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More 10 (including FILES)



#include <sstream> // stringstream

#include <iostream>

#include <string>

#include <iomanip> // setw, setfill, setprecision

#inCIUde <fmt/core.h> whovian@phy504:~/host/CPP$ g++ io0l2.c -o iol2 -std=c++2@ -1lfmt
using namespace std; whovian@phy504:~/host/CPP$ ./i012

Kkxkxkx*12.3000000000 and 15.60000000Q0* * * *x**x*
int main O Hkkxkxx%12.3000000000 and 15.000000000Q0* * *****x*

{
std::stringstream ss; C‘I“I‘ Offers Streams

SS << right << setfill('*') << for StringS (C_|__|_2O

setw(21) << setprecision(lQ) <<

fixed << 12.3 << " and ";
<< left << setfill('*") << OffGI'S )
setw(21) << setprecision(l@) <<
fixed << 15.6;

Works like any

string sl = ss.str(); // get the string .
cout << sl << endl; Other Stream, bUt lt

// via FMT library (and C++23 standard) dOeS nOt OUtpllt tO

string s2 = fmt::format(
"{:*%>21.10f} and {:*<21.10f}", 12.3, 15.6);
cout << sZ2 << endl;

terminal/file

0; (can work as buffer)




#include <iostream>
#include <string>

whovian@phy504:~/host/CPP$ g++ i0l@.c -0 101@ -std=c++20 -1fmy
y . whovian@phy504:~/host/CPP$ ./1010

USlng namespace Std) VivianMiranda 37

Name : VivianMiranda

Age : 37

1

1nt main()

{

string name;
1nt age;

cln >> name >> age;
cout << "Name : "
cout << "Age :

<< name << endl;
<< age << endl;

How to read from the
terminal (and files)?

for (int x; !Ccin>>x).failQ);)
{ e Invert from << &

cout << "X : << X << endl;

} (output) to >> &
0; (input)




<fstream>
<iostream>
<list>

#include
#include
#include
#include <fmt/core.h>
#include <iomanip>
using namespace std;

C++ 10

How to write to files?

whovian@phy504:~/host/CPP$ g++ 109.c -0 109 -std=c++20 -1fmt
whovian@phy504:~/host/CPP$ ./i09
whovian@phy504:~/host/CPP$ more test_io09.txt

// setw, setfill, setprecision

int main OO {

list<double> v = {1.0, 2.0, 3.0, 4.0, 5.0};

fstream file;
file.open("test_109.txt", io0s::out);
if(!file.is_open()) {

cout

}

for (auto x

file

<< "Error in creating file!!!" << endl;
1;

: v) { // only change is cout <-> file
<< right << setfill('*") <<

dokkokkkkkk]
ek Kk sk k Kk kD)
*********3
*********4
*********5
********2@
********4@
********6@
********8@

*******1@@

. 0000000000
. 0000000000
. 0000000000
. 0000000000
. 0000000000
0000000000
. 0000000000
. 0000000000
. 0000000000
. 0000000000

setw(21l) << setprecision(l@) <<
fixed << x << endl;

} e closes: streams: users only need to
replace with

// via FMT library (part I using format)
list<double> v2 = {20.0, 40.0, 60.0, 80.0, 100.0};

file.open("test_109.txt", 1os::app); // append
if(!file.is_open()) {
cout << "Error oppening file" << endl;
1;

, Remember that streams are
for Cauto x : v2) { compatible with

file << fmt::format("{:*>21.10f}", x) << endl;

ks
file.close();




#include <fstream>

#include <iostream> C_I__l_ IO

#include <string>
#include <iomanip> //setw, setfill, setprecision
using namespace std;

int main O HOW tO I'ead fI’Om the
{

fstrean file; . terminal (and files)?

file.open("test_101ll.txt", i0s::1in);
if(!file.is_open()) {

cout << "Error reading the file!!!l" << endl;
. Invert from

(output) to >> (1nput)

}

string x;
int y;

file »> X >> y; Don’t forget the

cout << right << setfill('*') << flflg;
setw(21) << setprecision(1l0) <<
fixed << x << endl;

. . whovian@phy504:~/host/CPP$ more test_ioll.txt

Tk

cout << right << setflll(. ) << VivianMiranda 37
setw(21l) << setprecision(10Q) <<  whovian@phy504:~/host/CPP$ g++ ioll.c -0 ioll -std=c++20 -1fmt
fixed << y << endl; whovian@phy504:~/host/CPP$ ./io0ll

