Flle Ref.No.Ac A3/Faculty of Sclence/2023 (PART-1)

COCHIN UNIVERSITY OF SCIENCE AND TECHNOLOGY

{Abstract)
Faculty of Sclence - Revised course structure and syllabl of M.Sc. Stallglics and M.Tech Data
Sclence and Anaiytics Programme effective from 2024 admission onwards - Resolution of the
Acadamic Councll - Communicated - Orders |ssusd.

ACADEMIC A SECTION
No.CUSAT/AC(A).A3583/2024 Dated KOCHI-22,22.08.2024

Read:-ltem No. | (g)(8) of the minules of the mesting of the Academic Council held on
30.04.2024

ORDER

The Academic Council considered alang with the recommendations of its standing committee, the
Minutes of the Faculty of Science held on 08.04.2024 and resalved to approve the revised course
structure and syllabi for the following programmes:

I. M.Sec.Statistics with effect from 2024 admissions (Appendbe |}
ii. M.Tech Data Science and Analytics with affecl from 2024 admissions (Appendix 1)

Orders are, therafore, issued accordingly.

Dr. V. Sivanandan Achari ®
Reglistrar
To:
1. The Dean, Faculty of Science
2. Chairmen, BoS under Faculty of Scance
3. The Head, Departiment of Statistics
4. Al AR/DR Examination wing - with a request to forward to concernad sactions
§, The Director, |QACH Do
8. CIRM/Conference Sections
7. PS5 To VC/PYVC;PA To Ragistrar/CE.

* Thisis a computer generated document. Hance no signature is required.
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Cochom Univerasty of Sceence and Techorolosy ;ﬁ.
M.TECH. IN DATA SCIENCE AND ANALYTICS
Unidder Tirrulty of Scisvce

Objectives of the Programme:

Diata selentisis and professionals with dote analytc skill are in great demand. The objective of thiz programme
15 o bran gradustes from different disciplings to become Dal Scientists who can hiandle dats analvtics ef-
ficiently, Dat Anoiytica is the appili-l:armn of siruchured siabstical techniques on collecied data in-order o
detect the undezlying pattern 2s well as make predictions. The programme aims at leaming Dats Sclence vins
comprehensive murse currienium covering Statistical foals and fechques, key programming langlages such
2& R, Python, Machine learning algorithms and more.

Students are tramed on the simuktaneous spplication of siatistics, computer programming, operalions re
search and optimizstion technigques to analvze data pattems which help in effective decision making. The
course also eovies a brond speetram, of analytics and application knowledge arens required for ovesall profes
sional developmimt, The first two semesters are devoted to classromm teaching end [eboratory practicals. In
the thtird and fourth semesters. thie candidates will Be fucusing on advanced evel elective courses and they
wrill e semi to underfake progect work m mctustmes of thelr choice:

Program Outcomes:
Oy smocesatul completion of "M Tech tn Datn Scence and Analyties! progrom the students will beable to

1. Become [Data science professiorals,

L Acqure knowledgs in modern statistical and tecimology twols required for handling dats snalytics na
wide vadety of application domaing,

3. Critically inyestigate the prevailing complox problem scenarios in industries and arrive at optimal solus
fiona by applying the scquired thegretical and practical kngwiedge.

4. Handle advanced level machine learming sigonthms to solve complox problems and master thn relevant
utatistical packages (or Inferpreting the resulis.

5. Undertake tesching/research carsers in Data Sclents/Statistios and allied areas and be mvolved in the
pracess of knowledge discovery and cifective corpmpmication of the samue

Eligibility Criteria:

Pass in MS¢ (Statistics/ Mathennties /Computer Science)/MCA or equivalent lo any of this
approved by this University with at legst 60% marks of CGPA 6.5/ 10 or cquivalent grade
OR
Passin BTech m any Branch with atleast 60% marks or COPA 6.5/ 10 or equivalent grade

Duration of the Programme | Pour Semestare

Examination v Triadit end Semisster
Intalke ro1B
Mode of admission ¢ Based on Admissipn Test
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Cochim Lnigeratty of Srience and Techorolosy
COURSE STRUCTURE (with effect from 2024 ADMISSION onwards)

SEMESTER 1

5l No. | Course Code | Name of the Paper .Ef::;ie Credits ME.:‘EI-EH M]ifkﬁ mﬂ

1 244780101 | Mathematical Meth- C 3 30 50 100
ods for Data Science

3 244780102 | Probability and Sta- C r\ 5 50 100
tistical Inforence L

3 24-478-0103 | Data Struchures and | c 3 A0 Al 100
Algorithms

4 244780104 | Python C 2 a0 50 100
Programming-
Practical L

5 Elective [ I E 3 a0 30 100

6 Elective 1T | E 3 50 50 100

Mintmum Credits: 18 (Core: 12, Elective: 6)

List of Eled:lves for ngﬁg 1
Sl No, | Course Code | Name of the Papr.:r

e

i 244780105 | Systems and Decision Analytics
2 24-478-0106 | Data Warehousimg and Data Mming
3 24-478-0107 | Data Analysis and Visualization using Python
4 24-478-0108 | Operations and Supply Chain Management
5 24-478-010% | System Reliabllity and Risk Analysis
B 24-478-0110 | Computational Thinking
SEMESTER I1 _ R
5L No | Course Cocde Nﬂt of the Paper ECur:z,’_E Credits Mi: ; IF.S] JI:ITS
1 | 244750201 | Sinulation  Mod- | C 3 50 | 50 | 100
elling and Aralysis
2 24-175-0202 | Machine Learning C 4 50 50 100
3 244750203 | Mullivariate  Anal- | C 3 50 50 100
ysis and Statistical
Techniques for Data
Mining
4 24-478-0204 | R/R-Studio C 2 50 50 100
Programming-
Practical T
5 Elective [T E 3 - 100, 100
6 Flective IV E 3 | 50 | s | 100

Minimum Credits: 18 (Core: 12, Elective: &)
Elective -1 for Semester Il

A MOOC course, from SWAYAM /NFTEL /Moodle /Others, will be apted fov by students with the approval of
the Deparctment Coureil and will hgve the end semester evaluation ONLY, for 100 mardkes.

'thpﬂr‘.mmt of Statistics 3



Cochim Lnigeratty of Srience and Techorolosy ;ﬁ'}.
o List of Courses for Electives TV
51 No. | Course Code Name of the Paper
1 24478-0205 | Optimization Techniques
2| 24478006 | Deslgn of Experiments Infegrated with K
3 244780207 | "Artificial Infelligence and Deep Leaming
i 24-475-0208 | Natural Language Processing
5 24478-0209 | Financial Risk Analytics and Management
6 24-475-0210 | Marketing and HRE Analytics
7 24478-0211 | Bioinformatics
8 24-478-0212 | Big Data Technology
SEMESTER I11
Corel | : CE ES Total
51. No. 22;:32 Name of the Paper Tlective Credits Marks | Marks | Marks
T | 24-478-0301 | Project on Data An- C | 15 150 | 150 | 300
alytics in Industry
2 Elective V E | 3 R0 50 100
Mintmuwm Credits: 18 (Core: 15, Elective: 33
List of Electives for Semester [11
Sl. No. | Course Code Name of the Paper
1 24478-0302 | Business Analytics
2 24-478-0203 | Statistical Forecasting Methods
3 | 244780304 | Qualily Management and Six Sigma
1 24478-0305 | Applied Longitudinal Data Analysis
5 24478-0206 | Lifetime Studies in Dala Science (Integrated with R).
& 24-478-0307 | Bayesian Cornputing &Analysis
SEMESTER IV
| Core/ CE ES Total
51. No :".'nq‘rdu:sc MName of the Paper Hlective Credits Marks | Marks | Marks
T | 244780401 | Project Dissertabion | C 18 200 200 100
Fvaluation and Viva

Mirdeoam Credits: 18 (Care: 181

*Additional electives from Industry /nstitutions ean be offered during third and fourth semesters with the
approval of Department Council and Universily

Dapartment of Statistics




Cochom Univerasty of Sceence and Techorolosy Lh i
DETAILED SYLLABUS

24-478-0101: MATHEMATICAL METHODS FOR DATA SCIENCE
After completion of this course the student should be able

Course Outecome (CO) Coguitive Level
1. Undesstand the applications of vecrtors and matrices in data s~ Understand
anc

]

Represent the probliems in the form of & syetem of jinear équa-  Evaluake
ticns and how to construct machine learning alsorithm

3. Identify the applications of calculus in optimization methods  Apply
such as |least kgulares, machine learming, ete

4 Formulate an optimization problenn Apply
LS Pmp.ll_rz algonthm (o solve optinization problems Evaluale
PRl | 502 | 508 | PSOd | PSO5

o 3 2 2 2

COz 3 2z 3 %

Cioz 2 2

coi| 3 3 2

05 1 ] 2 3

iéﬁﬂfg_huy. Lanw, 2udoderaie Midiun, 3hubetantal SHigh
Muodule 1:

Bagic properies of mamx and vectors: lmear ransformation, rank. determinant. mmer and outer products;
mnirix mulbiphication mle and various algorithms, matrx inverse

Spiecial matrices: syuare matrx, identity matmx mgular matrix, idea about sparse and dense matris, unit
virelory, symmetric matrix, Heemltian, skew-Hearnuation and unltary matrives, Gengerallzed inverses,

Module 2

Mattrix facterizalion conrept,/ LU decomposition, Gaussian/Gauss-Tordan eliminntion, solving Ax=b linear sys-
tem of equationvector spaee basia, span. orthogonality, erthonormality. linesr least square, Eiggen values, eigen-
wectors, diagonalization. singutar value decomposition, Cuadratic forms Spectms] decomposiion.

