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KESHAV MEMORIAT INSTITUTE OF TECHNOLOGY
(Approved by AICTE & Govt of T.S and Affiliated to JNTUH)
3-5-1026. Narayanaguda, Hyderabad-29. Ph: 04O-23261407

Department Of Information Technology
Audit Form

D,.f- s{:r"g}.,.qr rcourse 

rire

Faculty Name:

11

SNO Topic qS Audit 1 Audit 2 Audit 3

T v/M/PEOIPOs/PSOs

2 Course Structure

3 course syllabus
t/"

4 Course Outcomes co)
t/

5 Ma

6 Academic Caiendar

7 Time table(class &l individual)

Lesso n Ian8

,r/
9 Topics beyond syllabus

r-/'10 Web references

Lecture notes

t2
Power point presentations /
Videos

13 University Question papers

P
a,r.>

^\i
)a6

14
\./^lnternal question papers with

Assi ment Question PaPers

lutorial evidence

v19tl 
-TL

I
Result AnalYsis to iLI

)

*{f**#

,TF
o Y-t

L5

I



19
Result Analysis at the end of
the course

20 Course Assessment
,1-/ 1Pt)'

2L Guest talks, field visits etc.

')) Attendance register \-./

23 Course file (Digital form)

18 Weak and advanced learners

IQAC Committee ln charge

\) )



V/M/PE, O/POS
IPSOs

vtnlgeo @
Polpso



\-'



KESHAV MEMORJAL INSTITUTE OF TECHNOLOGY
(Approved by AICTE & Govt of T.S and Affiliated to JNTUH)

3- 5- I 026, Narayanaguda, Hyderabad-2 9 . Ph: O4O-23261 407

Vision of the Institution:

To be the fountain head of latest technologies,

producing highly skilled, globally competent engineers.

Mission of the Institution:

To provide a learning environment that helps students to enhance problem solving skills,

be successful in their professional lives and to prepare students to be lifelong learners through

multi model platforms and educating them about their professional, and ethical responsibilities.

To establish Industry Institute Interaction to make students ready for the industry.

To provide exposure to students to the latest tools and technologies in the area of hardware and

software.

To promote research based projects/activities in the emerging areas of technology convergence.
To encourage and enable students to not merely seek jobs from the industry but also to create

new enterprises

To induce in the students a spirit of nationalism which will enable the student to develop and

understand
lndia's problems and to encourage them to come up with effective solutions for the same

To support the faculty in their endeavors to accelerate their learning curve in order

to continue to deliver excellent service to students

j{tnn-it

a

a
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KESHAV MEMORIAL INSTITUTE OF TECHNOLOGY

(Approved by AICTE & Govt of T.S and Affiliated to JNTUH)
3-5- I026, Narayanaguda, Hyderabad-29. Ph: 040-2326I407

Department Of Information Technology

Vision & Mission of Department

Producing quality graduates trained in the latest software technologies and
related tools and striving to make India a world leader in software products and
services.

Mission of the Department:

Mission of the Department: To create a faculty pool which has a deep
understanding and passion for algorithmic thought process.

To impart skills beyond university prescribed to transform students into a
well-rounded IT professional.
To inculcate an ability in students to pursue Information technology
education throughout their lifetime by use of multimodal leaming
platform including e-learning, blended leaming, remote testing and
skilling.
Exposure to different domains, paradigms and exposure to the financial
and commercial underpinning of the modern business environment
through the entrepreneur development cell.
To encourage collaboration with various organizations of repute for
research, consultancy and industrial interactions.
To create socially conscious and emotionally mature individuals with
awareness on India's challenges, opportunities, their role and
responsibility as engineers towards achieving the goal ofjob and wealth
creation.

a

a

a

a

o

a

Vision of the Department:
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KESHAV MEMORIAL INSTITUTE OF TECHNOLOGY

(Approved by AICTE & Govt of T.S and Affiliated to JNTUH)
3-5- I026, Narayanagud4 Hyderabad-29. Ph: 040-2326I407

Department Of Information Technology

PROGRAM OUTCOMES (POs)

1. Engineering knowledge: Apply the knowledge of mathematics, science, engineering

fi.rndamentals, and an engineering specialization to the solution of complex engineering

problems.

2. Problem analysis: Identifr, formulate, review research literature, and analyze complex

engineering problems reaching substantiated conclusions using first principles of

mathematics, natural sciences, and engineering sciences.

3. Design/development of solutions: Design solutions for complex engineering problems

and design system components or processes that meet the specified needs with

appropriate consideration for the public health and safety, and the cultural, societal, and

environmental considerations.

4. Conduct investigations of complex problems: Use research-based knowledge and

research methods including design of experiments, analysis and interpretation of data, and

synthesis ofthe information to provide valid conclusions.

5. Modern tool usage: Create, select, and apply apprcpriate techniques, resources, and

modem engineering and IT tools including prediction and modelling to complex

engineering activities with an understanding ofthe limitations.

6. The engineer and society: Apply reasoning informed by the contexiual knowledge to

assesssocietal, health, safety, legal and cultural issues and the consequent responsibilities

relevant to the professional engineering practice.

7. Environment and sustainabilify: Understand the impact of the professional engineering

solutions in societal and environmental contexts, and demonstrate the knowledge of, and

need for sustainable development.

8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities

and norms ofthe engineering practice.



9. Individual and team work: Function effectively as an individual, and as a member or

leader in diverse teams, and in multidisciplinary settings.

10. Communication: Communicate effectively on complex engineering activities with the

engineering community and with society at large, such as, being able to comprehend and

write effective reports and design documentation, make effective presentations, and give

and receive clear instructions.

ll.Project management and finance: Demonstrate knowledge and understanding of the

engineering and management principles and apply these to one's own work, as a member

and leader in a team, to manage projects and in multidisciplinary environments.

12. Life-long learning: Recognize the need for, and have the preparation and ability to

engage in independent and lifeJong leaming in the broadest context of technological change.
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KESHAV MEMORIAL INSTITUTE OF TECHNOLOGY

(Approved by AICTE & Govt of T.S and Affiliated to JNTUH)

3-5- I 026, Narayanaguda, Hyderabad-29. Ph: 040-23261 40'7

Department Of Information Technologr

PROGRAM EDUCATIONAL OBJECTIVES (PEOs)

PEOI: Graduates will have successful careers in computer related engineering
fields or will be able to successfully pursue advanced higher education degrees.

PEO2: Graduates will try and provide solutions to challenging problems in
their profession by applying computer engineering principles.

PEO3: Graduates will engage in life-long leaming and professional

development by rapidly adapting changing work environment.

PEO4: Graduates will communicate effectively, work collaboratively and
exhibit higli ievels ofprofessionalism and ethical responsibility.



KESHAV MEMORIAL INSTITUTE OF TECHNOLOGY
(Approved by AICTE & Govt of T.S and Affiliated to JNTUH)

3-5- 1026, Narayanaguda, Hyderabad-2g . Ph 040-23261407

Department Of Information Technolory

PROGRAM SPECIFIC OUTCOMES (PSOs)

PSO1: An ability to arlalyze the common business functions to design and

develop appropriate Information Technology solutions for social upliftments.

PSO2: Shall have expertise on the evolving technologies like Mobile Apps,

CRM, ERP, Big Data, etc.
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Gramsl
E Mail

.TFCHNOI,OCY'

d!si!e!@s4i.Lseo

JAWAHARLAL NEHRU TECHNOLOGICAL UNTVERSITY HYDERABAD
(Established by Andtua Pradesh Act No.30 of 2008)

Kukatpally, Hyderabad - 5fi) 085, Andhra Pradesh (India)

I YEAR

Subj ect
Enqlish
Mathemati:s - I 3 1 6
MathematixlMethods 3 6

Enoineerino Chernistry
Computer Prooramminq
Enqineerinq Drawinq
Computer Proqramminq Lab
Engineering Physics / Engineering Chembtry Lab
Enqllsh Lanquaqe Communication Skills Lab

Total

II YEAR I SEMESTER
Code Subject L rIPD

Probabilhy and Statistics 4 4
Mathematical Foundatbns of Computer
Scbnce

4 4

Data Strudures 4 4
Diglal Logic Oesign and Cqnputer
Organ ization

4 4

Electronic DeviEs and Circuits 4
Basic Electrical Enqineerinq 4 4
Electrical and Eleckonics Lab 3 2

Data Struclures Lab 3 2
Total 24 6 2A

II YEAR II SEMESTER

Code S ubject L f tPto c
Principles of Proqramminq Languaqes 4 4
Database Manaqement Svstems 4 4
Java Proqramminq 4 4
Environmental Studies 4 4
Data Communicat on 4 4
Design and Analysis of Alqorithms 4
Java Proaramminq Lab
Database Manaoement Srsterns Lab
Total 24 6 28

III YEAR I SEMESTER

Code Subject L TIPIO
Automata and Compiler Design 4 4
Linux Programm nq 4 4
Software Enqineerina 4 4
Ooeratinq Systems 4 4
Computer Networks 4 4
Managerial Economics and Financial Analysb 4 4
Operatinq Systems Lab 3 2
Computer Networks Lab (Through Linux) 3 2
Total 24 6 28

Rl3
Phone Oft +91-40 231561l5

Fax: *91 40 21|58665

B. TECH. INFORMATION TECHNOLOGY /COMPUTER SCIENCE AND TECHNOLOGY

ffi
12 l3 l6 Il. t-t4-l
l- 13 14 I

l- 13 14 I

I I lT Workshop / Engineering Wo.kshop | - l3 14 I

eoA;_- l

lrs 116 155

L _T-T/PETEI

2 l- 14 I

=

I

3 1213 12





Rli

III YEAR II SEMESTER

Code S ubject L lIPID
Web Technologies 4 4
OPEN ELECTIVE
Human Values and Professional Ethics
lntellectual Prope.ty Riqhts
Oisaster l\ranaqement

4 4

Obied Oriented Analysis and Desiqn 4 4
Data Warehousinq and Data Minina 4 4
Software Testing Methodologies 4 4
Cloud Computing 4 4
Data Mininq and Web Technoloqies Lab 3 2
Advanced English Communicatbn Skilb Lab 3 2
Total 28

IV YEAR I SEMESTER

Code Subject L f IPID
lnformation Security 4 4
Desiqn Patterns 4 4

4 4
lnformation Retrieval Systems 4 4
ELECTIVE - I

Wieless Networks and Mobile Co.nputing
lmage Processing and Pattern Recognition
Soft Computing
Semantic Web and Social Networks
Operations Research

4

ELECTIVE - II

Sofh,vare Projed Management
Computer Graphics
Human Computer lnteradion
Scripting Languages
Computer Forensics

4 4

Case Toots and Software TestinO Lab 3 2
Mobile Applications Devebpment Lab 3 2
Total 24 6 2A

IV YEAR II SEMESTER

Code Subject L T/PtO c
iranaqement Scaence 4 4
EI.ECTIVE III
Web Services
E - Cornmerce
Mildleware Technologies
Ad hoc and Sensor Networks

4 4

ELECTIVE IV
Muhimedia & Rich lnternetAppli:ations
Artif icial lntelligence
Storage Area Networks
Machine Learning

4 4

lndustry Oriented Mini Project 2
Seminar 6 2
Projecl Work 15 10
Comprehensive Vrva 2
Total 't2 21

Note: All End Examinataons (Theory ard Practical) are ofthree hours duration
T Tutorial L-Theory P - PracticauorawirB C Credits

=

I

I

I I Mobile Applkation Development
I
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KESHAV MEMORIAL INSTITUTE OF TECHNOLOGY

Department of Information Technology

Course Outcomes

Name of the Faculty:Mr. Neil Gogte

Name of the Subject:Data Structures

Academic Year:2016-17

Year/ Semester: IIlI

Upon successful completion of the course requirements, a student should be able to:

IT2I3.CO1: Describe the basic data structures such as arrays, linked lists, stacks and queues.

(Level l)

IT213.CO2: Explain the abstract properties ofvarious data structures such as stacks, queues,

lists, trees and graphs. (Level 2)

IT213.CO3: Apply Algorithms for solving problems like sorting, searching, insertion and

deletion of data. (Level 3)

IT2l3.CO4: Use data structure concepts for realistic problems. (Level 3)

IT2l3.CO5: Analyze performance of algorithms. (Level 4)





KESHAV MEMORIAL TNSTITUTE OF TECHNOLOGY

(Narayanaguda, Hyderabad)

Department of Information Technology

Course Outcomes

Faculty Name:Mr. Neil Gogte

Subject: Data Structures

Academic Year: 2015-2016

Year/Sem : lIlI

Upon successful completion of the course requirements, a student should be able to:

!T214.CO1: Describe the basic data structures such as arrays &,linked list (Level 1).

fi2L4,CO2:. Explain the abstract properties of various data structures such as

stacks,q ueues,trees and graphs (Level 2).

|T214.CO3: Apply algorithms for solving problems like sorting & searching (Level 3)

IT214.CO4: Use data structures concept for realistic problems (Level 3)

|T214.CO5: Analyze performance of algorithm. (Level 4)
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KESHAV MEMORIAL INSTITUTE OF TECHNOTOGY

Department of lnformation Technology

Mapping of CO with PO,PSO

Name of Faculty: Mr Neil Gogte Academic Year: 2015-17
Branch: lT Year: ll Semester:

Subject: DataStructures

:

PO1 P02 PO3 PO4 PO5 PO6 P07 PO8 PO9 PO10 PO11 PO72 PSOl PSO2

co1 M M M

co2 M M M

co3 M M M M

co4 L H H M

co5 M M M M M

IIIIIIIIIIIIIIIIIIIIIIIIITIITIIIIIIIIIIIII

I I

I
lrvt lrr,t

lH lL

lL

ln





PO1 PO2 PO3 P04 PO5 PO6 POl PO8 P()9 POl0 PO11 PO12 PsOl Ps02

M M M L

c02 M M M M \1 II

co3 M M \1 l\1

co4 L H H i\,1

co5 M H L M M M

KESHAV MEMORIAL INSTITUTE OF' TECHNOLOGY

(Narayanaguda, Hyderabad)

Department of Information Technolog,'

Mapping of CO rvith PO,PSO

Faculfy Name:Mr. Neil Gogte

Subject: Data Structures

Academic Year: 2015-2016

Year/Sem: II/I

I

co1 I

I
I

l I

I

I

I
I

I

I

I I ttI I I
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JAWAHARLAL NEI.IRU TECHNOLOGICAL UNIVERSI] Y HYDERABAD
(tistablishetl bs, Au0n a Prrle$h ,.lcl No. jA of:01,8)

Kukalpally, llydcrabad - 500 085, IeLnganr (lrrtlia)

Dr. B.N. BHANDART
Ph.D(rnKeP).

Profcssor of Elect. & Courmn. Engg., &
Director,
Academic & Planning

Lr.No;A1/ Academic Calendar/8. Tech & B. Pharm./201,6 Dated: 10.06.2016

To

The Principals of Constituent CollEges.

The Principals of Affiliated Engineering/Pharmacy colleges of JNTUH.

Sub:- JNTUH, Hyderabad - Academic & Planning -Approval of Academic Calendar for ll,

lll and lV years of B. Tech and 8, Pharmacy I & ll semester for the academic year

2016-17 - Communicated.

Phone: Ofl': l'91--10-?l l56l l5
Fax: t9l-40-21158665

..l'ECItNOLOGY"

dap@jltuh.ae.in
dapjnluh(rlgctail.corrt

Sir,

The Academic Calendar for ll, lll and lV years of B, Tech and B. Pharmacy I & ll
Semester (Regular) for the academic year 2016-17 is approved. The details are as follows:

lSemester:

Descri lon
Commencement of Class Work
First S lof lnstructions

Period Du ration
13.06.2015
13.06.2016 to 06.08.2015 (8wI

First Mid Examinations
Timings: 10.00 am to 12.00 Noon
(Forenoon Session)02.00 pm to 4.00 pm
(Afternoon Session)

Second Spell instructions

08.08.2016 to 13.08.2016 (1 w)

16.08.2016 to 04.10.2016 (7 w)

Dussehra Holidays
Supplementary Examinations

05.10.2016 to 12.10.2016 (1 w)

13.1.0. 2016 to 26.10.2016 (2w)
(1 w)Second Spell continuation 27. 10. 20L6 to 03.71.2016





Noon (Fr:renoon
5e ssion 0() m t0 4.00 ll] Afternoon Session

Pre arat.ions ar'id Practical Examinations

End semester Examinations

ll Semester

0escription

04. 11.2016 to 10. 11.2016 (1w)

11.11.2016 to ll.7\.2OL6 (1w

18.1L.2016 to 01.12.2016 {2w)

Pcriod

02. 1 2.2016.to 27.O1.2O17

First Mid Examinations
TiminSs: 10.00 am to 12.00 Noon
(Forenoon Session)02.00 pm to 4.o0 pm

{Afternoon Session

05.o2.2OI7 to 18.02.2017

Dussehra holidays from 05.10.2016 to 12.10.2016 may change subject to the
directions from the Government of Telangana

Commencement of class work
First ll of lnstructions

Coov to:
The Director of Evaluation
The Controller of Examinations.

P.A to VC, Rector and Registrar

42.t2.70L6

28.07.2077 to 04.02.2017

Duratlon

(8w

Supplementary Examinations

Second 5pell of lnstructions 79.O2.2017 to 14.04. 2017

(1w)

2w

Second Mid Examinations
Timings:10.00 am to 12.00 Noon (Forenoon
Session)

02.00 pm to 4.00 pm (Afternoon Sesrion)

15.04.2017 to 2'J".O4.2077 (1w)

Preparation and Practical Examinations 22.04.2017 to 28.O4.20L7 (1w)
End semester examinations 29 .Oq .2oL7 ro L2 .05 .2017 (2 w)
Summer Vacation 13.05.2017 to 11.06.2017 (4w)
Commencement of class work for the next
academic year 2016-17

13.06.2017

Second Mid [xamirrations
I
I

Yours faithfully 1

=.Yz 
!?4-

<. DIRECTOR

(8w)





E Mail: dap@jntuh.ac.in Phone: Off : +91-4G-23055123
Fax: +91-40-23156115

JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY HYDERAB
{Estoblished by Andhro Prudesh Act No. 30 of 2ao8)
Kukatpaliy, Hyderabad - 500 085, Telangana (lndia)

Dr. A. Damodaram
B.Tech. (csE)., M.rech., (CS) Ph.D (CS).

Professor ofComp. Sc. & Engg;, &
Director,
Academic & PlanninB
Lr.No:Al/Revised Academic Calendar,/8. Tech & s. Pharm./2015 Dated i16.10.2015

To
The Principals of Constituent Colleges.
The Principals ol Affiliated Engineering/Phannacy colleges of JNTUI'1.

Sir.

5u b:- JNTUH, Hyderabad - Academic & Planning -Revised Academic Calendar for ll, lll and lV years

of B. Tech, and B. Pharmary for the academic year 2015-16 - Communicated.

Ref:- {1) tr. No. Al/Academic Calendar/ B. Tech & B. Pharm./2015, dated 27-06.2015
(2) R€solution of the )(Xl Standing Committee of the Academic senate held on 24.09.2015.

Based on the recommendations of the Starding Committee.of Academic Senatc held on 24.09.2015, the
academic calendar for ll, lll End lV years of B. Tech and B. Pharmacy of I & II semesters (Regular) are
modified as follows, for conducting supplementary examinations ofodd senlester in the month of February/March
and even semester ifi the montb of August /September ofevery year.

I Sem€ster;

Description Dxisling Period R{",viscd Duration
Commencement of Class Work 29.06.2015
First Spell of lnstructions 29.06.20 I 5 td22.08.20 t 5 (8 weeks )
First mid examinations
Timings: 10.00 am to 12.00 Noon
(Forenoon Session)
02.00 pm to 4.00 pm (Aftemoon
Session)

24.08.201 5 to29.08,20 I 5 (lwcck)

Second Spell of lnstructious (7 weeks)
* Dussehra holidays 19.10.2015 to 24.10.2015 ( lweek)
Second mid examinations
Timings: 10.00 am to 12.00 Noon
(Forenoon Session)
02.00 pn to 4.00 pm (Aftemoon
Session)

26.10.2015 to 31.10.2015 ( lweek)

Preparations and Practical
examinations

02.1 1.2015 to 07.1 1.2015 ( i rvcek)

End senrester examinations 09. I l-2015 to2l .l L20 I 5 (2 weeks)

Supplementary exarninations 23.1 1.2015 to 05.12.20 l5 (2wceks)

31.08.2015 to 17.i0.2015
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KESHAV MEMORIAT INSTITUTE OF TECHNOLOGY

DEPARTMENT OF INFORMATION TECHNOI.OGY

SUBJECT

cooE
NAME OF

THE SUBJECT

ctAsS

/SEM
FACUTTY NAME/DEsIGNATION

NO. OF

STUENTS
TOTAL PERIODS

LECTURE TUTORIAL

1138P
DATA

sTRUCTURES
rll Mr.Neil6ogte 50 78

Week
No,

Unit No.
Lectur
e No.

Topic

Date

Texbook

/Referen
ces

Teaching
Method

1

1

1 Algorhhm Specif icationintroduction 13-Jun-16 T1 Black Board

2 Recursive algorithrrs, 14-Jun-16 T1 Black Board

3 Towers of Hanoi problem 14-run-16 T1 Black Board

4 time complexity and space complexily 1&lun-16 T1 Black Board

5 Asymptotic Notation-Bi8 O, Omega & Theta 1&lun-15 T1 Black Board

6 TUTORIAL : Asymptotac notataons 18Jun-16 T1 Black Eoard

2

7 lntrodudion to Linear and Non Linear data structur 2GJun-15 T1 Black Board

8 Singly Linked Lists 21Jun-16 r7/r2 Black Board

9 lnsertion, Deletion operations 21'iun-15 T1 Elack Board

10 Concatenating singly linked lists 23-lun-15 T1 Black Board

3

12 Circularly linked lists 21-)ut116 T1 Black Board

13 Operations for Circularly linked lists 28Jun-16 T1 Black Board

14 Doubly Iinked Lists,insertion 28Jun-15 T1 Black Board

15 deletion operation,searching. 3GJun-15 T1 Black Board

15 sparse matrices-array and linked representations 3GJun 16 T1 Black Board

17 TUTORIAL: Linked lists 2Jul-16 T1 Black Board

18 Stack ADT, def ini'tion, operations 4Jul-16 r1/r2 PPT

19 array implementations in C 5Jul-15 T1 PPT

linked implementation 5-Jul-15 r!12 PPT

2\ applications-infix to postf ix conversion, 7-.lul'15 T1 Black Board

22 Postf Lx expression evaluation TJul-16 T1 Black Board

5

23 recul.sion implementation 11iul-15 T1 Black Board

24 queue ADT, delinition and operations T1 Black Board

25 array lmplementations in C, 12Jul 16 r1lr2
linked Implementations in C, 14Jul-16 rvrz Black Board

2l TUIORIAL Stack and Queue lGlul-16 T1 Black Board

6

28 Circular queues 18Jul-15 T1 Black Board

29 lnsertion Operation 19 lul-15 T1 Bla.k Board

30 deletion operations 19Jul 16 T1 Black Board

31 Deque ADT TI Bla.k Board

32 array implementation 21-Jul 16 T1

7

l4 linked implementations in C 25.lul 16 r1lr2 Black Board

35 linked implementations in C rlr2
36 Review of stack and queue 25 Jul 15 T1 Blact Board

3

31 Trees -Terminology, 28Jul 16 T1 PPT

l8 Representation of Trees 28Jul-16 T1

39 TUTORIAL Circular queue 3Glul-15 T1 Black Board

8

40 Binary t.ee ADT 1-Au8 15 T1 PPT

4l Propenie5 of Binary Trees 2'Aug-16 T1 PPT

42 Binary Tree Repre5enlations 2-Aug-15 T1 PPI
43 Array and linked representations 4-Aug-15 T1 PPT

44 Binary Treetraversals, 4-Aue-16 r7/12 Black Board

8

4

2

20

12 lol 16

Black Board

26

21Jul 16

Black Board

25 Jul-16 Black Board



3

45 Threaded binary trees 1GAu8-16 T1 Black Board

46 Max Priority queue A0T 1&Aug-16 T1 Black Board

47 Max Heap-Delinition 18-Aug-15 T1 Black Board

48 lnsertion into a Max Heap 18-Aug-15 Black Board

49 TUTORIAL Binary trees 2GAug-15 T1 Black goard

10

50 Deletion from a Max Heap. 22 Au8-16 T1 Black Board

Adjacency lists 23-Au8-16 T1 Elack Board

6raph intro, terminoklogy 23 Aug-16 T1 ?PT

11

Traversals DFs 29-Au8-16 1m PPT

4

BFS 3GAug-16 rt/r2 Black Board

introduction to searchinStechniques 3GAug-16 T1 Black Board

Linerar seaach 1Sep16 T1 Black goard

58 Binary Search 1-sep-16 T1

TUTORIAI Graphp treversals 3 Setr16 T1 Black Board

12

60 static hashing 65ep16 T1 Black Board

61 hash tables and hash functions 8-setr16 T1 Black Board

8-Setr16 T1 Black Board

13

53 SORIING: bubble son 13-Sep 16 T1 PPT

13 Setr16 T1 PPT

15-5etr16 T1 PPT

1tSep16 T1 PPT

15-Sep16 T1 PPT

68 TUTORIAL Ha5hing 17-Sep-15 T1

14

69 radir sort program 19-S€tr15 r1 PPT

70 heap sort 2GSep-15 T1 PPT

l1 heap sort 2G5€tr16 T1 PPT

22-Sep16 T1 Black Board

73 comparision of sorting algorithms 22'Sep16 T1 Black Board

15

5

75 Search Trees-8inary Search Trees 2GSetr15 Bleck Board

16 Def inition, Operations- Searching 27-Sep16 Black Board

71 lnsertion and UelPiion 29-Sep-16 Black Board

AVI Trees- creation, insertion 29'Setr15 Black Board

TUIORIAt Search Trees l Oct-16 T1 Black Board

15

80 AVI- Tree deletion 3-Od-16 rvr2 Black Board

&.Tre6, Definhion, &Tree of order m 4-Oct,16 Bla€k Board

operations-lnsertion and Searchin& 4,Oct 15 r1 Black Board

Red blacktrees, splay trees. 27-Oc116 Black Board

B+ tre6 definition. 27 -O(t-16 T1 Black Board

85 Brute force pattern matching algorithm 29-Od-16 Black Board

85 XMP algorithm 31-oct-16 T1 PPT

TD(T BOOXS:

T1. Fundamentals of Data ttructures in C, 2nd Edition, E.Horowitz, S.Sahni and 5u5an Anderson-Freed, Universities Pr6s
T2. Data structures A Programming Approa.h with C, D.S.(ushwaha and A.K.Mirra, PHl.

