Question #1 from Quiz 24

To copy an integer array 'arr of size 5 to a vector L, in
reverse order

vector<int> L; vector<int> L(5);
for(int i=0; i<5; i++) for(int i=4; i>=0; i--)
L.push_back(arr[i]); L.push_back(arrl[il);
vector<int> L; vector<int> L(5);
for(int i=4; i>=0; i--) for(int i=0; i<5; i++)
L.push_back L[i]l = arrl[i];
us ack(arrlil); i T o:la
~ont B kAT It
vector<int> L(5); - ==
T LG]" = oarut
\ 9 for(int i=0; i<5; i++)

G el end L[i] = arr[4-il;



Question #2 from Quiz 24

typedef vector<string>::iterator iter; // shorthand

for(iter i = wordList.begin(); i != wordList.end(); i++ ){

DO R } e DT

x typedef vector<string=>::iterator iter;
y for(iter i = wordList.begin(); i != wordList.end(); i++ ){

cout <<i;

}



vector<string> wordList

Quesggl #3 from Quiz 23

LR e
vector<string>::iterator where = flnd(wordLlst%g‘ln() wordList.end(),searchWord);

bool found = ( where = wordList.end() ); Lsﬂf_S.M-O-—-
Fifmacnl) ot “Foiod” s QEMEC - searchWord="CS101"

sort(wordList.begin(), word List.end());\
bool found= binary_search(wordList.begin(), wordList.end(),searchWord);

if(found) cout<<"Found " : _. A o vvnix Seancin G
f\%uy/ 2 Sovte Lst C<)

v
R AND NOT....(#&wn naR) Seaech o0 Lnseted 1)

bool found= binary_search(wordList.begin(), wordList.end(),searchWord);
if(found) cout << "Found " ;
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The Map Template Class

A vector or an array give us an element when we supply an
index

—-ﬁe_; must be an integeD

But sometimes we may want to use indices which are not
integers, but strings

— Given the name of a country, we may want to find out its
population, or its capital

— This can be done using a (map

e Y
\ndex can be aﬁ a\)
maF <;nd<st'\:y.gr , VAU ¢ {j‘e>



Recap: Template Class with Multiple types

template <class T, class M>
class Queue {

int front, nWaiting; Managlng
I_elements[lOO]; both Driver
M customers[100]; details &

public: Customer
bool insert(T value) {...} details
bool remove(T &val, M cust) {...}

through class

F; template

Similarly: map<indextype, valuetype> mapname;
Example: map<string, float> name2cs101Marks;




Map: General Form And Examples

e General form:

map<indextype, valuetype> mapname; (\\{2
Qo R
* Examples: - Q:)t-p:«‘

Enap<string,double> population; 1

Indices will have type string (cour‘{try names), and elements
will have type double (population)

| map<string, vector<string>> dictionary;

Maps words to their meanings expressed as a vector of other
words.

™ ¢y ., te ’r - he
d\é‘?ﬂ‘“j[“'(‘sp,j = '[‘ -, . . /,)




Using A Map

map<string,double> population;

population[“India”] = 1.35;
// in billions.

population[“China”] = 1.41;

population[“USA”] = 0.32;




Using A Map

map<string,double> population;

population[“India”] = 1.35;

// in billions. Map entry created
population[“China”] = 1.41; // Map entry created
population[“USA”] = 0.32; // Map entry created

e

C
cout << population[“China”] << endl; ’2’1
// will print 1.41




Using A Map

map<string,double> population;

population[“India”] = 1.35; -

// in billions. Map entry created
population[“China”] = 1.41; // Map entry created
population[“USA”] = 0.32; // Map entry created

cout << population[“China”] << endl;
// will print 1.41

-
population[“India”] = 1.36;
//update allowed

1~



Using A Map

map<string,double> population;

population[“India”] = 1.35;

// in billions. Map entry created
population[“China”] = 1.41; // Map entry created
population[“USA”] = 0.32; // Map entry created

cout << population[“China”] << endl;
// will print 1.41

cout << population["Nepal"] << end]l;
//what will it print?




