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UNIT I 

ALGORITHMS 

PROBLEM SOLVING  

To solve a problem using computer to write step by step solution first. To write simple instructions 

for each operation. There might be a number of methods to solve the problem. These steps are  

 Formulating the problem and deciding the data types to be entered.  

 Identifying the steps of computation that are necessary for getting the solution.  

 Identifying decision points.  

 Finding the result and verifying the values.  

Procedure for Problem Solving 

Problem solving is simply writing the basic steps and putting them in correct sequence to find the 

result. Problem solving is a logical process of breaking down the problem into smaller parts each of 

which can be solved step by step to obtain the final solution.  

Six basic steps in solving a problem are:  

 First spend some time in understanding the problem. This means try to formulate a problem 

correctly.  

 Construct a list of variables that are needed to find the solution of the problem.  

 Decide the layout for the output.  

 Select a programming method best suited to solve the problem and then only carryout the coding 

using a suitable programming language.  

 Test the program. Select test data so that each part of the program would be checked for 

correctness.  

 Finally use data validation steps to guard against processing of wrongly inputted data.  

Step 1: Understanding the Problem  

Read each statement of the problem slowly and carefully by understanding the keywords. Use 

paper and pencil to solve the problem manually for some test data.  

  Example 1: Accept a value n and find the sum of first N even integers.  

  Solution:  

To take an input value, say a number 6 is given as the value of M.  

Next get the 6 integer values. The first 6 even integers are 2, 4, 6, 8, 10, and 12. 

The sum is 42. Hence the solution is to be made the sum of first 6 even integers.  

Step 2: Construction of the list of variables  

The names chosen for the variables should be an aid to memory. The variables may be I, SUM 

and COUNT as given below:  

 Generate even integers 2, 4, 6…. (I)  

 Total the sum of even integers 2+4+6…. (SUM)  

 Count the number of even integers 1, 2, 3…. (COUNT)  

Finally 4 variables for this problem is  

M : To be entered by the user  

I : To generate even integers  

COUNT : To keep the number of even integer that have been summed.  

SUM : An accumulator that will hold the current total value of even integers.  
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Step 3: Output design  

The output report should be easily understandable by a reader.  

    Ex:  No of first even integer’s  Total sum  

             6         42  

  The output format should have the following characteristics  

 Easy to read  

 Self-explanatory  

 Attractive  

Step 4: Program Development  

Draw a flowchart for the procedure for the steps 1, 2 & 3. Standard symbols should be used for 

drawing a flow chart. Then draw a flowchart for each part separately and combine them together using 

connectors.  

Different flow chart symbols have different meanings. The most common flow chart symbols 

are: 

 Terminator: An oval flow chart shape indicating the start or end of the process. 

 Process: A rectangular flow chart shape represent a process, action step or an operation. 

 Decision: A diamond flow chart shape indication a branch in the process flow. 

 Flow: Lines represent flow of the sequence and direction of a process. 

 Data: A parallelogram that indicates data input or output (I/O) for a process. 

               
 

Now write the code in the prescribed high level language to translate the flowchart into a 

program.            

Step 5: Testing the program 

Next run the program. This means by giving known values to the variables and by checking the 

result and thus comparing results with manually calculated values.  
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Testing a program consists of 2 phases: debugging and performance management. Debugging is 

the process of executing programs on sample data sets to determine whether results are incorrect if so 

corrects them. Performance management is the process of executing a correct program on data sets and 

measuring the time and space it takes to compute the results. 

 

Step 6: Validating the program  

The user of your program may enter values, which are not expected by the program. Such values 

should be rejected by the procedure drawn by you. This known as validation of data. 

Once an algorithm is devised, it is necessary to show that it computes the correct answer for all 

possible legal inputs. 

 

TOP DOWN AND BOTTOM UP APPROACHES TO ALGORITHM DESIGN 

Top- Down approach of problem solving 

 Top down design is the technique of breaking down a problem into various sub tasks needed to 

be performed. 

 Each of these tasks is further broken down into separate subtasks and so on. 

 The entire solution of the problem modules and joining them together will make the complete 

task of solving the complex problem. 

 In top down design we initially describe the problem we are working with at the highest or most 

general level. 

 All the operations at this level and individually break them down into simpler steps that begin to 

describe how to accomplish the tasks. 

 Top-down process involves working from the most general form, down to the most specific 

form. 

 
Advantages of Top-Down approach 

 This approach allows analyst to remain “on top of “a problem and view the developing solution 

in the context. 

 The solution always proceeds from the highest level to the lowest level. 

 At each stage in the development the individual operation will be split up into a number of 

elementary steps. 

 By dividing the problem into a number of sub problems, it is easier to share problem 

development. 

 Bugs and debugging time grows quickly when the program is long. 
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 Top down development process is that it becomes an ideal structure for managing and 

implementing a program using a team or programmers. 

 Top-down characteristic helps in faster completion of the solution of the complex problem. 

 Increased comprehension of the problem. 

 Unnecessary lower-level details are removed, Reduced debugging time. 

Top-down method is a program design technique that analyses a problem in terms of more 

elementary subtasks. Each subtask is tested and verified before it is expanded further. 

Bottom-Up approach of problem solving  

A large and complex problem it may be difficult to solve. It may be easier to solve parts of the 

problem individually, taking the easier aspects first and thereby gaining the insight and experience to 

tackle the more difficult tasks, and finally join each of the solutions together to form the complete 

solution. This is called a bottom-up approach.  

Disadvantage 

 There may be a lack of consistency among modules and thus more reprogramming may have to 

be carried. 

 

USE OF ALGORITHMS IN PROBLEM SOLVING 

A set of instructions which describes the steps to be followed to carry out an activity is called an 

algorithm or procedure for solving a problem. If the algorithm is written in a language that the computer 

can understand then such a set of instructions is called a program.  

 

 An algorithm must always have one clearly understood starting point and one or more clearly 

understood ending points. 

 More than one starting point would create confusion about where to start, violating the ordering 

condition just stated. 

 Accept to identify one or more of the steps in the algorithms as terminators. 

 An algorithm as an ordered sequence mean that after the completion of each step in the 

algorithm, the next step is clearly defined. 

 The characteristic of algorithms is that each individual operation must be both effective and well 

defined. 

 Effective means some formal method must exist for carrying out that operation and also getting 

an answer. 

 Well defined means they are clearly understandable and without an iota of confusion to the 

person or machine that is executing the algorithm. 

 The statements whose meaning is clear to most people would be more realistic example of 

primitives. 

Developing an Algorithm 

 The process of developing an algorithm to solve a specific problem is a trial and error process 

that may need numerous attempts.  

 The errors they discover will usually lead to insertions, deletions or modifications in the existing 

algorithm.  
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Characteristics of Algorithmic Language 

 Algorithmic language primitives, we can ensure that the final algorithm will be closely related to 

the desired programming language. 

 An algorithmic language should be viewed as a set of guidelines for building procedures but not 

as a rigid set of rules. 

 It clearly indicates the relationships among various statements and thus allow us to gain a better 

picture of the overall solution of the problem. 

 

   Example 2: Write an algorithm to find the sum of the first k integers,1,2,….,k. 

         BEGIN 

 read k 

 if k <= 0 

 then   

               write “illegal value for k” 

    END 

 else 

     set i to 1 

         set sum to 0 

     repeat  k times 

  add i to sum 

  increment i by 1 

    end of the repeat loop 

    write “ the sum of the first”, k, ”integers is “,sum 

        END    

 

DESIGN OF ALGORITHMS  

An algorithm is clearly specified set of simple instructions to be followed to solve a problem. 

Once an algorithm is given for a problem and decided to be correct, another important step would be to 

determine how much time or space, the algorithm will require.  

Each of the algorithms will involve a particular data structure. A data structure including the type 

of data and the frequency with which various operations on data are applied. 

Once the data structure is chosen for a particular application, program is written by the set of 

logical instructions that manipulate the related data items. 

Qualities can be identified as desirable traits in all such algorithms 

 The algorithm must be expressed in a fashion that is completely free of ambiguity. 

 The algorithms should be efficient. 

 The algorithms should be concise and compact to facilitate verification of their correction 

How to design an algorithm?  

Algorithm design is a creative activity. Some common approaches for designing algorithms are 

(a) Greedy algorithm  

The greedy algorithm works in steps. In each step this algorithm selects the best available option 

until all options finish Ex: Shortest path algorithm  
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(b) Divide and Conquer  

The big problem is divided into same type of smaller problems and we design the algorithm to 

combine the implementation of these smaller problems. When the method is applied it often leads to a 

large improvement in time complexity. Ex: Quick sort  

(c) Non-recursive Algorithm  

A set of instructions that perform a logical operation can be grouped together as a function. If a 

function calls itself, then it is called as direct recursion. 

 If a function, which in turn invokes the calling function, then the technique is called as indirect 

recursion.  

(iii) Randomized algorithm  

We can use the feature of random number instead of a fixed number. It gives different results 

with different input data.  

(iv) Backtrack algorithms  

An algorithm technique to find solutions by trying one of several choices if the choice proves 

incorrect, computation back tracks or restarts at the point of choice and tries another choice. A back 

tracking algorithm is to write a function or procedure which traverse the solution space. Ex: Game tree.  

(v) Modular programming approach 

 The importance of splitting a problem into a series of self contained modules that becomes 

important. A module should not exceed about 100 or so lines and should preferable be short enough to 

be on a single page. 

The analysis of an algorithm provides information that gives us a general idea of how long an 

algorithm will take for solving a problem. 

 

To judge an algorithm, there are many criteria. Some of them are as follows. 

 It must work correctly under various conditions. 

 It must solve the problem according to given specification. 

 It must be clearly written following the top down or bottom up strategy. 

 It must make efficient use of time and resources available. 

 It must be sufficient documented so that anybody can understand its implementation  

 It must be easy to modify, if required. 

 It should not be dependent on being run on a particular type of computer. 

 

IMPLEMENTATION OF ALGORITHM 

 After spelling out completely and precisely the requirements for each tasks and sub-tasks, it is 

time to code them into our programming language once the specification at the top levels are 

complete and precise, we should code the subprograms at these levels and test them 

appropriately.  

VERIFICATION OF ALGORITHM  

 Verification of algorithm would consist of determining the quality of the output received. 

 It is a process of measuring the performance of the program with any laid down standards.  

 Algorithm verification should precede coding of the programme. 

 It is a proof that the algorithm will accomplish its task. 
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EFFICIENCY ANALYSIS OF ALGORITHM 

An algorithm analysis provides information that gives us an idea of how long an algorithm will 

take for solving a problem.  

A number of algorithms might be able to solve a problem successfully yet the analysis of 

algorithm gives us the scientific reason to determine which algorithm should be chosen to solve the 

problem most efficiently. 

The performance of algorithms can be judged by criteria such as whether it satisfies the original 

specification of task, whether the code is readable. 

Space complexity 

 Space complexity of a program is the amount of main memory in a computer. It needs to run for 

completion. The space needed by a program is the sum of the following components: 

 Fixed part that includes space for the code, space for simple variable and fixed size component 

variables as well as, space for constant etc. 

 Variable part that consist of the space needed by component variable whose size is dependent on 

the particular problem instance being solved and the stack space used by recursive procedures. 

 Time complexity 

Time complexity of a program is the amount of computer time it needs to run a program to 

completion. The time complexity may give time for 

 Best case 

 Worst case 

 Average case 

(a) Best case 

 Shortest running time for any input of size n. A determination of the minimum amount of 

time that an algorithm requires to solve problems of size n. 

 Best case takes shortest time it executes as it causes the algorithms to do the least amount 

of work.  

 Most of the algorithms behave in best case. The algorithm searches the elements in first 

time itself. 

      (b) Worst case  

 Longest running time for any input of size n. A determination of the maximum amount of 

time that an algorithm requires to solve problems of size n. 

 In worst case find the element of time at the end or the total time taken when searching 

elements fails.  

 This could involve comparing the key to each list value for a total of N comparisons.  

 For examples: In linear search, suppose the elements for which algorithm is searching is 

the last element of an array or the element is not available in array then algorithm 

behaves as worst case. 

     (c) Average case  

 Average running time for all inputs of size n. A determination of the average amount of 

time that an algorithm requires to solve problems of size n. 

 Analyzing the average case behaviors of an algorithm is more complex than best case and 

worst case. We take the probability with the list of data items. 
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 As the volume of data increases, average case of algorithm behaves like worst case 

algorithm. 

Frequency count 

 To make an analysis machine independent it can be assumed that every statement will take the 

same constant amount of time for it execution.  

 The time complexity can also expressed to represent by the frequency counts. One such notation 

for frequency count is order notation („O‟ notation)  

‘O notation‟ 

 „O‟ notation is used to measure the performance of any algorithm. Performance of an algorithm 

depends upon the volume of input data. 

 O(1) to mean a computing time that is a constant. 

 O(n) is called linear, when all the elements of the linear list will be traversed. 

 O(n2) is called quadratic, when the entire completed list will be traversed for each element. 

 O(log n) is when we divide linear list to half each time and traverse the middle element. 

 (n log n) is when we divide list half each time and traverse that half portion. 

 

 
SAMPLE ALGORITHMS 

1) Exchanging the value of two variables 

Exchanging the value of two variables means interchanging their values. Two variables x and y. 

To swap or interchange the value of x and y. 

Original values of x and y are    x=11  y=58  

After swapping the result should be   x=58   y =11 

So we need one temporary variable T for swapping 

First copy the value x into t 

 x=11      t=11 

Then copy the value of y into x 

y=58     x=58 

Copy the value of t into y 

 t=11     y=11 

Now we get the new values of x=58 and y=11  
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    Algorithm  

1. Begin  

2. Get the values of variables x and y  

3. Assign the value of x to t.  

4. Assign the value of y to x. So x has original value of y now in place of the original value of x. 

5. Assign the value of t to y.  

6. Show the values of x any y.  

7. Stop 

 

Summation of a set of numbers 

 Summation of a set of numbers is like adding numbers given in a series. To add a set of numbers 

manually, we are used to start adding the digits in the right most column. 

 When using computer, we must design an algorithm to perform this task by a different approach. 

Computer can add two numbers at a time and return the sum of two numbers. 

 So to add n numbers, we initialize the variable location S, where we are going to store the Sum, 

by the assignment S = 0.  

S = S + a1    where a1 is the first number then 

S = S + a2  (The new value of S contains a1 + a2) then 

S = S + a3  (The new value of S contains a1 + a2 + a3) 

and so on till S = S + an 

 The values of a and S changes their values with each step. 

Algorithm  

1. Begin 

2. Read n numbers to be summed. 

3. Initialize sum as 0. 

4. Initialize 'count' as 1. 

5. While 'count' is less than or equal to n, i.e. numbers to be added, repeatedly do: 

a. Read the number at position 'count', i.e. when count is 1 read 1st number, when count 

is 2, read second number and so on. 

b. Update the current sum by adding to it the number read. 

c. Add 1 to 'count'. 

6. Write the sum of n numbers. (After the number at n
th

 count has been added, the control will 

shift to step 7.) 

7. Stop. 

Decimal to binary conversion  

 Decimal Number System 

 It is the set of numbers having base 10. Since a decimal number system uses 10 digits from 0 to 

9, it has a base 10.  

 The decimal number system is also called base 10 system. For example, 6598, 75,100567 etc. are 

examples of decimal numbers. 
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Binary Number System 

 Binary means 2. The set of numbers having base 2 is called binary number system. 

 Binary numbers consist of only two digits, i.e. 0 and 1. Each one of these is also called bit, a 

short form of binary digit. 

Conversion of Decimal Number to Binary Number 

 To convert a decimal number to a binary number, the decimal number is divided by 2 

successively.  

 The quotient and remainders are noted down at each stage.  

 The quotient of the preceding stage is divided by 2 at the next stage.  

 The process is repeated until the quotient becomes zero. Now write the remainders to right hand 

side (R.H.S) of the previous remainder to get a set of digits.  

 To make binary equivalent, put the remainders in reverse order. For example, the binary 

representation of the decimal number 47 is shown 

 
Algorithm  

1. Begin 

2. Get the decimal number whose binary equivalent we want. 

3. Divide the decimal number by 2. 

4. Write the remainder. 

5. Quotient of previous stage become the dividend and again divide it by 2 at next stage. Write 

the remainder to right hand side (R.H.S) of previous remainder. 

6. Repeat the process successively till quotient is zero. 

7. The set of digits formed by the remainders at different stages, when placed in the reverse 

order, will form the binary equivalent of the decimal number. 

8. Stop.  

 

Sorting  

 Sorting of numbers means to arrange a given set of numbers in ascending or in descending order. 

To sort the data, selection sort is the method popularly used. 

 Place the values in the form of one dimensional array. 
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   a[1]  a[2]   a[3]  a[4]   a[5]  a[6]    a[7]  

   
Algorithm 

1. Begin 

2. Read numbers and store them in an array of n elements i.e.) size of array a is n with elements 

as a[1],a[2],a[3],……,a[n]. 

3. Find the smallest element within unsorted array.  

4. Exchange i.e.) swap smallest value of the array element and store it in 1
st
 element of the  

unsorted part of array. 

5. Repeat steps 3 and 4 until all the elements in the array are arranged in the ascending order.  

6. Stop. 

 

Factorial 

 The product of all positive integers from 1 to n is called the factorial n or n factorial. It is denoted 

by n!  

 For Ex:   5! = 1*2*3*4*5 =120  

    n! = 1*2*3*4*5 ….. (n-2) * (n-1) * n Where n is a positive integer  

 

Suppose we want to find out the value of factorial 5. 

Initially assign the value of i = 1 and factorial = 1 
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 So method will be to successively go on increasing the value of i by 1 and keep updating the 

value of factorial by multiplying the current value of i by the value of factorial till the 

incremented value of i equals to the number desired for finding the factorial. 

 

Thus, factorial = previous value of factorial x i, 

start with i = 1, giving factorial 1 = 1x1 

Now increment the value of i by 1, giving updated 

factorial 2 = 1x2 = 2 

Again increase the value of i by 1, giving 

factorial 3 = 2x3 = 6 

To summarize, the factorial will be calculated in the following way: 

factorial 1 = 1x1 =1  

factorial 2 = 1x2 =2  

factorial 3 = 2x3 =6  

factorial 4 = 6x4 =24  

factorial 5 = 24 x 5 = 120 

  So 5! = 120 

Algorithm  

1. Begin  

2. Get the number of which the factorial is to be calculated i.e. n.  

3. Assign the value of i=1 and factorial =1.  

4. Calculate factorial n=factorial (n-1) * i. 

5. Increment the value of i by 1, i.e. i=i+1.  

6. Repeat steps 4 & 5 till step 4 has been executed with the value of i=n. 

7. Write the value of factorial.  

8. Stop. 

 

Fibonacci 

 Each new number in a series is addition of its previous two numbers.  

f1 = 1  (1 st number in the Fibonacci series)  

f2 = 2  (2 nd in the Fibonacci series)  

f3 = f2 + f1  = 2 + 1 = 3 

f4 = f3 + f2  = 3 + 2 = 5 

f5 = f4 + f3  = 5 + 3 = 8, and so on. 

f1 f2 f3 f4 f5 f6 f7 …………..  

1 2 3 5 8 13 21………….    

 

Algorithm  

1. Assign sum = 0, A = 0, B = 1, i = 1 

2. Get the number of terms up to which you want to generate the Fibonacci number, i.e. n. 

3. Add A and B to get next Fibonacci number. 

4. Assign the value of B to A i.e. A = B. 

5. Assign the value of sum to B i.e. sum = B. 
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6. Write the value of sum to get next Fibonacci number in the series. 

7. Increment i with 1 i.e. i = i + 1 and repeat step 3, 4, 5, 6 with the last value of i = n (n is a 

number of terms up to which we want to generate Fibonacci number series.) 

8. Stop 

 

Find largest number in an array 

 Largest number means the number which is greater than all other numbers in the array elements. 

Another number(s) in the set may be equal to this number, but cannot be greater than this 

number. For example, in the following array: 

 

10 11 15 19 2 

a[1]      a[2]   a[3]  a[4]  a[5] 

 

We find that the number 19 is the largest number in the array. 

 For small set of numbers stored in the array, it is easy to find largest number, but finding the 

largest value from thousands of numbers stored in the array may take long time.  

