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Chapter 1 & 3

18-19 mid1

1(a) . What do you mean by datatype? Is Array a data structure? Justify
your answer.

A datatype is a classification of data that determines the type of operations that can
be performed on it. In programming, data types are used to define variables,
functions, and parameters in a program.

An array is a data structure that stores a collection of elements of the same data
type in contiguous memory locations. As such, it is not a data type but a data
structure that uses a specific data type to store its elements.

Arrays are a fundamental data structure in programming and are used to store and

manipulate collections of data efficiently. They allow for quick access to individual
elements and support operations such as sorting and searching.
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Arrays also support dynamic resizing, making them versatile for handling collections
of varying sizes. They are commonly used in algorithms, data processing, and
database management.

In summary, while arrays are not a data type, they are a crucial data structure that
relies on a specific data type to store its elements.

18-19 mid1
1(b) .What do you mean by random-access machine?
A random-access machine (RAM) is a theoretical model of computation that performs
calculations on a stored program. It is a type of computer architecture that allows for
constant-time access to any memory location, irrespective of the memory's physical
location.

The RAM model assumes that every operation takes the same amount of time, and its
performance is typically measured in terms of the number of basic operations performed.

The RAM model is used to analyze the time and space complexity of algorithms, and it is a
widely used theoretical framework for studying computation.

17-18 final

1(a). Write down the definitions of algorithms as technology.

An algorithm is a set of instructions or rules that a computer program follows to accomplish

a task. It is a sequence of steps that a computer executes to solve a problem.

Algorithms are considered a technology because they enable the creation of software

applications that can automate complex tasks. They provide a systematic and efficient
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approach to solving problems, which is critical for developing software systems that can

handle large volumes of data.

Algorithms can be designed to perform a wide range of functions, from sorting and
searching data to processing images and speech. They are a key component of artificial
intelligence and machine learning, which rely on complex algorithms to analyze and learn

from data.

Algorithms are also used in a variety of industries, including finance, healthcare, and

transportation, to optimize resource usage, improve efficiency, and reduce costs.

In summary, algorithms are a technology that enables the development of powerful software

applications that can automate complex tasks, analyze data, and make intelligent decisions.

16-17 final

1(a). Why are data structures and algorithms so important in Computer science?

They provide a way to organize and manipulate data efficiently.
They help optimize resource usage, such as memory and processing power.
They are fundamental building blocks for developing complex software systems.

They enable software engineers to solve complex problems in a systematic and structured
way.

They improve the performance and scalability of software systems.

They are widely used in industries such as finance, healthcare, and transportation.
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They are a critical component of coding interviews for tech jobs.

Mastery of data structures and algorithms is a hallmark of a competent software engineer.

8(a). Define algorithms and Data structures? As a CSE student, why should you
have good knowledge on algorithms?

An algorithm is a set of instructions or rules that a computer program follows to accomplish a
task. It is a sequence of steps that a computer executes to solve a problem. A data structure, on
the other hand, is a way of organizing and storing data in a computer program, so it can be
accessed and used efficiently.

As a computer science engineering (CSE) student, having good knowledge of algorithms is
essential because algorithms are the building blocks of software systems. They enable you to
develop efficient and effective solutions to complex problems and help optimize resource usage,
such as memory and processing power.

Data structures, on the other hand, provide a way to organize and manipulate data efficiently,
which is critical for developing complex software systems. Understanding different data
structures and their operations can help you choose the right one for a given problem and
develop software that performs optimally.

Overall, good knowledge of algorithms and data structures is essential for CSE students as it is

critical to developing high-quality software and solving complex problems efficiently. It is a
fundamental component of computer science and is widely used in industry and research.

