CS402 ADA - Unit 4

Backtracking Concept
(RGPV Exam-Oriented Notes | Easy Hinglish)

A. Introduction

Backtracking ek algorithm design technique hai jisme hum solution ko step-by-step banate hain.

Agar kisi step par pata chal jaye ki current path se correct answer nahi milega, to hum peeche

wapas aate hain aur doosra option try karte hain.
Simple idea:

Try karo — Galat ho to back jao — Next option try karo.
Real-life analogy:

Maze/labyrinth mein agar ek raasta dead end nikla, to tum wapas aakar doosra raasta choose karte

ho. Yehi backtracking hai.

B. Definition

Exam Definition

Backtracking is an algorithmic technique used to solve problems recursively by trying possible

solutions and abandoning a solution path as soon as it is found to be invalid.

Easy Explanation

Backtracking ka matlab:



Ek solution try karo.

Agar woh wrong nikle, to previous step par wapas jao aur next choice try karo.

C. Core Concept

Backtracking mainly un problems mein use hota hai jahan multiple choices hoti hain.
Examples:

¢ 8 Queen Problem
e Hamiltonian Cycle
e Graph Coloring

¢ Sudoku

e Maze Problem

Important Keywords

1. State Space Tree

All possible solutions ko tree ke form mein represent karna.

Start
/] 0\
Choicel Choice2 Choice3
/\ \
Next Next Next

2. State

Current partial solution.

Example: 8 queen mein current board arrangement.

3. Live Node

A node that may lead to a valid solution.



4. Dead Node
A node that cannot lead to a valid solution.

5. Pruning

Invalid path ko 3R explore na karna.
Example:

Agar queen same diagonal mein aa gayi, to us path ko stop kar do.
6. Feasible Solution

A partial solution that satisfies conditions so far.

D. Why Backtracking Works?

Backtracking brute force se smarter hai.
Brute force:

Sabhi possibilities check karta hai.
Backtracking:

Galat path detect hote hi usko reject kar deta hai.

So time save hota hai.

E. Working

General Steps

1. Start with empty solution.



2. Choose first possible option.
3. Check whether it is valid.

4. If valid, move forward.

5. If invalid, reject it.

6. If no option works, go back.

7. Repeat until solution found.

Flowchart

Start

Choose an option

Is option valid?
/\

No Yes

|
Reject Add to solution

|
Try next level

Solution complete?
/\

No Yes

Backtrack Print solution

F. General Pseudocode

Backtrack(solution)

if solution is complete:
print solution

return

for each possible choice:



if choice is valid:
make choice
Backtrack(solution)

undo choice

Important line

undo choice

Isi line ki wajah se is technique ka naam Backtracking hai.

G. Complete Dry Run Example

Problem: Find path in maze

Suppose:

S o Ouvm
—_
O o o

Where:

S = Start

D = Destination

1 = Allowed path
0 = Blocked path

Goal:

S se D tak path find karna.

Step 1



Start at S.

[S110
0 10
0 1D

Right side valid hai, move right.

Step 2

S[1]1e
0 1 0
0 10D

Down valid hai, move down.

Step 3

S10
0 [1]0
010D

Down valid hai, move down.

Step 4

S10
0180
@ [1]D

Right valid hai, destination reached.

Final path:

S — Right — Down — Down — Right — D



Agar beech mein blocked cell milta, to algorithm backtrack karke doosra path try karta.

H. Complexity Analysis

Backtracking ki complexity problem par depend karti hai.

General Time Complexity

Agar har level par b choices hain aur depth d hai:

0(bNd)

Space Complexity

Recursion stack ke liye:

0(d)

Examples
Problem Time Complexity
8 Queen O(n!) approx
Graph Coloring O(mAV)
Hamiltonian Cycle O(n!)

Best Case

Solution jaldi mil jaye:

Less than worst case



Worst Case

All possibilities explore karni padein:

Exponential

I. Advantages

1.
2.
3.
4.
5.

Brute force se better hota hai.

Invalid paths ko quickly reject karta hai.
Recursive implementation simple hoti hai.
Constraint satisfaction problems ke liye best hai.

Multiple solutions find kar sakta hai.

J. Disadvantages

A W N R

. Worst-case time exponential hota hai.
. Large input ke liye slow ho sakta hai.
. Recursion stack memory use karta hai.

. Validity condition carefully design karni padti hai.

Applications

8 Queen Problem
Hamiltonian Cycle
Graph Coloring
Sudoku Solver

Maze Problem
Knight Tour Problem

Subset Sum Problem



L. Common Mistakes

2 Backtracking ko Dynamic Programming samajhna.

{74 DP stores result. Backtracking tries and rejects paths.

¢ Pruning ka meaning bhoolna.

{74 Pruning = invalid branch ko cut karna.

€ Undo step nahi likhna.

{74 Backtracking mein “undo choice” compulsory hai.

> State Space Tree mention nahi karna.

{4 Exam answer mein zaroor likho.

M. Viva Questions

Q1. What is Backtracking?

Backtracking is a recursive technique that tries possible solutions and rejects invalid paths.

Q2. What is State Space Tree?

A tree representing all possible solution states.

Q3. What is Pruning?

Removing invalid branches from search space.

Q4. What is Dead Node?

A node that cannot lead to a valid solution.

Q5. Give examples of Backtracking.

8 Queen, Hamiltonian Cycle, Graph Coloring.



N. Exam Keywords

Write these words in exam:

0.

Recursive technique
State Space Tree
Feasible solution
Pruning

Live node

Dead node

Constraint satisfaction
Partial solution
Backtrack

Exponential time

Memory Tricks

Backtracking Trick

T-C-B

Try

Check
Backtrack

Another Trick

Choose — Explore — Undo

P. Comparison Tables



Backtracking vs Dynamic Programming

Basis Backtracking Dynamic Programming
Main idea Try possible solutions Store repeated subproblems
Uses Recursion + pruning Table/memoization
Repetition May explore many paths Avoids repetition

Output Valid solution Optimal solution

Example 8 Queen 0/1 Knapsack

Backtracking vs Branch & Bound

Basis Backtracking Branch & Bound

Used for Constraint satisfaction Optimization

Pruning based on Feasibility Bound value

Search DFS mostly BFS/Best-first/DFS
Examples 8 Queen, Graph Coloring TSP, Knapsack

Goal Find valid solution Find best optimal solution

Q. RGPV Exam Answers

2 Mark Answer

Backtracking is a recursive algorithm design technique that solves problems by trying possible

solutions and abandoning invalid solution paths.

5 Mark Answer



Backtracking is used to solve problems having multiple choices. It builds a solution step-by-step
and checks whether the current partial solution is valid. If it is invalid, the algorithm goes back

and tries another possibility.

Important terms:

State Space Tree

Pruning

Live Node

Dead Node

Examples:

¢ 8 Queen Problem
¢ Hamiltonian Cycle

¢ Graph Coloring

7 Mark Answer

Backtracking is an algorithmic technique used to solve constraint satisfaction problems. It tries to
construct a solution step by step. At each step, it checks whether the current partial solution

satisfies the constraints. If not, that path is rejected and the algorithm returns to the previous step.

General algorithm:

Backtrack(solution)

if solution complete:

print solution

for each choice:
if choice is valid:
make choice
Backtrack(solution)

undo choice

Backtracking uses a State Space Tree. Invalid nodes are removed by pruning.



Applications:

8 Queen

Hamiltonian Cycle

Graph Coloring
Sudoku

10 Mark Topper Answer

Backtracking

Backtracking is a recursive problem-solving technique used to find solutions by exploring all

possible choices and rejecting invalid paths early.

It constructs the solution step-by-step. If a partial solution violates any constraint, then it is

abandoned and the algorithm backtracks to the previous stage.