Logic 

 Assign the value of the first element of the array to variable temp, then compare the value of 

temp to those of other elements in the array in order, one by one.  

 If any element value is greater than temp then put that value in temp and continue 

comparison. 

 For the array shown above value of temp = 10 taken from first element of the array.  

 Compare value in temp to 2nd element value of the array.  

 Here, 11 is greater than 10, so delete the original value of temp and write down the 2nd 

number i.e. 11 in temp.  

 We keep comparing the 3rd element value with the new temp value. The procedure will be 

continued till all the elements in the array have been examined. 

 In the end, we will get the largest value in the temp variable. 

 

Algorithm 

1. Begin 

2. Get the value of element in an array and store them in the array elements a[l], a[2]……  

a[n] where n is the number of elements. 

3. Set temporary variable and assign the value of 1st array element a[l] to temp. 

4. Compare temp with the next element a[2] of the array. 

5. If the element is having greater value than temp, assign that value to temp. 

6. Repeat steps 4 and 5 till last element a[n] of the array is encountered. 

7. Final value of temp is the largest value stored in the array. 

8. Stop 
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Reverse the order of elements in array 

 Reverse order of elements means value of 1st position of the array is exchanged with last 

element of the array, 2nd element of array is exchanged with '2nd last' and so on. 

For example,  

 

1 3 4 8 9 

a[1]      a[2]   a[3]  a[4]  a[5] 

   Before Reverse 

 

9 8 4 3 1 

a[1]      a[2]   a[3]  a[4]  a[5] 

   After Reverse 

 

Here, 

a[l]  a[5] (Swap element 5 value with element 1 value) 

a[2]   a[4] 

a[3]  a[3] 

Here, we can see the suffixes/subscripts on left hand side are in increasing order and the 

suffixes/subscripts on right hand side are in decreasing order.  

For determining the reverse-array subscript values,  

we can use the formula [n - i + 1] where n is total number of elements an i is the subscript of the 

element of original array. 

n -i + 1  

5 - 1 + 1 = 5  

5 – 2 + 1 = 4  

5 – 3 + 1 = 3 

Swapping the values of that elements in the array would thus be reversed. 

To exchange the values of the elements of the array, we need one temporary variable. 

temp = a [i] 

a[i] =a[n - i + 1] 

a[n – I + 1] = temp 

Algorithm 

1. Begin 

2. Get the values and store them in an array with elements a[1], a[2], a[3],a[4],….  a[n] 

where n is the number of elements. 

3. Compute r, the number of exchange needed to reverse the array, r = integer value of 

1/2. 

4. Exchange the ith element with [n - i + 1]  

 temp = a [i]  a [i] = a [n - i + 1]  a [n - i + l] = temp 

5. Carry step 4, r times increasing i by 1. 

6. Print the reversed array elements a[1],a[2]…….a[n]. 

7. Stop. 
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UNIT II 

DATA STRUCTURES: INTRODUCTION 

DEFINITIONS 

 Data  

 Data means value or set of values. In both the singular and plural form, this term is data.  

EX: 

1. 34 

2. 12/01/1982  

3. ISBN 81-205-0000-0 

 In all above examples, some values are represented in different ways. Each value or collection of 

all such values is termed as data.  

Entity  

 An entity is one that has certain attributes and assigned values.  

 For example, an employee in an organization is an entity. The possible attributes and the 

corresponding values for an entity in the present example are:  

Entity : Employee  

Attributes :  Name   DOB  SEX 

Values     :  VIJAY 16/03/81   M 

 All the employees in an organization constitute an entity set.  

 Each attribute of an entity set has a range of values and is called the domain of attribute.  

 A domain is thus the set of all possible values that could be assigned to a particular attribute. 

 Information 

 Information is used for data with its attributes. Information can be defined as meaningful data or 

processed data.  

 For example, a set of data is presented during defining the term data, all these data become 

information. 

Data    Meaning 

34   Age of the person 

  12/01/1982  Date of birth 

Difference Between data and information 

 We quite commonly use the term „data‟ in the different context. However, in general, it indicates 

the facts or statistics gathered by the researcher for analysis in their original form.  

 When the data is processed and transformed in such a way that it becomes useful to the users, it 

is known as „information‟. 
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Data Type 

 A data type is a term which refers to the kind of data that may appear in a computations. 

Example data types would be integer, floats, string and characters. 

 A data item with certain characteristics and the permissible operations on that data. For example, 

an int variable can contain any whole-number value from –32768 to 32767 and can be operated 

with the operators +, –, *, and /. 

Data            Data Type 

 34    Integer 

   ISBN 81-203   Alphanumeric 

   VIJAY   String 

Built in data type 

 Those data types for which a language has built-in support are known as Built-in Data types. For 

example, most of the languages provide the following built-in data types. 

 
 If a user declares a variable of type, then several things are automatically implied, such as how to 

store a value for that variable, what are the different operations possible on that type of data. 

Abstract data type 

 When an application requires a special kind of data which is not available as a built in data type, 

then it‟s the programmer‟s responsibility to implement his own kind of data.  

 The programmer has to specify how to store a value for that data, what are the operations that 

can meaningfully manipulate variables of that kind of data, amount of memory  required to store 

a variable. 

 The abstract data type is also termed user defined data type. 

 Abstract Data type (ADT) is a type (or class) for objects whose behavior is defined by a set of 

value and a set of operations. 

 The definition of ADT only mentions what operations are to be performed but not how these 

operations will be implemented.  

 It does not specify how data will be organized in memory and what algorithms will be used for 

implementing the operations.  

 It is called “abstract” because it gives an implementation independent view. The process of 

providing only the essentials and hiding the details is known as abstraction. 

 Stacks and queues considered as examples of abstract data types. They can be implemented 

using either arrays or linked lists.  

 

CONCEPT OF DATA STRUCTURES 

Digital computer can manipulate only primitive data,that is 0‟s and 1‟s. Manipulation of real life data 

requires the following. 
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 Storage representation of user data: User data should be stored in computer can understand it. 

 Retrieval of stored data: Data stored in a computer should be retrieved in such a way that user 

can understand it. 

 Transformation of user data: Various operations, which require to be performed on user data 

that it can be transformed from one form to another. 

For a given kind of user data, its structure implies the following:  

Domain (D): This is the range of values that the data may have. This domain is also termed as 

data object.  

Function(F): This is the set of operations which may legally be applied to elements of data 

object. This implies that for a data structure we specify the set of operations.  

Axioms(A): This is the set of rules with the different operations belongs to function actually can 

be implemented. 

 A data structure D is a triplet, that is D=(D,F,A) where D is a set of data objects, F is a set of 

functions and A is a set of rules to implement the functions. 

For the integer data type: 

 D = (0,+-1,+-2,…) 

 F = (+,-,*,/) 

 A = (A set of binary arithmetic operations) 

OVERVIEW OF DATA STRUCTURE 
 Data is the name given raw facts. When ‟data‟ has been processed into a more useful or 

intelligible form is called information. When individual data items are arranges or organized 

together as one unit then we call such an organized collection of data as data structure. 

Categories of data structures 

i. Linear data structure  

ii. Non linear data structure                                                   

 

 
Linear data structure  

 In linear data structures processing of data items is possible in linear function.  

 All the elements form a sequence or maintain a linear ordering 

 Ex: Array, Linked list, stack & queue.  

Non-linear data structure  

 Data structure is said to be non-linear if its element do not form a sequence, rather all elements 

are distributed over a plane. 

 Ex: Trees and graphs 
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Linear data structure  

(a)Arrays 

 An array is a collection of two or more adjacent memory locations containing same type of data. 

These memory locations are called array elements which are given a particular symbolic name. 

 Array elements are accessed using their index number that begins from zero.  

 

 
Advantages  

 Very fast access if index is known.  

 It can be used to implement other data structures like linked lists, stacks, queues, trees, graphs 

etc. 

Disadvantages  

 Slow search facility  

 Fixed size  

 Insertion and deletion operation requires movement of large amount of data.  

 

(b)Linked List  

 A linked list is the chain of data items connected by pointers and each item contains a pointer to 

the address of next item.  

 
 

Linked list useful when  

 The amount if data to be stored can‟t be predicted in advance since it is a dynamic data type.  

Data will frequently be inserted or deleted.  

Types of linked lists are  

i. Singly linked list  

Singly linked list each node contains data and a single link which attaches it to the next node in 

the list.  

ii. Doubly linked list  

Doubly linked list each node contains data and two links one to the previous node and one to the 

next node  

iii. Circular linked list  

In circular linked list the last node, instead of pointing to NULL, points to the starting node.  
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Advantages  

 Quick insertion  

 Quick deletion  

 Insertion and deletion operations in a linked list are much easier  

Disadvantages 

 Slow search 

 

(c)Stack  

 A stack is a data structure similar to an array but in this elements are added to and removed only 

from one end of the list called the top.  

 A Stack is implemented as an array or a linked list.  

 Stack is a LIFO (Last in First out) structure or we can say FILO (First in Last out). 

 push() function is used to insert new elements into the Stack and pop() function is used to 

remove an element from the stack.  

 
Advantages  

 Provided last in first out access.  

Disadvantages  

 Slow access to other items.  

 

(d)Queues  

 Queue is a linear data structure in which insertions can take place at one end called rear of the 

list, and deletions can take place only at other end called the front.  

 The process to add an element into queue is called Enqueue and the process of removal of an 

element from queue is called Dequeue. 

 Queue is a First-in-First –Out (FIFO) structure.  

 Queue is implemented as arrays or linked lists. 
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Advantages  

 Provides first-in-first-out access  

Disadvantages  

 Slow access to other items.  

 

Non Linear Data Structure  

(a)Tree  

 Tree data structure is a non-linear data structure. A tree is a data structure that represents 

hierarchical relationships between individual data items.  

 A tree consists of a collection of nodes which are connected by directed arcs. A tree contains a 

unique first element known as the root, which is at the top of the tree structure. 

 
Advantages  

 Provides quick search, insertion and deletion operations  

 Easy to understand from the graphical view.  

Disadvantages  

 Needs unnecessary traversal in order to reach a particular node.  

 

(b) Graphs  

 A graph is a non-linear data structure which is a collection of vertices (also called nodes) and 

edges that connect these vertices. 

 graphs do not have any root node. rather, every node in the graph can be connected with every 

another node in the graph. When two nodes are connected via an edge, the two nodes are known 

as neighbours. 

 Graphs have so many applications in computer science and mathematics that several algorithms 

have been written to perform the standard graph operations, such as searching the graph and 

finding the shortest path between the nodes of a graph.  

 
Advantages  

 Best models real world situations. 

Disadvantages 

 Some algorithms are slow and complex 
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(c)Table  

 This kind of data structure plays a significant role in information retrieval. 

 This table may store the location of all records in the file. The method of accessing any record is 

called table lookup. 

(d)Set 

 A set is an unordered collection of distinct, homogeneous elements. 

 

IMPLEMENTATION OF DATA STRUCTURES  

 Storage representation  

 Data structures can be stored in computer memory. This storage representation is based on the 

use of other data structures.  

 Algorithmic notation of various operations of the classic data structures  

 A Function for manipulating a data structure is expected in terms of algorithms. In order to 

express the algorithm for a given operation, we will assume that different control structures and 

notations as stated below.  

Algorithm<Name of the operation> 

Input:<Specification of input data for the operation>  

Output:<Specification of output after the successful performance of the operation>  

Data structure: <If the operation assumes other data structure for its implementation> 

Sequence 

 By sequence, we mean that each step of an algorithm is executed in a specified order. 

Decision 

 Decision statements are used when the execution of a process depends on the outcome of some 

condition. 

Repetition 

 Repetition, which involves executing one or more steps for a number of times, can be 

implemented using constructs such as while, do–while, and for loops. These loops execute one or 

more steps until some condition is true. 

Steps: 

1…… 

2. if <condition> then 

3 ….. 

4 …… 

5 Else 

6 …. 

7 Endif 

8…… 

9 While<condition> do 

10 ………. 

11 …… 

12 EndWhile 
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ARRAYS 

DEFINITION 

 An array is a finite, ordered and collection of homogeneous data elements.  

 It contains only limited number of elements, all the elements are stored one by one in contiguous 

locations of computer memory in a linear ordered. 

 All the elements of an array are of the same data type. It is a linear data structure.  

Ex: 1. An array of integers to store the age of all students in a class.  

               2. An array of strings to store the name of all villagers in a village.  

 FORTRAN : Dim A[50]; 

 C : int A[100];  

 

TERMINOLOGY 

Size: Number of elements in an array is called the size of the array. It is also termed as length or 

dimension.  

Type: Type of an array represents the kind of data type it is meant for. For example, an array of 

integers, array of character strings etc.  

Base: Base of an array is the address of memory location where the first element in the array is located.  

Index: All the elements in an array can be referenced by a subscript like Ai or A[i]; this subscript is 

known as index.  

Range of index: Indices of array elements may change from a lower bound (L) to an upper bound (U), 

which are called the boundaries of an array.  

Ex: C :  int A [100]:  The range of index is from 0 to 99.  

       Pascal : Array [-5…19] of integer: The points of the range are -5, -4, -3…18, 19.  

Index (Ai) = L+i-1  

If the range of index varies from L…..U then the size of the array can be calculated as  

  Size (A) = U-L+1 

Word: It denotes the size of an element. In memory location, a computer can store an element of word 

size w. This word size varies from machine to machine such as 1 byte to 8 bytes. 

 

ONE-DIMENSIONAL ARRAY 

 Only one subscript/index is required to reference all the elements in an array then the array will 

be termed as one dimensional array (or) array.  

 One dimensional array is a structure data type made up of a finite size collection of ordered 

homogeneous elements.  

Declaration of an array 

    Each declaration of an array must have, 

(i) Name of the array 

(ii) Data type of array 

(iii) Index set of the array E.g.: int A[10]; Char X[10];  

 

Memory allocation for an array 

 Memory representation of an array is very simple.  

 An array A[100] is to be stored in a memory.  
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 Let the memory location where the first element can be stored is M.  

 If each element requires one word then the location for any element say A[i] in the array can be 

obtained as:  Address (A[i]) = M + ( i - 1) 

                                       

                          M                                                                                   1 

                                                                                        2    

                                                                              3  

           4                                                                                                             

                

  

 

     

      

      100 

  

                  Physical representation of a one-dimensional array 

 

 An array can be written as A[L….U] , where L & U denote the lower and upper bounds for 

index.  

 If it is stored starting from the memory location M and for each element it requires w number of 

words.  

 Then the address for A[i] will be  

Address (A[i]) = M + (i - L) * w  

 The formula is known as indexing formula which is used to map the logical presentation of an 

array to physical presentation. 

 
Operations On Arrays 

Various operations can be performed on an array are  

 Traversing  

 Sorting  

 Searching  

 Insertion  

 Deletion  

 Merging  

 

                                                       

 

 

.. 

.. 

.. 
  .. 
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Traversing  

 This operation is used visiting all elements in an array.  

Algorithm TraverseArray  

Input: An array A with elements  

Output: According to process ( )  

Data structures: Array A[L….U] 

Steps  

1. i=L    // start from first location L  

2. While i<=U do  // U upper bound  

3. Process (A[i])  

4. i=i+1   // move to next position  

5. End while  

6. Stop  

Here process( ) is an procedure which when called for an element can perform an action. 

 

Sorting  

 This operation if performed on an array will sort it in a specified order. The algorithm is used to 

store the elements of an integer array in ascending order.  

Algorithm SortArray  

Input: An array with integer data  

Output: An array with sorted element in an order according to ORDER 

Data structures: integer array A[L….U] 

Steps 

1. i= U  

2. While i>= L do 

3.  j=L  // start comparing from first  

4. While j< i do  

5. If Order (A[j], A[j+1]) = FALSE  // if A[j] and A[j+1] are not in order 

6. Swap (A[j], A[j+1])  // Interchange the elements  

7. Endif  

8. j=j+1  // Go to next statement  

9. Endwhile  

10. i=i-1  

11. Endwhile  

12. Stop  

 Here order ( ) is a procedure to test whether two elements are in order and  

 Swap() is a procedure to interchange the elements between two consecutive locations. 

 

Searching  

 This operation is applied to search an element of interest in an array.  

Algorithm SearchArray 

Input: Key is the element to be searched  

Output: Index of key in A or a message on failure  
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Steps  

1. i=L, found=0, location=0  // found=0 indicates search is not finished    

2. While (i<=U) and (found =0) do 

3. if compare(A[i], key)= true then  

4. found=1  

5. location =i  

6. Else  

7. i=i+1  

8. Endif  

9. Endwhile 

10.  If found=0 then  

11. Print “search is unsuccessful, key is not in the array “ 

12.  Else Print “search is successful: key is in the array at location “, location  

13. End if  

14. Return (location)  

15. Stop  

 

Insertion  

 This operation is used to insert an element into an array provided that the array is not full.  

Algorithm InsertArray  

Input: key is the item; location is the index of the element where it is to be stored.  

Output: array enriched with key  

Steps 

1. if A[U] # NULL then 

2. print “ Array is full , no insertion possible”  

3. Exit  

4. Else  

5. i = U  

6. While i> location do  

7. A[i]=A[i-1] 

8. i=i-1 

9. Endwhile  

10. A[location] =key  

11. Endif  

12. Stop 

  

Deletion  

 This operation is used to delete a particular element from an array. The element will be deleted 

by overwriting it with its subsequent element and this subsequent element then is to be deleted.  

Algorithm DeleteArray 

Input: key the element to be deleted.  

Output: slimed array without key  
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Steps 

1. i = searcharray (a, key)  

2. if i=0 then  

3. print “ key is not found, no deletion”  

4. Exit   

5. Else  

6. While i< U do  

7. A[i] = A[i+1]  

8. i = i+1  

9. Endwhile 

10. Endif  

11. A[U] = NULL  

12. U=U-1  

13. Stop  

Merging  

 Merging is an important operation when we need to compact the elements from two different 

arrays into a single array.  

Algorithm Merge  

Input: Two arrays A1 [L1…U1], A2 [l2…U2]  

Output: Result array A [L…U] , where L=L1 and U=U1+(U2-L2+1) when A2 is append after A1.  

Steps  

1. i1=L1, i2=L2;        // initialization of variables  

2. L=L1, U=U1+U2 –L2 +1 // initialization of lower and upper bounds  

3. i=L  

4. AllocateMemory (Size(U-L+1))   

5. while i1<=U1 do   // to copy array A1 into the first part of A1  

6. A[i] = A1[i1]  

7. i=i+1, i1=i1+1  

8. Endwhile  

9. While i2<=U2 do   // To copy the array A2 into last part of A  

10. A[i] = A2[i2]  

11. i=i+1, i2=i2+1  

12. Endwhile  

13. Stop  

 

Application of Arrays  

 Every programming language include this data type as a built in data type.  

Ex: To store records of all students in a class. The record structure is given by  

STUDENTS 

ROLL NO MARK1 MARK2 MARK3 TOTAL GRADE 

    (Alphanumeric)  (Numeric)    (Numeric)         (Numeric)          (Numeric)      (Character)  
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 If sequential storage of records is not an objection, then we can store the records by maintaining 

6 arrays whose size is specified by the total number of students in the class. 

 

MULTIDIMENSIONAL ARRAYS 

TWO-DIMENSIONAL ARRAYS 

 Two dimensional arrays are the collection of homogeneous elements where the elements are 

ordered in a number of rows and columns. Ex: An m*n matrix where m denotes the number of 

rows and n denotes the number of columns. 

 
The subscripts of (aij) represent the ith row and jth column. 

 

Memory Representation of a Matrix  

Like one dimensional array, matrices are also stored in contiguous memory location. There are two 

conventions of storing any matrix in memory.  

1. Row major order  

2. Column major order 

 In row major order, elements of a matrix are stored on a row by row basis, that is, all the 

elements in the first row, then in the second row and so on.  

 

 In column major order, elements of a matrix are stored column by column that is all the elements 

in first column are stored in their order of rows, then in second column, third column and so on. 

        
Memory representation of A3*4 matrix  

                            



 Loyola College of Arts and Science J Usha Nandhini 

Reference of elements in a matrix 

 A matrix appears as 2D but physically it is stored in a lines fashion.  

