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Subject Name

Subject Code
Academic Year
Semester

Designation

DEPARTMENT OF COMPUTER SCIENCE 8. ENGINEERING

Course File

Analysis Design of Algorithm

CS-402
Jan-June 2023
IV th

Assistant Professor




.p‘r,, SN & . 7

Sc‘h‘em‘e of Examination

8. Course Syllabus
9. GATE Syllabus
10.Time Table

11.Lecture Plan

12.Assignment / Quiz

13.Mid-Sem—1I & II Question Papers
14.University Question Papers

15.Lecture Notes( Typed or hand Written / PPTs)
16.Content Beyond Syllabus



MISSION

Working towards being the best by incorporating the principles of total
Quality management (TQM) and excellence. Adopting IT based knowledge
Management to meet global challenges.




Vision

To produce talented engineers to meet the challenges of the modern world |
and train the students to understand the human values.

Mission

To impart, maintain and improve technical excellence, ethical values and
overall development of the students for meeting global standards with ever
enhancing competence in teaching and research.




PEOs, POs
AND
PSOs




PEO 1: Graduates will have able to find employment in research sectors, software & IT

PEO 2: Graduates will have prepared for admission in the institute of repute for
postgraduate program.

PEO 3 Graduates will have able to demonstrate skills in presentation, leadership,
teamwork, social responsibility and entrepreneurship.

PEO 4: Graduates will have able to work for interdisciplinary research by using modern
computer techniques.

PEO 5:- Graduates will have able to Learn to apply modern skills, techniques,
and engineering 100ls 10 create computational systems.
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Programme Outcomes (POs)

PO 1: Graduates will demonstrate the ability to use basic knowledge in mathematics,

science and engineering and apply them to solve problems specific to Computer
engineering,

!)0 2: Graduates will demonstrate the ability to design and conduct experiments,
Interpret and analyze data, and report results.

PO 3: Graduates will demonstrate the ability to design any Computer Software that
Mmeets desired specifications and requirements.

PO 4: Graduates will demonstrate the ability to identify, formulate and solve Computer
Q engineering problems of a complex kind.

PO S: Graduates will be familiar with applying software methods and modern computer
tools to analyze Computer engineering problems.

PO 6: Graduates will develop an open mind and have an understanding of the impact of

engineering on society and demonstrate awareness of contemporary issues.

PO 7: Graduates will able to design a system, component, or process to meet desired
needs within realistic constraints such as economic, environmental, social, political,
ethical, health care and safety, manufacturability, and sustainability.

PO 8: Graduates will demonstrate an understanding of their professional and ethical
responsibilities, and use technology for the benefit of mankind.

PO 9: Graduates will demonstrate the ability to function as a coherent unit in
multidisciplinary design teams and deliver results through collaborative research.

PO 10: Graduates will be able to communicate effectively in both verbal and written
forms.

PO 11: Graduates will have the confidence to apply engineering solutions in global
contexts

PO 12: Graduates should be capable of self-education and clearly understand the value
of lifelong learning.







-

Course objectives
&

Course outcomes (COs)

i -t
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COURSE OUTCOME

Program Name : B. Tech.

Branch : CSE

Semester : IV

Course Name : Analysis and Design of Algorithm

Course Code : CS-402

Session - JAN-JUNE 2023

The student will be able to

S. Description Bloom’s Taxonomy
Q No. Level
0 COl. | Understand and Explain the concept of various L1/L2

techniques of analaysis and design of alogirthm
CO2. [ Ability to Apply the concept of design algorlthms using

divide and conquer, greedy, dynamic programming, 23
backtracking, branch & bound and graph-tree ‘\
CO3. | Ability to Analyze the asymptotic performance of L4

algorithms. ok
CO4. | Ability to Evaluate efficient alwonlhrm in common

engineering design situations. I£S

COS. | Ability to conduct experiment to implement various
algorithm and submit file individualy. ‘ [3

L1:Remember
L.2: Understand
L.3: Apply

L4 : Analyze
L5 : Evaluate
L6 : Create




Mapping
0

COs with POs
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PO2
PO3
PO4

POS5

PO6
PO7
PO8

PO9

PO10

PO11

PO12




Academic calendar




 Purticulcr

Duration of semester

Cemmenc: ment of Classess

20¢h Feb 2023

faR) First faculiy feedback 30 March 23
i
4 First Mid Som Exam ( 2 urits) 11-13 April '23
S Display of First Mid Sem Marks

13-Apr-21

Ny

Second Yl Sem Exani { 3 uniis)

24th May - 20th May 23

L f
i 7 Display of Second Mid Sem Marks 30th May 23
8 Lasy date of teaching 27th May 23
o Submission of Internal Marks to Universify 29 Mav- 264 June 23
t 1 Subiisssion of Exam Fornis through - without late fee 10th June - 20 June 23 i
e e e — _ s ll
12 Submission ¢f Fxam Forms through - with late fee 21ad June - 256 June 20 ;
— T = = — =t
| End Somester Examination - r 1
13 LA ekl 27th June - 11¢h July 23
Thenny : ‘
e e e — e R
i L.ad Semester Exaimination 3 i
‘ ! R 12th Juty - 17th July 22
1 L Pratical Fxumination Y b/ I
i i3 nd Semester Breakeinteraship 29¢h May - 26th fune 27 !
:_“_____.__,,___...,__... e ——— - —— B R |
|
! 16 | Declaration of result End 4f August 22

Cee———————

Dr. Vikas S. Pagey
Director, SIRTE

e e —ee)




SCHEME
OF

EXAMINATION




: Scbme d‘ Enmnﬁol as per AICTE Flexible Curricula
Bachelor of Technology (B.Tech.) [Computer Science nd Engi-eed
Computer Engineering/Computer Science & Techn 3

£y 4 § £
Total il i
No | Subject & - Term work o R
. | Code z Sublect N End | MidSem. | Quiz | End Markss oS | ST (B,
Sem. Exam. Assignment | Sem. | Lab Work & ‘
L]
L | Br4m [ BSC L 70 20 10 5 ? 100 |30 [FEN 2 e i
< 2. | €S402 | PC€ | Analysis Design of Algorithm 70 20 10 30 20 150 R 2 y
o7 3. | €S403 | D€ [Software Engineering 70 20 10 30 20 150 37 [ B2 S |
4. | cs404 | DPC [Computer Org. & Architecture| 70 208 10 30 20 150 3 1 2 5
5. | Cs405 | D€ |Operating Systems 70 20 10 30 20 R0 L 2] &
6. | CS406 | pLc* |Programming Practices = - L 30 20 50 3 g 1 2
90 hrs 1 ip based on usi = < =
7. | BT407 | pLC o — :‘.’:::" _I_‘::."_‘" To be completed amytime during fourth semester. Its evnluation/credit 1o be added in fifth semester. 3
Toul 350 [ 100 o | 1o | 10 | 150 (4] 4 [12] 2
8. | BT408 | MC Cyber Security Non-credit course
9. | BT4091 | MC Indian Knowledge System Non-credit course !
NC001 NSS/NCC 4
*A minimum -llhmn per week should be allotted for the Virtnal Lab along with the slot fired for the com rotional Lab classes
ST: Mi of two mid tests to be conducted.
*Students can carn additional credits from the University recognized MOOC courses.
1 Hr Lecture 1 Hr Tutorial 2 Hr Practical
1 Credit 1 Credit 1 Credif
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Course Syllabus
&
Gate Syllabus




Algorithms, Designing algorithms, analyzing algorithms, asymptotic notations, heap and
heap sort. Introduction to divide and conquer technique, analysis, design and comparison of
various algorithms based on this technique, example bmary search, merge sort, quick sort,
strassen’s matrix multiplication.

Study of Greedy strategy, examples of greedy method like optimal merge patterns, Hu flman
coding, minimum spanning trees, knapsack problem, job sequencing with deadlines, single
source shortest path algorithm

Concept of dynamic programming, problems based on this approach such as 0/1 knapsack,
multistage graph, reliability design, Floyd- Warshall algorithm

Backtracking concept and its examples like 8 queen's problem, Hamiltonian cycle, Graph
coloring problem etc. Introduction to branch & bound method, examples of branch and
bound method like traveling salesman problem etc. Meaning of lower bound theory and its
use in solving algebraic problem, introduction to parallel algorithms.

Binary search trees, height balanced trees, 2-3 trees, B-trees, basic search and traversal
techniques for trees and graphs (In order, preorder, postorder, DFS, BFS), NP-completeness.

References:

. Coremen Thomas, Leiserson CE, Rivest RL; Introduction to Algorithms; PHI.

2, Horowitz & Sahani; Analysis & Design of Algorithm

3. Dasgupta; algonthms; TMH

4. Ullmann; Analysis & Design of Algorithm;

5. Michael T Goodrich, Robarto Tamassia, Algorithm Design, Wiely India

6. Rajesh K Shukla: Analysis and Design of Algorithms: A Beginner's Approach; Wiley

List of Experiments( expandable):

1. Write a program for lterative and Recursive Binary Search.

2. Write a program for Merge Sort.

3. Write a program for Quick Sort.

4. Write a program for Strassen’s Matrix Multiplication.

5. Write a program for optimal merge patiems.

6. Write a program for Huffman coding.

7. Write a program for minimum spamning trees using Kruskal’s algorithm.
8. Write a program for minimum spanning trees using Prim’s algorithm.
9. Write a program for single sources shortest path algorithm.

10. Write a program for Floye-Warshal algorithm.

11. Write a program for traveling salesman problem.

12. Write a program for Hamltonian cycle problem.
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Cs: Computer Science and Information Technology

Section 1: Engineering Mathematics

Discrete Mathematics: Propositional and first order logic. Sets, relations, functions, partial orders and
1““‘55 Groups. Graphs: commectvity, matching, coloring Combinatorics: counting, recurrence
Telations, zeneratng functions.

Limear Algebra: Marrices, determinants, system of linear equations, eigenvahies and 2iZenveciors, LU
decompositon

Celculus: Limits, continmity and differentiabiliry. Maxima and minima. Mezan value theorem Integration.