Important Concepts

1. State Space Tree — Tree of all possible solutions.
2. Live Node — Node that may lead to a solution.

3. Dead Node — Node that cannot lead to a solution.
4. Pruning — Removing invalid branches.

5. Feasible Solution — Partial solution satisfying constraints.

General Algorithm

Backtrack(solution)

if solution is complete:
output solution
else:
for each possible choice:
if choice is feasible:

make choice



Backtrack(solution)

undo choice

Complexity
Worst-case complexity is exponential because many possible combinations may be checked.
Applications

¢ 8 Queen Problem
e Hamiltonian Cycle
e Graph Coloring

¢ Sudoku

e Maze Problem

Conclusion

Backtracking is an important algorithmic technique for solving constraint-based problems

efficiently by avoiding unnecessary exploration.

R. One Page Revision Sheet

Backtracking

Definition:

Try possible solutions and reject invalid paths.

Main Idea

Try — Check — Backtrack

Key Terms

e State Space Tree



Live Node

Dead Node

Pruning

Feasible Solution

General Pseudocode

if solution complete:
print
for each choice:
if valid:
choose

call recursion

undo choice

Complexity
Worst case:

Exponential

Applications

8 Queen

Hamiltonian Cycle

Graph Coloring
Sudoku

Backtracking vs DP

Backtracking = Try and reject

DP = Store and reuse

Memory Trick



Choose — Explore — Undo

8 Queen Problem

(RGPV Exam-Oriented Notes | Easy Hinglish)

A. Introduction

8 Queen Problem Backtracking ka sabse famous application hai.
Problem:

< 8x8 Chess Board par 8 Queens ko aise place karna hai ki koi bhi queen kisi doosri queen ko

attack na kare.

Chess Queen Attack Rules

Queen attack kar sakti hai:

¢ Same Row
e Same Column

e Same Diagonal
N1

<—Q—>

s LN

Goal

8 queens ko board par place karo such that:

v’ No two queens share same row



v/ No two queens share same column

v’ No two queens share same diagonal

B. Definition

Exam Definition

The 8 Queen Problem is a Backtracking problem in which 8 queens are placed on an 8x8

chessboard so that no queen attacks any other queen.

Easy Explanation

Simple rule:

8 Queens

No Fighting

C. Core Concept

Why Backtracking?

Suppose queen place kar di.
Baad mein pata chala future mein koi valid position nahi bachi.

Then:

Go Back



Remove queen.
Try another position.

Yahi Backtracking hai.

Important Keywords

State Space Tree

All possible board arrangements.

Live Node

Valid arrangement.

Dead Node

Invalid arrangement.

Pruning

Invalid position milte hi branch stop kar dena.

D. Conditions for Safe Placement

Suppose queen position:
(row,col)

Safe tab hogi jab:



1. Same Column Check

No queen in same column.

2. Left Upper Diagonal Check

3. Right Upper Diagonal Check

E. Working

General Strategy

Place queens row by row.

Step 1

Place queen in first row.

Step 2

Move to next row.

Step 3

Find safe column.



Step 4
If safe:

Place queen.

Step 5

If no safe position:
Backtrack.

Remove previous queen.

Try another column.

Step 6
Continue until:

8 Queens placed

Flowchart

Start

|
Place Queen

|
Safe?

/\
No Yes

|
Try Next Place Queen
Column

|

Row Complete?
/\



No Yes

Next Solution

Row Found

F. State Space Tree

Row1
/ | \
1 2 (3

/ \

Row?2 Row?2
/ \ |
(3 (4 a1

Each node:

Queen Placement

G. Complete Dry Run

4 Queen Example

(Exam mein 8 queen explain karne ke liye 4 queen dry run acceptable hai)

Step 1

Place first queen.



Step 2
Second row.

Safe position:

Step 3

Third row.

No safe position found.

Step 4
Backtrack.
Remove second queen.

Try another column.

Continue.

Finally solution:

_Q__
---Q
Q___
- - Q.



8 Queen One Valid Solution

Columns:
15863724

Meaning:
Row Column
1 1
2 5
3 8
4 6
5 3
6 7
7 2
8 4

H. Algorithm

Pseudocode
NQueen(row)
if row > N

print solution

for col =1 to N




if Safe(row,col)
place queen
NQueen(row+1)

remove queen

Safe Function

Safe(row,col)
Check column
Check left diagonal
Check right diagonal

Return true or false

I. Complexity Analysis

Worst Case

Possible arrangements:
N!

Therefore:

O(N!)

For 8 Queen



8!

40320

possible arrangements.

Best Case

Solution found quickly.

Less than worst case.

Average Case

Depends on pruning.

Space Complexity

Recursion stack:

O(N)

Why O(N!)?

For each row:
Multiple column choices.

Backtracking explores many arrangements.

J. Advantages



Guarantees valid solution.

Uses pruning.

Better than brute force.

Classic Backtracking example.

K. Disadvantages

Large search space.

Exponential complexity.

Slow for large N.

L. Applications



Scheduling Problems

Resource Allocation

Constraint Satisfaction Problems
Puzzle Solving

Al Search Problems

M. Common Mistakes

X Forgetting diagonal check.

v/ Must check diagonals.

X Checking rows again.

¢’ One queen per row already fixed.

¢ Not removing queen during backtracking.

v’ Remove queen before returning.

N. Viva Questions

What is 8 Queen Problem?

Backtracking problem placing 8 queens safely.



Why Backtracking is used?

To reject invalid arrangements.

What is pruning?

Stopping invalid branches.

Complexity?

O(N!)

What conditions are checked?

e Column
¢ Left Diagonal
¢ Right Diagonal

O. Exam Keywords

Write these keywords:

¢ Backtracking

e State Space Tree

e Pruning

o Safe Position

¢ Constraint Satisfaction
¢ Column Check

e Diagonal Check

e Live Node

e Dead Node

e Recursive Solution



P. Memory Trick

Queen Safety Rule

No Row
No Column

No Diagonal

Mnemonic:

RCD

Row
Column

Diagonal

Q. Comparison Table

Brute Force vs Backtracking

Feature Brute Force Backtracking
Search All Possibilities Pruned Search
Speed Slow Faster
Pruning No Yes

Memory Low Moderate
Efficiency Poor Better




8 Queen vs Graph Coloring

Feature 8 Queen Graph Coloring
Constraint Queen Safety Color Constraint
Technique Backtracking Backtracking

Goal Place Queens Assign Colors
Search Space Board Positions Color Assignments

R. RGPV Exam Answers

2 Mark Answer

The 8 Queen Problem is a Backtracking problem in which eight queens are placed on a

chessboard such that no queen attacks another queen.

5 Mark Answer

The 8 Queen Problem places eight queens on an 8x8 chessboard.
Conditions:

1. No same row.
2. No same column.

3. No same diagonal.
Backtracking is used to remove invalid placements.
Applications:

o Al
e Scheduling

¢ Constraint Satisfaction



7 Mark Answer

Explain 8 Queen Problem

The 8 Queen Problem is solved using Backtracking.
Algorithm:

1. Place queen row by row.
2. Check safe position.

3. Place queen.

4. Move to next row.

5. If no position available, backtrack.
Conditions:

e Column check
e Left diagonal check
¢ Right diagonal check

Complexity:

O(NY)

10 Mark Topper Answer

8 Queen Problem Using Backtracking
Definition

The 8 Queen Problem places eight queens on a chessboard such that no queen attacks another

queen.
Approach

Backtracking.