Module3:

Punctions of o single warishle, limik, comtinuity, differentiability, Mesn value theorems, Product and chein
mitle, Faylor's senes, infinite seres summeton integration. Fundmmental and mean viadue theorems of integral
caloilus, evaluation of definile and improper miegrals, Bels and fm funetinme, Functions of mulliple

rtial

vatiables, imit. continuity, partial decivatives, Basics of ordinary an differentinl equations, mimerical
infegration

Modiale 4:

Selz, subsete, power seis, counling funchons, combinalorics, countabllisy, Basies of optimization technigues.
problem lomnulation, Madma, mindma, convex function, global solution, Linesr programiming, shngples algo-
rithm, Integer programuning. Constraint programming, Rendomized optimization lechmgues: hill climibing,
situlated annealing, gemetic algonthms.

Reference Books:
1. Gillbest Steatyy (2014) Linear Algebms and Is Applications, 4th Editlon, Cetigage Learning India vt Ll

Drapartment of Statistics >
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2. Mare Peter Deisenroth, AuAldo Faisal snd Cheng Soon Ung (2020). Matheratics for Machine Learning
Cambridge University Press,
3. AvrimBhum, John Hopcroft, Ravindran Kannan; Foundations of Data Science, 2018
hitps:/ Fwwrwees cornelledu feb/book pdf

'thpﬂr‘.mmt of Statistics



Cochom Univerasty of Sceence and Techorolosy ;ﬁ.
24-478-0102: PROBABILITY AND STATISTICAL INFERENCE
After completion of this course the student should be able Lo

Course Outcome (CO) Cognitive Level
Diescribe sample space and evenls Understand

3. Undesstand axiomatic probability aod koow how to model real-  Understaned

world problems using it

Undepstand Diserete and Continumis Random Varfables, their  Underitand

Dhistmbutons, ther properbes. moments and correlahons

4 Untlorstand the limiting behavior of large amounts of data by Understand
Hmit theorems

B.  Demonstrate gonceptunl undirstanding of sampling distriba-  Appiy
tions amid (he central [imet theorern

& Hetimate parametors of digributions gsing maximum Likell  Hyvalugte
hood and Other sstimation techininues

7. fasess the properties of estimators Evaluste:
Conztruct confldence mlervals for poltit estimates Evaluahe

Test hypotheses gbout different parumetsrs of distributions of  Analysis:
popuintions using samples of data

L=

PSO1 | PROI | PR3 | Tolod | PROA |

oL i
| CO2 1
EE

Cid 2 2

CO5 3

CO6 1 2

o7

Coi Z

(€53 2 2 Z

1-Slightiy  Tw, J-Marlerats, Modium, =Subsestia Thgh
Muodule 1:

Sample space, Prabability axiems, Probability on finite sample spaces, conditional pmh&hﬂltv and Bayes the-
v, ndependent of eventy, random varables, probability clistribittion of & random vadable, dlscrete and
cemtinfious raidom varables, funclione of random variibles, moments of 2 distribution function, general-
ihg Fanchons, Digcrete distributions: Binomial disgributionnegative binomial distribution, geometric distri-
bation. hipergeometric distribution, negative hvpergeometric distribution, Poisson distritution, Continuous
distribtlion: Uniform: distdbution, aponential distvibution, gamma distedbution, beta distribution, Normal
distribution

Modale 2

Mode of cotvetgence. weak law of large numbers, strong law of large numbers, central Hmit theoremy, mndom
sampling, zamiplo characteristics and their distributons, Chi-sgquare, tand Fdistribuations, large sample theary.

Module3:

Comeept af sulficency, minumal sufbcency, Neyman factonzafion cnitenon, Fisher information, exponen-
tal famniligs, Madmum likelihood cstimators; method of moment esiimators, percentile estimators, least
squares estimalors, mindmum mean squares esiimators, umiformly minimum vadance unbjased sstimators.
Rao-Blackwell theorem Cramor-Rao lower bound, different examples.

Drapartment of Statistics 7
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Moidule 4

Stafistical Hypotheses-sinple and composite. statisucal tests; eriical regions, Type-l and Type-1l errars; size
and power of a test, Neyman Pearson lemma end its different applications. Most powerful test, uniformly
mit powesful ust, imblased et and uniformly most unbipsed test, Likelthood raﬂu test, Interval etimation,
confidence intervaly, construction of confidence intervals, shartest experted fength confidence imterval, most
dccurate one-stde d cmlﬂ:lmm interval and iis relation bo UMP test.

Reference Books:
1. VK. Rohatgi and AK Md. Saleh (2001) An introduction to probability znd Statisties, Wiley India,
2. George Casells and Roger L Basger (2002) Statisticel Inforence; Thomeon Learning.

& Efron B, and Hastie T (2017), Computer Age Statistical Inference-Algorithms, Evidence and Data Scignce;
Cambrdgs University Press.

4. Ayrim Bium, John Heporaft, Revindran Kennan: Foundations of Data Sdencs, 2018
littps:/ S wrwrwes comelladu eh /book pdl

'thpﬂr‘.mmt of Statistics 8



Cochim Lnigeratty of Srience and Techorolosy .‘:ﬁl}.
24-478-0103: DATA STRUCTURES AND ALGORITHMS
After completion of this course the student should be able Lo

Course Qutcame (CO) Cognitive Level
1. Basic ability to annlvee algorithuns and to determine algorithm  Anslyze-
cortecingss ' ' '

ra

Chocse approprate data stroctures and aleorithms, understind Evaluate
the ALY /libraries, and use it to design algorithms for a Specific

problem

3 Understand the necessary mathematical abeiraction to polve  Analyze
prmiblems

4 Comprehend and gelect algorithm design spproaches in a prob-  Analyze-

Lesny apecific mannet

PSO1 | P20z | Pt | PS04 | oo
Col E]

o 2

Cod | 2 7

cOd i i

1-5lghiey/ Low, 2-Muodeeate/ Midiun 3-Bubulaniial/High
Mudale 1:

Introduction W Bagic Data Structares: Importance and feed of gond dala strochires and algarithms, Linked
Yists, Quenes, Fleaps, Hash tables, Bmary search trees.

Module 2:

Advanced Uate Structures: Red-Black Trees, B-troes, Fibonacd heaps, Data Structures for Disjeint Sets. Désign
Strategies: Divide-and-conques, Dynanilc Programmiing, Greedy Mothiod

Module 3:

Internal and External Serting algonthms Linear Search, Binary Search. Bubble Sort, Insertion Sort, Shell
Sort, Quick Sort, Hesp Sort, Merge Sert, Counting Saet, Radix Sort. Advanced String-Malching Algorithms,
The naive string-matching algorithm, Rahir=-Karp, String matching with finfis automiaton, Emith-Morris-Pratt
algorithn

Module 4:

Greph Algorithms: Elementary graph algorithms. Minimom speanning tress. shortest path algorithms: singls
poneree el all F.nlr Max fow problam and jis salutions, Ciraph colaring problem and s salutions, Bio-lnsplred
algorithms! Swarts Infelligence. Ant Colony Optimization, and mecent trends in dats stroctures.

Reference Books:

1. Cormen TH., Lefserdon, C.E., Rivest KL and Stein C (2010} Introduction to Algorithms Ieded. MIT
Press,

2 Shridhar Design and Analysisof Algonthms, Ovdord Unpversity Press Indu, 2014
3. Aho AV, Hopcoft 1 E and Ullman 1.1 Data Structures and Algorithms, India: Pearson Education. 2009

4. Horowitz £, Sahni 5. and Rajasekaran S, Fundaméntals of Computer Algorithme, Galgotia Publications,
2010,

5. Weise ML.A, Data Structures and Algonthm Analysis in C++, Indla: Pearson, Thind Edition, 2004
6. Horowite. Sahnisnd Anderszon-Fréed, Furidamentalz ol Data Struchares in C, Universitss Prass, 2008

'thpﬂr‘.mmt of Statistics o



Cochim Lnigeratty of Srience and Techorolosy .‘:ﬁl}.
24-478-0104: FYTHON PROGRAMMING - PRACTICAL I
After completion of this course the student should be able Lo

Course Outcome (CO) Cognitive Level
1. Define python envircment Understand
2. Explain python programming langusse Ewvaluste
3 Develop a selentific computing snviromument wiing python Evalushe
4 ldemtify the use of pyihon zoftvnre (o meed the given Scienlific  Analyze
objertive
PSOL | PSO2 | PSS | PSO4 | PSOS
COl 1
N CB )
o3 3 3 [ 3
ot 1 1 5
o5 |
1-Slightly /Tow, Z-Moderate /Medium, 3-Gubstintial/Fligh
Todule1:

Introduicton: The Pracess of Compuiational Problem Solving. Python Programming Lenguage, Pvthon Diata
Types: Expressions, Variables and Assignments; Strings, List, Ubjects and Classes, Python Stendard Library,
Impesative Programming: Python progrms, Execution Control Structures, User-Dafingd funetons, Python
Vadahles and Assignments, Parameter Passing. Text Files: Strings. Formatted Oulput, Files, Emors and Ex-
ception Handling, Execution and Conirel Structures: U Statement, for Loop, Two Dimensional Lists, while
Loop, More Loy Patterns, Additiofial Ieration Control Statesitents, Conlainers and Randemness: Funciions:
DPrefnition, Call. Arguments, Scope rules and Nanw resolution, Lembda functions Buili-in data types for dats
collections: Lists, Tuple, set and dictionary: Basic Operations, lteration, Indexing, Slicing and Matrices; Dhotio-
naries! Busic dictionary aperations Ercor Handling and debugging,

Iodule 2

Python Modules: Pyihon file handling: Import. Write fereate files, Deléts Ales: Scientifie Programuming with
Tython! 1. Numpy Basies — Crating array, indesang, slicing, datn types, Copy and view, iberstion, Split
search, sort, filter; 2. Pandas Basics: Introduction to Pandas and i dam structores (Senes, Dotz Frame),
Remdding ancl writing data with Pandas, Data cleaning and preprocessing with Panda, Cheeking Null values,
remove dupileates, correlationz, plotling, 3. Plolting with matplotiib and seabarn,

Reference Bﬂjﬂ;:ﬁ:
1. McKinney W, (2013, Fython for Data Analysie Tndia: OReiily Medis, Incorporated.