Probability: Random varisbles. Uniform. normzl exponential poisen znd binomial distributions. Mean,
median mode snd standsrd devistion Coaditional probability znd Bayes theorem

Section 2 - 10: Compater Science and Information Technology
‘ Section 2: Digital Logic
@‘ Boolesn algsbre. Combinational and sequental circmiss. Minimization Number represamtations and
Computes arithmetic (Sxed and floating poinf).
Section 3: Conputer Orgznizasion and Architecrure

Machine instructions and addressing roodes. ALU, datz-path and conol umit Instuction pipelining.
Memeory hierarchy. csche main memory znd sscondary storage; UO imterface (merrupt and DMA
mods).

Section 4: Programming and Datz Stuctares

Programming in C. Recursion Arrays, stacks, queues, linked lists, mwees, binary search mees, binary
heapz. graphs.

Section 5: Algorithms

Searching, sorting, hashing. Asvmptotic worst case ome and space complexiry. Algorithre desism
techniques: greedy, dymamic programmmung and divide-and-conguer. Graph search nuninmm spannins
trees, shortest pathe.

Section §: Theory of Computation

Pegular expreszions and finite antomata. Context-free grammars and push-down sutomsta. Regular and
) contex-free lanzusges, pumpmg leroma. Tiemz machines and undecidability

Section 7: Compiler Design

Lexical analysis, parsing, syntax-directed manclagdon PRuntime anviroaments. Intermediate code
ganesanon

Section 2: Operating 5ystem

Processes, threads, infer-process comumunication, concmrrency and synchronization Desdlock. CPU
schednling. Memory managernent and vireal memory. File systems.

Section 9; Databases

ER-model. Belationsl model: relationsl algebra, mple calculus, SQL. Infegrity constraings, normal forms.
File organization, indexing (e g, B and B+ mees). Transactions and concurrency control

Section 10; Compuarer Networks

Concept of layering. LAN technologies (Ethernef). Flow and eror control techmiques, switching.
IPv4/IPv6, routers and rouring algorithms (distance vector, link state). TCP/UDP and sockets, congestion
control. Application layer protocols (DNS, SMTP, POP, FTP, HTTP). Basics of Wi-Fi Network
security. authenrication, basics of public key and private key cryptography, digital signatares and
certificates, firewslls.
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LECTURE PLAN
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SAGAR INSTITUTE OF RESEAR

LAN
@ame
Program Name BTECH
Course Code CS402 3
Course Name Analysis and Design Of Algorithm
L-T-pP 3-12
Course Coordinator Name Prof Ankur Patney

Session: JAN —~JUNE 2023

Subject: Analysis and Design Of Algorithm Semester: IV Branch: CSE
’—\ Date on which
Topics Lecture Number the Lecture was
taken
Unit 1
) Introduction to Algorithms, Designing algorithms L1
| Analyzing algorithms, Step Count and Complexity L2
Recurrence Equation L3
Becurrence Relation L4
LHeap and Heap Sort ,operations LS
Tutorial 1 L6
Introduction to divide and conquer technique 1 L7
Binary search L8
l Quick sort L9
Merge sort, L10
strassen’s matrix multiplication j L11
| Tutorial 2 I L12
Unit Test 1 J L13
E Unit 2
Introduction to Greedy strategy L1
Knapsack Problem L2
Job Sequencing With Deadline L3
Minimum Cost Spanning Tree- Prim’s Algorithm L4
Minimum Cost Spanning Tree- Prim’s Algorithm L5
Tutorial 3 L6
Kruskal's Algorithm 157
Optimal Merge Patterns L8
Optimal Merge Patterns L9
Single Source Shortest path Algorithm (Dijkstra’s) L10
single source shortest path algorithm, L11
Tutorial 4 L12
Unit Test 2 L13
: Unit3
Concept of dynamic programming L1
problems based on this approach such as 0/1
knapsack L2




| Floyd-Warshall algorithm

Floyd-Warshall algorithm numerical LS
| Floyd-Warshall algorithm numerical L10
L e Tutorial 6 L1

Unit Test 3 L12
Unit-4

Backtracking concept and its examples like 8 L1
_queen’s problem

Hamiltonian cycle L2
_Graph coloring problem L3

examples of branch and bound method like traveling L4

salesman problem

examples of branch and bound method L5

Tutorial 7 L6

Meaning of lower bound theory and its use in solving L7
_algebraic problem

introduction to parallel algorithms L8

parallel algorithms LS

Tutorial 8 L10
Unit Test 4 L11
Unit 5

Binary search trees L1

Binary search trees operation L2

height balanced trees L3

height balanced trees operation L4
height balanced trees operation ES
Tutorial 9 L6

B-trees, 2-3 trees L7

2-3 trees L8

basic search and traversal techniques for trees and L9

graphs

Tutorial 10 L10

Unit test 5 L11
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Assignment Sheet

SUBJECT NAME & CODE: ADA(CS-402)

SESSION: Jan =June 2023
ASSIGNMENT SHEET NO.:1

UNIT NO.:1
DATE OF SUBMISSION

Q. | COs Level Questions Descriptions Marks
No. | (Course (Bloom’s
Outcome) Taxonomy)
1. 1 2(R) Explain asymptotic notation with suitable example. 10
2% 1 4(A) Apply the divide and conquer strategy for solving the 10
binary search problem and analyze its complexity
3 1 5(E) Prove that Strassen’s matrix multiplications advantages 10
over ordinary matrix multiplication.
J 4. 1 4(A) Examine the procedure of merge sort and sort the given 10
} array of elements using merge sort 35,10,7,22,5,13,16.3
BT 1 1(R) What are the factors which affect the running time of an 10 |
algorithm?
|
ETAR ] 3(A) Apply the heap sort and sort the following array 10 1
elements. 66, 33, 40, 20, 50, 88, 60, 11, 77, 30, 45,
65. .
R |
I

(
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Assignment Sheet

SUBJECT NAME & copE:- ADA(CS-402)

SESSION Jan-_]une2023 UNIT NO.:2
ASSIGNMENTSHEET NO.:2 DATE OF SUBMISSION
’\
Cos Level Questions Descriptions Marks
No. | (Course (Bloom’s
(0]
rotme) Taxonomy)
Il ot
g 1 2(R) Apply the divide and conquer strategy for solving the 10
berrei) binary search problem and analyze its complexity
2. 2 3(A) What is Knapsack problem? How can we solve using 10
greedy approach?
3. 2 5(E) Which algorithm is good Prim’s or Kruskal’s? Justify the 10
answer.
4. 2 4(A) Distinguish Greedy Method and Dynamic programming. 10
<5 2 3(A) Find an optimal code for the following set of frequencies 10
| A:50,B25,C:15,D:40,E:75 by applying Huffman code.
6. 2 3(A) A Knapsack carry weights not exceeding 100.The weight 10
| and values of five objects are as follows:
| Wi:10 2030 40 50 Pi:23 34 66 20 10
| Solve the knapsack problem and find the maximum profit
) | that can be obtained.

i
||
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Assignment Sheet

SUBJECT NAME & CODE: ADA(CS-402)

|

SESSION: Jan-June2023 UNIT NO.:3
ASSIGNMENT SHEET NO.:3 DATE OF SUBMISSION
Q. | Cos Level Questions Descriptions Marks
No. | (Course (Bloom’s
Outcome) Taxonomy)
1. CO4 L1 Define dynamic programming and there components 10
2. CO4 L2 Differentiate dynamic programming with Greedy approach 10
| SEPI and divide-and-conquer technique?
3. COs L3 10
4. CO5 L3 10
g o 4 L1 Define how knapsack problem is solved by using dynamic 10
programming approach? Consider.
N=3,(wl,w2,w3)=(2,3,3),(p1,p2,p3)=(1,2,4) and m = 6. Find
optimal solution for the given data.
BT 004, L2 Explain Reliability Design.
RS




Assignment Sheet

SUBJECT NAME & CODE: ADA(CS-402)
SESSION: Jan-June2023

S
AGAR INSTITUTE OF RESEARCH & TECHNOLOGY - EXCELLENCE, BHOPAL

UNIT NO.:4
ASSIGNMENT SHEET NO.:4 DATE OF SUBMISSION _____
‘% . . .
Q. Question Description Level | COs Marks
@ No (Bloom’s (Course
Taxonomy Outcomes)
1 What is backtracking? Explain recursive and non L1 CO4 10
recursive backtracking.
2 | Explain 4-Queens problems with example. L2 CO4 10
3 | What is Hamiltonian cycle? Write an algorithm to ’ L1 \ CO4 10
find all Hamiltonian cycles in graph. i “
vl AR TSR SRR |
4 | Define graph Colouring problem? give an algorithm L17: Co4 10
to solve this problem. e o ST O \ B
5 | Explain branch and bound method with example. [El2 \ CO4 10
6 | Define parallel algorithm. " ey Wy | voma l CO4 & 10
[ o) i I

i &
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Assignment Sheet

SUBJECT NAME & CODE: ADA(CS-402)
SESSION: Jan-June2023 UNIT NO.:5

ASSIGNMENT SHEET NO.:5 DATE OF SUBMISSION

Wr\ Question Description Level | COs Marks
N() (Bloom’s (Course
=" Taxonomy | Outcomes)
B I | Delete the following elements from binary search tree L3 COs 10
7 1,10,36.
e ,hg i
X |
Rrte S T \
2 | Explain all balancing method of Height balance tree L2 COs5 10
with example. i
3 Define all traversal techniques for trees with example | L2 COS5 10
4 | Define insertion and deletion operation in 2-3 tree 152 CO5 10
with example.
3 5 | Define insertion and deletion operation in B- tree L2 CO5 10
with example.
6 | Explain NP-completeness with example. &2 CO5 10
(B




UNIT TEST




=

ECT mbslman-u.ormnm
Mll'lmm

3 Question Description [Level [COs [Marks| <
. No (Bloom's (Course
Taxonomy )

1| What does 7250,2) return? L1 cor 10 | %
(m,n) |
{

ans = 1;

count = @;

while (ans <= m)

-

count = count + 1;
ans = ans * n;

return(count)

You are executing an algorithm with worst-case time | L4 COl 10
complexity O(n4) on a CPU that can perform 108 operations per
second. if the input size is 750 Examine the most accurate time
required 1o solve a worsl case?