REERENCE BOOXS:

R1. Data structures: A Pseudocode Approach with C, 2nd edition, R.F.Gilberg And B.A.Forouzan, Cengage Learnang.

R2. Data structures and Algorithm Analysis in C, 2nd edition, M,A.Weiss, Pealsori.

Factult signature HOD signature

date: date:

T1

61

PPT

11

I 54 lselectionsort I

I 65 lvergesort I

M
I "' 1r""" -"

72 lshellsort

ln

Black Board

T1

T1

T1

T1

t,,
t,,

57

59
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Date Date
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Su bject
Code

Name of the
subrect

Class/Sem Name of the
Faculty /

Designation

Number of
Students

Total Proposed Periods per

semester/year

Data
Structures

tT r/1 Mr.Neil Gogte 59 Lectu res

65 11

Week
Number

Lecture
Number

Topic Date of
completion

TextbooU
Refernces

Teaching
aid/methdology

W1

7 lntroduction to Algorithm 29/6/207s TI Black Board

2 Characteristics of AIsorithm 30/61207s TI Black Board

3 Recursive algorathms, Tower of
Hanoi

30/6/2075 TI Black Board

Performance analysis- time
complexity and space complexity,

2/7 1207s TI Black Board

lntroduction to Asymptotic Notation
Big O Notation,

217l2!Ls l-l Black Board

TUTORIAL l: Recursion and
Arrays.

41712015 TI Black Board

W2

7 Omega and Theta notations. 6/7 /201-s TI Black Board

8 lntroduction to Linear and Non
Linear data structures and Types of
Linked List

9 /7 /207s T I/T2 Black Board

9 Singly Linked Lists- Operation
lnsertion

9 /7 /20Ls TI Black Board

10 TUTORIAL2: Reverse a linked

list, Find Length of a Linked List (

Recursive)

Lr/7 /201s TI Black Board

W3

77 Singly Linked Lists-Operation
Deletion

Bl7 /2ALs t-l Black Board

L2 TraveIsing a linked Lisl 74/7 /20Ls ll Black Board

13 Inserting and Deleting from thc middle
ofthe Link l.isl.

14/7 /2015 II Black Board

Tutorial

I

I

I

4

6



1,4 Concatenating singly linked list 16/7 /70rs T1 Black Board

15 TUTORIAL 3: Merge two
sorted linked lists

L6/7 /2O1s TI Black Board

16 lntroduction,Operations for
Circularly linked lists,

20/7 /2075 TI Black Board

t7 Introduction to Doubly Linked List 27/7 /201s TI Black Board

18 Operations- lnserlion & Deletion 21/7 /201^s TI Black Board

19 Sparse matrices-array & linked
representation.

23/7 /20ts TI Black Board

20 TUTOzuAL 4: program to
implement sparse matrix using

linked list.

2s/7 /2o7s T1 Black Board

W5

2t lntroduction to Stack ADT
operations,

Tltf2 PPT

22 Stack: array & linked
implementations in C,

28/7 /2o1s TI PPT

24 Applications-infi x to postf ix
conversron

28/7 /207s Ttffz Black Board

25 Postfix expressron evaluation 3O/7 /207s TI Black Board

26 TUTORIAL 5: Towers of Hanoi

problem

r/8/?ots T1 Black Board

W6

27 lntroduction to Queue ADT,
operations,

4/8/2ors T1n2

6/8/20ts Tln2 Black Board

29 TUI'ORIAL 6: lmplement a

stack using two q ueues,

lmplement a queue using two
stacks.

8/8/207s TI Black Board

30 Circular queues-lnsertion and
deletion operations

TI Black Board

KESHAV MEMORIAT INSTITUTE OF TECHNOLOGY
DEPARTMENT OF COMPUTER SCIENCE AND ENGINEERING

COURSE - PLAN - One copy to be submitted to the HOD one week before commencement of the semester

Signature of the HOD Signature of the Faculty
Date Date
*This column has to be filled-up after completion of the lecture/tutorial/practical in the copy kept with the faculty members

27 /7 /2oLs

70/8/20ts

I

Black Board

I Queue array & linked

I 
implementations in C,
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31 Introduction to Deque (Double ended
queue) ADT,

L1./8/207s TI Black Board

Deque :array implementations in C L7/8/z9ts T1 Black Board

55 Oeque :Linked implementations in

c.
L3/8/2O7s TI Black Board

w8

34 More examples on infix.pretix and

postfix expressions
t3/8/207s TI Black Board

35 lntroduction to Trees and there
Terminology,

17 /8/201s TI/T] PPT

36 Representation of Trees,
lntroduction to Binary Trees.
Properties of Binary Trees,

1.8/8/2O7s TI PPT

Representations-array and linked
represenlations.

L8/8/2075 TI PPT

W9

38 Binary Tree traversals: preorder
inorder and postorder

20/8/201.s TI PPT

39 Threaded binary trees, 20/8/201s TI Black Board

40 Revietr Unit 3 2r/8/201s TI Black Board

41 TUTORIAL 7: program to find the

Total Nodes and Total Leaf

Nodes of Binary Tree

22/8/2OLs TI Black Board

w10

42 lntroduction to lvlax Priority Queue
ADT

L/9/201s l' I Black Board

43 lmplementation of Max Heap L/9/20Ls II Black Board

44 lnsertion into a Max Heap. 3/9/201s TI Black Board

45 Deletion from a Max Heap 7 /912O1.s TI Black Board

46 lntroduction to Graphs. Terminology. 8/9/201s TI PPT

I

I

I

I

I

37



wl.1

47 Graph Representations- Adjacency
matrix,

8/9/2ots t'l PPT

48 Graph Representations- Adjacency
List

ro/9/207s TI PPT

49 L2/9 /201s r7lr2 PPT

w12

50 Introduction to Searching- Linear
Search.

1.4/e/2075 TI Black Board /ppt

51 Binary Search: Non Rec and Rec 7sl9/207s TI Black Board

52 Static Hashing-lntroduction, 7sl9l20Ls T1 Black Board

53 hash tables and hash functions, 79/9/2]ts T1 Black Board

w13

54 hash functions cont. Overflow
Handling.

TI Black Board

55 lntroduction 1o Sorting- Selection
Sort lnsertion Sort

22/9/20Ls TI Black Board

56 TUTORIAL 9: Merge Sort, Shell

sort

26/9/20L5 TI Black Board

57 Quick sort, 28/9/20].s TI PPT

58 Heap Sort, 2e lte /?o].s TI PPT

w14

59 Radix Sort, Comparison of Sorting
methods

29/9/20Ls TI PPT

60 Re\ ie$ t.lnil { 30/r0/201s TI Black Board

w15

61, Introduction ro Search Trees. Binary

Search Tree.
1/r0/2ots TI BIack Board

62 BST Operations- Searching,
lnsertion. Deletion.

7lr0/2075 TI Black Board

63 TUTORIAL 10: program to find
the lreight ofa Binary search

Tree

3l1o/2o7s T1 Black Board

KESHAV MEMORIAT INSTITUTE OF TECHNOLOGY
DEPARTMENT OF COMPUTER SCIENCE AND ENGINEERING

COURSE - PLAN - One copy to be submitted to the HoD one week before commencement of the semester

Signature ofthe HOD Signature ofthe Faculty
Date Date
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64 lntroduction to AVL Trees. Balance
factor

sl10/2o1s TI Black Board

65 lnsertion and deletion into an AVL
Tree

611.0/2o1s rlr2 Black Board

66 lntroduction to B-Trees operations-
lnsertion, deletion and Searching

6/101201s TI Black Board

w16 67 lntroduction to Red-Black 8/10/201s r1/rz Black Board

68 lntroduction Splay Trees 8/to/2oLs T1 Black Board

69 Comparison of Search Trees 9110/zoLs ll Black Board

70 Pattern matching algorithm The
Knuth-l\4orris-Pratt algorithm

9110/zOLs TI PPT

7t TUTORIAL 11 : Brute Force

algorithm

to/t0/20Ls T1 Black Board

wt7 72 L2/10/2015 T] Black Board

73 Example program on BST insertion 13/101201.s T] Black Board

74 examples on AVL insertion B/rc/201s T] Black Board

75 Example on B-Tree insertion Ls/L0/2O1s T1 Black Board

76 B+ trees inlroduction ts/70/zoLs TI Black Board
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TOPICS BEYOND SYLLABUS (TBS)

S.NO TOPIC

I Towers of Hanoi problem
2 Merge Sort, Shell sort

J
AVL Deletion

4
B+ trees

5
Brute Force algorithm





9s2017 Data StructJ.es dd Algaitlms Tover d Harri

Data Structure & Algorithms - Tower of Hanoi
fln

Copyright @ tutorialspoint.com

Tower of Hanoi, is a mathematical puzzle which consists of three towe$ pegs and more than one rings is as
depicted -

These rings are of different sizes and stacked upon in an ascending order, i.e. the smaller one sits over the
larger one. There are other variations ofthe puzzle where the number ofdisks increase, but the tower count
remains the same-

Rules

The mission is to move all the disks to some another tower without violating the sequence of arrangement. A
few rules to be followed for Tower of Hanoi are -

. Only one disk can be moved among the towers at any given time.

. Only the "top" disk can be removed.

. No large disk can sit over a small disk.

--Following is an animated representation of solving a Tower of Hanoi puzzle with three disks.

Stap: 3

/,-l

Tower of Hanoi puzzle with n disks can be solved in minimum 2n-1 steps. This presentation shows that a
puzzle with 3 disks has taken 23 - I : 7 steps.

Algorithm
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To write an algoritlm for Tower of Hanoi, fust we need to leam how to solve this problem with lesser

amount of disks, say -' I or 2. We mark three towers with name, source, destination and aux
anlytohelprnodngthedisks.Ifwe have only one disk, then it can easily be moved from source to
destination peg.

If we have 2 disks -
o First, we move the smaller tqp disk to aux peg.
o Then, we move the larger bottom disk to destination peg.
. And finally, we move the smaller disk from aux to destination peg.

Sttp: I

So now, we are in a position to design an algorithm for Tower of Hanoi with more than two disks. We divide
the stack ofdisks in two parts. The largest disk (nth dlsk) is in one part and all other n - 1 disks are in the
second part.

Our ultimate aim is to move disk n from source to destination and then put all other n1 disks onto it. We can
imagine to apply the same in a recursive way for all given set of disks.

The steps to follow are -
1- move n-1 disks from source to aux
2 - Iilove nth disk fnom sour€e to dest
3 - Move n-1 disks from aux to dest

START
Procedure Hanoi(disk, source, dest, aux)

st
st
st

eP

ep
ep

A recursive algorithm for Tower ofHanoi can be driven as follows -

IF disk == 0, THEN

move disk from source to dest
ELSE

Hanoi(disk - 1, source, aux, dest)
move dlsk from source to dest
Hanoi(disk - 1, aux, dest, source)

END IF

// ste
// ste
// ste

pL
p2
p3

END Procedure
STOP

To check the implementation in C programming, click here.

SourcB 0s6tin6liffr ,{qi$arl
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Data Structures - Merge Sort Algorithm

Copynght O tutorialspoint.com

Merge sort is a sorting technique based on divide and conquer technique. With worst-case time complexity
being Onlogn, it is one of the most respected algorithms.

Merge sort first divides the array into equal halves and then combines them in a sorted mamer.

How Merge Sort Works?

To understand merge sort, we take an unsorted array as the following -

14 tr itr27 10 35 42 44

We know that merge sort first divides the whole array iteratively into equal halves unless the atomic values
are achieved. We see here that an array of 8 items is divided into two arrays of size 4.

'l rt 33 10 35 19 42 44

This does not change the sequence of appearance of items in the original. Now we divide these two arrays
into halves.

trEi

re

10

^ We further divide these arrays and we achieve atomic value which can no more be divided.

14 33 19

Now, we combine them in exactly the same manner as they were broken down. Please note the color codes
given to these lists.

We first compare the element for each list and then combine them into another list in a sorted manner. We see
that 14 and 33 are in sorted positions. We compare 27 ar.d l0 and in the target list of 2 values we put 10 first,
followed by 27. We change the order of 19 and 35 whereas 42 and 44 are placed sequentially.

14 10 19 trtr
In the next iteration of the combining phase, we compare lists of two data values, and merge them into a list
of found data values placing all in a sorted order.

27

14

33

htts6:/ ww.tutoridspdntcorn/cgi-birvpr;nFage.cgi 1t3
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10 14 27 33 19 42tr tr
After the finai merging, the list should look like this -

10 14 19 tr 33 35 @
Now we should learn some programming aspects of merge sorting

Algorithm

Merge sort keeps on dividing the list into equal halves until it can no more be divided. By definition, if it is
only one element in the list, it is so(ed. Then, merge sort combines the smaller sorted lists keeping the new
list sorted too.

Step 1- if it is only one element in the list it is already sorted, return.

^ step 2 - divide the list recursi.vely into two halves until it can no more be divided.
Step 3 - merBe the smallen lists into new list in sorted order.

Pseudocode

We shall now see the pseudocodes for merge sort functions. As our algorithms point out two main firnctions
- divide & merge.

Merge sort works with recursion and we shall see our implementation in the same way.

procedure mergesort( var a as anray )
if ( n == 1) neturn a

var 11 as affay = a[O] ... aln/21
var 12 as array = aln/z+ll .,. a[n]

11 = mergesort (
12 = mergesort (

return merge( 11, 12 )
end procedure

procedure menge( var a as array, var b as array )

var c as array

while ( a and b have elements )
if ( a[e] > btol )

add b[0] to the end of c
remove b[O] fnom b

else
add a[a] to the end of c
nemove a[0] from a

end if
end while

while ( a has elements )
add a[0] to the end of c
remove a[0] from a

end while

while ( b has elements )
add b[0] to the end of c
remove b[0] from b

11
12

)
)

htF6r ./ww.tJtqidstr,rltcorn/cd-Ur/prirrFage.clri 23
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end lrhile

return c

end pnocedure

To know about merge sort implementation in C programming language, please click here.
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Data Structure and Algorithms - Shell Sort

Coppight O tutorialspoint.com

Shell sort is a highly effrcient sorting algorithm and is based on insertion sort algorithm. This algorithm
avoids large shifu as in case of insertion sort, if the smaller value is to the far right and has to be moved to
the far left.

This algorithm uses insertion sort on a widely spread elements, first to sort them and then sorts the less
widely spaced elements. This spacing is termed as interval. This interval is calculated based on Knuth's
formula as -

Knuthrs Formula

h

where -
h is interval with initial value 1

This algorithm is quite efficient for medium-sized data sets as its average and worst case complexity are of O
n, where n is the number of items.

How Shell Sort Works?

Let us consider the following example to have an idea of how shell sort works. We take the same affay we
have used in our previous examples. For our example and ease ofunderstanding, we take the interval of4.
Make a virtual sub-list of all values located at the interval of4 positions. Here these values are {35, 14}, {33,
19|, {42,27} ard {10,44}

i-l
35 I

I

- _'-. ]-_',
42r10 1

_ -_ *-*i
i-ll1s Iti

33 14 27

tr
19

We compare values in each sub-list and swap them i/ne cessarg in the original array. After this step, the
new array should look like this -

h ps:i f,ww.tutoridspciilcorn/cli-bin/printsee.cd 1t4

tal
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10 44
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33
i

10i

Then, we take interval of 2 and this gap generates two sub-lists - {14, 2'l , 15, 42\ , {19, 10, 33, 44}

We compare and swap the values, if required in the original array. After this step, the array should look like
-1 this -

Finally, we sort the rest of the array using interval ofvalue 1. Shell sort uses insertion sort to sort the array.

Following is the step-by-step depiction -

ht$6:/,vww.Mtridspcirtcorfl /cgi-hrvprinEEge.cli 214

tr 27 44tr
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19 27 10
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iilf 33 44

LlllidieE

i-,Jl *li,li*l

We see that it required only four swaps to sort the rest of the array.

Algorithm

p6llswing is the algorithm for shell sort.

Step 1- Initialize the value of h
Step 2 - Divide the list into smaller sub-list of equal interval h
Step 3 - Sort these sub-lists using lnsertion sort
Step 3 - Repeat until complete list ls sorted

Pseudocode

Pollowing is the pseudocode for shell sort.

procedure sheusort( )
A : array of items

1ei
I

...
'l

19r27r35

i-i,.] tFl
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10 35 33 42 44

35 33 42 44

27 35 st 44

l lr' r
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42 4
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/* calculate intervalt/
while interval < A.length /3 do:

interval = interval * 3 + 1
end while

whi.leinterval>0do:

for outer = interval; outer < A.length; outer ++ do:

/* select value to be inserted */
valueTofnsert = Alouter ]
inner = outer;

/*shift element towards right*/
while inner > interval -1 && A[inner - interval] >= valueTolnsert do:

Atinnerl = A[inner - lnterval]
inner=lnner-lnterval

end uhile

/* insert the numben at hole position */
A[inner] = valueTolnsert

end for

/+ calculate interval*,/
interval = (interval -1) /3i

end while

end procedure

To know about shell sort implementation in C progamming language, please click here.
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Deletion from an AVL Tree

First we will do a normal binary search tree delete. Note that
structurally speaking, all deletes from a binary search tree
delete nodes with zero or one child. For deleted leaf nodes,
clearly the heights of the children of the node do not change.
Also, the heights of the children of a deleted node with one
child do not change either. Thus, if a delete causes a violation
of the A!iI-, Tree height property, this would HAVE to occur
on some node on the path from the parent of the deleted node
to the root node.

Thus, once again, as above, to restructure the tree after a

delete we will call the restructure method on the parent of the
deleted node. One thing to node: whereas in an insert there is
at most one node that needs to be unbalanced, there may be
multiple nodes in the delete that need to be rebalanced.
Technically speaking, at any point in the restructuring
algorithm ONLY one node will ever be unbalanced. But, what
may happen is when that node is fixed, it may propogate an
error to an ancestor node. But, this is NOT a problem because
our restructuring algorithm goes all the way to the root node. F

Let's trace through a couple examples each for inserts and
deletes, using the code handout.





l) Consider inserting 46 into thefollowing AVL Tree:

32

t6 48

40
/\
36 44

\

/\
8 56

52 60

46, inserted here

Initially, using the standard binary search tree insert, 46 would
go to the right of 44. Now, let's trace through the rebalancing
process from this place.

First, we call the method on this node. Once we set its height,
we check to see if the node is balanced. (This simply looks up
the heights of the left and right subtrees, and decides if the
difference is more than 1.) In this case, the node is balanced, so
we march up to the parent node, that stores 44.

We will trace through the same steps here, setting the new
height of this node (this is important!) and determining that
this node is balanced, since its left subtree has a height of -1
and the right subtree has a height of0.

Similarly, we set the height and decide that the nodes storing
40 and 48 are balanced as well. Finally, when we reach the root
node storing 32, we realize that our tree is imtralanced.

24

AVL Tree Examples



Now, we finally get to execute the code inside the if statement
in the rebalance method. Here we set xPos to be the tallest
grandchild of the root node. (This is the node storing 40, since
its height is 2.) Thus, the restructuring occurs on the nodes
containing the 32, 48 and 40. Using the method described from
last lecture, we will restructure the tree as follows:

40

32 ,18

/\
44t6 36

24

56

52 60468

Using the variables from the last lecture, the node storing 40 is
B, the node storing 32 is A, and the node storing 48 is C. Ts is
the subtree rooted at 16, T1 is the subtree rooted at 36, T2 is the
subtree rooted at 44, and T3 is the subtree rooted at 56.

2) Now, for the second example, consider inserting 6l inb the

following AVL Tree:

32

6I ,18

8 24 40

36 44

56

<, 60

58 62

61, inserted

4





Tracing through the code, we find the lirst place an imbalance
occurs tracing up the ancestry of the node storing 61 is at the
noce storing 56. This time, we have that node A stores 56, node
B stores 60, and node C stores 62. Using our restucturing
algorithm, we find the tallest grandchild of 56 to be 62, and
rearrange the tree as follows:

32

I 48

40

36 44

60

56 62

52 58 61

40

36 44

56

s2 60

s8 62

6

248

4

T6 is the subtree rooted at52,T1is the subtree rooted at 58, T2
is the subtree rooted at 61, and T3 is a null subtree.

32

t6

824
\
28

48

Tracing through the code, we frnd that we must first call the
rebalance method on the parent of the deleted node, which

3) For this example, we will delete the node storing 8 from the
AVL tree below:



stores 16. This node needs rebalancing and gets restructured as

follows:

32

24

t6 28

Notice that all four subtrees for this restructuring are null, and
we only use the nodes A, B, and C. Next, we march up to the
parent of the node storing 24, the node storing 32. Once again,
this node is imbalanced. The reason for this is that the
restructuring of the node with a 16 reduced the height of that
subtree. By doing so, there was in INCREASE in the difference
of height between the subtrees of the old parent of the node
storing 16. This increase could propogate an imbalance in the
AVL tree.

When we restructure at the node storing the 32, we identify the
node storing the 56 as the tallest grandchild. Following the
steps we've done previously, we get the final tree as follows:

40

36 44

56

52 60

58 62

48



48

32

24 40
/ \/\

16 2836 44

56

<, 60

58 62

4) The Jinal example, we will delete the node storing 4 from the
AVL tree below:

32

21

48
\
56

\ /\
44 s236 60

6I

408

4

62

When we call rebalance on the node storing an 8, (the parent of
the deleted node), we do NOT find an imbalance at an
ancestral node until we get to the root node of the tree. Here we
once again identify the node storing 32 as node A, the node
storing 48 as node B and the node storing 56 as node C.
Accordingly, we restructure as follows:

58

48

32

16 40
/ \/\

2436 44

56

<'t 60

58 628
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B+ TREES

B Trees. B Trees are multi-way trees. That is each node contains a set ofkeys and pointers. A B Tree with
four keys and five pointers represents the minimum size ofa B Tree node. A B Tree contains only data pages.

B Trees are dynamic. That is, the height ofthe tree grows and contracts as records are added and deleted.

B+ Trees A B+ Tree combines features of ISAM and B Trees. It contains index pages and data pages. The
data pages always appear as leafnodes in the tree. The root node and intermediate nodes are always index
pages. These features are similar to ISAM. Unlike ISAM, overflow pages are not used in B+ trees.

The index pages in a B+ tree are constructed through the process of inserting and deleting records. Thus, B+
trees grow and contract like their B Tree counterparts. The contents and the number of index pages reflects
this growth and shrinkage.

B+ Trees and B Trees use a "fill factor" to control the growth and the shrinkage. A 50% fill factor would be

the minimum for any B+ or B tree. As our example we use the smallest page structure. This means that our
B+ tree conforms to the following guidelines.

Number of Keys/page

Number of Pointers/page

Fill Factor 50%

Minimum Keys in each page

As this table indicates each page must have a minimum of two keys. The root page may violate this rule.

The following table shows a B+ tree. As the example illustrates this tree does not have a full index page. (We
have room for one more key and pointer in the root page.) In addition, one ofthe data pages contains empty
slots.

2

5 10 1q 20 50 55 50 65 ac 90

25 s 01J7 5
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Adding Records to a B+ Tree

The key value determines a record's placement in a B+ tree. The leaf pages are maintained in sequential order
AND a doubly linked list (not shown) connects each leafpage with its sibling page(s). This doubly linked list
speeds data movement as the pages grow and contract.

We must consider three scenarios when we add a record to a B+ tree. Each scenario causes a different action
in the insert algorithm. The scenarios are:

The insert & rithm for B+ Trees

Leaf Page
Full

Index Page
FULL Action

---_'_--_----- NO Place the record in sorted position in the appropriate leafpage

YES NO

1. Split the leaf page

2. Place Middle Key in the index page in sorted order.
3. Left leaf page contains records with keys below the middle key.
4. Right leafpage contains records with keys equal to or greater than

the middle key.

Split the leaf page

2. Records with keys < middle key go to the left leafpage.
3. Records with keys >: middle key go to the right leafpage

4. Split the index page.

5. Keys < middle key go to the left index page.

6. Keys > middle key go to the right index page.

7. The middle key goes to the next (higher level) index.

IF the next level index page is full, continue splitting the index
pages.

ES

Illustrations of the insert algorithm

The following examples illlustrate each of the insert scenarios. We begin with the simplest scenario:
inserting a record into a leafpage that is not full. Since only the lealnode containing 25 and 30 contains
expansion room, we're going to insert a record with a key value of28 into the B+ tree. The following figures
shows the result of this addition.

2 of8 I t/l/2005 4: l0 AM
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Add Record with Key 28

5 10 15 50 55 60 65 8o t''l 90

I

Adding a record when the leafpage is full but the inder page is not

Next, we're going to insert a record with a key value of70 into our B+ tree. This record should go in the leaf
page containing 50, 55, 60, and 65. Unfortunately this page is full. This means that we must split the page as
follows:

Left Leaf Page Right Leaf Page

60 65 70

Add Record *ith Ke1 70

5 10 ?0 85 90

Adding a record when both the leafpage and the index page are full

As our last example, we're going to add a record containing a key value of95 to our B+ tree. This record
belongs in the page containing 75, 80, 85, and 90. Since this page is full we split it into two pages:

,)( 50 50 '7

50 55II

3 of 8

ft Leaf Page Right Leaf Page

I l/l/2005 4: l0 AM

50 55

The middle key of60 is placed in the index page between 50 and 75.

The following table shows the B+ tree after the addition of 70.

Eoilrtl
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85 90 95

The middle key, 85, rises to the index page. Unfortunately, the index page is also full, so we split the index
page:

Left Index Page , Right Index Page Index Page

50 6075 85

The following table illustrates the addition ofthe record containing 95 to the B+ tree

Add Record rvith 95

5 10 1C. 28 JU

]5 t{) atl 30

]U 55

25[J50

*il t1

851,1

Rotation

B+ trees can incorporate rotation to reduce the number of page splits. A rotation occurs when a leaf page is
full, but one of its sibling pages is not full. Rather than splitting the leaf page, we move a record to its sibling,
adjusting the indices as necessary. Typically, the left sibling is checked first (if it exists) and then the right
sibling.