Conditions

1. Same column not allowed.
2. Same diagonal not allowed.

3. One queen per row.

Algorithm

NQueen(row)
for each column
if safe
place queen
recurse

remove queen

State Space Tree
(Draw tree)
Complexity
Time:

O(NY

Space:

O(N)
Applications

e Al
e Scheduling

e Optimization

Conclusion



8 Queen Problem demonstrates the power of Backtracking through pruning and recursive search.

One Page Revision Sheet

8 Queen Problem

Goal:

Place 8 Queens Safely

Technique

Backtracking

Conditions

No Same:

¢ Row
e Column

e Diagonal

Steps

Place Queen

Check Safety

Move Next Row



Backtrack If Needed

Complexity
Time:
O(N!)
Space:

O(N)

Memory Trick

RCD
Row
Column

Diagonal

Most Important Question

¢y Explain 8 Queen Problem using Backtracking with state space tree, algorithm, and

complexity analysis.

Hamiltonian Cycle Problem

(RGPV Exam-Oriented Notes | Easy Hinglish)

A. Introduction



Hamiltonian Cycle Backtracking ka ek important application hai.
Is problem mein hume graph mein aisa cycle find karna hota hai jo:
v/ Har vertex ko exactly ek baar visit kare

v Starting vertex par wapas aa jaye

Real-Life Analogy

Suppose tumhe 5 cities visit karni hain.
Rules:

e Har city sirf ek baar visit kar sakte ho.
e Sab cities cover karni hain.

¢ Last mein starting city par wapas aana hai.

Ye Hamiltonian Cycle hai.

B. Definition

Exam Definition

A Hamiltonian Cycle is a cycle in a graph that visits every vertex exactly once and returns to the

starting vertex.

Easy Explanation

Hamiltonian Cycle:

Visit Every Vertex Once



Return To Start

Example

Hamiltonian Cycle:
A—-B—-E—->D—->(C—A

Every vertex visited exactly once.

C. Core Concept

Vertex

Graph ka node.

Example:

A, B, C, D

Path

Vertices ka sequence.



Example:

A—-B—C

Cycle

Start aur end vertex same ho.

Example:

A—-B—->C—-A

Hamiltonian Path

Every vertex exactly once visit.

Return to start zaroori nahi.

Hamiltonian Cycle

Every vertex exactly once visit.

Return to start compulsory.

Why Backtracking?

Har vertex ke multiple neighbors ho sakte hain.

Hume try karna padta hai:

Choose Vertex

Check Validity



Move Forward
If Fail

Backtrack

D. Conditions for Safe Vertex

Suppose current path:
A—B—7?
Next vertex tabhi choose karenge jab:

Condition 1

Adjacent hona chahiye.

Condition 2

Already visited nahi hona chahiye.

Condition 3

Last mein start vertex se edge honi chahiye.

E. Working



Step-by-Step Procedure

Step 1

Choose starting vertex.

Step 2

Adjacent unvisited vertex choose karo.

Step 3

Path mein add karo.

Step 4
All vertices cover ho gaye?
YES -

Check cycle complete hai ya nahi.

Step 5

If valid path nahi milta:

Backtrack.

Step 6

Previous vertex par wapas jao.

Next option try karo.



Flowchart

Start

|
Select Start Vertex

Choose Next Vertex

|
Valid?
/\

No Yes

| |
Backtrack Add to Path

A1l Vertices Visited?
/ \

No Yes

Continue

|
Return To Start?

/\

No Yes

Backtrack Solution Found

F. State Space Tree

Example:

Each node:



Partial Path
Invalid path:
Dead Node

Valid path:

Live Node

G. Complete Dry Run

Example Graph
A
/ 0\
B-----C
| |
E-----D
Adjacency Matrix:
A B
A 0 1
B 1 0
C 1 1
D 0 0
E 0 1

Step 1



Start from A

Path:

Step 2

Choose B

Step 3
Choose E

A—-B—E

Step 4
Choose D

A—-B—-E—D

Step 5
Choose C

A—-B—->E—->D—-C

Step 6

Check:



C—-A?

Yes.

Final Hamiltonian Cycle

A—-B—-E—-D—-C—A

H. Algorithm

Pseudocode

Hamiltonian(k)
if k ==n

if edge exists

between last and first
return TRUE
for each vertex v
if Safe(v)
add v
if Hamiltonian(k+1)
return TRUE
remove v

return FALSE



Safe Function

Safe(v)
1. Adjacent to previous vertex
2. Not already visited

Return TRUE/FALSE

I. Complexity Analysis

Suppose:

N vertices

Worst Case

All permutations checked.
Time Complexity:

O(N!)

Best Case

Cycle found early.

Average Case

Depends on graph structure.



Space Complexity

Recursion stack:

O(N)

Why O(N!)?

For each vertex:
Multiple choices possible.

Backtracking explores permutations.

J. Advantages

Finds exact solution.

Uses pruning.

Suitable for graph traversal problems.

Can detect whether cycle exists.



K. Disadvantages

High complexity.

Slow for large graphs.

May explore many paths.

L. Applications

Route Planning
Circuit Design
Network Design
Scheduling Problems

Al Search Problems

M. Common Mistakes



¢ Hamiltonian Path and Cycle ko same samajhna.

v Cycle returns to start.

X Visited vertex dobara include karna.

v Vertex only once.

> Final edge check bhool jana.

v/ Last vertex must connect to first.

N. Viva Questions

What is Hamiltonian Cycle?

Cycle visiting every vertex exactly once.

Technique used?

Backtracking.

Difference between Hamiltonian Path and Cycle?

Cycle returns to start.

Complexity?

O(NY)

Why backtracking?

To reject invalid paths.



O. Exam Keywords

Write these keywords:

¢ Hamiltonian Cycle
e Graph Traversal

e Backtracking

e State Space Tree

¢ Adjacency Matrix
e Vertex Visit Once

¢ Cycle Formation

e Live Node

e Dead Node

e Pruning

P. Memory Trick

Hamiltonian Cycle Rule

Visit All
Visit Once

Return Home

Mnemonic:

VOR

Visit



Once

Return

Q. Comparison Table

Hamiltonian Cycle vs Euler Cycle

Feature Hamiltonian Euler

Visits Vertices Edges

Condition Each Vertex Once Each Edge Once

Technique Backtracking Graph Theory

Goal Vertex Coverage Edge Coverage
Hamiltonian Path vs Hamiltonian Cycle

Feature Path Cycle

Visit Every Vertex Yes Yes

Return To Start No Yes

Cycle Formation No Yes

R. RGPV Exam Answers

2 Mark Answer

A Hamiltonian Cycle is a cycle that visits every vertex exactly once and returns to the starting

vertex.




5 Mark Answer

Hamiltonian Cycle is a graph traversal problem solved using Backtracking.
Conditions:

1. Visit every vertex exactly once.

2. Return to starting vertex.
Applications:

¢ Routing
e Scheduling

e Network Design

7 Mark Answer

Explain Hamiltonian Cycle Problem

Hamiltonian Cycle visits every vertex exactly once and returns to the start.

Backtracking is used to:

e Select vertices
¢ Check validity

e Backtrack on failure
Conditions:

e Adjacent vertex
e Unvisited vertex

¢ Final edge to source
Complexity:

O(N!)



10 Mark Topper Answer

Hamiltonian Cycle Using Backtracking
Definition

A Hamiltonian Cycle is a cycle that visits every vertex exactly once and returns to the starting

vertex.
Approach
Backtracking.
Conditions

1. Adjacent vertex.
2. Vertex not visited.

3. Last vertex connected to first.

Algorithm

Choose Vertex

Check Safe

Add To Path

Recurse

Backtrack

Pseudocode



Hamiltonian(k)

if all vertices visited
check cycle

else
try vertices
recurse

backtrack

Complexity
Time:

O(NY)

Space:

O(N)
Applications

¢ Route Planning
e Network Design

¢ Circuit Testing
Conclusion

Hamiltonian Cycle is an important Backtracking problem used to determine whether a graph

contains a cycle covering all vertices exactly once.