3 Analyze its time complexity Binary search algorithm L4 COl 10

-
=)
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SAGAR INSTITUTE OF RESEARCH & TECHNOLOGY - EXCELLENCE, BHOPAL:

UNIT TEST 2

Branch: csg Session: Jan-June2023
Semester: |v Date:
S ; .
UBJECT *Analysis and Design Of Algorithm Sub. Code :CS-402
Max, Marks:20 Allotted Time: 50 mins.
[\
5 Q. Question Description Level | COs Marks
NO (Bloom’s (Course
W Taxonomy | Outcomes)
" | Define the general characteristics of Greedy algorithm. . S0 €
Q.2 | Distinguish Prim’s and Kruskal’s al gorithms L4 CO2 10
Q.3 | Apply the greedy approach to a machine-scheduling problem | L3 (6(0)) 10
where dealings are involved. the details of the jobs are as
follows:
Jo | Deadli | Profit
b | ne
| 1 10
2083 75
SE| 2 15
4 |4 408

|
( ’j Find the optimal scheduling order of the jobs considering
| deadline constrains.

T

( OR
) Q4 | A knapsack capacity is 100.the weights and values of five | L3 CcO2 10
| objects are as follows:

| Weight: W=10, 20, 30, 40, 50

J Value: P=20, 30, 66, 20, 60

| Solve the knapsack problem and find the maximum profit

| that can be obtained.

j Consider five characters (A,B,C,D,*) following | L2 CcO2 10
probability:

Chara | A B (€ D *
cters

Proba | 0.35 0.1 0.2 0.2 0.15
bility

Solve the construction of a Huffman tree and also show
the efficiency.
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SAG 5
AR INSTITUTE OF RESEARCH & TECHNOLOGY - EXCELLENCE, BHOPAL
UNIT TEST 3

Branch-
s nch: cse Session: Jan-June2023
€Mester: |v Date: '
SU 3
BJECT ‘Analysis and Design Of Algorithm Sub. Code :CS-402
M
aX. Marks:20 Allotted Time: 50 mins.
—_—
5’ Q. Question Description Level | COs Marks
' NO (Bloom’s (Course
—llaag Taxonomy | Outcomes)
Q.1 Ll CO3 10

Write the Difference between Divide-and-Conquer &
Dynamic Programming

Q.2 | Solve the knapsack problem using Dynamic L3 CO3 10

Programmin. Where the weight and profits are as
follows (w1,w2,w3)=(2.3.3); (pl.p2.p3)=(1,2.4)

capacity of knapsackisM=6.
Q.3 | Explain Floyd-Warshall algorithm. Write its pseudo | L2 CO3 10
R code. 7 L i
R OR
Explain multistage graphs and find the shortest path | L2 CO3 10

from S-to-T.

L2 CO3 10
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AGAR INSTITUTE OF RESEARCH & TECHNOLOGY - EXCELLENCE, BHOPA‘L@;

|
|

UNIT TEST 4 |

Branch; CSE Session: Jan-June2023

Semester: |y Date:
SUBJECT :Analysis and Design Of Algorithm Sub. Code :CS-402
Max, Marks:20 Allotted Time: 50 mins.
[
Q. Question Description Level | COs Marks
NO (TBloom's (OCourse )
E— axonomy utcomes
Q1 . L2 CO4 10

Explain 4-queen problem and how can we solve it
using backtracking?

OR
Q.2 | Explain how branch and bound techniques can be L2 CO4 10
used to solve travelling sales person problem.

S|
Q.3 | What is Hamiltonian cycle? Write an algorithm to | L1 CO4 10
find all Hamiltonian cycle in graph? i
Q.4 | Solve the sum of subsets for the following set of [L3 CO4 10
integers ‘j
| [[51025 50 100] for W=75 1]
Q.5 | Colour the following graph using the vertex | L3 CO4 10

colouring algorithm. What is the minimum numbers
of colours required?

\ 3 b




Branch:
Semester: |v

UNIT TEST 5

CSE

SU :
BJECT :Analysis and Design Of Algorithm
Max. Marks:20

SAGAR
INSTITUTE OF RESEARCH & TECHNOLOGY - EXCELLENCE,

Session: Jan-June2023

Date:

Sub. Code :CS-402
Allotted Time: 50 mins.

- - . . —————__——‘
g@ o Question Description Level |COs | Marks
NO (Bloom’s (Course
Q 1 Taxonomy | Outcomes)
** | Define B-Tree with example. o o e
Q.2. | Classify and explain NP complete problems with L4 CO6 10
example.
Q.3. | Distinguish the properties of BFS and DFS. L2 CO5 10
OR
Q.4. | Explain 2-3 tree with the help of suitable example. L2 CO5 10
Q.5. | Define height balance tree. Explain all the rotations L2 CO5 10
erform to balance the tree with example.

BHOPAL




‘_._ﬁ“___, 5. 1106352, 35! 421

21, %61

el e ] 1371 8 0[5 o
h_as.u._., 310, 351, 63 427, 561 254, 450,520)
Repoaled recursive calis e nviked prody g this fallowing sl arT
(179,245, 300, t5] /482 23] ¥61] 23 1420, 520)

Elempents u[] da[ 7] are merged.
Ther uf8] Is merped with al =

(1170: 385310, 351, 632 254,423 B8} 430,520

Nest al9] dea| 1 0] nre merged, i then 58] & .

(179, 285, 310, 351, 632 28, 423451

are 2 sorted snh arrys & fhe oduces the fully

AL this paint Lstre
sorted resull
(179254, 2RS, 310, 351,423, 430, 330 652, 86 1)

[ T the fime for the meruing npertions is propartional to ‘n', then the computing Hme for meree

sort {5 described by e recumence relation.
‘o’ u constant

Tiin) = 4
IT(nf2)-m

= When 0/ 18 8 paweral 2 = 25K, e can solve s equation by uccessive substitutior. _

Tin) =202 T(rd) +en2) +en
— 4T +2en
=H2T(nH) fentZen

+

.
=20k T 11 HkCn,
=an +enlogn
7 [is ensy 1o see thut iTs k=n==2k+ [, then T(p}==T(2°k+1}, Therefore,

Tin)=0in log n)




Chunge of yarinh!
s sametimes possinle i &

chaiipe of yari

= Reconailer e recurrenoc
section, bid only for the cis

Tin2) given way (o on:
the type ol recumence we ha

IR 3T 2t
I S0}

lenmed i

I this case, =
b=2, pin] = I, degree =0

S, the chameteristic equation,
(x—3ux-2)=10

The roolsure. rl =1, 12 =2

The geaerl i,
ram_a_m__f 3
sub oy & re: 1 =30, 00"
h=034 02

We use the fiact that, m_ﬁ =1, & thus Ten) = togn when n=2'tq ohtair,
= fog &y
Je- e

f
Whien “n’is s power of2, y

Togn|
15 sufficient 1o conelude At

(00 = Ofn ") 'n'is i power o2
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atiplication

.|l|1|
.ﬂlmm..;.lzﬂ.mz.ﬂ ...
_
_

TOWS _
ure [

PR ks

Prlvide and
Wi assuine I {5 8 powET ..
anel S_":_._ e o hotly A3 g SO that the
Jhe poiers < (R

u ol gerp gmn b

+ (o= tienth witig formininas # coppated using 3 AT
i the elomants o A & B

2. Then (e elemenls 2t partiticned into qul mALE 3, Gince”

(hese produt s be recursvely computed UEng the same formtl L

continte agplying juself to smaller sih makrx Ll T becaine suitable St

[t the peadut 18 compaied directly

= The formubi are

All A2

A2 Al

CEF= A1l B+ AlZBIL
Cla=AllB12 Al B2
()= AZ1B]] = AL B2
(A NR1 BIZ+AZ2 B

o

12 s 1

mn-—,.v....
g |

=

Ihe Divide and conquer method

3 R R,

[T
o0 b b

rk
2
2
2

o Tocompuiz AR using the equation i ; ieat
eene =0-_u:u sl.hn need 1o perform 8 multiplication of n/2* 2 matrix

e (0 ure computed using the formula in equation =>4







T here |8 na nosd for com

!
!
Complexity O Iog a]- eat aind Average cise

Example:
v of 9 elemenis

A n example of huw PARTT
viked na call PARTITION (1

s which were inti

TION wirks consides the [ owing
¥ The verticdl bars connected
jed 10 produce the next

it Is evertually {in the sith raw)

ng elements |

st element of the scb Motice that the rem

determined o be fhe Sth s
are ursorted Butthey nre p
(130 £2) (3) () (50 (&)

65 70 75
|

65 45 75

e it AS) = 65

45
45










Knapsack problem

t Problent:
« input

+ n ohjecls. .
v each object  and aprofitpi

¥ Knapsack : M

j has a weight W

o ouiput

+ Fill up the Knapsack 5L the total
maximized.
v Feasible solution (X{me oo

profit 15

LX)

& Formally.
¢ lLety bethe fraction of object | placed 10 the
Knapsack, Osx;= 1, For I=1=n.

«  Then:

2 P
I=i=n

& Assumptions:

1

- FwizM notall x=1.
i=l

- Srwi =M

Isi=n

‘Ahdelghani [l sackii,




Thearemn: Alpprithm Binssarc

Proaft

We pssume (hat all scaterents Wi
uppeoprinizly carried out

Grk 4k expucied and

~i==s[n]

shle clements: (o b checked _

o

1 n=0, 1
#  Otherwise we ohserve il
HEx=afmid ], then ifie algarithm te
Citberwsse, the manpe i[5 namowed by elther it
fo (mig- .
Cleirly, this narrawing of the Tunge does nof affect the ot
TF low becomes = thin n e nod present & hence the










s |32 32

32 32 —




sets il one.

Algorithm For Merge Sort:

i
i ow<high) chen {if these e mare than one sleient

i
Hpivicde 1t subproblenis
Hfind whens

il = [{Tow+highp2):

#fan|ve the subprahizms.

mergesart (o,

mengescelimid f _
denbine the =lutians

etsergeflow mid ligh];
; _

|
»  Consider the wrmy ol 10 elemems al1710] (310,383, 179, 632, 351, 423, 861, 254, 450, _

530
gl into 2 s arays each of size five (a[1-5] und _

Algorithm Mergeaom beging by sp!
a6 1071
10 2 sub amavs of size 3 (af 13
o sub armays of spee 2 2 & one
nerelenmen

merging bepins.
(310] 2857 1791 652, 351|423, 461, 254, 450, 520)

Where vertical burs indicate the boundaries of sub arrays




« Analysisi

= =0 {na)

-Cpse2 L s sarted:

Case 2.1
@ (Leasty=Q (1)
@ (Tnsert)= O ()

= T=10(1nz)
Case 2.2

L is represented as a min-heap. Value in the Toot
is = the values of its children.