As an example, consider the B+ tree before the addition ofthe record containing a key of70. As previously
stated this record belongs in the leafnode containing 50 55 60 65. Notice that this node is full, but its left
sibling is not.

4of8 I l/U2005 4; l0 AM
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28 30
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Add Record with Key 28

5 50 5slGo 65 75 80 E5 on

Using rotation we shift the record with the lowest key to its sibling. Since this key appeared in the index page

we also modift the index page. The new B+ tree appears in the following table.

Illustration of Rotation

l ss 160 65 70 80 85 90

Deleting Keys from a B+ tree

We must consider three scenarios when we delete a record from a B+ tree. Each scenario causes a different
action in the delete algorithm. The scenarios are:

w2 l0

tEtEtEtrt

EE
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Lcaf Page
Belol Fill

Factor

NO

Index Page
Belo* Fill

Factor

NO

Action

Delete the record from the leaf page. Arrange keys in ascending order
to fill void. Ifthe key ofthe deleted record appears in the index page,

use the next key to replace it.

Combine the leafpage and its sibling. Change the index page to
reflect the change.

YES NO

YES

l Combine the leaf page and its sibting.
2. Adjust the index page to reflect the change
3. Combine the index page with its sibling.

Continue combining index pages until you reach a page with the
correct fill factor or you reach the root page.

As our example, we consider the B+ tree after we added 95 as a key. As a refresher this tree is printed in the
following table.

SYE

5 20 50 55

95

Delete 70 from the B+ Tree

We begin by deleting the record with key 70 from the B+ tree. This record is in a leaf page containing 60, 65
and 70. This page will contain 2 records after the deletion. Since our fill factor is 50Vo or (2 records) we
simply delete 70 from the leafnode. The following table shows the B+ tree after the deletion.

.l

.[r r25

trtrE

6 ol8 I 1/l/2005 4: l0 AM
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Delete Record r.rith Key 70

60

1< 50 B5

EEEE

7sl80

50EII @E

oq 90 IEI

Delete 25 from the B+ tree

Next, we delete the record containing 25 from the B+ tree. This record is found in the leafnode containing
25,28, and 30. The fill factor will be 50% after the deletion; however, 25 appears in the index page. Thus,
when we deiere 25 we must replace it with 28 in the index page.

The following table shows the B+ tree after this deletion.

Delete Record rvith Kev 25

601.IIIIIII

2 81. 50 6f15 I

EEEE 50 55IIzalro 60 6sl

?5180
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Delete 60 from the B+ tree

As our last example, we're going to delete 60 from the B+ tree. This deletion is interesting for several
resasons:

l. The leaf page containing 60 (60 65) will bebelowthefill factor after the deletion. Thus, we must
combine leaf pages.

2. With recombined pages, the index page will be reduced by one key. Hence, it will also fall below the

fill factor. Thus, we must combine index pages.

3. Sixty appears as the only key in the root index page. Obviously, it will be removed with the deletion.

The following table shows the B+ tree after the deletion of60. Notice that the tree contains a single index
page.

Delete Record with Key 60

2B l0

E'ETEIE!

II)n

Cop) right, I998, Susan Anderson-Freed

50 EE 65 ?5 80 s:leo[rsl
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Pattern Matching
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g9tn17 Corflpder Programming Ard Tehrdogy For Dummi6: C Program To lmdement Brute Fqce Algoritlm

C Program To lmplement Brute Force Algorithm

Brute-force search is a probtem sotving technique which is used to find the sotution by

systematicatty enumerating a[[ possible candidates. For exampte, it can be used for pattern
matching. Consider an input string "str" and a search string "p", We wilt try att possibitities to
find whether therel any search string'p'within the given input string "str".

See Also:
C Program To lmptement Binary Search

C Program To lmptement Linear Search On Sorted & Unsorted Array
C hogram To lmptement Brute Force Atgorithm
C program To lmptement Knuth-Morris-Pratt Atgorithm

Example program to implement Brute Force Atgorithm I

#inctude <stdio. h,
#inctude <string.h>

#define MAX 100

/- try to find the given pattern in the search string */

int bruteForce(char *search, char 'pattern, int slen, int pten) {
int i, j, k;

for (i = 0; i <= sten - pten; i++) [
for 6 = g, k = i; (searchlkl == pattern[j]) &&

0 < Pten); j++, k++);

if (j == pten)

return j;
]
return -1 ;

]

int main0 [
char searchstrIMAXI, pattern[MAXI;
int res;
printf("Enter Search String:");
fgets(searchStr, iltAx, stdin);
printf("Enter Pattern String:");
fgets(pattern, It AX, stdin);
searchStr[strten(searchstr) - 1] = \0';
pattern[strten(pattern) - 1] = \0';
res = bruteForce(searchStr, pattern, strten(searchStr), strten(pattern));
if (res == -1 ) {

printf("Search pattern is not avaitabte\n");

] etse {
printf("Search pattern available at the location %4n", res);

]
return 0;

hts://see-p.ogran m irE.Uogspd.irr2ol ?ogc-prograrn-to-im dem ent- b.ut+fdce.hbn I 1D
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rithms/algorithms basics.htm
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representation.
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W6

26 lntroduction to Queue ADT,
operations,

https://www.tutorialspoint.com/data_structures_algo
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31 Deque :array implementations in C http://www. geeksforgeeks.org/
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lntroduction to Trees and there
Terminology,
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rithms/algorithms_basics.htm
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lntroduction to Binary Trees,
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http: //cslibrary. stanford. edu/

37 Representations-array and linked
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38 http://cslibrary.stanford.edu/

39 Threaded binary trees,

40 Revieu tlnit 3 https ://www.hackerrank.com/domains/data-
structures/trees/
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w10

42 lntroduction to Max Priority Queue
ADT

https ://www.coursera.org/leam/introduction-to-
algorithms

lmplementation of l/ax Heap https ://www.coursera.org/leam/introduction-to-
algorithms

44 lnsertion into a lvlax Heap, https://www. coursera.org/leam./introduction-to-
algorithms

w11

45 Deletion from a Max Heap https://www.coursera.org,/learn/introduction-to-
algorithms

46 lntroduction to Graphs, Terminology, http://openclassroom.stanford.edu/MainFolder/Co
ursePage.php?course=lntroToAlgorithms

47 Graph Representations- Adjacency
matrix,

http://openclassroom.stanford.edu/MainFolder/Co
ursePage.php?course=lntroToAlgorithms

48 Graph Representations- Adjacency
List

http://openclassroom.stanford.edu/MainFolder/Co
ursePage.php?course=lntroToAlgorithms

49 Graph traversals- BFS

50 lnt.oduction to Searching- Linear
Search,

http://www. geeksforgeek.org/

51 Binary Search: Non Rec and Rec http://www. geeksforgeeks.org/

Binary Tree traversals: preorder,

inorder and postorder
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53 hash tables and hash functions.

w13

54 hash functions cont. Overflow
Handling.

http://openclassroom.sta nford.edu/MainFolder/Vi
deoPage, php?course=l ntroToAlgorithms&video=CS

151112 P1&s peed =100
55 lntroduction to Sorting- Selection

Sorl, lnserlion Sort
https://visualgo. net/

56 TUTORIAL 9 http://openclassroom.stanford.edu/Main Folder/Vi
deoPage.php?course=lntroToAlgorithms&video=CS

161112P1&speed=100
57 Quick sort, https://visualgo. net/

Heap Sort, http://www. geeksforgeeks. org/

w14

59 Radix Sort, Comparison of Sorting
methods.

http://www. geeksforgeek. org/

60 Revieq Unit 4

w15

61 lntroduction to Search Trees- Binary
Search Tree.

http://www. geeksforgeek.org/

62 BST Operations- Searching,
lnsertion, Deletion.

https://visualgo.net/

63 TUTORIAL I O https://visualgo. net/

64 lntroduction lo AVL Trees. Balance
factor

http://www.cise. ufl .edu

65 lnsertion into an AVL Tree http://www.cise. ufl .edu

66 lntroduction to B-Trees operations-
lnsertion and Searching

http://csl i brary. stanford.edr.l/

w16 67 lntroduction to Red-Black http://cslibrary.stanlord.edu/

68 lntroduction Splay Trees http://www.cise.ufl .edu

69 Comparison of Search Trees http://www. geekforgeek.org/

Pattern matching algorithm The
Knuth-Morris-Pratt algorithm

http://cslibrary.stanford.edrL/
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Singly Linked Lists-Operation
Oeletion

http://www.codesters.org/

12 Traversing a linked List http://www. geeksforgeeks.org/

13 lnserting and Deleting from the middle
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http://www. geeksforgeeks.org/
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http://www.gee ksforgeeks.org,/
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t7 tntroduction to Doubly Linked List https ://www.tutorialspoint.com/data_structures_al go
' rithms/al gorithms_basics.htm
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19 Sparse matrices-array & linked
representation.

http://www. geeksforgeeks.org/

20 TUTORIAL 4: program to
implement sparse matrix using

linked list.

http://www. geeksforgeek.org/

W5

zt lntroduction to Stack ADT
operations,

https ://www.tutorialspoint.com/data_structures_algo
rithms/al gorithms_basics.htm

22 Stack: array & linked
implementations in C,

h$p://www.codesters.org/

24 Applications-infix to postfix
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,( Postflx expression evaluation http://www. geeksforgeeks.org/

26 TUTORIAL 5: Towers of Hanoi

problem

W6

27 lntroduction to Queue ADT.
operations,

https://www.tutorialspoint.com/data_structures_al go

rithms/al gorithms_basics.htm

28 Queue: array & linked
implementations in C,

http://www.codesters.org/

29 TUTORIAL 6: lmplement a

stack using two queues,

lmplement a queue using two
stacks.

http://www.codesters.org/

30 Circular queues-lnsertion and

deletion operations.
http ://www. geeksforgeeks.org/

J1 Introduction to Deque (Double ended
queue) ADT,

https ://www.tutorialspoint.com/data_structures_al go
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38 Binary Tree traversals: preorder,
inorder and postorder

http://csl ibrary.stanford. edu/

39 Threaded binary trees,
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4L TUTORIAL 7: program to find the
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w10
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ADT
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43 lmplementation of Max Heap https ://www.coursera.org/leam/introduction-to-
algorithms

44 lnsertion into a Max Heap, https ://www.coursera.org/learn/introduction-to-
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w11

45 Deletion from a Max Heap. https://www.coursera.org/lea rn/introd uction-to-
algorithms
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http://openclassroom.stanford.ed u/MainFolder/Co
ursePage.php?course=lntroToAlgorithms

49 T8: Graph traversals- BFS https://visualgo.net/

w12

50 lntroduction b Searching- Linear
Search,

http://www. geeksforgeeks.org/

51 http://www. geeksiorgeeks.org/

51 Static Hashing-lntroduction, http://openclassroom.stanford.edu/MainFolder/Vi
deoPage.php?course=lntroToAlgorithms&video=CS
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53 hash tables and hash functions, https://visua lgo.net/
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54 hash functions cont. Overflow
Handling.

http://openclassroom.stanford.edu/MainFolder/Vi
deoPage. php?course=lntroToAlgorithms&video=C5
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55 Introduction to Sorting- Selection
Sort, lnse(ion Sort

https://visualgo.net/

56 TUTORIAL 9: Merge sort, Shell

sort

http://openclassroom.stanford.edu/MainFolder/Vi
deoPage.php?course=lntroToAlgorithms&video=C5

161112P1&speed=100

57 Quick sort https://visua lgo. net/

58 Heap Sort, http://www. geeksforgeeks.org/

59 Radix Sort, Comparison of Sorting
methods.

http://www. geeksforgee ks. o rgl

60 Reiiew IInit 4

61 lntroduction to Search Trees. Binary
Search Tree.

http://www. geeksforgeeks.org/

62 BST Operations- Searching,
lnsertion, Oeletion.

https://visualgo.net/

63 TUTORIAL l0: program to find
the height ofa Binary search

Tree

https://visualgo. net/

64 Introduction b AVL Trees. Balance
faclor

http://www.cise.ufl .edu

65 lnsertion into an AVL Tree http://www.cise. ufl .edu
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http://csl ibrary. stanford. edu/
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68 lntroduction Splay Trees http://www.cise. ufl .edu

69 Comparison of Search Trees. http://www. geeksforgeeks.org/

70 Pattern matching algorithm The
Knuth-Morris-Pratt algorithm

http://csl ibrary. stanfbrd. edLL/

7L TUTORIAL 11 : Brute Force

algorithm
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w' c
ln comput€r science, a data structure is a particular way of sto.ing.nd
organiJ.S dara in a computer'r memory sothat it.an be used

ct. Km ir
\='

TvDes:.

A data structure can be broadly classified into

Primitive data structure

Non-primitive data structure

\, Kmit
\- c

The data nructures, typicallythor€ data strucrure thai ere
dirertly op€rated upon by machine level ionructiohr i.e. the
fundamentaldata types suchas int, float, double erc.ln case of'c'are
known a5 primitivedata strudures.

Wecan d€finethat Non-primitive oata structur€ is a kind of
representationof logicalrelation5h pbetweenrelaleddata
elemenls.ln data strudure, dedsion on the operalions such ar
storage, retrievaland access must be caried outbetween the

t,Kmirv c
(i) Primhivedata strurture

(ai) Non-orimiriv€ data nructure

related dara elements.

Fo.a(ample,we have data player'sname "\,irat" and a8e 25. Herc

'Virat' is ot SMng data typ€ and 26 is of InteFr data type.

We can ortini2e thi5 data as a record like Player record. Now w€ can

cdlecl and store player's re.o.ds in a file or dat.bare as . data

structure. For example: "Dhoni"3q "Gambhir" 31, "Sehw.g'33

ln simple la.6uage, Data struclures are strudures programmedto

store ordered data, tothat \.rrious op€rations can be performed on it

g' c [.KmirS-
Types of Data Structures

c
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1) Fixed in size :

Once an array is created, the size of array cannot
be increased or decreased.

Eg; int a[100];

2) Wastage of space :

lf no. of elements are less, leads to wastage of
space,

g' c

int a[100]={1,2,3,4,5};

3) SequentialStorage I

Array etements are Stored in contiSl.ious memory
locations. At the times it miSht so happen that enough

' contiguous locations might not be available. Even thouSh

the total space requirement of an arGy can be met
, through a combination of non-contigt ous block5 of
'I memory, we would still not be allowed to create thern

c

n

t. Kmir
\,,

arraY.

4) Difficulty in insertion and deletion

ln case of insertion ofa new element, each element after
the specified location has to be shifted one position to the
right. ln case ol deletion of an element. each element
after the speclfied location has to be shitted one position
to the left.

tr

i.Krrit
\=, c

LINKEI' LIST

t,Kmit
\-

r. Kmir :*.-.
\- d'-.rr

The everyday usage olthe term "list" refers to a linear
collection of data items.

Example a shopping list, it contains a first element, a se

element,..., and a last element.

c

$1
a

\/,\i

t. Km ir c
Linked List

Linked List is a very common data strudure often used to
store similar data in memory While the elements of an array

. occupy contiEuous memory locations, those of a linked list
are not constrained to be stored in adjacent locations. The
individual elements are stored "somewhere, in memory The
order of the elements is maintained by explicit links between
them.

2

Limitation of Anays

t.



,Efficief,t mernory utiliuation: ln linked last (ordvnamic)

repre5entrtion, m€mory is not pre'allo.ated. Memory ie.llocated
wheneveritis req!ired. And il isdeallocated (orremovedlwhen it is

,lnsertion and deletioo areearier and effrcieot. Linked lin provid€s
.flexibilityin inrerlinga data item at a spedfied position and deletior

of a data iiem from the dven pdition.

, Many .om plex applications can be e.sily caried out with linked list.

cg
AOVANTAGES

t0/22/2oL6

D.it
t.-Kmit srrc.rvE'
\= rr*rf,

I To see this more clearly let's look at an example:

c
No.r..1 No<rc2

E@l-=E@+E@I
l?; \@o 2ooo !,Y:(r

Aatdf*5s

The left part of the each node represents the information
: part ofthe node, which may contain an entire record of data

, (e.8. lD, name, marks, age etc). The riBht part represents
pointer/link to the next node. The nerit pointer ofthe last
node is rurl pornter signalthe end of the list.

Basically we can divide the tinked list into the followinB four
types in the order in which they (or node) are arranged.

Singly linked list
Circular linked list
Doubly linked list
Circular Doubly linked list

t. Kmir
\- c

: A Single linked list or one way list is a linear collection of dat
elements, called /vodes.

Each node ls dlvlded into two parts.

Node

ffiThe first pa

c
Single Link List

The second
the next no

rent.

s the address of

r,Kmir
\,

OPERATION OX SINGLE LINKEO IIST
Creating a linked list:

Linked list are created dynamically. lt means memory is

allocated wh€never it is required. And it is deallocated (or
removed)when it is not needed

Dynamic allocation is a pretty unique feature to C (amongst
: high level languages). lt enables us to create data types and
. structures of any size and length to suit ou. programs need

qr c

within the proBram

Before creatinB a linked li5t let's have a look to some pre-

define functions a\railable in'C'to create memory

The Function malloc is most commonly used to attempt to
''grab" a continuous portion of memory

It is defined by:

void'mallo.(5ize_t number_of_bytes)

cg'

Malloc:

dynamically.

TYPES OF LINKED LIST

Value

3



1o122/2076

e.e. int rp;
p = (int.) malloc(50'5izeof(int));

L. Kmitv c
---*--1

void'mallo.{iize-t n u mb€ r-of_bytes)

pointer is returned. Since a void ' is returned the C stand
states that this pointer can be converted to anytype. The
sire_t argument type is defined in stdlib.h and is an
unsigned type.

g c

C compilers may require ca5tlng the type of conversion. The
(int ') means coercion to an inte8er pointer. Coercion to the
correct pointer type i5 very important to ensure pointer
arithmetic is performed correctly. lt is good practice to use
si2eof0 even ifyou knowthe actualsize you want - it ma

ependent (portable)code. sizeof can be used
to find the size of any data type, variable or structure.

w c
when you have finished using a portion of memory you

should always freeo it. This allows the memoryrreedto be
available a8ain.
The function free0 takes a pointer as an argumenl and freej
the memory to which the pointer refers.

t.Kmir
\=- c

Free

e.g. free(p);

Let us now return to our linked list example:

Linked list is a collection ol linked nodes. A node is a

structure with at least a data fleld and a reference to a

of the same type.

i. Km it
\- c

struct rtode arrext; ,. -

l - Krllir
\-

5 2000

c

'p;

L-
-T

-t
I
I
I
I
I
I

node

strqct rtode {
i,nt d.a.ta.,

L

I

That is to say it returns a pointer of type void r that is the
gtart in memory of the reserved portion ot sire
number_of_bytes. lf memory cannot be allocated a NUtL

A node is called a self-referentia I obrecl, since it contains a
pointer to a yariablethat reters to a variable ofthe same

wpe.
)
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we can now try to grow the list dynamically:

new_node = (rtruct Node.) mallo.(sizeof(strud I'lode));

Tttis willallocate memory for a new link.

Creoted Now Node using
q/nomic memory ollocqlion

gr

new nocle

c

6

OPERATIONS ON LDIKAD LLSTS
qlgaElortmiid n sd rr cE:'. r liik dlEr
,,t.diqrdD.(rin is ur.d to in$n ! i.$ md..r ..I ,r..nict lfitid i.
In.liold li, A Ns trod. uv b. i!'d!d

(s) Al r,r. b4isre ofd'. h*.d ltt
(t, Ar rL..!d of lh€ h[.! lii
(,)Ar iD!.peni.dP3.nnrin[a\fnina lirk dli.r

pd4@d?.d'io ir u*l rr rLld.! mJ. n !' dk lnJcd ,;r r ,!nr rE)

(Jl B.:j'tuo! ofa liuk.l l,,

l.) sr.ofi .d llririononn. ln*.nni
IE!:Elirri.rl(r.n\E.dr:oiug J' ud'dlih.rod.rG6d'!.,nr6

g! c

struct node tcreatelStruct

node 'hptr,int x)

{
struct node'nptr,'ptr;
nptr=(struct
node')malloc(sizeof{struct
node));
nPtF>data=x;
n9tr->nert=NULL;
i(hptr==NUl"t)

t
hptr=nptr )

HsrC
: @l
200 10000
hoit n i

ceate(2OO,65):

g!

2
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1

A Stick ADI i5 one ofthe most imponant and useful non-primitiv€
lineardata nructurein com put€r scien.e. lt k an ordered collectionof
items into whirh new data items may be .dded/inserted and from
which irem! may be deleted al only one €nd, called the rcp ofthe
nacl.As alllheaddition and deletionin a nack k done from the top
of the 5teck, the last added element willbe fir5t removed from the
nack. That is why the na.k is also called ron-/rFrirsa-oor {rrfo,r.

g'

a

c
Stack There are many real life examples of stack. consider the

simple example of plates stacked over one another in

canteen. The plate which i5 at the top is the first one to be
removed, i.e. the plate which has been placed at the
bottommost position remains in the stack for the longest
period oftime. So, it can be simply seen to follow LIFO/FILO

order

i"Kmirv

c
+

/

r,Kmit
\-

Examples of Stacks:

In Computers function call5 uses mechanism ol pushine and
popping information concerning the local variables on a

stack.
when you make a function call, it is like pushingthe current
state (ar8uments and Return address) on the stack and
when we return to the callint routine, it is like popping.

(-Kmitv c

stack.

Add(4,8)
int add(in a, irr b )
(

int c:
c=a+b:
ret m c:

)

g c
OPERATIONS PERFORMED ON STACK

The primitive operations performed on the stack are as

PUSHj The process of addinB {or inserting) a new element to
the top of the stack is called PUSH operation. Pushing an

element to a stack will add the new element at the top.
After every push operation the top is in.remented by one. lf
the array is full and no new element can be accommodated,
then the stack overflow condition occurs,

ct.Kmir
\-

jdf s= '' '*as*fir

I

When you make a fundion call, it is like insertingthe
current state (ar8uments and Return address) on the

4

Stack
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POPj Ihe procets of deleting (or removing)an element from the top
ofstack i, called POP operetion. Afte. every pop operation the stack
dec.emented by one. lfthere is no element in the nack and the pop
operario. ir performed lhen the rtack unde.liow Eondition occu.s.

Pffrc 6et the topmostitem.

g' g
SIACK IMPLEMENIATION

Stacl can be implemented in two ways:

1. Stalicimplementltlon (usinBarrays)

2. Oynamic implementation (osint pointers)

ca

lmplementation ofstack usint arrays i5 a very simple
technique. The idea is that the array contains the element
ofthe sequence stored in ihe stack, and a sin8le index
has to be maintained in order to indicate where is
currentlythe top ofthe stack. lt isthis position wherethe
element will be added to or deleted f.om.
This is briefly illustrated below

c
STACI( USING ARRAYS

NY
2

3

.1

aEfi(r t!.hl!, purn(., Prdl Pu.{drtclnr, Popt I poA,

1

t

I I I

!
rl
!:

I l,
s,

=.

I I

9l

t lbl
tr

-1
E

I!i
tr i

This is briefly illustrated below.

,\ncr popr). .1lk' pu'h(t -r)

g'
Observe that in the structure representing a stack we have

one field, called top which indicates the top element in the
stack. For simplicitv we assume that actuallytop indicates
what is the position ofthe arraywhich comes after the top
element-this allows us to use top directly fo. insertinB new
elements and al,ows us to avoid desisninB special values for
top in the case ofan empty staak.

Lt. Km ir
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OPERATIONS PERFORMED ON STACK

The primitive opections performed on the stack are as

follows:

The process of adding (or inserting) a new element to
top ofthe stack iscalled PUSH operation. Pushing an
element to a stack will add the new element at the top.
After every push operation the top is incremented by one. I

the array is ful, and no new element can be accommodat
then the stack overflow condition occurs.

c

the
PUSH Operction

t. Kmit
\-

dGl Fn, F{, dt)
lnitiallythesta€k irset toemptyj SupposeIOP B a pointer to the top
element in a nack. After every push operation, the value ofTOP is

lncremerlted by one. When the stacl i! fulllhe ialus ofthe stacl is

full and this €ondition is calledstackovedow.ln such a case, no
further element can be inserted.

c
Conslder the stack given below

{, Kmilv

AlBorithm for pushing (or add or Insert) a new element at
the top ofthe stack is given below

Push(stack, top, max, item)lnserts an item onto the stack
lftop = mar-1then : print I OVERFI-OW and return.
Sel top : = top +1 . [io.reases top by 1j
Set stackltopl := item [inse.ts item in new TOP positionl

END

ci.KmirS- t.Kmir_v,
!!SCI
void push(int x)

{
il(top==MAl('1)

{
printf("Stack Overf low");
tetutn;
l

c

toP++i
stackltoPl=x;)

POP Opetutlon:
The proces5 ofdeleting (orremoving)an element from the
top ofstack is called POP operation. After every pop
operation the stack is decremented by one. lf there is no

element in the stack and the pop operation is performed
then the stack underflow condition occurs.
Consider the stack given below

r.j{ 
-(I) 

1r. Fo r+ rro Frd

c

I

t g'
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Non-Lineor D0to Struciures

g' c
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t, Kmrtv c

Non'tinear Data 5tructur€s

5ohr, we nudied the propertier of linear Gequ ential) type5 o, dala
structurer: arrays,lists, rtacksand queues that could be used to
efficiently reprer€nt .nd manipulate linear arang€m ents of data.

The Non-linea. data strustures, are lhose that are either explicitly
arrangedin a hierarchical manner, or result in a hierarchicaletruct!re

i.Kmir srE.!!6
v rrd.r

Here is an example of a tree of species, from zoology

b€asle

c

)r'
/\

Se lle

Zebrdilolse

L!6d smh 8ld EoUna

I

Cox

I

&rEry

IT*tE

thmnder

Arhal
TRE€S:

A Tree is a Non-linear Data Structure consisting of nodes
organired as a hierarchy.
Trees are very flexjble, versatile and powerful non-liner data
structurethat can be used to represent data items
posse5sing hlerarchical relationship between
nodes/elements.