*¥kxkxk*x\{vianMiranda

0,




#include <sstream> // stringstream

#include <fstream>

#include <iostream>

#include <string>

#include <iomanip> //setw, setfill, setprecision

using namespace std; whovian@phy504:~/host/CPP$ g++ iol4.c -o 1014 -std=c++20 -1fmt
whovian@phy504:~/host/CPP$ ./i0l4

int main O) VivianMiranda 37

{
ifstream file("test_ioll.txt");

tiCtitte. 1s-openQ) L B C++ offers streams for
cout << "Error reading the file!l!!" << endl;
15

} strings (C++20 offers

// read the entire file into memory )
std: :stringstream buffer;
buffer << file.rdbuf(); // read buffer

file.close(); We can use C++

std::string file_content = buffer.str(); t
if (file_content.empty()) { O
cout << "file empty" << endl;

} read entire file on
cout << file_content << endl;
RAM buffer

0,




ENUM CLASSES



C Enum Classes

#include <string>
#include <iostream>

whovian@phy504:~/host/CPP$ g++ enumclassl.cpp -o enumclassl -std=c++20
S GEIESREEe S whovian@phy504:~/host/CPP$ ./enumclassl
) Human is Rihanna

m class : int Professor is Vivian

Vivian,
Beyonce,
Rihanna

enum class solves the main

Iss Professor : int

x;;;:z'j, // Not a problem to have same name problem Of enumerators in C.

TIoav

1

Variables inside C enumerators

int main O
{

Human x = Human::Rihanna; . .
e —— are global. Big problem: you
cout << "Human is Rihanna" << endl;

can’t have two enumerators with

cout << "Human is not Rihanna" << endl;

Professor y = Professor::Vivian;

variables that share the same

if (y == Professor::Vivian)
cout << "Professor is Vivian" << endl;

else [ ll
cout << "Professor is not Vivian" << endl; na’ e

return 0;



class Base {
public:
void print() {
// code
}
b

class Derived
public:

: public Base {

Classes Part 1

void print() { «
// code
}
b

int main() {
Derived derived1;

derived?l.print();
return 0;

O0BWITH G

-

THIS IS THE WAY



#include <array>
#include <string>
#include <list>
#include <iostream>
using namespace std;

// constexpr = compile time constant (C++11 feature)
constexpr int NDigitsSSN 9;

constexpr int NBirthday 3; // birthday moth, day, year
constexpr int NDigitsYear = 4; // Force Year to be 4 digits
constexpr int NCountries = 195; // number of countries
constexpr int CurrentYear = 2023;

enum class Genders : int

{ // C++ version of enumerators (safer than C version)
Female,
Male,
NB

1

class Human

{

public:
int age_;
int ssn_ = -1;
Genders gender_;
double height_ = -1.0; // default value (flag not set)
array<int, NBirthday> birthday_ = {0, 0, 0%};
list<int> nationality_; // We may have multiple nationalities
list<string> name_; // We have name, surname

private:
// none

1

// Simples C-Style class

// default value (flag not set)

int main() {
Human x;
x.age_ = 37;
x.name_ = {"Vivian", "Miranda"};
cout << x.age_ << endl;
0;

C++ Classes

C++ Class v0.1
public: / private:
access control

C-Style classes are only

possible 1f all variables
are set to public access

In C++, the default for
class 1s private access




class Human

Lo C++ Classes
// Constructor - we require name when
7 o s st e C++ Class v0.2
ame_namey e Constructors
{

ot age_. Tells the compiler how

int ssn_ = -1;

Genders gender_; dn inStanCG Of the ClaSS
double height_ = -1.0;

array<int, NBirthday> birthday_ = {0, 0, 0%; Should be Constructed
list<int> nationality_;
list<string> name_;

private: E.g., given our explicit

// none

b constructor, Human

int main() {

// Human x; // This line does not compile Instances cannot be

Human x({"Vivian", "Miranda"}); .
x.age_ - 37; created without a

cout << x.age_ << endl;

; defined name




class Human {

pultflbr;;r:l(list<string> name) : C Classes

name_(name)

{

auman(const string name) C—I__l_ ClaSS VO.3

{

boost::split(this->name_, name,

boost::is_any_of(" \t"), We Can have multiple

boost: :token_compress_on);

