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Welcome back.
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What we discussed

* Maps are like arrays, but the index need not be an integer in limited
range.
* Amap M can be thought of as storing (index, value) pairs
— You can add a pair by writing: M[index] = value;
— You can check if a pair is present by executing M. count (index)
— If the pair is present you can get the value by writing M[ index] .
* Unordered maps have similar functionality.
Next: Iterators and conclusion of lecture

In the previous segment we talked about maps and unordered maps. In this segment we are going

to talk about iterators. And we will also conclude this lecture sequence.
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lterators

* Map = set of pairs, of the form {index, value).
— population map = (("China",1.35}, (“India",1.21), ("USA", 0.31)).

* Each element is actually a sStruct with members first and second
which hold the index and the value

* Using iterators you can access all elements (pairs) in the map, one after
another, and do something with them.

* Aniterator fora map<index,value> isan object with type
map<index,value>::iterator
— iterator can be created and set to “point” to first element in the map
~ * operator defined to “dereference” and get to the element

— ++ operator defined to get to the element in the map following the current
element.

%)

Let me remind you that a map is a set of pairs of the form index and value. Okay, and so for
example the population map is this as we define is the sequence. | guess the numbers were
slightly different but anyway this could be a population map. Now, it turns out that C++ stores
these pairs as a struct. So, each pair is a struct in some structure, in some, yeah, in some

container as it is called. And the struct has members first and second.

And first holds the index and second holds the value. So, using iterators you can access all the
elements or all these pairs in the map one after another, do what whatever you want with them.
So, an iterator from map going from, say index, type index to type value, is an object of type
map<index,value>::iterator. So, this iterator also has a type and this type is this complicated
looking thing.

All right, so iterators can be created and they can be set to point the first, point to the first
element in the map. So, | said earlier that an iterator is like a pointer. So, in that sense when |
create an iterator. | can set it to the first element in the map. And then the dereferencing operator,
the star operator is defined and you can use it to get then element that this iterator is actually

pointing to.

And then the plus operator is also defined and that allows you to go to the next, the next element

in the map. So the analogy here is | guess to indices in arrays. So, if you do plus plus to an index



you get to the next element of the array. So similarly with here if you do plus plus to an iterator

you get to the next element of the map.
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Example

map<string.double> population;
population{“India"] = 1.37;

map<string,double>::iterator mi;

mi = population.begin();

// population.begin() : “constant™ iterator
/1 points to the first element of population
/! mi points to (India,l.37)

cout << mi->first << endl;

/! will print out “India”.

cout << mi->second << endl;

/! will print out 1.37,

7 _)

Okay, so let us do this by as an example. So, our population map, so let us say | store 1.37 as the
population of India and now let me create an iterator. So, mi is a variable that | create but of type
iterator. It does not have anyi, it is not assigned any value yet. So, | have to put a value into it. So,
I can write mi equal to population.begin(). So, now population.begin() is what might be called a
constant iterator. It is like writing mi equal to zero. So this iterator points in a metaphorical sense

to the first element or the beginning element in this map.

So, this is a constant operator and it points the first element of population. Well, in this case the
first, there is only element so it will point to this element itself. So, if | write cout<<mi->first. So,
remember that we have to think of this is a pointer. So, we are first dereferencing it and we are
getting to the member first of the dereferenced object. So, of course, that can be written as by the
arrow or the minus greater than operator or the arrow operator. And this will print out India and

this will print out 1.37.
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Example

map<stiring,double> population;
population[“India”] = 1.37;
population[“China®] = 1.42;
population[“USA"] = 8.33;

for(map<string,double>::iterator mi = population.begin().
ni != population.end();
ni++)
/!l ++ sets mi to point to the next element of the map.
{

cout << mi->first << *; * << mi->second << epdl;

}
// will print out countries and population in alphabetical order.
// for maps but not unordered_maps

But you can do more with this. So, again | have our population map, but let us say we put in all
over three countries into it. Now, | have a for loop. And the control variable for the for loop is
our iterator and it has been initialized to population dot begin. Next, we are supposed to supply
the termination condition for the loop. And this is another constant iterator. So, we are going to

do this until so long as this does not equal the end.

So, you can think of this as an iterator which is just outside the valid iterator ranges. So, again if
you go back to the array this is kind of the length of the array. So, you do not want, you do not
want your index to become as large as the length. So, that is what this is doing. And you are
going to increment that iterator. So, at the end of the loop you are going to increment the iterator

S0 you go on to the next element of the iterator.