E.B. Familytrees, Species trees, tables ofcontents, etc.

c
lntroducing...

r, Knl it
\-

ln the aonlextofcomputer lci€nce a typicalapplication of

and foldeE canthemrelves include document5 or otherfolde6.ln
such a tree do(lrm€nts are modeled by the leaves of the tre€ and

i folders rre modeled by parent nodes.

c
teneral

file
ai fi ised(p orSa

i. Kmit
\-

k rrdr l$ rml dudD hdk

TREE BA5IC TERMINOLOGIE5
>Trees are sets ofpoints, called nodes, and line5, called
edges
>A !9d9 is a structure which may contain a value or
condition, or represent a separate data structure.
>The top node in the tree is called the Root and all other
nodes branch off from this node

c[.rm itv
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>Root is a specialdesigned node (or data items) ln a tree.
is the first node in the hierarchical arrangement ofthe data
items.
>Each node in a tree has zero or more child nodes.

cg!
> A node that has a child is called the child'5 parent node
>There is a unique directed path from one node to another
called link or an edge
>Node having no children are called leaf Node (also known
as E,atemal node, or terminal node).

ci. Km irv

i

.,
!

The heitht of a node is defined to be the length of the
Iongest path from the node to a leaf in that tree

. The height ofthe root is the height ofthe tree
The depth of a node is the lenglh ofthe path to its root

li.e., its root pothl.

has depth.ero; leaf nodes

And a tree with only a

(henceboth a root and leaf)
ha5 depth and h€ight.ero.

c

tD

ri.l

-- I'1"
(,

g!

The number of subtrees of a node is called its detree.
ln-detree of a node is the number ofedges arriving at that
node.
Outie&ee of a node is the number of edges leaving that
node.

The root is the only node in the tree with ln-degree = 0

All the leaf nodes have Out'degree = 0

Ihe degtee ofo tree is lhe maximum degree of a node in

cr. Kmit
\-

. B is the parent of E and F.

. C is thesiblingofB & D

. E and F arethe children ol

. E, F, C, G are external nod(
oa leaveS.
. A, B, D are internalnodes.
. The depth (level) ofC is 1

. The height ol the tree is 2.

. The degree of node A is 3.

c
consider the following tree

A is the root node

g,

2

D!r. F

$,' il:ff'ty
>Any node which is neither a root, noa a leafis called an
interlor node,
>Nodes with the same parent are called sibllngs



10/2212016

t. Kmit shtun'
\*- rtrccal

A bin; tree is a tree in which ea.h node can have

maximum two children. Thus each node can have no child,

one child or two children.

c
BlnaryTree:
D€flnitlonr
A Brrory lre€ con5ists ofa finite set of nodes,

that is either empty,
or
consists of one specially desiSnated node crlled the root of
the binary tree, and the elements oflwo disjoint binary
trees called lhe ref iubtree and right subtee of lhe @ol.

cg'

Typer of binary treer:
A full binary tree (sometimes proper binary tree or 2-tree
strictly binary tree) i5 a tree in which every node other than

c
the leaves has two childaen

g'
A perfect binary tr€e is a full binary tree in which all leaves
are at the same depth or same level, and in which every
parent has two children.

c[. Kmil
\-

A complete bi.ary tree is a binary tree in which every level,
except possibly the last, is completely filled, and all nodes
are as far left as possible

-

ci.Kmirv-
D.r. 

^rKmir XHf L\-
A balanaed binary tree is commonly defined as a binary tree
in which the depth ofthe two subtrees of every node never

a

differ by more than 1

3
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gasic Proo€rties

. Every node except the root has exactly one parent.

. A tree with n nodes has n-1 edges (every node except the
root has an edSe to its parent).

. There is exaqtly one path faom the root to each node.

g
Minimum number of nodes in a binary tree whore height is

h.

At least one node at each level.

minimum number of nodes i5 h + 1

g! c
,Minimum Number Of Nodes

.Maximum Numbp. Of Nodps

Allpossible nodes at first h levels are present

niaxi ,r| ft.$er dn dPs

= 1 +2 + 4+8 +... + li= 2r*t - 1

!,\Km ilE' c
.Relationship Between Number of Nodes (lnternal-
External)

Sinarytree with N internal nodes has N+l externalnodes

t.Kmit
\=- c

A binary tree with N nodes (internaland external) has N-1
edSes

g c
.Number of ed8es

Repres€ntation of Binary Trees

llnary trees are lmplemented in two wayi:

>Afiay implementation of Binary Trees

>tinked l-ist implementation of ginary Trees

g' c
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Ar6y implementation of Binaty Trees
ln an array :mplementation of binary trees we use one-
dimensionalarray. The nodes stored in an array are
accessible sequentially.
The array representation ofthe binary tree is shown below.

c

Ioj IU q I.! I.t I5 l.l

ABCOE G

g'
To perform any operation often we have to identify the
parent, the left child and .ight child of an arbitrary node

1. The parent of a node having index n can be obtained by (

- 1)/2. For example to find the parent of 0, where array
index r, = 3. Then the parent nodes index can be obtained

Le., Arraylll is the parent D, which is B

ctKmirv

^ac 
0 E .0

= ln -Ll/2
=3 - 1/2

= 2/2

2. The left child of a node havint index, can be obtained by
(2n+1).

For example to find the left child of C. where aray index n =
2. Then it can be obtained by

,.e., Array[s] is the left child of C, which is NULL. So no left
child for C.

-

 8CDE. G

r- Km it
\=-

= (2n 11)

=4+1

3. The right child of a node havi.g array index a can be
obtained by the formula (2n+ 2). For erample to find the
right .hild of B, where the array index n = 1. Then

i.e., Array[4] is the right child of B, which is E

c

l8c0 E. c

{ Kmitv

=lzn+2)
= Z*L+ 2

c

Iot lu pl t-it l4l t5 tr'l

AB,C.OE.G

4 cchil at d it5hen ht hbrotattay tig
ila he .h d at d itsthenat ly, right

brother is at (n - 1)

g
f the lett
,i 1). Si

The situation is pleasant so far because it is complete binary
tree. 8ut lfthe binarytree is not complete then it definitely
results in unnecessary wastage of memory

,}*
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space because array is static in nature. For example letwe
have a binarytree as shown in fi8ure

From this table it is clear that ifa tree is far from its
complete behavior then the arrdy implementation would
waste a lot of memory space. This type of problem is

over(ome by implementinS the binarytree in linked list

g c
Advantares of linear(Arrav) representation:

1. Simplicity.
2, Given the location ofthe child (say, k), the location of

the parent is easy to determine (k / 2).

@:
1. Additions a nd deletlon s of nodes are inemcient,

ofthe data movements in the array.
2. Space is wasted if the binary tree is not complete. That

is, the linear representation i5 useful ifthe number of
missing nodes is small

l.. Kmir
\- c

6
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lntroduction to Graphs

Ei
r. Kmil
\- c

A Graph is a tet ol nodes {or ve ices ) and edges (or artt}whi(h

G= IVE)
viset of vertices
E: set of edges connecting the vertices in V
. An ed8e e = (u,v) is a pair otvertices
Graphs are mathematically structuaes and are found very
useful in problem solving.
Graphs provlde an excellent way to describe the essential

features of many apptication5.

cO Z^Edc
o

(D)

t,Kmit
\- "*.'tINTRODUCIION: !Gl

aGraphcould be viewed asa map of what cities areaonne(ed by
trainrouter. ViewinS in thir way ,each vertex represent!a particular
cityand each €dte represents wheth€r there k a train route for one

G laphs Gometimes refe edto as n€tworks)offe, a way ofexprerrint
rel.lionships between pairr of itemr.

c
Example

r. Km ilv
Liketrees, grdpns are made up of nodei a6d rhe connections between

ln gaph terminolo8y, we refer to the.od€s !s vertices and reler lo
the connectioni amongthem a5 edges

verticer.re typicallyrefe.enced by a name o.label

Ed$5 are ref€renced bya pairin8otthe venices (A, g)that they

c
GrrphsTerminologies

{. Kmir
\-

, An undirected grcph as a gtaph in which.ll edSer are "undlrected
edte5'.

c

I

GlaphsTerminologies

g [.Kftir ffit'C\,-
An edgein an undirected gragh can be traveE€d in either direction

Two vertices are said to be odlb.ed ifthere i, an edge conne.tin8

Adjacent v€riices are tometimes r€fe.r€d to as rcigr6o6

An ed8e of a grrph that connecB. venex lo itselfi5 called a tet-toop
ot sling

An !ndirected graph i5considered aomplele if it hat the maximum
possiblenumbe, ofedtes connectiot vertices. How many ed6es?

L
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Aprth is a sequence of edtes that connects two venicet in a traph

c
. s'u.!.rdrd: tlo r.Par.d

.v.€: ramPl. Poth, q.epi

t. Kmir
\=-r.Kmil

\- c
!-<b<' % .r?.J

o a tEt < '/-''t, it,ci"'l'a
. < 

' 
tt s :r;!, ;r u..n..*l

Undirected craohs 3iL-, (r' 
'.oush V

. An example of an undirected graph that is not
connected:

gr
The /€rgtn of a p3th in i5 the number of edges in the path (or the
number of vertices minus 1)

An undirected faph is conside.ed correctcd if for elt two venices in
thesraph the.e isa path between them

LKm it
\=- c

A cycre is a path in which the first and last
vertices are the same and none of the edges are
repeated

A gcph that has no cycles is called ocycric

c

l
Cyclic Acyclic

g Cycles gl Directed GraPhs

. Adirccted grqph, sometimes referred to as a

digtdph,is a {aph where the edges are ordered
pai.s of vertices (edges have arrows)

c

2

e&
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r.Kmir Directed Graphs
\-

t'

c g' Directed cranhs lS*-'Q
. Previous definitions change slightly for directed

graphs

- a path in a direct Braph i5 a sequence of qtC4ClL

edges that connects two venices in a graph

- a directed graph is connected if for any two vertices
in the Braph there isa path between them

. if a directed qraph has no cvcles, it is possible to
arrange the vertices in a sequence such that
vertex A precedes vertex B in the sequence, if an

edge exists from A to B

q$} Weighted craphs ][[I'
. Aweighted groph, sometimes called a network

is a graph with weights (or cods) associated wit
each edge

. The weight of a path in a weighted graph is the
sum of the weights of the edges in the path

. Weighted graphs may be either undirected or
directed a - 

.;. 
t

c
,;The"OeSre€'ofa node i9 thenumber ol edgeg conneded dnedly
tothat node, i.e., the number ofedger incident on it.

zln a di.ected graph,the "in deSree" of a node is the number of edtes
beSinninSfrom the node.The "out detr€e" of a node is the number of
ed&s terminatintar that nod€.

L.Kmit
\- c

\g' ffirC
Wh;fare the in.degrees and out.degrees of the vertices a

b, c, d jn this graph

t. Knrit
\-

Graoh Reoresentation

c
To represent a gaph we have to represent two thin$:ndes and
edEer.

Graphr .re geoerally r€pr€renred eithe. in "sequential
reprerentation" or " linked representation".

Sequentialrepresentatior u5es a two-dimentional ...ay where a9
li.ked repreeeotation ut€s a linted list.

Note:We refer graphmeanr direded Sraphs unlesr specitied

3

. A directed graph with

- vertices A, B, C, D

- edses (A, B), (A, D), (8, c), (8, D) and (0, c)

,
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Agaph is convenienrly repr€re.ted by a matrix ( two-dimentional
aray) called adjacencymatdx (or in(idence malrix).

A Sraph cootaining n nder crn be represented by a matrix contai
n rows and n columar.

Ihe Adjacency matrix A of a graph G-(VElwith n nod€s is.n n

A!j={1- if there is an ed8e between viand vj.

)

c

t

5eouential Representation:-

g'

A'CD
A 0or0
B t00l
c 0101
o l0t 0

E.Eh posnion ol.dj...ncy d.rix np6r.nr! wh.rh.r on. node '!co.n*t d to
.^othd l€lu. 1 or ttu.) or nor (v.lu.0ortalr.),Nor.lhar n.n.od* the did6n
of th. .dt r.for @hpl..sln.. rh.c i. . 1 @ s,.olumn A,ri.E ir .. .d!. lEh 3

sinc.rn.o ii no.dt€ rn !h€ 6v.M diBrion(rodA to 8l,ow A"@lufrn g h.. . 0,

t. Kmir
\,-

Adt*..ty m*t lor ti. .bov. fia ir:

c

ln this representation we maintain an adjacency list.ln
adjacency list,for each node,we keep a list of alladjacent
nodes,

c
LInked Representation:-

r. Km it
\=-

Theadjacencv lirtfor above dir€cted Braph is

AD
a D

hBo

AdjacinS lin iruclure5 usingtwo dimenrionalaray and ringle linked

(. Kmit
\- c

lists.

g' c
Traverralofa traph means that syitematically visiting allnoder eEctly
once in th€ 6raph. The two importanl traversal methods 3re Ereadth'
firn s€arch" .nd 'Deplh-firn Sear€h". rh€ graph l.aversal slart at an
arbitrary v€rto( since there ir no nod€ as special. fusurneihat each
node in a Sraph will be an on€ of three states while traverrio8lhe
traph: ready nate, waitin8state, visitedsrate.

c
Gtdoh Ttuversino

i. Knr it\r

4
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The depth-ilrn traverralol a g.aph i5 much similar ro preorde.
tr.ve6alof an ordered vee. The tGvertalof a traph rtart at.ny
arbitrarynode, siy A. Suppose b,C,D and E be lhe nodes adjacent to
Then we willnext visitb and keepC,q and E waitint. After visiting I
we traveBe rll the ve(icer to which it ir adjacent belore .etu rning to
trave6e C,O and E.ln the depth-fr'ttraversal, we ba.ktrack on a path

once il rcached the end of that p3th- W€ consider the data nrudure
tlacki.steadofa queue as in breaclth-firn traversal.

c
Deoth-f irst traversali-

g'
AlSorithm:-
1) Allnodes ar€ initiali.ed to ready nate and initi.lize5tacl to empty.

2lBegin withany node whichis in readystatesnd push intostad.
ma.l thenatuiofthatnodetowaiting.
3) while st.ck is not empty
dobegin
4lpop the top node k ofstack and pro.ess it. Marl the natus ofthat

5)Push allthe adjacentnodes ofkwhichare in r€ady nate into naci
and mark th€ status ofthose nodes to waiting.

6)ltthe traph stillcontains nodes which are in ready state then
goto nep2

c[.Kmirv

7

)



Ereadth-fi .sl Trdversal:-
Thissvate is much similar to levelbylevel traversal of an ordered
tree. Ereadlh-first s€arch operates by pro(essinBnodes in layers.Ih€
breadth-fi Bt search can begin at any arbitrarynod€. The nodee
are adiacent to na rt node are processed first,and pro.eeds to
adjacent noder of that nodes just visited. This process narts untilall
nodet are vieired.lfrhe rrave.saliurt visted. node A,then ir next
visitsallihenodesadjacenttoA,keepingthenodeadjacenttoihese
waitinglittto betlaversed afterallnodes adjacent to A hav. been
visited.
Adata nructurequeue it i.rted to place all wailng nodes.This queue

ako convenient to te€p thetack ofnodes that are akeadyv,sited,
that, e oode is virited only once.

cw
lhe general Sreadth-firsl traversal algorithm as as follows:
1)Allnodes..e lnitlali2ed ar ready states and lnitiallzequeue to

2)Beginwith any node whichir in ready state and putlnlo
queue.markthe starus ofthat node to waitinS,
3) Whil€ queue ii not€mpty do begin
4l Delete the first node k from queue and process it.Mark the statut

5)Add alllhe adjarent nodes ofK which are in.eadystate to lhe rear

sideofthe queue and mark the statur olthoseooder to wailint.
5)rf lhe Sraph stillcontains 6odes which are in readystate then toto
nep2.

c("rmitv

1,0122/20t6
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Analysis of Algorithms
cs 4771677

Sorting - Part A
lnstructor: George Bebis

(Chapter 2)

The Sorting Problem

!nput:

- A sequence ofn numbers oyo2,. . . ,an

Output:

- A permutation (reordering) at' , ez' , .. . , on' of the input

sequence such thator' ! o2' !. . . I on'

2

1



Structure of data

€xaflul. of r record

xe]

- Note that $ten the kevs musr he rearransed the data associated
rYith the kcvs must also bi' rr:arrrngcd ltimc cSnsurning l!)

- Pointcr: ean be used instead (space consruning ! !)

3

Why Study Sorting Algorithms?

. There are a variety of situations that we can
encounter

- Do we have randomly ordered keys?

- Are all keys distinct?

- How large is the set of keys to be ordered?

- Need guaranteed performance?

. Various algorithms are better suited to some of
these situations

2

- Ljsually. the rrumbers to bc sorted are pat of a collcction of data
called a iecord

- Each recorrl conrains a key. *hich is the talue to be 'ortedl J

II



Some Definitions

lnternalSort
- The data to be sorted is all stored in the computer's

main memory.

External Sort

- Some of the data to be sorted might be stored in
some external, slower, device.

ln Place Sort

- The amount of extra space required to sort the data is
constant with the input size.

5

Stability

. A STABLE sort preserves relative order of records with
equal keys

Sorted on firsl key:

So( file on second key

Records with key value
3 are nol in order on
first key!!

6

J

r;r, F;'i:;;l----iqfuTIffiTh
ffi
I &d-, l'lrl'_r,...1.I
ffi

L!!lt I I I 1l .r !i. i.r I



lnsertion Sort

ldea: like sorting a hand of playing cards

- Start with an empty left hand and the cards facing
down on the table.

- Remove one card at a time from the table, and insert
it into the correct position in the left hand
. compare it with each of the cards already in the hand, from

right to left

- The cards held in the left hand are sorted
. these cards were originally the top cards ofthe pile on the

table

7

lnsertion Sort

To insert 12, we need to
make room for it by moving
first 36 and then 24.

8

4



lnsertion Sort

I

lnsertion Sort

10

5



lnsertion Sort

52
input array

46 13
at each ite

left sub-a

2

ration, the array is divided in two sutsarrays

righl sub-anay

613
unsorted

ltay

5

sorted

11

lnsertion Sort

-l 613

2

2

2

rl_ 6l-1

,|y,.1

{

5 1 _3

356

I 2

2

.1 56

I 3 ,| ) (.,

12

: -l EE

6

l5lrl.r16lrl,

a1'l r

r i5lr,

l+lslr'1.'



INSERTlON-SORT

1fr.; I NSERTION-SORT(A,)

for j <- l1s 6

do key.- A[ j ]

a1 a2 a3 a^ a5 a6 a7 a8

key

Dlnsert A[ j ] into the sorted sequence Atl . . j -U
i*- j - 1

whilei>0andA[i]>key
do A[i+ 1] * Alil

i.-i-1
A[i+ 1].- keY

. lnsertion sort - sorts the elements in place
13

Loop lnvariant for lnsertion Sort

1fi.; TNSERTTON-SORTTA)

dokey.-A[j]
lnsert A[ j ] into the sorted sequence Atl . . j -11

i.+j-1
whilei>0andA[i]>key

doA[i+UeAli]
i.-i-1

A[i + 1] .- ksy

lnvariant: at the start of the for loop the elements in A[1 . . j-1]
are in sorted order

I2345

14

I 5 6 I

L-

I for j .- 2 to n

7



Proving Loop lnvariants

Proving loop invariants works like induction

lnitialization (base case):

- lt is true prior to the first iteration of the loop

Maintenance (inductive step):

- If it is true before an iteration of the loop, it remains true before

the next iteration

Termination:

- When the loop terminates, the invariant gives us a useful
property that helps show that the algorithm is correct

- Stop the induction when the loop terminates

15

Loop lnvariant for lnsertion Sort

lnitialization:

- Just before the first iteration, j = l;
the subarray A[1 .. j-1] = A[1],

(the element originally in A[1]) - is
sorted

.r -l 56

16

r,lI q-qf,EI



Loop lnvariant for lnsertion Sort

Maintenance:
- the while inner loop moves A[j -1], A[i -2], ALi -31,

and so on, by one position to the right until the proper
position for key (which has the value that started out in
A[j]) is found

- At that point, the value of key is placed into this
position.

).ll4-i6
l

2_lI I

17

l -l

Loop lnvariant for lnsertion Sort

Termination:
- The outer for loop ends when j = n + 1 = j-l =n
- Replace n with j-1 in the loop invariant:

. the subarray A[1 . . n] consists of the elements originally in
A[1 . . n], but in sorted order

l -1 i
j-1 j

ll3.1 5 6

. The entire array is sorted!

I l l

lnvariant. at the start of the for loop the elements in AU . . j-11
are in sorted order

18

I

-

;T,Tl tIT-T-,FT,T,
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Analysis of lnsertion Sort

INSERTION-SORT(A) cost
for j .- 2 to n c1

do key.-Aljl cz

Dlnsert A[.i ] into the sorted sequence A[1 j-11 0

i*- j- 1 c4

whilei> 0andA[i] > key c5

do A[i + 1] .- A[i] c5

i+-i-1 c7

A[i + 1] -- (sy cg

l: # of times the while statement is executed at iteration j

T{n) = c,pa 
",1r-l) 

+c,,(z - 1) +c.i ,, * r"fQ,- r)+ c,!(r, -r)+ c,1r- ry

times
n

n-1

n-1

n-1

19

\-' ,
Lyt't
11 .s, -t
I'.(r,-t
n-1

t-1

Best Case Analysis

The array is already sorted ,,white i > 0 and A[i] > key'

- A[i] s key upon the first time the while loop test is run

(when i =l-1)

T(n) = 6,6 * cz(n -1) * c+(n -1) * cs(n -1) * ca(n-l)

= (cr + c, + c4 + c5 + ca)n * (cz* c++ cs + Ca)

-tL='1

:on+b=@(n)

T(n) = c,e I s.q, - l) +.{ (rr - l) + c. f,, * 
" "i(.,- r)*,,f (r, - l)+ c, Qr -r)

20

10



Worst Case Analysis

The array is in reverse sorted order"while i > 0 and A[i] > key

- Always A[i] > key in while loop test

- Have to compare key with all elements to the left of the j-th
position = compare with j-1 elements - tj : j

usrng i , _ i(,.1) =,i,=dr*r,_r =,a'" .i'< t(r-I)= !+ we have

r(n) = qr r c,(r - 1)' 
",.1, 

- U * ",($ - r) * 
"" f *., $ *..t, - rl

= anz + bn + c a quadratic function of n

T(n) : 6'1n21 order of growth in n2

T(n'y= c,11a 
",1n-l) 

+c.(r- 1) +c.i ,, *"ui(.,-r)*r,i(r, -l)+c,(n- l)
21

Comparisons and Exchanges in
lnsertion Sort

TNSERTTON-SORT(A)

for j <- ! 16 n

do key .- Alj l
lnsert A[ j ] into the sorted sequence A[1

i<-j-1 "n?/?comp

i<- i- 1 "n2/2 exc

A[i + 1] +- key

cost

C1

C2

j-11 0

isons ca

times

n

n-1

n-1

n-1

c7 I],.r,, -rt
c6 n-l

22

while i> 0 andA[i] > key C5 t,

11



lnsertion Sort - Summary

. Advantages

- Good running time for "almost sorted" arrays O(n)

. Disadvantages
- O(n2) running time in worst and average case

- - n2l2 comparisons and exchanges

23

Bubble Sort (Ex. 2-2, page 38)
. ldea:

- Repeatedly pass through the array

- Swaps adjacent elements that are out of order

I

. Easier to implement, but slower than lnsertion
sort

8 4 6 I 2 3 1

12

j



Example

i=2 )

j i=3 )

j I

l

i=6 j

i=1 j
j

25i=1 j

8 4 q 2 3 1 1 4 6 2

8 4 6 9 1 3 I 4 6 I 3

I 4 6 9 I 2 3 1 3 8 4 6 I

8 4 6 1 I 2 3 1 2 3 4 8 6 I

8 4 1 6 I 2 3 1 2 3 4 6 q

8 1 4 6 I 2 3 1 2 3 4 6 8 I

1 4 6 9 2 3

Bubble Sort

l@.: BUBBLESORT(A)

for i <- 1 to length[A]
do for j <- length[A] downto i + 1

do if A[j] . AL.i -11

then exchange A[j] e A[j-1]

)

8 4 6 o 2 3 1

26

13

6

I

3

22



Bubble-Sort Running Time
l@.: BUBBLESORT(A)

for i <- 1to length[A] c1

do for j <- length[A] downto i + 7 cz

Comparisons: - n2l2

Exchanges

C3

- n2/2 C4

T(n) = 6,(6+1) * cz!{r-i*t;* crf,(r-r)+ co l{"-i)
j=t i=l

= O(n) + (c, + cz* c+) ltr*i)
. .) n(n +ll n' n

z 22where l@-i) =Ir-I
,l il i-l

Thus,T(n) = 6t(n2)
27

Selection Sort (Ex. 2.2-2, page 27)

ldea:

- Find the smallest element in the array

- Exchange it with the element in the flrst position

- Find the second smallest element and exchange it with
the element in the second position

- Continue until the array is sorted

Disadvantage:

- Running time depends only slightly on the amount of
order in the file

28

14

if AUI < ALj -11

o ALi-U



Example

29

4 6 I 2 3 ID 1 2 3 4 I 6 ECIE
1 4 6 g 2 g 8ECIE 81 2 3 4 5 I

1 2 6 7t E! EEO]E ,1

2 3 4 6 I CI

EEEE1OEE 1 2 3 4 6 B I

Selection Sort

n fu . : SELECT I ON-SORT(A)

n -- length[A]
forj.-1ton-1

do smollest *- j
fori.--j.1ton

do if A[i] < A[smollest]
then smollest -- i

exchange A[] * A[smollest]

I8 4 6 I 2 3

30

15



do if A[i] < A[smollest] c5 (n- j)

Analysis of Selection Sort

,a @. : SELECT I O N -S O RT(A)

n.- lengthlAl

for j .- 1to n - 1

do smollest .- j

then smollest .- i c5 2",-J,- jt

r(,) =., +.:n +.;(,- ry*..! r,-;, rr* ",i t, -;lr ".i r, - r)+..(, - r) = 6(,,:)

(n- i +t)j

exchonges

31

(- +I 1 to n

!n

cost times

trl

C1

C2

C3

c4 I=n?/2 . for
comPoflsons

I
n

n-1

16



09-May-17

Knuth-Morris-Pratt
Algorithm

Prepared by: Mayank Agarwal

Nitesh Maan

The problem of Strinq lVatchins

Given a string 'S', the problem of string
matching deals with finding whether a
pattern 'p' occurs in 'S' and if 'p' does
occur then returning position in 'S' where
'p'occurs.