Charles Therbach. (2012). IntrodicHom b cormipuicy seienee using Python o compuiational Prublmﬁ-

solvimg focus, John-Wilsyr & Sons.

3. McRmney W. (2017). Python for Date Analysis: Data Wrangling with Pandas, WNumPy amd TPythor
United Staies: O Redliy Modin.

4 Perkovie L £2011). Introduction to computing using python: An Application develgpment focus. Wilay

Fublishing,

5. McKirmey W, (2012). Pythan for data analysis Dats wranghing with Pandas, NumPy and Pyttion. "0
Reilly Mediz, Ine”

[
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Cochim Lnigeratty of Srience and Techorolosy
24-478-0105: SYSTEMS AND DECISION ANALYTICS
After completion of this course the student should be able Lo

Course Ouleome (C0) Cognitive Level
1. Understand the basic concepits of systems and system thinking  Understand
2. Apply diagrammatio sids to capture problom sibuation Apply
3 Hdentify elsments for an optimization modsl Evalushe
4. Use the bagjes Wools for sysiem studies such a8 evstem dynamics  Appiv
Evaluate declsion problems und perform atiliey or dsk analysis  Bvaluate
Develop decsions aids for mformed decivions asing hard faoft  Apply
O mathodology
PSO1 | F502 | PSGd | P04 | PoOs |
ol | 2 3 2
=2 3
Ll 2 i
cof] 2 ]
EI'JE ]
TO8 1 Z |
1-Slighily/ Low, 2-Moderare) Mednum, 3-Gabsiarial Figh
Module 1:

Cherview ol decisionsmalking process; role of analytics in decision making, Systems thinking, efficiency and
gifectovenees, unplanned and counter intuitive outcomes, reductionist and cause-and-effect thinking. black
baxes approach, hiermachy of systems, feedback loaps, comtrol of systems, mind maps, ognitive mopping:
caugil lpop dizgrams, influence dagramie and othwr system dlagrims,

Module 2:

Soft systems thinking, Chockland's soft systems miéthodology; led OR paradigm, problem sooping amd
maodelling phass, the inplementation thr_. code of ethies:
Trecsion making over Hime: planning horizon. production planning problem.

Muoduole 3

Preseriptive Analytics: Linear Optimization: Tdeatifying elements for an Optimization Model - Transiating
Mortel Solving Linear Optimization Models -Graphica! Isterpremation of Linear Dphnuzaimn Solving Mod-
el with General Tnteger Variables; Stmulation and s#ystem dynamies: the structure of simulstion models,
computer stmilatinn Fm:kai,ruu basies of system dynamics

Module 4:

Thecision Analysis - Formulsting Problenis - Steategies for Minimizing and Madmizing Objectives - Conflicting
Gioals - Strategies with Enown Probabilities - Average Pavofd and Expected Value - Decigion Tress and Monte
Carlo Simulalion - Value of Information - Sample Information - Bayes's Rule - Utility - Multleritera Decision
Malking - Analyvitic Hirrarchy Progess

Reference Books:

1. HG. Daellenbach and D.C McNickls, Management Science, Decision Making Through Syatems Think-
ing, Palgrave Mocmillan, 2005

2. FSHhllier anid § Lisberman, Introduction lo Operations Research, Tenth Bditlan, McGraw-Hill New Yok,
anie . :

'thpﬂr‘.mmt of Statistics il
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3. LawAM, Simulation Modeling and Analysia, Fafeh edition, MeCraw-Hill New York, 2015
4. [ R.Evans, Busmess Analytics, Pengsom Education; Seeond edition, 2017
5. KC Jemes, Systams: Modals and Decigion Making, Amazen FPublishing. 2023

4
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Cochim Lnigeratty of Srience and Techorolosy =L
24-478-0106: DATA WAREHOUSING AND DATA MINING
After completion of this course the student should be able Lo

Course Outcome (CO) Cognitive Level

1. Understand the functiomality of the various data mining and  Understand
data wareliousing ropponsnts

2. Exmming the types of the date to be mined and apply pree  Evaluste
processing methods on raw data

3. Expose various real-world data mining applicationg Apply
Apply thie functionality of the vorions data warehonsing com-  Applv
Ponenis

5, Detvelop an understanding of the data mining techmigues and  Analyze
igles '

PSOT [ 7502 [ 508 [ PS04 [ PECS |
‘_-El.'.'!l 3 3 3
| LC Co2 2 3 3
| L03 3
Tod | 3 3
O 3

\-Shightty / Liny, T-Moderats, Mediim, >Sahmesial/Tlgh
Module1:

Data Warchouse: Introdisction b Dalh Ware Howse, Diierances bétwaen operationel datis base svitéms and
data Ware House, Data Ware House characteristics, Data Ware Flouse Awchitschure and its comporients,
Bvtraction-Transformation Loading, Logical (Multidimengiona,), Data Modeling, Schema Design, star and
smow-Flake Scherms, Fact Conatellation, Fact Table, Fully Addictive, Semi-Addictive, Non-Addictive Mimsures;
Faet Lese-Fors, Dimensgion Thble charasteretics: Facl.-Loss-Farles, Dimenaion Table charneterlstice: ULM’ cube;
OLAP Operations, OLAP Server Architechire-ROLAP. MOLAP and [TOLAP

Moduale 2:

Introduction to Data Mining; Iitroduction, Whal s Diata Mining, Definition. KDD, Challenges, Data Mining
Tasks, Data Pre-processing - Data Cleaning, Missing Data, Dimensionality Reduction, Feature Subset Selection,
Discretization and Binaryzation, Datz Transtormation; Measures of similarity and dissimilarity-Basics.

Moilule 3

Assoctation Rules: Froblem Definition, Frequent Tiem Set Generatton, The Aprion Principle, Suppart and
Canfidence Measures, Associution Rule Generation, Apriori Algerithm, The Parlition Algorithms, FP-Growth
Algﬂrik]:lmﬂ Compact Bepresentation of Frequent em Set-Maximal Frequent Item Set, Closed Frequent ftem

Moduole 4

Clasgification: Problem defintion General Appropches to solving o clessificstion probletn, Eviluation of
Classifiers, Classification téchiniquiss, Dhedlsion trees, Nofve-Bayed Classificor, K-nearest noighibor dassification-
Clugtormg:  Fartitioning: clustering K-Means Algorithm, Hicrarchieal Clustering-Algortihm- Agglomeraiive
Methods and Divisive Methods, Basic Agglomerative Hierarchical Clustering Algorithm

Riferonce Books:

L. Jinwet Han and Michsline Kambes, Data Mining-Cancepis and Techniques, Morgan Kaufmarm Publish-
wry, Elwovier, 3 Edition. 2012.

Drapartment of Statistics 13
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2 Pang-NmgTan, ﬁpm Kumar, Micheel Steinbanch Introduction to Date Minng, 2nd edition, Pearson
Education, 2018.

3. Parteek Bhatia, Data Miming and Tt Warehousing: Principles and Practical Techniques, Cambridge
University Preas, 2019,

4. Alex Berson and Stephen Smith, Data Warehonsing, Data Mining & OLAP. MuGraw Hill Education, 2017

'thpﬂr‘.mmt of Statistics i1



Cochim Lnigeratty of Srience and Techorolosy ;ﬁ'}.
24-478-0107: DATA ANALYSIS AND VISUALIZATION USING PYTHON

After completion of this course the student should be able Lo

Course Outcome (CO) Cognitive Level

1 Wirite an efficient program ustng pythen to pm:fmm routine and  Evaluate
specialized data nwmpul.:ﬁﬂnhnmrunmr and analysis tasks

2. Dewdop student’s knoswledge in the ars of Tats Sclence with  Evaluste
emphass on predictions wsing assocaied statisheal techrugues
and sofiware tools

b Dievelip various quantialive and classificabion predicive mad-  Ewalusdte:
¢ls Baged] on various regression and decision tei methods

4 Apply specific statistical methods spplicable to predictive ans-  Apply
byties Lo Identify new rends and patierns, uneover relationzhips,
create forecasts, predict likelihood ssnd test prodictive hypothe
&ia

. FSUL { FSU2 L FSUS | 508 | P50 |
01 3
oz ] 3
AL 3
i 3 3 _
1-Shightly Low, Z-Modemim /Madium, S5ubntaniial /Thgh
Module 1:

Intraduction to Dats Acquisition-Applications-Process-Data Extracton-Duts Cleaning and Annitation-Data
Integration-Data Reduction-Data Transformuation- Visualization- ]J*rh'ududlm-]'tzmolng:r “Basic Churts and Plots—
Multivariate Deta Visualizntion- Data Visualaation Techriques-Pivel-Oriented Visualizaton Techniques-Geomatric
TProjection Visualization Techniques-Jeon-Based Visuallzation Techniques-Hierarch wal Visalization Techiigues-
Visualizing Cnmplm Dhata and Relations.