So, to start with mi points to the first iterator and then you check whether your iterator is
pointing to a valid element. If so, you execute the body and at the end of the body you advanced
the iterator. So may be inside the body we are just going to print things out, so whatever the
iterators pointing to the first element or the country we will print and then we will put colon and
will print the second value, that is it.



So, what should this do. Well, you would think that they should print out the countries and their
population and that is indeed what happens. But there is something nice, further nice that
happens. So this iterator, this in this case it will print the countries and populations in the
alphabetical order. Or the lexicographic order. And | said earlier that maps require a technical,
there is a technical condition which is that the less than operator should be defined on the index

types and the index types are strings.

And the less than operator on the strings is the lexicographic order. And therefore, when you
advance using the iterator the elements are accessed or visited in the lexicographic order. And so
things will get printed in lexicographic order. This happens for maps but not for unordered maps.
As the name says unordered maps have no order. So, you will get the elements in some order but
there may be nothing interesting as far as that order is concerned. That order is something that
the implementation decides, it may not even be the element that you inserted first; it will be, it
could be some arbitrary order. Again there will be reasons for why it is at ordered but the reasons

are not interesting from our point, right now.
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The technical requirement on indextype

Earlier we said that there was a technical requirement on the type of
the index used in a map:

The < operation must be defined for the type.

* When we step through a map using an iterator, we visit pairs in
increasing order of index values as per the < operation.

* That is why for the population map the values were printed in
increasing lexicographic order of the index.

For unordered maps, the < operator need not be defined.

Yeah, so we said that there was a technical requirement and the less than operation. And when
we stepped through the map using an iterator we visit the pairs in increasing order. And the less

than operator need not be defined but the printing will not happen in it in any interesting order.
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Demo

* iterator.cpp

9

So we will do a demo of this just to see what happens with ordered and unordered maps.
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emacs - vectest.cpp

[1]+ Stopped emacs -nw vectest.cpp
~/Desktop/nptel/veekld 1 e+ numdords.cop

+ Qe+ oumlords.cpp ~Nall JUsers/abhiram/sisplecep/ L1/ Libsprite.a ~I/Users/abiir,
an/'s implecpp/ include ~1/2pt/X11/incluge ~L/opt/X11/1ib ~LN11 ~std=cesl]
~/Desktop/nptel/veekld : . /3,00t

+ ge+ tumords.cop -Kall fUser
an/sinplecppy inciude ~T/opt/XY,
/Desktop/nptel/vesklt | /a0

- bom Gun DRE T o s




wits[l]e"one”;

mits[2]="nw";

wits3)="three”;

units [4]="four";
W

usits[6]="sa”;
usits[7)="geves";
uits[8]="eight”;
units[§]="nire";

tensioj="";
tensil]s"ten”;
tens{2]="tuenty”™;
tensi3]="thi rn
tensid]="to

tens (5[ 1

tans [6]="s Lxt y :
tens{7])="seventy”;
tensiBl="elghty”;
tens [9]="ainety";

zash; dash = "-*;
i 5 Ca» 2
lmslzm]-ns»m.uimm printl);

and file: #Desnow!vttu‘eenuntnlor qd

sLecsinplecsp>
- = 3
ntluteanscdered_sag>

22 nmn]
mapestring, soudle> populatize = {{*Indis*, 1.37), {"Chiss", 1.42},
{5, 0.331);

cout oc"Centent a' uau Vecandl;
for|mapestring, tob 2z iteratur w1 = population.begini);
ai != papulatios.end();
sles)
I/ + se13 21 10 JOLRT YO TAe 2ext elessat of the s2p.
{
cout << al->first <

" <c ai->second o< endl;

(wt <<"Content o‘ .mro-r-' nap: “<ceadl;
réered_mapes o dedin poonlation? = {{"Indla”, 1.37), ("Chira®, 142},
{*u5", 0.33}h;

forlenardered_sepastring, tocbleszziterater i = population2.begin(];
ol != population2.endi);
aies]
++ 50035 Bi 1D pOiat o INe sext eleamat of the map,

toat << af->first <c "1 ¥ << ni->$econd << endl;




(L)
esacs -0w vectest.cpp

[1]s Stopped esacs ~nw vectest.cpp
~/Desktop/nptel/veekld ¢ se+ susiords.csp

+ ge+ aumblords.cpp ~Kall /Users/abbiram/sieplecsp/ 118/ 11bsprite.a ~I/Users/abhir
an/simplecpp/include ~1/ept/X11/include ~Lropt/XIL/15h ~N11 ~std=cesl]
~/Desktop/nptel/veekld ¢ /a.cut