1
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.... a o(mn) approach

One of the most obvious approach towards the
string matching problem would be to compare
the first element of the pattern to be searched
'p', with the first element of the string 'S' in which
to locate 'p'. lf the first element of 'p' matches
the first element of 'S', compare the second
element of 'p' with second element of 'S'. lf
match found proceed likewise until entire 'p' is
found. lf a mismatch is found at any position,
shift 'p' one position to the right and repeat
comparison beginning from first element of 'p'.

How does the O(mn) approach
work

Below is an illustration of how the previously
described O(mn) approach works.

StringS abcabaabcabac

Pattern p abaa

2
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Step 1:compare p[1] with S[1]

Step 3: compare p[3]with S[3]

S
a b abaabcabac

p ab a

Misnatch occurs here

Sance mismatch is detected, shift'p'one position to the left and
perform steps analogous to those from step 1 to step 3. At position
where mismatch is detected, shift'p'one position to the right and
repeat matching procedure.

2

S 
filo " a b a a b c a b a c

Ip fio a a

Step 2: compare p[2] with S[2]

S ,9" a b a a b c a b a c

I

P aUm
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S abc ffi bcabac

p

Finally, a match would be found afrer shifting 'p' three times to the right side

Drawbacks of this aoproach: if 'm' is the length of pattern 'p' and 'n'the length
of string 'S', the matching time is of the order O(mn). This is a certainly a very
slow running algorithm.
What makes this approach so slow is the fact that elements of 'S'with which
comparisons had been performed earlier are involved again and again in
comparisons in some future iterations. For example: when mismatch is
detected for the flrst time in comparison of p[3] with S[3], pattern 'p'would be
moved one position to the right and matching procedure would resume from
here. Here the rlrst comparison that would take place would be between
p[O]='a'and S[1]='b'. lt should be noted here that S[1]='b'had been previously
involved in a comparison in step 2. this is a repetitive use of S[1] in another
comparison.
It is these repetitive comparisons that lead to the runtime of O(mn).

The Kn uth-[Vlorris-Pratt Alqorith m

Knuth, Morris and Pratt proposed a linear
time algorithm for the string matching
problem.

A matching time of O(n) is achieved by
avoiding comparisons with elements of 'S'
that have previously been involved in
comparison with some element of the
pattern 'p' to be matched. i.e.,
backtracking on the string 'S' never occurs

4
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Components of KMP alqorithm

> The prefix function, I
The prefix function,fl for a pattern encapsulates

knowledge about how the pattern matches
against shifts of itself. This information can be
used to avoid useless shifts of the pattern 'p'. ln
other words, this enables avoiding backtracking
on the string 'S'.

> The KMP Matcher
With string 'S', pattern 'p' and prefix function 'l-l' as

inputs, finds the occurrence of 'p' in 'S'and
returns the number of shifts of 'p' after which
occurrence is found.

The prefix function ,n
Following pseudocode computes the prefix fucnction, [l

ComDute-P -Function (o)

1

2
?

4

5
A

7

8

I
10

m € length[p] //'p'pattern to be matched
n[1] € 0
k€0

forq€2tom
do while k > 0 and p[k+1] r= plql

do k e nlkl
lf Plk+11 = PlqI

then k e k+1
nlql e k

retuln n

5
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pute n for the pattern 'p' below.

Pababaca

q1234567
pababaca
n00

q1234567
pababaca
n0 01

q1234567
pababacA
n0 012

Example- com

lnitially: m = lengthlpl = 7
n[l] = s
k=0

Steo 1: q=2, 1=9
nt2l = I

Steo2: q=3,k=0,
n[3] = 1

Steo3: q=4, 1=1
nF)=2

4567
ca

67
ca
1

q1234567
pababaca
n0012311

q1234567
pabAbaca
n0012311

a

3

5

a

3

b

2

4

b

3

a

1

3

a

1

2

b

0

2

b

0

1

a

0

1

a

0

q

p

n

q

p

n

Step 4 q=5,k=2
ntsl = 3

After iterating 6 times, the prefix
function computation is
complete: )

6

Steo 5: q=6,k=3
nt6l = 1

SteD6:q=7,k=1
n[7] = 1
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The KMP Matcher
The r\MP Matche( with pattem 'p', slring 'S and prelix function 'n' as input, fnds a match of p in S.

Following pseudocode conputes the malching component of KMP algorithm:
KMP-Matcher{S. o)
1 n a lengltlls]
2 m e bngthlpl
3 n € Compule-Prefix-Funclion(p)
4q e0 /humber ol characteB matched
5 for i a 1 to n //scan S f.om lefi to right
I do lYtlle q > O and plq+11 l= S(il
7 do q e nld //next claracter does not match
6 ll plq+l1 = s[a]
9 thenq€q+1 //next character matcies
,o lf q = m /,'is all of p malched?
1r then pdnl'Pattern occu6 with shif i-m
12 q a n[ q] i/ Iook for the next malch

Note KMP finds every occuience ol a p' fi S . Thal is why KMP does nol temtnate n step 12
alhet il searches refiainclet ol 'S' fot any mote occufiences of p'

lllustration: given a String'S' and pattern'p' as
follows:

S bacbabababacaca

P ababaca
Let us execute the KMP algorithm to find
whether'p' occurs in 'S'.

Fo.'p' the pretix funcfion, n was computed peviously and is as follows

q1234567
pabAbaca
n00123't1

7
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babacap

Step6: i=6, q= 1

Comparing p[2] with St6l pt21 matches with 5[61

S bacb bababacaab
1

StePT: i=7, q=2
Comparing p[3] with StI pl31 matches with SII

S bacb ababacaa b

1

p abaca
StepS: i=8, q=3

Comparing p[4] with S[81

s bacb
p[4] matches with S[8]

abacaab

acap

b

1

b

:

Step9: i=9,q=4
Comparinq p[5] with S[91

S bacb
p[5] matches with S[9]

p

bacaab

CA

Step10:i=10,q=5
Comparinq pl6l with S[10] p[6] doesnl match with S[10]

S bacbabababacaa b
t

p ababaca
Eacktracking oo p, comparing p[a]with SI10l because after mismatch q : n[5] = 3

Stepl'l:i='l'1,q=4
Comparinq o[5] with S[11]

bacbab
p[5] matches with S[11]

acaab
1

aca

a

1

a

S

p

I
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lnitially: n = size of S = 15;
m=sizeofp=7

Stepl:i=1,q=0
comparing p[1] with S[11

S

p

b

1

a

acbabababacaab

babaca
P[1]does not match with S[1]. 'p'will be shifted one position to the right

Step2: i=2, q=0
comparing p[1] with S[21

S bacbab
I

p ababa

ababacaab

ca

ababacap

Step3: i=3, q= 1

Comparinq p[2] with S[3] p[2] does not match with S[3]

S bacbabababacaa b

1

Backtracking on p, comparing p[1] and S[3]

step 4: i = 4' q =coomparing p1'tl with S[4] p[1]does not match with s[4]

step 5: i = 5' q 
&%paring p[l] with s[5]

S b a c b a b a b a b a c a a b
1

P ababaca

aca

abab
1

ababp

S bacb
pll] matches with S[5]

abacaab

8

Prl matches S[2]. Since there is a match, p is not shifted.
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Running - time analysis

i Comoute-Preix-Fonction{n)
1 m + lengthlpl // p pattem t'c be

2 n[1] +o
3 k(0
a forqe2bm
s do whilo k > 0 and plk+1] l= plql
6 dokanlkl
7 It ptk+l1= plql
B th.nkGk+1
e n{qi€k
to adum n

, KMP Matcher
1 n ( lengthlsl
2 m e bngth[p]
3 n + Comput+Pefix-Function(p)
4qa0
5fori€1ton

do !,vhile q > 0 and p[q+1] l= Slil
do q e nlql

if plq+11 = Stil
thenq€q+1

trq=m
then priot "Pattern occu6 with shiff i - m

c € n[c]

ln lhe above ps€udocode for computing the
prefrx tuncton tl'e ror'oop fiom slep 4 lo
step 10 runs'm times Step 1 to slep 3
lake conslant lime Hence the running
time ol compule prefix funclion is O(7n).

The for loop begiflning in step 5 runs n times,
i e , as long as the lenglh of the stnng 'S .

Sinc€ step 1 lo step 4 lake constanl lime,
ihe running time is dominated by this lor
loop Thus running time ol matching fundon
is O(n)

6
7

I
I
l0

12

Step 12: i= 12, q = 5

Comparing p[6] with S[12]

S bacbab
p[6] matches with S[12]

caab
I
cap

Step'13: i= 11, q = 6

Comparing plA with S[13]

S bacbab
p[7] matches with S['l3l

ab
1

p

Pattern 'p' has been found to completely occur in string 'S'. The total number of shifls
that took place for the malch to be found are: i-m = 13-7 =6 shifis.

10
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Code No: 1I3BP Rl3
.IAWATLI,RLAL NEIIRU TECHNOLOGICAL UNIVERSITY HIDERABAD

B.Tech II Year I Semester Examinations, December-20l4
DATA STRUCTURES

(Common to CSE, lT)
Tinre : 3 Hours NIax. N{arks: 75

Note: This question paper contains two parls A and B.
Part A is compulsory which carries 25 marks. Ansrver all questions in Part A.
Part B consists of 5 Units. Answer any one full question &om each unit.
Each question carries 10 marks and may have a, b, c as sub questions.

Part- A (25 Marks)

l.a)
b)

Find upper bound for f(n) = lna$. t2l\41
Write a recursive function which converts any integer value to its equivalent
Binary value. t3Ml
Give a postfix notation of the following infix cxprcssion

A * (B +C/(D+ E))- F* (G/ H + l). t2Mj
A letter means enqueue and an aslerisk means dequeue in lhe following sequence.

Give the sequence of values returned by the get operation when this sequence of
operations is perfomred on an initially empty FIFO queue.

J N T * U.r H YD * 'r + E R * * + AB i.A,F * B t3Ml
Explain the applications of a Binary Tree. t2Ml
Give the inorder and postorder traversal for the tree whose preorder traversal is A
B C - - D - - E- F- -. Thc lcttcrs corrcspoud to labelled intemal nodes; thc minus
sigrls to extemal rlodes. t3M]
What is trverflow handling? t2lvll
How many compzLrisons arc rcquircd to llnd 73 in thc following array using
binary search12.25,32,31.41.4t1, 58. 60. 66.73,74,79, 83. 91, 95'l l3Ml
Define a Splay tree and explain its ploperties. t2Ml
Draw the binury search tree that resuhs fi'oln insefting the integers
57. 85, 35, 9, 47, 2Q, ?6, 99, 1)3, l0 starting with 57 and ending with 10. t3Ml

d)

c)

c)
t)

s)
h)

i)

.i)

1

I'art-B (50 Marks)

An algorithm takes 0.5ms for input size 100. How long will it take for inpul size
500 if the running time is the following?
a) Lincar
b) o (N log N)
c) Quadratic
d) Cubic.

OR
Civen a singly linked list, write a function swap to swap every l-wo nodes
c.g. I ->2->3->4->5->6 should become 2-> l ->4->3->6->5.

4.a) Write a program that reads in a sequence of characters and prints them in revcme
otder. Hint: Use a stack

b) Show how to impleDrent a stack using two Queues? Analyse the run tidte of the
stack opcrations?

OR
5.a) Evaluate the following postfix expression 593 +42+ *'7 + * using stack show

the content of the stack at each step.
b) Show how to implement a queue using two stacks? Analyse the running tirne of

the Queue operations.

.)



6.a) Consider the followirlg anay representation of a priority queue (i.e., the tree

structurc uscd in hcap sort): 55,50,70, 110, 90. 120. Draw thc cotrcsponding
priority queue (tree structure). If you see something wrong please explain.

b) Describe two methods of storing edges in a graph. Which requires more space.
OR

7. Given a rninJreap, giye an algorithm for finding the maxinluur eleurent ald find
the complexity of the algorithm.

8 What is the complexity of Quicksort? Show the tree of calls f'or the quick-sorr
algorithm using the final element as a pivot on the array 4,2,3,9,5, 8, 6, l.

OR
Whlt is a hash iunction'.) Narrc au,o rierirablc px)pcr{ics of a hash l-une t!irn.
Show the stcps in the in-place hcap sor( of 4, 7, 2, 1. 3: show thc steps in hcap
construction and show the steps as the sort proceeds.

Given a Binary Search Tree write an algorithm to Tree check whether the tree is

an AVL tree or not and discuss the run time complexity.
OR

Consider the following B-trec with a minimum branching factor of t = 2:

9.a)
b)

10.

11.a)

t{

ll

J

]
L \1 \p s

t\
TJ XYADcl

Show the B-tree that results from inserting Q into the above B-tree
b) Explain the concept of Tries with suitable examplcs.

---oo0oo---





Code No: l13BP Rl3
JAWAHARLAL NEHRU TECIINOLOGICAL UNTYERSITY HYDERABAD

B.Tech II Year I Semester Examinations, November - 2015
DATA STRUCTT]RES
(Common to CSE, IT)

Time: 3 Hours Max. Nlarks: 75

Note: This question paper contains two parts A and B.
Part A is compulsory which cnrries 2.5 marks. Answer all qucstions in Part A.
Part B consists of 5 Units. Answcr any one full question from cach unit.
Each question carries 10 marks and may have a, b, c as sub questions.

PART.A (25 N{arks)

1.a)
b)
c)

d)

Distilguish between Lhear and Non Linear data structures. lzl
Write a recursive algorithm that finds all occurrences of a substring in a string. [3]
What is Stack? Givc thc dcclaration of all thc functions uscd in thc
implcmcntation of a stack. t2l
Suppose a queue is represented by a circular array of size N. F and R are used to
denote front and rear positions. If F points a location before front elemen( of
qucuc and R points to lel\l clemcnt of queuc. how many elcments arc thcrc in thc
qucuc'.' ll1
What are the ways in which a tree is represented in computer mcmory? t2l1
What is lhe time complexity of DFS traversal as an n-vertex simple graph that is

rcprcscntcd with adjaccnt matrix structurc? t:fl
Distinguish bctwccn trec and graph with an cxample. l2l
Consider an anay of 100 sortcd numbers. Almost how many searches are nccded
to search an elcment using Binary search. Justify your answer. Iil
Dcfinc Binary scarch trcc. What arc thc propcrtics ofbinary scarch trcc l l2j
Explain thc comprcsscd tric with an examplc. l3l

PART.B (50 Nlarks)

Writc a C firnction tbr inscrtion opcration in a circular linkcd list.
What is algorithrn'.) What are the properlies of an al_eorithm? Explain the
perfonlance analvsis of an algorithm. [5+5]

OR
Writc an algorithrr lbr dclctin_q duplicatc nunrhcrs liom a lincar array.
Whal is Sparsc matrix? llow Sparse mntrices can be rcpre\entcd
eflicir.-ntly in ntcn.rory'.) [5+5|

Writc a tunction to conycrt a givcn singly linkcd list to doubly linkcd list
Erplain atnut the operations of Queue with an exanrplc.

OR
Writc a tunction [o rcvcrsc clcmcnts.
Explain thc oJtrations ol'circular linkcd list.

l5+sl

l5+i I

e)
f)

i)

h)

J)

2. a)

b)

.l.ir )

h)

,l.a)

b)

5.r)
h)

6.r) Creatc a Heap and sorl thc [ollorving list of elcrncnts

I Il. rJ. I(). 6. 2.1. .10. 6. I I. 9. I ri. 1.1I

F.xplain thc trcc trrvcrsrls with an cxantplc.
OR

l5+:lh)



7.a) Explain how BFS can be used to identify the connccted components in
a graph with an cxamplc.

b) Write an algorithm that counts the number of nodes in a binary tree. [5+5]

8.a)
b)

Write a function doublc hash to rcsolvc collisions using doublc hashing.
Explain the Radix sort with an example. [5+5]

OR
Write an algorithrn of Binary search.
Inscrt thc following list ol clcments in to the hash table by using linear
probing (size of hash tablc is 10)

116.23,43.18.34.59.30,22] [5+5]

9.a)
b)

10.a)

b)

1l.a)

b)

How a node can be dclctcd from the binary search tree'l Explain thc
mcthods.
Constnct the B-tr€e of order 4 for the following list of elements

{K. L. T. A. G. H. P. w. R. U, Z. C, Y, B, l. M, E} [5+5]
OR

Construct thc AVL trce with thc follorving kcys
{3s. 36, 80. 8s. 67. 89, 2s. 16. 10. 14, 50}

Write an algorithm of KMP. [5+5]

-ooOoo---
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JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY HYDERABAD
B.Tech II Year I Semester Examinations, March - 2017

DATA STRUCTURES
(Common to CSE, IT)

Time: 3 Hours Max. Marks: 75

Ndte: This qu€.iticiin paper contairis.two parts A and B.
Parl A is compulsory which carries 25 marks. Answer all questions in Pan A.
Part B consists of -5 Units. Answer any one full question tiom each unit
Each cluestion calries l0 marks and may have a. b. c as sub questions.

I .a)

b)
c)

i:.:,ro)
e)

0
c)
h)

i"', !),
,... ,Jr'

2.a)

", :b)

3.a)
b)

4:ii)
b)

Part - ;\
(25 Nlarks)

What are the disadvantages of an anay? l2l
Explain how to find the performance of an algorithm. t3l
What are the disadvantages of queue which is implemented using array and how
to overcome. it? ,l?)
Differei_lliaterbetween drlubiy:and circular liirked lists. :. ., i.. . :.L3l ,

Explain how binary tree is represented using an array and linked list tZl
Explain the threaded binary tree with suitable example t3l
Define Hash Clashing. 12)
Compare Selection sort and Quick sort with an exiunple. t31
Write an..algorithm to insert'an element iltoithe binary search tr. ee. :l?1..,
Explairi.thi:.froperties of,.Rid;.Black tree,. .' i ' : ..'1..' :.13i

PART-It
(50 Marks)

Write a program to concatenate singly linked lists.
Ho\r' ttu dilllensionul artayB Frc rcpresented'in nrenror
for caliulaiirlg the addresi:oi any element'it6red in th
ma.jor order.

OR
Write a program to implenrent a sparse matrix.
How can we represent a polynomial in a linked list? [5+5]

Explairi'theTowers of Hdiroi problem with iiri example. .

Write a program to implement the operations of Queue.
OR

Write a rccursivc prr)ccdure to cornpute lhe n'l' Fibonacci nunrbcr.
What are the applications of-queue?

[5+51

l5+5l

Write an algorithur to find the components of a graph.
Define Priority Queue? Explain with an example. t5+51

OR
Difi'erentiate between BFS and DFS.
Define pi1a1r tree Exnlailtfle Binav trr;.leuresentations wittl un "^r.p[!'!;

y2'Alstr ubtai the'tbrmula
e 'a*rLy; in case of c6iuinn

Is+5]

5.a)
b)

6.a)
b)

7 .tr)
b)

g
Eil

(



:.!ii),.,..,b)
Write ait.alg<lrithm of Linear Search. : ... : : ,....
Sort thd'following list of elenients by usihg Insertion Sort ''

15.28,46, r0. 35.54, 5, t7 Is+sl
OR

9.a) Insert the following list of elements into the hash table by using Linear Probing
(size of the hash table is l0)
36, 48, itti,:27. 23, n. ta. )2
Explain the Raclix sort with an exaurple 1.5+5 l' 'b)

t0.a)

b)

.:..
I l.a)

b)

Construct the AVL lree of the fbllowing data

20.,10.25. 18. 15. -5. 10. +6.60
Drarv the florv chalt ol' splaf ing opcrations ol'spla1, trcc.

oR
Consider the string : "CCATCCCAGACAGTATACACTACG"
string is *AGTATACA" by using the KMP algorithm.
What is trie? Explain the compressed trie with an example.

---oo0oo---.

1.i.5 l

and search
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(Comrnon to CSE, IT)
Tirne: 3 Hours Max, Marks: 75

Io'p'

l.a)
b)
c)
d)

This question paper contains.two parts A.and B.
Part A is 66mputsory whitih chrries 25 mitl<i..Answer all gtiri.sdons in Part A:
Part B consists of 5 Units. Answer any one full question from each unit
Each question carries [0 marks and may have a, b. c as sub questions.

PART. B
(50 Marks)

Define th.e.space complexity.of a prograT.r. :.... :.... i_...
Write zi' Ci flnction fon'ddeting an intqgii..element frqq Idubly linkeil 'listl of
integer elements. Assume rhat the doubly linked list of integers is already created.

[5+s]
OR

Explain with an example the linked representation of a sparse matrix.
Define the asymploric notations (Big Oh,.Orrqga and Theta).used in algorithm..
analysiS.'' . . i...i ::t5+fl

Write a C function fol deleting an integer element from a circular queue of
integers. Assume array representation for the circular queue.
Explain with an example how recursion is inrplemented using stack. [5+5]

. ,: OR ,.,: : :..:, r i...:, ,

r)

h)

i)

4.a)

b)

2.a)
,oi

3.a)
b)

R13

"o*'-1 . .,., (25,Marks)
Compare singly and doubly linked linear lists. l2l
Write a recursive function in C to compute xn where x and n are integers. [3]
Give the ADT specification of a stack. L2)
Write a C function for popping an integer item from a stack. Assume that stack
is implgmgnled as an anay.:" . ,..., i ! !..., :" : ::[3-|" I

Give thb.ADT specificatid.of a max pri6rity'Queue. ....1 i...t :.[2] .':

Write a recursive function in C for the inorder traversal of a binary tree. Assume
that binary tree is already created. Assume linked representation for binary tree.

t3l
Sort the following list of integers in ascending order using insertion sort:
11.41..3J,:1Q,-ll i..,. i :..,i': t...,i: i...,i :

Show the'iontents of the tiitit the end oieach pass. i : : : itii '

What is rneant by a collision in hashing? List any two methods used for resolving
collisions in hashing? t3l
Define a Red-Black tree. tzl
Write :l frrnction in (-l that letuurs the lrrcadon ol'thc smullcst intcgcr in a binary
search titig of integers. {sguriie that binaiy;*-z;rch tree of inttiEbrs is alrea<I}.; i"';
created.'AS5irme linked i:dpib.sentation foi'thri binary searih tfde. "t3I-



':.f 
it)
b)

6.a)

,!l

l.a)
b)

"8.a)

b)

9.a)
b)

''{0::i)
b)

-ll 4)" "b)

Show hpwrto represent d deqie (double Endediqueue) in :i singiy linked lirt., .

Write functions in C which insert and delete integer elements at either end of the
above deque. [5+5]

Give an example for a threaded binary tree-

Write a..ngq recursive ..procgdure for lhq pleorder traverga! of a binqry.Iree
Assume.Ihirtthe binary (i'0q.af elements is alr@dy created. , . I i.ts+.51

OR
Give an exanrple firr the adjacency list representation of a graph.
Write a procedure ibr the bfs of a graph. l5+5l

Write a.rccursive binary, search function in.C to searclr for n inteqer key in ir,
sorted (ascdnding order) airay ol integers.
Compare the performance of binary search with linear search. [-5+5]

OR
Write quick sort algorithm for sorting a list of integers in ascending order.
What is the time complexity of quick sort algorithrn in the worst case? [5+5]

:...,i'::::.,,,i...,i;i...,i;:..:i:
Define bn AVL tree. Gii.e dn'example foi it; "-
Write a non recursive function in C to search for an integer key in a binary search
tree of integers. Assume that the binary search tree of integers is already created.

[5+5]
OR

What iq.a:bottom-up spliry:treE? : :: i

Write a jirotedure for inS6rtiiig an elemeiit iiitb a B-tree. '[s+5]

---ooOoo---
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KESHAV MIMORIAL INSTITUTf, OF TECIINOLOGY
Narayanguda, Hyderabad.

II - B,Tech - I - Semester -R15 - I - Mid Internal Examinations. August- 2016

Sub: DATA STRUCTUR-ES Date;

- :lY1'j"j'i -': - - - - - - - - - - - - 3y{":'jo*t: - - - - - - - 
ygi[v!':-tg 

- - - *
Answer any TWO from the following Questions

1. Write code for implementation of stack using linked list.

2. Write code to convert given infix expression to its postfix notation.

3. Write code to implement Circular Queue using arrays.

4. Write code to implement DeQueue using linked list



KESHAV MEMORIAL INSTITUTE OF TECHNOLOGY

(Narayanaguda, Hyderabad)

Academic Year: 2016-2017 Subject: Data Structures

Class: II B.Tech Faculty Name: Mr.Neil Gogte

Mapping Questions with Taxonomy And Outcomes

Mid-1 (Aug- 2016)

S.No Question Thxonomy
Level

Cou rse
Outcome

1 Implement Single Linked List 2 co1, co2

2 ) co4

J Implement Circular Queues using
Arrays.

2 cot,co2

4 Implement Dequeue using Linked
Lists

2 co1,co2

Convert in fix expression to postfix 
Inotation. I
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Name:

Code No:113BP Set No. 1

JAUIAIIARLAL NEHRU TECHNOLOGICAL UNTVERSITY HYDERABAI)
II B.Tech. I Sem,, I Mid-Term Examinations, August- 2016

DATA STRUCTURES
Objectlve Exam

Hall Tlcket No.

Answer All Questlons. All Questions Carry Equal Marks. Time: 20 Min. Marks: 1O.

I Choose the correct alternatlve:

l. First filed ofa node in singly linked list represents_ t D l
A) Float B) lnteger C) Character D)Data

Which of the following is not required criteria for algorithm
A) lnput B)Output C)Solvable D)Process

Which data structure is needed to convert infix to postfix notation.
A) Tree B) Stack C) Linear list D)Queue

rDl

4. The postfix equivalent of the prefix '|+AB-CD is
A)AB+CD-+ B)ABCD+-t C)AB+CD*- D)(A+B)I(C-D)

If the insertions and deletions happen from both the ends then the queue is called
A) Dequeue B) Header queue C)queue D)Circular queue

Degree ofa leafnode in a binary tree is
A) 3 B)0 c)z D)z

lnorder:A-IB+CtD-E*F, Pre-order:-+/AB+CDtEF find Post-order
A)AB/CD+E-+F+/ B)AB/C+D+E-F* C)/ABC+DE-+F*/ D)ABiCD*+EF*-

2

5

tB

IB

tA

tB

tD

iC

3

6

7

8 A full binary tree with n leafnodes contains
A) n B)log:n C)2n- I D)2n

nodes

9 The in-order and pre-order traversals of binary tree are dbeafcy and abdecfg respectively I A
Find post-order ofthe binary tree
A) debfgca B)edbgfca C)edbfgca D)defgbca

If a top is initialized to -l and the position of top is at 4, no.of elements in a stack are-t 0
A) 4 B)s C)3 D)0

t0

Cont.....2

ITIIIEII



Code No:113BP

14. The level ofa root node in a binary

2 Set No. 1

II Flll tn the Blanks

ka contains address of first node in a single linked list.

t2 In Doubly Linked List, previous address field of the first node and next address field of
the last node are tJ ULt

l3 Sr linked list is mostly used in implementation of stack.

tree is O

15. FlFo stands for E'r l- l^ E < l- Or'^-t-

16. 4\qrwi K"'r is composed of a finite set of steps each of which may
require on/or operations

t7. M p ,.....,.*, holds all the static data and dynamic data

first elemcnt /;
is a singly linked Iist except that the last element points to the
t,l-

L^AJ Lrrf is a collection of nodes.

