) {
auto it = renove_if(enpl oyees. begin(), enployees.end(),
[id] (const unique_ptr<Enployee>& e) { return e->id ==id; });
if (it == enployees.end()) return fal se;
enpl oyees. erase(it, enployees.end());
return true;

int main() {
Enpl oyeeManager menager ;
manager . addEnpl oyee(101, "Anmit", 50000);
manager . addEnpl oyee( 102, "Neha", 62000);

cout << "Enpl oyees:\n";
manager . di splayAl | ();

if (Enpl oyee* e = nanager. sear chEnpl oyee(102))
cout << "Found: " << e->pane << '\n';

nmanager . r enoveEnpl oyee(101);
cout << "After renoval:\n";
manager . di splayAl | ();

}

Explanation: unique_ptr gives single ownership. make_unique creates the objects, and erasing a unique_ptr destroys the
corresponding Employee automatically. No raw new/delete is used.
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7. Student-Course many-to-many relationship with shared_ptr

Solution:

#i ncl ude <i ostrean®

#i ncl ude <nenory>

#i ncl ude <string>

#i ncl ude <vector>

#i ncl ude <al gorithme
usi ng namespace std;

cl ass Course;
class Student {
public:
string nane;
vect or <shar ed_pt r <Cour se>> cour ses;

Student (string n) : nanme(nove(n)) {}

H
cl ass Course {
public:
string nang;
vect or <shar ed_pt r <St udent >> st udents;
Course(string n) : nanme(nmove(n)) {}
b

voi d addSt udent ToCour se(const shared_ptr<Student >& s,
const shared_ptr<Course>& c) {
s- >cour ses. push_back(c);
c->students. push_back(s);

int main() {
auto sl
auto s2

make_shar ed<St udent >("Am t");
make_shar ed<St udent >(" Neha") ;

auto cl = make_shar ed<Course>("QOOP");
auto c2 = nmeke_shared<Course>("Data Structures");

addSt udent ToCour se(s1, cl);
addSt udent ToCour se(sl, c2);
addSt udent ToCour se(s2, cl);

cout << "Students in each course:\n";

for (const auto& ¢ : {cl, c2}) {
cout << c->nane << ": ";
for (const auto& s : c->students) cout << s->pame << " ";
cout << '\n';

}

cout << "\nCourses for each student:\n";
for (const auto& s : {sl, s2}) {

cout << s->pame << ": ";
for (const auto& c : s->courses) cout << c->name << " ";
cout << '\n';

}

Explanation: shared_ptr is used because both sides maintain shared ownership in this direct model. In production code,
bidirectional shared ownership can create cycles; weak_ptr is preferable when one direction should be non-owning.

OOP Solutions - 10 September 2026 Page 7



8. Banking system: Bank, Customer, BankAccount

Solution:

#i ncl ude <iostrean
#i ncl ude <nenory>
#i ncl ude <string>
#i ncl ude <vector>
usi ng nanespace std;

cl ass BankAccount {
int nunber;
doubl e bal ance;

public:
BankAccount (i nt n) : nunber(n), balance(0) {}

int getNunber() const { return nunber; }
voi d deposit(double ambunt) { if (anpunt > 0) bal ance += anount; }

bool withdraw doubl e anmobunt) {

if (anmpbunt <= 0 || ampunt > bal ance) return fal se;
bal ance -= anpunt;
return true;
}
voi d display() const {
cout << "Account " << number << ", Balance = " << balance << '\n';
}
b
cl ass Customer {
int id;
string nang;
vect or <uni que_pt r <BankAccount >> accounts;
public:
Custoner(int i, string n) : id(i), name(rmove(n)) {}
voi d addAccount (i nt nunber) {
account s. push_back( make_uni que<BankAccount >( nunber));
}
BankAccount * findAccount (i nt nunmber) const {
for (const auto& a : accounts)
if (a->getNunber() == nunber) return a.get();
return nullptr;
}
voi d display() const {
cout << "Custoner: " << id << " - " << panme << '\n';
for (const auto& a : accounts) a->display();
}
b

class Bank {
vect or <uni que_pt r <Cust oner >> cust oners;

public:
voi d addCustoner(int id, const string& name) {
cust oners. push_back( make_uni que<Cust oner >(i d, name));
}