}

int age_; constructors in C++.

int ssn_ = -1;
Genders gender_;
double height_ = -1.0;

array<int, NBirthday> birthday_ = {0, 0, 0}; Use a new COnStFUCtOr

list<int> nationality_;

list<string> name_;

o to convert from

// none
b
to
int main() {
// Human x; // This line does not compile
// Human x({"Vivian", "Miranda"});// This line doesn't W/ COde
// compile (ambiguous)
Human x(list<string>{"Vivian", "Miranda"});

Cage. = 3 from the previous lecture.

cout << x.age_ << endl;

H (string{"Vivian Miranda"}); . . ;
roge < gpy L e Hirende®s 1s optional (but

cout << y.age_ << endl;

o should always include 1t)




C Classes

C++ Class v0.3
We can have multiple constructors in C++, but more
1s not always better (choose the easier API)

int main() {
// Human x; // This line does not compile
// Human x({"Vivian", "Miranda"});// This line doesn't
// compile (ambiguous)
Human x(list<string>{"Vivian", "Miranda"});
x.age_ = 37;
cout << x.age_ << endl;

Human y(string{"Vivian Miranda"});
y.age_ = 37;
cout << y.age_ << endl;

class3.cpp: In function ‘int main()’:
class3.cpp:48:32: error: call of overloaded ‘Human(<brace-enclosed initializer list>)’ is ambiguous
48 | Human x({"Vivian", "Miranda"});
| A
class3.cpp:29:3: note: candidate: ‘Human::Human(std::string)’
29 | Human(const string name)
| YN
class3.cpp:25:3: note: candidate: ‘Human::Human(std::__cxx11l::list<std::__cxx1l::basic_string<char> >)’
! 25 | Human(list<string> name) :

[ Acvrsrins




class Human {

public: C_|__|_

Human(const string name)

{

boost::split(this->name_, name, Classes

boost::is_any_of(" \t"),
boost: :token_compress_on);

} C++ Class v0.4

Human(const string name, array<int, NBirthday> birthday) :
Human(name) // Construtor delegation avoids code repetition

{ this->birthday_ = birthday; ChOOSG the

this->age_ = CurrentYear - this->birthday_.at(2);
) . casier API
int age_;
int ssn_ = -1; . .
Genders_gender._; when designing
double height_ = -1.0;
array<int, NBirthday> birthday_ = {0, 0, 0%;

list<int> nationality_; COIlStI'llCtOI‘S

list<string> name_;

private:

// none whovian@phy504:~/host/CPP$ g++ class4.cpp -o class4 -std=c++20
1 whovian@hy504:~/host/CPP$ ./class4

’ 37

int main() {
Human x("Vivian Miranda", {02,28,1986});
cout << x.age_ << endl;
0;




class Human {

C++ Classes

Human(const string name,
array<int, NBirthday> birthday = {0,0,0})
{

boost::split(this->name_, name,

boost::is_any_of(" \t"), C"“I’ ClaSS VO.S

boost: :token_compress_on);

this->birthday_ = birthday;

, this->age_ = CurrentYear - this->birthday_.at(2); In thlS example, COdlng

e sens - 1, multiple constructors
enders gender_;
gouble hgight_ = -1.0;

array<int, NBirthday> birthday_ = {0, 0, 0}; was nOt really needed

list<int> nationality_;
list<string> name_;

") e Use default arguments
¥

instead

int main() {
Human x("Vivian Miranda", {02,28,1986});
cout << x.age_ << endl;
whovian@phy504:~/host/CPP$ nano class5.cpp
Human y("Vivian Miranda"); whovian@phy504:~/host/CPP$ g++ class5.cpp -o class5 -std=c++20
y.age_ = 37; whovian@phy504:~/host/CPP$ ./class5

cout << y.age_ << endl; 37
Q; 37




class Human {

public:
Human(const string name, —I——l— asses
array<int, NBirthday> birthday = {0,0,-1}) :

birthday_(birthday),
is_birthday_set_(false),
age_(CurrentYear - birthday.at(2))
: C++ Class v0.6
boost::split(this->name_, name,
boost::is_any_of(" \t"),
boost: :token_compress_on); C—I——I— 1 11 th
if(!(this->age_ > CurrentYear)) { C aSS a OWS e
this->is_birthday_set_ = true; . .
ks
} definition of member
void PrintBirthday (O { // member function
auto& x = this->birthday_; // just variable alias (& = ref)

if(!lthis->is_birthday_set_) { fUHCtionS

spdlog: :critical("Birthday not set");
exit(l);