Chapter 4

For a better understanding of TOH & LCS You can see the videos which | provide
below:

For TOH : @ Tower of Hanoi Problem - Made Easy
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For LCS : @ |CS - Longest Common Subsequence - Algorithms (Bangla Tutorial)
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Chapter 6

To learn Heap Sort: @ 2.6.3 Heap - Heap Sort - Heapify - Priority Queues

18-19 mid-1

2(b) . Write down the algorithm of Heap sort with example. [4]
HEAPE{}RTI[:l}

| RO n-MaX-HFAP({A)

2 fori = A.length downto 2

3 exchange A[1] with A[i]

4 A heap-size = A heap-size - |
5 MAX-HEAPIFY(A, 1)

Example .###17-18 final Data structure 2(c) as same

18-19 mid-1

2(c). Write pseudo code for the procedures HEAP_DECREASE_KEY that
implements a min priority queue with a min-heap
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4. [CLRS 6.5-3) Write psendocode for the procedures HEAP-EXTRACT-MIN, HEAP-DECREASE-
KEY and HEAP-INSERT that implement a min-priority queue with a min-heap.

Solution:

HEAP-MINIMUM{A)
return A[1]

HEAP-EXTRACT-MIN{A}

if heap-size[A] < 1
then error '‘heap underflow'’

min <- A[1]
A£[1] «- Al(heap-zize[A]]
heap-size[4] <- heap-size[A] - 1
MIN-HEAPIFY(A,1)
return min

HEAP-DECREASE-KEY (A, i, key)
if key > A[i]
then error '‘new key is larger than current key'’
A[i] <- key
while i > 1 and Afparemt(i)] > A[i]
do exchange #4[i] <-> Alparent{i)]
i «<- parent(i)

MIN-HEAP-INSERT(A ,ke!,rj
heap-size[A] <- heap-ziza[A] + 1
Alheap-size[A]] <- +inf
HEAP-DECREASE-XEY (A, heap-size [A] ,key)

AVAILABLE AT:
Onebyzero Edu - Organized Learning, Smooth Career
The Comprehensive Academic Study Platform for University Students in Bangladesh (www.onebyzeroedu.com)


http://www.onebyzeroedu.com

17-18 final

2(c). Write down the operation of HEAPSORT on the array A =<5, 13, 2, 25, 7,
17, 20, 8, 4>
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6.4-1 (p. 160} | Using Figure 6.4 as a model, illustrate the operalion of HEAPSORT on the array A = (5,13.2,25,7,
7.20,8,4%.

Sinee Alength = 9, the command Max-Heariry (A, ) is called for i = 4,3,2.1. The action of Bumn-Max-
Heap is as follows (these first few diagrams are not required for a correct answer), with the nodes exchanged at each
step shaded:

BuiLp-Max-Heap(A):

Max-HeariFy (A, 4):

Max-HeariFy(A. 3):

Max-Heariry (4, 2):

Max-HeariFy( A, 1):
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Maowwr we follow Figure 6i.d (these diagrams are required for a cormect answer):

Step )

Step 6 Step T

© O,
© © @ 6
ONC

Step 8

This gives a final sorted array A = (2,45, 7,8, 13, 17, 30, 25}.

16-17 final
1(c). What do you mean by priority queue? Write down the operations of the
priority queue? Write down the program to max heapify of an array?
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A priority queue is a type of data structure that stores a collection of elements
with associated priorities. Each element in the queue is assigned a priority, and
the queue maintains the order of the elements based on their priority.

The operations of a priority queue are:

Insertion: Add an element to the queue with its associated priority.

Deletion: Remove the element from the queue with the highest priority.

Peek: Get the element with the highest priority without removing it from the
queue.

Change Priority: Modify the priority of an element already in the queue.
Merge: Combine two priority queues into a single queue while maintaining the
order of the elements based on their priorities.

Priority queues are commonly used in algorithms such as Dijkstra's shortest path
algorithm and Huffman coding. They are also used in computer networking,
operating systems, and other applications where scheduling or resource
allocation is required.
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Operations

= A max-priority queue provides the following operations:
o insert: add an element to the priority queue.
o maxElement: return the largest element in the priority queue.
o removeMaxElement: remove the largest element from the priority queue.

Insert / Enqueue Operation

Whenever an element is inserted into queue, priority queue inserts the item according to its
order. Here we're assuming that data with high value has low priority.