Using A Map

map<string,double> population;

population[“India”] = 1.35;

// in billions. Map entry created
population[“China”] = 1.41; // Map entry created
population[“USA”] = 0.32; // Map entry created

dy, X0| X
cout << population[“China”] << endl; a.
pPop Xk“& uﬂ Q

// will print 1.41
9% ; - Kl
cout << population["Nepal"] << end]l;

//what will it print? e\date |nd|rectly made




Checking if An Index is Defined

string country;
cout << “Give country name: “;
cin >> country;

couf\'},f"? e 1\\? Au?lni-&

if(population.count(country)>0) h‘[’s::-to[afaﬁcd

// true if element with index = country
// was stored earlier
// count is a known member function
cout << population[country] << endl;
else cout << “Not known.\n”;




Remarks

. ( A lot goes on behind the scenes to implement a m@

———

. Basic idea is discussed in Chapter 24 of our book
e If you wish to print all entries stored in a map, you will need

to use iterators, discussed next (
'Broosa. [ - \/\zcm§§'af cacko% jL value c df
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Iterators (again)

A map can be thought of as holding a sequence of pairs, of the

form (index, value)

For example, the population map can be considered to be the
sequence of pairs

[(“China”,1.41), (“India”,1.35), (“USA", 0.32)]

You may wish to access all elements in the map, one after another,

and do something with them

For this, you can obtain an iterator, which E)ints to (in an abstract

\JOus
sense) elements of the sequence ﬂ'

P e Qoo mm———

St Second



Iterators for Maps

An iterator for a map<index,value> is an object with type

@ap<index,value>::iterator)

An iterator points to elements in the map; each element is a

struct with memberand Qomi>./fwsb'

e
We can get to the members by usin@eferen@ Cm‘.}scca#\o\

Note that this simply means that the dereferencing operators
are defined for iterators

If many elements are stored in an iterator, they are arranged
in (lexicographically) increasing order of the key

WWTOSOJ L ,‘-\mu 'Lm?le»nu\&y
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Example

map<string,double> population;
population[“India”] = 1.35;

map<string,double>::iterator mi;

mi = population.begin();

N // population.begin() : constant iterator
// points to the first element of population
// mi points to (India,1.35)

cout << mi->first << endl; // or (*mi).first << endl;
// will print out India

cout << mi->second << endl;
// will print out 1.35




Example

map<string,double> population;
population[“India”] = 1.35;
population[“China”] = 1.41;
population[“USA”] = 0.32;

for(map<string,double>::iterator Loo?s acroutr\o\.
i = population.begin(); three enlries
mi != population.end();

// population.end() : constant iterator
// marking the end of population
mi++)
// ++ just sets mi to point to the
// next element of the map
// loop body




Example (Contd.)

map<string,double> population;
population[“India”] = 1.35; 'g(_

population[“China”] = 1.41;
population[“USA”] = 0.32;
for(map<string,doub|e>::iteratorj be*“c’;\b

= population.begin(); -—*—@:I‘d 3‘.‘5 ,S:
 — : : [}'3
mi = population.end(); A ‘{_'c(,xhoﬂ

mi++) “ ~r seco‘\o\

<< wmeo —?
{ °—-—)/}\‘\bt <<
<< Y\ / Ny
Batas \rdw =65 USA°C >

} Chlf\ml 1-4 I
// will print out coWation in alphabetical order




Example (Contd.)

map<string,double> population;
population[“India”] = 1.35;
population[“China”] = 1.41;
population[“USA”] = 0.32;
for(map<string,double>::iterator
mi = population.begin();
mi != population.end();
mi++)
{
cout << (*mi).first << “: “ << (*mi).second << endl;
// or cout << mi->first << “: “ << mi->second << endl;

}

// will print out countries and population in alphabetical order




Remarks

e |terators can work with vectors and arrays too
e |terators can be used to find and delete elements from maps
and vectors.

map<string,double>::iterator

mi = population.find("India");
population.erase(mi); of
&d 846"“\(\1-
‘\\s“ (‘\GK



Map with user-defined class as index

e Any class used as indextype on a map must implement

Ane ' ole(/\‘k/’/

~ & V5
O O\ & O,
< O 1,>



Map with user-defined class as index

Any class used as indextype on a map must implement
the "<" operator.

Example, the following code will not work because "<" is
not defined on V3.

» class V3 {public: double x,y,z};
* Mmap<V3, string> vec2string;
A correct implementation of V3 may be something like:

class V3 {
public:
double x,y,z;
bool operator<(const V3& a{
If (x < a.x) return true;
If (x == a.x && y < a.y) return true;

If (x==a.x && y == a.y && z < a.z) return true
return false;

K};}
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About These Slides

. Based on Chapter 11 of the book
An Introduction to Programming Through C++

by Abhiram Ranade (Tata McGraw Hill, 2014)

fnchons

c(a.% oD \N¥R
e Original slides by Abhlram Ranade C RS D

— First update by Sunita Sarawagi

— Second update by Ganesh Ramakrishnan



A different role for functions

e We said that a function should be created if

vou find yourself writing code to perform the
same action at different places in the
program.

e However, functions have a different role too: A

function is an “organizational/logical unit” of a
program.