 To map from logical view to physical structure need indexing formula. The indexing formula for 

different order will be different.  

 
i) Row major order  

 The base address is the first location of the memory that is, the address of aij will be obtained as  

Address (aij ) = storing all the elements in first (i-1)th rows  

+The number of elements in ith row up to jth column. 

= (i-1) * n+ j  

 The base address at M instead of 1 the above formula can be easily modified as  

 Address (aij)= M + ( i -1 ) * n+ j -1  

ii) Column major order  

 First consider the starting location of matrix is at memory location 1, then  

Address (aji) = storing all the elements in the first (j-1)th column  

+ The number of elements in jth column up to ith row. 

= (j-1) * m+i 

 The base address to be 1, if it is at M, then the above formula will stand as  

Address (aij)= M + (j -1 ) * m + i -1 

Sparse Matrices 

 A sparse matrix is a two–dimensional array having the value of majority elements as null. 

 The storage of a sparse matrix is concerned, storing of null elements is nothing but wastage of 

memory. So we should devise technique such that only non-null elements will be stored. 

 
For Example 

 

         0  0  0  5 

 A=   0  2  0  0 

         1  3  0  0 

         0  0  4  0  
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The matrix A produces: 

(3, 1)  1 

(2, 2) 2 

(3, 2)  3 

(4, 3)  4 

(1, 4)  5 

 

 The printed output lists the non-zero elements of S, together with their row and column indices. 

 Lower triangular matrix: It has non-zero entries on or below diagonal. 

 Upper Triangular matrix: It has non-zero entries on or above diagonal. 

 Tri-diagonal matrix: It has non-zero entries on diagonal and at the places immediately 

above or below diagonal. 

Sparse matrices can be classified as follows. 

 
        Different Sparse matrices 
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THREE DIMENSIONAL ARRAYS  

 In 3D there are 3 major dimensions can be termed as row and column and page.  

 Number of rows =x  

 Number of columns = y  

 Number of pages=z 

 aijk is an element in ith row, jth column and kth page. Storing the pages one by one again 

storing a page is same as storing a 2D array.  

 Thus if the elements in a page stored in row major order then we term that 3D arrays is also 

in row major order.  

Address(aijk) = number of elements in the first (k-1) pages 

+ Number of elements in kth page up to (i-1) rows  

+ Number of elements in kth page in ith row up to jth column  

= xy (k-1) +(i-1) y + j.  

 Instead of index starting from l for all indices, we assume that i changes between lx to ux,  

j changes between ly to uy and k changes between lz to uz. So that  

x=ux – lx +1 ,y= uy – ly +1 ,z = uz – lz +1  

The general form as  

Address(aijk)=M+[xy(k- lz) + (i- lx) y + (j- ly)] * w  

 Here M denoted the base address of the array.  

 

 
 

N- DIMENSIONAL ARRAY  

Let xj be the number of elements in jth dimension and range of index for ij say, varies between 

lj….uj where 1<=j<=n. So the total number of elements in the array is Storing this n dimensional 

array in memory any element can be referenced using the formula. 

Pointer Array 

            The address of the memory variable or array is known as pointer and an array containing pointers 

as its elements is known as pointer array. 
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STACKS 

INTRODUCTION 

 Stack is a linear data structure and very much useful in various applications of computer science. 

Stack is a collection of elements in a Last-In-First-out fashion also called as LIFO. 

Ex: 

(i) Shunting of trains in a rail yard. 

(ii) Shipment in a cargo. 

(iii) Order supply in a restaurant. 

DEFINITION 

 A stack is an ordered collection of homogeneous data element where the insertion & deletion 

operation take place at one end only. 

 Stack is also a linear data structure but the only difference is that in case of former two, insertion 

and deletion operations can take place at any position. 

 The insertion and deletion operations in case of stack are specially termed as PUSH and POP. 

Where the operations are performed is known as TOP of the stack. An element in a stack is termed 

as ITEM. The maximum number of elements that a stack can accommodate is termed as SIZE. 

a) Primitive operation 

The primitive operations that can be done on the stack are insertion and deletions. These 

operations are given special names called PUSH and POP 

 

i) Initial condition 

Initial condition is the condition of the stack before data are placed into the stack.  

The condition is top= -1 

We say that last element to be inserted into stack will be the first to be removed, for this reason 

stacks are sometimes referred as Last in First Out. 

ii) PUSH 

• It is a primitive operation to add a new element into stack 

• This is done by incrementing the top and adding the new element at the top position 

ii)  POP 

• It is a primitive operation to delete an element from the stack. 

• This is done by deleting the element from the top position and decrementing the pointer top. 

REPRESENTATION OF STACKS 

A stack representation in the memory in several ways. Mainly there are two ways 

(i) Using one dimensional array 

(ii) Single linked list 

 

            PUSH      POP 

 



 Loyola College of Arts and Science J Usha Nandhini 

 

(a)Array representation of stacks: 

 To allocate a memory block of sufficient size to accommodate the full capacity of the stack. Then 

starting from the first location of the memory block, items of the stack can be stored in sequence 

fashion. 

 Item denotes the ith item in the stack, l and u denote the index range of array in use, and these 

values are1and size. Top is a pointer to point the position of array up to which it is filled with the 

items of stack. 

 
There are two status  

EMPTY: TOP < l  

FULL : TOP >=u 

 

(b) Linked list representation of stacks: 

 An array representation of stack is very easy and convenient is allows only to representation a 

fixed sized stack. The size of the stack may vary during program execution. Single linked list 

structure is sufficient to represent any stack. 

 The DATA field is for the ITEM and LINK field is as usual to point to the next item. The linked 

list representation first node on the list is the current item that is the item at the top of the stack and 

the last node is the node containing bottom most item. 

 PUSH operation will add a new node at the front and POP operation will remove a node from the 

front of the list. SIZE of the stack is not important here because this representation allows dynamic 

stacks instead static stacks as with arrays. 

 
Representation of stack as a linked list. 

In linked list representation of stack, whether a stack is empty or not that can be obtained by 

testing the LINK field of the STACK_HEAD node. 
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OPERATIONSON STACKS 

Basic operation required to manipulate stacks: 

(i) PUSH- To insert n item into the stack 

(ii) POP - To remove an item from a stack 

(iii) STATUS-To know the present state of a stack. 

Array index varies from 1toSIZE and TOP points the location of the current top- most item in the 

stack. 

(i) PUSH Algorithm 

Algorithm PUSH_A ( ) 

Steps: 

If TOP>=size then  

Print" stack is full" 

Else 

TOP= TOP+1; 

A [TOP] = ITEM 

End if Stop 

Array index varies from 1 to SIZE and TOP points the location of the current top-most item in the 

stack. 

(ii) POP Algorithm 

Algorithm POP_A ( ) 

Steps: 

If TOP < 1 then  

Print "stack is empty" 

Else 

ITEM=A [TOP] 

TOP=TOP-1 

End if 

Stop 

Next operation is to test the various states of a stack like whether it is full or empty, how many 

items are right now in it and read the current element at the top without removing it. 

(iii) STATUS Algorithm 

Algorithm STATUS- A ( ) 

Steps: 

If TOP < 1 then 

Print "stack is empty" 

Else 

If (TOP >= SIZE) then Print "stack 

is full" 

Else 

Print "the element at top is ", A [TOP] 

Free= (SIZE-TOP)/SIZE*100 Print "percentage of 

free stack is "free  

End if  

Stop 
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Same operations can be defined for a Stack using Linked List: 

(i) PUSH Algorithm: 

Algorithm: PUSH_LL (ITEM) 

Steps: 

new=GETNODE(NODE) 

new->DATA=NEW 

new->LINK=TOP 

TOP=new 

STACK_HEAD->LINK=TOP 

Stop 

(ii) POP Algorithm POP_LL ()  

 Steps: 

If TOP=NULL print "stack is empty" 

Exit 

Else 

ptr=TOP->LINK 

ITEM=TOP->DATA 

STACK_HEAD->LINK=ptr 

TOP=ptr 

Endif 

Stop 

(iii) STATUS Algorithm 

Algorithm STATUS_LL() 

Steps: 

ptr=STACK_HEAD->LINK  

if (ptr=NULL) then Print" stack is empty" 

Else 

nodeCount=0 while (ptr≠null)do  

nodeCount=nodeCount+1    

ptr=ptr->LINK 

End while 

Print "The item at the front is", TOP->DATA, "stack contains", node count, "number of items" 

End if 

Stop 

 

APPLICATIONS OF STACK 

A classical application deals with evaluation of arithmetic expression; compiler uses as stack to 

translate input arithmetic expression into their corresponding object code. Some machines are also known 

which use built-in-stack hardware called "stack machine". 

Another important application of stack is during the execution of recursive program. Some 

programming languages use stacks to run recursive programs. There are two scope rules known 

1. Static scope rule and 

2. Dynamic scope rule. 

Implementation of such scope rule is possible using stack known as runtime 

stack. 
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EVALUATION OF ARITHMETIC EXPRESSION 

An arithmetic expression consists of operands and operators. Operands are variables or constant 

and operators are of various types like arithmetic unary and binary operators(+,-,Unary, *,/,
A
,%....)and 

relational operators(<,<=,>,>=,<>) and Boolean operators(AND, OR, NOT, XOR).A simple arithmetic 

expression is 

A+B*C/D-E
A
F* G 

The problem to evaluate this expression is the order of evaluation. There are two ways to fix it. 

Using the rules of precedence and associatively of operators, the evaluation will take place for the 

expression is 

A +B * C / D -E 
A
 F * G 

The above rules for precedence and associatively vary from one programming language to 

another. 

Another Ex:  (A +B )*((C / D ) -( EA(F*G ))) ) 

With these parenthesization, the innermost parenthesis part will be evaluated first, then the next 

inner most and so on. 

 

 
 

There are two steps to solve the problem: 

1.Conversion of a given expression into a special notation. 

2.Evaluation/ production of object code using stack. 

a) Notations for arithmetic expressions 

There are 3 notations to represent an arithmetic expression infix, postfix and prefix (or suffix). 

The conventional way of writing an expression is called infix. 

Ex: A +B, C-D, E * F, G/H etc 

Operators Precedence Associativity 

(-) Unary, + (Unary) , 

NOT 
6 - 

A ( Exponentiation) 6 Right to Left 

*, / 5 Left to Right 

+, - 4 Left to Right 

<, <=, + , >= , <> 3 Left to Right 

AND 2 Left to Right 

OR, XOR 1 Left to Right 
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Infix notation 

The notation is 

<operand><operator><operand> 

This is called infix because the operators come in between the operands. 

A +B, C-D, E * F, G/H 

Prefix notation 

The prefix notation on the other hand user the conventions.  

<Operator><Operand><operand> 

The operator comes before the operands. 

+AB, -CD, *EF, /GH  etc 

This notation was introduced by polish mathematician Jan Lukasiewicz and hence also termed as 

polish notation. 

Postfix notation 

The last notation is called the postfix (or) suffix notation where operators is suffixed by operands. 

<Operand><operand><operator> 

AB+, CD-, EF*, GH/ etc 

This notation is just reverse to the polish notation; hence it is also alternatively termed as reverse 

polish notation. An expression given in infix notation can be easily converted into its equivalent prefix or 

postfix notation.  

i)Rules for convert and infix expression into a postfix form 

• Assume the fully parenthesized version of the infix expression. 

• Move all the operators so that they replace their corresponding right part of parentheses. 

• Remove all parentheses. 

 ( (A+ (( (B ^ C )-D))*(E-( A/ C))) Operators are moved to their respective right parenthesis. 

Output: 

ABC ^ D -+EAC /-* 

All parentheses are moved yielding the postfix expression. 

( (A +((B ^ C)-D))* ( E-( A / C ) )) 

Three notations for the given arithmetic expression: 

Infix : ( (A +((B ^ C)-D))* ( E-( A / C ) )) 

Prefix: *+A-^B C D - E / AC 

Postfix: A B C ^ D -+E A C/-* 

 In both the prefix and postfix equivalents of an infix expression, the variables are in the same 

relative positions. 

 The expressions in prefix or postfix form are completely parenthesis free. 

 The operators are rearranged according to the rules of precedence of operators. 

 Out of three notations, postfix notation has certain advantages over other notations from the 

computational point of view. 

 The main advantage is its evaluation. During the evaluation of an expression in postfix notation it 

is no more requires to scan the expression from left to right several times, but exactly once. 

b) Conversion of an infix expression to postfix expression 

A simple arithmetic expression containing +,-,*,/and^ operators only. The expression may be 

parenthesized or unparenthesized. First we have to append the symbol „)‟ as delimiter at the end of a given 

infix expression and initialize the stack with‟(„. 
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Symbol 

In stack 

priority 

In coming priority 

values 

+- 2 1 

* / 4 3 

^ 5 6 

Operand 8 7 

( 0 9 

) - 0 

 

There are two priority values 

• In stack priority 

• In coming priority values 

 A symbol will be pushed on to the stack if its incoming priority value is greater than the in-stack 

priority value of the top-most element.  

 Similarly a symbol will be popped from the stack if its in-stack priority value is greater that the 

in-stock priority value of the top-most element. 

 Similarly a symbol will be popped from the stack if its in-stack priority value is greater or equal to 

the incoming priority value of the in-coming element. 

Function: 

READ-SYMBOL():From a given infix expression this will read the next- symbol. 

ISP(X) - Returns the in-stack priority value for a symbol x  

ICP(X) - Returns the incoming priority value for a symbol x  

OUTPUT(X)-Append the symbol x into the resultant expression. 

Algorithm: INFIX-TO-POSTFIX(E) 

Steps: 

TOP=0,PUSH(„(„) 

While (TOP>0) do item = READSYMBOL( )  

x=POP( ) 

case : item=operand PUSH(X) 

OUTPUT(ITEM) 

case:item=‟‟" 

While x ≠‟(„do 

OUTPUT(X) 

X=POP() End while 

case: ISP(X) > =ICP(ITEM) 

While (ISP(X) >=ICP (ITEM)) DO 

OUTPUT(X) 

X=POP () End while 

PUSH(X) 

PUSH (ITEM) 

case: ISP(X) <ICP(ITEM) 

PUSH(X) 

PUSH (ITEM) 

Otherwise :print "invalid expression" 

End while Stop 
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Infix form (A+B) 
^
 C-(D*E)/F) 

Symbol reading l 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Output: A B+C A DE*F /- (postfix form) 

c) Evaluation Of Postfix Expression 

Algorithm EVAL_POSTFIX is to evaluate an arithmetic expression in postfix notation using a stack. 

Steps: 

Append a special delimiter # at the end of the expression item = E.READ_SYMBOL( )

 //Read the first push into the stack 

While(item="#")do 

If (item = operand) then 

PUSH(item)   / / Operand is first push into the stack 

 Else  //The item is an operator  

op = item y=POP() x=POP() t=x op y  

PUSH (t) 

End If 

Item = E.READ_SYMBOL ( ) //Read the next item from E 

End While 

Value =POP() / / Get the value of the expression 

Return (value) 

Stop 

Example 

Infix: A +(B * C ) / D  

Postfix: A B C * D / + 

Input: A B C * D / +#with A =2, B = 3, C =4, and D=6 

 

Read symbol stack output 

Initial (  

1 ((  

2 (( A 

3 ((+ A 

4 ((+ AB 

5 ( AB+ 

6 (A AB+ 

7 (A AB +C 

8 (- AB +C ^ 

9 (-( AB +C ^ 

10 (-( AB +C ^D 

11 (-( * AB +C ^D 

12 (-( * AB +C ^DE 

13 (- AB +C ^DE * 

14 (-/ AB +C ^DE * 

15 (-/ AB +C ^DE * F 

16  AB +C ^DE * F/- 
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d) Conversion Of Postfix Expression To Code 

Using stack, we can easily generate assembly code for and expression given in reverse Polish 

notation. Assembly code mnemonics are assumed. 

LDA A: 

To load the accumulator with the memory content of A and the content of A will remain 

Unchanged. 

STA B: 

To store the content of accumulator in memory location B. 

ADD A: 

To add the value of memory content A with value of accumulator and result will be stored in 

accumulator; the value of memory content A will remain unchanged. 

SUB B: 

To subtract the value of memory content B from the value of accumulator and the result will be 

stored in accumulator; the memory content b will remain unchanged. 

MUL C: 

To multiply the value of memory content C with the value of the accumulator and the result will 

be stored in accumulator, the memory content C will remain unchanged. 

DIV D: 

To divide the value of the accumulator by the value of the memory contend D and the result of 

division will be stored in the accumulator; the value of the memory content D will remain unchanged. 

 The infix expression be A+B and its postfix from is AB+. The assembly code for this expression 

will be:  

LDA A     ADD B   STA T 

 

Infix: (A+B) *C/D Postfix: AB+C*D/ 

Input: AB+C*D/# 

Production of codes according to the algorithm POSTFIX_TO_CODE 

 

Scann

ed 

Content 

of stack 

Action Code 

generate

d A A PUSH(A)  

B AB PUSH(B)  

+ T1 X=B, Y=A LDA A 

PRODUCE_CODE(A,B," ADD" ,T1) ADDB 

PUSH(T1) STA T1 

C T1 C PUSH (C )  

* T2 X=C, Y=T1 LDA T1 

PRODUCE_CODE(T1,C," MUL" ,T2) MUL C 

PUSH(T2) STA T2 

D T2 D PUSH(D)  

/ T3 X=D, Y=T2 LDA T2 

PRODUCE_CODE(T2,D,„DIV" ,T3) DIV D 

PUSH(T3) STA T3 

# T3 STOP  
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e) Code generation for stack machines 

The generation of code for a given arithmetic expression in postfix form. The codes are of the 

type called single address codes. These codes are for those machines which maintain a number of 

registers; registers are to store the temporaries. 

PUSH<name>-To load from memory onto stack. 

POP <name>-To store the top element of the stack in memory. 

The operations can be stated with zero-address operation code. Operands are explicitly mentioned 

as top-town elements in the stack. 

S [TOP-1]=S [TOP-1] 0 S [TOP] 

TOP= TOP-1 

Where 0 stands for an operation. 

Algorithm: POSTFIX_TO_CODE_STACKMACHINE(E) 

Steps: 

Add a delimiter,,#" at the end of the expression 

 item=E.READ_SYMBOL( ) while(item^ „#" ) do if (item=operand) 

PRODUCE_CODE(„PUSH" ,item) 

Else 

case: item=" +" 

PRODUCE_CODE(„ADD" ) case: item=" -" 

PRODUCE_CODE(„SUB" ) case: item=" *" 

PRODUCE_CODE(„MUL" ) case: item=" /" 

PRODUCE_CODE(„DIV" ) 

End if 

item=E.READ_SYMBOL( ) 

End while Stop 

FACTORIAL CALCULATION 

Factorial of given integer n: 

n! = n * (n-1)* (n-2)*.... * 3*2 *1 or n≠n * (n-1) 

Algorithm: Factorial (n) 

Steps:1 

fact=1 

for(i=1 to n)do 

Fact=i*fact 

end for 

return(fact) 

stop 

Here step 2 defines the interactive definition for the calculation of factorial 

Algorithm: Factorial(N) //using recursion 

Steps:2 

if (n=0) then Fact=1 else 

Fact=n* factorial (n-1) 

End if 

return(fact) 

stop
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UNIT III 

QUEUES 

INTRODUCTION 

 Queue is a simple data structure to solve numerous computer applications. Like stacks, queues are 

also useful to solve various system programs. Queue is a simple but very powerful data structure 

to solve. 

Ex: 

• Queuing in front of a counter 

• Traffic control at a turning point 

• Process synchronization in multi-user environment 

• Resource sharing in a computer Centre. 

DEFINITION 

 Queue is an ordered collection of homogeneous data elements. It permits insertion of new element 

at one end and deletion of an element at the other end.  

 The end at which the deletion (DEQUEUE) of an element take place is called front, and the end at 

which insertion (ENQUEUE) of a new element can take place is called rear. The deletion or 

insertion of elements can take place only at the front or rear and of the list. 

 The first element that gets added into the queue is the first one to get removed the queue is the first 

one to get removed from the list. It is also referred to as first in first out (FIFO). 

Here 7 is the first element and 42 is the last element added to the queue. 

 Like stack, a queue is an ordered collection of homogeneous data elements; in contrast with the 

stack, here, insertion and deletion operations take place at two extreme ends. Queue is also a linear 

data structure like array, stack and linked list where ordering of the elements are in linear fashion. 