20. Expand ADT e

-oOo-

--TOrc'-r-("-,. lr^,hJI8.

19.

I l.



1. Explai;r in detail about Hashing.

2. Write code to arrange the elements in ascending order using heap sort.

3. Explain with an example LL, LR, RL and RR rotations of an AVL tree.

4. Write KMP algorithm for pattem matching. Explain with an example.

KESHAV MTMORIAL INSTITUTE OF TECHNOLOGY
Narayanguda, Hyderabad.

lI - B.Tech - I - Semester -Rls - II - Mid Internal Examinations. NOV- 2016

Sub: DATASTRUCTURES Date:

- :':Y1'j"li -'1 - - - - - * - - - - * - !rt"l i,*uL - - - * * - - 
yslt'5rg 

- - - *
Answer any TWO from the following Questions



KESHAV MEMORIAL INSTITUTE OF TECHNOLOGY

(Narayanaguda, Hyderabad)

Academic Year:2016-2017 Subject: Data Structures

Class: II B.Tech Faculty Name: Mr. Neil Gogte

Mapping Questions with Taxonomy And Outcomes

Mid-2 (Nov- 2016)

S.No Question Taxonomy
Level

Cou rse
Outcome

I Explain in detail about Hasing
Technique.

J

2 Write code to Implement Heap Sort
Algorithm.

J co3

J Explain about LL, LR, RR, RL
rotations of AVL tree.

2

4 Write code to Implement KMP
pattem matching algorithm.

4 co4,co5

co4

co2
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Code No:113BP Set No. 1

JAWAIIARLAL NEHRU TECHNOLOGICAL UNTVERSITY HYDERABAI)
II B.Tech, I Sem., II Mid-Term Examlnations, November-2O16

DATA STRUCTURES
ObJective Exam

Hall Tlcket No.

Answer All Questions. All Questions Carry Equal Marks. Time: 2O Min. Marks: 1O.

I Choose the correct alternative:

Which of the following uses the divide-and-conquer design strategy t A 1

a) Binary Search b) Linear Search c) Insertion Sort d) Selection Sort

Which of the following an external sorting technique t L l
a) Quick Sort b) Merge Sort c) Selection Sort d) lnsertion Sort

Which ofthe following is the best sorting technique to sort large data sets t J I
a) Insertion Sort b) Selection Sort c) Bubbte Sort d) Quick Sort

Which of the following is not an application of Stacks? t d l
a) Checking the Balancing ofparenthesis in an expression
b) Converting an expression from infix to postfix
c) Evaluating the Post{-lx Expression
d) Keeping track ofthe jobs submitted to a printer

Which of the following is an equivalent postfix form ofthe infix expression (Based on C 
,

language Precedence and Associative Rules) : A + B * C - D / E I b 1

A) AB+C*D.E/ b) ABC*+DE/- C) ABC*+D.E/ d) AB+CD.*E/

2

1

4

)

6

8

7. External merge sort is based on the -on the external merging principle t E l
a) Extemal sorting b) Poly phase merge c) multi phase merge d) internal sorting

The average depth of binary search tree is_
a) o(n/2) b) o(n ) c) o(log n) d)o(n2)

The worst case running time for search in AVL tree is
a) o(nt2) u) o(n ) c) o(log n) l;(rI

tc I

tcl

tc l

tC-l

9. Comparisons in Brute-Force rs

a) from middle b) start to middle c) left to right d)right to left

10. In a graph set ofnodes are called as

a) notes b) arrows c) vertices d) edges

AIIIII ITII

Cont.....2



Code No:1 13BP

II Fill tn the Blanks

11. l{r"..-on, searching technique requires the elements to be in sorted order:- )
12. Time Complexity (efficiency) of the linear search is

13. Time Complexity of the Selection Sort is o(nu)
14. Collection ofelements and their relationships are called as 0.b sl*-'d*e

15. The level ofroot node in binary tree is O

z2 Set No. 1

O( n )

16. AVL tree is based on balancing

17. [n a B-tree the data items are stored at

18. DFS stands lor

19. DAG stands for

20. Heaps are used for P^t*^h queues.

at^c G"^4

-oOo-



KESHAV MEMORIAL INSTITUTE OF TECHNOLOGY
Narayanguda, Hyderabad.

II- B.Tech - I - Semester -R13 - I - Mid Internal Examinations. AUG- 2015

Sub: DS
Branch / Section: [T Duration : 60 Min. Max. Marks: l0

Answer anv TWO from the follorving Qucstions

2. (a) What is Asymptotic notation explain theta notation for f (n) =3n+2.
(b) Explain circular link list. Write the code for insertion & display functions

(b) Write a program for implementation of Queue using Arrays.

4. (a) Give the values of properties of a tree as given below.

Properfy Values

No. ofNodes
Height
Root Node

Leaves

Interior Nodes

Ancestors of H
Descendant of B
Sibling of E
Right subtree of A
Degree oftree

(b) Write C programs to implement a double ended queue using array.

1. (a) What is Algorithm and criteria for writing algorithm?
(b) What is recursive algorithm, Explain with example of factorial? And find its time
complexity.

3 . (a) Write an algorithm for infix to postfix and trace the opstack (operator stack) for the

following expression A+ (B+C/(D+E))-F*(G/H+l)



KESHAV MEMORIAL INSTITUTE OF TECHNOLOGY
Narayanguda, Hyderabad.

Il- B.Tech - I - Semester -Rl3 - II - Mid Internal Examinations. OCT- 2015

Sub: DS
Branch / Section: IT Duration : 60 Min. Max. Marks: l0

Ansrver anv TWO from the following Questions

(b) Define the following

Hash Table, Hash Functions and Collision resolution techniques.

z. (a) Arrange the following elements in Max heap. Showing the Right / Left shift how will you

re-heap when root element is deleted. 25,22,r7,r9,22,r4).5,\8,L4,2L,3,9,r!

(c) Differentiate between Depth-First search and Breadth-First search traversal of a graph.

3. (a) Write the program for insertion sort. Give the complete sequence of in which the array
containing following elements will be sorted 29,7O,14,37,13 in insertion sort order.

(b) Arrange the nodes of Red-Black tree when each node value comes in following order:
47,17,26,3o,4L,50,38. What is height and Black Height of Red-Black Tree. Specify height
and Black height of each node. Also prove that the sub-tree rooted at any node x
contains at least zbhl') - 1 internal nodes. State the rules for creating Red-Black Tree.

+. (a) Suppose we start with an empty B-tree and keys arrive in the following
order:1 12 I2 25 5 74 28 17 7 52 t6 4868 3 26 29 53 55 45.

(b) Give the sequence in which Quick sort can be carried out for following elements
3,7,8,5,2,7,9,5,4 and Write c program to perform quick sort.

l. (a) Explain the Graph traversal algorithms in detail with example.



code No:113BP Set No. 1

JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY HYDERABAD
II B.Tech. I Sem., I Mid-Term Examinations, August- 2O15

DATA STRUCTURES
Objective Exam

Name: Hall Ticket No.

Answer All Questions. All Questions Carry Equal Marks. Time: 2O Min. Marks: 1O.

Choose the correct alternative:I

2. Which of the following sorting algorithms does not have a worst case

running time of O( n2) ?

(a) lnsertion sort (b) Merge sort
(c) Quick sort (d) Bubble sort

3. The data structure required for Breadth First Traversal on a graph is

(a) queue (b) stack
(c) array (d) tree

4. A BST is traversed in the following order recursively: Right, root, left
The output sequence will be in
(a) Ascending order (b) Descending order
(c) Bitomic sequence (d) No specific order

5. In order to get the contents ofa Binary search tree in ascending order, one has to traverse it in I
(a) pre-order. (b) in-order.
(c) post order. (d) not possible.

6. The number of interchanges required to sort 5, 1,6, 2 4 in ascending order using Bubble Sort is
(a)6 (b)s t
(c)7 (d) 8

7. AVL tree is a
a) Complete

binary tree
b) Full c) Height balanced d) Skewed

l. A technique for direct search is
(a) Binary Search
(c) Tree Search

8. A priority queue can be implemented by
a) Heap b) BST c) DFS method

9. In a red black tree, a root node is

(b) Linear Search
(d) Hashing

d) AVL Tree

leaf node is

l

a) Black, Red b) Red, Black c) Black, Black c) Red, Red

10. Graph can be represented by
a) Adjacency matrix b) adjacency list

AIIII IIII

c) queue d) both a & b
Cont...2
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II FIIL IN THE BLANKS

I l. AVL tree was developed by

12. In a max heap the child element should be than parent element

13. The permissible balance factors ofan AVL trees are

14. Graph is a collection of and

15. Merge sort uses stratesv

The difference between the height of left sub tree & right sub tree is called _

A binary search tree is constructed with the followin gkeys 20,22,26,21,13,19,18,15,26,28 .

The above keys are inserted in that order. Then the total keys in the left sub tree and the right sub tree of the

16.

17.

18.

19.

tree are _

is a technique offinding the substring in text which is equal to pattern.

In AVL, when an element inserted at left sub tree of left child then

performed.

20. In a BST the Ieft child should be

rotation * ill be

than parent element

-ooo-



Code No: ll3BP

I Choose the correct alternative

l.D

2.D

3.8

4.A

5.A

6.8

-{ D

8.C

9.A

t0. B

II Fill in the blanks

ll. Second node

I2. NULL

13. Single

14. 0

DATA STRUCTURES
MID-I KEYS

Set No. 1

,5 First In First Out

l6.Algorithm

[ 7. Stack

18. Circular linked list

19. Linked list

20. Abstract Data Type



Code No: 1138P

I Choose the correct alternative

DATA STRUCTURES
MID2 KIYS

Set No. 1

l.D

2.8

3.A

4.8

5.A

6.8

d.c
8.A

9.A

10. D

I4. Vertices and Edges

15. Divide and Conquer

6 Balance factor

18. Pattem matching

I 9. LL Rotation

20. <=

II Fill in the blanks

11. Adel'son-Velskii and Landis

12. Smaller

13. - 1,0,+ l

I

I .4,57
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KESHAV MEMORIAL TNSTITUTE OF TECTINOLOGY

(Narayanaguda, Hyderabad)

Academic Yearz 2016-2017

Class: I[ B.Tech

Mapping Questions with Taxonomy And Outcomes

ASSIGNMENT-1

I

S.No Question Taxonomy
Level

Course
Outcome

Implement Towers of Hanoi
problem using Recursion.

J co4

2 Implement In-order Traversal
of Tree using an [nterative
(non-recursive approach).

3 c02,c03

Implement
operations
Techniqus.

Dictionary
using Hashing

J co4

Subject: Data Structures

Facultl Name: Neil Gogte
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Mapping Questions with Taxonomy And Outcomes
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S.No Question Taxonomy
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Outcome

1 Analyze and compare the
Algorithms that help us to
affange the elements in the
sorted order.
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Sorting
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Sorting is ordering a list of ob.iects. We can distinguish two types of sorting. lf the number of
objects is small enough to fits into the main memory, sorting is called internal sorting. lf the

number of objects is so large that some of them reside on external storage during the sort, it
is called external sorting. ln this chapter we consider the following internal sorting algorithms

lnsertion sort

Selection sort

Hea psort

Quicksort

Rad ixsort

Selection sort
Class Sortingalgorithm

Data structure Array

Worst case performance O (n2)

Best case performance O (n2)

Average case performance O (n2)

worst case space complexity o 1n1 total, o(1) auxiliary

ln computer science, selection sort is a sorting algorithm, specifically an in-place comparison

sort. lt has O(n2) time complexity, making it inefficient on large lists, and generally performs

worse than the similar insertion sort. Selection sort is noted for its simplicity, and it has

performance advantages over more complicated algorithms in certain situations, particularly

where auxiliary memory is limited.

The algorithm divides the input list into two parts: the sublist of items already sorted, which is

built up from left to right at the front (left) of the list, and the sublist of items remaining to be

sorted that occupy the rest of the list. lnitially, the sorted sublist is empty and the unsorted
sublist is the entire input list. The algorithm proceeds by finding the smallest (or largest,
depending on sorting order) element in the unsorted sublist, exchanging (swapping) it with
the leftmost unsorted element (puttinB it in sorted order), and moving the sublist boundaries
one element to the right.



lnsertion sort
Example of insertion sort sorting a list of random numbers

Graphical illustration of insertion sort

Class Sortingalgorithm

Data structure Array

Worst case performance O (n2) comparisons, swaps

Best case performance O(n) comparisons, O(1) swaps

Average case performance O (n2) comparisons, swaps

Worst case space complexity O (n) total, O(1) auxiliary

lnsertion sort is a simple sorting algorithm that builds the final sorted array (or llst) one item

at a time. lt is much less efficient on large lists than more advanced algorithms such as

quicksort, heapsort, or merge sort. However, insertion sort provides several advantages:

Simple implementation: Bentley shows a three-line C version, and a five-line optimized
version

Efficient for (quite) small data sets, much like other quadratic sorting algorithms

More efficient in practice than most other simple quadratic (i.e., o(n2)) algorithms such as

selection sort or bubble sort

Adaptive, i.e., efficient for data sets that are already substantially sorted: the time complexity
is O(nk) when each element in the input is no more than k places away from its sorted
position

Stable; i.e., does not change the relative order of elements with equal keys

ln-place; i.e., only requires a constant amount O(1) of additional memory space

Online; i.e., can sort a list as it receives it

Radix sort

Class Sortingalgorithm

Data structure Array



Worst case performa nce O(wn)

Worst case space complexity O(w + N)

ln computer science, radlx sort is a non-comparative integer sorting algorithm that sorts data

with integer keys by grouping keys by the individual diBits which share the same significant
position and value. A positional notation is required, but because integers can represent

strings of characters (e.9., names or dates) and specially formatted floating point numbers,
radix sort is not limited to integers. Radix sort dates back as far as 1887 to the work of Herman

Hollerith on tabulating machines.

Most digital computers internally represent all of their data as electronic representations of
binary numbers, so processing the digits of integer representations by groups of binary digit
representations is most convenient. Two classifications of radix sorts are least significant digit
(LSD) radix sorts and most significant digit (MSD) radix sorts. LSD radix sorts process the
integer representations starting from the least digit and move towards the most significant

digit. MSD radix sorts work the other way around.

LSD radix sorts typically use the following sorting order: short keys come before longer keys,

and keys of the same length are sorted lexicographically. This coincides with the normal order

of integer representations, such as the sequence l,2, 3, 4, 5, 6,7 , 8,9, 10, 11.

MSD radix sorts use lexicographic order, which is suitable for sorting strings, such as words, or
firedJength integer rFpresentalions,A sequence sch as "bre, d- e.f, g, h, i, j, ba" would be

lexicogra ph ically sorted as " b, ba, c, d, e, (, g, h, i, )" . lf lexicograph ic ordering is used to sort
variable-length integer representations, then the representations of the numbers from 1 to 10

would be output as 7, !0, 2, 3, 4, 5, 6,7 ,8, 9, as if the shorter keys were left-justified and

padded on the right with blank characters to make the shorter keys as long as the longest key

for the purpose of determining sorted order.

Quick sort

Class Sorting a lgorithm

Worst case performance O(n2)

Best case performance O(n log n) (simple partition)

or O(n) (three-way partition and equal keys)

Average case performance O(n log n)

Worst case space complexity O(n) auxiliary (naive)

O(log n) auxiliary (Sedgewick 1978)



Quicksort (sometimes called partition-exchange sort) is an efficient sorting algorithm, serving

as a systematic method for placing the elements of an array in order. Developed by Tony

Hoare in 1959, with his work published in 1961, it is still a commonly used algorithm for
sorting. When implemented well, it can be about two or three times faster than its main

competitors, merge sort and heapsort.

Quicksort is a comparison sort, meaning that it can sort items of any type for which a

"less-than" relation (formally, a total order) is defined. ln efficient implementations it is not a

stable sort, meaning that the relative order of equal sort items is not preserved. Quicksort can

operate in-place on an array, requiring small additional amounts of memory to perform the
so rting.

Mathematicalanalysis of quicksort shows that, on average, the algorithm takes O(n log n)

comparisons to sort n items, ln the worst case, it makes O(n2) comparisons, though this

behavior is rare.

Heap sort

Class Sortingalgorithm

Data structure Array

Worst case performance {\displaystyle O(n\log n)} o(n\log n)

Best case performance {\displaystyle \Omega (n),o(n\log n)} \Omega(n), O(n\loe n)[1]

Average case performance (\displaystyle O(n\log n)) O(n\log n)

Worst case space complexity {\displaystyle O(1)} O(1) auxiliary

A run of the heapsort algorithm sorting an array of randomly permuted values. ln the first
stage of the algorithm the array elements are reordered to satisfy the heap property. Before

the actual sorting takes place, the heap tree structure is shown briefly for lllustration.

ln computer science, heapsort is a comparison-based sorting algorithm. Heapsort can be

thought of as an improved selection sort: Iike that algorithm, it divides its input into a sorted
and an unsorted region, and it iteratively shrinks the unsorted region by extracting the largest

element and moving that to the sorted region. The improvement consists of the use of a heap

data structure rather than a linear-time search to find the maximum.

Although somewhat slower in practice on most machines than a well-implemented quicksort,

it has the advantage of a more favorable worst-case O(n log n) runtime. Heapsort is an

in-place algorithm, but it is not a stable sort.

Heapsort was invented by J. W. J. Williams in 1954. This was also the birth of the heap,
presented already by Williams as a useful data structure in its own riBht. ln the same year, R.





W. Floyd published an improved version that could sort an array in-place, continuing his

earlier research into the treesort algorithm.
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Worfl

gubble son

Eest

o(n^2)

o(n)

o{n^2)

o{n^2)

O(n^2)

o(n.2)

Avg.

o(n^2)

o(.^2)

o(n^2)

spa{a

o{1}

o(1)

o(1)

Stiblc

'- !.1

Modified gubble Son

5€leclion Sort

cofltrnenB
Fot.och pol. of indic.t, swag the

ele,, ots il rhcy o,t out o! ode.
At.och Post .tec* il thc Aiay ts

ol aody totTcd.8<tt Cose-Aday

Swog haoraas only wheo ooe in

v.ry sno conttona lo4o. cv.n t
th. .onplcxtv i5 qn^2l
8.st Co*: Atoy ol..ody tott2d
Wottt Cos.: sott tl t...e.8

B.tt Cotc: wh..giwt div1d. in 2

wo6t Cosc: A.toy oh.ody totacl -

Pivot .iootcn Endoaly
Aes, to tolt li^*ed list (@ntt,nt

8.tt lo. e?'y toA. homb.. ol
d.n nB flhkh connot fil ia

n.mory (Ext nol toting)

r
3

i

E

lnsertion Sor:

ourck sol1 o(n.lg(n)) o(n"2) qn.lg(n)) O(1)
Fandom,.ed ouick sort o(n.lg(n)) O(n.lg(n)) O(n.le(n)) O{1i

o(n) o(n^2) qn"2) o{1) :n:

No

Zr h

Merge Sort

Heap Sort

Counliag Sori

Radrr Sort

EJcke.|Scrt

o(n.lg(n)) o(n.lg(n)) o{n.lg{n)) o(n}
o(n.lsln)) qn.ls{n}) o{n.ls{n)) otl}

O(n+k) oln+l) o(n+k) o{n+2"k}

o(o.U5) o(2^s.o.V5) qn.k/s) o(n)

Ofn.k) o(n^z.k) o.n.k) otn.k)

k = Rongc ol Numbc6 in th.litt

NO



KESHAV I'tElil0RlAL I llSTlT TE T Y s nc\ 95 (T

rI &\e.Uot 3c.r-L:

&an 6U -s1.q items and $na Ahe srrr.t\es{' S'.,:cp tt into ?oei+ton as

$rsl itnrn.Regeo-t {he sectec{tDn 8o.rt on:ternatrrj^5 a-I*r itornS'

b*d +la-s $ae r^csL intlitive ond €o-sius+- t-o imp(ement- dou
a\rsagS i{rxa,.te- [or.-sa:td I o-nd g.oap u:i-!l" {^e gr6aUeSt gterng,"ct

r* LnSQ9ttion Sc"t :

Sto:,tt u-riijn a gox-te& Iist t elernerr-ls on tLre \e[t,gnd t\-] unSorled

'd.er'\s or, -tVre .65^t. tqRe +\e b\ygb unso{{rd i\ern ond inse'rt it
to -the gc.sted tGt ,

h,ci.-ve o gor{.(A tist Db

F* .u eterrenk '

trRe- B$U\e Sort ,G
Y.r^rc,-=\ds -

ic r.\ ^
\iH\e like !r-rbb\e .\ovt p* rncwtnS i{ecns ,@?L .ohen gou

ncour<\qfr O.r ilern grnct\\q\ {,heq )oL( , 3oLi ebp .Tb Ura do-ta ir
OrGQ gDrtq/, ecxch i-\ern gruS't rr*<ctrVe( -lc +I4e- h€ad o( {he tis

nno\rin5 e-\emQn K os oecesso$U . \Ate Oou)

st3e z, ond N-} unSorteA sternents flepeot

{* l }f*is CeurA'an - intu-'ftvp bQcov''Se 5s\^ sleP

L\
rd 1t/\s bemrrles b.rbbte Sprt
rer t C}.ltr.- Va-rtisr-tS tr,:c\3 b rno..,e the \Etr" \t1t"coh& - dou cor"' do

&sog ovr eNh itagratltn r oY coft actth itern ovs\ itS nei hb.ouYr.
3

* $eoqSoiL,
AdE o-L\ \berrs \nto o'

\r"se)-L it oltke end '

\\eogso'rL ,f J.rsd LrXe

\6y0est ol.qstertl .T:

mO'^ r \.L g,-.\"\S it '$ \reo,P . t\zaps ho.uo- yogo"'

heaq . ?op we \a:'lest ltern

?oe^t $,'r. ^u $re iterrrs'

Seteckton So\4 ,b*t. r-'rith o-

rsleo.d o[ Sc.cnrut.S atl t}te

fxorn the heePand

tettesr wa6 *o6et
iterns +o b.ftd -the

:tdes -lhc'{ atlour
ern 6

hagsst-t \o uoor\t \n g\

Crechng *V.e heo.g ia
ace , Loi{ao*1 additiotu'\ r"remoj '

O(sr bS)' ?oqltng iter,'s -\ ot\)r c^.nd bt*.Y
r6N'Thoo coo \'\ f$,Sot)"otl ns c6o{,J1ex

Dole :-

EXPT. No.

H.lNo.

heag o-$or Qog ia

Poge No. I





KESHAV iI s ITUTE OT TECHIIOTOOY

O(tt tU N) Uar*o(i.lhich i5 oCN tA N\) orlexo-U.

$eo.g sov*- h6r OCr.t tnr'-t) be\.cr.doux,elern irr, U^e uoorst Care,

m^Ki^t it 6ooa bot *^eo\ *irne aggU c-o^*r'ons "

QqdtY- eort:
(net O sa).ieA

Rqecl-t +t,. so*U.y on eqth 8s{- Db dl3its

0odi.p soxE uAes (6rr.r*i1 cDYt br ebbiLte'rut oQrs) sorti5 o5

"cudirc Soxt 6oes S"t.-. \e"st S Tr^rb.*t dyt *o rncst

lyi!.cant_.

$ nl.r'rbex1 r 6-nd SDY| -Urern sne d^qtt a-t o. tirne '

cou.rutinX soxt oxo- grs{ b^t suqpir,o 3Lr.r.t-*r-,s.p-A c'lol'aRqdir anA
qyjexrro-\ rne

q1^.icKgort ^

Q,^nct< 9".1

r"**U ond donot trolle U^e co.chrng uone-$ltg q

2(

€ Tu ctgre rncrruJ {qrqions o[ qprck sor{-, uohicl.', is cr-'e o( -lhe rno<t

Pf^t", ecrc-ttn6 n^,(-Llrc& d".e to -t{ <poed

USin6 ex&t^c.l rrrrncY1 
"

ftck a grvot ita'r^'

9{

Rega^t Jshe 4gr-tckeox{ on the

eb Bitse t

Cornbr*ne &e \iS\<- '16!ap q6l.ive \iSt t-.:il( te

U9rAQ
U P\c^ae r^ernoYJ .ol4roo qoirrtuts

tiort {,re O{^e*t iterns b"
d

c^ddtn5 l}ren to o, tess -than flvot gullrst

\ist*
g\^ttists, ,rrlgi\ 6o\^ O,+ +. o. s.rb\ist

so{EeJ

6rm-{a-". 
t1"on p\vot

,^nd }reep go\ w*t(*he Po*lnx

q.\reP.-t491 &on grvoL sulc\ist

.uplroL ffesbetocen *re -t':o

P g"oL 
^nd 

st,caf iL aNr{- obthe .oo-3

Grov1 tefit {P ,3h
\,vrA

o.1a odd t"^L( itqrn -gha{ rs
(Cka

-( t
fs,e,lr'"1

".01.1 
to 1ef+ bt^/ o,n De[t ta-L\ i{Ar^ tho.t is Lqss {'lean p) vof

wa{) cro(s

Dole:-

EXPI NO,

H.T.No.

dae itams ;5 fu.nd
Poge No.

ftrsdi

I



EiIORIAL INSTITUTE T 0

grqiylse,t{ {ne g\

QwicLeort {he tett and vilht ryntrhbns.

vod

Dole:-

EXPT. No.

H.lNo. Poge No.

il





Keshav memorial institute of technology
DEPARTMEI{T OT II{TORMATION TEIHIIOLOEY

Assionment 1

IIBTech-ISemester

Branch: IT

Subject: DATA STRUCTURES

Acad. Year : 2015-2016

Max I'1arks:5M

1) Explain about Time complexity and Space complexity ? Explain about different Asymptotic notations(

Big O,Omega,Theta).Give Examples to each.