Physical units of code: files

* |f several people write different functions of
the same program, it is more convenient if
each uses a different file. jédeCfn?, lfm‘CY?

e We need ways by which functions (as also

classes/structs) in one file can call functions in
other files Kot




Functions and program organization

Outline

The main program is a function

How to split a program into many files

(— Function declarations '\’
— Separate compilation — ¥

— Header files 5‘"
Namespaces

Using C++ without simplecpp



Splitting a program into many files

e A program may contain several functions. All
need nc.)t b.e E’g‘g‘e.gﬁ;n the s?rta\?dfclflfg |
e |f code in file F calls a function f, then function

f must be declared inside F, textually before
any call to it. Lcrn-CfP

e A function definition is a declaration, but
there can be other ways to declare.

e Every function must be defined in just one of
the files that are used for a program.

oy e\



Function declaration

A function declaration is the definition without the body.

— The return type, name, parameter types and optionally parameter names.

Example: declaration of gcd function:

int gecd(int m, int n);

int gcd(int, int); // also acceptable.
The declaration tells the compiler that if gcd appears later, it will
be a function and take 2 ints as arguments.

— This helps the compiler to translate your program into machine language, without
needing to look up the definition of gcd.

If a file calls a function but contains only a declaration of it; it
cannot be completely compiled to enable execution.

— Whateveris in it, is compiled, and the result is called an object module.

s

— To get an executable programs, all the object modules containing all called
functions must be linked together.




Separate compilation

>
g\ ¥
. File gcd.cpp e function definitions e %\.
int gcd(int m, intn){ ... } e function declarations 03\
T e ortion of the function that s & 2
. ; eclaration o
File lem.cpp called in it. Sg

iNnt gecd(int, int);
int lcm((int m, int N){
return m*n/gcd(m,n);} 3
PA

*  You may compile and link all files %5
tagether by giving q—’ ! v

g++ main.cpp lcm.cpp ged.cpp

ul r

. . \& - YOU may compile each file separately,
. File main.cpp "&V e.g. by giving
int lcm(int, int); e € C g++ -c main.cpp_>

iNt main(){ -c will ask compiler to produce

cout << lcm(36,24) << end], main.o (object module). \
} « Object modules can be linked -0
together to get an executable by A
typing __
g++ main.o lcm.o gcd.o) "
o
R 4
P LA C NG

O o€ 4(“') G o-



Header files

Tedious to remember what declaration to
include in each file.

Instead, put all declarations in a header file,
and “include” the header file into every file.

Header files have suffix .h or .hpp., or no
suffix.

The directive “#include filename” is used to

include files. It is simply replaced by the
content of the named file.

OK to declare functions that do not get used.

OK to have both a declaration and then the
definition of a function in the same file.

If header file is mentioned in “ “ it is picked up
from the current directory.

If it is mentioned in < >, it is picked up from
some standard place, e.g. simplecpp

File gcdlcm.h
int gcd(int, int);
int lcm(int,int);

. File gcd.cpp
#include “gcdlicm.h”

int gﬂc Zlnt m, intn){ ... }
. File lcm.cpp

#include “gcdicm.h”
int lcm{@ntm, intn){ ... }

. File main.cpp
#include <simplecpp>
#include “gcdicm.h”
int mMmainQ{

cout << Ilcm(36,24) << endl;

}



Header files for classes

Typically, separate file for each
large class with the same name.

Header file declares the entire
class but skips definition of large
functions that are declared in a
.cpp file

Includes similar to other header
files.

S
«”®
* File queue.hpp 1
Sy
class Queue { -';
private: ‘; &
// declare private data members. U'c

public:

// declare, not define large functions
bool insert(int driver);

in

L S
> Q-
) U

* File queue.cpp

#include "queue.hpp"

bool Queue::insert(int driver) {...}

d(,ﬁm‘hms

e File main.cpp
#include "queue.hpp"
int main() {

Queue qg; .... }



Concluding Remarks

Functions are building blocks of programs.

Functions can be put into many files, provided
each file contains a declaration before the use.

Declarations go into header files.
Details discussed in the book.