O (Least=0( 1)
0 (Insert)= ) (log n}

— I=0(nlogn).

Abdelghani Helluscha, Algerithms




Greedy Method

s Oljective:

& General approach:

en a setofn mputs.
Find a subset, called feasi
mputs subject 1o Some n_.,_:,.:..._m_.__u.u anil
satisfying a given ohiective funchion.
IF the ubjective function s maximized oF
minimized, the feasible solution js optimal.

ble solution. of the

[t is a |ocally optimal method.

L Algorithm:
& §tep |, Choose an input from the inpur sel, based an
some eriterion. I no mere input Eexit.
2 Step 2: Check whether the chosen input yi Ids to
feasible solution. If no, discard the input and
goto step 1

= Step 3¢ Include the input into the salution vector and
update the objective function. Goto step 1.

Abdelghani Betlmchia, Alsorithms




[ o5 [T .
60 ]

s S
DHH_ o ) SR

e e

= Algorithm:
_ Least(L): findatree in L whose root has the smallest
weight.
- Function: Tree (L)
Integer i;
Begin
For i=1ton -1 do
(et node (T) (* create anude pointed by T/
Left child (T)-  Least (L) /* first smallest */
Right child (T)= Least (L} /* second smallest */
Weight (T) = weight (left ehild (T1)
+ weight (right child (T))
Insert (L, T); (% imsert now free w

End for
Return (Least (L)) (= tree leftin L +/

End.

oot T'in L/

Abdelghani Belluachia, Ay




Kruskal's algorithm

% Prob

» T form a forest.
The edpe e added to T is always leasi-weight edpe
graph that connects rwo net trees of T

At the end of the algorithm T becomes 4 single tree.

SExample:

—_—

Abdelpni Holluseliia, Algoelibms







putin strafegy’

Largest profit-yeieht

v Qrder profil=#e :_..___:...._E_.»
(YRR < [=in-l

with the largest piw

[ the object exceeds the re

v If the weight 0
(ke (raction of the ohject,

w.ﬁ.n,ﬂ.z.n capacitys

& Example:
Pyfw =250 8= 1 (389

Palwa 241137 1.6
Pyliya=1571 0=1.5

S Palwas=Paiwa>= Py
Cu=20; p-0
' Pick object 2
Since cu > wa then X =1
= 20-15=5 and p=24
¥ Pick object 3

Since cl=ws then xs=culwy=>/10=1/2
oi=0and P= 24111215224 +7.3=31.5

+ Feasible solution: (0,1,1/2) P30S

Hellmchia Algarlthms







LT Nﬂh-—-n-_n“
_ |Ley's start formy v=1

Andelghani] Bellzichis, Algoeithms




Merge the first v files:

{5, 10,2030, 30) = (15 20, 30, 30

Merge the next e filess

(15, 20, 30, 30) = (30,30, 33)

t 1w files:
(30, 30, 35) > (33 60}
Merge the fast bwo files:

(35,60} > (93]
215+ 33+ 60 ¢ 95

— This is called a 2-way merge pattern.

+ Problem:

¥ (Given n sorted files
¥ Merge 1 files in a minimum amount of time.

Abegan) Befliachin, Algoelihms




aitice
e Tin) of the resuhing
(I

Blma ven™ 2 w2 consinnl
Ty s Tk 0O s(n'h

+ Mtatsix rhiplication are OIE XSS
Fefapmulate thie equation T £ 20 s 10 e
vty 10 compute e € o equation {2) WinE nk

scavered
ubimetion

o Syressen s i
ultipscation anel (8 2 Iiitan or 4

o Seassen’s formulaare

=it S AlZ)B1] B2}
0= {A|2A2281 ]
R= All(BI2-B22)
§= AZHRILHTT)
T=(Al1-Al21B22
L= (A21-ALLMBL B
V= (AIZAL2NBL1 B2

ﬁ??m..?e.
JeTaeR
2=

| C22=p4R-0-V

Foxample:

14 4

*J 214 4

44

P A=A 164
(44 =12

Redpdd1=0

S=d(d-4-11

T-{it44=32




% Example:
¥ 3 objects (0=3)
v (wyown w1 815.10)
< (pipam =(25.24,13)

< M=20

8 Largest-profit strategy: (Greedy method)

+ Pick always the object with largest profit.
v Ifthe weight of the nhiect exceeds the

remaining Knapsack capacity, take a fraction
ofthe ohject to fill up the Knapsack.

B Example:
¥ P=l, C=M=20 /= remaining capacity *
~ Put ahject 1 in the Knapsack,
P=25 Sincew; =M then x=I
C=M-18=20-18=2

¥ Pick objcct 2

Since €< wa then xi= Chw==2/5,

P=25:2/15%24 =25+3.2=28.2

¥ Since the Knapsack is [ull then x:=0.

¥ The feasible solution is {1, 2/1 5,0,

Abdelghan Belluschbs., Alyorithms




% Smallest-weight Stritegy:
o he greedy in capacity: domot wanlt to fill the
knupsack quickly-
 Pick the object with the smallest weight:
v [Fthe welght of the object exceeds the remaining
knapsack capacity, [ake a fraction of the object:

mvﬂanam__u"
o gu==20
¥ Pick objeet 3

Sinee wy < cu then %=1
P= 15, eu=20-10= 10, x5=1

¥ Pick abject 2
Sirce w; > cu then x; = 105 = 213

P=5+2/3.24
Iar 16=31 cu=0.
+ Since cu=0 then x =0

~" Feasible solution :

Abdelghani Fellnach s A lsosithms







Minimunt Spanning Tree.

s Definition;
Let G=(V,E} be nn une rected copneeted graph
= 3 isa tree

'} is a spannin tree ifl

& [xample:

% Definition:
e [feach edge of E has a welght, G is called a

weighted graph.

L Problem:
Given an undirected, connected, weighted graph

G=(V,E).
We wish to find an acyelic subset T < E that

connects all the vertices and whose total weight:

wil)= % wiuy)is minimized.
(. ¥]ET

Where wiu,v) is the weight of edge (u,v).
o T is called a minimum spanning tree of G.

Abdclehan Bellaachin Afgorithms




Optimal merse patrerns

i Jnrroduction®

« Merge two files each hasn dem elements, _.nmin:,..n_.f
— takes O(nem):

» Givenn files .
WhHat's the minimum time ne

files?

eded to mierge all 0
= Examplel
(Fy, Fzy B Ea Fsl= (20, 30, 10, 5, 30),
M=F, & F: — 20430 - 50
Ma=M, &[5 =50+50 =60
My=M; &F, =60=3 —
M=M;&Fs =»65130 95
2760
« Optimal merge pattern: Greedy methad.

Sort the list of files:

mm.:.r 20, 30, 30)= (E.; Fs, _.._. T. Hs3

‘Absdclghani Bellaschia, Algarilas




NEAR[T}=0
1=V(TY

NEAR{I) —p 5.0 cost(Tp) is min
costi |, w) where p==w<=m

——

Abclghnn Dellaschba Algorichms




- 7
— — oraptaf DynamicProprEnTIE _ |
| _

, xﬂ!&..w?mim.u.ﬁ.uainn"

safve
o/ 28/DP | [4:3 powerul LEchAIRUT that u“_ushu”n__ T
i arve approal
2] or Oln3) o which 3 Ea_.._w_;:ﬁ Lo _
gramming k= typical

rogramming [usaal referred

54.. :.un 1u.n. dynamic grogramming e word

Goes not mEan 3y computer programmeang Dynamic prol
gtimization problem _

that solyes 3 Blven complex problem by _

Brogramiming & an algori paradigm S il

subproblams to 0!
blems and stores the rasd = of sul ; gl
s A r...nhvh”q_ws ”_.m 1o two main properties of & problem that SUEgEst that the B _
bl can b s0ived using. Dynariic ardgFAmTing _

sub-problgms: Dynamic _
| pregramming is  sarme £isbipe ohlgms are naeded again and again. In _
dynam o, com peted scliians 1o subproblems are stored 1.3 table a0 1hat these
don't have to recomputed. So Dynamic Programming is not useful when :-.m... %@ no cOmmMan
lapping| SUBproblems becaise thete s na poink storing the colutions if they are nat peeded
AT examBia. Binary Search dossn't Rave common subproblEms. If we take axample: of
foligwing recurstve program for £(barac Nirbers, there are many subproblems whichare salved
again and again; . '

refurn A " )
return fib{ned) + flbin-2);

! _
Optimal Substructure _
problem /s said to have optimal substructure it an optimal solution can be E_._.\..___._nmn__

efficiently from optimal sofutions of its subpretlems. This preperty is used to determine the

i dynamic prog and graedy. \thms for @ pratlem. )

There are twa ways of doing this
1) ._.n.‘._un____._ + Start solving the given problem by braaking it down. i you see that the problem
has been solved aiready, then Just retumn the sived answer. IF it has not been solved, solve it and

e the answer. This is usually easy 1o think of and very intuitive. This s refarred 1o a5

2) Bottom-Up ; Analyze the problem and see the oeder in which the sub-problems are solved and

It soling from the trivial subproblem , Up towards the glven prablem. In this process, it ls
[uaranteed that the subproblems are solved before solving the problem. This s referred to as /




Single Source Shortest Paths.

% Requirements:

ghied digraph G= (V.E) where the weights

- Given a wel
are =0

o A splurceverox, v, = M

+ Find the shortest path fram v, 10 all other nodes in G,

« Shortest paths are gencrated in increasing order: 1,230

& Algerithm Déscription: Dijkstra
+ 8- Set of vertices (ineluding v,) whose final shortest
paths from the source v, have already been
determined.

» Foreach node we V-5,
Dist (w): the length of the shortest path starting

from v, going through only vertices which
arc in 5 and ending at w.

e Thenext pathis generated as follows:
- It's the path ofa vertex u which has Dist {u)

minimum among all vertices in V-5
- Putwin§.
= Dist (w) for win V-8 may be decreased going

though u.