}imt::print("Birthday: {:02d}, {:02d}, {:04d}\n" ,x[0],x[1] ,x[2]); pUbliC: /private: dCCECSS
makes more sense. Private
T iy frrenday- = 10, 0, 0% variables can only be

list<string> name_;
private:

};bool is_birthday_set_; // can only be accessed by member function accessed Via member

int main() { S
Human x("Vivian Miranda", {02,28,1986}); f t
x.PrintBirthday(); unc lons
// Problem: if you change birthday_ manually, you can't
// use PrintBirthday() because we can't access is_birthday_set_
Human y("Vivian Miranda");
y.birthday_ = {02,28,1986};
y.PrintBirthday();

|

whovian@hy504:~/host/CPP$ g++ class6.cpp -o class6 -std=c++20 -1fmy
whovian@hy504:~/host/CPP$ ./class6

Birthday: ©02,28,1986

[2023-04-21 15:42:43.684] [critical] Birthday not set




class Human {
public:
Human(const string name,
array<int, NBirthday> birthday = {0,0,-1});

void PrintBirthday();
private: // Lets move all variables to be private
bool is_birthday_set_;
int age_;
int ssn_ = -1;
Genders gender_;
double height_ = -1.0;
array<int, NBirthday> birthday_ = {0, 0, 0%;
list<int> nationality_;
list<string> name_;

1

Human: :Human(const string name, array<int, NBirthday> birthday) :

birthday_(birthday),
is_birthday_set_(false),
age_(CurrentYear - birthday.at(2))
{
boost::split(this->name_, name,
boost::is_any_of(" \t"),
boost: :token_compress_on);

1f(!(this->age_ > CurrentYear)) {
this->is_birthday_set_ = true;
ks
ks

void Human::PrintBirthday () {
auto& x = this->birthday_;
if(!this->is_birthday_set_) {
spdlog::critical("Birthday not set");
exit(l);
ks
fmt::print("Birthday: {:02d},{:02d}, {:04d}\n",x[0],x[1],x[2]);

C++ Classes

C++ Class v0.7
Better to strictly

control access to
member variables (via
member functions)

Also, 1t 1s better for

readability to declare

member functions
inside the C++ class




class Human {
public:
Human(const string name, array<int, 3> bd = {0,0,-1});

void SetBirthday(const int month, const int day,
const int year);

void SetBirthday(array<int, 3> x);
volid SetGender(const Genders Xx);
volid AddNationality(const int x);
array<int, 3> GetBirthday() const;
Genders GetGender() const;

int GetAge() const;

list<int> GetNationality() const;

void Print() const;
private:
bool 1is_birthday_set_ = false;
bool is_gender_set_ = false;
bool is_min_one_nationality_set_ = false;
int age_ = 0;
Genders gender_;
array<int, 3> birthday_ = {0, 0, -1},
list<int> nationality_;
list<string> name_;

C++ Classes

C++ Class v0.8

Getting closer to the
v1.0 release of the

Human class!

Functions that do not
change member
variables should have

the keyword const

(const correctness)




Human: :Human(const string name, array<int, 3> birthday) :

birthday_(birthday),
age_(CurrentYear - birthday.at(2)) { ‘ ‘ lasses
boost::split(this->name_, name, boost::is_any_of(" \t"),
boost: :token_compress_on);
if(!(this->age_ > CurrentYear)) {
this->is_birthday_set_ = true;

}

}

void Human::SetBirthday(const int month, const int day, C_I__I_ Class VO. 8

const int year) {
this->SetBirthday(array<int, 3>{month, day, year});

3

void Human::SetBirthday(array<int, 3> x) { Note that for member function

if (x[0] <@ Il x[@] > 12)

{
spdlog::critical("Birthday Month Invalid");

Rt bodies outside the class, the

if (x[2] > CurrentYear)

' spdlog::critical("Birthday Year Invalid"); Huma : : keyword must

exit(l);

by
if (x[1] <@ Il x[1] > 31)

: precede the function name

spdlog::critical("Birthday Day Invalid");
exit(l);

X
this->birthday_ = x;

this->is_birthday_set_ = true; Member functions don,t eXiSt

this->age_ = CurrentYear - x[2];