 The only difference between stack and queue is that in case of stack insertion and 

deletion(PUSH,POP) operations are at one end (TOP) only, but in case of a queue insertion (called 

ENQUEUE) and deletion(called DEQUEUE) operations take place at two ends called REAR and 

FRONT of the queue respectively.  

The following figure shows that, 

 
 

Elements in the queue are termed as ITEM; the number of elements that a queue can 

accommodate is termed as LENGTH. 

3.1.1 REPRESENTATIONS OF QUEUES 

There are two ways to represent a queue in memory: 

1. Using an array 

2. Using double linked list  

 

 7 
10 8 

-9 
12 

15 

 

F

R 

FRONT    REAR 
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a) Representations of queue using array: 

In these representation two pointers namely FRONT and REAR are used to indicate two ends of 

the queue. Three status of the queue with this representation are 

Queue is empty: 

FRONT =0 REAR=0 

Queue is full: 

REAR=N FRONT=1 

Queue contains element >=1 

FRONT <=REAR 

NUMBER OF ELEMENT= REAR-FRONT+1 

A one dimensional array, say Q[1 ................ N] can be used to represent a queue. 

The following figure shows that, 

 
With this representation, two pointers, namely FRONT and REAR are used to indicate two ends 

of the queue. For the insertion of the next element, pointer REAR will be consultant and for deletion 

pointer FRONT will be consultant. 

Algorithm ENQUEUE(ITEM) 

Input : an element ITEM that has to be inserted  

Output: The ITEM is at the REAR of the queue 

Data structure : Q is the array representation of queue structure ; two pointers FRONT and REAR of the 

queue Q are known. 

Steps : 

If (REAR = N) then Print "queue is full" 

Exit 

Else 

If (REAR =0) and (FRONT=0) FRONT=1 End If 

REAR=REAR+1 

Q[REAR]=ITEM End If  

       Stop 

Algorithm DEQUEUE( ) 

Input : A queue with elements. FRONT and REAR are two pointers of the queue Q.  

Output : The deleted element is stored in ITEM. 

Data structure : Q is the array representation of queue structure. 

Steps : 

If (FRONT = 0) then Print "queue is EMPTY" 

Exit 

Else 

ITEM=Q[FRONT] 

If (FRONT = REAR) FRONT=0 REAR=0 ELSE 

FRONT = FRONT+1 ENDIF End If Stop 
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b).Representation of a queue using a linked list 

Double linked list which allows us to move both ways. In the following queue representation the 

pointers FRONT and REAR point the first node and the last node on the list. 

 
                   Fig: A doubly linked list representation of a queue. 

  Queue is empty  

FRONT = REAR = HEADER 

HEADER  RLINK = Null 

Queue contains at least one element 

HEADER  RLINK ≠NULL 

 

VARIOUS QUEUE STRUCTURES 

One more limitation of a queue, the inadequate service of insertion represented with array, is the 

rigidness of its length. The various queue structures are 

1. Circular queue 

2. Deque 

3. Priority queue. 

CIRCULAR QUEUE 

A circular array is the same as ordinary array, say A[1 .................. N] but logically it 

implies that A[1] comes after A[N] or after A[N], A[1] appears. 

States of the queue 

CIRCULAR QUEUE IS EMPTY: 

FRONT=0 

REAR=0 

       CIRCULAR QUEUE IS FULL: 

FRONT= (REAR MOD LENGTH) + 1  
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Algorithm ENQUEUE_CQ (ITEM): 

If( FRONT=0) then FRONT=1 REAR=1 

CQ[FRONT]=ITEM 

Else 

next=(REAR mod LENGTH)+1  

If ( next # FRONT) then REAR=next 

CQ[REAR]=ITEM 

ELSE 

Print "Queue is full" 

Endif 

Endif Stop 

Algorithm DEQUEUE_CQ (ITEM): 

If( FRONT=0) then 

Print "Queue is full" 

Exit 

Else  

ITEM =CQ[FRONT] 

If (FRONT=REAR) then 

FRONT=0 

REAR=0 

 Else 

FRONT=( FRONT mod LENGTH) + 1  

Endif 

Endif Stop 

 

DEQUE 

 Another variation of the queue is known as deque (deck) . In Deque both insertion and deletion 

operation can be made at either end of the structure. The term deque is originated from double 

ended queue. 

 
 A deque can be used as a stack as well as queue. 

Operations on a deque: 

1. PUSH_DQ (ITEM) : To insert ITEM at the FRONT end of the deque. 

2. POP_DQ ( ) : To remove the FRONT item from deque. 

3. INJECT (ITEM)  : To insert ITEM at the REAR end of the deque. 

4. EJECT ( ) : To remove the REAR ITEM from queue. 

Algorithm: PUSH_DQ(ITEM) 

STEPS: 

If (FRONT=1) then 

ahead=LENGTH Else 

If(FRONT=LENGTH) or (FRONT=0) then 

ahead=1 
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Else 

ahead=FRONT-1 

Endif 

If (ahead=REAR) then Print 

"deque is full" 

Else 

FRONT=ahead 

DQ[FRONT]=ITEM 

Stop. 

Algorithm pop_dq() : This algorithm is same as the algorithm dequeue_cq 

Algorithm Inject (item): This algorithm is same as the algorithm enqueue. 

Algorithm Eject ( ) 

If (FRONT=0) then Print "Dequeue is empty" 

Exit 

Else 

If (FRONT=REAR) then 

ITEM=DQ[REAR] 

FRONT=REAR=0 

Else 

If (REAR=1) then 

ITEM=DQ[REAR] 

REAR=LENGTH 

Else 

IF(REAR=LENGTH) THEN 

ITEM=DE(REAR) 

REAR=1 

Else 

ITEM=DQ[REAR] 

REAR=REAR-1 

Endif 

Endif    Endif 

Stop 

There are two variations of deques: 

1) Input restricted deque 

Input restricted deque is a deque which allows insertion at one end only but allowed deletions at 

both ends. 

2) Output restricted deque 

Output restricted deque is a deque where deletions at one end only but allows insertion at both 

ends. 

 

PRIORITY QUEUE 

 A priority queue is another variation of queue structure, each element has been assigned a value, 

called the priority of the element, and an element can be inserted or deleted not only at the ends but 

at any position on the queue. 
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     FRONT REAR 

1 

 

 

 In this structure an element X of priority Pi may be deleted before an element which is at FRONT.  

Similarly, insertion of an element is based on its priority, that is instead of adding it after the REAR it may 

be inserted at an intermediate position dictated by its priority value. 

Let us consider a particular model of priority queue. 

1. An element of higher priority is processed before any element of lower priority. 

2. Two elements with the same priority are processed according to the order in which they were 

added to the queue. 

There are two basic operations: 

1. Insertion 

2. Deletion 

There are various ways of implementing the structure of a priority queue. These are 

 Using a simple/ circular array 

 Multi-queue implementation 

 Using a double linked list 

 Using heap tree 

a) Using a simple/ circular array 

In this representation the element will be inserted at the REAR end as usual. The deletion 

operation will then be performed either of the two ways: 

i) Starting from the FRONT pointer, traverse the array for an element of the highest priority. 

Delete this element from the queue. If this is not the front most element shift all its trailing 

elements after the deleted element one stroke each fill up the vacant position. 

ii) Add the elements at the REAR end as earlier. Sort the elements of the queue so that the 

highest priority element is at the FRONT end. When a deletion is required, delete it from the 

FRONT end only. 

b) Multi-queue implementation 

Each priority Pi there is two pointers Fi and Ri corresponding to FRONT and REAR pointer 

respectively. The elements between Fi and Ri are all of equal priority value Pi. 

      F1         R1       Fi       Ri        Fn         Rn 

 

c) Linked list representation of priority queues 

Here LLINK and RLINK are two link fields. DATA is to store the actual content and priority is to 

store the priority value of the item. FRONT and REAR as two pointers pointing the first and last node in 

the queue. 

Algorithm: INSERT_PQ(ITEM,P) 

ptr=HEADER      new=GETNODE(NODE) 

new->DATA=ITEM New->PRIORITY=P 

While(ptr->RLINK ≠ NULL) and (ptr->PRIORITY < P) DO 

ptr=PTR.RLINK Endwhile 

  A B  .  .  . X  .   .  . P   

  P1 P2  .  .  . Pi  .  .  . Pn   
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If(ptr->RLINK =NULL) then 

ptr->RLINK=new   new->LLINK=ptr 

new->RLINK=NULL    REAR=new Else 

If(ptr->PRIORITY >=P) then 

ptr1=ptr->LLINK   ptr1->RLINK=new 

new->RLINK=ptr   ptr->LLINK=new 

new->LLINK=ptr1 

 Endif 

Endif 

FRONT=HEADER.RLINK 

Stop 

Algorithm: DELETE_PQ( ) 

If (REAR=NULL) 

Print "queue is empty" 

Exit 

Else 

ptr=REAR 

While(ptr->PRIORITY >P) and (ptr ≠ HEADER) do 

ptr=ptr->LLINK Endwhile 

If(ptr=HEADER) or (ptr->PRIORITY <P) 

Print "no item with priority ", p Exit 

Else 

If (ptr->priority=p) then 

ptr1=ptr->LLINK 

ptr2=ptr->RLINK 

If(ptr=REAR) 

REAR=ptr1 

ptr1->RLINK=NULL 

Else 

ptr1-> RLINK=ptr2 

ptr2->LLINK=ptr1 

Endif 

Endif 

Endif 

ITEM=ptr->DATA RETURN 

NODE (ptr) 

Endif 

Stop 

 

APPLICATION OF QUEUES 

1. Simulation 

 Simulation is a modeling of a real life problem (or) it is the method of a real life situation in the 

form of computer program.  

 The main objectives of the simulation to study the real life situation under the control of various 

parameters which affects the real problem, and is a research interests of system analysts or 

operation research scientists. 
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 Any process or situation that is to be simulated is called a system. A system is a collection of 

interconnected objects which accepts zero or more inputs and produces at least one output.  

 For eg. a computer program in system where instructions are the interconnected objects and inputs 

or initialization value are the inputs and result obtained during the execution constitute the 

outputs. 

 
A system has continuous if the parameters are passing. Ex: Water flow through a pipe. 

 A system is deterministic if from a given set of inputs and initial condition of the system. Ex: 

Calculate a factorial program.  

A system is stochastic is based on the randomness. Ex: Ticket counter. There are two kinds of 

simulation models. 

i. Event-driven simulation 

ii. Time driven simulation. 

2) CPU scheduling 

 A single CPU has to serve more than one program simultaneously. Multiprogramming 

environments the CPU are categorized into three groups: 

 Interrupts to be serviced. Verify of devices and terminals are connected with the CPU and they 

may interrupt at any moment to get a service from it. 

 Interactive users to be services. These are mainly student's programs in various terminals 

under execution. 

 Batch jobs to be services. 

The main drawback is that when process arrived in higher priority queues is very high; the 

process in lower-priority queue may starve for a long time. Each queue gets a certain portion of the 

CPU-time. Another possibility is known as multi-level feedback queue strategy. It allows the process 

to move between queues. 

 

 
 

Scheduling within queue 
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LINKED LIST 

 Linked list is called dynamic data structure where amount of memory required can be varied 

during its use. In linked list, adjacency between the elements is maintained by means of links or 

pointer.  

 A link or pointer actually in the address of the subsequent element. An element in a linked list is 

specially termed as node. A node consists of two fields: 

         LINK 

DATA  

               Node 

DEFINITION 

 A linked list is an ordered collection of finite, homogeneous data elements called nodes where the 

linear order is maintained by means of links or pointers. 

Depending on the requirements the pointers are maintained and accordingly the linked list 

can be classified into three major groups  

 Single linked list 

 Circular linked list 

 Double linked list 

 Circular Double Linked List 

SINGLE LINKED LIST 

 In a single linked list each node contains only one link which points to the subsequent node in the 

list.  N1,N2…N6 are the constituent nodes. HEADER is an empty node and only used to store a 

pointer to the first node N1. Single linked list one can move from left to right only. 

 
Fig: A Single Linked list with six nodes 

 

 

Representation of a Linked List in Memory 

There are 2 ways to represent a linked list in a memory. 

1. Static representation using array 

2. Dynamic representation free pool of storage. 

i) Static representation 

Static representation of a single linked list maintains two arrays: One array for data and other 

for links. Two parallel arrays of equal size are allocated which should be sufficient to store the entire 

linked list.

Link to the next node 
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ii) Dynamic Representation 

 The efficient way of representing a linked list is using the feel pool of storage.  

 In this method there is a memory bank and the memory manager. During a creation of a linked list, 

whenever node is required the request placed to the memory manager; the memory manager will 

be search the memory bank for the block request. 

 Again there is also another program called the garbage collector it plays whenever a node is no 

more in use. It returns the unused node to memory bank. 

 Operations on a single linked list 

a) Traversing a list 

b) Insertion of a node into a list 

c) Deletion of a node from a list 

d) Copy a linked list to make a duplicate 

e) Merging two linked lists into a larger list 

f) Searching for an element in a list. 

 

a) Traversing a single linked list 

 In traversing a single linked list, we visit every node in the list starting from the first node to the 

last node. The following the algorithm traverse-SL for the same 

Steps: 

 ptr=HEADER-> LINK 

 while(ptr ≠NULL)do 

            process(ptr) 

            ptr=ptr -> link 

 end while 

 stop 
b) Insertion a node into a single linked list 

 

Procedure: GETNODE (NODE): 

If (AVAIL=NULL) 

Return (NULL) 

Print "Insufficient memory: unable to allocate memory" 

Else 

ptr=AVAIL 

While(SIZEOF (ptr) ≠ SIZEOF (NODE) and (ptr->LINK ≠ NULL) do 

ptr1=ptr  ptr=ptr->LINK Endwhile 
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If (SIZEOF(ptr) = SIZEOF(NODE) 

ptr1->LINK=ptr->LINK    Return(ptr) 

Else 

print " The memory block is too large to fit" 

return(NULL) 

Endif 

Endif 

Stop 

Here X is a node. The values in the DATA field and LINK fields. 

i) Insertion of a node into a single linked list at the front 

The algorithm INSERT _SL_FRONT is to insert a node into a single linked list at the front 

of the list. 

Algorithm: INSERT_SL_FRONT (HEADER, X)  

Steps: 

new=GETNODE(NODE) if (new=NULL) then 

print " memory underflow : no insertion" Exit 

Else 

New->LINK = HEADER>LINK 

new>DATA=X 

HEADER>LINK=new 

Endif 

Stop 

                         
iii) Insertion of a node into a single linked list at the end 

The algorithm INSERT _SL_END is to insert a node into a single linked list at the end of the list. 

Algorithm: INSERT _SL_END (HEADER, X) 

Steps: 

New=GETNODE (NODE) 

If (new=NULL) then 

print " memory is insufficient , insertion is not possible" 

Exit 

Else 

ptr=HEADER 

While( ptr->LINK≠ NULL) do 

ptr=ptr->LINK Endwhile 

Ptr->LINK=new; new->DATA=X endif 

Stop
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iii) Insertion of a node into a single linked list at any position in the list 

The algorithm INSERT_SL_ANY is to insert a node into a single linked list at any position the 

list. 

Algorithm: INSERT _SL_ANY (HEADER, X, KEY) 

Steps: 

new=GETNODE(NODE) if (new=NULL) then 

print " memory underflow : no insertion" 

Exit 

Else 

ptr=HEADER 

While(ptr->DATA ≠ KEY) and (ptr->Link ≠ NULL) do 

ptr=ptr->LINK Endwhile 

if ( ptr->LINK=NULL) then 

Print "key is not available in the list" 

Exit 

Else 

new->LINK=ptr->LINK 

new->DATA=x 

ptr->LINK=new 

endif 

Endif 

Stop 

   
c) Deletion a node from a single linked list 

There are various cases of deletion 

(i) Deletion from the front of the list 

(ii) Deletion from the end of the list 

(iii) Deletion from any position in the list 

The algorithm returnnode (ptr) which returns a node having pointer ptr to the free pool of storage. 

Algorithm: RETURNNODE (PTR)  

ptr1=AVAIL 

While (ptr1->LINK ≠ NULL) do ptr1=ptr1->LINK  

Endwhile 

ptr1->LINK=PTR  PTR->LINK=NULL stop 

The procedure RETURNNODE( ) inserts the free node at the end of the pool of free storage 

whose header address is AVAIL. 

i) Deletion of a node from a single linked list at the front 

The algorithm DELETE_SL_FRONT is to delete node from a single linked list at the front of 

the list. 

Steps: 

ptr=HEADER->LINK  

if (ptr=NULL) 
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print " The list is empty , no deletion" 

Exit 

Else 

ptr1=ptr1->LINK 

HEADER->-LINK=ptr1 

RETURNNODE(ptr) 

Endif 

Stop 

ii) Deletion of a node from a single linked list at the end 

The algorithm DELETE_SL_END is to delete node from a single linked list at the end of the list. 

Steps: 

ptr=HEADER  

if (ptr->LINK=NULL) 

print " The list is empty , no deletion is possible" 

Exit 

Else 

While (ptr->LINK * NULL) do ptr1=ptr ptr=ptr->LINK 

Endwhile ptr1->LINK=NULL RETURNNODE(ptr) 

Endif 

stop 

iii) Deletion of a node from a single linked list at any position in the list 

The algorithm DELETE_SL_ANY is to delete node from a single linked list at the any of the list. 

Steps: 

ptr1=HEADER ptr=ptr1->LINK 

 While(ptr ≠ NULL) do 

if (ptr->DATA≠ KEY) then ptr1=ptr 

ptr=ptr->LINK 

Else 

ptr1->LINK=ptr->LINK 

RETURNNODE(ptr) 

Exit 

Endif End while  

if (ptr=NULL) then 

Print "node with key nodes not exist, no deletion" 

endif 

stop 

 
d) Copy of a single linked list 

A single linked list can copy it into another list by duplicating the content of each node into newly 

allocated node. 

COPY_SL (HEADER, HEADER1) 

Steps: 

 



 

 Loyola College of Arts and Science J Usha Nandhini 
 

 

ptr=HEADER 

HEADER1=GETNODE(NODE) 

ptr1=HEADER1 ptr1->DATA=NULL 

while(ptr ≠ NULL) do 

new=GETNODE(NODE) 

new->DATA=ptr->DATA ptr1-> LINK=new 

new->LINK=NULL ptr1=new ptr=ptr->LINK 

endwhile stop 

e) Merging of two single linked lists into one list 

Two single linked lists, namely L1 and L2 are there and want to merge the lists L2 after 

L1. HEADRE1 and HEADER2 are the header nodes of the lists L1 and L2 respectively. 

 Merging can be done by setting the pointer of the link field of the last node in the list L1 

with the pointer of the first node in L2. The header node in the list L2 should be returned to the pool of 

free storage. 

 
Fig: Merging two single linked list Head 1 & head 2 as one. 

 

Algorithm: MERGE_SL (HEADER1, HEADER2: HEADER) 

STEPS: 

Ptr=HEADER1 

While (ptr->LINK ≠ NULL) 

Ptr=ptr->LINK 

Endwhile 

Ptr->LINK=HEADER2->LINK 

RETURNNODE(HEADER2) 

HEADER=HEADER1 

stop 

f) Searching for an element in a single linked list 

The algorithm SEARCH_SL ( ) to search an item in a single linked list. 

SEARCH_SL(key, location) 

 Steps: 

ptr=HEADER->LINK flag=0, 

LOCATION=NULL while(ptr ≠ NULL) and 

(flag=0) do if (ptr->DATA=KEY) then 

flag=1,  

LOCATION=ptr Print "search is successful” 

Return (LOCATION) 

Else 
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ptr=ptr->LINK end if endwhile 

if(ptr=NULL) then 

Print "search is unsuccessful" 

Endif 

stop 

DOUBLE LINKED LIST 

A double linked list is a two-way list because one can move in either direction, either from left 

to right or from right to left. This is accomplished by maintaining two link fields instead of one as in a 

single linked list. 