2) Explain the procedure and Write the C Program for Concatenating two single linked lists?

3) Write the stack ADT? Write the steps for converting expression from infix to postfix with example?
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1)Define the following

Hash Table, Hash Functions and Collision resolution techniques.

2 Write c program for heap sorting method

3 Suppose we start with an empty B-tree and keys arrive in the following

order:1 12 8 2 25 5 74 28 77 7 52 76 48 68 3 26 29 53 55 45. lnsert into B-Tree of order 3
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DATA STRUCTURES ASSIGNMENT QUESTIONS

ASSESMENT OF LEARNING OBJECTIVES AND OUT COMES: DIRECT

Blooms Taxonomy:

LEVEL T REMEilIBERING Exhibit memory of previously leamed material by

recalling facts, terms, basic concepts, and answers

LEVEL 2 Demonstrate understanding offacts and ideas by

organizing. comparing, translating. interpreti ng
giving descriptions, and stating main ideas.

LEVEL 3 APPLYING Solve problems to new situations by applying

acquired knowledge, facts, techniques and rules in
a different way

LEVEL 4 ANALYZINC Examine and break information into parts by

identifing motives or causes. Make inferences

and find evidence to support generalizations.

LEVEL 5 EVALUATING Present and defend opinions by makingjudgments
about information, validity of ideas, or quality of
work based on a set ofcriteria.

LEVEL 6 CREATING Compile information together in a different way by

combining elements in a new panern or proposing

altemative solutions.

I

I



Unit Wise Assignment Questions (With different Levels of thinking (Blooms Taxonomy))

Unit - I

l

Explain about Time complexity and Space complexity

Level I of BIooms Taxonomy, Course Outcome-5

2
Explain about different Asymptotic notations( Big O,Omega,Theta).Give Examples to each

Level I of Blooms Taxonomy, Course Outcome- 5

3
Explain the procedure and Write the C Program for Concatenating two single linked lists

Level 2 of Blooms Taxonomy, Course Outcome- I

Unit - 2

I

Write the stack ADT

Level 2 Of Blooms Taxonomy,Course Outcome- 2

)
Write the steps for converting expression from infix to postfix with example

Level-2,Course Outcome- 2

Unit - 3

l

Write c program for heap sorting method

Level-2, Course Outcome- 3

Unit - 4

l

Define the following

Hash Table, Hash Functions and Collision resolution techniques.

Level-3,Course Outcome -4

I

I

I

I

I

I



Suppose we start with an empty B-tree and keys arrive in the following

order'.7 77 I 2 25 5 L4 28 77 7 52 76 48 68 3 26 29 53 55 45. lnsert into B-Tree of

order 3

Level-.l,Course Outcome- 4

Unit - 5

l.
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(Narayanaguda, Ilyderabad)

Academic Year : 2016-2017

Class: II B.Tech Faculty Name: Neil Gogte

Subject: Data Structures

Duration : 50

mrn.

For the benefit and improvement of the students, IT Department is conducting tutorial classes for the
students of II B.Tech - I Sem. Of IT. The summary ofthe tutorials are given below.

S. No, DATE TOPIC DESCRIPTION

1

18t06116
Asym ptotic notations Representing time complexity of the algorithm using

Big-O, Omega and Theta Notations.

2 02107116 Linked Lists

J t6107lt6
STACKS &
QUEUES

Implementing the operations on linear data structures
like stacks and queues.

4 30t07/16
CIRCULAR
QUEUES

lmplementing the concept ofcircular queue to
effectively utilize the lreed memory ofqueue.

5 20t08116 BINARY TREES
Creating biray trees, traversing using inorder,
preorder and postorder techniques. Also inseting,
deleting and searching opeations.

6 03/09116
GRAPH
TRAVERSALS

Using BFS and DFS algorithms to traverse the
Graph.

7 t7/0946 HASHING
Implenting the new hash fuction based method to
store records in memory and retrieve with O(l)
complexity

8 0 r/10/ r 6 SEARCH TREES
lmplement AVL TREE, B TREES which enable us

to have a quick search of elements in the tree.

Subiect In-charge HOD, IT

KESHAV MEMORIAL INSTITUTE OF TECHNOLOGY

Creating the linked list of values,. Traversing ,

inserting new values, deleting and searching.



KESHAV MEMORIAL INSTITUTE OF TECHNOLOGY
DEPARTMENT OF INFOR}IATION TECHNOLOGY

TUTORIAL 1'OPICS
CLASS: IT YEAR/SEM: II/1

TUTORIAL
NUMBER DATE TOPICS

I 4/7 /20Ls Recursion and Arravs.

2 1.1/7 /20Ls Reverse a linked list. t'ind Length ofa Linked List ( Recursive)

J t6/7 /20ts Merse t\!o sorted linked lists

+ 2s/7 /201s program to implement sparse nratrix using linked list

) t/8/20Ls To\rers of Hanoi problcm

6 8/8/20L5 Implement a stack using trvo queues. lnrplement a queue using two stacks

7 22/8/20Ls program to find the Total Nodes and Total LeafNodes ofBinary Tree

8 t2/9/20Ls
Graph traversals- BFS

9 26/9/20ts
Merge Sort, Shell sort

l0 3/10/20Ls program to find the height ofa Binary search Tree

ll ro/10/20Ls Brute Force a lgorith m

SUB: Data Structures[-_r-
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KESHAV MEMORIAL INSTITUTE OF TECHNOLOGY

(Narayanaguda, Hyderabad)

Class: II B.Tech(IT)
Semester: I

Code:123BP
A.Y:,2016-2017

Result Analvsis

sl
No

Roll No Name of the
student

Student
performance

upto
previous
Semester

Student
performance

on
prerequisite

course if
any(C

language)

Student
performance

based on
Internal

exam marks

Overall
Grade

1 158D1A1201 A AVINASH GOUD C C B C

2 158D1A1202 A SAHITYA C C E' C

15BD1A1203 AKULA AKHILA A B B B

4 158D1A1204 AMRUTHAKAVI
DIVYASREE

A A B A

5 158D14120s ANNAPARTHI
VYSHNAVI

C A C

6 158D1A1206 APOORVA
RAMARAPU

A A A

7 158D1A1207 BHARGAVI NAINI A A A

8 158D1A1208 BYROSU KISHAN A

9 158D1A1209 CH D STAN
ROBINS

C c C C

10 158D1A1210 CHAPALAMADUGU
JANARDHAN NITIN

C C C C

L1 158D141211 CHEGI REDDY
ABHAY SIMHA
REDDY

C c C C

t2 158D1A1212 CHENNOJU
NAGARJUNA

C C A B

I

B



)

13 158D1A1213 CHEWA KUSHAL A A A A

L4 15 BD 1A1214 CHIKILE YUVA
MAITHRI

C c A B

15 15 BD 1A1215 DIVYA GATTANI A A A

lb 158D1A1216 DUDDALA
KARTHIK

A A B A

158D1A1217 GODAVARTHI SAI
SAHITHI

c

18 158D1A1218 GUDUR NIKHIL
SARMA

C c B

19 158D1A1219 HARSH DESAI C C B

20 158D1A1220 HEENA B A C B

HIRDESH ARORA A A

22 ISHA KHAKHAR C A A

23 15BD1A1223 JAIDI SRAVANI A A B A

24 15BD1A1224 JANAMANCHI
GANESH

A A A

25 158D1A1225 A A

158D1A1226 K SAI KALYAN C C B C

27 758D7A7227 K,SWAPNIL C C C C

28 158D1A1228 KALLURI ANVITHA
REDDY

A B A

29 158D141229 KANCHARLA
NISHAL
CHAKRAVARTHY

B C B B

30 KANDIKONDA
BALA HARSHITH

A a A

31 158D1A1231 KANDUKURI
REENA

C B B B

158D1A1232 KASIREDDY
SANJANA REDDY

C A A

1-7 B

27 158D141221

758D7A7222

K R SPANDANA

26

158D1A1230



33 158D1A1233 KATIPALLY
RAJESH

A A A

34 158D1A1234 KOMATI EFRAIM
RAJ

C C B B

35 158D1A1235 KOMURAVELLI SAI
NIKHIL

A A A A

36 15801A1237 KUNCHAM MADHU
KUMAR

C C B C

a-, 158D1A1238 MAHANKALI
GAYATRI

C B B B

38 15BD1A1239 MARUKUKULA
PAVAN SAI

C C A B

39 158D1A1240 MARYADA
SUCHET REDDY

C c B C

40 158D1A1241 C B B B

47 L5BD1A1242 N SAI SAMYUKTHA A A A

158D1A1243 NALLAGONDA
VENKATA HARI

KRISHNA

A A A

43 1.5 B D 1A1244 NAVYA TUBATI A A

44 158D1A1245 NENAVATH
MAHESH

B A B

45 158D1A1246 NIMMAGUDEM SRI
VARSHA

C c C

46 158D1A1247 P SURYA TEEJA C C C C

47 15B01A1248 PAMULA SAI

AVINASH
A A A

48 15BD1A1249 PASUPULETI
SHIVA SAI
DEEPTHI

B B B

49 1s8D1A1250 PONUGOTI
PREETHAM

B A

50 158D1A1252
SHASAM RANGA A A A

B

MUKUNDA VANI
SRIVAISHNAVI

42 A

B

B

C

A



PAVAN

51 15 BD 1A 125 3 T V PRANAV
VAMSHA TILAK

C A C B

15 BD 1A 1254 TALLURI ABHIJIT A A A A

53 158D141255 THATIKONDA
NIHAR

C B B

54 158D1A1257 V AKSHAY REDDY C B C C

55 15 8D1A1258 VARUN SAXENA C B B B

56 15 8D1A1259 VEMULA SRINITH
REDDY

C C C C

158D1A1260 ZOHEBUDDIN
KHAN

C C C C

52

57



Name olthe facultl
Branch & Section:

Subjcctl

SL.\O

Exam

Year:

20t6-17
Univgrsity

tvt

Department of lnformation Technolog/
Resull Analysis based on Erternal Marks

Mr. Neil Cogte

IT
Data Saructurcs

.\I,()t'I
REC. \o Grade

Uar U.rrks 7-i.00

t 5BDr \r 201 AAVINASH GOUD '16

27

L

B

B

B

l5BDrAl202

rseDLx20:l AKULAAKHILA
l5BD1Al20{ AMRUTHAKAVI DIryASREE
l5BD1Al205

t 5BDl A l2l.l

l5BDlAl2l6

I iBDlAt 22 t HIRDESH ARORA

l5BDlAl22l JAIDISRAVANI
l5BDlAl224

rjBDl\r:r5 K R SPANDANA

.l

26

28

B

c

C

C

u

c

B

I

B

c

c

I

B

B

C

t0

1l

,2

l.l

ti l

l8

L9

20

ll

15

26

8

30

13

26

26

-+
26

122
2l

-15
16

ti

ls

t,

-11

I iBDl-rt 226

I iBI)1.\ l2:7

f -iBbl.\t228

L5BD11t22,

t-.eot..\tzr0

l tBDrAr 23i

26

27

26

B

B

B

]< SAI KALYAN
K.SWAPNIL

.!(ALLUBL NVITHA REDDY
KANCHARLA NISHAL CHAKRAVARTHY
KANDIKONDA BALA HARSHITH

DUKURIREENA

r5BDr.\r23r KATIPALLYRAJESH

I
B

(

B

t
B

B

ll

.ll

14 l5RDlAt234

35

36

I SBDl \l t rz

KOMATIEFRAIM RAJ
l5BDt At 215

r tBDl-A.l217

c

B

22

26

12

B

B

c

ANNAPARTHI \A/SHNAVI
6 APOORVA RAMARAPU 17 c15BDtAl206

t 5BDlAl20?1 BIIARGAVINAINI 26

8 BYROSU KISHAN 30 B

9

I5BDIAI2O8

I5BDIAl2O9 CH D STAN ROBINS 1

I5BDIAI2IO CHAPALAMADUGU JANARDHAN NITIN 7

0lSBDIAl2l I CHEGI REDDY ABHAY SIMHA REDDY
CHENNOJU NAGARJUNA 11

t3

I5BDIAI2I2

I5BDIAI2I3 CHEWA KUSHAL 30

CHIKILE YUVA MAITHRI 6

DIVYA GATTANI 26

DUDDALA KARTHIK 26l6

)'7 l5BDlAl2l T GODAVARTHI SAI SAHITHI
GUDUR NIKHIL SARMA

B

l5BDlAt220

l5BDlAt 2 t 8

l5BDt.\12 t 9

HEENA 27

31

JANAMANCHI GANESH

KASIREDDY SANJANA REDDY

KOMURAVELLI SAI NIKHIL
KUNCHAM MADHU KUMAR

\.\\IU ()tr TII[. S l',t I)I':\'I

A SAHITYA I

l

5

l5BDlAl2t5

26

26

HARSH DESAI

riBDrAr222 iISHAKHAKHAR

27

ei





r Jtlt)t At 239 MARUKUKULA PAVAN SAI 7 C

l9 l5BDl A1240 MARYADA SUCHET REDDY 16 C

-10 l5BDl.{12.11 MUKUNDA VANI SRIVAISHNAVI 11 c

.11 l5BDl At2.l2 N SAISAMYUKTHA 31 B

12 l5BDl At2.tl NALLAGONDA VENKATA HARI KRISHNA 27 B

'l:] l5BDl.\124,1 NA\TTA TUBATI 27 B

1.t t 5BDl A1245 NENAVATH MAHESH 13 C

.li I iBDl r\1246 NIMMAGUDEM SRIVARSHA 5 c

46 t 5BDl.\1247 TEEJA 4 c

41 I5BDl4t248 AVINASH 26 B

.18 l5IlDl A1249 PASUPULETI SHIVA SAI DEEPTHI 26 B

..19 15BDl At 250 PONUGOTI PREETHAM
SHASAM RANGA PAVAN

26 B

i(.1 r 5uDl At252 26 B

51 l5BDlAl253 T V PRANAV VAMSHA TILAK 4 c

52 I5BDI A125.1 TALLURIABHIJIT 17 c

53 l5BDtAl255 THATIKONDA NIHAR 0 c

5.1 l5BDlA1257 VAKSHAY REDDY c

55 l5BD1Al258 VARUN SAXENA 6 C

55 l5BDl At259 VEMULA SRINITH REDDY 0 C

57 l5BDl A1260 ZOHEBUDDIN KHAN 4 c

+

I

I
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Keshav i\lemorial lnstitule Of 'I echnrllogl
Department of Information Tqchnologr

Course Outcome Altaingcnl
Name of the facultl
Branch & Section:

Subject:

Mr. Neil Gogte

II
Data Structures Year: Il

Academic Year:l1l ln-i l
Exam: llr:liit:a
Semester: I

5

Qucstion No.

1A 1B IC 2A ZB 2C JA 3B 3C JA "tB .rc
objr AI

Max. Marks ==> : l0
I l5BDlAl20l 0 4 5
2 l5BD I A 1202 2 ( n

-t o 5t5BDlAl203 5

5I l5BD I Al20-t ) 5

) t5BDlAl205 0
6 .l 5 5
,7 I5BDIAI20T 4 5 5
8 15BD lAl208 ) 5 I 5
9 t5BDtAl209
l0 l5BD lAt2l0 1 I 4
ll t 5BD tAl21 I 0
t2 2 0
l3 l5BD lA t2l3 5 5 5
l+ 4
l5 -l 5 8 5
l6 t5BD lAl2l6 6 5
1',t t5BD lAl217 5 4 b
13 l5BD lAl218 0 0
19 l5BD lAl2l9 3 5 2
20 l5BD lAl220 3 7 5

l5BDlAl22l f 5 I 5
23 l5BDrAl222 4 2 5
21 I5BDIAI223 ) 5 6

tsBD1Ar22+ 5
26 l5BDtAl225 7 5

l5BD tAl226 ) 5
tsBDt A1227 I 5 0

29 l5BDlAt228 l 4 o
30 2 o 5
3l l5BDlAl230 .l 5 t) E

-.j 2 l58DtAllll I B U
il l5BD I A 1232 3 8 E

35 I 3 I E

36 l5BD I A 123,t 4 0
31 tsBD I A1235 5 4 B 5
38 l5BDrAl237 I 7 5
39 t5BDlAl238 4 5

l5BDlAr239 0 5
.11 l5BDtAl240 2 b 5
]2 l5BDlAt2{l I 5

l5BD lAt 242 t 5 5
-ll l5BD lAl2.l3 l E

+5 5 10 5

IIIIIIIIIIIIIIIII

IIIIIIIIIIIIIIIIIIIIII

IIIIIIIIIIIIIIIIIIIIIrIIIIIIIIII

IIII
II

IIIIIIIIIIIIII

IIIIIIIIIIIIr
IIIIIIII

IIIIIIIITI IIIIIII

III

IIIIIIII IIIII

II

I

III

IIIIII

IIT No.,."r1

: )

l5BD lAl206

l5BD lAl2l2 I )
)

l5BD I A 121,1 )
l5BD lAl215

)

3

22

25 5

5

2'7

28

l5BDlAl229

I5BDIAI23:]
I

.10

4
-t3

l5BD I Al2l.l .l

LI

i-
l---r---

0

I

[_l
I ---r-

ll----_r-=-I-- I
t- LL 0--r--r-- I I I L65-T-- tt

f-T-- I

r--T-- r r
I t---T--

I T ] T_l----T-- tt f rl
I

t- Il --r-
I t-
I

--r-
T rf- ---t--- r





.t6 l5BDlAl215 2. 4

11 l5BD lA12.t6 0 5
+8 l58DlAr2.l7 0 0
+9 l5BDlAt2l8 ) 6 5
_i0 l5BDr Al2-19 2 6 5
5l t58DrAl250 4 o 5

l5BDlAl252 5 5 6 5
15BDtA1253 t 0
l5BD I Al25.t l 4 o
l5BDIAl2-s5 I 4 4

56 I5BDIAI257 0 2 0
57 l5BD tAl258 2 4 5
5tt I5BDIAI259 I 3 0
59 l58DlAl260 2 0
60

SUNI t+'7 0 0 8lt 0 0 3l 0 0 3l 0 0 3r5 199

COUNT tl (l 0 0 0 8 0 I 0 0 51 56

AVER{GE 3.3 4 3.3 8 3.88 3.67 5.5263 3.55

CO MaDDing \ ith Eram Oueslions:

Students Scored
>Target Yo 32 58 58 17 58 58 1 58 58 1 58 ,t1

o Students Scored
>Target o 73% 65',4 18yo 73yo

C0 Attainment based on Exam stions:

A

co Su bj obj Asgn O\,emll Level
co-1 '79% 58yo 69Yo

co-2 '79yo s8y" 17yo 100/"

co3 13"1

co-4 (,5oi, 5ll'r,,

co5 i8,,r,

Overall Course Attainment = 2.8

{ttuinment Lev€

i <10yo

).

>61)tYo

co-1 !' v v
co -2 v v l v v
co-3 v
co-r ] v v
co-5 v

III
IIIIIIIIIIII

IIII
IIIIIIII

IIIIIIIIIIII

co-r 88% '78yo 58Yo

co-2 73yo 88% '78yo 73yo
co-3 '73yo

co-r 650/o 58o/o 130

co-s 58o/o

IIIIIIIIII

rIIII-II

II

-I

I
1

5

52

53 .'t
5l I

1

26 0

58yo

i8;t-
F

58yo
L

r0-60%

6i,tl,

-i8,2,



Department of Information Technology

Course Outcome Attainment
Name of the facultl
Branch & Section:

Subject:

Mr. Neil Gogte

IT
Data Structures Year: II

Academic Year:2016- 17

Exam: Il Intemal

Semester: I

Question No.

IA 1B IC 2A 28 2C 3A 3B 3C JA

objl AI

: : f l0 5Mar. Marks ==>

HT No.

5 5I l5BDlAl20l )
E E2 I5BDIAI2O2 2 3

6) a
-t 15BDlA120{ 5 5 7 5
l l5BDlAr205 5 3 7 4
6 t5BDlA1206 I 5 o 5
7 l5BD tAl207 5 5 8 5
8 l5BD I A1208 ) 5 5
9 15BD1A1209 0 5

I 410 l5BDlA12l0
3 4ll I5BDIA12II 0

5l2 l5BD lA 1212 4 7
1l l5BDtAl2l3 5 5 8 5

I 7 5
l5BDtA12l5 5 5

16 l5BDtAl2l6 o 5
1',7 l5BDlAl2lT 5 v 5
18 I5BDIAI2IS U 5
l9 l5BDlAl2l9 1 b 5
20 l5BDlAl220 5 3 b
2I l5BDlAl22l 5 5

22 t5BDt 41222 ) 5 6
23 l5BDtA1223 4 55 6
2) l5BDl Al22.l -) 5 7 5
25 l5BDlAl225 5 7 5
26 r5BDlAl226 4 7
2',7 r5BD I A1227 2 5 5
28 l5BD I A 1228 o 6
2t) l5BDlAl229 2 6
30 l5BD I A t2:i0 ') 4 7 E

ll l5BDl.\Drl 5 b E

ll I 5BD l.\ l2l2 5 6 5
liBD lA t2:13 -+ 5 6

3l liBDIAl2.ll 0

35 I5BDIAI2J5 5 7 5
36 l5RD lA l2l7 -f 5 5

l5BDIAl2ltt 4 3 5b
l5BD I A 1239 1 6 5

39 l5BD I At2-t0 I 4 7 5
-10 lSBDlAl2+l 2 5 7 A

.ll l5BD I Al2.t2 ) 5

12 l5BD I Al2.l3 5 4 7 6
+3 l5BDtAl2ll 5 8 q

IIIIIIII
III

IIIIIIIIIII IIIIIIIIIIIIIII

IIIII

IIIIIIII

IIIIIII
III

IIIIIIIIIIIIIIIIIIIIII

IIII
IIII

IIIIIIIIIIIIIIIIIIIII

IIIIIIIIIIIIIIIIIIIIIIIIIIIIII

rIIIIIIIIIIIIIIIII IIIIII IIIIIIIII II

IIIIII rIIII

-

II

II

IIIII
IIIIIIIIII

III IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
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t 5BD I A1203

14 l5BDlAi2l4
15
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6 5-l-l r5BD1A12li 3 5

-t5 15BD lAl2,16 2 2 6
-16 l5BD1Al2+7 2 e 6
4'7 l5BDlAl2-18 5 6 5
.t8 IiBDlAl2l9 2 5 o 5
{9 l5BDlAl250 5 5
50 l5BDlAl252 .l 5 7 5
5l l5BD1At253 3 7 2
52 l5BDlAl2-5.1 5 4 6 5
5i lsBD tAl255 2 5 8 E

5.1 l5BDlAl257 2 5 8 5
lsBD 1A1258 5 2 7 5

56 t5BDtAl2-i9 0 7
57 t5BD1Al260 7 5
58

SU NI n7 () 0 t12 0 0 tt2 0 0 l9 0 0 365 280

COUNT 26 0 0 36 0 0 28 0 0 0

AVERAGE 3.35 3.9{ -l 3.8 6.4035 {.91

CO ln with Eririr ons

Students Scored
>Target Yo l-l 5ti 58 29 58 i8 21 58 58 -l 58 58 53 56

o/o Students Scored
>Ta4etVo 5lyo Styo 86% 800 '93yo 98%

o ttainment based on E\am ons:

co Subj obj Asgn Olerall Level
co-1

co-2 860/. 9r% lt99/"

8r% 939i, 87%

co4 so',;,

co-5 8{)'l(, 91i70

Overall Clourse Attainment = 3

\ttainment LeYr

I <l0o/o

2 t040yo
>6001\

co-1
co-2 ! v
co-3 ]'. v
co-{ v
co-s v vv

co- 1

co-2 860 93%
co-3 SlYo 93yo
co-{ 5lyo 80% 93yo
co-s 80vo 93v, 9\yo
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Department of lnlomration'fcchlrologr
Course Outcome Attainment

Name ofthe facuh,
Branch & Scction:

Subject:

Mr. Neil Gogte

IT
Data Structures

27

26

17

30

1

7

0

11

30

6

15

8

27

31

26

27

26

?7

26

8

30

SL\O RL(;. )'O
\,\]Itr OI' TIIE S'I'L-DE\1' ,TOT,\L

A AVINASH GOUDI 15BDtAl20l

l 15BDl.\1202 A SAHITYA
t 5BDtAl20i AKU AKH I LA

I l5BDl..\120{ AMRUTHAKAVI DIVYASREE
5 l5BDrA1205 ANNAPARTHI VYSHNAVI
6 l5BDl.\1206 APOORVA RAMARAPU
1 l5BDl -\l107 BHARGAVI NAINI
8 l5BDl A1208 BYROSU KISHAN
9 15BDlAt209 CH D STAN ROBINS
10 l5BDlAt2l0 CHAPALAMADUGU JANARDHAN NIT
ll 15BD1Al2l r CHEGI REDDY ABHAY SIMHA REDD\
t2 15BDlAl212 CHENNOJU NAGARJUNA
ll 15BDl Al2r3 CHEWA KUSHAL
l.l l5BDl Al2l.t CHIKILE YUVA MAITHRI
l5 l5BDlAl2l5 DIVYA GATTANI
16 l5BDlAl2l6 DUDDALA KARTHIK
\1 l5BDlAl2lT GODAVARTHI SAI SAHITHI
l8 I5BDIAI2IS GUDUR NIKHIL SARMA
t9 t 5BDl A1119 HARSH DESAI
20

zt t5BDlAl22l HIRDESH ARORA
22 l sBDlAl?22 ISHA KHAKHAR
2l

ll lsBDlA122.t JANAMANCHI GANESH
25 I JBDI.\122J K R SPANDANA
.!() l5BDt 11226 K SAI KALYAN
l7 15tsDtA1227

]N l5BDt.\11:8 KALLURI ANVITHA REDDY

Exam

Year:

20t6-17
Unirersily

ll Seme$er: t

75.00

rsBDrAr22o lHeErun

r5BDr.\n:r l34tOt SRnVnrut

IK.SWAPNIL



l9 I5BDIAI229

KANDIKONDA BALA HARSHITHl0 l5BDlA1230

KANDUKURI REENAil t 5BDl-\121I

KASIREDDY SANJANA REDDYl iut)1.\It-rl

l5II)l Al lil KATIPALLY RAJESH
1.1 l illt)t.\l tl.t KOI\4ATI EFRAIM RAJ

KOMURAVELLI SAI NIKHIL35 15BDl A[-1j

KUNCHAM MADHU KUMAR:6 t 5BD1.\l2l?