Moddule 2;

Urata Visualization Tools-Rank Anulysis Tools- Trend Anslyste Tools-Multivariate Aralysts Tools-Distributiin
Analysis Touls-Carrelation Analysis Tools-Geagraphical Analysis Tools,

Module 3:

=sion model building framework: Problem defimifion, Data preprocessing, Model bullding; Diagnostics
and validation Simple Linear Regression: Coefficient of difermination, Significancs tests, Residual Analvsis,
Confidence and Predichon Intervals.

Muodule 4:

Multiple Linear Regreasiony, Coeficient of multiple coafficients of determination, Interpretation of regression
coefficients, Calegorical varishles, Hetiroscedasticity, Multi-collinearity, outliers. Aulo rogression and transfor-
matton of varisbles. Regressiom model building,

Reference Books;
1. Andy Kirk. Data Visualization a Handbook for Data Driven Design, Sage Publications; 2016
2. Phulipp KJanert, Couplotin Action, Understanding Dato with Graphs, Manning Publications, 2010
3. Alberto Cordeba, “Understanding the Predickive Analyties Lifecyele”, Wiley, 2004,
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4. Hric Siogel Thomas H Devenport, “Predictive Analyties: The Power to Prediet Who Will Click, Buy, Lie;
or [De”, Wiley, 2013,

5. James R Evans, “Business Analytics-Methods, Models and Decisions”, Pearson 20113,
6. B MPrasad, Seema Achatye, “Fundamentals of Pusimess Analytics™, Wiley, 2015

7. Perkavie L (201 1) Introducton to computing usmmg pythone An Application development focoa. Wiley
Publishing.

8. MoKinney W, (2012). Python for date analysis; Date wrangling with Pandas, Numi'y and [Python,
"OReilly Media, Tne”

=,
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24-478-0108: OPERATIONS AND SUPPLY CHAIN MANAGEMENT
After completion of this course the student should be able Lo

1 Descobe operations management, objectives and Tdentify strate:  Unelerstand
gic appraaches for competitive advantage

2, Compute sngle-factor productivity and mult fact or productive  Evaluste
ity And ideatify the crifical viriables in enhancing produdtiviby

3. Undesstand the strategic lmportance of forecasting and Select  Evaluate
apprapriate method for farecasling in supply chains

4. Desvribe bapics of supply chain performance and procisses Understand
Formulate snd Solve basic inventory order relsted problems in - Evaluate

supply chain
fi.  Understand and apply analvitical fools for supply chain deci-  Apply
SIS
PSO1 | PS03 [ PSO8 | PSOY | PSOS
O 1 2 1
cO2 2
Coa 3 Z 1 2
C0a 1
COG 1
(o] 2 1 ] 1

L-alightty /Low, 2-Moderate/Medium, 3-Subgtantal /Fhgh
Mocule 1:

Operations, Logistics and Supply Chain Management: Definitions and Chjectives- operations sttategy and

rompetitiveness-Basic conepts of operations management-types of manufacturing systems and thelr charac

teristics - Basics of Product mnd Process Design -Gonds and Services. The Impartance of Project Manngement
- Project Pranning, Schedutling and Cortrolling-PERT and CPM

Modale 2:

Forecasting: The Strotegic Importance of Forecasting - Steps in the Forecasting - Forecasting Approaches -
Time-Series Fotecnsting -Associative Forecasting Methods; Regresston and Cerrelation Analysis - Monitoring
and (‘nn!.rullmg Forpcasts - Fureu':-u.ng in the Service Sector. Provess Analysis anad Dosign - Procese Redesipgn,
The Strategic Importance of Location - Methods of Evaluating Location Alternatives - Job Design - Ergonomics
ond the Work Environtent-Methods Analvsis.

Modale 5

Undemstanding supply chatn, supply chain performance - supply chain duivers and obstacles -Supply cham
micro and macm processes - Push and pull systems - Ageregite plannmg-in supply chaim -planning supply
and demand - managing predicluble variability - Beonomic Orders Cuantity Models, Rearder Poinl Models -
Manufacturing Flanning and Controd Systams,

Module 4:

Supply Chain Management Analytos: features of supply chain analytics - Techniques for Evaluating Supply
Chains - Evaluating Disaster Risk in the Supply Chain - Menaging the Bullwhip Effect - Supplier Selectidn
Annlysis - Transportation Mode Analysis, Warehouse Storage-Stochastic Inventory Models.

Reference Books:

L. Jey Helzer, Barry Render and Chuck Munson, Operations munagement; sustainability and supply chain
manbgernend, Twelfth Bdition, Peorson Education Ine 2017
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2. Ceal € Hezarth and Robert B Handfcld, Introduction to operations and supply chain mamagement,
Fifth edition, NY- Pearsan, 2019

3. Iman Rahimi et al, Big datm analvtics m supply chain management theory and applications, CRC-
Prows 2021,

4. Sund] Chopra, Peter Maindl and Dharam Vir Kales, Supply Chain Management Strategy, Planning and
Opemation, Sixth Edition, Pearnon Indls, 2015

5. Dmdiey Tvanow, Alegander Teipoulanidis and Jam Schanberger, Glebal SBupply Chain and Operations
Managsmient: A Decision-Oriented Introduétion to the Creation of Value, Second Edition, Springer. 2019
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24-478-0109: SYSTEM RELIABILITY AND RISK ANALYSIS
After completion of this course the student should be able Lo

Course Outcome (CO) Cognitive Level
1. Understand the comeept of reliability, religbility dats and mode!  Understand
selertinn
2. Exeming classical non-parsmetric distribution estimation and  Understand
Bayesian estimalion procedure
3. Understand system rellsbility analysis Undergtand
Daspnguish different methods of evalzation of relinbility Analyze
5 Understand aceelerated life testing probloms and ite popalar r-  Undurstand
lishillty models
Exammne AL mode! for Hme-dopendent stress and PH moded Analyza
Understand basle concepis 1n sisk analysis Understand
B. Relatw different risk assessmwnt methods Analyze
PSCI [ PS02 [ PS03 [ PS04 | PSOR
_E;Gl 2 2 2 2
Eaa) £
03 2 2 2 ]
o Z
LR i 2z
€00 2
0 7l 2 73 2
el 1 2

1-Stightly Law, 2-Moderate/ Medinm, J-Sobstanta)/ Figh
Muodule 1:

Component Rulishility Analysis: Concept of rellability, Reblability dats and model selection, Censored data,
Classival non-parameinic distribution estimation, Bayesian estimation procedurs Estimation of the pammeter
ol exponential distribution

Module 2

Svztem Raliakiiity Analyein Relighifity block diagran, method, Faflure tree and soccess tree methods, Buent
tree methed, Master logistic disgram, Failure Mode and Effect Analysis.

Module3:

Accelévated Life (ALY lesling: Basic AL noliong, Some popular AL reliability miodels, AL data anaivsis, AL
mode] for tme-dependont stress, Exploratory dataanalysis for time-dopandent stress, [H meclel data analbysis,

Module d:

Risk Amalyss: Determimation of risk values, Croumtifafive risk assessment, probabilistic nsk assessment, A
sirnple fire protecton riek analysis, precursor-based risk analysis.

Relerence Books:

1. Modarres, M., Kaminskiy,MLI and Krivtso V{2017). Reliability Enginsering and Risk Analysis-A Prac-
tical Guidi, Third Ediban, © RC Press, Bocn Raton, FL '

1. Ran 551992 Rellabiliy-based Destgr. MoGraw-T1Hl, Inc., US54,
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3. Gnedenko B, Paviovl. and Ushakev] {1899). Statistical Relisbility Engineering, John Wiley & Sons,
Ine. 1TRA.

4. ZioE. (2007). An introduction to basics of reliability and misk analysis, World Scientific Pablishing Co.Pvt

Lid., Stngapore
5. Biralinl.A.(2007), Rellability englneering-Theory and Practice, I'tith Edition, Springer-Veorlag, Berlin,

'thpﬂr‘.mmt of Statistics
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24-478-0201: SIMULATION MODELLING AND ANALYSIS
After completion of this course the student should be able Lo

Courge Outcome (CO) Cognitive Level

1 Undegstand how eimuladon waorks, application areas and the  Underetand
typen of sufiware that are svatlable for simulation modelling

2 Divelop a conceplual medel for a given problem Lvubeate
3. Apply general mesdelling principles of simulafion Apply
4, Create erediblo modols of systems Credie
5 Evaluate model's models validation using appropriate methods  Evaluate
PSO1 | PSO2 | SO0 | PS04 | PSOR
o1 3 i ] ¥
()] 2 1 2 2
REel 2 2 z |
=< - 3 2|
| COR i ]
L-shightly, Lo, Z-Modemte/ Mediam, *ﬁﬂ}:ﬂmhﬂ'ﬁ;h
Module1:

Shmufatiory  Definition, drese of .:.Ppltuathm Bystem: discrete snd continugus Systems, Model of Sistem,
Common types of simulation models and applications, Steps I a simalation 5tud;'- General prinaples of
digcrete event-Sirmulnton, Bvent scheduling/fime edvonce algorithms, World views, Smulsiion examples:
dingle dwm:ai quenes newspaper selling problem, reliabiity problem, lr-.a_r;l—i:hnﬂ demand.