Abdelghan Bellischiz Algoriifims




= Summark:

¥ Min-heap
+ Union-fin

on edges-
d on verLices,

(e log )

+ Time complexity O

||..|.|.|
Abdctghi Bellaschia. Algoriams







splitting:

ted and weighted bnary ree
der network of power N2 tran
narmissian ol power from ane

« in some l98s such a5 _

the loss that oreurs (edge weight ; _
wfk may net be nn_na tolerate losses beyond & ertain leve _

gosters in the nodes Lo acou far the losses
Ie he trae yertex sl

an plate BaoStErs anlyin the vertices _ _

Cisthe setof edges _
the wejght funstion for the edgce 7

il 15 the ight of the edge hi, i 2E

= e 2|z FE _

A verterwith in-degree zemo js called a source vaitex _

‘A vertex with out-degree zora s led a sink vertax

For any path P 2 T, its delay d{R) is defined to be the sum of the weights {wi|
path, or

HE= N _

:Qr o:_n other resull

g probilem i

j.of that _

»  Delay of the tree T, d{T} s the maximum af all path delays |

= Splitting vertices to create forest _

. _.m.d_.x B the forost that resulls when each vertex u € X is split into two nodes U and _
:n!n_._:.!.m_.::m...nmnma:_vmm_n__._._vmm_m_.n Kv_unmn_u.__mamumn:sw?:: <u? _

=€ m.T_.___. >EE]
~  Quthaund edges drom u now leave from u* _ |
~ Inbound edges to U now enter at ul _

t node ks the booster station _

cardimality. (minimum number of basster stations) for which d(T/X)sé far
some specifiedtolerance limit &
Em_. fas asolution only if n._n maximum edge weight is s l _
= Given & s.m_.w!mn_ tree T = (V,E,w} and a tolerance limit &, any &V is a feasible. I
solution if d{T/X)<h l

« Tree vertex splitting problem s to identify a set X © W of minimum l __

~— (Given an X, we can compute diT/X] in 0| V[) time




. Using greedy miethad.

» [woalgorithms:
¥ Prim's

< sk

% Approach:
« The tree is huilt edie by ede
o Let T bethe set of edpes selected 5o far
v Lach timea decision is made:
« Includean edpeeto Tst:
Cost (T (€) is minimized, and
Tiel does ot create 2 cycle:

% Prim's algorithm:

.._,m.s.n.u.u.v:_m_n:.mn.
« Theedge e added to T is always Jeast-weight edze
connecting the tree, [, 10a vertex not in the tree

% Implementation:
- Tochoose the next edge o be included in T,

Abdefghani Bedlisichli, Algorithms
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e
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)

\ e | _ mﬂmﬂ_ "

-

Compare Dist {u)cost (W) with Dist{w).

b Algorithm:
Procedire SSSP (v, cosl, )

Choose u st Dist(uf= min  (Dist(w) )
Swi=0
Stuy=1:
For all w with S(wj=o do.
Dist (wi= min (Dist (w), [Dist (u) +~

Cost (W) )

End for.

end for.
end,

¥ Time complexity:

Abdelynl Betlsdchia, Alger thin




i Mow AclEct

525,

n "
covered ar single colurma is 1eTt,

The sqlution

WIAW
W13V

Minimurm

Aapeat step 3 fallowed B

for the fig 7.1 can be continued as fallows

\r ! WS

50 a5

Joeen. | ass3s, 25wl
5 a5 |int

w5
LMW 45 Inl
45410 A5+inf

LORTERTER RN

sinimum

V1w

V1VE- VAT NSV

Minsmim

tha cheapest path from w1 to all ather vertices is given by VM V30 VAR V20 V5

=5




Cnapach Problem

+ jas poweight _

14 andhe pesUlHDE _

asinle _

ptirml |
y one salution which s going e bs fensthle 7

k ar b {th cogacity M. bje

ghven 7 pbyeeLs and knnpsac!
il profit Prwhere

e belp o ¥ obee

between (10 |
which willl give: many i

There anc §p nany
s o whi
{ilar, 11 will geperstc cnl

i o neh and ety abject apd st it ecording: |

05,
ghest pliratio and check whethee il heighl 14 lpsser tan the __

first oject ond decrement \he capacity of the hie hy the _
Il ave placed

- Repent the above steps unl e capity of the hag becames less than the we oq_
! L B selected in this case pluce i fracton of \he wbject and come |
“, | out of the loop-

___m .Sn:ﬁ.n_....a:n_?..r.n. _
| . maxmiz _-u_u.. _Eh. I.:
‘ 3 .__, subject 10 _.W. wiry = M “42) )
[ “; and Bmsx =1, l=i=n (43} )
__ i e Profits and Weights are positive |
! (| ALGORITHIM: I

[ I Ewn_.mq_ﬁ.n_ao&.rawuu:efabu
| e ‘E_n._n_n [1:feantain the profit
cight res’.of then ol ardered!
| dsuch that pli)iw(i] >=pli JIEai|
“__5 s the ﬂunﬂnn_., size. nnd X[ 5 the salution vertex. )

for i=1 o n do ufif=0.0; _




Procedure kriskal (G, cost)

Begin
T forest
T=i2
while |1} = n=1 & E=2 do
choose an edge (%4
delete (v, form £
1£ (v, w) does not creale a i

thei

JeE of least weizht

clein T

14
add (vw) o T

clse
diseard (v, Wl

endif
end while.

% Implementation:
» Choose the edge with the smallest weight:
¥ Use min-heap:
- (et the min & read just the heap

takes O (log e).
— Construct the heap takes O ().

» Be sure that the chosen edze does nol create a eycle
in the so far built forest, T:

¥ lse union-lind:
Once (u,v) is selected.
Check if Find {u) = Find (v).

Abdelghn] Hellusdhie Alparitsms




ic problem;
|lel algorithms
d theory and its Uus

« solving algebra
"« introduction t@ paral
= Meaning of lower bo

un ein

. solving algebraic problem,
« introduction to _uma__m_ algorithms

Concept of Back Tracking




TR ey Teadirg 07
| way @l ing TVP .18 compUte d(T/x] for muory X =
Jie 2! computationt

‘Solving the aboye wee with § =5
Greedy solution for TVSP
\wanit to mioimize the aumber of b
© Farehchnods uEN, rompute (he max

coster statior
mum delay d[U] fram ute any other node in

its-subtree.
't has 4 parent wsuchthatdlu) + i) =E: split and set dlu} to zerd
. Compuitation procseds fram leaves ta reot
Delay for each |eaf node is 2Er0
. Tha delay for each node v 1S computed from the delay for the set ol its chil

dren ivh

tellv] = 8, split v

| f/Determine and output the nedes to b split.
tfwl} |5 the weighting functian far the edges-

cach child v of T do

TS (v
nﬁhu!i&d_n:_ +wiTvlh:
1) _
if{[T is nat the roat)and (d[T] + wiparent(T}T)=1)] then
i
wirite(T); d[T]:=0;




I b i eige e miplmism €0st |
st =cost[k0];

Ineosii4]seosifikl) then ne
Else peirlili=k:
Nea[k]=nea(l] =0,
_19. i=21d'n-1'do
{

Lot be an index such that neas(il20 and

Mincos! —mincostt

Neur[jf:=t;

| For ki=lio nda

[P saritncas [k 120) und (Costlkneas| k] j-cosfj 1) then
Nearjk|=j;
|
| wnan.: mincost,
{
Thie prims algarithin will start with & treg that includes only a num cost edge of G,
& Then .Esa. are added tohe tree ane by one. the next edge (1) to be added in suc

th % included in the free, j s 2 vertex not yet included, and eost of (;
costfi,j] is i dmong all the edges,

* e working of prims will be explained by following dingram




e Al |
inimum Cost ne-:ur.n._._n m .w_ue: T

d S:_.x..ann_ graph with vertices V' and edEe

3

2G5 umnu_._.__:n trea ol Giff 't uw Lree. it
o genorate 2 graph 6= {WE| where ‘g is the subset of EG' 153
ing bree-
jery edge will contain the given nan: - negative

e prasent in set E* and welght hias to b minimum.

length _connect all the

e nodes.
e at least N-1

J any, nu.._.anmm Edu: with (N vertices must havi

panning tree of a graph is.an undirected tres Zanslsting of only those edge that

BCessany to connect all the vertices in the original graph.
A Span aa has a property that for-any pair of vertices there exist only one path
between them and the insertion ol 2n edge to @ spanning tree form a unique cycle,

3._._ of the spanning tree:
of electrical circuit,

‘cost spanning tree:
The cost .: aspanning tree (s Em S, ow cost of the pdges in that trees,







T
ntatle: Lts chiose veriak =n_a_=__:_,.

o R

rei o s ropresentasive for S2€0

[represe

Step 2. The cdge (e, I} craatas the second L. Choose ¥t
i
om0 @,
4
" hu ol
mu__ 7 ii .,.,“J amv
o—1—0 O

Step 3 Edge (& ] |5 the next shodest edge. Add this edge and thopse vartes g as

repressntative.

Step 5. edge [c, {} and merge two trees. Vertex o (s chosen as the representative.
Add fyand i




—NIT-2 e

UN

have

lem with I inpuis wi
fii

72 & piven objectives Functic 15

ible salution that cither maxiFize I

called an optimal =alution

stmdegy (hat works well on optimization prohlems with

haracieristcs.

1\ Ureedy-chimce property: A global opii

iz,

3 Optumal substrugture; An optimal solution f e problem contsins an optimal S
1 sub probems

second property. may mnke greedy algorithis look ltke dy

rcr, (he twi techniqised dre quite different.

algorithm Tor Greedy Method:

m Gireedy (a.n)

Jiconain the “n' inpues

can be amived ot by relesnie A |peal

1on =ik Anitialisc the soluticn,

]
et solution;

Suimie cohstrints any. subsets that satisfy these _




NEAR (W
Erdl for

For I=1 ton-1'do /+ fin n-1 cdges of T+
Chiose a vertex w
sst (u, NEAR()) )

where NEAR (u) = o
mineost — mincost cost (w. NEARwL
NEAR (wi=0
For each vertex p do
i NEAR(p) # 0 & cost (p, NEAR(p) ) = cost (p,w)
then NEAR (p)= w;
endif

end for
for

8 and 10 take O(n)
between 13 and |7 takes Ofn)




Unit-IV

= Backtracking concept and its examples

« |ike 8 queen’s problem,
= Hamiltonian cycle,
= Graph coloring problem etc.