One Page Revision Sheet

Hamiltonian Cycle



Goal:

Visit Every Vertex Once

Return To Start

Technique

Backtracking

Conditions

1. Adjacent Vertex
2. Not Visited
3. Final Edge To Start

Steps

Choose Vertex

Check Safe

Add Path

Backtrack If Needed

Complexity

Time:



O(ND
Space:

O(N)

Memory Trick
VOR
Visit
Once

Return

Most Important Question

¢4 Explain Hamiltonian Cycle using Backtracking with adjacency matrix, algorithm, state

space tree, and complexity analysis.

Graph Coloring Problem

(RGPV Exam-Oriented Notes | Easy Hinglish)

A. Introduction

Graph Coloring Backtracking ka ek famous application hai.
Is problem mein graph ke vertices ko colors assign karne hote hain.
Rule:

<+ Adjacent vertices ka color same nahi hona chahiye.



Real-Life Analogy

Suppose India ka political map hai.
Neighboring states ko different colors dene hote hain taki easily distinguish ho sake.

Example:

MP — Red
UP — Blue

Rajasthan — Green

Adjacent states same color nahi rakh sakte.

Yahi Graph Coloring Problem hai.

B. Definition

Exam Definition

Graph Coloring is the process of assigning colors to vertices of a graph such that no two adjacent

vertices have the same color.

Easy Explanation

Graph ke connected vertices ko alag-alag colors dena.

Rule:

Connected Nodes



Different Colors

Example Graph

A
/ \
B---C
Valid Coloring:
A = Red
B = Blue
C = Green

Invalid Coloring:

A = Red

B = Red

Because A and B connected hain.

C. Core Concept

Vertex

Graph ka node.

Example:

A, B, C, D



Edge

Connection between vertices.

Adjacent Vertices

Directly connected vertices.

A and B adjacent hain.

m-Coloring Problem
Question:
Given:

m colors

Can graph be colored?

Example:
m=3

Colors:

¢ Red
¢ Blue

e Green



Why Backtracking?

Suppose:
A = Red
B = Blue
c=7

Agar C ke liye koi valid color nahi bacha:
Backtrack

Previous vertex ka color change karenge.

D. Conditions for Safe Coloring

Suppose:
Color(v) = ¢
Safe tab hoga jab:

Adjacent Vertex

Same Color



If:
A = Red
Then:

B # Red

E. Working

Step-by-Step Procedure

Step 1

Select first vertex.

Step 2

Assign first color.

Step 3

Move to next vertex.

Step 4

Check safe color.

Step 5
If safe:

Assign color.



Step 6
If no color available:

Backtrack.

Step 7

Try another color.

Step 8

Repeat until all vertices colored.

Flowchart

Start

Select Vertex

Assign Color
|
Safe?
/\
No Yes
|
Try Next

Color

A1l Vertices Colored?
/\

No Yes

Continue Solution Found



F. State Space Tree

Example:
A
/1 0\

Red Blue Green

|
B

/| 0\
Red Blue Green

Each node:

Partial Coloring

G. Complete Dry Run

Example Graph

/\

Available Colors:

Red
Blue

Green

Step 1

Assign:



A = Red

Step 2
Vertex B
Cannot use:
Red
Because:
A adjacent B
Choose:

Blue

Step 3
Vertex C
Cannot use:

Red

(A adjacent C)

Cannot use:
Blue

(B adjacent C)

Choose:

Green



Final Coloring

A = Red
B = Blue
C = Green

Valid Solution.

Another Example

Colors:
2 Colors

Solution:

A = Red
B = Blue
C = Red

D = Blue



H. Algorithm

Pseudocode

GraphColoring(k)
if k >n
print solution
for color = 1 tom
if Safe(k,color)
assign color
GraphColoring(k+1)

remove color

Safe Function

Safe(v,color)
for every adjacent vertex
if same color
return FALSE

return TRUE

I. Complexity Analysis

Suppose:



n vertices

m colors

Worst Case

Every vertex:

m choices

Total:

O(m”\n)

Best Case

Valid coloring found quickly.

Average Case

Depends on graph structure.

Space Complexity

Recursion stack:

O(n)

Why O(m»)?

Each vertex may choose among m colors.



Backtracking explores combinations.

J. Advantages

Finds valid coloring.

Uses pruning.

Simple recursive solution.

Useful for scheduling problems.

K. Disadvantages

High complexity.

Slow for large graphs.



Many combinations explored.

L. Applications

Timetable Scheduling

Subjects ka schedule.

Register Allocation

Compiler Design.

Map Coloring

Geography maps.

Frequency Assignment

Mobile Networks.

Resource Allocation

Computer systems.

M. Common Mistakes

¢ Same color adjacent vertices ko assign karna.

v/ Adjacent vertices always different.

X Safe function explain nahi karna.



v/ Safe condition exam mein zaroor likho.

2 Backtracking step skip karna.

¢ Invalid coloring par backtrack compulsory.

N. Viva Questions

What is Graph Coloring?

Assign colors to vertices such that adjacent vertices have different colors.

Which technique is used?

Backtracking.

What is m-coloring?

Coloring graph using m colors.

Complexity?

O(m”n)

Applications?

Scheduling, Map Coloring, Register Allocation.

O. Exam Keywords

Write these keywords:



¢ Graph Coloring

e m-Coloring

e Backtracking

¢ Adjacent Vertices

o Safe Coloring

¢ Constraint Satisfaction
o State Space Tree

e Color Assignment

¢ Recursive Solution

e Pruning

P. Memory Trick

Graph Coloring Rule

Connected Nodes

Different Colors

Mnemonic:

CD

Connected

Different

Q. Comparison Table

Graph Coloring vs Hamiltonian Cycle



Feature Graph Coloring Hamiltonian Cycle
Goal Assign Colors Find Cycle
Constraint Different Colors Visit Vertex Once
Technique Backtracking Backtracking
Output Color Assignment Cycle

Graph Coloring vs 8 Queen
Feature Graph Coloring 8 Queen
Constraint Adjacent Color Queen Safety
Technique Backtracking Backtracking
Goal Coloring Placement
Complexity O(mn) O(N))

R. RGPV Exam Answers

2 Mark Answer

Graph Coloring is the assignment of colors to graph vertices such that no two adjacent vertices

have the same color.

5 Mark Answer

Graph Coloring is a Backtracking problem where colors are assigned to vertices.
Conditions:

1. Adjacent vertices must have different colors.



2. Use available m colors.
Applications:

e Scheduling
¢ Map Coloring

¢ Register Allocation

7 Mark Answer

Explain Graph Coloring Problem

Graph Coloring assigns colors to graph vertices while ensuring adjacent vertices do not share the

same color.
Algorithm:

1. Select vertex.
2. Assign color.
3. Check safety.
4. Recurse.

5. Backtrack if necessary.
Complexity:
O(m”\n)
Applications:

e Timetabling

¢ Frequency Assignment

10 Mark Topper Answer

Graph Coloring Using Backtracking



Definition

Graph Coloring is the process of assigning colors to vertices so that adjacent vertices have

different colors.
Approach
Backtracking.
Conditions

1. Adjacent vertices cannot have same color.

2. Use at most m colors.

Algorithm

Assign Color

Check Safe

Recurse

Backtrack

Pseudocode

GraphColoring(k)
for each color
if safe
assign color

recurse



remove color

Complexity
Time:
O(m”\n)
Space:

O(n)
Applications

¢ Scheduling
e Register Allocation

¢ Network Frequency Assignment
Conclusion

Graph Coloring is an important Backtracking problem used to solve constraint satisfaction and

resource allocation problems.