Structure of a node: 

 
Fig: Structure of a double linked list 

 

The two links RLINK and LLINK point to the nodes at the right side & left side of the node. Thus 

every node except the header node and the last node points to its immediate predecessor and immediate 

successor. 

a) Operations on a double linked list  

 There are several operations 

1. Insert 

2. Delete 

3. Traversing 

4. Copy 

5. Merging 

1.Insertion into a double linked list 

(i) Insert a node at the front  

Steps: 

ptr=HEADER->RLINK new= GETNODE(NODE) if (new ≠ NULL) then 

new-> LLINK=HEADER 

HEADER->RLINK=new 

new->RLINK=ptr 

ptr->LLINK=new 

new->DATA=x 

Else 

Print "unable to allocate memory", insertion is not possible End if stop 
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i) Insertion of a node at the end  

Steps: 

Ptr=HEADER 

While (ptr->RLINK≠ NULL) do 

Ptr=ptr->RLINK End while 

New=GETNODE(NODE) 

If (new ≠NULL) then New->LLINK=ptr 

Ptr->RLINK=new 

New->RLINK=NULL 

New->DATA=x 

Else 

Print "unable to allocate memory insertion is not possible" 

Endif 

Stop 

  
ii) Insertion of a node at any position in the list 

This algorithm is to insert a node into a double linked list at any position 

Steps: 

ptr=HEADER 

while (ptr->DATA ≠ KEY) and (ptr->RLINK ≠ NULL) do 

ptr=ptr->RLINK End while 

new= GETNODE(NODE) 

If ( new=NULL ) then 

Print "Memory is not available" exit 

endif  

if (ptr->RLINK=NULL) 

new-> LLINK=ptr 

ptr->RLINK=new 

new->RLINK=NULL 

new->DATA=x 

Else 

ptr=ptr->RLINK  

new->LLINK=ptr 

new->RLINK=ptr1 

ptr->RLINK=new 

ptr1->LLINK=new 

ptr=new 

new->DATA=x 

Endif 
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2. Deletion in a double linked list 

i) Deletion of a node at the front of a double linked list 

ptr=HEADER->RLINK if (ptr= NULL) then 

Print "List is empty, no deletion is made" 

Exit 

Else 

ptr1=ptr->RLINK HEADER-> RLINK=ptr1  

if (ptrl≠NULL) 

Ptr1->LLINK=HEADER 

Endif 

RETURNNODE(PTR) 

Endif 

Stop 

ii) Deletion of a node at the end of a double linked list 

ptr=HEADER 

while (ptr->RLINK ≠ NULL) do 

ptr=ptr->RLINK Endwhile 

if (ptr=HEADER) then 

Print "List is empty, no deletion is made" 

Exit 

Else 

ptr1=ptr->LLINK ptr1->RLINK=NULL  

RETURN NODE(PTR) 

Endif  Stop 

iii) Deletion of a node at any position is made 

ptr=HEADER->RLINK if (ptr=NULL) then 

print "list is empty, no deletion is made" 

Exit 

endif 

while (ptr->DATA ≠ KEY) and (ptr->RLINK ≠ NULL) do 

ptr=ptr->RLINK Endwhile 

if (ptr-> DATA=KEY) then ptr1=ptr->LLINK 

ptr2=ptr->RLINK ptr1-> RLINK=ptr2 if (ptr2≠ NULL) then 

ptr2->LLINK=ptr1 

endif 

RETURNNODE(PTR) 

Else 

Print" The node does not have exists in the given list" 

Endif Stop 
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CIRCULAR DOUBLE LINKED LIST 

The advantages of both double linked list and circular linked list are incorporated into another list 

structure which is called circular double linked list and it is known to be the best of its kind. 

The RLINK of the right most node and LLINK of the left most node, again the RLINK and 

LLINK of the header node contain the address of the right most and left most node respectively. 

 

 
 

Operation on circular double linked list 

Insertion, deletion, traversing, searching, merging, splitting, disposing etc can be implemented very 

easily. 

i) Sorting operation with a circular double lined list  

Steps: 

ptr_beg=HEADER->LLINK 

ptr_end=HEADER->RLINK while 

(ptrjbeg ≠ ptr_end) do ptr1=ptr_beg 

ptr2=ptr1-> RLINK while(ptr2 ≠ptr_end) 

do 

if ORDER(ptr1->DATA, ptr2->DATA) = FALSE then 

SWAP(ptr1, ptr2) 

endif 

ptr1=ptr1->RLINK 

ptr2=ptr2->RLINK 

endwhile 

ptr_end=ptr_end->LLINK 

end while Stop 

To test whether two data are in a required order or not, it will return true if they are in order else 

false. A procedure swaps (ptr1, ptr2) to interchange the data content at the nodes pointed by the pointers 

ptr1, ptr2. It is uses the bubble sorting. 

 

APPLICATIONS OF LINKED LISTS  

a) Sparse matrix 

The fields i and j store the row & column for a matrix element. Data field stores the matrix 

element at the i
th

 row and the j
th

 column ie) aij. 

 The ROWLINK points to the next node in the same row and COLLINK points the next node in 

the same column. 

All the nodes particularly in a row (column) are circular linked with each other each row (column) 

contains a header node. A sparse matrix of order m*n, we have to maintain m headers for all rows and n 

headers for all columns, plus one extra node use of which can be evident. 

Steps: 

Read m, n 

HEADER=GETNODE(NODE) 
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If(HEADER=NULL)then Print "non availability of storage space quit" 

Exit 

Else 

HEADER->i=m 

HEADER->j=n 

HEADER->ROWLINK=HEADER 

HEADER->COLLINK=HEADER 

HEADER->DATA=NULL 

Ptr=HEADER 

For col=1 to n do 

new=GETNODE(NODE) 

new->i=0, new->j=col, new->DATA=NULL 

ptr->ROWLINK=new 

new->ROWLINK=HEADER, new->COLLINK=new ptr=new 

endfor 

ptr=HEADER for row=1to m 

new=GETNODE(NODE) new->i=row, new->j=0, 

new->DATA=NULL 

 ptr->COLLINK=new 

new->COLLINK=header/ new->ROWLINK=new ptr=new 

Endfor 

Read(data, row,col) 

Rowheader=HEADER->COLLINK, colheader=HEADER->ROWLINK 

While(row<rowheader->i) 

Rowheader=rowheader->COLLINK End while 

While(col<colheader->j) 

colheader=colheader->ROWLINK End while 

rowptr=rowheader while(rowptr->j,col)do ptr1=rowptr 

rowptr=rowptr->ROWLINK 

if(rowptr=rowheader)then 

Break 

endif endwhile colptr=colheader while (colptr->i<row) 

ptr2=colptr 

colptr=colptr->COLLINK 

if(colptr=coolheaded) 

Break endif end while 

new=GETNODE(NODE) if (new=NULL)then 

print "non availability storage space: quit" exit 

Else 

ptr1->ROWLINK=new 

ptr2->COLLINK=new 

new->ROWLINK=rowptr 

new->COLLINK=colptr 

new->DATA=KEY 

endif   if more insert then Goto step 

End if  End if  stop 
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b) Polynomial 

Polynomial with single variable: 

General form of a polynomial with single variable 

P(x)=anx
en

+an-1 x
en-1

+ ..................... +a1x
e1

 

Where aix
ei
 is a term in the polynomial so that ai is a non-zero coefficient and ei is the exponent. 

Structure of a node: 

COEFF EXP LINK 
 

A node should have 3 fields 

1) COEFF- to store the coefficient ai 

2) Exp-To store the exponent ei 

3) LINK -to store the pointer to the next. 

(i) Polynomial Addition: 

  To add two polynomials, say P and Q to get a resultant polynomial R, to compare their terms starting at  

the first node and moving towards the end one-by-one.  

Two pointers P ptr and Q ptr are used to move along the terms of P and Q. There are 3 cases during the 

comparison between terms of two polynomials. 

Case 1: The exponents of two terms are equal. 

Case 2: The exponent of the current term in P is greater than the exponent of the current term in Q. 

Case 3: The exponent of the current term in P is less than the exponent of the current term in Q. 

(ii) Polynomial multiplication 

To add two polynomial P and Q so that the result will be stored in R another polynomial 

Algorithm: POLY_ADD (PHEADER, QHEADER, RHEADER) 

Steps: 

Pptr=PHEADER->LINK, Qptr=QHEADER->LINK 

RHEADER=GETNODE(NODE) 

RHEADER->LINK=NULL, RHEADER->COEFF=NULL, RHEADER->EXP=NULL 

If(Pptr->LINK=NULL)or(Qptr->LINK=NULL)then 

Exit 

Endif 

Pptr=Pptr->LINK While(Pptr≠ NULL) do While(Qptr≠ NULL) do 

C=Pptr->COEFF*Qptr->COEFF  X=Pptr->EXP+Qptr->EXP 

Rptr=RHEADER 

While(Rptr ≠ NULL)AND(Rptr->EXP>x)do Rptr1=Rptr 

Rptr1=Rptr-> LINK If (Rptr->EXP =x) then 

new=GETNODE(NODE) 

NEW->EXP=X, new->COEFF=C  

if( Rptr-> LINK= NULL)then  

Rptr-> LINK=new new->LINK=NULL 

Else new->LINK=rptr  

Endwhile  endwhile 

Stop 

Endif 

(c)Polynomial Having Multiple Variables 

To represent any polynomial with two variables, three variables and so on.  
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UNIT IV 

TREES 

     A tree is a very useful data structure, where the elements appear in a non-linear fashion, which requires 

a two-dimensional representation. 

A tree is a very flexible and powerful data structure that can be used for a wide variety of 

applications. Each tree node contains a name for data and one or more pointers to the other tree nodes. 

                                            
 

BASIC TERMINOLOGIES 

Node:  A node of a tree stores the actual data and links to the other node. 

Parent:  The parent of a node is the immediate predecessor of a node. 

Child: Immediate successors of a node are known as child.  The child which is on the left side is 

called the left child and that on the right side is called the right child. 

Link:  This is a pointer to a node in a tree.  LC and RC are two links of a node. 

Root:  the base node of the tree is called the root of the tree. This is a specially designated node 

which has no parent. 

Leaf:  The node which is at the end and does not have any child is called leaf node. 

Level:  Level is the rank in the hierarchy.  The root node has level 0. 

Height:  The maximum number of nodes that is possible in a path starting from the root node to a 

leaf node is called the height of a tree. 

Degree:  The maximum number of children that is possible for a node is known as the degree. 

Sibling:  The nodes which have the same parent are called siblings. 

Left and Right sub trees: A part from the root, the other two sub sets of binary trees are 

binary trees. They are called the left and right sub trees of the original tree. 

Ancestors: The ancestors of a node are all the nodes along the path from the root of that node. 

Height or depth: The height of a tree is defined to be the maximum level of any node in the tree. 

Forest: A forest is a set of n>=0disjointtrees.The notation of a forest is very close that of a tree 

because if we move the root of a tree we get a forest.  

Simple Binary tree 

  

This binary tree consists of 9 nodes. A 

is a root node 

B is a left sub tree and C is a right sub 

tree 
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DEFINITION AND CONCEPTS 

     Let us define a tree.  A tree is a finite set of one or more nodes such that:      

i. There is a specially designated node called the root. 

ii. The remaining nodes are partitioned into n (n>0) disjoint sets T1, T2, ……..Tn, where each Ti 

(i=1,2,……., n)  is a tree; T1, T2, ….., Tn are called sub trees of the root. 

 

(a) Binary trees: 

A binary tree is a special form of a tree.  A binary tree can also be defined as a finite set of nodes, such 

that: 

1. T is empty (called the empty binary tree), or 

2. T contains a specially designated node called the root of T, and the remaining nodes of T form two 

disjoint binary tree T1 and T2 which are called the left sub-tree and the right sub-tree, 

respectively. 

In the binary tree a node may have at most two children. 

 
(b) Full Binary Tree: 

A binary tree is a full binary tree if it contains maximum possible number of nodes at all level. 

 

 
(c)  Complete Binary Tree 

A binary tree is said to be a complete binary tree if all its levels, except possibly the last level, have 

the maximum number of possible nodes, and all the nodes in the last level appear as far left as possible. 
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REPRESENTATION OF A BINARYTREE 

A binary tree must represent a hierarchical relationship between a parent node and child nodes. 

There are two common methods used for representing this conceptual structure. 

(a) One is implicitly: 

To maintaining pointers is called linear representation, using an array. 

(b) Other is explicitly: 

A linked representation using pointer. 

(i)Linear representation of a Binary Tree: 

We can also represent a binary tree using one single array. Numbers are given to each node starting 

from the root node. 0 to root node,1 to the left node of the first level, then 2 to the second node from the 

left of the first level and so on. Empty nodes are also taken into account. 

Following rules can be used to decide the location of any node of a tree in the array (assuming that 

they array index starts from 1): 

1. The root node is al location 1.  

2. For any node with index I, 1 < i < n (for some n): 

(a) Parent(i) = [i/2] 

For the node when I = 1, there is no parent. 

(b) LCHILD(i) = 2 * i 

If 2 * i>n, then I has no left child. 

(c) RCHILD(i) = 2*i+1 

If 2 * i + 1 > n, then I has no right child. 

   empty node is assumed and a value „\0\ is stored at that index in the array. 

 

    
Array representation 

Advantages of the sequential representation of a binary tree  

1. Any node can be accessed from any other node by calculating the index and this is efficient from 

execution point of view. 

2. Here, only data are stored without any pointers to their successor or ancestor which are mentioned 

implicitly. 

3. Programming languages, where dynamic memory allocation is not possible (such as BASIC, 

FORTRAN), array representation is the only means to stores a tree. 

 

Disadvantages of the sequential representation of a binary tree  

1. Other than the full binary trees, the majority of the array entries may be empty. 

2. It allows only static representation.  It is in no way possible to enhance the tree structure if the 

array size is limited. 

3. Inserting a new node to the tree or deleting a node from it are inefficient with this representation. 
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(ii) Linked representation of binary trees: 

Binary trees can be represented by links, where each node contains the address of the left child 

and right child. These addresses are nothing but links to the left and right child. The array lc and rc 

contains the index of the array arr where the data is present. 

If the node does not have any left child or right child then the element of the array lc or rc contain 

a value-1. The 0 th element of the array arr that contains the data is always the root node of the tree. 

Some elements of the array contains „0‟which represents an empty child. 

   
 

(iii) Physical implementation of Binary tree in memory: 

Implement a binary tree either using a sequential (array) or using a linked representation. The 

implementation is just a straightforward translation from the definition of a binary tree to algorithmic 

description. 

 

Algorithm BuildTree 

Input:  ITEM is the data content of the node I. 

Output:  A binary tree with two sub-trees of node I. 

Data structure:  Array representation of tree. 

Steps: 

If ( I ≠ 0) then 

A[I] = ITEM 

Node I has left sub-tree (Give option = Y/N)? 

If ( option = Y) then 

BuildTree_1 (2 * I, NEWL) 

ELSE  BuildTree_1 (0, NULL) 

EndIf 

Node I has right sub-tree (Give option = Y/N)? 

  If (option = Y) 

  BuildTree_1 (2*I+1, NEWR) 

  Else 

  BuildTree_1 (0, NULL) 

  EndIf     EndIf    Stop 

 

OPERATIONS ON BINARY TREE 

a) Insertion: To include a node into an existing binary tree. 

b) Deletion: To delete a node from a non-empty binary tree. 

c) Traversal: To visit all the nodes in a binary tree. 

d)   Merge: To merge two binary trees into a larger one.  
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a) Insertion 

A new node can be inserted into any position in a binary tree. Inserting a node as an internal node 

is generally based on some criteria which is usually in context of a special form of a binary tree. 

Insertion into a sequential representation of a binary tree 

Algorithm Insert_ Tree_ Seq (Key,Item) 

Steps: 

l=SEARCH_SEQ(1,KEY) 

If(l=0) then 

Print "Search is unsuccessful: No insertion" 

Exit 

Endif 

If(A[2*l]=NULL )or(A[2*l+1]=NULL)then 

Read option to read as left (L) or right(R ) 

If (option=L) then 

If A[2*l]=NULL then 

A[2*l]=ITEM 

Else 

Print" Desired insertion in not possible" 

Exit 

End If End If 

If (option=R) then If (A[2*l+1]=NULL)then 

A[2*l+1]=ITEM Else 

Print" Desired insertion is not possible" Exit End if 

End if  

Else Print “ITEM cannot be inserted as a leaf node” 

End if Stop 

Insertion into a linked representation of a binary tree 

Algorithm Insert_ Tree_ Link (Key,Item) 

Steps: 

ptr=SEARCH_LINK(ROOT/KEY) 

If(ptr=NULL)then   Print"Search is unsuccessful :Noinsertion" 

Exit  Endif 

If (ptr->LC=NULL)or(ptr->RC=NULL) 

Read option to read as left (L) or right(R ) 

If (option=L) then If (ptr->LC=NULL)then 

new=GETNODE(NODE) new->DATA=ITEM 

new->LC=new->RC=NULL ptr->LC=new Else 

Print "Insertion is not possible as left child" Exit 

End If Else 

If (ptr-> RC=NULL) new=GETNODE(NODE) 

new-> DATA=ITEM new->LC=new->RC=NULL 

ptr->RC=new Else 

Print" Insertion is not possible as right child" 

Exit Else End If 

Print "The key node already has child" 

End if Stop 
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(b)Deletion 

This operation is used to delete any node from any non-empty binary tree. There are 4 possible 

cases in delete ( ) function. 

a. No node in the tree contains the specified data 

b. The node containing the data has no children 

c. The node containing the data has exactly one child. 

d. The node containing the data has 2 children. 

 

(a) Deletion a leave node from sequential representation of binary trees: 

Let SIZE be the total length of the array A, where binary tree is stored. The element that has to be 

deleted is ITEM. 

Algorithm DELETE_SEQ_BIN_TREE(ITEM) 

Steps: 

flag=FALSE 

l=SEARCH_SEQ(1, KEY) 

If (A [2*l]=NULL) and (A[2*l+1]=NULL) 

flag=FALSE 

A[l]=NULL 

Else    Print" The node containing ITEM is not a leave node" End if 

If (flag=FALSE) 

Print "Node does not exist: No deletion" 

Endif    Stop 

(b) Deletion a leave node from a linked representation of binary trees: 

Let ROOT be the pointer to the linked list storing a binary tree. The node that has to be deleted is 

ITEM as data. 

Algorithm DELETE_LINK_BIN_TREE(ITEM) 

Steps: 

ptr=ROOT If (ptr=NULL)then Print" Tree is empty" 

Exit 

Endif 

parent=SEARCH_PARENT (ROOT, ITEM) 

If (parents NULL)then ptr1=parent->LC, ptr2=parent->RC 

If(ptr1-> DATA=ITEM) then If (ptr1->LC=NULL)and 

(ptr1->RC=NULL)then parent->LC=NULL Else 

Print" Node is not a leave node: No deletion" 

Endif  Else   parent->RC=NULL 

Endif  Endif   Else 

Print" Node with data ITEM does not exist: Deletion fails"  

Endif Stop 

(c ) Traversal Of A Binary Tree 

The traversal of a binary tree is to visit each node in the tree exactly once. There are three popular 

methods of binary tree traversal.  

These methods are known as in order traversal, preorder traversal and post order traversal. 

Traversing a binary tree involves visiting the root node and traversing its left and right sub tree. The only 

difference among the methods is the order in which these three operations are performed.  
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1. pre-order - R Tl Tr   

2. in-order - Tl R Tr   

3. post-order -Tl Tr R  

Here Tr and Tl are to denote the left and right sub-tree of the node R.  

(i)Pre order traversal: 

This traversal root is visited first then left sub-tree in preorder fashion and then right sub tree 

in pre order fashion. 

• Visit the root node R. 

• Traverse the left sub tree R in preorder. 

• Traverse the right sub tree R in preorder.  

Algorithm PREORDER (ROOT) 

Steps: 

ptr=ROOT If (ptr≠NULL)then VISIT(ptr) 

  PREORDER(ptr->LC) 

PREORDER(ptr->RC) 

Endif Stop 

(ii) In order traversal: 

This traversal before visiting the root node, left sub-tree of the root node is to be visited then 

root node and after the visit of the root node right sub-tree of the node will be visited. 

• Traverse the left sub tree of the root node R is in order 

• Visit the root node R. 