15

Rear ——|15

Rear —|12 12
1 1

9 9

5 5

Front —| 3 Front —| 3

Queue Queue

One item inserted atrear end
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Remove / Dequeue Operation

Whenever an element is to be removed from gueuse, queue get the element using item
count. Once element is removed. ltem count is reduced by one.

Rear——|15| Rear——|15

12 12

Front —

b o w

L | h| ©

Front —

Queue Queu

One ltem removed from front

**code:
https://www.geeksforgeeks.org/building-heap-from-array/

/[ C++ program for building Heap from Array
#include <iostream>
using namespace std;

/I To heapify a subtree rooted with node i which is

/[ an index in arr[]. N is size of heap

void heapify(int arr[], int n, int i)

{
int largest = i; // Initialize largest as root
intl=2*i+1;/left=2%+1
intr=2%i+2;//right=2% + 2
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}

/I If left child is larger than root
if (I <n && arr[l] > arr[largest])
largest = |,

/'If right child is larger than largest so far
if (r <n && arr[r] > arr[largest])
largest =r;

/' If largest is not root
if (largest =) {
swap(arr[i], arr[largest));

/I Recursively heapify the affected sub-tree
heapify(arr, n, largest);

// Function to build a Max-Heap from the given array
void buildHeap(int arrf], int n)

{

}

/I Index of last non-leaf node
int startldx = (n/2) - 1;

I/l Perform reverse level order traversal

// from last non-leaf node and heapify

I/l each node

for (int i = startldx; i >= 0; i--) {
heapify(arr, n, i);

}

/I A utility function to print the array
// representation of Heap
void printHeap(int arrf], int n)

{

cout << "Array representation of Heap is:\n";
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for (inti=0;i<n; ++i)
cout << arrfi] <<" "
cout << "\n";

}

/I Driver Code
int main()

{

// Binary Tree Representation
/I of input array

I 1
I / \

I 3 5
I /AN A

I 4 61310
NAVA

I 981517

intarr[]={1,3,5,4,6,13,10,9, 8, 15,17 };
int n = sizeof(arr) / sizeof(arr[0]);
buildHeap(arr, n);

printHeap(arr, n);

// Final Heap:

Il 17

Il /

Il 15 13
Il /\ /\

AVAILABLE AT


http://www.onebyzeroedu.com

16-17 final 2(c) er ii & 17-18 final 2(c)

17-18 final algorithm 2(c):

Write down the procedure of HEAP-MINIMUM and HEAP-EXTRACT-MIN
Sol: Same as 18-19 mid-1 er 2(c)

17-18 final algorithm 2(d):
A heap is an advanced tree-based data structure used primarily for sorting and
implementing priority queues. They are complete binary trees

Same as 17-18 final 2(c)

Chapter 7 & 8

Quick sort: ®2.8.1 QuickSort Algorithm
Counting Sort: @ Counting Sort | Easiest explanation with example
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Chapter 10

[ 1.c ] What do u mean by priority queue? Write down the operation of of the priority

Solution:

The priority queue in the data structure is an extension of the “normal” queue. It is an
abstract data type that contains a group of items. It is like the “normal” gueue except that the
dequeuing elements follow a priority order. The priority order dequeues those items first that have the
highest priority.

It is an abstract data type that provides a way to maintain the dataset. The "normal” queue follows a
pattern of first-in-first-out. It dequeues elements in the same order followed at the time of insertion
operation. However, the element order in a priority queue depends on the element’s priority in that
gueue. The priority gueue moves the highest priority elements at the beginning of the priority queue
and the lowest priority elements at the back of the priority queue.