One Page Revision Sheet

Graph Coloring

Goal:

Color Vertices

Adjacent Vertices Different

Technique



Backtracking

Conditions

Adjacent Vertices

Same Color

Steps

Choose Vertex

Assign Color

Check Safe

Backtrack If Needed

Complexity
Time:

O(m”\n)
Space:

O(n)

Memory Trick



CD
Connected

Different

Most Important Question

¢y Explain Graph Coloring Problem using Backtracking with algorithm, state space tree,

m-coloring concept, and complexity analysis.

Branch & Bound Concept

(RGPV Exam-Oriented Notes | Easy Hinglish)

A. Introduction

Branch and Bound (B&B) ek algorithm design technique hai jo Optimization Problems solve

karne ke liye use hoti hai.
Iska goal:
<~ Best (Optimal) solution find karna

<~ Unnecessary paths ko eliminate karna

Real-Life Analogy

Suppose tum Gwalior se Delhi ja rahe ho.

3 routes hain:



Route A = 300 km
Route B = 500 km
Route C = 700 km

Agar Route A already shortest lag raha hai to 700 km wale route ko explore karne ka fayda nahi.
Us route ko reject kar denge.

Yahi Branch & Bound hai.

B. Definition

Exam Definition

Branch and Bound is a state space search technique used for solving optimization problems by
systematically exploring solution branches and eliminating those branches that cannot produce a

better solution.

Easy Explanation

Branch & Bound ka matlab:

Branch = Possible Solution

Bound = Limit

Agar kisi branch se better answer mil hi nahi sakta,

to us branch ko cut kar do.

C. Core Concept

Branch & Bound mainly use hoti hai:



e Traveling Salesman Problem (TSP)
¢ 0/1 Knapsack

¢ Job Assignment Problem

Important Keywords

1. State Space Tree
All possible solutions ka tree.

Root
/ \
Node1 Node?2

/ \ |
Node3 Node4 Node5

2. Branching

New possible solutions create karna.

3. Bounding

Estimate karna ki future mein best answer mil sakta hai ya nahi.

4. Live Node

Node jise future mein explore kar sakte hain.

5. Dead Node

Node jise reject kar diya gaya hai.

6. E-Node (Expansion Node)



Current node jo expand ho raha hai.

Why Branch & Bound Works?

Brute Force:
Check all solutions
Branch & Bound:
Check only promising solutions

Thus time save hota hai.

D. State Space Tree

Example:

Suppose:

D and F

cannot produce better solution.

Then:

D and F

become Dead Nodes.



E. Working

Step-by-Step Procedure
Step 1

Create root node.

Step 2

Calculate bound value.

Step 3

Select best live node.

Step 4

Expand node.

Step 5

Calculate bounds of child nodes.

Step 6

If node cannot improve solution:

Reject it.

Step 7



Repeat until optimal solution found.

Flowchart

Start

Create Root Node

Compute Bound

Select Best Live Node

|
Expand Node

|
Compute Child Bounds

Promising?
/\

No Yes

Dead Live
Node Node

Repeat

F. Complete Dry Run Example

Simple Maximization Example

Suppose:

Maximum Profit Problem

State Space Tree:



Root(0)

A(50) B(40)

C(90) D(60) E(70) F(30)

Numbers = Bound Values

Step 1

Root bound:

Step 2

Expand Root

Get:

A =50

B = 40

Choose highest:

Step 3

Expand A

Get:



Current Best:

90

Step 4

Check B

Bound:
40
Cannot beat:
90
Therefore:

B rejected

Final Answer

Optimal Solution.

G. Types of Branch & Bound

1. FIFO Branch & Bound



Queue based.

First generated node explored first.

2. LIFO Branch & Bound

Stack based.

Last generated node explored first.

3. LC Branch & Bound

Least Cost Node explored first.

Most important for exams.

H. Algorithm

General Pseudocode

BranchAndBound()

Create Root

while Live Nodes Exist
Select Best Live Node
Expand Node
Compute Bound
if Promising

Add to Live Nodes



else
Mark Dead

Return Optimal Solution

I. Complexity Analysis

Depends on problem.

Worst Case

All nodes explored.

Exponential

Time Complexity

Generally:

0O(2/n)

Space Complexity

Store live nodes.

O(Number of Live Nodes)

Best Case

Many branches pruned.

Much faster.



Average Case

Better than brute force.

Why Better Than Brute Force?

Because:
Pruning

reduces search space.

J. Advantages

Finds optimal solution.

Pruning reduces search.

Better than brute force.

Useful for optimization problems.



K. Disadvantages

Still exponential in worst case.

Bound calculation can be costly.

Extra memory required.

L. Applications

Traveling Salesman Problem
Job Assignment Problem
Knapsack Problem
Scheduling Problems

Integer Programming

M. Common Mistakes



¢ Branching aur Bounding mein confusion.
v’ Branch = Create Nodes

v/ Bound = Reject Nodes

Y Live Node aur Dead Node interchange karna.
v’ Live = Explore

v’ Dead = Reject

2 Backtracking aur Branch & Bound ko same samajhna.

v Different techniques.

N. Viva Questions

What is Branch & Bound?

Optimization technique using branching and bounding.

What is Live Node?

Node eligible for future expansion.

What is Dead Node?

Rejected node.

What is E-Node?

Currently expanding node.



Main application?

Traveling Salesman Problem.

O. Exam Keywords

Write these keywords:

¢ Optimization Problem
e State Space Tree

¢ Branching

e Bounding

e Live Node

e Dead Node

e E-Node

¢ Pruning

¢ Optimal Solution

¢ Search Space Reduction

P. Memory Tricks

B&B Rule

Branch
Bound

Best Solution

Mnemonic:



BBB

Branch

Bound

Best

Q. Comparison Tables

Branch & Bound vs Backtracking

Feature Branch & Bound Backtracking

Goal Optimal Solution Feasible Solution
Used For Optimization Constraint Satisfaction
Pruning Bound Value Constraint Violation
Example TSP 8 Queen

Output Best Solution Valid Solution

Branch & Bound vs Dynamic Programming

Feature Branch & Bound DP
Technique State Space Search Table Based
Storage Live Nodes DP Table
Optimization Yes Yes

Search Tree Yes No
Examples TSP Knapsack




R. RGPV Exam Answers

2 Mark Answer

Branch and Bound is a state space search technique used to solve optimization problems by

exploring promising branches and rejecting non-promising branches using bounds.

5 Mark Answer

Branch and Bound is used for optimization problems.
Main Concepts:

¢ Branching
e Bounding

e Live Node
e Dead Node
e E-Node

Applications:

e TSP
¢ Knapsack

e Job Assignment

7 Mark Answer

Explain Branch & Bound

Branch & Bound is an optimization technique that explores possible solutions using a state space

tree.

Steps:



1. Create root node.
2. Compute bound.
3. Expand live nodes.
4. Reject dead nodes.

5. Continue until optimal solution found.
Advantages:

¢ Reduces search space.

e Finds optimal solution.

Complexity:

Exponential (Worst Case)

10 Mark Topper Answer

Branch & Bound Technique
Definition

Branch & Bound is a state space search technique used to solve optimization problems by
systematically exploring branches and eliminating branches that cannot lead to an optimal

solution.
Concepts

1. State Space Tree
2. Branching

3. Bounding

4. Live Node

5. Dead Node

6. E-Node

Algorithm



Create Root
Compute Bound
Expand Best Node
Generate Children
Prune Bad Nodes

Repeat

Applications

e Traveling Salesman Problem
e Knapsack
e Job Scheduling

Complexity
Worst Case:
O(2/n)

Conclusion

Branch & Bound efficiently finds optimal solutions by reducing unnecessary exploration.