Custoner* findCustomer(int id) const {
for (const auto& c : customners)
if (c) {

/1 Custoner id lookup is sinplified through stored order in this exanple.

return nullptr;

}
Cust oner* get Cust oner (si ze_t index) const {

return index < customers.size() ? custoners[index].get() : nullptr;
}

voi d display() const {
for (const auto& c : custoners) c->display();
}

int main() {
Bank bank;
bank. addCustonmer (1, "Amt");
bank. addCust oner (2, "Neha");

aut o* cl = bank. get Cust orer (0);
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aut o* c2 = bank. get Cust orer (1);

c1- >addAccount (1001) ;
c1- >addAccount (1002) ;
c2->addAccount (2001) ;

cl->fi ndAccount (1001) - >deposi t (5000) ;
c1->findAccount (1001) - >wi t hdr aw( 1200) ;
c2->findAccount (2001) - >deposi t (8000) ;

bank. di spl ay();
}

Explanation: The Bank uniquely owns Customers, and each Customer uniquely owns its BankAccount objects. Account operations
are implemented through the account pointer returned by findAccount().
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9. shared_ptr cycle and weak_ptr solution

Solution:

#i ncl ude <i ostrean®
#i ncl ude <nenory>
#i ncl ude <string>
usi ng namespace std;

cl ass PersonB;

cl ass PersonA {
public:
string nang;
shar ed_ptr<PersonB> friendB;

PersonA(string n) : nane(nove(n)) {}
~PersonA() { cout << name << " destroyed\n"; }

h
cl ass PersonB {
public:
string nane;
/'l Version 1. shared_ptr<PersonA> friendA; /] creates a cycle
weak_pt r <Per sonA> friendA; /1 Version 2: non-owning |ink
PersonB(string n) : nane(nove(n)) {}
~PersonB() { cout << name << " destroyed\n"; }
h
int main() {
auto a = nake_shared<PersonA>("Alice");
auto b = nmake_shar ed<Per sonB>("Bob");
a->friendB = b;
b->friendA = a;
cout << "A use_count = " << a.use_count() << '\n';
cout << "B use_count =" << b.use_count() << '\n';
/1 At the end of main, both objects are destroyed because B's
Il reference to Ais weak and therefore does not own A
}

Explanation: If PersonA and PersonB both used shared_ptr for the friend link, each object could keep the other alive, creating a
reference cycle and preventing destruction. weak_ptr observes the other object without increasing its ownership count, so the cycle
is broken.
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10. Library, Book, Member borrowing system

Solution:

#i ncl ude <iostrean
#i ncl ude <nenory>
#i ncl ude <string>
#i ncl ude <vector>
usi ng nanespace std;

class Book {
public:
int id;
string title;
bool borrowed = fal se;

Book(int i, string t) : id(i), title(nove(t)) {}

h
cl ass Menber {
public:
int id;
string nane;
vect or <shar ed_pt r <Book>> borr owedBooks;
Menmber (int i, string n) : id(i), name(nove(n)) {}
H

class Library {
vect or <uni que_pt r <Book>> books;
vect or <uni que_pt r <Menber >> nenbers;

public:
voi d addBook(int id, const string& title) {
books. push_back( make_uni que<Book>(id, title));
}

voi d registerMenber(int id, const string& nanme) {
menber s. push_back( make_uni que<Menber >(i d, name));

}

Book* findBook(int id) const {
for (const auto& b : books)
if (b->id ==id) return b.get();
return nullptr;

}

Menber* findMenber(int id) const {
for (const auto& m: nenbers)
if (m>d==1id) return maget();
return null ptr;