Operation:
A priority queue is of two types:

» Ascending Order Priority Queue
» Descending Order Prionty Queue

Ascending Order Priority Queue

An ascending order priority queue gives the highest priority to the lower number in
that queue. For example, you have six numbers in the prionty queue that are 4, 8 12,45,
35, 20. Firstly, you will arrange these numbers in ascending order. The new list 1s as
follows: 4, 8, 12, 20. 35, 45. In thus list, 4 1s the smallest number. Hence, the ascending
order priority queue treats number 4 as the highest pnionity.

|4 |8 | 12 | 20 | 35 | 45 |

In the above table, 4 has the highest priority, and 45 has the lowest priority.
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Descending Order Priority Queue

A descending order priority queue gives the highest priority to the highest number
in that queue. For example, you have six numbers in the priority queue that are 4, 8, 12,
45, 35, 20. Firstly, you will arrange these numbers in ascending order. The new list 1s as

follows: 45, 35, 20, 12, 8, 4. In this list, 45 is the highest number. Hence, the descending
order priority queue treats number 45 as the highest priority.

| 45 | 35 | 20 | 12 | 8 | 4 |

In the above table, 4 has the lowest priority, and 45 has the highest priority.
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[ 3.a ] Describe a situation where storing items in an array is clearly better than
storing items on a linked list.

Solution:

When elements must be retrieved by their position.

[For more info]
Disadvantages of using linked lists over arrays-

. The main disadvantage of linked list over array 15 access time to individual
elements. Array is random-access,which means it takes o(1) to access any
element in the array. Linked list takes O{n) for access to an element in the list
in the worst case,

2. Another advantage of arrays in access time is special locality in memory. Arrays
are defined as contiguous blocks of memory, and so any element will be
physically near its neighbours This greatly benifits from modern CPU caching
methods.

3. In linked list , Random access 15 not allowed. We have to access elements
sequentially starting from the first node. So we cannot do binary search with
linked lists.

4. Extra memory space for a pointer is required with each element of the
list. Hence Linked lists wastes memory in terms of extra reference points.
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b) write down the output of this code with THREE pushs ONE pop
intStack s = new intStack();
s.push(1);

s.pushi2);

s.push(3);
s.pushi 12);

s pushi 14);

print(s. pop() A
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Cowrite down the process of ENQUE and DEQUE usong an array.

Solution:

AVAILABLE AT: .
Onebyzero Edu - Organized Learning, Smooth Career
The Comprehensive Academic Study Platform for University Students in Bangladesh (www.onebyzeroedu.com)


http://www.onebyzeroedu.com

d. Draw a picture of the sequence 13,4,8,19.5,11 stored as a doibly linked list using the multiple array
representation. Do the same for the single array representation

TR
L i-- -+
dnanik W
1 F L ] 4 . | L 7 -] 9 12 11 12
P S ——— P R
next | | I 51 71 1| (| | 31 | | |
- B L T T ST o o s e - -
key | | | 41 51 8] | 11| ] 13 | 19 | | |
- B LT LT L T L L T
prav | | | 8] x| 2| | &l I 1 s | |
----- i e e
- - + -
| key|next |prev|
L. T ey
13 is head.
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c) Define Stack and Queue. Given the following numbers 10, 4, 6, 8.9 and 3, write

i) What would be the value to the stack, if three times push, one time pop, one time push and
one time pop. Where push and pop operation refers to insert and pull an element to the stack
respectively.

ii) What would be the value to the queue, if two times enqueue, one time dequcue, three times
enqueue and four times dequeue,

iii) Write down the operations for making empty stack to the numbers.
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d) Define linked list. Implement a stack using a singly linked list L The operations
PUSH and POP should still take O(1) time.

Solution:

Implement a stack using single linked list concept. all the single linked list operations perform
based on Stack operations LIFO(last in first out) and with the help of that knowledge we are
going to implement a stack using single linked list. using single linked lists so how to implement
here it is linked list means what we are storing the information in the form of nodes and we need
to follow the stack rules and we need to implement using single linked list nodes so what are the
rules we need to follow in the implementation of a stack a simple rule that is last in first out and
all the operations we should perform so with the help of a top variable only with the help of top
variables are how to insert the elements let’s see

([33] [[as00
tﬂp | | . i | Initial Stack Having Three element
- J-_ L And 1op have address 4800
22] |5o0]
"y
| 11 il |
'|"'{:.
a4 [eopo |
'.'J_- i i
4900 [First create a iemp node and assign 44
top 93] | esop | Into data fek and top n ik e
m 4800 ¥ A in 1851 BSSHON BTN ASSIGN iNke top
22] |[5o00]
1500
—_—T
11 || nw
5000
Pop hree element
10D 1B = 10,
iap = op-slink;
fermp-=hnk = MULL;
Ireeflermn ),
Tl_ . il
So0n
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A stack can be easily implemented through the linked list. In stack Implementation, a stack
contains a top pointer. which is “head” of the stack where pushing and popping items happens at
the head of the list. first node have null in link field and second node link have first node address
in link field and so on and last node address in “top” pointer.