One Page Revision Sheet



Branch & Bound

Definition

Optimization technique using branching and bounding.

Important Terms

e State Space Tree
e Branch

e Bound

e Live Node

e Dead Node

¢ E-Node

Working

Root

Compute Bound

Expand Node

Prune

Optimal Solution

Complexity



Worst Case:

O(2/n)

Applications

e TSP
¢ Knapsack
¢ Job Assignment

Memory Trick

BBB
Branch
Bound

Best

Most Important Question

¢4 Explain Branch & Bound technique with State Space Tree, Live Node, Dead Node, E-

Node, and complexity analysis.

Traveling Salesman Problem (TSP)

(RGPV Exam-Oriented Notes | Easy Hinglish)

A. Introduction

Traveling Salesman Problem (TSP) Branch & Bound ka sabse important application hai.



Problem:
<~ Ek salesman ko sabhi cities exactly ek baar visit karni hain.
<7 Last mein starting city par wapas aana hai.

< Total travel cost minimum honi chahiye.

Real-Life Analogy

Suppose ek salesman ko visit karna hai:
Delhi
Mumbai

Bhopal

Gwalior

Rules:
v/ Har city ek hi baar visit hogi
¢/ Last mein start city par return karna hai

v/ Minimum distance choose karna hai

B. Definition

Exam Definition

The Traveling Salesman Problem (TSP) is an optimization problem in which a salesman must

visit each city exactly once and return to the starting city with minimum travel cost.

Easy Explanation

Goal:



Visit A1l Cities

Only Once

Return Home

Minimum Cost

C. Core Concept

City

Graph ka vertex.

Distance

Edge weight.

Tour

Complete path covering all cities.

Optimal Tour

Minimum cost tour.



Graph Representation

Example:
A
/0 \
10 15
/ \
B===28---C
Distance:
Edge Cost
A-B 10
A-C 15
B-C 20

Why Branch & Bound?

Brute Force:
Check all tours

For n cities:
(n-1)!

tours.

Very expensive.

Branch & Bound:



Reject costly tours early

Hence faster.

D. State Space Tree

Example:

Each branch:

Possible Tour

Live Node

Promising tour.

Dead Node

Rejected tour.

E-Node



Currently expanding node.

Bound

Estimated minimum future cost.

E. Working

Step-by-Step Procedure
Step 1

Select starting city.

Step 2

Generate possible tours.

Step 3

Compute lower bound.

Step 4

Select least-cost node.

Step 5

Expand node.



Step 6
If node cost already high:

Prune it.

Step 7

Continue until complete tour found.

Flowchart

Start

|
Choose Start City

Compute Bound

|
Select Best Node

|
Expand Node

Cost Promising?
/\

No Yes

Prune Continue

Tour Complete?
/\

No Yes

| |
Repeat Optimal Tour

F. Complete Dry Run



Example

Distance Matrix

A B C D
A - 10 15 20
B 10 - 35 25
C 15 35 - 30
D 20 25 30 -

Possible Tours

Tour 1

A—-B—->C—-D—-A

Cost:

10 + 35 + 30 + 20

=95

Tour 2

A—-B—->D—-C—A

Cost:

10 + 25 + 30 + 15

= 80




Tour 3

A—-C—-B—-D—A
Cost:
15 + 35 + 25 + 20

=95

Tour 4

A—-C—-D—-B—A
Cost:
15 + 30 + 25 + 10

= 80

Optimal Solution

Minimum Cost = 80
Tour:

A—-B—-D—-C—A
OR

A—-C—-D—-B—A

G. Algorithm



Branch & Bound Pseudocode

TSP()

Create Root Node

Compute Bound

while Live Nodes Exist
Select Least Cost Node
Expand Node
Compute Bounds
Prune Bad Nodes

Return Best Tour

H. Lower Bound Calculation

Important Theory Question
Lower Bound:
Minimum possible cost estimate.

Formula:

LB

(Current Cost)

(Minimum Remaining Cost)



Example

Suppose:

Current Cost:
30

Remaining Minimum:
49

Then:

LB =70

If best solution already:
60

Then:

70 > 60

Reject node.

I. Complexity Analysis

Brute Force

Number of tours:

(n—1)!



Branch & Bound

Worst Case:

O(n!)

Best Case

Many branches pruned.

Much faster.

Average Case

Better than brute force.

Space Complexity

State space tree storage:

O(Number of Live Nodes)

Why O(N!)?

All city permutations may need exploration.

J. Advantages

Finds optimal solution.



Uses pruning.

Better than brute force.

Useful for route optimization.

K. Disadvantages

Still expensive for large cities.

Worst case factorial complexity.

Memory intensive.

L. Applications

Delivery Routing



Logistics
GPS Navigation
Vehicle Scheduling

Circuit Manufacturing

M. Common Mistakes

¢ Hamiltonian Cycle aur TSP ko same samajhna.

v/ TSP = Hamiltonian Cycle + Minimum Cost

X Lower Bound explain nahi karna.

v/ Important theory point.

¢ Return edge cost add karna bhool jana.

v/ Must return to source.

N. Viva Questions

What is TSP?

Optimization problem for minimum-cost tour.

Which technique is used?



Branch & Bound.

Goal?

Minimum travel cost.

Complexity?

O(n!)

What is Lower Bound?

Minimum estimated future cost.

O. Exam Keywords

Write these keywords:

e Traveling Salesman Problem
e Optimization Problem

e Minimum Cost Tour

¢ Hamiltonian Cycle

e Branch & Bound

e State Space Tree

e Lower Bound

e Live Node

e Dead Node

e [.east Cost Node

P. Memory Trick



TSP Rule

Visit All
Visit Once
Return Home

Minimum Cost
Mnemonic:
VORM
Visit
Once

Return

Minimum Cost

Q. Comparison Table

TSP vs Hamiltonian Cycle

Feature TSP Hamiltonian Cycle

Visit Every Vertex Yes Yes

Return To Start Yes Yes




Minimum Cost Required Not Required

Technique Branch & Bound Backtracking

Goal Optimal Tour Valid Cycle

Branch & Bound vs Brute Force

Feature Branch & Bound Brute Force
Search Space Reduced Full

Pruning Yes No

Speed Faster Slow
Optimal Solution Yes Yes

R. RGPV Exam Answers

2 Mark Answer

Traveling Salesman Problem (TSP) is an optimization problem in which a salesman visits each

city exactly once and returns to the starting city with minimum travel cost.

5 Mark Answer

TSP is solved using Branch & Bound.
Objective:

1. Visit all cities once.
2. Return to source.

3. Minimize travel cost.



Important concepts:

State Space Tree
Lower Bound
Live Node
Dead Node

7 Mark Answer

Explain Traveling Salesman Problem

TSP is an optimization problem that finds the minimum-cost Hamiltonian cycle.
Branch & Bound is used.
Steps:

1. Create state space tree.
2. Compute lower bounds.
3. Expand least-cost node.
4. Prune costly nodes.

5. Obtain optimal tour.
Complexity:
O(n!)
Applications:

¢ Routing
e Logistics

¢ Scheduling

10 Mark Topper Answer

Traveling Salesman Problem Using Branch & Bound



Definition

TSP is an optimization problem in which a salesman visits each city exactly once and returns to

the starting city with minimum travel cost.
Approach

Branch & Bound.

Concepts

1. State Space Tree
2. Lower Bound

3. Live Node

4. Dead Node

5. Least Cost Node

Algorithm

Create Root

Compute Bound

Expand Node

Prune Expensive Tours

Find Minimum Tour

Complexity

Time:



O(n!)
Applications

e Vehicle Routing
e GPS Systems

¢ Delivery Optimization
Conclusion

TSP is one of the most important optimization problems solved efficiently using Branch &

Bound.