}

bool borrowBook(int menberld, int bookld) {
Book* b = findBook(bookld);
Menber* m = findMenber (nenberld);
if (!b||] 'm]| b->borrowed) return false;

b- >borrowed = true;
m >bor r onedBooks. push_back( shar ed_pt r<Book>(b, [](Book*){}));
return true;

}

bool returnBook(int menmberld, int bookld) {
Menber* m = findMenber (nenberld);
if (!m return false;

for (auto it = m >borrowedBooks. begin();
it = m>borrowedBooks.end(); ++it) {
if ((*it)->id == bookld) {
fi ndBook( bookl d) - >borrowed = fal se;
m >bor r onedBooks. erase(it);
return true;
}
}
return fal se;
}
voi d di spl ayAvai | abl eBooks() const {
for (const auto& b : books)

if (!b->borrowed)
cout << b->id << " - " << b->title << '\n';

b

int main() {
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Library lib;

I'i b. addBook(1, "C++ Basics");
lib.addBook(2, "OOP Concepts");
lib.registerMenber (101, "Amt");

i b. borrowBook(101, 1);

cout << "Avail abl e books:\n";
I'i b. di spl ayAvai | abl eBooks();

lib.returnBook(101, 1);

cout << "\nAfter return:\n";

I'i b. displ ayAvai | abl eBooks();
}

Explanation: The Library uniquely owns Book and Member objects. A member's borrowed-book reference is non-owning because
the Library remains the owner; the custom-deleter shared_ptr above is used only as a safe shared interface without transferring
deletion responsibility.
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11. University, Department, Professor relationships

Solution:

#i ncl ude <iostrean
#i ncl ude <nenory>
#i ncl ude <string>
#i ncl ude <vector>
usi ng nanespace std;

class Professor {

public:

int id;

string nang;

Professor(int i, string n) : id(i), name(nove(n)) {}
I

cl ass Department {
public:
string nang;
vect or <shar ed_pt r <Pr of essor >> prof essors;

Departrment (string n) : name(nmove(n)) {}

voi d addProf essor (const shared_ptr<Prof essor>& p) {
prof essors. push_back(p);
}

I

class University {
vect or <uni que_pt r <Depart nent >> depart nents;
vect or <shar ed_pt r <Pr of essor >> prof essors;

public:
voi d addDepartnent (const string& name) {
depart nents. push_back( make_uni que<Depart nent >( nane) ) ;
}

voi d addProfessor(int id, const string& nanme) {
prof essors. push_back( make_shar ed<Pr of essor>(i d, nane));
}

Department* get Departnent(size_t i) {
return i < departnents.size() ? departnents[i].get() : nullptr;

}

shar ed_pt r <Pr of essor > get Professor(size_t i) {
return i < professors.size() ? professors[i] : nullptr;
}

voi d assignProfessor(size_t d, size_t p) {
if (auto* dept = getDepartnent(d)) {
if (auto prof = getProfessor(p))
dept - >addPr of essor (prof);

}

voi d display() const {
for (const auto& d : departnents) {

cout << "Department: " << d->nane << '\n';
for (const auto& p : d->professors)
cout << " Professor: " << p->name << '\n';

int main() {
Uni versity u;
u. addDepart ment (" Conput er Sci ence");
u. addDepar t ment (" Mat hemati cs");

u. addPr of essor (1, "Dr. Sharnma");
u. addPr of essor (2, "Dr. Patel");

u. assi gnProf essor (0, 0);
u. assi gnProfessor(1, 1);
u. assi gnProf essor (0, 1);

u. display();
}

Explanation: A University uniquely owns its Departments, so unique_ptr represents the composition relationship. Professors can live
independently and may be shared by department references, so shared_ptr is suitable for professor ownership.
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12. Company, Employee, Project many-to-many system
Solution:

#i ncl ude <iostrean
#i ncl ude <nenory>
#i ncl ude <string>
#i ncl ude <vector>
usi ng nanespace std;

class Project;

cl ass Enpl oyee {
public:
int id;
string nane;
vect or <weak_pt r <Pr oj ect >> proj ects;