Muoilale 2

Rendom mumber genemtion. Fropertizs of random mmbers, Techmiques of genembion of psendo-random
numbets, Tost for fandom nuimbers, Random vasiate generation! Inverse ransform teclmigue, Canvolulion
method, Acceptance-rejectom technique. Chusung Models, Long run measures of performance, Steady state
modets: MG/ 1, MM/ 1N eo M /M fc/fea/ 00 and M/M/c/K/K

Muodule 3

Simulation of manufactunng and material bandling svstems Motdeling of manurachiring system, Moteridl
handling systems, Goals and performance messurement, Modeling of downiimes and failures, Trace driven
models; Features of Simulation languages: Promod:] —Extend - Auto Mod - Taylor IT - Witness. Smmlf- AIM
- Arena. Bagie ntrpduction w agent-based simulation and applications,

Muoduale 4

Ioput modeling, Verifivation, Calibration and validation, Face validity, Validstion of model assumption, Vali-
dating input-output. Analysisof simnulation data: Ouipul analysis for terminating simualations, Output acsly-
518 Tor steady stnte stmuistions.

Relerence Books:
1. jeiry Banks e al: DNscrele-Tvent Svstein Simulation, Fiflh BEdbtion. Préntice Hall 2009,
2. Law AM bimulation Modeling end Analysis, Fifth edition. MoGraw Hill New York, 2015.

3. Robinsgn 5: Simuolation, The Practice of Model Development ind Use, Réd Globe Press; Second edition,
2014

4. Gordem G, System Sirulation, Second Edition. Prentice Hall, 1978
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24-478-0202: MACHINE LEARNING
After completion of this course the student should be able Lo

Course Outcome (CO) Cognitive Level
Understanding of the basic concepts of Machine Learning Undergtand
Solve the problems using various machine leaming lechnigues  Apply

Deseribe the underlving mathemnstical melationshups: within - Evaluate

arvoss Machine Leaming algorithms and the parsdigms of mu-
pervised and unsupervised leaming

4, Identfy machine jsaming technigues suitabie for o given prob-  Analysis
fem

5, Understand neural hetwaorks, cluding MLPg, activation fune-  Understand
tioms and back propagation. Gain basic knowledgs of CNNg for

Tad !‘-J'l—'

mage recognition and RNNs
PSSO | PRO2 | FS03 | PSOd | PSOS
Col 3 2 3 3
cpz| 3 z 3 3
CO3 2 B
o 3 2 3 3
s 3 3

-STEhHyY ow, T Moderite,/ Medisim, SSabsiantial /High
Module 1:

TReview of limear algebra: Vectors, Matrices and Biganvalues; Probability and Optimizston: Random Variables,
Diserete and Conttnuous distrlbutions, Gredient, Hesslan, Least Squares, Genetic Algarithms,

Module 2:

Machine Learmng: Iatroduction, Basic Definitions, Types of Learning, Handling Multicollinearity, Residual

Analysis, Gupervised Learning- Linear Regression, Logiatic Regression: Lasso and Ridae Regularization; Bias
and Varlgnee; Overfitting and Underfitting,

Muoduale 3:

Supervised Leaming Clasyificativn-, Decisjon Tree, Native Bayes, K-Mearest Neighborhood, Support Vector
Machine; Evaluntion Malricss for Classifier models.
Dimensionality Reduction: Rectirsive Feature Blimination. Prinvipal Component Analysiy

Module 4:

Reinforcement Leaming Introduction, Elements of Reinforcement Leamning, Q Leamihg, Nondeterministic
Rewards and Aclions, Temporal Differ=nce Learning Overview of Neural Netwocks, Multfiayer Perceptrons
(MLPs) and feod Forward networks - Activation f!.mclmm end their ole in newral network computstion -
Training newal networks: Back propiagation algorithm - Basic introduction to Convelutional Neural Networks
(CNNgj for inage recognition and Recursent Neural Networks (RNNs).

Reference Boolks:

1. Kroese, DT, Botey, Z., Talmre, T, Vadsman, R (2019). Data Seienée and Machine Leaming: Muthematical
and Statistical M=thods, United States CRC Pres=.

2 Wal, |, Borhani, R, Kalsageelos A, K (2020), Machine Learning Relined: Foundations, Algorithms,
and Applications: United States: Cambridge University Préss.
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3. Deisenroth, M. ., Faival, A. A, Ong C. 5, (2020), Mathematics for Machine Leamning, United Kingdom
Cambndegs Umiversity Press.

4. Tom M, Mitchell (1997), Machine Leamning, New York, N ¥ Me Grow-Hill
5. Bishop, C I (2006), Tattern Recognition and Machine Learming: Switzerland: Springer New York.
6. Langley P (1995), Elaments of Machine Learning, Masgan Kaufmonn.

7. James K.C.(2024)Regrosaion Modelling with Classical and Statisheal Learning Methods: An Easy Guide
for Data Scientists, Business Analysts and Engineers using Python Amazon Kindle Publishing, .

8. Churn C Aggarwal (2018), Netral Networks and Desp Leumning: A Testhook. Springer
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24-478-0203: MULTI VARIATE ANALYSIS AND STATISTICAL TECHNIQUES
FOR DATA MINING

After completion of this course the student should be able o

Course Ouleome (CO) Coguitive Level
1 Understand basic concepts of data mimeng Undyrstand
2,  Undersiand differen! methode of datn pre-processing, dala  Understand
ceaning and dats neduction
3. Apply princpal component analysis Apply
4. Petform factor anslisis and cenonles] corpelation Evaluate
5 Bxamine classlication probloms Evaheate
6. Perform MANOVA Fvaluahe
7. Apply different ests of multivariale populations and associafed  Apply
problems
8, Apply duster mmalysis and differént methods of it Apply
Pson | POz | PR | PO | PRGA
CO1 3 1 2
COz 2 2
CDa 2 2 2 z
O 2 2 2 2
COb 2 2
Cig r 1 z
Cy z
C0O8 £ 2 2
I-Sftghtiy)/ Low, 3 Modermte/ Medium 3-Subataniial /High
Modale 1:

Introduction ti dats mining; dati typey for Dita mining, Data mining functionalltes -Concept/ class descrip-
tion: characterizntion ond diseriminnlion, Assoriation analvsis, Classilication mad prediction, Clustering analy-
wig, Fvolution and deviation anabyeiz, Data Préeprocessing, Date cleaning, Data er:gn:tim anud tranaformstion
Data reduction. Dscretization and concept hisrarchy: generation, '

Module 22

THimerston. Reducton methods: Profile Analvss and the assocated tests, Prndpal Component Analysis-
Method of extraction-properties, the assoceted tests. Factor Analysts-Orthogonal Model-Estimation of factor
Ju-uiings Canonical variates and canotical correlation, use, estimation and computation.

Muodule 3

Classification problemss: Discriminant Analysis-Baves' procedure, Classification into ane of e two popula-
Hons (Normal distobotion only), Classification into seversl popudetionsiNormal distribution only), Fishers
limear discnmanant funchion and its associated tests, Cluster Analysts; proximity mezsures, Hisrarchical and
non-hiararchioal mdthods

Module 4:

Multivariate General linear models- MANOVA (one way and two wayl, Witk's A, Ran's U, Pillal's trace,
Holelling-Lawley race, Roy's Maximum Rool Statlstics (Concepls anly), ths-&:dcpmdmce af sete of vari-
‘ables, Equality of dispersion matrices and Sphenvcity test.

Referenie Bools:
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L. JiaweotHan, Micheling Kanber, JlanPel (2012); Data Mining: Coneepis and Teehnieues, Jrd Edition, Mor-
gan Kaufmann Publishers, Elsevier Inc. UBA.

2. Johnson A and Wiclern DW. (2008) Apphed Mulkvariate Statistical Analysis, 6th Edition, Pearson
Bdusation,

3. Rencher A.C{2012) Methods of Multivariate Anufyets, 3rd BEdition, John Wiley:

4. Johnsun DLE.(1998). Applisd Multivisiate Methods for Data Analysts, Dusxdury Press, USA-An Interma-
tipmal Thamson Publizhing Company.