[1]s Stopped eRacs ~mw vectest.opp
/Desktop/npteliveekld : s+ sumbords.csp

+ Qe sumbords.cpp -Kall /Users/abbiraa/sisplecop/Lid/Libsprite.a ~1/Users/abair”
an/simplecpp/ include -1/opt/X11/incluge ~L/opt/X11/15b ~LN11 ~stdscest]
~/Desktog/mateliveekld : . /a.0ut

37

thirty-seves
~/Desktop/nptel/veekld ¢ . /a.sut
85

eighty-five
~/Desktop/nptel/veckid ¢ /2,00t

1opped eR2CS -t vertest.opp
sktop/nptel/veekld 1 see erator oo

(5 ———

~/Desktog/mptel/weekl? @ ses sumbords.cap

+ ge+ nusidords.cpp ~Mall /Users/abbiram/staplecsp/1id/1ibsprite.a ~I/Users/abhir
aa/sisplecpp/ inclode ~1/ept/X11/include -L/0pt/M11/1ib ~1N11 ~stdecesl]
~/Desktop/npteliveekld ¢ . /a.0ut

esacs -nw vectest.cpp

fils Stopped £maCS ~tw Vertest.cpp

(~iDesktop/nptel/veekld : see sumbords.cop

i+ Qe+ numbords.cpp -Wall /Users/abhiram/sisplecpp/lid/libsprite.a ~I/Users/abhir
an/'s 1mplecpp/ include ~1/ept/X11/include ~L/0pt/X11/1ib ~UNL -stducesl]
~/Desktop/nptel/veekld : ./a.c0t

thirty-seves
~/Desktog/mptel/veekld ¢ . /a.c0t
85

eighty-five
~/Desktop/nptel/veekld & /2.0t
5

-five

~/Desktop/nptel/weekld 1 open Lectsreld.2.pptx
~/Desktop/nptel/veekld @ &

esacs -nw vectest.cpp

f1]e Stopped e8aCs ~ow vectest.cap

~/Desktop/nptel/veekld ¢ see iterator.csp !
pgee iterator.cp ~Kall /Users/abhiram/staplecop/ 118/ 1ibsprite.a ~I/Users/abivis e
simplecppy/include ~I/opt/X11/include ~L/opt/X11/1ih ~1X11 ~std=cesl] )
sktog/nptel/veekid : L fa.cut |




. ——
{1]+ Stopped emacs ~tw vectest.cpp
~Desktop/nptel/veekld : see rumiiords.csp

+ ges tumords.cop -Wall fUsers/abdirae/sisplecpp/|ib/libsprite.a ~I/Users/abhir B
an/s isplecps/ include ~1/ept/X1l/ include -L/03t/X11/1ib ~LX11 ~stdecesl]
~/Desktop/nptel/veekld : ./a.out

3

thirty-seves

~/Desktop/nptel/veekld @ . /a.00t

85

eighty-five

~/Desktop/npte Liveekl? : /3,00t

5

~five

~/Desktop/nptel/veekld : open Lecterell.2.pptx
~/Desktop/nptel/veekld : &

esats ~nw vectest.cpp

flls Stopped £83CS ~tw VeCtest.cpp

~/Desktop/nptel/weekld : se+ iterator.cpp

+ ges itecator.cop -Wall /Users/abdiram/sisplecpp/1id/libsprite.a ~I/Users/abhir
an/sisplecpp/ inciude ~1/opt/X11/include ~L/0pt/X18/15b ~LN1L -stducesl]
~/Desktop/natel/veekld : /2,00t

Content of sap:

Chisa: 1.42

i 137
iDasktoa/npteliveekid : |

So, let me get out of the presentation and, so let me open this file. So, here is our map. Oh, by the
way | can initialize it in this manner as well. So, what does this mean. This is the, this is a pair
that | want to put in. This is another pair that | want to put in. This is another pair that | want to
put in. But the order over here is not the order in which the pairs actually go in. This is | can just
put it in the order that | remember to pretend.