Enpl oyee(int i, string n) : id(i), nane(nove(n)) {}
H
class Project {
public:

int id;

string nang;

vect or <weak_pt r <Enpl oyee>> enpl oyees;

Project(int i, string n) : id(i), nane(rmove(n)) {}
h

cl ass Conpany {
vect or <shar ed_pt r <Enpl oyee>> enpl oyees;
vect or <shar ed_pt r <Proj ect >> proj ects;

public:
voi d addEnpl oyee(int id, const string& name) {
enpl oyees. push_back( make_shar ed<Enpl oyee>(i d, nane));

void createProject(int id, const string& nane) {
proj ects. push_back(make_shar ed<Proj ect >(id, nane));

shar ed_pt r <Enpl oyee> enpl oyee(int id) {
for (auto& e : enployees) if (e->d ==id) return e;
return null ptr;

}

shared_ptr<Project> project(int id) {
for (auto& p : projects) if (p->id ==1id) return p;
return null ptr;

}

voi d assi gnEnpl oyee(int enployeeld, int projectld) {
auto e = enpl oyee(enpl oyeel d);
auto p = project(projectld);
if (te|] !p) return;
p- >enpl oyees. push_back(e);
e->proj ects. push_back(p);

}

voi d display() const {
cout << "Projects:\n";
for (const auto& p : projects) {
cout << p->pane << ": ";
for (const auto& w : p->enpl oyees)
if (auto e = w.lock()) cout << e->npanme << " ";
cout << '\n';

}

cout << "\nEnpl oyees:\n";
for (const auto& e : enployees) {
cout << e->nane << ": ";
for (const auto& w : e->projects)
if (auto p = wlock()) cout << p->nanme <<

cout << '\n';

non.
’

int main() {
Conpany c;
c. addEnpl oyee(1, "Amt");
c. addEnpl oyee(2, "Neha");
c.createProject (101, "Wbsite");
c.createProject (102, "Mbile App");
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c. assi gnEnpl oyee(1, 101);
. assi gnEnpl oyee(1, 102);
c. assi gnEnpl oyee(2, 101);

(e}

c.display();
}

Explanation: The Company owns the employee and project objects through shared_ptr. The cross-links are weak_ptr because the
assignment relationship should not create an ownership cycle. Both employees and projects can exist independently.
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13. E-commerce: Customer, Order, Product

Solution:

#i ncl ude <iostrean
#i ncl ude <nenory>
#i ncl ude <string>
#i ncl ude <vector>
usi ng nanespace std;

class Product {
public:
int id;
string nang;
doubl e price;

Product(int i, string n, double p)
id(i), name(nove(n)), price(p) {}
h
class Order {
public:
int id;
vect or <shar ed_pt r <Pr oduct >> products;
Oder(int i) : id(i) {}
voi d addProduct (const shared_ptr<Product>& p) {
products. push_back(p);
}
h
class Customer {
public:
int id;
string nang;
vect or <uni que_pt r <Order >> orders;
Custoner(int i, string n) : id(i), name(nove(n)) {}
void createOrder(int orderld) {
orders. push_back( make_uni que<Order >(orderld));
}
O der* findOder(int orderld) {
for (auto& o : orders) if (o->d == orderld) return o.get();
return nullptr;
}
b

class Store {
vect or <shar ed_pt r <Cust omer >> cust oners;
vect or <shar ed_pt r <Pr oduct >> products;

public:
voi d addCustoner(int id, const string& nane) {
cust oners. push_back( make_shar ed<Cust oner>(id, nane));
}

voi d addProduct (int id, const string& name, double price) {
products. push_back( make_shar ed<Pr oduct >(i d, nane, price));

}

shared_ptr<Customner> custoner(int id) {
for (auto& c : custoners) if (c->d ==id) return c;
return nul l ptr;

}

shared_ptr<Product> product (int id) {
for (auto& p : products) if (p->id ==id) return p;
return nullptr;