One Page Revision Sheet

Traveling Salesman Problem

Goal:

Visit Every City

Exactly Once

Return To Start

Minimum Cost

Technique

Branch & Bound



Important Terms

e Lower Bound

e State Space Tree
e Live Node

e Dead Node

e Least Cost Node

Formula

LB

Current Cost

Minimum Remaining Cost

Complexity

Time:

O(n!)

Memory Trick

VORM
Visit
Once
Return

Minimum Cost



Most Important Question

¢y Explain Traveling Salesman Problem using Branch & Bound with state space tree, lower

bound calculation, algorithm, and complexity analysis.

Lower Bound Theory

(RGPV Exam-Oriented Notes | Easy Hinglish)

A. Introduction

Lower Bound Theory ADA ka theoretical topic hai jo batata hai ki:

Kisi problem ko solve karne ke liye minimum kitna time (or operations) lagna hi lagna

hai.

Chabhe algorithm kitna bhi smart ho, us limit se better perform nahi kar sakta.

Real-Life Analogy

Suppose tumhare paas 100 books hain aur sabse badi book find karni hai.
Har book ko kam se kam ek baar dekhna padega.

Iska matlab:
Minimum Work Required

Yehi Lower Bound hai.

B. Definition



Exam Definition

Lower Bound Theory is the study of the minimum amount of computational effort required to

solve a problem, irrespective of the algorithm used.

Easy Explanation
Lower Bound batata hai:
Minimum Time Needed

for solving a problem.

Koi bhi algorithm is limit se better nahi ho sakta.

C. Core Concept

Suppose ek problem solve karni hai.

Question:
Fastest Possible Algorithm Kitna Fast Ho Sakta Hai?

Answer:

Lower Bound Theory provide karti hai.

Important Idea

Lower Bound:

Best Possible Limit

Upper Bound:



Worst Possible Limit

Example

Searching:

Array size:

Linear Search:
0(n)

Lower Bound:
Q(n)

Matlab minimum n comparisons lag sakte hain.

D. Asymptotic Notations and Lower Bound
Most important notation:

Omega (€2)

Lower Bound ko represent karta hai.

Meaning

Algorithm ko at least itna time lagega.
Example:

Q(n)



Means:

Minimum proportional to n.

Relation
Notation Meaning
O(f(n)) Upper Bound
Q(f(n)) Lower Bound
O(f(n)) Tight Bound

E. Why Lower Bound is Important?

Lower Bound batata hai:
v Problem ki difficulty
v’ Algorithm optimal hai ya nahi

v Better algorithm possible hai ya nahi

Example

Comparison Sorting:
Merge Sort:
O(nlogn)

Lower Bound:
Q(nlogn)

Since both same hain:



Optimal Algorithm

F. Decision Tree Method

RGPV ka favorite theory point.

Lower Bound find karne ke liye Decision Tree use hota hai.

What is Decision Tree?

Comparisons ko tree ke form mein represent karna.

Example:
A>B?
/ \
Yes No
/ \
A>C? B>C?

Important Formula

For comparison-based sorting;:
Leaves = n!

Decision tree height:
log2(n!)
Using approximation:

Q(nlogn)



G. Lower Bound for Sorting

Most important exam topic.

Comparison Sorting

Examples:

e Merge Sort
e Heap Sort
e Quick Sort

Lower Bound:

Q(nlogn)

Meaning
Koi bhi comparison-based sorting algorithm:
n log n

se better nahi ho sakta.

Example
If:
n = 1000

Then minimum complexity approximately:

1000 109.1000



operations.

H. Applications

1. Algorithm Analysis

Check whether algorithm optimal hai.

2. Sorting Problems
3. Searching Problems
4. Computational Complexity

5. Research & Optimization

I. Working Example

Suppose:

3 elements:
ABC

Possible arrangements:
ABC
ACB

BAC
BCA



CAB
CBA

Total:
6 permutations

Decision Tree:

At least:

log26

comparisons required.

Thus lower bound established.

J. Complexity Analysis

Lower Bound for sorting:

Q(nlogn)

Searching:
Linear Search:

Q(n)

Binary Search:

Q(logn)

K. Advantages



1. Determines minimum complexity.
2. Helps prove optimality.
3. Guides algorithm design.

4. Useful in complexity analysis.

L. Disadvantages

1. Difficult mathematical proofs.
2. Exact lower bound not always known.

3. Theoretical topic, less practical implementation.

M. Common Mistakes

Y Lower Bound = Worst Case samajhna.

v’ Lower Bound = Minimum Required Work.

> 0 and Q confuse karna.
v’ O = Upper Bound

v Q = Lower Bound

X Decision Tree mention na karna.

v Sorting lower bound mein zaroor likho.

N. Viva Questions

What is Lower Bound?

Minimum computational effort required to solve a problem.



Which notation represents Lower Bound?

Omega (Q)

Lower Bound of comparison sorting?

Q(nlogn)

Why is Lower Bound important?

To determine optimality of algorithms.

Which method is used to derive sorting lower bound?

Decision Tree Method.

O. Exam Keywords

Write these keywords:

e Lower Bound

¢ Omega Notation

e Minimum Complexity

e Decision Tree

e Comparison-Based Sorting
e Optimal Algorithm

¢ Computational Complexity
e nlog n Bound

¢ Sorting Lower Bound



P. Memory Trick

0-Q-0

0 = Over (Upper)

Q

Exact

©
I

Mnemonic:

ULE

Upper

Lower

Exact

Under (Lower)

Q. Comparison Table

Upper Bound vs Lower Bound

Feature Upper Bound Lower Bound

Notation 0] Q

Meaning Maximum Limit Minimum Limit
Represents Worst Case Best Possible Requirement
Example O(n?) Q(n log n)

Lower Bound vs Tight Bound




Feature Lower Bound Tight Bound

Symbol Q ®
Meaning Minimum Work Exact Growth
Precision Less More

R. RGPV Exam Answers

2 Mark Answer

Lower Bound Theory determines the minimum computational effort required to solve a problem

and is represented using Omega () notation.

5 Mark Answer

Lower Bound Theory gives the minimum amount of work required to solve a problem

irrespective of the algorithm used.
Features:

¢ Uses Omega notation.
¢ Helps determine optimal algorithms.

¢ Used in sorting and searching analysis.
Example:
Comparison sorting lower bound:

Q(nlogn)

7 Mark Answer

Explain Lower Bound Theory



Lower Bound Theory determines the minimum computational complexity required to solve a

problem.

It is represented by:
Q(f(n))
Applications:

e Sorting
e Searching

e Complexity Analysis
For comparison-based sorting;:
Q(nlogn)

Decision Tree Method is commonly used for deriving lower bounds.

10 Mark Topper Answer

Lower Bound Theory
Definition

Lower Bound Theory determines the minimum computational effort required for solving a

problem regardless of the algorithm used.

Notation

Omega (Q)

Concept

Lower Bound specifies the minimum amount of work needed to solve a problem.
Decision Tree Method

Used to derive lower bounds for comparison-based sorting.



For sorting:

Leaves:
n!

Height:
log2(n!)
Therefore:
Q(nlogn)
Applications

¢ Algorithm Analysis
e Sorting
e Searching

e Complexity Theory
Conclusion

Lower Bound Theory helps determine whether an algorithm is optimal and provides the minimum

complexity limit for solving a problem.

One Page Revision Sheet

Lower Bound Theory

Definition

Minimum computational effort required.

Symbol



Q (Omega)

Important Formula

Comparison Sorting:

Q(nlogn)

Decision Tree
Leaves:
n!

Height:

log2(n!)