MAHANKALI GAYATRIl7 l5BDl Al218

MARUKUKULA PAVAN SAI-i3 l5BDllt239

MARYADA SUCHET REDDYi9 15IlDl,\1210

.t0 l5BDlAI2-u MUKUNDA VANI SRIVAISHNAVI

.ll l iiJI)t.\1:tl N SAI SAMYUKTHA
NALLAGONDA VENKATA HARI KRISI-.ll t5BDlAlzr-r

NA\'/'A TUBATI{l l5BDI AI2J+

J.l I5BDIAI2J5 NENAVATH MAHESH
l5BDt A1246 NIMMAGUDEM SRI VARSHA

P SURYA TEEJAJ6 l5BDlAt2{7

PAMULA SAI AVINASH1',7 15BDI AI2{8

{8 15BDt Al2{9 PASUPULETI SHIVA SAI DEEPTHI
l5BI)l A1250 PONUGOTI PREETHAM

SHASAM RANGA PAVAN50 I5BDI AI25]

5I 15BDlAl25l T V PRANAV VAMSHA TILAK
5l 15BDtAl25{ TALLURI ABHIJIT

THATIKONDA NIHAR53 15BD1Ar25t

V AKSHAY REDDY5l l5BDl A1257

55 I5BDI AI258 VARUN SAXENA
56 l5BDI AI259 VEMULA SRINITH REDDY
57 15BDlAt260 ZOHEBUDDIN KHAN
58

59

60 E

KANCHARLA NISHAL CHA VART

16

26

22

26

12

27

7

16

17

31

27

27

a\c
1071

19.472/21

no. of students s.ored more lhan targct 9; 0

no. of studenls presot 57

Perlcntsge ofstudents icored more lha, target oi, o%

Attirinment level L

I

{5

,19



Department of Information Technology

Course Outcome Attainment
Name of the facultl, : Mr. Neil Gogte

Branch & Section: IT

Subj ect
Data structures

Academic Year 2016- 17

Eram Overall

Course Out(
1st Internal
Eram

2nd Internal
Exam

University
Exam

co1 3.00 1

co2 1

c03

c04 3

2.00 3 1

Average

Year: II Semester: I

1.5

Overall course attainment l, 7

Course Outcomes Attainment

co1
Describe the concept of Data Structure

such as array, linked list, stacks and
queues. 1.5

co2
Explain the abstract properties and

operations ofvarious data structures such I,5

co3
Apply algorithms for solving problems like
soring, searching, insertion and deletion of
data l5

c04
Use data structure concepts for realistic

problems. 1.5

co5
Analyze the performance of algorithms I -r75

Faculty Signature

cos

Attainment level of Course Outcomes

3.00

3.00 1

3.00 I



KESHAV MEMORIAI- INSTITUTE OF TECHNOLOGY

Department of Computer Science and Engineering

Program Specific Outcome Attainment
Name of Faculty:Neil Gogte Academic Year: 2016-17

Branch & Section: lT Year: ll

Subiect: Data Structures

Course outcome attainment

CO-PSO map

Faculty

co lstMid llndMid Univ DIRECT INDIRECT OVERATL

co1 3 1 1.5 r.2

co2 3 1 1.5 7.2

co3 3 3 1 1.5 t.2
co4 3 1 1.5 L.2

cos 2 3 1 1.375 1.1

average 7.475 f D rvlo1 1.18

IIIIIIII
PSOl PSO2

co1 2 I

co2 2 3

co3 2 2

co4 3 2

co5 2 2

averaSe 2 2

attainment II

I

I
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KESHAV MEMORIAL INSTITUTE OF TECHNOLOGY
Department of Information Technology

Course 0utcome Attainment
Name of the faculgv : Mr Neil Gogte

Branch & Section: IT
Subject: Data Structures

Academic Year: 2015-16

Exam: I Internal
Year: Il Semester: I

Question No,
A1

TA IB 1C 2A 28 2C 3A 3B 3C 4A 4B 4C
objl

3 2.5 ,< 1 3 2.5 l0 5Max. Marks :>

HT No.

J 5I 13BD 141221 1 1

148D1A1201 0 0 2 3 52

J 514801A1202 0 0 1 1

4 148D1A1203 1.5 1. 0.5 3 5

l0 5148D1A1204 2

6 0 0 1.5 5 J 5

3 8 5,7 148D1A1205

6 )8 74BOtAt207 I 1 0

9 1.5 1 7 0 6 5

AB 5l0 148D1A1209 0 0 0 0

1l 14BD 141210 1.5 0.5 0 0 J )
0 0.5 3 5t2 14BD 141211

5l3 74BOLAt2tz 0 0 1 1 3

1,1 I ! 0 3 5

t5 148D1A1214 I 0 0 1.5 3 5

l6 14801A1215 0 1 1 0 J 5

t7 148D1A1216 0 0.5 1.5 0 3 5

18 14BD 1A1217 2 0 3 5

l9 L4BD 1A1218 0 1.5 2 0 6 5

20 14BD 141219 0 0 0 3 5

2t 148D1A1220 0 0 1.5 0.5 J 5

22 1,45D747221, 1.5 1.5 3 5

23 t48D7A7222 0 0 1 3 5

24 1,4807A1223 1.5 1.5 1 ., 5

748D1,47224 0 0 0 AB 5

26 t4BD1,AL225 0.5 0 0 3 5

27 t4BD7AL226 0.5 1 3 5

28 !48DtA7227 0.5 1 3 )
29 148D1A1228 0.5 1 J 5

30 148D141229 I 0.5 AB 5

3t 148D1A1230 1.5 0 0.5 3 5

32 148D1A1231 I 1 3 5

33 t48D747232 0.5 1.5 0 0 3 5

34 148D1A1233 1.5 0 0 0 3 5

35 148D141234 2 0 0 3 5

36 148D1A1235 0.5 1.5 0 0 3 )
37 148D1A1235 I 7 1.5 6 5

38 1480141237 1 0 L 0 3 5

39 148D1A1238 1.5 0 0.5 0 3 5

40 1480141239 2 3 5

IIIIIII IIIIII

IIIIIIIII
IIIIIIIII

IIIIIIII

IIIIIIIIIIIIIIII

IIIII

IIIIII
IIIII
III

IIII III

IIIIII
IIIII
IIIII

IIIIIIIIIIIIIIIIIIIIIIIIIIIIII
III

I
IIII IIII

IIIIII

IIIIII II III
IIIIII

IIIIIIIII

IIII

I

IIII

IIIIII

IIIIIIIIIIII

IIIIIIIIIIIIII I

I
IIIIIIIIII

II

IIIIIIII

IIIT

III
IIIIIIII IIIIIIIIIIIIIIII

IIIIIIII IIII

IIII IIIIIIIIIIIII IIIIIIII

'n"l

0

2

14BD1A1205
) 2

148D1A1208

0 1.5

0148D1A1213

25 0

l,

r-r-
I r
f-
Ir

1

1

t

I t

I

I



4l 14801A1240 2 0 2 6 5

42 148D1A1241 1.5 0.5 J 5

43 1 3 5

41 148D1A1243 0.5 0.5 1 3 5

45 148D1A1244 0 1.5 0.5 J 5

46 r4BOLA7245 I 0 1 3 5

47 148D1A1246 1 0 0 J 5

48 748DLA7247 0 2 J 5

49 148D1A1248 1 1.5 1 6 5

50 14801A1249 1 0 1 3 5

5t 14801A1250 0.5 3 5

52 148D141251 0 1 1 5J
53 148D141252 0.5 2 1 6 5

54 148D1A1253 2 0 1.5 0 6 5

55 14801A1254 2 0 3 5

56 148D1A1255 1 1 ., 5

57 148D1A1256 1 0.5 3 5

58 148D1A1257 0 1 7 0 3 5

59 148D141259 0.5 0 1.5 0 -) 5

SU}I t6 l8 0 ?3 22.5 0 35.5 t8 0 5.5 8.5 0 204 295

COUNT 23 25 0 29 35 0 30 23 0 l3 l4 0 5956

AVERAGE 0.695',1 0.72 0.79 0.6429 Ll8 0.78 o.42 0.61 3.6429 5

IIIIIIIIII

III

III

I
IIIIII

II

IIII

IIII

III ITII IIII

IIIIII
IIII II IIIIIIIIIIII

II I

IIIIIIIIIII

IIIII

I IIII II

IIIIII IIII IIII

IIIIIIII IIIIIIIIIIIITIIIIIIII

IIIIIIII

IIIIIIIIIIII

co- l Y Y Y Y Y
co -2 Y Y Y Y Y
co-3 Y Y YY
co-.r
c0-5

IITIIIII
IIIIIIIIIIIIIIIIIITIIITIIIII

IIIII I
IIIIII IIII

Students Scored
>TNgetYo 4 2 59 9 7 59 l4 59 I 4 59 l3 59

% Stud€nts Scored
>T gel Yo t'|0/. 80/. 3 to/o 20% 470/o t3vo 8v. 299/o 23Yo 100Yo

^ CO Attainment based on Exam uestions:

{ttainment Leve

I <400/o

2 40-60vo

3 >600/o

co- l tTvo \Yo 3t% 100Yo

co-2 20v. 8% 29% 23Yo 100%
co-3 470/" 13v" 100%
co-4
co-5

IIIIIIII

IIIIIIIIIIIIIIIIIIIIIIIIIIII

IIII I
IIIIII IIIIIIII

co Subj obj Asgn Overall Level
co-1 t9% 230/0 100% 47o/o 2

co-2 190/. 23vo 100v. 2

30v. 230/.co-3 1000/" 5to/.

co-4

co-5
ITIITIIIII

Overall Course Attainment = 2

0

r48O7A7242 1

0.5

0.5

L tt

230/0

230/0



Keshav Memorial Institute of Technology
Department of Information Technolory

Course Outcome Attainment
Name of the faculty :

Branch & Section:

Subject:

Mr Neil Gogte

IT
Data Structures

Academic Year: 20ltl6
Exam: II Internal
Year: II Semester: I

Question No.

IA 2A 2C 3B 3C 4A 4B 4C

objl A1
IB lc 28 3A

Max. Marks :>

S.No HT No.

2 3 2.5 ?< 2 3 2.5 2.5 5
I 138D141221 1 1, 6 5
1 148D1A1201 2.5 1 2 8 5

J 148D1A1202 0 0 0 0 8 5

4 14B D 1A1203 ') 2 '7 51.5 1

5 148D1A1204 2 2 2 8 5

6 148D1A1205 0 2 2.5 8 )
,7 148D1A1206 2 1 2 9 5

0 0 7 58 L4BD1At207 0 0

9 148D1A1208 1.5 1 2 7 5

t0 148D1A1209 0 0 0 0 6 5

ll 148D1A1210 1.5 0.5 0 2.5 8 5

2 1 0.5 1.5 7 5t2 148D1A1211
8 5l3 748D7472t2 0.5 1 1

14 148D1A1213 I 1 2.5 0.5 8 5

l5 1-48D1-AIZL4 I 0 0 1.5 7 )
7 0 8 5l6 148D141215

17 14BD141216 0 1.5 1.5 0 6 5

18 1480141217 2 2.5 8 5

t9 )14BD1A1218 0 1.5 2 0 8

20 148D1A1219 2 1.5 2 8 5

21 1,48DtA1,220 2.5 0 1-5 0.5 6 )
22 14BD1A1221 1.5 1.5 5 )
23 r4BDtA12ZZ 0 0 0 0 0 5

24 14801A1223 1.5 1.5 7 5

L4BD7At224 0 0 0 0 4 5

26 148D1A1225 L 1.5 0 0 8 5

2'7 t4BDtAtZ26 0.5 1 8 5

28 74BDLAL727 2.5 7 8 )
29 74BDtAt228 0.5 8 5

30 148D1A1229 0.5 8 )
)3t 14BD1A1230 1.5 2 1.5 8

32 14BD1A1231 I 1 8 )
t4BD1-AL232 0.5 1.5 0.5 8 )
148D1A1233 2 2 1 8 5

35 1.480141234 2.5 1.5 1.5 8 5

36 148D141235 0.5 0 0.5 8 5

37 148D1A1236 1 1.5 6 5

38 t4BDtAt237 0 0 0 0 0 )
39 14BD141238 1.5 1.5 0.5 2 8 5

40 148D141239 2 7 5

148D1A1240 2 1 0 2 7 5

42 148D141241 1.5 2.5 8 5

III

IIIIII

IIIIIIIII

IIIIIII

IIIIIIIIIIIIII
IIII

IIII

III IIII II

IIIIII

III

IIIIII

III

I

II

IIIIII

IIIIIIIIIII
IIIIIII
IIIII IIII

IIIIIII
IIII

IIIIIIIIIIIIIIIIII

IIIIIIIIIIII

IIIIII

IIII IIIII
IIIIIIIIII

IIIIIII
IIIIIIIIIIIIIIIII

IIIIIIIIIIITIIIIIIIIIII IIIIIIIIIIII

IIIIIIIIII

II

IIIII
IIIIII IIIIIII IIIIII
IIIIII

II IIIIIIIIIIIIIIIII
IIIIIIIII

l0

2

1

1

L

1

4l

I r
0

I

I



543 l4BDtAt242 7 9
148D1A1243 0.5 0.5 8 5

I4SDLAL744 1.5 0.5 7 5

7 546 148D1A1245 0 0 0

47 148D1A1246 2 1 1.5 7 5

48 L4SD1At247 2.5 2 8 5

0.549 14BD1A1248 1 1.5 I 5

50 748D74t249 0 0 0 0 0 )
5t 14BD1A1250 0.5 7 5

52 148D1A1251 ') 1 1 8 5

53 148D1.A1252 0.5 1 8 5

54 148D1A1253 2 ) 2.5 1 8 5

55 1480141254 2 2 7 )
56 148D141255 1 7 )

1480141256 1.5 8 51

58 14BD141257 1.5 1 1 50 7
59 148D141259 1.5 1 1.5 1 I 5

20 8 418SUM l9 0 29 38 0 3 8.5 18 0

COUNT 2t 24 0 32 39 0 25 t1 0 ll l3 0 59

0.833 0.90625 I 1.54 1.06 0.73 1 .62 5

IIIIIIIIIIIII

IIIIIIIIIIII

IIIIIIIIIIIIIIII I I I

IIIIIIII
III

IIIIII

IIIIII

IIII

III

IIIII

IIII

IIIIIII

I

IIIIII

IIII

III II

III

IIII

IIIIIIIIIIII

IIIIIIIII
IIIIIIII

CO MaDping with Exam Ouestions:

Students Scored >Target

% ll 5 59 l3 l4 59 24 6 59 2 l0 59 55 59

% Students Scored
>Taryet Yo 52% 2lo/o 1t% 360/0 960/0 35o/o t8% 7'lYo 93o/o 1000/0

nment o ns

{.ttainment Leve

I <40Yo

2 40-60%

>600/o

3

co-t
co-2
co-3 Y Y Y Y
co-4 Y Y Y Y
co-5 Y Y Y Y Y

IIIIIIIIIIIII
IIIIIIIII IIIII

co-I
co -2
co-3 52o/o 93o/o 100%

co-4 4|vo 77yo 93vo 100o/o

930/o t00%co-5 96% 35% t8%

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
co Su bj obj Asgn Overall Level
co-1

co-2

co-3 37% 93% 100% 77%

co-4 93o/o l00o/o 8lo/o 3

co-5 50v. 930/" toov. 8t% 3

IIIIIIII

Overall Course Attainment =

45

0

57

2t 0 295

59

AVERAGE 0.905 lz.or+z

II

r

Fr

Y

I

I

f-II

\l

Iltev"l I I

)
5lo/o



Name of the faculty :

Branch & Section:

Subject:

REG. NO
NAME OF THE STUDENT TOTAL

Max Marks 75.00

I 13 B D1A12 21 KAMALLA LAVANYA 34
2 14801A1201 A C SHREYA DEVI 36

148D1A1202 AHMED NAIMANUDDIN
4 148D1A1203 AITHA ABHISARIKA 50
J 148D1A1204 ALUGO.IU APARNA 42
6 148D1A1205 AMBATI HARSHITHA 41
7 AMRUTHA VALLI SALIKE 44
8 14BD1A1207 ANISH STEPHEN MATHEW 40
9 148D1A1208 APEKSHA SREEDHAR 35

l0 148D1A1209 B H ANIRUDH 32

ll B MANISHA 42
t2 148D1A1211 B SESHA PAVANI 36

l3 ].4BDLA\272 BOJ.'I VADIRAJA VAMSHI KRISHNA

t4 148D141213 35

l5 t4BD7A121-4 DONTHULA HARSHINI 39

14801A1215 ALAPATI SRIKANTH

t7 14801A1216 G DHIKSHITA 40

148D1A1217 GARIMELLA RAM SIMRAN 31
l9 GUNDU GOUTHAMILATHA 44
20 14BD1A1219 GUNTHA PRIYANKA 4t
2t 148D141220 GYARA MANASA 27

14BDIAL22I IAKKULA SHRAVYA 28

23 t4BDTAL222 K NIKHIL REDDI 1,7

24 148D1A1223 KANCHERLA SHREYA REDDY 4t
25 L4BD7AL224
26 t4BD7At225 KARNATI VISHNU PRIYA

748D747226 KOMPELLY SAI PALLAVI 27

28 748D147227 KOPPURAPU PUJITHA REDDY

148D1A1228 KOTTUR DINESH REDDY 9

t4BO7A!229
3l MANCHUKONDA VAISHNAVI GUPTHA 47

1480141231 NALLA ARAVISH 27

148D141232 NAMPALLY SOWMYA 27

34 14BD141233 PERAKALAPUDI BHANUSREE 45
35 P KEERTHANA 47
36 148D1A1235 P NIKITHA REDDY 33

Keshav Memorial Institute of Technology
Department of Information Technolory

Course Outcome Attainment
Mr Neil Gogte Academic Year: 2015-16

lT Exam: University
Data Structures Year: II Semester I

SL.No

28

148D1A1206

148D1A1210

37

DEVULAPALLY SRIMUKHI

16

l8

14B0141218

22

KANCHUMARTHY PRASANNA KUMAR 23

45
27

29

30 M VINEETH L2

148D1A1230
32

148D141234



no. ofstudents scored more than target o/o
22

no. ofstudents present 58

Percentage ofstudents scored more than tzrget 7o 38%

Attainment level L

Attainment Leve Percentage

I <40o/o

>600/o

37 148D1A1236 8PARIMI SRI DEEPTHI DRAKSHAYANI

J6 14801A1237 PENCHALA SACHITH SANTOSH 19

39 14801A1238 PESARAMELLI SUPRIYA 44
40 1480141239 PINNINTI VEENA 28

4t L4BOLAI240 R DEEPTI 28

748D147247 R RHICHA SINGH 4L
43 L4SD1At24z 35

14 14B0141243 RESHMIVINOD 35

45 74BDTALz44 RESHAM JAISWAL

46 148D1A1245 S 5AI KUMAR 32
47 148D141246 S SINDHURA

48 t4BDtA7247 43
49 148D1A1248 SEEMAKURTHY SAI SRUTHI 44
50 148D1A1249 SHASHANK NETHA GUTTHI 18

5l 148D1A12s0 SHESHIT KARTHIKEYA AAKULA 28
52 148D1A1251 SNEHA BIDARKAR

53 148D1A1252 26
54 148D1A1253 SUSHMITHA A 44

148D1A1254 SWAMY SHIVANAND 34
56 148D14125s TADAKAMALLA SUMANTH 15

14BD1A1255 V NIRMAL SRINITHYA 47
58 L4BD7AL257 VADUGULA PAVAN KUMAR 44
59 1480141259 VONGUR AKSHITHA 43

sum 2000

aYg

III

RACHURI SANDEEP

31

37

SAADIA TABASSUM

SOUMYA GUPTA

57

lao.aoaoro

2 140-60o/o



Keshav Memorial Institute of Technology
Department of Information Technology

Course Outcome Attainment
Name of the faculty : Mr Neil Gogte

Branch & Section: IT

Subject: Data Structures

Academic Year: 20f Sf 6
Exam Overall

Year:II Semester:I

Course Outco
lst Internal
Exam

2nd Internal
Exam

University
Exam

2.00 I

!.25

coz 2.00 I
7.25

c03 2.00 I

L.375

co4 J I
1.5

co5 l
1.5

Attainment level of Course Outcomes

Attainment
Level

Describe the basic data structures such as arrays, linked lists, stacks

and queues t.25

c02 Explain the absract properties ofvarious data structures such as

stacks, queues, lists, trees and graphs

c03
Apply Algorithms for solving problems like sorting, searching,
insertion and deletion of data. 1.375

c04 use data structure concepts for realistic problems 1.5

c05 Analyze performance of algorithms 1.5

Average L.4

Overall course attainment level L

Faculty Signature

OVERALL

col

Course Outcomes

col

t.25
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KESHAV MEMORIAL INSTITUTE OF TECHNOLOGY
Department of Information Technology
Program Specifi c Outcome Attainment

Name of Faculty: Mr Neil Gogte Academic Year: 2015-16

Branch & Section: IT Year:II Semester:I

Subject: Data Structures

Course outcome attainment

CO-PSO ma

Faculty

CO IstMid IIndMid Univ

2cot I

c02 2 I 1 .25

col 2 1

c04 I 1.5

co5 I 1.5 I .728

attainment 1.38 2.70 t.64III
PSOI PSO2

COI I

co2
co3 2

c04 2

co5 2

average 7

atlain ment 1.t0 1. I0

I

Head of the Dea pa rtment

lnrnecr lrxornncrlovnnu-l
I i.zsl ztal r.ssz

2.72]| t.544

I r.:zs[ z.il r.64

i ,68f r.Tq

I z.a+

2l

2l

2l

3l

2l

2.21



KESHAV MEMORIAL INSTITUTE OF TECHNOLOGY
NARAYANGTJDA HYDERABAD

LEARNING OUTCOMES ANALYSIS

Course Title : B,Tech Branch : IT Class : II-I AY: 2015-16
Faculty Name : Mr Neil Gogte Subject: Data Structures

For each item please indicate your level ofagreement with the following statement by choosing a

score between I and 3. ( 1 -Poor 2-Average 3-Excellent )
qUESTIONAIRE

I . Can you describe the basic data structures such as arrays, linked lists, stacks and queues

2. Can you explain the abstract properties ofvarious data structures such as stacks, queues, lists,

trees and graphs

3. Can you apply algorithms for solving problems like sorting, searching, insertion and deletion
of data?

4. Explain data structures concept for realistic problems

5. Can you analyze performance of algorithms

sNo
2 3 4 5

1 3 3 3 3 3

2 3 3 3 2

3 3 2 2 3 2

4 2 1 2 2 L

5 3 3 2 2

6 3 3 2 2

7 2 3 3 2 3

d 3 3 3 3

9 1 3

10 2 3 2. 3

3 3 3

t2 2 2 2 2 2

13 3 ? 3 3 2

74 5 3 3

3 3 3 3

15 3 3 3 3

77 2 2 2 2 2

5 3 3 3 3

19 3 3 3

20 2 3 2 3 2

2r 3 3 3 3 3

22 3 3 3 3 3

23 3 3 3 3 3

24 3 3 2 3 2

25 3 3

2 2

2t 3 3 3

3 3 3

QUESTIONAIRE

1

11

15

18

26

2a



29 3 3

30 3 3 3 3

31 2 2 2 2 2

32 3 3

33 2 2 1 1

34 3 3 3

35 3 3 3 3 3

36 5 2 3 3 2

37 3 3 2 3 3

38 3 3 3 3 3

39 ? 3 2 2 2

40 3 3 3

4! 2 3 3

42 3 3 3 3

4t 3 3

44 3 2 3 2 2

45 3 2 2 3 3

46 2 z 2 2 2

47 3 3 2 3

48 2 2 3 2 2

49 3 2 2 3 3

50 3 3 3 3

TOTAL 138 136 135 L34 t32
AVG 2.7 6 2.72 2.7 2.68 2.64

Overall 2,7O

FACULTY DIRECTOR PRINCIPAL



Attendance
Register



J
t



&
id ;< s

a-
s s

.-.
s

F-
s s

z

?
:

Z
L.

:

ii]

3

z
u
ar.

I

-l
a

2

e
ri

A3
I

a
t
L

I
n

Jf

G!
El

a

I

z
:E

ti

zz

&

&

do

Z
z

o
&

,o

z
I
I

z
E

F

I

z
tr
2
z
Iad
z
3
(2
:)

J

U

opl
d

2

:c

Ao:!
d

ill
Q

z
d
(}
z
322
El

J

la
(J

d
F

z
s

I
v
o

i-
,-l

oo3

=

F

oo

&

--.1

x
2*f
o:o

?
o,l

?
z

do
d,

lrlo
&
E

4
sI
3

3
2

z

d

?

r,!z

(J
z
I
<'z

z
z.

z
J

3
L

J
z

3
t

a

F

z
a

F
E

d

c
Q

dT
z
..]

U

F

d
3

-l
cq

oz
Eoz

z
E]
Eld
a
?
I
z

a
d
z
2

g,l
&

,!
?
&

?
!-
12

a.
z
4
tl]
F

:o
!Z

P
z

z
I
:

d

3
Z

i.l
!.

a z
- o

!!

a
t0 o aq c0 to !a ca

e
rq a o ta o aa

o c tt o o c o
ca

c

a

x1

&3
i

-in
3ts

I

I
I

FT+

ff
-1"



:eb
a- "_{ F-

s s

o

I
!z

'.1J
Ia

1
f

ov

&

3
f

;:
Oz
f

dF

o
f
E
a
:c

z

?
z

s2
>l

=

aI!
d
F

5

d

z

zT
?
d

z

oz

=z

3
F
)

?
z

2
E
d

F
!Zz
u,l

z
oI
I

z

t
t0)

2

g

:
H

z
E]z

a

a
:)o

E

!,1
I':l

g

?

r

F
ult!

?
3

tr
t!J!
f

!!l
liJ
d

Fo

zo

z

z

i

v
.-l
F

I

z
d

F

F

..1

"..tI

d
3
z

zo
F

a
slI

2
lr,lx

z
f
&

oo
d

a

Et

p.l

z
v
z

3

:c

N

a o
!o

o
c0I

A
1q t0

o
t0

a
cq tr o o a

m a0

I' l-