5, MorrisonF {2003). Mullivanate Sialistical Methods, Brooks#Cole, 4thRevized Edition, McGrowHill Book
Compary. '

6. Stivastave M5 and KhattdC.G{2002): Methods of Multivariste Statistlcs, John Wiléy & Sons, NewYork.

7. Anderson TW.(2010). An Irfrocdiiction to Multivariate Statistical Analysis, 3rd Bdition JTohnWiles.

8. Beber G E{2004) Mulfivariate Obiervations, John Wikew
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24-478-0204: R/R-STUDIO PROGRAMMING - PRACTICAL IT
After completion of this course the student should be able Lo

Course Outcome (CO) Cognitive Level
| Understanding of basic commands in R programming Undergtand
2. Practice different problemis i régression ansiysis wsmg R pro- Apply

BrEIniTE
3. Explun dilférent optimization problems wing R programme  Evaluate
4 Apply the R programming from 4 statistival perspective Sty

PSO1 | TSO2 | PSOS | PS04 | PSOS
COl 2 r 2 2
ooz 2 3 3 2
cos 2 2 3 ]
cod| 2 3 z
1-Slightly /Low, Z-Modeme, Medium, 3-Sobstantial Tigh

Module 1:

Introduction to R: basle cwnmands, graphics, indexing data, loading date, Regression: linvar rugression, test
of significanice, residunt analysis, polynomial regression, qualitative prediclor, logistic-regression
Muodule 2:

Resanipling miethods! croes validation, baolstrap; Subset selection: best subset seléction. forward and back-
veard stopwise selection, choosing among models using the valldation; Murkoey chain Monte Carlo.

IModule:d:

Opbomizaton in B: Comman R Packages for Linear, Quadratic and Non-linear optimization, Built-n Optimiza-
tion functions, Linesr Progremming m R-lpsove

Moduale 4:

Quadratic Programming- quadprog. Non-Linear Optimization:One-dimensiona L iGalden Secton Search; Mulfi-
disrensitmal: Gradient-based. Hessian based. Non-gradien based

1. Q. James, T0. WittenT MHastie and B Tibshirami (2013). An Introducton to Statistical Leaming: with
Applications in R (Springer Texts n Statistics), Springer.

2 W John Bratun, Duncan | (2008). A First Course in Statistical Frogeiimming with R Mundoch, Cambridye
University, Pruss.

'thpﬂr‘.mmt of Statistics 6
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24-478-0205: OPTIMIZATION TECHNIQUES
After completion of this course the student should be able Lo

Course Cutcome (CO) Cognitive Level
1 Understind the basie comeepls of linear programming Understund
2. Digtinguish different rmwthods of solving noplipear progrom-  Analyze
ming problem
3 Understund genetic algonthuns and associated properties Understand
4. D[hslinguish difforent types of advariced genetic algorithms and  Analyze
applicstions
5. Understand differentisl svolution and its principle Undersiand
6. Dhstinguish different algorithons of differeniial evolution Analyze
7 Understand pﬂ.l:li:‘_ie swarm, optimizalion methods Undorstund
B Untderstand protein lolding problems and protein strochure Understand
analysis
PS5O | PSO2 | PS03 | PSO4 | PSOS5
COl 2 3 3 3
o2 2 2 % 2
(G ] 1 i
04 1 i
Baes =1 =
COb 1
CO7 L |
| CO8 1
1-Shgntly, Low, 2-Moderate/Medrmm, 3-5onstantal /High
Muoduale 1:

Introcluchon to optimization: formulation of optimizanon problems-Review of classical niethods-Linear pmpmnﬂng—
Monlinesr programming-Constraint optimallly criteria-ronstrained optimisation-Populstion based optimize-
Hon techniques:

Modale 2:

Genetic Algorithm-Introduction: Working pﬂmipl&ﬂqﬂﬂmﬁmt-ﬂlarﬂmﬂﬁmw assignment reprostuction-
crass over-mutation-constraing handling-advanced genatic algorithms-Applications-Artificlal Tamune Algorithm-
Introdurtion-Clonal selectiont algorithm- Negative selecon algorithm-Immune network algorithing-Dindritic
cell slgonithms

Tordule 3:

[ifferentinl Evolution: Intreduchion-Werking pminaiples-parameter selection-advanced algorithms m Differen-
tial evolutton—SBiogeography-Based Optimization-Introduction-Working Principles-Algorithmic vamations

Modualed:

Particle Swarm Optimization: IntroducHon-Working principles-Faramelér selaclion- Nelghborhoods and Topalogiss-
Convergenos-Artificial Bes Cnlun?' Algorithm-Introduction-Warking principles-Applications Cuckoo ssarch
based algonthm-Introducton- Working princmples- Random walks and the step size-Modified cuckoo search,
Hytrdd Algorthms: Concepts- divicle and pamijuer decrease and runqt1nt—H‘F’A‘EE-l-fB¢'LBC=T-HMHﬁ!1{ NBC-
Shufflad Frog Leaping Algorithin—Wocking pmﬁpl&?almltm{;muudf Explosion Algorithm-Working
principle-Applications.

'thpﬂr‘.mmt of Statistics 27



Cochim Lnigeratty of Srience and Techorolosy
Reference Books:

L. Rao S5, (2019) Engincering optimization: (heory and peactice John Wiley & Sans.

2 Venkata Rao R.(2016), Teaching Learning Based Ophimizstion Algorithum And Is Enginesting Applice
tiora, 1, Springer

3. Swon 1, [2003) Evolulionary optimization algorithiens. John Wiley & Sons.

4. Yang X.S5.(2010). Engineering optimizstion: An Introduction with Metdbeunistic Applications: Joha Wiley
& Sons.
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24-478-0206: DESIGN OF EXPERIMENTS (INTEGRATED WITH R)
After completion of this course the student should be able Lo

Course Crutcome (C0) Cognitive Lewvel
1. Ilustrate the stabistical iool-Anabysic of Varianee Applty
. Deseribe the different expenmental desgns Understand
3. Describe vonoupts of Taguchi experiments and arthogonal array  Understand
4 Agpply design of experiments to product design, Tagachd concept Apply
of quelity, Relinbility, enhineement techriques and pccelermtnd
fife hesting
5. Beable to execude using R Apply
P50 | PaO2 | Psin | PsOM | P05
Cioi 1 3 1
ol oz 3 z Z
CO3 1 2 2 z
cod | 1 7 3 3
| 05 1 2
1-Slightiy Loy, 2hocltsate/ Tiedium, 3-Sulbalatiial /Hieh
Moduale 1:

Analysis of varance: General Lincar Model, One-way analysis of variance, Two way analysts of varianer, Ine
teraction, Confidence fntervals in one-way and two-way analysis of vadance, Multiple treatment comparigons,
Tandom ordering of the experimental sequence, CRI RED,

Muodule 2:

Factorial experiments: Simple and mam effegts, Factonalapplied to randomized block designs, Teguchi exper-
iments, Genarabization of orthogonal arrays, Dealing with interactions, Confoungding, Other designs. Response
surface Methodology, First and second order models.,

Module 5:

Application of design of éxperiments, Product design, Managing ths uncuntroliable faetors, Type of uneontrol-
lable factors, Use of outer arrays for comonrnent engmeering. Apphication of destgn of experinients to rebiabiiity
SESUTANINE,

Moduale 4;

Accelerated Lite Testing, Enviremmental and opemating stress, Interpreting data from scoelerated tests; Dirval-
oping an integrobed reliability test program, Relisbility improvements w'li design of expenmmts

Reference Bouks:

1L RC Montgomery (1997); Design und Analysis 0F Experiments, John Wilsy and Sona, New York,
Lawtson Juhn (20015 Dusig_n and Analysiv of Experiments with K; CRC Press
Bloyd W. Condra (1993): Reliabiliiy Improvements with Desygn of Experiments, Marce| Deldier
R. M Bethea and R Rhireheart (1991); Applied Engmeering Statistics, Marcel Dekker.

Aldain Villemenr (1992} Reliability Availability, Mamtatnability and Safety Assessment Vol.2, John Wilsy
ands ane,

E, Dande? (1976) Applicstion of Statisiice to Industial Experimeniation, fohn Wiley and Sore.
7. TJ Lofengen and VL. Anderson (1993): Deign of Experiment, Marcel Dekker

|=

wos
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Drapartment of Statistics 29



Cochim Lnigeratty of Srience and Techorolosy ;ﬁ'}.
24-478-0207: ARTIFICIAL INTELLIGENCE AND DEEP LEARNING
After completion of this course the student should be able Lo

Course Chitcome (CO) Cognitive Level

1. Dhsruss the History, curment al:tpli.mﬁmm;' future chalienges and  Understand
the comtroverstes n artificial mtelhgence

2, Apply principle af Al'in the design of an agent and model ity Apply

ationy
4. Deslgn a henristic algorithm for search problems Apphy
4. Analyze and represent the fact using logie for a given sconardn Apply
B Reprosent unceriainty using probabilistic models Bwvaluate
6. Describe the bastey of leaming and deep learning Underttand
7. Apply principles of Convelution neurnl network (o practicsl  Apply
problems
PSOL | P5O2 | PS03 | PolM | PSOS
col] 3 1 1
Coz| 3 3 2
03 3 2 2 2
Cou 3 i
L3 [ 1
Co6 | 3 3 ] 3
CO7 3 3 3 3 3
Lﬂ"ﬂghﬂy T, 2-had et/ Mechm, 3-Sabatantial] igh
Moiluale 1:

Intredurction: Al, Briaf hlr:h:-rp' Agerits and rationality, sk environments, agﬂ'll archileeture 'Dmm— Search
and Knowledye répreséniation - Search spaces, Uninfurmed and informed serrch,

Modale 2;

Techivigues: Hill climbing, simulated annealing, geénetic algorithims-Logic based reprosenintions’ (PL. Fall)
and inferenie, Fra:-lng Rule based representstions, forward amed backwand chnindng, matchtng algorithms -
Probabilistic reasoning and ancartainty - Bayes networks and reasonimg with: them.