3

void Human: :SetGender(const Genders x) { in iSOlatiOn. They are

this->gender_ = x;

this->is_gender_set_ = true;

3

intrinsically tied to the class

void Human::AddNationality(const int x) {
this->nationality_.push_back(x);
this->is_min_one_nationality_set_ = true;

3



array<int, 3> Human::GetBirthday() const {

if (Ithis->is_birthday_set_ ) {
spdlog: :critical("Birthday not set"); ‘ ‘ laS S e S
exit(1);

3

this->birthday_;
}

Genders Human: :GetGender() const { C—I_—I_ ClaSS VO. 8

if (this->is_gender_set_) {
spdlog: :critical("Birthday not set™);
exit(l);
} One advant f get/
this->gender_; ne a Van age O

}

ot o ethgn) cns. type of member functions 1s

if (Ithis->is_birthday_set_ ) {
spdlog: :critical("Birthday not set™);

e they provide opportunities

this->age_;

}

for the developer to include

list<int> Human::GetNationality() const {
if (lthis->is_min_one_nationality_set_) {

dlog: :critical("No Nati 1it t");
spdlog: scritical("No Nationality se extra checks

}

this->nationality_;

}

TR — Function overloading via

fmt: :print("Name: ");
for (auto x : this->name_) {

i the number (and/or type) of

fmt: :print("\n");

to& x = this->birthday_; // just iable alias (& = ref)

ity 3 /1 Just variable alias & - re arguments works for
spdlog: :critical("Birthday not set");
exit(l);

} ber f ' 11
fmt: :print("Birthday: {:02d},{:02d},{:04d}\n",x[0],x[1],x[2]1); mem er unCtlonS as We




array<int, 3> Human::GetBirthday() const {

if (Ithis->is_birthday_set_ ) {
dlog: :critical("Birthd ");
Z;pdtgg);cmtma ("Birthday not set") C Classes
%
C++ Class v0.8

this->birthday_;
}

Genders Human: :GetGender() const {
if (this->is_gender_set_) {
spdlog: :critical("Birthday not set™);
exit(1);

o e gonden. Const correctness.

}

int Human::GetAge() const {
if (Ithis->is_birthday_set_ ) {

spdlog: :critical("Birthday not set™); ConSt Copies and COnSt

exit(1);

}
this->age_;

} references to Human class

list<int> Human::GetNationality() const {
if (!this->is_min_one_nationality_set_ ) { .
 tag: et bttt et can only access functions
exit(l);
ks

this->nationality_;

that have the const

}

void Human::Print() const { o .
fmt: :print("Name: ");
o ot e ene> keyword 1n their
fmt::print("{0} ", x);
}

fmt: :print("\n"); *
a[rjto&p;lz th12—>birthday_; // just variable alias (& = ref) deCIaratlon (except

if(!this->is_birthday_set_) {
spdlog: :critical("Birthday not set");

, constructor, of course)

fmt: :print("Birthday: {:02d},{:02d},{:04d}\n",x[0],x[1],x[2]1);




C Classes

C++ Class v0.8 - Const correctness.

C++ class methods have an implicit this parameter which comes before all the explicit ones.

Ao
So a function declared within a class like this:
102
class C {
v void f(int x);
You can imagine really looks like this: Question score (upvotes - downvotes)

void f(Cx this, int x);

Now, if you declare it this way:

void f(int x) const;

It's as if you wrote this:

void f(const Cx this, int x);

That is, the trailing const makes the this parameter const, meaning that you can invoke the
method on const objects of the class type, and that the method cannot modify the object on
which it was invoked (at least, not via the normal channels).

Share Edit Follow Flag answered Apr 14, 2013 at 12:38

John Zwinck
https://stackoverflow.com/a/15999170/2472169 ﬁ 250k 43 342 0454



array<int, 3> Human::GetBirthday() const {

if (this->is_birthday_set_ ) {
spdlog: :critical("Birthday not set"); ‘ ‘ laS S e S
exit(1);

3

this->birthday_;
}

Genders Human: :GetGender() const { ]-
if (this->is_gender_set_) { _I__I_ aSS V o
spdlog: :critical("Birthday not set");
exit(1);

}

Pt i Const Correctness.