• Traverse the right sub tree the root node R is in order Algorithm 

INORDER(ROOT) 

Steps: 

ptr=ROOT 

If (ptr≠NULL)then 

INORDER(ptr->LC) 

VISIT(ptr) 

INORDER(pt->RC) 

Endif Stop 

(iii)Post order traversal: 

The root node is visited at the end ,that is first visit the left sub-tree and then right-sub tree and at 

last is the root. 

• Traverse the left sub tree of the root node R is post order. 

• Traverse the right sub tree the root node R is in order 

• Visit the root node R. 

 

Algorithm PREORDER (ROOT) 

Steps: 

ptr=ROOT 

If (ptr≠NULL)then 

PREORDER(ptr->LC) 

PREORDER(ptr->RC) 

VISIT(ptr) 

Endif  Stop 
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(d) Merging of Two Binary Trees: 

There are two ways that this operation. T1 and T2 are two binary trees. T2 can be merged with T1 

if all the nodes from T2 one by one, is inserted into the binary tree T1. An other way when the entire tree 

t2 (orT1) is included as a sub-tree of T1 (orT2). T(n1+n2)=T1(n1) +T2(n2). When T is the resultant tree 

of mergingT1 and T2. 

 

Algorithm: MERGE (ROOT1, ROOT2: ROOT) 

Steps: 

If (ROOT1=NULL) then 

ROOT=ROOT2 

Exit Else 

If(ROOT2=NULL) then 

ROOT=ROOT1 

Exit  Else 

If ( ROOT1->LCHILD=NULL) then 

ROOT1-> LCHILD=ROOT2 

ROOT=ROOT1 

Else If ( ROOT1-> RCHILD=NULL) then 

ROOT1->RCHILD=ROOT2 

ROOT=ROOT1 

Else If ( ROOT2->LCHILD=NULL) then ROOT->.LCHILD=ROOT1 

ROOT=ROOT2 

Else 

If ( ROOT2->RCHILD=NULL) then 

ROOT2->RCHILD=ROOT1 

ROOT=ROOT2 

Else  Print "Trees are not compatible for merge operation" Exit EndIf 

EndIf EndIf EndIf EndIf  

EndIf Stop 

 

TYPES OF BINARY TREES 

There are several types of binary trees 

 Expression tree 

 Binary search tree 

 Heap tree 

 Red Black tree 
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EXPRESSION TREE 

An expression tree is a binary tree which stores an arithmetic expression. The leaves of an 

expression tree are operand, such as constants or variable names and all internal nodes are the operators. 

Expression tree is always a binary tree because an arithmetic expression contains either binary operator 

or unary operator. 

  
Operations on the expression tree 

There are two operations are possible on any expression tress: 

1. Traversing 

2. Evaluating 

1. Traversal operations are same as binary tree such as in order, pre order and post order. 

2. Evaluating of the expression is to evaluate the expression for which the tree is formed. 

Algorithm expression tree evaluation 

Input:  ROOT is the pointer to the root of the expression tree.VALUES stores the values of operands. 

Output:  Value of the arithmetic expression stored in the expression tree. 

Data structure:  Linked structure of the binary tree. 

STEPS: 

1. ptr = ROOT 

2. If (ptr≠NULL) then 

3. lptr = ptr->LCHILD 

4. rptr=  ptr->  RCHILD 

5. If Operand(lptr-> DATA) then 

6. T1 = Read(lptr  -> DATA) 

7. Else   T1= ExpressionTreeEvaluation (lptr) 

8. EndIf 

9.   If Operand(rptr-> DATA) then  

10.   T2 = Read(rptr   -> DATA) 

11.   Else      T2 = ExpressionTreeEvaluation (rptr) 

12.   EndIf 

13.   operator = ptr-> DATA 

14.   val = T1 operator T2 

15.   Return(val) 

16.   EndIf    Stop 

 

BINARY SEARCH TREE 

A binary tree T is termed binary search tree (or binary sorted tree) if each node N of T satisfies the 

following property: 
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 The value at N is greater than every value in the left sub-tree of N and is less than every value in 

the right sub-tree of N. 

  
 

A binary tree that has these properties is called a binary search tree. If a binary search true is traversed in 

order and the contents of each node are printed as the node is visited, the numbers are printed in ascending 

order. Operations on a Binary Search Tree 

i. Searching a binary search tree 

ii. Inserting any data in to it 

iii. Deleting any data from it 

iv. Traversing the tree 

(i) Searching of a node in a BST 

To search any node in a binary tree, initially the data that is to be searched is compared with the 

data of the root node. If the data is equal to the data of the root node then the searching is successful. If the 

data is found to be greater than the data of the root node then the searching process proceeds in the right 

sub tree of the root node. 

Algorithm: BST_SEARCH(item) 

Steps: 

ptr=ROOT, flag=FALSE While (ptr ≠ NULL) and (flag=FALSE) 

do Case : ITEM < ptr-> DATA ptr=ptr-> LCHILD 

Case : ptr-> DATA=ITEM flag=TRUE 

Case: ITEM > ptr-> DATA ptr=ptr-> RCHILD End case  

End while  

If (flag=TRUE) then Print "item has found at the node ", ptr Else 

Print "Item does not exist: search is unsuccessful" 

Endif    Stop 

(ii) Insertion of a node in a BST: 

To insert any node into a binary search tree; initially data that is to be inserted is compared with 

the data of the root node. Node the root node of the right or left sub tree is taken and its data is compared 

the same procedure is repeated. 

This is done till the left or right sub tree where the new node is to be inserted is found to be empty. 

Finally the new node is made the appropriate child of this current node. 

 Steps:  

ptr = ROOT, flag = FALSE 

While (ptr ≠ NULL) and (flag = FALSE) do 

Case: ITEM < ptr->DATA 

ptr1= ptr ptr = ptr -> LCHILD 

Case:  ITEM > ptr  -> DATA 

ptr1 = ptr ptr = ptr -> RCHILD 

Case: ptr  ->   DATA = ITEM 

  flag = TRUE 
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1.   Print “ITEM already exists” 

2.   Exit   EndCase 

3.   EndWhile 

4.   If(ptr = NULL) then 

5.   If(ptr = NULL) then 

6.   new = GetNode(NODE)    new ->  DATA = ITEM 

7.   new ->  LCHILD = NULL     new ->  RCHILD = NULL 

8.   If (ptr1 ->  DATA < ITEM) then    ptr1 ->  RCHILD = new 

9.   Else    ptr1  -> LCHILD = new 

10.   EndIf    EndIf     Stop 

 

 
iii) Deletion from a binary tree 

There are 3 cases in delete ( ) function 

• N is the leaf node. 

• N has exactly one child. 

• N has two Childs. 

Case (i) 

N is deleted from T by simply setting the pointer of N in the parent node by null value. 

       

Case (ii) 

N is deleted from T by simply replacing the pointer of N in PARENT(N) by the pointer 

of the only child of N. 

Case (iii): 

Suppose the node to be deleted has two children the solution is more complex. The in 

successor of the node 8 is node 9. the data of this inorder successor shoud now be copied in to 

the node to be deleted and a pointer should be set up pointing to the inorder sucessor. 

(iv) Traversal of a Binary Search Tree: 

There are three types of traversal in binary search tree. 

• In order 

• Preorder 

• Post order 

To sort a set of data a binary search tree can be built with those data and then in order traversal 

can be applied. This method of sorting is known as binary sort. It is a efficient sorting method.
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HEAP TREES 

H is a complete binary tree it will be termed as heap tree, if it satisfies the following properties: 

 For each node N in H, the value at N is greater than or equal to the value of each of the 

children of N. 

 N has the value which is greater than or equal to the value of every successor of N. Such a 

heap tree is called max heap. 

 Min heap is possible where any node N has the value less than or equal to the value of any of the 

successor of N. 

 
Representation of a Heap Tree 

 A heap tree can be represented using a linked structure.  But a single array representation has 

certain advantages for a heap tree over its linked representation.   

 As a heap tree is a complete binary tree, there will be no wastage of array space between the two 

non-null entries; if there are any null entries, these are only at the tail of the array.   

 Another advantage is that we do not have to maintain any links of descendants (child); here, these 

are automatically implied, and to access a child only a few simple arithmetic computations are 

involved.   

 The major advantage with this representation is that from a node we can go in both direction, i.e. 

towards its ancestors and towards its successors as well.  This although possible in a linked 

structure, is a matter of maintenance of an extra link field. 

Operations on a heap tree 

Insertion into a heap tree 

 This operation is used to insert a node into an existing heap tree satisfying the properties of a heap 

tree.  By repeated insertions of data, starting from an empty heap tree, one can build up a heap tree. 

Algorithm InsertMaxHeap 

Steps: 

1. If (N > SIZE) then  Print “Heap tree is saturated: Insertion is void” 

2. Exit   

3. Else  N = N + 1 

4. A[N] =  ITEM 

5. i = N    p = i div 2 

6. While (p > 0) and (A[p] < A[i]) do 

7.   temp = A[i]         A[i] = A[p]            A[p] = temp 

8.   i = p     p = p div 2 

9.   EndWhile      

10.  EndIf      Stop  
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Deletion of a node from a heap tree 

 Any node can be deleted from a heap tree. 

1. Read the root node into a temporary storage say, ITEM. 

2. Replace the root node by the last node in the heap tree.  Then reheap the tree as stated below: 

(a). Let the newly modified root node be the current node. Compare its values with the 

values of    its two children.  Let X be the child whose value is the largest.  Interchange the value 

of X with the value of the current node. 

(b). Make X as the current node. 

(c). Continue reheap if the current node is not an empty node. 

Merging two heap trees 

 Consider two heap tree H1 and H2.  Merging the tree H2 with H1 means including all the nodes 

from H2 to H1.  H2 may be a min heap of max heap and the resultant tree will be a min heap if H1 is min 

heap, else it will be a max heap. 

 The merging operation consists of two steps:  Continue steps 1 and 2 while H2 is not empty: 

1. Delete the root node, say x, from H2. 

2. Insert the node x into H1 satisfying the property of H1. 

 

APPLICATION OF HEAP TREES  

1. Priority Queue: Priority queues can be efficiently implemented using Binary Heap because 

it supports. 

2. Heap Sort: Heap Sort uses Binary Heap to sort an array in O(nLogn) time. 

3. insert(), delete() and extract max(), decrease Key() operations in O(logn) time. Binomoial 

Heap and Fibonacci Heap are variations of Binary Heap. These variations perform union 

also efficiently. 

4. Graph Algorithms: The priority queues are especially used in Graph Algorithms like 

Dijkstra's Shortest Path and Prim's Minimum Spanning Tree. 

5. Many problems can be efficiently solved using Heaps. See following for example. 

a) K'th Largest Element in an array. 

b) Sort an almost sorted array. 

c) Merge K Sorted Arrays. 

 

RED BLACK TREE 

Red - Black Tree is another variant of Binary Search Tree in which every node is colored 

either RED or BLACK. We can define a Red Black Tree as follows.  

Red Black Tree is a Binary Search Tree in which every node is colored either RED or 

BLACK. In a Red Black Tree the color of a node is decided based on the Red Black Tree 

properties. Every Red Black Tree has the following properties. 

• Property #1: Red - Black Tree must be a Binary Search Tree. 

• Property #2: The ROOT node must colored BLACK. 

• Property #3: The children of Red colored node must colored BLACK. (There should not be two 

consecutive RED nodes). 

• Property #4: In all the paths of the tree there must be same number of BLACK colored nodes. 

• Property #5: Every new node must inserted with RED color. 

• Property #6: Every leaf (e.i. NULL node) must colored BLACK. 

 

http://quiz.geeksforgeeks.org/heap-sort/
https://www.geeksforgeeks.org/greedy-algorithms-set-7-dijkstras-algorithm-for-adjacency-list-representation/
https://www.geeksforgeeks.org/greedy-algorithms-set-7-dijkstras-algorithm-for-adjacency-list-representation/
https://www.geeksforgeeks.org/greedy-algorithms-set-5-prims-minimum-spanning-tree-mst-2/
https://www.geeksforgeeks.org/k-largestor-smallest-elements-in-an-array/
https://www.geeksforgeeks.org/nearly-sorted-algorithm/
https://www.geeksforgeeks.org/merge-k-sorted-arrays/
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Example 

The following is a Red Black Tree which created by inserting numbers from 1 to 9. 

 

 
The above tree is a Red Black tree and every node is satisfying all the properties of Red 

Black Tree. Every Red Black Tree is a binary search tree but all the Binary Search Trees need not 

to be Red Black trees.  

a) Insertion into RED BLACK Tree 

In a Red Black Tree, every new node must be inserted with color RED. The insertion 

operation in Red Black Tree is similar to insertion operation in Binary Search Tree. But it is 

inserted with a color property. 

After every insertion operation, we need to check all the properties of Red Black Tree. If 

all the properties are satisfied then we go to next operation otherwise we need to perform 

following operation to make it Red Black Tree. 

1. Recolor 

2. Rotation followed by Recolor 

The insertion operation in Red Black tree is performed using following steps... 

Step 1: Check whether tree is Empty. 

Step 2: If tree is Empty then insert the newNode as Root node with color Black and exit 

from the operation. 

Step 3: If tree is not empty then insert the newNode as a leaf node with Red color. 

Step 4: If the parent of newNode is Black then exit from the operation. 

Step 5: If the parent of newNode is Red then check the color of parent node's sibling of newNode. 

 Step 6: If it is Black or NULL node then make a suitable Rotation and Recolor it. 

 Step 7: If it is Red colored node then perform Recolor and Recheck it. Repeat the same 

until tree becomes Red Black Tree. 

 

Deletion in a red-black tree 

1. Delete the node using the usual deletion operation as in a binary search tree.  This deletion first 

finds the location of the node to be deleted and then it is replaced by its inorder successor. If the 

inorder successor has its child, then the child is moved up to the place of the inorder successor. 

2. The above deletion operation may disturb the properties of a red-black tree.  To restore the 

red-black tree, we require a fix-up operation. 

 

Applications of red-black trees 

 A red-black tree is used to improve the speed of searching in a B-tree.  Although a B-tree is 

height-balanced and searching is in a fashion of a binary search tree, it involves searching a list of 

elements. 



 

 Loyola College of Arts and Science J Usha Nandhini 
 

 

 

GRAPHS 

INTRODUCTION 

Graph is another non-linear data structure. It is hierarchical relationship between parent and 

children's. the relationship is from many parents to many children. 

 A graph G consists of a non-empty set V called the set of nodes (points, vertices) of the 

graph, a set E which is the set of edges of the graph and a mapping from the set of edges E to a set of 

pairs of elements of E.V.  

 
Real world Application  

 Airlines  

 Source-destination network  

 Konigsberg‟s bridges.  

 Flowchart of a program  

 

GRAPH TERMINOLOGIES 

Graph: 

A graph consist of two sets 

(i) A set V called set of all vertices (or node) 

(ii) A set E called set of all edges (or arcs)m 

Set of vertices = {v1,v2,v3,v4} 

Set of edges={ (v1,v2),(v1,v3),(v1,v4),(v2,v3),(v3,v4)} 

 Digraph: 

A digraph is also called a directed graph. If a graph G, such that G=<V,E>, where V is the 

set of all vertices and E is the set of ordered pair of elements from V. Here G2 is a Digraph  

Where V = {v1, v2, v3,v4} 

E = {(v1, v2), (v1, v3), (v2, v3), (v3, v4), (v4,v1) 

Weighted graph: 

A graph is termed as weighted graph if all the edges in it are labeled with some weight. Ex: G3 

and G4 are two weighted graphs. 

Adjacent vertices: 

A vertex vi is adjacent to another vertex say vj if there is an edge from vi to vj. 

Ex: Graph G11, v2 is adjacent to v3 andv4. 

Self loop: 

If there is an edge whose starting and end vertices are same, that is(vi, vj)is an edge then it is 

called a self loop.Ex: GraphG5 

Parallel edges: 

If there are more than one edges between the same pair of vertices, then they are known as 

the parallel edge.Ex: Graph G5. 

Multi graph: 

A graph which has either self loop or parallel edges or both is called multi graph. Ex: Graph G5. 
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Simple graph (digraph): 

A graph if it does not have any self loop or parallel edges is called a simple graph. Ex: graph G5. 

Complete graph: 

A graph G is said to be complete if each vertex vi adjacent to every other vertex vj in G Ex: 

Graph g G6 and G9. 

Acyclic graph: 

If there is a path containing one or more edges which starts from a vertex vi and terminates 

into the same vertex then the path is known as acycle. 

Ex: graph G4 and G7. 

Isolated vertex: 

A vertex is isolated if there is no edge connected from any other vertex to the vertex. Ex: 

Graph G8. 

Degree of vertex: 

The number of edges connected with vertex vi called the degree of vertex vi and is denoted 

by degree (vi). In digraph there are two degrees: in degree and out degree. In degree of vi denoted 

as in degree(vi) = number of edges incident into vi Out degree(vi) = number of edges emanating 

from vi. 

Ex: In graph G4 indegree(v1)=2 outdegree(v1)=1 indegree(v2)=2 outdegree(v1)=0 

Pendent vertex: 

A vertex vi is pendent if its in degree(vi)=1 and out degree (vi)=0 Ex: G8 isa pendent 

vertex. 

Connected graph: 

In a graph G two vertices vi and vj are said to be connected if there is a path in G from vi to 

vj. A graph is said to be connected if for every pair of distinct vertices vi,vj in G there is a path. Ex: 

Graph G1, G3 and G6 
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REPRESENTATION OF GRAPHS 

A graph can be represented in many ways 

• Set representation 

• Linked representation 

• Sequential(matrix)representation  

(i) Set representation: 

This is one of the straightforward methods of representing a graph. In this method two sets 

are maintained (i) V is the set of vertices (ii) E is the set of edges. 

GraphG1 

V (G1)={v1,v2,v3,v4,v5,v6,v7} 

E(G1)={(v1,v2), (v1,v3), (v2,v4), (v2,v5),(v3,v6)/(v3,v7)} 

GraphG2 

V(G2)={v1,v2,v3,v4,v5,v6,v7} 

E(G2)={(v1,v2), (v1,v3), (v2,v4), (v2,v5),(v3,v4),(v3,v6),(v4,v7), (v5,v7), (v6,v7)} 

GraphG3 

V(G3)={A,B,C,D,E} 

E(G3)={(A,B)/(A,C),(C,B),(C,A),(D,A),(P,B),(D,C),(D,E),(E,B)} 

GraphG4 

V(G4)={A,B,C,D} 

E(G4)={(3,A,C),(5,B,A), (1,B,C), (7,B,D),(2,C,A),(4,C,D),(6,D,B),(8,D,C)}  

 
(ii)Linked representation: 

Linked representation is another space-saving way of graph representation. Node structure is 

1. Node structure for non-weighted graph 

2. Node structure for weighted graph 

The linked representation of graphs, the number of lists depends on the number of vertices 

in the graph. The header node in each list maintains a list of all adjacent vertices of anode for which 

header node is meant. 
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(iii) Matrix Representation 

The adjacency matrix isrepresentsin2Darray of size n*n matrix in which n is the number of 

vertices. 

Ex:      A[i] [j]=1 means that the adjacency matrix has one edge. 

A[i][j]=0 means that the adjacency matrix has no edges. 

 

 
Adjacency matrix for Undirected graph: 

The adjacency matrix for an undirected graph is symmetric. The adjacency matrix for a directed 

graph need not be symmetric. The space needed to represent a graph using its adjacency matrix is n
2
 

locations. 

OPERATIONS ON GRAPHS 

i. Insertion 

• To insert a vertex and hence establishing connectivity with other vertices in the 

existing graph 

• To insert an edge between vertices in the graph. 

ii. Deletion 

• To delete a vertex from the graph 

• To delete an edge from the graph. 

   iii.  Merging 

  To merge two graphs G1 and G2 into a single graph. 

 

iii. Traversal 

 To visit all the vertices in the graph. 

i)Insertion 

Insertion procedure differs for undirected graph and directed graph. To insert
 
of a vertex into an 

undirected graph, if Vx is inserted and Vi be its adjacent vertex Vi has to be incorporated in the 

adjacency list of Vx has to be incorporated in the adjacency list of Vi. 

If it's a digraph and if there is a path from Vx to Vi we add a node for Vi into the adjacency list of    

Vx, if there is an edge from Vi to Vx add a node for Vx in the adjacency list of Vi. 