}

void createOrder(int custonmerld, int orderld) {
if (auto ¢ = custoner(custonerld)) c->createO der(orderld);

}

voi d addProduct ToOrder (i nt custonmerld, int orderld, int productld) {
auto ¢ = customner(custonerld);
auto p = product (productld);
if (c & p)
if (auto o = c->findOrder(orderld))
o->addPr oduct (p) ;

}

voi d display() {
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for (const auto& c : custoners) {

cout << "Custoner: " << c->pane << '\n';
for (const auto& o : c->orders) {
cout << " Oder " << o0->d<<": ",

for (const auto& p : o->products)
cout << p->pane << " ";
cout << '\n';

b

int main() {
Store store;
store. addCustoner (1, "Amt");
st ore. addPr oduct (10, "Laptop", 70000);
st ore. addProduct (11, "Mouse", 1000);

store.createOrder (1, 5001);
st ore. addPr oduct ToOrder (1, 5001, 10);
st ore. addPr oduct ToOrder (1, 5001, 11);

store. di splay();
}

Explanation: Customer owns its orders through unique_ptr, so an order cannot outlive its customer. Products are independently
owned by the Store and shared_ptr lets the same Product appear in multiple orders.
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14. ResourceManager with RAIl and unique_ptr

Solution:

#i ncl ude <i ostrean®

#i ncl ude <nenory>

#i ncl ude <string>

#i ncl ude <vector>

#i ncl ude <al gorithme
usi ng namespace std;

cl ass Resource {
public:
int id;
string nang;

Resource(int i, string n) : id(i), nane(rmove(n)) {}

b

cl ass Resour ceManager {
vect or <uni que_pt r <Resour ce>> resour ces;

public:
voi d addResource(int id, const string& name) {
resour ces. push_back( make_uni que<Resource>(i d, nane));
}

bool renoveResource(int id) {
auto it = renove_if(resources. begin(), resources.end(),
[id] (const unique_ptr<Resource>& r) { return r->id ==id; });

if (it == resources.end()) return fal se;
resources. erase(it, resources.end());
return true;

}

Resour ce* findResource(int id) const {
for (const auto& r : resources)
if (r->id ==1id) return r.get();
return nullptr;

}

voi d di spl ayResources() const {
for (const auto& r : resources)
cout << r->id << " - " << r->nane << '\n';

int main() {
Resour ceManager nanager ;

manager . addResour ce(1, "Database");
manager . addResource(2, "File");
manager . addResource(3, "Network");

manager . di spl ayResour ces();

if (auto* r = manager.findResource(2))
cout << "Found: " << r->panme << '\n';

manager . r enoveResource(1);
cout << "After renoval:\n";
manager . di spl ayResour ces();

}

Explanation: ResourceManager exclusively owns resources through unique_ptr. No raw new or delete is needed in main(), and
destruction occurs automatically when resources are erased or the manager is destroyed.
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15. Document-sharing system with shared_ptr and weak_ptr

Solution:

#i ncl ude <iostrean
#i ncl ude <nenory>
#i ncl ude <string>
#i ncl ude <vector>
usi ng nanespace std;

class Docunent {
public:

int id;

string contents;

Document (int i, string c) : id(i), contents(move(c)) {
cout << "Docunent created.\n";

}

~Docunent () {
cout << "Docunent destroyed.\n";

}

I

class Editor {
public:
string nang;
weak_pt r <Docunent > cur r ent Docunent ;

Editor(string n) : name(nove(n)) {}

voi d openDocunent (const shared_ptr<Docunent >& doc) {
current Docurment = doc;
cout << nanme << " opened docunent.\n";

}

voi d cl oseDocunent () {
current Docurent . reset () ;
cout << nane << " cl osed docunent.\n";

}

voi d di spl ayContents() const {
if (auto doc = currentDocunent. | ock())

cout << "Contents: " << doc->contents << '\n';
el se
cout << "Docunent is no |onger available.\n";
}
b
class User {
public:
string nane;
vect or <shar ed_pt r <Docunent >> docunents;
User (string n) : name(nove(n)) {}
voi d accessDocunent (const shared_ptr<Docunent >& doc) {
docunent s. push_back(doc) ;
}
b

int main() {
aut o doc = meke_shar ed<Docunent >(1, "Shared project docunent.");