But C++ will store them in the right order. So, if you need the order it will be there. Now, what |
am going to do over here is, | am going to do that going through all the elements but I am going
to do this for, so I am going to do it twice. | am going to do this first for a map, and then later |
am going to this same thing for an unordered map. So, for this map | am going to print out all
these things. So, exactly the same thing, it is the same, it is the same loop going through all the
elements in order. And here, well, I guess | should put this cout statement before I, after | define
the map but does not really matter. I am putting in the same elements and | am going through, |
am going through the same kind of loop. But this loop is for an unordered map. So, the iterator is

for an unordered map.

And my original map is an unordered map. So, let us see what happens. So see what happened.
So, for the map the contents were printed in alphabetical order or lexicographic order. For an
unordered map, they seem to have been printed in some strange way, who knows what way they
have been printed. But any way, so the look ups and indexing will work exactly the same for
both.
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C++11 shortcuts

for(auto mi = population.begin(); //type inferred
mi != population.end();
mi++)
{
cout << mi->first <«
}
* Even more dramatic improvement
for(auto cNp : population){// range for loop
cout << cNp.first << *: * << cNp.second << endl;

}
®

[ O |
.

<< mi->second << endl;

All right, so let us get back to our presentation. Yeah, so | want to talk about a few shortcuts
which are of somewhat recent origin. So, instead of writing that whole complicated type
expression, map::iterator, all of that, 1 can just put an auto over here. And then I can just say
mi=population.begin(). So, this is an interesting statement because | am not actually giving the
type, | am telling C++ that look | am assigning this to this. And so now you infer the type, so
C++ knows that this has type all that map<....>::iterator. So, therefore, it will itself decide that
this should be that type. So, saves us a lot of typing. The rest of the code is the same. But there is
even more dramatic improvement possible. Another C++11 feature. So, this is what it is called a
range for loop. So, here | am not even really using an iterator explicitly. | am saying after you
iterate you will, so tell me, go directly to the objects that I am iterating through. So, do not even
get me the pointers. Tell me what they are pointing to. So, cNp is really, are really the pairs the
country, the country in population pairs which are stored in this iterator. So, this says that for all
possible pairs, do whatever is in the body. And again since, this is a map not an unordered map,
we will go over these pairs in increasing order of the index. So, | can just write over here
cNp.first. By the way, this is not arrow because cNp is the pair itself. Not a pointer to the pair
and here again cNp.second, that is it. So, this really makes it much nicer to deal with maps

because all that, all those huge iterator references are not there at all.
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Remarks

* Iterators can work with vectors and arrays too. See book.

* Iterators can be used to find and delete elements from maps
and vectors. See book.

* Declaring an iterator is verbose, because the type is usually
long.
— C++ 11 allows you to specify the type as auto, and C++ will infer the
type for you.
—The typedef statement is also useful, it can create short names for
types.

So, iterators can work with vectors and arrays. So, far that please see the book. Iterators can be
used to find and delete elements from maps and vectors. Declaring an iterator is verbose, because
the type is usually long. So, as we just saw you can specify the type as auto and C++ will infer

the type. And occasionally it might be useful to define to use a typedef statement.

This is also defined in the book. So, in fact, instead of writing say something like vector of
vectors, vector of vector of end. | can call it a matrix. So, wherever | want to type vector of
vector of end | just need to see matrix. So, typedef statement allows me to do just that, again for

the syntax of it, please look at the book.
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Concluding remarks

* Standard Library contains other useful classes, e.g.
= queue
— priority queue = heap, discussed and used in Chapter 27.

* Even the classes we discussed have more features. See on-line
documentation on the web.

* The Standard Library classes use heap memory, however this
happens behind the scenes and you don’t have to know about it.

All right! So, that brings us to the end of this lecture. So, I just want to make a few conclusions.
So, standard, a few remarks, the standard library contains some classes which we discussed but it
also contains some other classes. So, there is a queue class. There is a priority queue class which
is discussed in the book in Chapter 27 and several other classes. And even the classes that we
have discussed have a lot more features. For that, see the online documentation on the web. The
standard library classes use heap memory. However, this happens behind the scenes and you
really do not even need to know about it. And that is the beauty of it. It is reducing your thought,
your thought overhead. You can think of these as just as abstract mathematical objects. So, a
map there is a mathematical object called the map. So, the C++ object called the map is very-
very similar to the mathematical object called the map. So, it is a nicer way of thinking about
things rather than saying that oh there is memory allocation happening. There is, it is happening
but you do not have to think about it. These classes are extremely useful. So, definitely, get lots
of practice with them. And solve the problems at the end of the chapter and we conclude this

lecture over here. Thank you very much.