Module 3:

Learning: Uncertminty and methods to hancle it - Forms of learning - Statistical methods: naive-Bayes, nearest
neighbors, kemel. neural network ragdels, nmﬂe and over fitting, Decision trégs, induclive ‘lmmjng.

Moduale %

Introduction to Convalution MNeural Networks and Recwrrent Neural Networks - Desp Learning, Auloencoders

and unsupervised leamning - Stacked auto-encoders and semi-supervised leammg -Regelarization - Diopout
and Batch normalization.

Relerence Baoks;

1 Russel 5. and Norvig 2 (2015), Actihcin) Intellizzmon A Modern Approsch, 3rd Telition, Pearson Bluca-
tion Limited, 2016

1. Goudftellow, I, Bengio ¥, and Courviile, A, Duep Learming, The MIT Press, 2016

3. LavidPeole, Alan Mackworth, Artificial Intelligence: Foundations of Computational Agenite; Camibridge
Uniwversty Press, 2010,

4. Keith Frankish, Willim M. Ramsey (eds) The Cambridge Handbook of Artificial Treelligence, Cambridge
University Fress, 2014
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24-478-0208: NATURAL LANGUAGE PROCESSING
After completion of this course the student should be able Lo

Course Outcome (CO) Cognitive Level
1 Describe the basies of lmguage processing technologies for Pro- Understand
cessing the el
2. Acguire knwladge on teet dete znalytios usivg ngusge mod- Evaluste
cli
Process the text data at synitactic and semantic feval Evauluate
4. Extract key information from text data Apply
5. Analyze the text content o provide predictions related 10 aspe  Analyze
cilic domain using langunge models
= FS01 | P502 | PSee | PSO4- | PSOL
cor| 2 1 2 3
CO2 1 3 2
Co3 2 1 3 3
Cod 3 1 3
o5 | 2 E]

i-Slightty/ Low, 2 Moderate; Medium, 3-Sabsiantial [ Figh
Module 1:

Introduction (o NLF, Knowledge Acquisition, Regular expression (RE) and Text Processing, Word Tokenization,
Word Normalization and Wond Stemming, Sentence Sehfmen!_n&nn, Edit [Metance, Word Alignmont Froblem
ane Statistical Machme Translaton (MT),Word Alignment Problem, Parallel Corpora, Decoding Evaluation:
Stalatieal MT, Modem MT Sysiems

Muodule

Longuage Modeling, Introduction to Negrame, Estimating N-gram Probabilifies, Bvaluation and Perplexity,
Generallzation and Zeros, Interpolation, Good-Turing Smoothing, Koeser- Ney Smoothing, Spelling Correc-
tion, Notsy-Channal Model for Spelling '

Module 3:

Tost Classifiestion and Suntiment Anslysis, Wais R‘ayu,r. Classifier, Preasion, Resall and the F mezbure, Text
Classification. Bualuation, Sentiment Analyss - Baseline Algorithm  Learning Sentiment Lexicons and Dis-
criminative Classifier - Maximum Entropy Classifior, Genesativie va. Disceiminative Model Malking features
from text. Feature-based Linear Classifier. Probiem of Over counfing evidence, Named Entity Rec:ugmﬂﬂn
(WNER) ared Masgmim Em:mp} Sequence Model

Muodule 4:

Introduction to Information Extraction, NER and Evataatiom of NER, Sequence Modaels for NER, Maximum Ene
tropy Sequence Model, Relution extraction by using petterns, Supervised, Sent-supervised and Unsupervised
Relaflon Extriction, Advanced Maximum Enlmpx Models, Parts of Speach (PO3) Tagging . Sequence Models
for POS Taggmg, IMarsing, Syntactc Parsing - Constituesicy vs Depetulency, Context Free Grammar (CFG) and

PCFG, Grammar Transforms, CKY Parsing, Ladalized Parsing, Ledcalization and PORGs, Charniak” Modsl,
Usilexiealloed BCRCe, Latent Varigble P‘L‘FL‘F Context Seasitive Gramman(CSG),
Reference Bools:

1. Jurafsky 1. and Martin LH. Spéech and language processing. Vol 3 Prntice Hall, 2014
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2. janZizka, Franttek Usbenaand Amodt Svobods, Text mining with machine learming : prnciples and
techniques, CRC Fress, 219,

Cochin Unizersty of Seience and Techirolosy

i

3. Bird S, Klein E & Loper, Natural lingnags processing with Python: mnalyzing text witht the nataral
language twolkit, (YReilly Media, Ine 2009..

4. Manping C10., Misnning, .0, & Schiilze. H Foundations of statistical natural binguage processing, MIT
presy, 1999,
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24-478-0209: FINANCIAL RISK ANALYTICS AND MANAGEMENT
After completion of this course the student should be able Lo

Course Outcome (CO) Cognitive Level
1 Describe the financial dek management process and identify key  Evaheate
facturs that affect interast rales, exchange rates and commadity
[prices
2 Undersiand and evaluate ways to manage the different risks per-  Apply
tainihg to stock market and jts hstraments
b Identify (he varions risks faced by an organication suclias credil  Evaluate:
risk, operutional risk, and svsiemic risk

4 Develop an organizational profile to support risk management  Evabuste
polley and evaluai opportunities o devalop or refine a risk
mmansgernent policy

5 Identily and solve legal ipsues that mmpact financial and other  Apply
riak affeﬂmg buasiniss

PSO1 | P50z | 150 | PRl | PsOb
ol 1 2 2
oz 1 ] 2 2
& ak) L el Z
Cod| 1 2 2
sy 1 ] z
gy Low, 2 Moderate/ Msdiim, 3 5cbetaial FEig:
Module 1:

Introdurtion to Risk-Understanding Risk-Nature of Risk. Soutce of Risk, Need for riak management, Benefits
of Risk Muanagement. Kisk ‘ui;ﬂngmmt‘ apyproaches. “Rigk Clagsificattion- credit risk, market risk, operational
Tighk and other risk

Moduals 2=

Fa=k Measuremnenta-Measurement of Risle-eredit rsk meassurement, markst sk meisuremenl, terest rate
risk measurement. Ass2| lability management, measurement of operationil rzk

Modaie 3:

Risk Management- Risk maragement- Managing oredit risk, managiog operational risk, managing market nsk,
ANSUTANce

Module 4

Tigk In Instruments - Tbﬂlsfnfrmlnunagﬁzlﬂ:l—ﬂcmtméﬁ combinations of derivative Instruments - Neutral
2nd volatile strategies - creclil derivatives - credit fatings- Regulation snd Other lssues Other issues n risk
management - REgulntnrv framework. Basel commities, legal issuss; aceouniing issaes, tax issoes, MIS and

reporing, infegratad risk management
Reference Books:
1. Dhun, Bradetrest, Financial Risk Management. TMT, 2006,

2. iy Skoglund aned Wel Chen, Finaneial rlsk manzgement applications in market, credlt, asset and
liability management and Hrmwide risk, Wiley finance series, 2015
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3 McNeil AJ, Prey, It and Embrechis, F. Cuantitative Risk Management, Praneeton Univarsity Press: Che

4. Richard Apostalik and Christopher Donohuoe, Foundations of Financial Risk: An Over view of Financial
Risk and Risk-Based Regulation, Wilky, 2015

5. JobnCHull. Risk munagement and Finanvlal InsHtutions. Pearson, 2015.
6. Aswath Damodharan, Strategic Risk Taking, Pearson, 2008,

'thpﬂr‘.mmt of Statistics



feEe
f
-

Cochim Lnigeratty of Srience and Techorolosy
24-478-0210: MARKETING AND HR ANALYTICS
After completion of this course the student should be able Lo

Cougse Outcome (CO) Cognitive Level
1. Interpre: the benefils and objectives of marketing analytics Evaluate:
2. Apply metrice-driven techniques to improve marketing dec-  Apply

sions

3 Dr;-éi.gn appropriata handz-on compuisr models and meatrics Apply

4. Identily necessary skills to carry out the personnel roles in the  Evaluste
domisin of HE

5, Apply HR analytics to impirove-orgamizatonal performance by - Apply
promding botter insights on humen resouroes dats

PSO] | 502 [ PEi | PS04 | PSOS
COL | 1 1 1 1
coZ | L 1 L
cod | 1 3 1
cod | 1
Coa | | 2

t-Shightly/ Low, TMademabi Mediim, Sfabateniial/High
Module 1:
Tntroduetion o Marketing Anelytics — Models & Mettics - Market Insight - Terminologies - Data Sources -
Market string - PESTLE analysis — Introduction to forecasting tooly,
Module 2:
Markel Segmentation - Segment Targeting and Positioning- Competitor - identification and information gath-
ering —Competitive analysis — Compelitive ~schions - Cluster Analysis ~Classification Trees-Conjoint Analysis,
Products, Attributes, and Levels, Full Profiie Comjoint: Analysis- Discrate Chodee Avalyzis- Random Utility
Theory.
Module 3:
Introduction to FIR Analytics: Overview of FIR Process, [TR as an expense; the analytics and p‘reth:ﬁm Strate-

gic Humsan enpital measures, business analysis and mtignal action - Benefits of Analytics in Improving HR
Pricesy, Intersection of prople and profits ~Technology Usad, SWOT Analysis of HR analvtics.