Algorithm INSERT_VERTEX_LL_UG(Vx,X) 

Vx is the new vertex that has to be inserted into a graph. 

Steps: 

N=N+1, Vx=N For i=1 to l do 

Let j=X[i] 

If (j>=N)then 

Print "No vertex labeled X[i] exist; edge from Vx into the list of vertices." 

Else 

End if End for Stop 
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Algorithm InsertEdge_LL_UG 

Steps: 

Let N = number of vertices in the graph 

If (Vi > N) or (Vj>N) then 

Print “Edge is not possible between Vi and Vj” 

Else 

InsertEnd_SL(UGptr[Vi], Vj) 

InsertEnd_SL(UGptr[Vj], Vi) 

EndIf 

ii) Deletion: 

This operation is again different for undirected graph and directed graph (diagraph).  Let us first consider 

the case of deletion of a vertex in a undirected graph.  If we want to delete the vertex V8 from the graph.  

To do this, first we have to look for the adjacency list of V8.  All the vertices which are present in the 

adjacency list of V8, the node labeled V8 has to be deleted from the adjacency lists of those vertices. 

Delete the vertex: 

Algorithm Delete_Vertex_LL_UG(Vx)  

Step: 

If (N=0)then 

Print" Graph is empty: No deletion" 

Exit   Endif 

ptr=UGptr[Vx] ->LINK While(ptr NULL)do j=ptr->LABEL 

DELETE_SL_ANY(UGptr[j],Vx) 

DELETE_SL_ANY(UGptr[Vx], j) 

ptr=UGptr[Vx]->LINK Endwhile 

UGptr[Vx]->LABEL=NULL 

UGptr[Vx]->LINK=NULL 

RETURN_NODE(ptr) 

N=N-1 

Stop 

Algorithm DeleteEdge_LL_UG 

Steps: 

Let N = number of vertices in the graph 

If(Vi > N) or (Vj > N) then 

Print “Vertex does not exist:  Error in edge removal” 

Else 

DeleteAny_SL(UGptr[Vi], Vj) 

DeleteAny_SL(UGptr[Vj], Vi) 

EndIf 

Stop 

iii) Graph Traversal 

In the traversal of a binary tree there are two ways as follows. 

1. Depth First search 

2. Breadth first search 

With these traversals, starting from a given node we can visit all the nodes which are reachable 

from that starting node. 
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1. Depth first search: 

Depth first search (DFS) traversal is similar to the inorder traversal of a binary tree.  Starting from 

a given node, this traversal visits all the nodes up to the deepest level and so on.  

 DFS(G1)  = v1-v2-v5-v7-v4-v8-v6-v3 

 DFS(G2)  = v1-v2-v5-v7-v4-v8-v3-v6 

From the above traversals, the traversals take place up to the deepest level, for example, 

v1-v2-v5-v7, then v4-v8 and v6-v3 (in G1), v3-v6 (in G2).  It can be noted that the sequence of 

visit depends on the depth we choose first and hence the order of visiting the vertices may not be 

unique. 

 
Algorithm DFS_LL 

If Gptr = NULL then 

Print “Graph is empty” 

Exit  EndIf 

u = V 

OPEN.PUSH(u) 

While (OPEN.TOP ≠ NULL) do 

u = OPEN.POP() 

If (Search_SL(VISIT, u) = FALSE) then 

  InsertEnd_S(VISIT, u) 

  ptr = GPTR[u] 

  While (ptr  ->   LINK ≠ NULL) do 

  vptr = ptr  ->   LINK 

  OPEN.PUSH (vptr ->   LABEL) 

  EndWhile    EndIf    EndWhile 

  Return(VISIT)    Stop 

 

2. Breadth first search: 

Another standard graph traversal method is the breadth first search (BFS).  This traversal is very similar to 

the level-by-level traversal of a tree. 

Here, any vertex in the level i will be visited only after the visit of all the vertices in its preceding level, 

that is, at i – 1.  BFS traversal is roughly analogous to the preorder traversal of a tree.  

Here, suppose we are to visit the vertex vi and vi has vi1, vi2,…, vin as the adjacent vertices of it.   

BFS(G1)  = v1-v2-v8-v3-v5-v4-v6-v7 

 BFS(G2)  = v1-v2-v3-v5-v4-v6-v7-v8 
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Algorithm BFS_LL 

Steps: 

If (GPTR = NULL) then  Print „Graph is empty‟ 

Exit   EndIf 

u = V 

OPENQ.ENQUEUE(u) 

While (OPENQ.STATUS() ≠ EMPTY) do 

u = OPENQ.DEQUEUE() 

If (Search_SL(VISIT, u ) = FALSE) then 

  InsertedEnd_SL(VISIT, U) 

  ptr = Gptr[u] 

  While (ptr  ->   LINK ≠ NULL) do    vptr = ptr  ->    LINK 

  OPENQ.ENQUEUE(vptr-> LABEL) 

  EndWhile      EndIf     

  EndWhile      Return (VISIT)    Stop 

(iv) Merging two graphs 

To merge two graphs G1 and G2 into a single graph. 

 

 
 

Operations on matrix representation of graphs 

Matrix representation of graphs is more advantageous in several respects over linked list representation. 
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APPLICATION OF GRAPH 

Graph is an important data structure whose extensive applications are known in almost all 

application areas.  

 Shortest path problem 

 Minimum Spanning tree 

SHORTEST PATH PROBLEM 

This problem of a graph is about finding a path between two vertices in such a way that this path will 

satisfy some criteria of optimization. . For example, for a non-weighted graph, the number of edges 

will be minimum and for a weighted graph, the sum of weights on all edges in the path will be 

minimum. 

(a) Warshall's Algorithms: 

This is a classical algorithm by which we can determine whether there is a path from any vertex Vi 

to another vertex Vj either directly or through one or more intermediate vertices. 

Steps: 

For i=0 to N do For j=1toN 

do 

     P[i][j]= Gptr[i][j] 

Endfor End for 

      For k=1 to N do 

For i=1 to N do For j=1toN 

do 

P[i][j]= P[i][j] v (P[i][k] ^ P[k][j]) 

Endfor Endfor End for 

Return(p) 

Stop 
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(b) Floyd's Algorithm: 

The basic structure of the Floyds algorithm is same as Warshalls algorithm. 

Steps: 

For i=1 to N do For j=1toN 

do 

If (G ptr[i][i]=0)then 

Q[i][j]=∞  

PATHS[i] [j]=NULL Else 

Q[i][j]=Gptr[i][j] P=COMBINE( i,j)  

PATHS[i][j]=P endif Endfor 

Endfor For k=1 to N do For i=1 to N do For j=1toN do 

Q[i][j]= MIN(Q[i][j], Q[i][k]+ Q[k][j]) 

If (Q[i][k]+ Q[k][j]<Q[i][j]) then p1= PATHS[i] k]       

p2= PATHS[k] [j] 

PATHS[i] [j]=COMBINE(p1,p2) 

Endif Endfor Endfor End for 

Return (Q, PATHS) 

Stop 

 

(c)Dijkstra's Algorithm: 

Another kind of the shortest path problem is the single source shortest path problem. In this problem, 

there is a distinct vertex, called source vertex and it requires to find the shortest path from this source 

vertex to all other vertices. 

One algorithm for finding the shortest path from a starting node to a target node in a weighted graph 

is Dijkstra‟s algorithm.  

 
In this procedure will return  the label of the vertex which has minimum distance.  

 

MINIMUM SPANNING TREE 

The spanning tree of a graph G can be defined as a tree which includes all the vertices of G. The 

DFS and BFS traversals on a graph result two trees: DFS- spanning tree and BFS-spanning tree. A 

spanning tree of the graph G is a tree that spans G (that is, it includes every vertex of G) and is a sub 

graph of G (every edge in the tree belongs to G). 

The cost of the spanning tree is the sum of the weights of all the edges in the tree. There can be 

many spanning trees. Minimum spanning tree is the spanning tree where the cost is minimum among all 

the spanning trees. There also can be many minimum spanning trees. 
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a)Kruskal's Algorithm 

Kruskal's Algorithm builds the spanning tree by adding edges one by one into a growing spanning 

tree. Kruskal's algorithm follows greedy approach as in each iteration it finds an edge which has least 

weight and add it to the growing spanning tree. 

Algorithm Steps: 

 Sort the graph edges with respect to their weights. 

 Start adding edges to the MST from the edge with the smallest weight until the edge of the 

largest weight. 

 Only add edges which doesn't form a cycle, edges which connect only disconnected 

components. 

This could be done using DFS which starts from the first vertex, then check if the second vertex is 

visited or not. But DFS will make time complexity large as it has an order of O(V+E)O(V+E) where VV 

is the number of vertices, EE is the number of edges. Disjoint sets are sets whose intersection is the empty 

set so it means that they don't have any element in common. 

 -  

 

 
In Kruskal's algorithm, at each iteration we will select the edge with the lowest weight. So, we 

will start with the lowest weighted edge first i.e., the edges with weight 1. After that we will select the 

second lowest weighted edge i.e., edge with weight 2. Notice these two edges are totally disjoint. Now, 

the next edge will be the third lowest weighted edge i.e., edge with weight 3, which connects the two 

disjoint pieces of the graph. Now, we are not allowed to pick the edge with weight 4, that will create a 

cycle and we can't have any cycles. 

So we will select the fifth lowest weighted edge i.e., edge with weight 5. Now the other two edges 

will create cycles so we will ignore them. In the end, we end up with a minimum spanning tree with total 

cost 11 ( = 1 + 2 + 3 + 5). 
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Time Complexity 

In Kruskal's algorithm, most time consuming operation is sorting because the total complexity of 

the Disjoint-Set operations will be O(ElogV)O(ElogV), which is the overall Time Complexity of the 

algorithm 

 b)Prim's Algorithm 

Prim's Algorithm also use Greedy approach to find the minimum spanning tree. In Prim's 

Algorithm we grow the spanning tree from a starting position. Unlike an edge in Kruskal's, we add vertex 

to the growing spanning tree in Prim's. 

Algorithm Steps 

 Maintain two disjoint sets of vertices. One containing vertices that are in the growing 

spanning tree and other that are not in the growing spanning tree. 

 Select the cheapest vertex that is connected to the growing spanning tree and is not in the 

growing spanning tree and add it into the growing spanning tree. This can be done using 

Priority Queues. Insert the vertices, that are connected to growing spanning tree, into the 

Priority Queue. 

 Check for cycles. To do that, mark the nodes which have been already selected and insert only 

those nodes in the Priority Queue that are not marked. 

Consider the example below: 

 
 

In Prim's Algorithm, we will start with an arbitrary node (it doesn't matter which one) and mark it. 

In each iteration we will mark a new vertex that is adjacent to the one that we have already marked. As a 

greedy algorithm, Prim's algorithm will select the cheapest edge and mark the vertex. 

So we will simply choose the edge with weight 1. In the next iteration we have three options, 

edges with weight 2, 3 and 4. So, we will select the edge with weight 2 and mark the vertex. Now again 

we have three options, edges with weight 3, 4 and 5. But we can't choose edge with weight 3 as it is 

creating a cycle. So we will select the edge with weight 4 and we end up with the minimum spanning tree 

of total cost 7 ( 1 + 2 +4). 

Time Complexity: 

The time complexity of the Prim's Algorithm is O((V+E) logV) O ((V+E) logV) because each 

vertex is inserted in the priority queue only once and insertion in priority queue take logarithmic time. 
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UNIT V 

SEARCHING 

 Location a particular data item in a database is known as searching.  

 Searching is an operation or a technique that helps finds the place of a given element or value in 

the list. Any search is said to be successful or unsuccessful depending upon whether the element 

that is being searched is found or not.  

 Computer systems are often used to store large amounts of data from which individual records 

must be retrieved according to some search criterion. Thus the efficient storage of data to facilitate 

fast searching is an important issue.  

 

Searching in computer systems is of two types. 

 Internal Search - The data items are stored entirely within the computer‟s main memory. 

 With key comparisons 

 Linear Search  

 Non Linear Search 

 Without any comparisons 

 

 External Search - In the case of external search, large volume of data stored in external storage 

devices. Ex. Pen drive, External hard disk. 

 

BASIC TERMINOLOGIES  

Key: This is the element to be searched. Thus the key is used to differentiate the specific record from 

other records. For every database, there is at least one key which is unique (ie) no two records have the 

same key field value.  

Item: It is an element under search. 

Table: The collection of all records is called a table. A column in a table is called a field. A table may be 

one dimensional, multidimensional array. 

File: It is used to indicate a very large table. 

Database: A large file or group of files is called a database. 

Successful: if the key is found in the domain of search that is called successful. 

Unsuccessful: When the entire domain of search is exhausted and the key is not available the search will 

be termed as unsuccessful. 

LINEAR SEARCH TECHNIQUES WITH- ARRAY, LINKED LIST, AND ORDERED LIST  

 Searching methods involving data stored in the form of a linear data structure like array, linked list 

are called linear search methods. 

LINEAR SEARCH WITH ARRAY 

 The simplest searching method is the sequential search with an array.  This searching method is 

applicable when data is stored in an array.  The basic principle of this searching method is to begin 

at the beginning.  Then sequentially continue the search until the right key is found or reached at 

the end of the array.  The algorithm terminates whichever occurs first. 

Algorithm SearchArray 

Input:  An array A[1…n] of size n and K is the key to be searched. 

Steps: 

i = 1 

If (K = A[i]) then  Print „Successful‟ at location i 

Go to Step 14 

Else  I = i+1 
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If ( i < n) then  Go to Step 2 

Else    Print „Unsuccessful‟ 

  Go to Step 14 

  EndIf     EndIf       Stop 

 

Complexity analysis of the algorithm searcharray 

Case 1:  The key matches with the first element 

Case 2:  Key does not exist 

Case 3:  The key is present at any location in the array 

 

Summary of number of comparisons in the algorithm Search Array 

Case 
Number of key 

comparisons 

Asymptotic 

complexity 
Remark 

Case 1 T(n) = 1 T(n) = O(1) Best case 

Case 2 T(n) = n T(n) = O(n) Worst case 

Case 3 T(n) = (n + 1)/2 T(n) = O(n) Average case 

 

LINEAR SEARCH WITH LINKED LIST 

 In this type of linear search method where elements are stored in a non-contagious storage in the 

form of linked list.  We consider single linked list with two components of a node: DATA (to store the 

value of an element) and LINK (to store the address to the next node). 

 Linear search method on it is illustrated in Figure, H denotes the pointer to the header node.  The 

linear search method begins with the node pointed to by the header node H.  Starting from this node, it 

compares the key value stored in it.   

If key matches, then search successfully terminates, else moves to the next node.  This process is repeated 

for subsequent nodes until a key matches or the end of the list is reached.  In the later case, search is 

terminated unsuccessfully. 

 

 
Algorithm SearchList 

Steps: 

ptr = H->LINK 

flag = FALSE 

While (ptr ≠ NULL) && (flag = FALSE) do 

If (ptr   ->    DATA = K) then  flag = TRUE 

Else 

ptr = ptr   ->   LINK 

EndIf  EndWhile 

  If (flag = TRUE) then  Print „Successful‟ 

  Else   Print „Unsuccessful‟ 

  EndIf    Stop 
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LINEAR SEARCH WITH ORDERED LIST 

 We shall consider the linear search methods when elements are in ascending order. 

Algorithm SearchArrayOrder 

Steps: 

i = 1 

flag = TRUE 

While (flag ≠ FALSE) && (K  > a[i]) do 

If (K = A[i]) then   flag = FALSE  Print „Successful at‟ i 

Else  i = i + 1 

If(I > n) then   Break 

  EndIf     EndIf     EndWhile 

  If(flag = TRUE) then    Print „Unsuccessful‟ 

  EndIf    Stop 

Analysis of the algorithm searcharrayorder 

Summary of number of comparisons in the algorithm SearchArrayOrder 

Case 
Number of key 

comparisons 

Asymptotic 

complexity 
Remark 

Case 1 T(n) = 1 T(n) = O(1) Best case 

Case 2 T(n) = (n + 1)/2 T(n) = O(n) Average case 

Case 3 T(n) = (n + 1)/2 T(n) = O(n) Worst case 

 

BINARY SEARCH 

 Binary Search a sorted array by repeatedly dividing the search interval in half. 

 Let us consider an array A with all elements arranged in ascending order.  Let l and u are the lower 

and upper indices of the array A, respectively.  We want to search an item K in it.   

 To do this, we calculate a middle index with the values of l and u, let it be mid. Then we compare 

if K = A[mid] or not.  If it is true, then the search is done.   

 Otherwise, the search is to be repeated on left half or right half depending on the inequalities K < 

A[mid] of K > A[mid], respectively.   

 It may be seen that each time the value of either l or u is adjusted according to the value of K and 

the value at the middle mid.  In case of l = u and K ≠ A[mid], the search terminates unsuccessfully. 

Algorithm BinarySearch 

Steps: 

l = 1, u = n    flag = FALSE 

While(flag ≠ TRUE) and (l < u) do 

mid = [(l+u)/2] 

If (K = A[mid]) then  Print „Successful‟ 

flag = TRUE    Return(mid) 

EndIf 

  If (K < A[mid]) then     u = mid  - 1 

  Else     l = mid  + 1 

  EndIf     EndWhile 

  If (flag = FALSE) then     Print „unsuccessful‟ 

  Return(-1) 

  EndIf     Stop 
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Illustration of the algorithm BinarySearch 

 Let us trace the algorithm with an example.  Consider an array of eight elements. Suppose we 

want to search to list for K = 75.  Algorithm starts with l = 1, u = 8 (Figure).  The control variable flag is 

set as FALSE. 

        In this iteration, we see the value of mid = (1 + 8)/2 = 4.  Since A[4] = 45, l = 4 + 1 = 5.Next, the 

ite-ration 2 begins with l = 5 and u = 8 (it is the right-half of the list), mid = (5+8)/2=6 is calculated.  Since 

A[6] = 75 .  It prints „Successful‟ message, reset flag = TRUE and Return the location of K as 6 and 

algorithm terminates.  In this illustration, we have traced the algorithm for a successful search. 

 

 
The time complexity of Binary Search can be written as O(logn) time. 

 

NON-LINEAR SEARCH TECHNIQUES 

 Programmers prefer to use non-liner data structures such as tree, graph, etc.  In these types of data 

structures, insertion and deletion, search operations are faster compared to those in linear data structure.   

BINARY TREE SEARCHING 

 In an abstraction, we consider a binary tree simply in the form of a tree, where each node has at 

most two children.  Each node stores an element.  Number of nodes in a binary tree is same as the number 

of elements from which a given key element is to be searched.   

 Given a binary tree, our problem is to search whether an element is present in it or not. A method 

to do this is to traverse every node in it and check whether the given element is present in any node 

or not. 

 There are three ways that such a traversal can be done: preorder, inorder and postorder traversals.  

 Other tree traversals can be defined accordingly. Searching an element stored in a binary tree 

following preorder tree traversal is presented in the form of algorithm BinaryTreeSearch. 

Algorithm BinaryTreeSearch 

Steps: 

ptr = PTR 

If (ptr ≠ NULL) then 

If (ptr   ->   DATA = K) then 

Return (1) 

Else 
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BinaryTreeSearch (ptr ->  LC) 

BinaryTreeSearch (ptr  ->  RC) 

EndIf   EndIf    Stop 

   

how the searching of 95 will take is explained in above figure. The order in which different nodes are 

visited is labelled as 1, 2, .... 8. It is observed that at the 8th visit we find the match. The algorithm 

BinaryTreeSeareh does not visit all nodes and terminates as soon as it finds the match by retuning 1. In 

case of an unsuccessful search, it traverses every node and finally returns with NULL. 

 

BINARY SEARCH TREE SEARCHING 

Binary Search Tree, is a node-based binary tree data structure which has the following properties: 

 The left sub tree of a node contains only nodes with keys lesser than the node's key. 

 The right sub tree of a node contains only nodes with keys greater than the node's key. 

 The left and right sub tree each must also be a binary search tree. There must be no duplicate 

nodes. 

 If n is any node in the binary search tree, then the value of n is greater than any value in the left 

sub-tree and less than any value in the right sub-tree.  Note that in a binary search tree two nodes 

with equal values are not allowed. 