User ul("Amt"), u2("Neha");
Editor editor("Editor");

ul. accessDocunent (doc);
u2. accessDocunent (doc) ;
edi t or. openDocunent (doc) ;

edi tor.displayContents();

ul. docurents. clear();
cout << "One user released the docunent.\n";
edi tor. displayContents();

u2. docurnents. cl ear();
doc.reset(); // last owning shared_ptr rel eased

editor.displayContents();
return O;

}

Explanation: Users hold shared_ptr because multiple users may own/access the document. Editor uses weak_ptr as a non-owning

reference. When the last shared_ptr owner releases the document, the Document is destroyed and weak_ptr::lock() fails.
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16. Complete library system with RAIl and non-owning member references

Solution:

#i ncl ude <iostrean
#i ncl ude <nenory>
#i ncl ude <string>
#i ncl ude <vector>
usi ng nanespace std;

class Book {
public:

int id;
string title;
bool borrowed = fal se;

Book(int i, string t) : id(i), title(nove(t)) {}

b
cl ass Menber {
public:

int id;

b

string nane;
vect or <weak_pt r <Book>> books;

Menmber (int i, string n) : id(i), name(nove(n)) {}

class Library {

vect or <shar ed_pt r <Book>> books;
vect or <uni que_pt r <Menber >> nenbers;

public:

voi d addBook(int id, const string& title) {
books. push_back( make_shar ed<Book>(id, title));
}

voi d registerMenber(int id, const string& nanme) {
menber s. push_back( make_uni que<Menber >(i d, name));

}

shar ed_pt r <Book> searchBook(int id) const {
for (const auto& b : books)
if (b->id ==1id) return b;
return nullptr;

}

Menber* findMenber(int id) const {
for (const auto& m: nenbers)
if (m>d==1id) return maget();
return null ptr;

}

bool borrowBook(int menberld, int bookld) {
aut o book = searchBook(bookld);
aut o nenber = findMenber (nmenberld);

if (!book || !nenber || book->borrowed) return false;

book- >borrowed = true;
menber - >books. push_back(book); // weak_ptr: menber does not own book
return true;

}

bool returnBook(int menberld, int bookld) {
aut o nenber = findMenber (nmenberld);
if (!'nember) return false;

for (auto it = menber->books. begin();
it !'= menber->books.end(); ++it) {
if (auto book = it->lock()) {
if (book->id == bookld) {
book->borrowed = fal se;
menber - >books. erase(it);
return true;

}

return fal se;

}

voi d di spl ayBooks() const {
for (const auto& b : books)
cout << b->id << " - " << b->title
<< (b->borrowed ? " [Borrowed]" : " [Available]") << '\n';
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voi d di spl ayMenber Books(i nt menberld) const {

auto nmenber = findMenber (nenberld);
if (!nenber) return;

cout << "Books borrowed by " << nenber->nane << ":\n";

for (const auto& w : nenber->books)
if (auto b = w.lock())

cout << b->id << " - " << b->title << '\n';

int main() {
Library library;

l'ibrary.addBook(1, "C++ Programm ng");

library.addBook(2, "Object Oiented Design");

library.registerMenber (101, "Amit");
library.registerMenber (102, "Neha");

i brary. borrowBook(101, 1);
l'ibrary. borrowBook(102, 2);

library. di spl ayBooks();
l'ibrary. di spl ayMenber Books(101);
l'ibrary. di spl ayMenber Books(102);

library.returnBook(101, 1);
cout << "\nAfter return:\n";

library. di spl ayBooks();
}

Explanation: The Library owns Book objects with shared_ptr and owns Member objects with unique_ptr. Members only temporarily

reference books with weak_ptr, so members never become owners of books. No explicit delete is needed in main().
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