The main advantage of using linked list over an arrays is that it is possible to implements a stack
that can shrink or grow as much as needed. In using array will put a restriction to the maximum

capacity of the array which can lead to stack overflow. Here each new node will be dynamically
allocate. so overflow is not possible.

Stack Operations:
push() : Insert the element into linked list nothing but which is the top node of Stack.

2. pop(]) : Return top element from the Stack and move the top pointer to the second node of
linked list or Stack.

Write down the implementation of a Queue using two Stacks.

HEHE%

Push “a” Push “b” Push “c”

Algorithm for queue using two stacks

For example: Suppose we push "a", "b, "c" toastack. If we are trying to implement a queue and we call the dequeue method 3 times, we actually
want the elements to come out in the order: "a", "b, "<, whichisin the opposite order they would come out if we popped from the stack. So,
basically, we need to access the elements in the reverse order that they exist in the stack. The following algorithm will implement a queue using two

stacks.

(1) When calling the enquene method, simply push the elements into the stack 1.
(2) If the dequene method is called, push all the elements from stack 1 into stack 2. which reverses the order of the elements. Now pop from stack 2.
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Solution steps

Take two stacks S1 and S2.

If S1 is empty, insert directly into S1.

If S1 is not empty, push all the elements from S1 to S2.
Push the element to be inserted into S1.

Push everything from S2 back to S1.

abrwbd-~

Chapter 11
2017-18 . 4.

i)Demonstrate what happens when we insert the keys 5,28,19,15,20,33,12,17,10 into a
hash table with collisions resolved by chaining.Let the table have 9 slots,and let the
hash function be h(k)=k mod 9.

Keys: 5,28,19,15,20,33,12,17,
10

fe(k) = k miod 9

Chaining
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i)Take an initially empty hash table with five slots,with hash function h(x)=x%5
and with collisions resolved by chaining .Draw a sketch of what happens when
inserting the following sequence of keys into iy:35,2,18,6,3,10,8,5

4.

ii)repeat part (a) but with the following changes;the hash table with ten slots
,the function is h(x)=x%10 and collision resolved by linear probing.
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Video link @ 8.1 Hashing Techniques to Resolve Collision| Separate Chaining and Linear Pro...

Chapter 15

Same as Chapter 4

For a better understanding of TOH & LCS You can see the videos which |
provide below:
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For LCS : @ LCS - Longest Common Subsequence - Algorithms (Bangla Tutorial)

## | Can’t understand MCM (Matrix Chain Multiplication). Though it's not an important topic you
should learn it!
## I'm also unable to understand the LCS algorithm due to a lack of my time

Chapter 21 & 22 (V.V.I)

#INET o7 Tred T GF R 28HSE fefes (AR 31 A&

Topological sort using DFS :
© Topological sort using DFS | with starting time and finishing time | bangla

Strongly Connected Component :
O Connected and Strongly Connected Components in a Graph #Graph Series #24
o Strongly Connected Component

Types of edges :
© 6.3 Types of Edges in DFS | Edge Classification | Data Structures and Algorithms
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Chapter 32
Naive string matching:

o Naive String Matching Algorithm in Hindi with Solved Examples - Algorithm Design Analysi...

Finite automata: ai video tar 24 min theke dekbi
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© DAA96: Algorithm for String Matching with Finite Automata | Finite Automata String Matching
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o String Pattern Matching with Finite Automata||Example-1||Design and analysis of algo...

Compute Pi function: @ kmp algorithm prefix function shortcut method | kmp algorithm in daa
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