int Human::GetAge() const {
if (Ithis->is_birthday_set_ ) {

spdlog: :critical("Birthday not set™); ConSt Copies and ConSt

exit(1);
}

- references to Human class

list<int> Human::GetNationality() const {

if (Ithis->is_min_one_nationality_set_) { Can Only access functions

spdlog: :critical("No Nationality set™);
exit(l);

this->nationality_; that have keyword conSt

}
}

void Human::Print() const {
e 5 (except constructor)
for (auto x : this->name_) {
fmt::print("{0} ", x);
}

frt: print Const member functions can

auto& x = this->birthday_; // just variable alias (& = ref)
if(!this->is_birthday_set_) {
spdlog: :critical("Birthday not set");

Rt still affect mutable variables

fmt: :print("Birthday: {:02d},{:02d},{:04d}\n",x[0],x[1],x[2]1);



https://stackoverflow.com/q/105014/2472169
https://stackoverflow.com/q/105014/2472169
https://stackoverflow.com/q/105014/2472169
https://stackoverflow.com/q/105014/2472169

C++ Classes
Const mem functions can st111 change mutables

///S Lqrﬂx\..ﬂ"q nU ﬂ;t‘“f"f

void foo() const // <== The

42, // ERROR! The "this"
=42; // 0K (_Ly 1s mutable)

\—J

void bar(X& obj) const // <== The

obj = 42; // OK! obj is a reference to non-const
42 // ERROR! The "this ointer 1 Lilﬂ)ﬂ‘LfA-ﬂJL-ﬂ.\" const

void bar(X const& obj) // <== The implicit "this" pointer is NOT const-qualified!

42; RQP. obj

int _x;
mutable int _y;



https://stackoverflow.com/q/105014/2472169
https://stackoverflow.com/q/105014/2472169

C++ Classes

int main() {

const Human x("Vivian Miranda", {02,28,1986});

// Here you can't use set functions!!!
cout << x.GetAge() << endl; // ok

X.Print(); // ok

//x.AddNationality(55); // compilation error
}

whovian@phy504:~/host/CPP$ g++ class8.cpp -0 class8 -std=c++20 -1fmt
whovian@phy504:~/host/CPP$ ./class8

37

Name: Vivian Miranda

Birthday: 02,28,1986

whovian@phy504:~/host/CPP$ g++ class8.cpp -o class8 -std=c++20 -1fmt
class8.cpp: In function ‘int main()’:

154 | x.AddNationality(55); // compilation error
| s N

class8.cpp:94:6: note: in call to ‘void Human: :AddNationality(int)’
94 | void Human: :AddNationality(const int x) {

| Ao




, <iostream-
#include <expected>

Static Functions

#include <print>

class Mom { * *
Static Functions belong to
// Yes we can have private constructor. Force
// the factory API (we can't call Mom m{5} directly o
explicit NomCint v) & x.{v} 1} the class 1tself, not to a
public:
// Static factory function: returns a Mom on success, . . .
// or a string describing what went wrong on failure. partlcular ObJ ect. Statlc
static std::expected<Mom, std::string> create(int v) {
if (v < 9) ’ °
std: :unexpected("Mom age must be non-negative"); func Can t access thls
if (v > 120)
std: :unexpected("Mom age too large");
Mom{v}; // success: build and return the object
} E te a Fact
void print(double x) const { ’g’? Can Crea e a a’C Ory
std: :println("PrintMom: {}", x - x_);

% function that makes sure

inzurgizci hﬁom::cr‘eate(?); that Mom's age is >O

auto b = Mom: :create(-5);

auto ¢ = Mom: : create(9999); (Wlth the use Of C_|__|_26

if (a) a->print(100);
else std::println("a failed: {}", a.error());

std::expected)

whovian@phy504:~/host/Lecture23$ nano class38.cpp

whovian@phy504:~/host/Lecture23$ /opt/gcc-latest/bin/g++ class38.cpp -0 c38 -std=c++26
whovian@phy504:~/host/Lecture23$ ./c38

if (c) c->print(100); PrintMom: 93

else std::println("c failed: {}", c.error()); b failed: Mom age must be non-negative

c failed: Mom age too large

if (b) b->print(100);
else std::println("b failed: {}", b.error());




#include <string>

Finclude ostrea. Class Inheritance

class Base {

pubLic: Classes can have parents,

void print(const double x) const {

const double tmp = x - this>x.; grandparents, and so on...

cout << "PrintBase: << tmp << endl;

}

private:

2 Public inheritance: the child

e Derived : public Base § class cannot access private
public: .
void printCconst double x) const | member functions of the
cout << "PrintDZr{ved: "o<< tm;,<< endl;

} parent class. E.g., int x

private:
int x_ = 10;

1, One child class can have

Lt main O multiple parents
Base vy;

y.print(100); whovian@phy504:~/host/CPP$ g++ class9.cpp -o class9 -std=c++20

whovian@phy504:~/host/CPP$ ./class9
PrintBase: 98
PrintDerived: 90

Derived x;
X.print(100);
H




#include <string> .