» [Introduction to branch & bound method,
examples like

» traveling salesman problem etc.
* Meaning of lower bound theory and its use in




[Tangihs of 1 pi

st i of manimum fenuth

‘optimization meas
nngeh path The gre

If we have

e naxt B
ey way to RUIOET
i the nparest et

ifuidy constnists

it o e conitructed ghoald be U
it thest paths In pos des

15 enarated The

shaortest patl %, L
he next shortest
pecar af path

crenuing
to e secot

a shortest path

“h steps that

First, a shartest pal
Haatest verios isgeaarated, and se an.
miich simpler methad would be ta sapation

of b followed is a3 fedlows.

ol |5 Using maitls repr

o
'St 1: find the adjacency matrix far thy givern graph, Tha adjacency matria far above graph

18 jiven bikaw

| Inf | | _
_

IStop 2: consider vl to be the source and chacse the minimum entry in the mw v1. n the _

abave tatle the minimum 0 row v fs 10. _

tep 3 find aut the column in which the minimum s present, for the above example it [s _
s the node that has to be next visited

[ ‘ealumn v3; kenre, (l

.m._nu 4+ campute a matrix by efiminating v1 and va columns. Initlally retain anly row w1 The
secand row s computed by adding 10 to all values of row v3.
‘The resulting matrix [

W

nf

|5

V2

W1V a5
V1:V3-Vw

Minimum

| 104Inf 104inf | 104inf

=2 a5 inf







hy & Bound Method

/1 Knapsack using Branc
o descending o

rder of

have (o arrange the jtems according t

Value <n_=..._____=a_n:»
A0 10
42 L]

5 5
12 4

_ Nowwe have to calculate the upper bound far each node by using formula:

up=v+ W — w). Viea /Wit

i 4= w) Vi W
+ ;
W10 [Knapsack Capacity) Ve [0 b —o+ (10=0) 10~ 100

UB=40 + (10~ 4).6=T6

In(2)

U =65+ (10-9).4 =69

In(4)

Ans: Thus the solution

is to pick up item 1, 3

and Max profit = 65




5 I a knapsack of capacity W B

cls, glven e Integer arays Vi
ated with n ftems s pRctivel

'« masimum value subset o vl
& W, You eanrot breakan! m,

e abject | the his seigh :
e curnizd 13- piis  The ebjective 5 10
e sibfest 10 consiraiit

-0 oprihal sofion. Thess! s pair () where i) and =y
i

mpute 57 fromy 5°. These sompuaiticas ot 4. e basically he scquence of decisians made
b optimal solutiins; _

der to etmin (he optimum seleetion far salving the |

e the scquence of decidisas

Then there are twe Instances () and [x X0 sil |
i respect 10 X,
al we should be able wo ful il the

el
I ..v._u_.s..s_.z_zFai _

|

\ese twi pairs such that Pj==Pk and Wi=Wk, then [F,W,) can [
also called s dominsnce mule N punging rile g.___mu_.__..w thie
liess prafit and imore weight.




Krushnl's Algarithim
creasing order aftength
1

asen edges, excent !

cdges in in
5 i a forest

sy ch

 KRUSKAL'S ALGORITHM:
fection functlon chooses
wws Utk all the tree:

| ip kndskal's aigorithim the s ‘
without warrying tao much about their cannectian ko ore
ever to for] s a farest of trees that 4ot

[ mever to form & cycle, The resul
o cafnponerts| mergein @ single e

spanning tree T

is bullt edge by vege:
"1 in increasing arder of thelr

In this algarithm, a minimurm cast-
' Edge are cansidered for nchuslan in costy
»  Aneage (sincluded in T f it doen’s form a cyclewith edge alreadyin T
= To lind the minimum cost spanning ree the pdge are inserted to tree |p incredsing
orderof their cost
artthm;

/st of edgas in G ha: ;
v Feost of edge (u ) = set of edge in minimum costspanning Lee

1o first cast i5 fesLrned.

fari-1 to n do parent[l]=1;
=,mincost=0.0;
While{(<n-1]ana {heap not empty)] do

ind{n);:
findi),
(] net eqiuial k] than

H,20v;
| mincost=mincostHeostu,v];

it
| iftinatequal n-1) then writa(*No spanning tree! |
__u_..n.B:._:. minjmum cost;
Analysis
* The timec of
~ OllEjiogl ),
2where Eis the edge ser of G,

ing tree algorithm in worst case |s

mple: St




[Tk recards) of the flla represen 5 __..m:
iceof node at level {1538
o e wied three HMES: once
M dyis the gistance
the total number af

rreords of file
one more time Lo gel 74"
- and g; the length af Fi then

< for this binary Merge tree !

£ digi.

| Pl cate e weihtee extemol 2t 20Ech ol the tree.

L
initial 2 53] @1‘ ﬁmu (B}

_ E@@@Hmﬁ

(10}
6 50 B B

2] 2

®) ..@@
uﬁwum
2 (3

line pracedure TREE(L. n)
A/Lisalist of n single nade binary trees as descrined obove/)







w-ﬂmnﬂ.lﬂﬂ.m..alﬁ:ﬂm.m i _rlu:H,.

cerl thol ighuway, sreccs of @ 3t
: -H_*..._._: ghway, The B2

sectigns of hi
12 T cities cafir
w

h AT 87
1. K there & path o "~ from At 57 Which 5 the shortest path?

2 Htheres mafe than oné

esticns & spocial Cas f the gath problam we study 0 |
ned to be the sum of the weights ol the edpes |
referred to as the soUrcE and
treets. Consider a di

Jod at weights on the Sdges The
remaining vertices of G. It s ass.
e shoriest path bEtween i and 5o
e this prablem fits the ordeng paradigm. |
e the tosts of travelling __
unters many |

with the distznce to ba LEVE
¥

shartest path from v0 1o all the
| assacigted with the edfgrs are postve. 1
is an grdenng among 3 subset of the edges. Hen
Example:

| Consider the digrzph of 2
| alang that route It & person i int
paths, Some af them are

e athernede ¥ |

bove figure. Let the numbers-an the edgas b
| from vl to v, then he encou

erested tTavel

y1- 2 = 50 units
wl-v3-va-vi= 10+15+20=25 units
W1-vS- vd-v2 = 45+30:20=95 units
Vl-v3- v ¥5-va-NZ = 10+15+35+30420=110 units

th along v1-v3vd-vl The cost of the path _u_,
on this path, it is cheaper than |
5ts S0 Lnits. |

|

these s the pa
hough there are three edfes
1 and v2 directly i.e., the path vi-vZ that co!
|e to travel to w6 fram any thef node.

to generate the cheapest paths, we must conceive 2 |
ion measure. One possibility is to __

can usa the sum of the

The cheapest path among
10+15+20 = 45 units. Even U
travelling along the path connacting v
Qne can also notice that, it is not passibl
Ta formulate a greedy based algarithm
multistage salution to the problem and alsa of an apti
puild the shortest paths one by ane. As an optimiz slion measurs We




Optial Merse Fatterns

” be merged
S cafuely could
|| s containing 1 and m (acords respe e
o h“..un_uﬂ..ﬁn.n_._& File [ titrie D{n + m), Wien mare than fwe .v”:mn;o.._ e
vather the merge can be accamplistied by e prateniRE B et
ul ,-n“__su.wu W3, %3 and X are to bz merged we could (it MEes b _u_., oized to
m.h-._._.s._ e coukd merge ¥ and %3 t0/Eet Y2 Finally, ¥2. e au_”_amm_‘:w hen
he dasiee anced e Aliscnatiely, We Could 1 :.ﬂ____mm5 m.n__n«”_m_uuu e Grven 0
o : : g the desire
4 getting 12 and firally Y1 and Y2 getti i

2nd %14 Beiting o which 10 palr Wise merge them into a single sored u,
(3 d files there ara mary Ways viere determining 3 optimal

Bifferant pajrings require diftering amodnts of campuling time. Here s

B i rtear: way 10 palr wise merge n sorted files WORE :

mple: X1 K2 and X3 are three sorted fles of length 30, 20 and 10 records umn:w_u-f._e.n,_“w_“
i X2 reguines 50 tecord moves, Merging the resull with X3 requires nqa_:n ! =

b of razard mbyes requlred to mere the three: files this way is, 110,

W irst merie X2 and X3 taking 30 moves) and then X1 (taking 60 moves), the tof

v made fs anly 90, Harice, the second merge patterr (s faster than the first

frepdy attempt to obtain an oprimal marge pattern is pasy ta formulate; Since merging .m:
ard fil and an m record {ile requires possibly A+ M recotds moves, the obvious choice
f0r o JeleLtinn Erterinn s at each step merge the two smallest size files together, Thus, it we
Je fives filas (F1 , ans, F 5] wath sizas (20, 30, 10,5, 30} our greedy rule would generate the
wing merge partern; merge F4 and Fl lo get 21 21] = 15 ) merge 71 and F1 to get 22
|22] = 35), merge Fiand Fs toges 21| 21| =50), merge 22 and 21 10 get the answer 24 The
tal number of recor moves is 205 One can Werify that this is an optimal merge pattam far

The merge pattern such as the one just described will be referred to as a 2-way merge
pattern [each merge step (nvolves the merging of two files), 2-way merge patterns may be
represented by binary merge trees. Figure shows a binary merge tree representing the
ptimal merge pattern obtained for the above five files, The leaf nodes are drawn as squares
and represent 170 The Greedy Method the given five files, These nodes will be called
external nodes. The remaining nodes are drawn circular and are called internal nodes, Each
internal node has exactly twa children and it represents the file abtained by merging the
files representad by its two children. The number in each node is the length (i, the number
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fs the next nost cheapest, bt [ we add this edpe @ oyele would
the ropresentatie sfbo ot

g,
@ @Kﬂ

acd edge [z, 0,

nn_._v|m

___w_-mw... Hnmn of adding edge {h, [|add edge (a, bl




g p-eampletenes:

: 1m.ue_£%_.s__.“
he verificd in |

me.
splution 10:C

7 Can

hard, whether 0F ot it _n:_.nmnr)

