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We have practiced many sorting algorithm, where we plan to write the code of our own, based
on the algorithm, their logic and we have also studied Java collections framework, where we can
store different type of data in the form of collection and sorting as | told or searching, this is the
obvious, what is called the two operations in many applications, considering this, the Java
developer includes sorting and searching algorithms as a part of, as a bundle of the different

methods in order to deal with the collection.
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So, today in this discussion, we will discuss about how the sorting techniques supported by the
Java collection framework, but before going to this Java collection framework learning, first we
have to discuss about the Merge Sort, which is one very interesting sorting algorithm, which we
did not discuss about it.
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So, let us first discuss the merge sort and then finally, we will discuss about the sorting
technique, which basically is supported by Java Collection Framework. So, first let us discuss the
merge sort. As you know, merge sort algorithm is basically based on divide and conquer, where
we have to divide that to least, almost equal to two parts, equal parts and then recursively call the
merge operation and then finally, merging them. So, there are recursive definition of the merge
sort is to be done, we have discussed about how quick sort technique also can be defined

recursively, it is basically in the same way we can do it.
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<= Merge sort: Algorithm merge
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So, this is the algorithm that you can think for merge operation, it is very easy operation actually,
two list at there, you have to just move the pointer from the two parts of the list and then finally,

combining the results. So, this logic you can follow from the algorithm.
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<=_ Merge sort; Algorithm

Tnput:  An array A[l...r] where Jand r arc the lower and upper indexes of 4
Output: Array A|/...r| with all elements are arranged in ascending order.

Algorithm MergeSort(A|l...r|)
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Otherwise, you can write, this logic is important and then this is basically the, this is basically the
technique that merge sort how recursively it can be defined. So, you have to find the mid
calculation, how the mid calculation can be done using this floor and then you have to call
recursively that to merge sort and finally, this is the merge operation you have to do. So, this is
most important and algorithm we have already given in the last slides that you can follow,
otherwise | can give you one logic, one implementation of these techniques first merging and

then calling of merging towards the merge, toward implementation.
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<= Example 55.1: Programming for Merge sort (defining a class for a collection) J

class Merqesort<r extends Comparable<id (

L T, mbm, ol o, T[], T a2 {

for (int j=0;
REj) = arc(m ¢+ 14 )

Let us see how | solved the program. So, this is one example that | want to give it. So, this is,
generically | declared a class, these are all things it is there. Now, these are two lists, that we
record it that means either array that we can declare into two parts. So, basically n1 and n2 are
the two lists, usually they are of same size anyway, so, this basically is the part, so, m and r, m
and r is basically, if that two list is there, so it is basically I, it is r, rightmost and middle m will

be calculator, I will tell you how to find the mid value.

Then, so, these basically whenever you call these two, you have to pass it and so, this is the
merge actually operation because we have to perform the merge operation on the same list. So,
basically, this is the part of the list, and this is another part of the list. This is again sorted out by
calling the merge sort recursively, finally when merge sort come back and then it will basically

give sorted lists and everything.

So, this is basically the one part as | said here, so these is the, these are one part and this is our
another part. So, this is our d1 part we can say and this is our d2 part. Now they are basically on
the same array that is why | just made it this kind of arrangement. Anyway, so these part, this is
basically the, we can store this in 2 different array also copy and then that is what the practice we

usually do.

So, make them copy into two lists actually they are of type same t, then we can do it here

basically, how these are just copy, the part of the list into two sub list that we have done,



otherwise you can do on the same list also that logic is little bit, you have to maintain it a little bit

cleverly, otherwise you can make into some error.
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<=_ Example 55.1: Programming for Merge sort (merge method)
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And here is the code that I have given here, continuing the same procedure, how we can compare
the two elements those are required to compare this there, because merging is based on
comparison is there. So, here we just copy, here is, this is basically the merge operation, that we
can take from one element to another element and then putting into the list there. And it is
basically at the end, one list can be empty and other lists may contain some data. So, basically
copy element we there. So, this basically the idea about merge operation, then we can think

about how the merge sort technique can be implemented.
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<=_ Example 55.1: Programming for Merge sort (recursive routine)

So, here is the code for writing the merge sort method here. And this is basically quick sort
increments and these are termination condition, we call the merge shot for the two parts dividing
this one, here is basically you see how we find the mid location. So, this is the simple logic. And
then once it is there, we call this merge operation, this is the logic that we have discussed, the

same procedure we follow here. And finally, this is an auxiliary method to print the elements.