#include <iostream>

using namespace std; ClaSS Inherltance
class Base {

pu;{li):(_ = 2; // default visibility is private Chlld and parel’lt

void print(const double x) const {

, cout << "PrintBase: << X-this->x_ << endl; ClaSSGS Cal’l have
s
d?ii Efrlvig;:/3uzl;2u$issiiibility 1s private member funCtlonS Wlth
public:

void print(const double xz const { the Same name and arg,

cout << "PrintDerived: << X-this->x_ << endl;

}

} types (no overloading).

int main OO {
Derived X whovian@phy504:~/host/CPP$ g++ classl@.cpp -o classl® -std=c++20

whovian@phy504:~/host/CPP$ ./classl0
PrintDerived: 90
PrintBase: 98

// const here is mandatory (compiler error) PrintBase: 108
. PrintBase: 118
const Base& y = static_cast<Base>(x);

Y. print(100); Access to the parent’s

X.print(100);

Base* z = static_cast<Base*>(&x);

z->print(110); // pointers use -> instead of . ° °
version happens via

Base w = static_cast<Base>(x); // copy (only parent)!

w.print(120);

| casting




#include <string>

#include <iostream> Class

using namespace std;

lace Base { Inheritance

int x_ = 2; // default visibility is private
public:
vold print(const double x) const {

cout << "PrintBase: " << x-this->x_ << endl; If member

}
b functions have

class Derived : public Base {

int x_ = 10; // default visibility is private different names,
public:

vold print2(const double x) const { then no eXpliCit

cout << "PrintDerived:

- casting is needed

<< X-this->x_ << endl;

int main O

{ whovian@phy504:~/host/CPP$ g++ classll.cpp -o classll -std=c++20
Derived X whovian@phy504:~/host/CPP$ ./classll

. ) PrintBase: 98
X.pr?nt(]-@@)’ PrintDerived: 90
X.print2(100);

I




#include <string> .
e et Class Inheritance
class Mom { .

int x_ = 2; // default visibility 1s private One Chlld ClaSS Cal’l haVe

public:
void print(const double x) const {

cout << "PrintBase: " << x-this->x_ << endl; multiple parents

Iy

}; . .

Hass Dad { Again, 1f member
int x_ = 10; // default visibility 1is private

public:

void print2(const double x) const { funCthHS haVe dlfferent

cout << "PrintBase: " << x-this->x_ << endl;

= names, then no explicit

class Derived : public Mom, public Dad { . .
pu;rﬁc?_ = 50; // default visibility is private Castlng IS needed
void print3(const double x) const { .
} cout << "PrintDerived: " << x-this->x_ << endl; All private Varlables are
s .
e 6 independent

{ whovian@phy504:~/host/CPP$ g++ classl2.cpp -o classl? -std=c++20
Derived x; whovian@phy504:~/host/CPP$ ./classl2
X.print(100); PrintBase: 98
X.print2(100); PrintBase: 90
X.print3(100); PrintDerived: 50

H




#include <string> .
#include <iostream> Cl I h
using namespace std; aSS n erlta’nce

class Base {

public: Constructors (non-default)

void print(const double x) const {

S IeeUWl  \\/hat happens if the user

p”%ﬁitij . defines a non-default
b constructor (constructor w/
en Vg e Base € no args/parameters)?

" conet dodble £Hp = x - thisrs

SN Remember that if the user
Z’;iﬁitiﬁ - 10; defines a constructor that
e e O requires an argument, the
U gase s default constructor is not

y.print(100);

| accessible (unless explicitly
Derived Xx;
X.print(100);
g coded)




Homework I

Create a base class Vehicle with a move() function. Create Car and Bike
derived classes. Implement move() differently in each derived class (but not
virtual — next class topic). Call the move() function directly from objects

(not pointers)

Create a base class Account with deposit() and balance member. Derive
SavingsAccount and CheckingAccount, each with their own deposit()
method (non-virtual). Call deposit() from both types and observe function

resolution.