(o n UTM €
hlems i NP r../

jon 2 s said 10 be NP

ing condil
[ we had o u.c_?q_si tiftic 4l
y o, W= could sulve all prol

jzorithm

an is Hh! .
ap abstrict mechine

ic the gruph {somamphism problem, the graph theory problem of
or n gaph isnmorphism € hetween B0 graphs. Two m_m__im are:|
ffifo the other simply by rerumingt ¥ertices- Consider these _

o L0 graph G2T .
issmorphic 1o asuh praph of graph G27 _

somorphism: 15 praph G
1samorphism: 5 graph

graph [somorphisni problem is NP-complete The £ra epmorphism problem 15 _
neiitier in Pnor NP-camplete, (hough it is m N  his s an example of & problent
e . but is not thaught 10 be Ni-complete. [

[T |
I

E=Td)

Figure: Some N i = =
fyure: Some NP complete problers, irdicating the reductions typically awjed to prove their NP completeness

nﬂﬂﬁhﬁwﬂﬁwﬁ:ﬂﬂhiﬁzg _.,H.?Sn._u_ﬁn is first to prove that it isin NP
i 0 reduce some. Ll i it W
L plete problem to it Therefore, it is usefil to know o ;

clow, contains some well-kn
N I ! own problems that ane NP-complete when expressed as

«  Doolean satisfiahility prohlem (Sat.
« Knapsack problem § gt




of Back Tracking
can Mathematiclan 0.H. Lehm
timal solution whicl

e In the 1950

concept
h satisfles 50Me

Ktrack was given by Amer
\wa searth fora ser of splutions of op!

and abandons cach partial

pulids candidates to the solutions, p
. [
date(Backtrack] as scon as [k determings that the candidate can not possibly

mpleted ta a valid solution.
_can ba applied anly for those problems which admit the

"
“partial candidate solution” and a relatively quick test of whether It can

pleted taa valid selution.

concept of 2

possibly be

the salution by systematically searching the solution

space (e setof all feasible splutions) for given problem.
n_"u.m...._n__.i. Is a impartant tool Tar solving constraints satisfaction problems such as

Crossworts, verbal arithmetic's, Sudoku and many ether puzzles,
= In this method ail possible solirtions are tried. If the solution are not satisfying the

constraint then backtrack and then backtrack and try another solution,
Applications of Back Tracking

Standard problems that can be solved using Backtracking algorithm.
1. N Queens problem (4 Queens and 8 Queens Problem)

‘2. sum of Subset Problem

3. Finding Hamilton Cycle

4. Graph Coloring Problem




|

weighted external gt |grith i o oBtan |
Each cnde is 3 binary SN which will BE _
& recving =nd the code L
L& i which oxternal nodes |
3 message detarmine the:
rrect exteemal node- Far
ranch, then the decode _
\re colrespands (0 cades 000, 001, 01 and 1 Wy, My and M
. These codes are calted Huffman codes. _
ipcoding a code ward 15 opartenal to the number of bits [ the code .:E_
egual s ke distance of the carrpspanding external node fram 1he roat nede. 1 8)
relative frecuency with which meisage », will be transmited, then the expected _
qud where | s the distancs of the external node for MEssaee s fram 7
(s 3 ected m.nnia ime s minimized by chaosing code wards e a
“dacode tree with mirimel ighted external path fength| Note that e 15 alio =t
Bﬁﬂaﬂuﬁﬂﬂaﬁn mn; ‘miessage, Hence the code which minimizes anpected |
pacted length of a message










e s hawh pelow

e M8, el ot ety 1

| pair and =dd [Ewith s']

(240,340), (2+1,3+2)]
J{ tepetition of {2,3] awnided.

3, 5) s purged form 5
: me (P, Wj)=(3, 5 and [P, Wi) ={5, 4.
Pre=Py and W=y s true hence we will eliminate palr (P Wil =13, 5) from s’ l

sct next (P, W) palr and add it with <l
12.11) 413.12) [14.14})

11,9],[12,11),113,12) (14,14])

o _n.._-u to s’ hence set x,=1,
e final solution as (0,1,0, 1),




~Graph aloring 152 P

Graph Goloring problem

oring each Vertex in
olor

graph in.such@ way that

rablem af col

__n.og_..ﬁ&nuu have sarme &

Graph coloring

'm —coloring m— coloring
pecision Problem optimization problem

allest numMBER 2
n e used ©
atic

what sm
colors that £2
color # Graphlchrem:

Humber]

\
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olution by State Space = Tree M

8 Queens Problem optimal §




wp-Hard and NP= Campleie

Dhicik tha the NE R N
Jare i polynorm
roven. Morcover, {he class N
me

Frgure; Euler diagran far [*, NP, NT oomplele, [T hand set of praklem

el whin for dny probiem | T
e to requipe that
r H. Informally,

e for solving H, and solves L

[

sther delinition IS (0 sequire that there is time rediction from an Zt‘nca_uﬁ_n_
roblem G fo H.As any problen L in N fime ta O, Lreduces in turn o 1 |
nomial time 5o 1his new definiton = e, It Joes not restrict the cluss |

hard 10 decision. problems, for anstance 1t slso [ncludes search problems, or pptmizaLion _

—




Q.u.wimm.unw using
~ Branch & Bound
.n.nmnn_.non_..__

ethod

Travelling Salesman Problem (TSP)

TSP If there are i cities and cost of travelling from
v is given. Then we have to obtain the cheapest

'+ problem Statement for
is visited Exactly once and then returning te

....u._._.< city to any other cit
_”__...nzw_.ln:_u such that each city
starting city, complete the tour

- .ni_nu__..__.nﬂ___m__..:n salesman problem is represented by weighted graph.

» Tour(x) is the path that begins at root and reaching to node x in a state

space tree and returns to root. I brarch and bound strategy cost of each

node x is computed. The travelling salesman problem is solved by choosing

the node with optimum cost.
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It posle Dy cOnINS
[ntermvedinte nodes.

chortest distaree vl _.;
<k This when

and ) € k<, that LA
hrough nodes whas=nt

e o fa
i mode 4 0 (o f, SO T

o -
= Al = the edge weight from nisde {10/
it because 0 e imbenad = O (the e e i b

ol throghy s b el whe

[
elther doest & B2 _

o D)
this TecUTENEE 15 that whin St
= theouiph mode & exactly ance

(his shortest pah
Tormier cise yields he yalve B

. — o _,

) s - ..
‘o yo e P | Dl
Ne Bk \\\ /

meatation of Floyd's Aleorith
The welght matrix W {.a] for 2 welghted dirccted graph, nodes are labeled 1 '

n
uts The shorest distances between ol puairs of the nods. excpressed 10 an n = AR
thm:
e mtei 1 il ze b0 W
10 1 do ’
for i =1 wndo ’

forj= [0 ndo
D = min(D{3} DIEIk] * DD

a.z!.s._n..u.m:..n_n Ratrix D is used 1o store Dy and Dy, Les updating from Dy to Dy s done
mediptely. This causes no problems betause i1 the k™ itcration, the value of D[, K} should be the
me it was in Dyi[L K] similarly for the value of D[k, jJ The time complexity of 1he above










v searchTree
called ordercd OF spred Binary QM“_N
e onil dynamic sets. THEY ore e
cuch keys, B well as ehee i

ced order, 50 (hat Tookup :
u“aE_.m for o key in 8 \roe (07 B 1...?
‘making comparisens 12 keys statE
i continte wearching 10 the left
rations 19 skip OVE!
lagarithm of !

e . .
© ‘This is much betier than the ¢ time requited Y _.__.:.___p._._._m
awer than the cormesponding perations or fush tables

e where each node has # comparable
al the key in any node is larger that
\ian the keys mall nodes in (At
des. Each child must wither be

v ala STuctires: und.

the opcratmg SYSIETH The

ch provides quicker mnu__n:

mary search trecs are a5

e root of the tree. )
e 1 key and has two sub trees:
final nodes) af the Tree contain o key. Leaves are conumonly represented by _
| 5y |, NLILL poiricr, gle.
abiree i itsella binary seanch tree. /
sub troe of ode contains only nodes with Keys stricily less than the node's ke
hitsub iree of anude contiins only nodes with keys srictly greater than the node’s

|

can be @ recursive or an ILEralive process. i
is null, the key we arc wearching for does not
y equals that of the root, the scarch is successiul and we
léss than that of the oot we <earch the left subtree. Similarly, if the
rool, we scarch the right subtree This process is repeated until the
ng subtree is oull IF the searched Key is tot found before a noll
lem must not be present in the tree, This is casily cxpressed s a

d-raursive(key, node): /1 call initinlly with nede = root
de = Nullar node key = key then




Hamiltonian cycle
des ¥ and ¥
o d graph and two n°
. an undirected connecte S
_.&M._..wm__..m_“”ﬂa y wislting each node inthe graph exactly onc
| . in order t find
RO H te space tree Is mm:m:ﬂnn_
ottt i hm the Hamiltonkan cycle can be

. i
niftonian Cycles. Using Backtracking Algort

Hamiltonian Cycle

Thus Hamiltonian Circuits are:
. a-d-c-e-f-b-a
. a-d-e-f-b-c-a
. a-c-d-e-f-b-a
. a-b-f-e-c-d-a
5. a-b-f-e-d-c-a

1
2
3
4




SP
Travelling Salesmarn problem (TSP)

it

1 rite the nitial cost matricand reduce it

| prasent in Es.m_._n._ col then no need to do reduction.

i o
». 8 c o o

. h
S|y s [l Afterfow
- .E_m 5 —

“o[H0]z |3 = |2 __

Initial Cost Matrix

=}

A B c

So, The Cost of Node A is —

Cost(A)=4+5+6+2+1=18

o N =2 B




< of inserting :..unnm
Jeaves and b Jhje sAmE e s

remove He node il
a1l the pode b be

sepassnt node ot :
oo on L

ur prestn

il tress

I case
whieh will bave |

nodes with children are barder to delete: A5 with ol Hipary Less, & node’s in

it subirec's lefi-most and 4 nade's in-order pred: sor 18 the b ,_
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Travelling Salesman Probl

. choosing to Bo/te verieX a: Node—B(Path A->8)

> e _szn”_oncnmn matrix af step b MIAB] =
x

andCel B to 2

Qiﬁm_.__zzm Em, matrix I

he cost of Node - A

 Nowwe reduce this matrixand find tl

Travelling Salesman Problem (TSP)

Initial Cost Matrix

S0, Thusthe Costof NodeBis —

Cost(B) = Cost(A) + Reduction -+ M[A, B]
—18+18+0=36
Cost (B) =36
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nl8 e
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ingle delction the Height of an AV sub tree cannof decrense by more than
balance luctoe ol 4 node will be in the range from -2 to +2. i st
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search 10 bui
ertuin useful properties.
difsveriex v
“._E___.,_._..
far each neighbor wof v
ifwis milidecl
[
dfsiwl
add edge vw fa free T
) /
The overall depth seatch algorithm then simply initinlizes 4 set of mirkers 5o we can tell
which vertices are | chiooses @ starling vertex o5 tree T 10 %, und calls disx), Just
& in breadth first search, if w vertex has sever neighbours it would be equally correet (@ g0
through them in any order. | didnit simply sy “fot cach unvisited neighbour of v!' because it 1s
| very important 10 delay the (est for whether o vertex is visited unfil the recursive calls for

previous neighbours are finished.