So, that is all about the merge sort implementation, is a programming, logic, you have to follow
it a little bit, take your own time, because for understanding others programs, sometimes it is
very difficult. So, so, that may take some time anyway, you take your own time to understand the

code.
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<=_ Example 55.1: Programming for Merge sort (main method)

class MergeSorlDemof
public stalic void main(String args()) {
Integer accl] = (12, 11, 13, 5, 6, 7}
L(uR = new Mecgesorl();
ulTprintlo("Given A ")
ArLay (aLy)

Tnteger() d) = new Tnteger(/); +
Tnteger() d? = new Tnteger([/];
ob.mergeSort (arr, 0, arr.length=1 , dl , d7);

System.out.printin(” t ys
ob.printArray(arr);

And here is the demo program. So, this is a demo program that how the merge sort works, we
have considered this list as an input, and then we call the merge sort method. So, it return the
elements, list and then we just print the element here. So here, we just create an object of this
program, so that is why ob is basically calling the merge sort and then we can print the elements.

And, so, there is another example this is basically to test some merge actually.

So, you can test that how the merge work or for some work also that you can think about it. So,
these are different way that you can think about, how the merge operation can works. So, take
your own time to understand the code, you can initially run the code that, you can it is working

that, then you can finally practice it.
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=" Methods of class Arrays for sorting

The sort( ) method sorts an array so that it is arranged in ascending order. The sort( ) method has two versions.
The first version, shown here, sorts the entire array:

Description
The methods sorts an array in ascending order.

Now, finally, let us come to the discussion about the utility, so far the sorting method is
concerned in Java collection framework, there are, there is a collection, the name of the
collection is arrays, in the, this collection array only implement the sorting method, there is no
other collections which has its own sort implementation, it is, it may be a little bit peculiar, but it
is actually it is, there is a purpose because any collection whether it is a array list or is a pass or a
tree or any type you can convert into arrays. That already | have given example how a collection

can be converted into other collection.

So, using this concept, you can just convert into an array then finally, you can call your what is
called the sorting method there. Unlike other things that is, possible that for | do not know why,
the different collection they did not include the sorting method in its framework there anyway,
but this is the only thing is that, they wanted to make it one implementation and again which

sorting algorithm that the Java collection framework implements that is also not known to us.

So, possibly it implement the quick sort technique, because quick sort is the most efficient
sorting technique other than, if it is not sorted and assuming that list that needs to be sorted,
usually rare to have in the ascending order, that is why. Now so far, this utility is concerned, as |
told you it is declared in arrays and in the class arrays, there is one method called sort method,

possibly we have, you can remember.



This class array is also declared one searching algorithm that is binary search, only the method
that is that implements a binary search algorithm because it is the most proven and standard
algorithm for searching like this also sorting, quick sort is implemented possibly it, sort this
algorithm sort the elements into ascending order. Now, so, far sorting is concerned, it can sort
any type of data.

Now, here you see the sorting algorithm that the different methods are there, is basically you can
pass argument to the sort method here array of bytes. So, here it basically is sorting the binary
numbers basically, sorting array of characters also you can use it and is a double, float, integer,

long, sort. So, these are the all numeric types that you can sort using this method.
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=" Methods of class Arrays for sorting

The sort( ) method sorts an array so that it is arranged in ascending order. The sort( ) method has two versions.
The first version, shown here, sorts the entire array:

Method Description

static void sort (<T> array| |) The methods sorts an array in ascending order.

And then there are some sorting method also, you note it here object, object mean any user
defined type, you can implement. But whenever this object you want to use it for some own your
type, then you have to override compared to, otherwise it will fail, it will not work for you. So,
here the object is an argument type, this means that this method sort can be invoked for any type

of data, any user defined data or data.