Define a class Printer with multiple print() overloads. One takes int, one

takes . Create objects and call different print() overloads.



Homework 11

Initializer list 1s a type of construction that allows users to construct an
object using curly brackets {} — research about initializer lists
(constructor). Create a Book class with title, author, and year. Use a
constructor initializer list. Add a display() function. Create a few

Book objects in main().



Homework 111

Create a class DataSet with a private . Add a member
function that takes any lambda and transforms the
data. Test the function with two different lambdas.

a) one that squares each element

b) one that normalizes the data, 1.e., it produces a new vector where every
element is divided by the maximum value.

Hints:

* Apply uses auto for the lambda parameter. This makes it a template member

function. The compiler deduces the lambda type.

* Inside Apply, pipe the data through and

* For normalization, you'll need to find the max value, then

divide each element by it.

* Apply returns a new vector, so it doesn't modify the internal data.



Homework 1V

Create a class Counter with a private and

Write (not const), (increments each time
it's called), and . In , create both a Counter x
and a . Show which member functions work on each and

explain why. Then write a function void ,
what can 1t call?

Hints:

* A const object can only call member functions marked const.

 mutable 1s the escape hatch: it lets a const member function modify specific
variables. Use it for bookkeeping that doesn't change the "logical" state of the.

receives a const reference. Inside that
function, x behaves exactly like a const object.

* Think about what the compiler does behind the scenes: ) const means
the hidden this pointer is , S0 you can't modify count through
it. But mutable members are exempt.

 Use the constructor's initializer list to set both and to 0.



Homework V

Create a class Base with private and a public print() const. Create

with its own private and its own print()
const. In main, create a . Call , which x_does it use? Then
cast to Base& and call print() again, which x now? Add a const
to Derived that prints both its own x and Base's x .

Hints:

* Derived doesn't replace Base's x ; it shadows it. Both x variables exist
inside the Derived object. this->x_ refers to whichever x_is closest in scope.

* When you cast to Base&, the compiler forgets about Derived and calls Base's
print(), which sees Base's x_.

* You can't access Base's private x from Derived directly; that's what private
means. The solution: add a public getter in Base like . Then
Derived can call to read the parent's value.

creates a reference to the Base part of d; no copy!.
But would copy only the Base part (this 1s known as
object slicing).



Homework VI

Create a class Builder with a private :
Add that returns Builder&, so calls can be chained:

. Add build() const that joins all parts
with " ” (space). Then create a second version add broken(std::string)
that returns Builder by value instead of by reference. In main(), chain
add broken calls and show that it doesn't work. Why doesn’t it work?

Hints:
* return *this returns the current object.
* build() const 1s a good place to use

* The broken version 1s a great way to understand the difference between
value and reference semantics.

* Think about it: returns b itself. returns
a stranger that looks like b. Elaborate on that using more technical
wording



Homework VII - static Members and Scope (hard)

Create a class UniquelD with a and a non-static (research
about static members inside a class). The constructor assigns next id to id and
increments next id . Since id_ 1s const, it can only be set in the member initializer list,
never reassigned. Add a (research about static functions inside a
class). Note that static member functions have NO this pointer, so they cannot access non-
static members. Add get id() const. In main(), create several objects and show that each
gets a unique ID. Then create objects inside a loop and show the IDs keep incrementing.
Try calling get next id() without creating any object to show it works on the class itself.

Hints:
* static members belong to the class, not to any instance. 1s shared, 1.e., there's
only one copy, no matter how many objects exist.

. means once set, it never changes. The only place to set it is the member
class initializer list.

* static member functions can be called on the class directly:
They don't receive this, so they can only access other static members.

 The static member must be defined outside the class:
Without this line, the linker will complain about an undefined symbol.

* Think about what const int id prevents: you can't write this->1d = 5; anywhere,
definitely not in member functions, not anywhere. The object's ID is frozen at birth.



Additional Reading

* Discussion about Constructor delegation and
member 1itialization
(https://stackovertlow.com/a/12190126/2472169)

* Discussion about mutable variables
(https://stackovertlow.com/q/105014/2472169)



https://stackoverflow.com/a/12190126/2472169
https://stackoverflow.com/q/105014/2472169