 Suppose all elements are stored in the form of a binary search tree and K is the element to be 

searched.  The searching operation begins at the root node.   

 If the elements are stored at the root node, then the search is successful and the search stops here 

else if K is less than or greater than the element at the root node then we repeat the same procedure 

but at the left or right sub-tree, depending on whether K is less than or greater than the element at 

the root node. 

Algorithm BinarySearchTreeSearch 

Steps: 

ptr=ROOT, flag=FALSE 

While (ptr ≠ NULL) and (flag = FALSE) do 

Case: K < ptr ->   DATA 

ptr = ptr ->   LCHILD 

Case:  ptr  ->   DATA = K 

flag = TRUE 

Case: K > ptr  ->   DATA 

ptr = ptr ->   RCHILD 

EndCase    EndWhile 

  If(flag = TRUE) then    Print K “is found at the node”,ptr 

  Else     Print K “does not exist: Search is unsuccessful” 

  EndIf    Stop  
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SORTING 

 Sorting is known as a fundamental operation in computer science.  It is a task of rearranging data 

in an order, such as ascending, descending or lexicographic.  Data may be of any type like based 

on their key values when the records are stored in a file. 

BASIC TERMINOLOGIES 

Internal Sort:  When a set of data to be sorted is small enough such that the entire sorting can be 

performed in a computer‟s internal storage (primary memory) then the sorting is called internal sort. 

External Sort:  Sorting of a large set of data, which is stored in low speed computer‟s external memory 

(such as hard disk, magnetic tape, etc.) is called external sort. 

Ascending order:  An arrangement of data is called in ascending order (also called increasing order) if it 

satisfies the “less than or equal to (<)” relation between any two consecutive data. 

Descending order: An arrangement of data is said to be in descending order (also called decreasing 

order) if it satisfies “greater than or equal to (>)” relation between any two consecutive data. 

Lexicographic order:  If the data are in the form of characters or string of characters and are arranged in 

the same order as in dictionary, then it is called lexicographic order. 

Collating sequence:  This is an ordering for a set of characters that determines whether a character is in 

higher, lower, or same order compared to another.  For example, the alphanumeric characters are 

compared according to their ASCII code. 

Random order:  If the data in a list do not follow any ordering mentioned above,then we say that the list 

is arranged in random order. 

Swap:  Swap between two data storages implies the interchange of their contents.  Swap is also 

alternatively called interchange. 

Stable sort:  A list of unsorted data may contain two or more equal data.  If a sorting method maintains 

the same relative position of their occurrences in the sorted list, then it is called stable sort. 

Item:  An item is a data or element in the list to be sorted.  An item may be an integer value, a string of 

characters (alphabetic or alphanumeric), a record, etc.  An item is also alternatively termed key, data, 

element, etc. 

 

SORTING TECHNIQUES 

It can be classified into two broad categories:   

Internal sorting  

 In internal sorting, all items to be sorted are kept entirely in the computer‟s main (primary) 

memory.  As the main storage is limited, internal sorting is restricted to sort a small set of data 

items only.     

External sorting 

External sorting deals with a large number of items, which cannot be held comfortably in main memory at 

once and hence have to reside outside the main memory. 

 

All internal sorting techniques are based on two principles: 

 Sorting by comparison 

 Sorting by distribution 
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Sorting by comparison 

 The basic operation involved in this type of sorting technique is comparison.  A data item is 

compared with other items in the list of items in order to find its place in the sorted list.  In other 

words, comparison is followed by arrangement.  There are four choices for doing that: 

 Insertion 

 Exchange 

 Selection 

 Enumeration 

Insertion:  From a given list of items, one item is considered at a time. The item chosen is then inserted 

into an appropriate position relative to the previously sorted items. The item can be inserted into the same 

list or to a different list. 

Exchange:  If two items are found to be out of order, they are interchanged.  The process is repeated until 

no more exchange is required. 

Selection:  First the smallest (or largest) item is located and it is separated from the rest; then the next 

smallest (or next largest) is selected and so on until all items are separated. 

Merge:  Two or more input lists are merged into an output list and while merging, the items from an input 

list are chosen following the required sorting order. 

Sorting by distribution 

 In this type of sorting, no key comparison takes place.  All items under sorting are distributed over 

an auxiliary storage space based on the constituent elements in each and then grouped together to get the 

sorted list.  A distribution of items is based on the following choices: 

 Radix 

 Counting 

 Hashing 

Radix:  An item is placed in a space decided by the bases (or radixes) of its components with which it is 

composed of. 

Counting: Items are sorted based on their relative counts. 

Hashing: Items are hashed, that is, dispersed into a list based on a hash function (it is a calculation of a 

relative address of the item). 

To get the amount of time required to sort an array of 'n' elements by a particular method, 

the normal approach is to analyze the method to find the number of comparisons (or exchanges) 

required by it. Most of the sorting techniques are data sensitive and so the metrics for them depends 

on the order in which they appear in an input array. Various sorting techniques are analyzed in 

various cases and named these cases as follows: 

 Best case 

 Worst case 

 Average case 
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INSERTION SORTING 

 There are N keys in an input list. It requires N iterations to sort the entire list. 

 Insertion sort is implemented by inserting a particular element at the appropriate position.  

 The first iteration starts with comparison of 1st element with the 0th element. Second iteration 2nd 

element is compared with the 0th and 1st element. In every iteration an element is compared with 

all elements before it.  

 During comparison if is found that the element can be inserted at a suitable position then space is 

created for it by shifting the other elements. One position to the right and inserting the element at 

the suitable position.  

1) Select the (j+1)th key K from the input, which has to be inserted into the output list. 

2) Compare the key K with, Kj,Kj-1,… etc. in the output list successively. 

3) Move keys  Ki+1, Ki+2, …, Kj in the output list up one space to the right. 

4) Put the key K into the position i+1. 

Algorithm Insertion Sort 

Input: An input list A[1…N] 

Output: An output list B[1…N] 

Remark: Sorted in ascending order. 

STEPS: 

B[1]=A[1] 

For j=2 to N do  

/* Select the key K from the input list*/ 

K = A[j] 

/* Search the location i in the output list such that Ki < K < Ki+1 */ 

flag = TRUE 

i = j-1 

While (flag = TRUE) do 

If (K < B[i]) then 

i = i=1 

If (i=0) then 

flag = FALSE 

EndIf 

Else 

flag = FALSE 

EndIf 

EndWhile 

/* Move to right one place all the keys from and after i+1 */ 

p = j 

While (p > i+1) do 

B[p] = B[p-1] 

p=p-1 

EndWhile 

/* Insert the keys at (i+1)th place */ 

B[i+1] = K 

EndFor 

Stop 
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Time complexity of the algorithm  

Case Run Time(Tn) complexity Remark 

Case 1 T(n) = c(n-1) T(n) = O(n) Best case 

Case 2 T(n) = cn(n-1)  T(n) = O(n
2
) Average case 

Case 3 T(n) = c(n-1)(n+3) /2 T(n) = O(n
2
) Worst case 

 

SELECTION SORT 

 The selection sort considers the following two basic operation. 

1. Select:  Selection of an item from the input list. 

2. Swap:  Interchange two items in the list. 

 In selection sorting, the above two steps are iterated to produce the sorted list, which progresses 

from one end as the iteration continues.  We may note that selection sorting can be done on the input list 

itself.  This implies that selection sort is an in place sorting technique. 

 Suppose, there are n number of key values in the list to be sorted.  This technique requires n – 1 

iterations to complete the sorting.  

  Let us consider the case of ith iteration, where 1 < i < n.  The ith iteration begins with i – 1 key, 

say, K1 < K2 < … < Ki-1 which are already in sorted order.  Two basic steps in each iteration are 

as follows. 

Select:  Select the smallest key in the list of remaining key values say, Ki, Ki+1, …., Kn.  Let the smallest 

key value be Kj (i < j < n). 

Swap:  Swap the two key values Ki and Kj. 
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Algorithm SelectionSort 

Steps: 

For i = 1 to (n-1) do 

j = SelectMin(i, n) 

If ( i ≠ j) then 

Swap(A[i],A[j]) 

EndIf 

EndFor 

Stop 

Algorithm SelectMin 

Steps: 

min = A[L]     

minLoc = L 

For i = L+1 to R do 

If (min > A[i]) then 

min = A[i] 

minLoc = i 

EndIf 

EndFor 

Return(minLoc) 

  Stop 

 

 
 

Analysis of the algorithm SelectionSort 

Case 1:  The input list is already in sorted order. 

Case 2:  The input list is stored but in reverse order. 

Case 3:  The elements in the input list are in random order. 

Algorithm Swap 

Steps: 

temp = X 

X = Y 

Y = temp 

Stop 
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Time complexity of the algorithm SelectionSort 

Case Run time, T(n) Complexity Remark 

Case 1 C(n) = n(n – 1)/2 T(n) = O(n
2
) Best case 

Case 2 C(n) = (n – 1)(n + 3)/2 T(n) = O(n
2
) Average case 

Case 3 
T(n) = (n - 1)(n + 6)/2 

(Taking n – 1 = n) 
T(n) = O(n

2
) Worst case 

 

BUBBLE SORT 

 This technique is simple in the sense that it is easy to understand, easy to implement and easy to 

analyze. The working of the bubble sort is stated below. 

Let us consider that n elements to be sorted are stored in an array. 

1. While location of the first element is not the same as the location of the last element, do Steps 2-7. 

2. Let‟s start with the first element as the current element.  

3. While current element is not the same as the last element, repeat Steps 4-6. 

4. Compare the current element with the immediate next element. 

5. If the two elements are not in order, then swap the two. 

6. Move to the next element, and it is now the current element. 

7. The largest element is now placed at its right location.  The element just ahead do this element 

becomes the last element of the rest of the unsorted list.  Go to Step 1. 

8. Stop 

Algorithm Bubble Sort 

Input:  An array A[1, 2, …, n], where n is the number of elements. 

Output:  An array A with all elements in sorted order. 

Remark:  Sort the elements in ascending order. 

Steps:  

For i = 1 to n-1 do 

For j = 1 to n-i do 

If (A[j] > A[j+1]) then 

Swap(A[j], A[j+1] 

EndIf 

EndFor 

EndFor 

Stop 

 

Time complexity of the algorithm BubbleSort 

Case Run time, T(n) Complexity Remark 

Case 1 C(n) = cn(n – 1)/2 T(n) = O(n
2
) Best case 

Case 2 C(n) = cn(n – 1) T(n) = O(n
2
) Average case 

Case 3 

 

T(n) = c3/4n(n - 1) 

 

T(n) = O(n
2
) Worst case 
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QUICK SORT 

 Quick Sort developed by Hoare in 1962.The basic strategy of quick sort is to divide and conquer. 

 It picks an element as pivot and partitions the given array around the picked pivot.  

 Pick first element as pivot. 

 Pick last element as pivot  

 Pick a random element as pivot. 

 Pick median as pivot. 

Divide-and-conquer 

Divide:  Divide the large problem to a number of smaller sub-problems.  If the sub-problems are not small 

enough, then decompose them and continue the decomposition until all sub-problems are small enough.  

Let the main problem is divided into n number of sub-problems after this step and these are P1, P2, P3, 

..,Pn 

Conquer:  Find a suitable technique so that each sub-problem Pi, i = 1, 2, 3, …, n can be solved quickly. 

Combine:  Combine the results of all solutions to all sub-problems to get the final solution. 

 

Quick-Sort(A, first, last) 

If (first < last) then 

p = Partition(A, first, last) 

QuickSort (A, first, p – 1) 

QuickSort(A, p + 1, last) 

Return 

 

Divide-and-Conquer(P) 

n = Size(P) 

If (n < MIN) 

S = Conquer(P) 

Else {P1, P2, P3, …, Pn} = Divide(P) 

For each Pi ∈ { P1, P2, …, Pn} do 

Si = Divide-and-Conquer(Pi) 

S = Combine(S1, S2, …., Sn) 

Return(S) 
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Algorithm Partition: 

Steps: 

loc= left 

While ((left < right) do 

While(A[loc] < A[right]) and (loc < right) do 

right = right -1 

EndWhile 

If (A[loc] > A[right]) then 

Swap(A[loc], A[right]) 

loc =right 

left = left + 1 

EndIf 

While(A[loc] > A[left]) and (loc > left) do 

left = left + 1 

EndWhile 

If (A[loc] < A[left]) then 

Swap(A[loc], A[left]) 

loc = left   

right = right – 1 

EndIf  EndWhile 

Return (loc)   Stop 
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 Most implementations of quick sort make use of the fact that you can partition in place by keeping 

two pointers: one moving in from the left and a second moving in from the right.  

 They are moved towards the center until the left pointer finds an element greater than the pivot and 

the right one finds an element less than the pivot. These two elements are then swapped.  

 The pointers are then moved inward again until they "cross over". The pivot is then swapped into 

the slot to which the right pointer points and the partition is complete. 

 Partition ensures that all items less than the pivot precede it and returns the position of the pivot. 

This meets our condition for dividing the problem: all the items in the lower half are known to be 

less than the pivot and all items in the upper half are known to be greater than it. 

Time complexity of the algorithm QuickSort 

Complexity Remark 

T(n) = O(n
2
) Best case 

T(n) = O(n
2
) Average case 

T(n) = O(nlog2n) Worst case 

 

 

MERGE SORT 

 All sorting method based on merging can be divided into two broad categories: 

1. Internal merge sort and 

2. External merge sort 

 In case of internal merge sort, the lists under sorting are small and assumed to be stored in the high 

speed primary memory.  In other hand, external merge sort deals with very large lists of elements such 

that size of primary memory is not adequate to accommodate the entire lists in it. 

 The merge sort technique closely follows the divide-and –conquer paradigm.  Let a list of n 

elements to be sorted with l and r being the position of leftmost and rightmost elements in the list.  The 

three tasks in this divide-and-conquer technique are stated as follows. 

Divide:  Partition the list midway, that is, at [(l + r)/2] into two sub lists with n/2 elements in each, if n is 

even of [n/2] and [n/2] – 1 elements if n is odd. 

Conquer:  Sort the two lists recursively using the merge sort. 

Combine: Merge the sorted sub lists to obtain the sorted output. 

 In the divide-and-conquer strategy, the task divide merely calculates the middle index of the list.  

The conquer step is to solve the same problem but for two smaller lists. 

 It can be done recursively and the recursion should terminate when the list to be sorted has length 

l, in which case there is no work to be done, since every list of length l is already in sorted order.  

 The third step namely combine does the merging. It merges two adjacent sub arrays and putting 

the resulting merged array back into the same storage space originally occupied by the elements 

being merged. 
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Algorithm MergeSort 

Steps: 

If(r < l) then 

Return 

Else 

mid = [(l + r) /2] 

MergeSort(A[l… mid]) 

MergeSort(A[mid+1…r]) 

Merge(A, l, mid, r) 

EndIf 

Stop 

Algorithm Merge 

Steps: 

i = l, j = mid+1, k = 1 

While ((i < mid) and (j < r)) do 

If (A[i] < A[j]) then C[k] = A[i] 

i = i+1,k = k+1 

Else   C[k] = A[j] 

j = j+1, k = k+1 

EndIf     EndWhile 

  If(i>mid) and (j < r) then 

  For m = j to r do    C[k] = A[m] 

  k = k+1    EndFor 

  Else 

  If (i<mid) and (j>r) then 

  For m = I to mid do    C[k] = A[m] 

  k = k+1 

  EndFor     EndIf 

  For m= 1 to k-1 do 

  A[m] = C[m]       m = m+1 

  EndFor     Stop 
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Analysis of the merge sort 

Time complexity 

 The basic operation in the merge sort is the key comparison. 

Best case time complexity 

 The best case occurs when the list to be sorted is almost sorted in order.  In such a situation, the 

merge operation requires n/2 operations and time complexity can be obtained as 

    T(n) = O(n log2 n) + O(n) 

Average case time complexity 

 A detailed calculation on the average case analysis reveals that, on the average, the time 

complexity of merge sort is          T(n) = O(n log2 n) 

Space complexity 

 The algorithm we have discussed use the merge operation, which stores the output list into an 

auxiliary storage space.  The storage space in merge operation is = n (where we merge two sub lists of size 

n/2 elements in each).  Hence, we need extra storage space n other than the input list itself.  Therefore, the 

storage complexity to sort n elements is      S(n) = n 

 

HEAP SORT 

Heap sort is a comparison based sorting technique based on Binary Heap data structure. 

Heap tree 

 A heap tree is a complete binary tree and stored in an array.  Each node of the heap tree stores a 

key value under sort.  

 Parent(i) = i/2  // If the node is at i then its parent is at i/2 

 Left child(i) = 2i // If the parent is at i then its left child is at 2i 

 Right child(i) = 2i+1 // If the parent is at i  then its right child is at 2i+1 

Max heap property:  A[Parent(i)] >  A[i] for all node i except the root node 

That is, the value of a node is at most the value of its parent.  In other word, in a max heap, the largest 

element is stored at the root.  

Min heap property:  A[Parent(i) < A[i]  for all node i except the root node 

In this case, the smallest value is at the root and the subtree rooted at a node contains a value no smaller 

than that contained at the node itself. 

Sorting using heap tree 

1. Create heap:  Create the initial heap tree with n elements stored in the array A.  For i = n down 

to 1 do 

2. Remove max:  Select the value in the root node (this is, the maximum value in the heap).  

Swap the value (that is A[1]) with the value at the ith location in A. 

3. Rebuild heap:  Rebuild the heap tree for elements A[1, 2, …, i-1]. 

 

 

Create heap 

The create heap procedure is comprised of the following steps.  Initially, the heap tree is empty and 

iteration i = 1. 

1. Select the ith element from the list A.  Let this element be x. 

2. Insert the element x into B satisfying the heap property. 
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Algorithm Create Heap 

Steps: 

i = 1 

While (i < n) do 

x = A[i]     B[i] = x    j=i  

While (j > 1) do 

If B[j] > B[j/2] then 

temp = B[j]     B[j] = B[j/2]    B[j/2] = temp 

j = j/2 

Else   j = 1 

EndIf    EndWhile 

i = i + 1 

EndWhile     Stop 

Algorithm Remove Max 

Steps: 

temp = B[i] 

B[i] = B[1] 

B[1] = temp 

Stop 

 

Algorithm Rebuild Heap 

Steps: 

If (i = 1) then 

Exit 

j = 1     flag = TRUE 

While (flag = TRUE) do 

leftChild = 2*j, rightChild = 2*j+1 

/* Check if the right child is within the range of heap or not */ 

If (rightChild <  i) then 

/* Compare whether the let child or the right child will move to up or not */ 

If (B[j] < B[leftChild]) AND B[leftChild] > B[rightChild] then 

Swap(B[j], B[leftChild])       j = leftChild 

Else 

If (B[j] < B[rightChild]) AND B[rightChild] > B[leftChild] then 

Swap(B[j], B[rightChild])   j = rightChild 

Else    flag = False 

EndIf   EndIf 

Else   If (leftChild < i)  then 

If(B[j] < B[leftChild]) then 

Swap(B[j], B[leftChild]) 

j = leftChild 

Else     flag = FALSE 

EndIf    EndIf 

EndIf    EndWhile 

Stop   
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Algorithm Heap Sort 

Steps: 

Read n elements and store in the array A 

CreateHeap(A) 

For i = n down to 2 do 

RemoveMax(B, i) 

RebuildHeap(B, i – 1) 

EndFor 

Stop 
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Step 1: 8 is swapped with 5. 

Step 2: 8 is disconnected from heap as 8 is in correct position now and. 

Step 3: Max-heap is created and 7 is swapped with 3. 

Step 4: 7 is disconnected from heap. 

Step 5: Max heap is created and 5 is swapped with 1. 

Step 6: 5 is disconnected from heap. 

Step 7: Max heap is created and 4 is swapped with 3. 

Step 8: 4 is disconnected from heap. 

Step 9: Max heap is created and 3 is swapped with 1. 

Step 10: 3 is disconnected. 

 

Time complexity of the algorithm HeapSort 

Complexity Remark 

T(n) = O(nlog2n) Best case 

T(n) = O(nlog2n) Average case 

T(n) = O(nlog2n) Worst case 

 

****************************************************************************************************** 

 

 

 

 

 

 

 

  

 