So, for your define type of data you have to over write the compareTo method that you should do
and it also, so, the generically the, this sorting method is like this. So, it is defined then generally
it is like this, anyway, so, these are the concept that you can think about it. So, how the sorting it

works. Now, we can have certain demonstration about how we can call it.
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<=_ Methods of class Arrays for sorting

JDK 8 adds several new methods to Arrays. Perhaps the most important is parallelSort( ) because it sorts, into
ascending order, portions of an array in parallel and then merges the results.

Method Description

static void parallelSort (<T> array| |) The methods sorts an array in ascending order.

L<? super 1>

¢)

"""

| can, before going to discuss about demonstration in this class arrays, there is also one technique
on method is defined, the method is called parallelSort. This is the most efficient sorting ways,
but it basically it, it is possible in Java, this is because Java can follow multi threading, for
example, in case of divide and conquer, you can do many operations in parallel, because here the
recursion, two recursive routine can be executed in parallel, which again recurs up to recursion.
So, 4 recursion can be endured in parallel. So, if you want to sort very large set, then definitely

you can use the parallelSort method to sort it, for smaller set, you cannot find it, but for large set.

Now, to test very large sort, | can suggest you to create a very set of large numbers of random
numbers into a file, maybe say 20,000 numbers, that are numbers you can generate within a
certain range and then you can call this parallelSort. Now, like simple sort, this parallelSort has
this byte array, you can character array, double, float, integer, long, short or any other type of

user defined array also you can use it here. Because it is also support user defined type.

So, this parallelSort is basically equivalent to (())(1:47), but only it is basically to do some
parallel programming, using threading and it solve it and it is an efficient, usually this method
will be called if you want to sort very large data, whenever you have to develop some application
where you have to deal with very large set, then definitely you can call parallelSort or any

collection.



So, if it is any collection, then you can convert this collection, copy this collection using only one
statement that you can copy as list, into arrays and then you can get the element and then array
can be there. So, then you can use it. Anyway, so, this basically, the idea about the two different
methods, which are defined in the class arrays. Arrays is defined in Java collection framework,
for which you have to import java dot util, if you, java dot util while you are writing program.

Now let us have a demo so that you can understand about how we can call it.
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<= Example 55.2: Sorting using JCF

© void main(String argal|) {

int array|| = new int|10];
tor(int i = 0; i 10; i+4)

rnati ¥, you can load random numbers

ok

So, here basically I am giving the demonstration about using the sort method, array sort. And we
declare an array of integers here. And then in this array, | store some numbers of my own. So,
this is basically my use numbers. So, it is basically negative numbers, all are negative numbers 0
to 27, minus 27 is a number. Alternatively, you can load random numbers also, you can just call

a random math dot random method and then you can initialize this array that also you can do it.

And one important point that you should note that in case of arrays, we do not have to store as a
collection rather, we can just simply pass the primitive array that means integer array here,
because the array sort method takes the argument as a primitive data type, not that integer object
you have to pass it. So, this is a good point that you can note it and here is basically, you print
the array before 30, then call the sort method on the array, it basically sort, then you can print

after the sort. That is all.



So, this basically give a idea about how the short method which is defined in arrays class can be
used in your program. And here again, thus, again, you can write, rewrite the program by writing
parallel sort here, also you can run it, but that you can get the impact if you take very large
elements stored in the array. So that, you can try of your own. So, these are the different
methods, parallelSort and sort, only two methods are defined in Java collection framework to

sort any elements.

And another question is that in different collection, if you see, they do not require any sorting
explicitly defined, because there are some methods already store the collection, | mean, maintain
the collection in a sorted fashion. Now, for example, array list also you can make into stored the
element in a sorted fashion, or either linked list or even the sorted tree or any other has, sorted

has map also, there are basically automatically store the element in the sorted.

So explicitly, they do not define any sorted sorting method for that, except this arrays’s class,
which basically includes the sort method defined in it. And, so this is now, so this is basically the

idea about the sorting using JCF.
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For details of the discussed
sorting algorithm

See the book

Classic Data Structures
Chapter 11
Prentice Hall of India

There is no much information about sorting technique, there in Java collection framework.
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» https://cse.iitkgp.ac.in/~dsamanta/javads/index.html

And that is all I, for many other programs, which | have used in this discussion and the different
sorting algorithms which I have covered in this course you can find from this link, this link is

very useful for you. And, thank you. Thank you very much.