Applications

e Sorting

e Searching

¢ Complexity Analysis
Memory Trick
O = Upper
Q = Lower

= Exact

Most Important Question

¢y Explain Lower Bound Theory using Omega notation and Decision Tree method.



Parallel Algorithms

(RGPV Exam-Oriented Notes | Easy Hinglish)

A. Introduction

Normally algorithms sequentially execute hote hain.
Matlab:

Task 1

Task 2

Task 3

Task 4
Ek time par sirf ek task.

Lekin large problems mein ye slow ho jata hai.

Isliye Parallel Algorithms use karte hain.

What is Parallel Algorithm?

Parallel Algorithm mein ek problem ko chhote-chhote parts mein divide karke multiple processors

par ek saath execute karaya jata hai.

Problem



Solution

Real-Life Analogy

Suppose teacher ko 1000 answer sheets check karni hain.

Sequential Method

1 Teacher

|
1000 Copies

Time bahut lagega.

Parallel Method

10 Teachers

!
100 Copies Each

Work jaldi complete ho jayega.

Yahi Parallel Processing hai.

B. Definition

Exam Definition

A Parallel Algorithm is an algorithm in which multiple computations are performed

simultaneously using multiple processors to solve a problem faster.



Easy Explanation

Big Problem

!

Small Parts

!

Multiple Processors
!

Fast Solution

C. Why Do We Need Parallel Algorithms?

Modern applications:

¢ Artificial Intelligence
e Machine Learning

¢ Scientific Computing
e Weather Forecasting

¢ Big Data Processing

¢ Image Processing
mein bahut large computations hote hain.

Sequential algorithms slow ho jate hain.

D. Core Concept

1. Processor

Processor work perform karta hai.

Example:

CPU Core



2. Parallelism

Multiple tasks simultaneously execute karna.

3. Speedup

Parallel execution se kitna improvement mila.
Formula:

Speedup=Sequential Time/Parallel Time
Example
Sequential Time:
100 sec
Parallel Time:
25 sec

Speedup:

100/25=4

4. Efficiency

Processor utilization measure karta hai.
Formula:

Efficiency=Speedup/Number of Processors



E. Types of Parallelism

1. Data Parallelism

Same operation different data par.

Example:
Array Sum
Processor 1:
1-100 Elements
Processor 2:

101-200 Elements

2. Task Parallelism

Different tasks simultaneously execute.

Example:

Processor 1 — Login
Processor 2 — Payment

Processor 3 — Report

F. Parallel Architecture Models

RGPV mein frequently asked.



PRAM Model

PRAM:
Parallel Random Access Machine

Most common theoretical model.

Components

Multiple Processors

Shared Memory

Diagram:
Shared Memory
/ | \
P1 P2 P3

Types of PRAM

1. EREW

Exclusive Read
Exclusive Write

No simultaneous access.

2. CREW



Concurrent Read
Exclusive Write

Read together allowed.

3. CRCW

Concurrent Read
Concurrent Write

Read and Write together allowed.

G. Working of Parallel Algorithm

Step 1

Divide problem.

Step 2

Assign parts to processors.

Step 3

Processors execute simultaneously.

Step 4

Combine results.



Flowchart

Start
|

Divide Problem

Assign To Processors

Parallel Execution

|
Collect Results

Final Solution

|
Stop

H. Example

Parallel Sum of Array
Array:
123456738
Processor 1:
142+3+4 = 10
Processor 2:
5+6+7+8 = 26
Final:

10+26 = 36



Answer:

36

I. Pseudocode

ParallelSum(A)

Divide Array

Assign Parts
Processors Compute Sum
Combine Results

Return Total Sum

J. Complexity Analysis

Suppose:

n elements

p processors

Sequential Complexity

O(n)

Parallel Complexity

O(n/p)



Best Case

Ideal speedup.

Worst Case

Communication overhead high.

Space Complexity

Depends on processors and memory.
Generally:

O(n)

K. Advantages

Faster execution.

Large problems handle karta hai.

Better CPU utilization.



Scalable.

Scientific computing ke liye useful.

L. Disadvantages

Complex programming.

Synchronization issues.

Communication overhead.

Extra hardware required.

M. Applications

Artificial Intelligence

Machine Learning



Image Processing
Weather Forecasting
Scientific Simulations
Big Data Analytics

Computer Graphics

N. Common Mistakes

X Parallel = Distributed samajhna.

v’ Both different concepts.

X Speedup formula bhool jana.

v/ Very important.

¢ PRAM types mix karna.

v EREW, CREW, CRCW yaad rakho.

O. Viva Questions

What is a Parallel Algorithm?

Algorithm executing multiple operations simultaneously.



Why Parallel Algorithms are used?

To reduce execution time.

What is Speedup?

Improvement due to parallel execution.

What is PRAM?

Parallel Random Access Machine.

Types of PRAM?

e EREW
¢ CREW
e CRCW

P. Exam Keywords

Write these keywords:

e Parallel Processing

e Multiple Processors
e Speedup

¢ Efficiency

e PRAM Model

e Data Parallelism

o Task Parallelism

e Shared Memory

¢ Concurrent Execution

¢ Scalability



Q. Memory Tricks

PRAM Types

Mnemonic:
ECC

EREW
CREW

CRCW

Parallel Algorithm Rule

Divide
!
Execute

l

Combine

Mnemonic:

DEC
Divide
Execute

Combine



R. Comparison Table

Sequential vs Parallel Algorithm

Feature Sequential Parallel
Processors One Multiple
Speed Slow Faster
Execution One Task at a Time Simultaneous
Cost Low Higher
Complexity Simple Complex

Data Parallelism vs Task Parallelism

Feature Data Parallelism Task Parallelism
Work Same Task Different Tasks
Data Different Data Same/Different
Example Array Processing Web Server

S. RGPV Exam Answers

2 Mark Answer

A Parallel Algorithm is an algorithm in which multiple operations are executed simultaneously

using multiple processors to reduce execution time.

5 Mark Answer




Parallel Algorithms divide a problem into smaller subproblems and execute them simultaneously

on multiple processors.
Advantages:

¢ Faster execution
e Better resource utilization

e Scalable
Applications:

o Al
¢ Image Processing

e Scientific Computing

7 Mark Answer

Explain Parallel Algorithms

Parallel Algorithms perform multiple computations simultaneously using multiple processors.
Steps:

1. Divide problem.
2. Assign processors.
3. Execute in parallel.

4. Combine results.
Important concepts:

¢ Speedup
« Efficiency
¢ PRAM Model

Applications:

e Machine Learning



e Weather Forecasting

¢ Big Data

10 Mark Topper Answer

Parallel Algorithms
Definition
A Parallel Algorithm performs multiple computations simultaneously using multiple processors.

Working

Problem
|

Divide
|

Processors

Parallel Execution

Combine Results

PRAM Model

e EREW
e CREW
e CRCW

Speedup
Speedup=Sequential Time/Parallel Time
Advantages

¢ Faster execution
¢ Better performance

¢ Handles large data



Applications

o Al
e ML

Scientific Computing

Graphics
Conclusion

Parallel Algorithms improve performance by utilizing multiple processors simultaneously.

T. One Page Revision Sheet

Parallel Algorithms

Definition

Multiple processors execute tasks simultaneously.

Working

Divide
!

Execute

l

Combine

Speedup

Speedup=Sequential Time/Parallel Time

Efficiency

Efficiency=Speedup/Processors



PRAM Types

e EREW
e CREW
o CRCW

Complexity
Sequential:
O(n)

Parallel:

O(n/p)

Memory Trick
DEC

Divide

Execute

Combine

Most Important Question

¢y Explain Parallel Algorithms with PRAM model, speedup, efficiency, applications, and

comparison with sequential algorithms.