[ The proof that this produces & spanning fre {the depth first search tree) is essentially the same a5
ths! for BFS, o | won't repeal i However while the BES tree is ypically “short and bushy, the

| DFS tree is typically "long and stringy”,
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Discuss in detil NP complete problems with example. 7
TV 0 T NP complete problem @1 FIFIR 3 T
Construct B tree of arder 5 for the list of elemens. T
21 TN List & order ST B tree FE
2,8.5,6,13,9, 14,12, 19, 24, 18, 15, 5,16,20,21

Compare Bfs and DEs. 7
Bifs o Dfs & g whE |
Explain Prim's tlganthm with example i

e 5 Y Prim's algorithim T

Solve the following mstances of the single source shortest
path problem with verion *al as the source. 7

vertox ' 1 source ™ 3 Fr instances T single sowTe
shartest path problem # &7 Lol

8. Wrie shor nales.
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SOLVING RECURRENCE:
Jgarthr

1

T jrdispensuble lust slep when aikil

fetle. explerenoe

1. [Iatelligent guess work:
This approach genenilly proceeds in 4 stagcs

|, Calculate the first few vilues al the regurrence
2 Lookfor regilanty
3 Ciuess A suitable general form!
4 And finally prove by mathematical st
Then this [orm is correct
“Consider the fol [aWwing reclmenee,

o [Fa=t
Tinp= 3Ti{n-2itn olheryise

First step 1s o repli
It is lempting fo et

+2:by

* Far irstance, TrEG) =3 * T(8) +(6
=3.265116
=211

* Inslead of writing T{2)=4, it is more

wsefulwwrile  T(2j=341+2

Then,
T(A)=3*T(2) +4
=353t 2]

=(Fe 1302

. PR e
We continue in ihis way, writing ‘n" o5 an explicit power of 2.

T i ften ta s0lVE

a1, M0EL CHTEnEs

1 | chitmucteristic cguation

-
puesswnrk o

= However, /st powerful sechnique that ean be used 10
recs nimest aitomatically.

& Thisid & s topic of this section the techniglic o

st EBeinp ever since in that case n=2 = 02, but recursively.
dividing anieven no, by 2, may produce an odd no. larger than 1,




Wiy Anilyze un Algorithm
The most sinihahi forwd

scienve.where the u

pecordifie 10

redicting perfomanse
Jon order-ol-rowih we
10 prediot performisite nd compare algonihins |

cxis af Algorithms: _
i Hetse o i ot il yes the fI1AWEHE sleps

he algori

) catnglately _

' Deterine the e requized o each hhsic operation
frequency of executicon of __

e beseie operatinns:

\ 3\ Taeniiry uakmiown quatiLis tist can b usedto; desoribe e

+ Devielop s realistic model for e input 10 the progrst. |

‘ = Anilyze theiunknoisn quAnLLEs, ascuming the reodelled inpit:

s Cajeulate the total minmmg fme by multp the thee by the (requency [ur e
meration, then adding all the producis |
Camplexity of An Algorithm: |
| The fjme complexity ol 4 algositm quantifics 16 amounit of fime taken by |
an algoritium (o nin 1 i eommonly cstimated hy counting, the nu ¢ ol elementary operations |
performed by the algnrithm, whers an clemeniiny operation tikes o fxed umount of (ime Lo |
_En‘. orm)| |
Space Complexify: Thisis essentiully the number of memery cells \which sn-algorithm needs 1o |
rim A pood algorithm keeps this nintber 25 sanall as possible. |

There is ollen o time-space true-off involved o problem, That 5. it cannot be solyed with few |
computing ime andl [0 memory conswmption: One then has to make a compromise and o
exchinge compliting lime for memory consumpron of viee versa, depending on f.:._ny__

algorithn one choses and how ane parmeterizes il

Amortized analys __
.m@ﬁ:.u_ﬂ.:«. find the statement in the munual that an operation takes amonized time OLfin)). __
This means that (he fotal time fr 0 such operations is hounded ically fromabove by o

‘function gin) wsd that f[n) ~O(e(n)in) So the amortized time 1= bound for] the average time of
an operation i the worst cuse, . . |

Step Count:
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] o 1 2 B L \ I| I||
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o[ == 10 20 a 1 | \ ||
1 13 oo 4 2 0 o3 \ L3 ||
Q'_-! 21 -3 s e 2 & 14 \
si|lw & MW@ o= 3 |I
i 4w & 7 B2 \
_____,_J—.______.—-—_______
(B | Explain Hamiltonian cycle and write an algorithm to find all \ co4 \ 14 '
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| From equation (1]
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the following code s LIOLLIOOLTI010

O NO | = Course oulcome I Bloom |
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Let S, be the sum of the first p lerms af Lthe geome!
£ [1-8), exeept in the special case whenr = I+ when Su

—gh
= 1
|
=gkt gkt
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A sequenual algorithin @
= omee though, fam
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designed o pun an |
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processing, ar reals |

= Recursion or iteration:
hm: A recursive algenthm
nput values, and which ab

Itcrative Algorith
in sequence 10 redd
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Deterministic Alg
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the same sequence of states;
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for the same input, cas exhi
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342, 206, 444, 523, 607, 301, 142, 183, 102, 157, 149
h)  Use the Floyd-Warshall algorithm and find shortest path
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Floyd Warshall algorithm 1 WG @@ shortest path
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throngh the highest point of erch column;
Best-cise complexify: e best-case compl
minimim number oF steps luken on any
through the lowes! point of each columm
Average-tase compleaity: [l nvempe-cise g
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Asymptotic Natations:

The Eo& of compliational ¢otmplexiy 1510 clissify alzorithms acerding 10 iheir performanees. |
Definition of “hig O |
For any monotonic filnctions finy und g{n) from

representy the cutve i

he lporithm s the [unctie
e 1l
|

positivg intepers, We |

d [

& positive integers o

¢ = Uand n0 = 0 sucl

m&. {hat f{n} = O{g(n)) when there exist cons
f(n)<¢ * g(n), foralln = nl

w..EW?ug this means thal funcrion |
an upper hound for {{n}, for all sullic

Here isa grphic representution af i)

does not grow, faster Than. pin), or thit funetion g(n] is
v larpe n—x

= (gin)) relation:

Fig 12| Gragh of Bigg Oh Nojation




| Exmmples:
Gomsne Time: 1)

Trimee: O(10g 01
] me: O}
Definition of Thig Omega’'s
We need the notanion for the |awieEr ca £ potaton
iy that f(n) = Qg(n) when flees ekl
n, Examples
Qonstant Time: (1)
 Laneur Time: (1)
Logantic Time: (tloz ]
 Quadeatic Time: ain'y
Defisition of "hig Theta™:
"Hm. Iemisiiee the complexity nf & prrticular Al
A& new nutafind is used it this case. We say

i) = Egcnl).
Exnmplos

Fime: EN 1)
linear Time: Bn}
Logarithmic Time: @log nl

Quadratic Time: W0’}
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goritims 5 given by

e nu_..__._:; v iy divide-and-conaquen

of the foom
Tinl =
> Wliere i 4t b ure Kiown con

| s knciwia de ! i 0 pOMED | =k}

+ Ome bf the rbathods?far solving any. s EcUrTece el = called the 3 stitutian
metliosl

o This metliod repeatedly makes suabistit L he [unetian I
Rijehi-hand side s | such oeetirmenoes disappear

Exum
1) Consider the case inwhich 2

jon Tor tagh aecurrenor

=1 mnd b=2. Le 2 &finEn

We have,
i = 2T (2t
= [4Tiaiaraln

= 4Tind)+2n

=4[ 2T{e4/ 2 n'4 ] 2n
~A[2TONE A 2
=8T{nrn—dn

= HTin'EHIn

.
[ general, we see that T{m=2 T2 7 b=in, forany log n>=1==1
.v Tin) =2%log n (a2 0ogn) + n og n

.m. Comesponding o afl¥

& Thus, Tin) = 2%og n Tin2%log ny = o fog n

!a._.‘.z_\:u+=~=w=
=n T £nlogn |since, log 1=0,2°0=1]
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sub solutions intoa s
1f the sb problesns ane still

passibly he reapplied . i
e sub problesms resulting frim i dividi-and-conguer de

5 winnl prodlens,
cntion, of the divide-pnd-cu

For those duses the re ap)
e presse] by il rectiesive algoritun
0 And CfAlgorithi 11y invoked as Brand €7, where ‘p’is the prol

e solved:
Smull(P) is o Boolenn-valuad function that delermines whethet the i'p

coough thist the answer can e compuled withoue aplitting.

er principle i 0 irally.

hlam 1o

size is smitll

Ifihis 50, the funetion *5” isinyvoked-
ivided into smaller sub prohlems.

Citherwise, the problem Pis
These sub probilems P1, P2 Pk are soived by recursive application of D And C.
Combirle is a funetion that determines the solutinn to p using the solutions (o the k=
sulr problems;

nk.

T¢ the size of ‘p' 18 nound the sizes of the 'k’ sub problems are nl, 02
respectively, then the computing fime of [3 And € i3 described by the recutrence

relation.
nsmall

Tin}=  gin}

Tin T2kt Tk fink otherwise

Where T{n) = is the time for [ And © on any I/p of size ‘n’,

gin) = is the ime of compute the answer directly for small Lips.
1y = i the time for dividing P & comhbining the solution (w sub problems.

~ Algorithn D And C(F)

{

i spmal
else

i

I} thea return SP);

divide P into smaller inslances

PILP2... P, k==1;

Apply D And € to cach of these sub problems;
retum eambine (D And C(P1), D And CP2), ...