Muoduili 4

Emplugmﬂ Hngagement Measurement Process: Altracting, motivating and relsining people Organization G
and Alignment Analytics - Recrultment Analytics end On Boarding Analytics - Staffing Analytics - Perfor-
miance & Skill Gap Analytics - Compensation & Benefit Analyties Training & Lesrning Analytics - Promotion

and Succession Planming Analytics Compliance Analyiics Attritfon & Betertion Analytics - Identification of
Eev Business Objoctives Cunfiu::tina HE Fractics

Reference Books:

1. Wayne L Winston, Marketing Analytics: Date-Tirfven Technigues with Microsofid Exeel, Published by
John Wiley & S, 2014

L Jac FITZ-ENZ The New LR Analytes: Prodicting the Economic Value of Your Company’s [Tuman
Capital Investoents, Awencan Monagement Associanon. 2010,

3. JolhnW Boudreay, Boyond HR: The New Science of Humon Capital, Harvired Business Schiool Press, 2007,

4. Stephan Sorgen, Marketing Analytics: Stralegic Models and Metries, 1st Hdition, Create Space Indepen-
dent Publighing Plalform, ISBEN: 14319003017, 2013,
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24-478-0211: BIOINFORMATICS
After completion of this course the student should be able Lo

Course Outcome (CO) Cognitive Level

Understand featurss of molemlar biology Undergtand

Distinguish  the genomic-genetic  synthesis, (lronslation-  Analyze

trensariptionsprobsin syniiasis.

3. Undersisnd pair wise sequence aligrment, PAM and BLOSSUM  Understand
mistices

4. Daspnguish different dymaonic programming methods Amnalyze

19| =

PSO1 | PeOz | P0G | TsOd | SOS

S| 1 2 ) 1
oz 2 2 i
WL 3 3 1

' 7 1

l‘ﬁghﬂ_ﬁs Lavwy, 2-hiorlemmt Mediim, 3Subsdtantal Thgh
Module 1:

Muolecular Biology and Bicinformatics: Infroduction te molecular biology- Nucleic adds-DNA-RNA Froteinu-
Cine-Cenome-Genetie synthesis - Translation-Transenpon-Frowan synthesis-Chromosomes-Maps and sequencess
Human genome project.

Moduale 2:

Sequence allgnment and database ssarch) Pairwlze sequence alignment- Substitution matrices -PAM and
BLOSSUM matrices, Dot plots - Local and global alignment theory -Dynamic programming methods -FASTA
and BLAST algorithms - database search using BLAST and FASTA - Siilarity & distance -Bimilarily soores -
Wight matrices - Hourdstic method - Hidden Markow Wodels and their appHeation o sequence snalyais,
Moduale 3

Phylogenetic trees: Introduction {Dendrogran consraction/ Molecular Phylogencties/ Tree definitions/ Optimality
ariteria/Distance matrix methods and maximum parsimony/Multipiz/ sequence adgnments- free slignments,
star alignments, patbern in pair wise alignment Genetic slgarithm.

Module 4:

PINA Micro-arrays and Cerie Expression- Gene profiling: DNA Microarmay tﬂﬂﬂmlﬂg}"‘:ﬂﬁﬂ regulatory natwork-
Heuristic Algorithms for GRN-S5-system model - Computational methods for pathways and system binlogy-
metabolic pathways- genetic pathways signaling pathways, Molecular Stoctire Prodiction BENA secondary
structurs prediction-Protein Folding probl=ms-Protein, th'_reaﬂ_mg—}"mtl_m structime analysis,

Reference Boolks:

1. Ghosh,Z. &Mallick,B.(2008). Biinformatics: Principles and Applications Rastogl 8. C,, Rastogl, P, &
Mendiratta, N. 2008). Bioinformatics Meihods And Applications: Cencanics Proteemics And Drug
Disvovery 3RdEd: FHI Leamning Pyt Lid..

2, Jomes N.C, PevznerPA. & Pevemer P (2004}, An introdpction to Biainformatics Algarithms, MIT press.
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24-478-0212: BIG DATA TECHNOLOGY
After completion of this course the student should be able Lo

Course Outcome (CO) Cognitive Level

I Process dats in Big Data platform and explore the big datn ana-  Analyze
bytirs Technlgues for business spplicabions

2. Analyze Map Resducs technologiss in big data analytics Anzlyze
. Leem to build and maintsin reliable, scalable, distributed sys-  Evalunte
tiung with Apache Hadoop
4, Design elficient algorithms for strearn dats mining on big-data  Evaluste
platform
| PSOI [ PSO2 | PS03 | PSD4 | PSO5
oI 3 T [ 5
Cor] 2 3 5
co3| 2 I 3 3
ced 3 3 3

L-slighthy/Low, 2Moderate Medinm, FSabsantal/High

Module 1:

NoSOL Database: NoSQL. Databases — Sehemma less Models, Increasung, Fedbility for Data Masdpoiation-¥ey
Value Stores, Document Stozes, Tabular Stares, Object Data Stores -Graph Datsbases, Big Data: Evolution of

Blg daiz, Best Practives for Big dats Analyties - Big data characteristics - Big Dala Uee Cases, Charasteristics of
Big D :&Pp'l.{mi:lmu, Big data tor tw itter. Big data for B-Comnitrce blogs.

Module 2:

Big Dats Modelling, Map Redues algotithm. Hadoop Introduction: Apache Hadoegp & Hadoop' Ecosyulem -
Moving Dot in and out of Hadoop - Undemstading Inputs and outputs of MapRoeduee-Dista Segalization,
Hadoop Architecture.

Module 3:

HDES performarce ond tuning, Pig: Introduction to FIG. Execotion Modes of Fig. Grunt; Pig Latm, User
Tetined Tunctions. Data Processing operatons, Flive © Flive Shell. Flhive Services, QL. Tubles: Querying
Dratsy arped Ve Dahnﬂi'FLmr_‘linru_ Hbase HBasics, Cmcep!s Clim'ﬂs,..'E‘xdmpll. sztr_k

Muodule 4

Mining Data Soeames Introduchion o Streams Concepls. Stream Data Model and Arcldiéeture - Sampling Data
10 & Siream, Filterdng Streams, Counting Distinet Elements in a Stream <Real ime Anddytios Platform (RTAF)
applications, Case Studies; Real Time Sentiment Analysis-Stock Mavkot Fredictons,

Reéforence Boolks:

L Jure Leskovee, Anand Rajaramanand Joffrey David Ullman, Mimng of Massive Datasels, Cambridge
Univepity Press, 2014,

. Arshevep Bahya de ViigyMadisetti BlgDatadnalytics AHands-OnApproach 2019
3. Tom White. Hadoop: The Detinltive Guide: 4th edition O'Reily Publicationy, 2015

4. Jules S.Damji, Brooke Wernlg, TathagataDas andDemmyvlee LearningSpark:Lightning-FastDataAnalvtics.
O-ReillyPublications,2020
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5. David Loshin, Hig Data Analytics From Strategic Planning to Enterprise Intogration with Topds, Techs
niques. NoSOL and Graph, 2013,

6. Bart Bagsens, Analytics in & Big Data World: The Essential Goide to Data Science and its Applications”,
Wiy Publishers, 2015.

7. Diptmar Jannach, Markus Zinker, Alexander Pelfornlg and Cerhard Friedrich. Recommender Systeme:
am Introduction, Cambridgs University Fress, 2010,
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20-478-0301: BUSINESS ANALYTICS
After completion of this course the student should be able Lo

Course Outcome (CO) Cognitive Level
Understand and explore problems m bustness Evaluate
Summarize the evolubion of business analyiics and explamm the  Evaluate
cancepts of business intelligerics, operations research and man-

agement sdence, and dedsion support systems

3. Expluin the purpose of mgressivn snalysis and provide exam-  Understand
[les In business

4 Apply & systematic approach to buald good regression models  Apply

5, Apply the appropriate forecasting technigue n o given business  Apply
situston o .

6. Apply asseciaben role mining, k- Nearest Neighbors, discrime  Apply
inant analysis, and loglstic regresslon in business applications

19| =

such as Marlst haskes smalysis,
P01 | PSOZ | PS(3 | PS04 | B305
COl| 3 3 2
o2 2 2
cO3 2 2
Coi| & i 2 2
cos| 3 3 2 2
CO6 3 2 2

t-Slightly/ Low, 3-Merurte/ Mediun, S Gustemial /Figh
Moiduale 1:

Busiiess Analytics: Bvohation of Bisiness Analytios. brpicts and Challenges - Big Datd - Metrics and Dats
Classification - Datn Refiability and Validity - Models in Business Analytics - Decision Models - Model, As-
sumptions - Upcertainty and Risk - Prescriphive Decision Models - P'roblem Solving with Analytics - Recogniz-
ing & Problem - Defiring the Problem - Strochuring the Problam - Analyzing the Probiem - Interpreling Resall=
and itnplemenmtion

Module 2:

Muideling Relationships and Trends in Dats- Regression applications in ndustry and business: Least-Squans
Regression - Regressinn Analysis of Variance-Testing Hypotheses for Regression Coelficients -Confidenes In-
tervals for Regression Coefficients- Residual Analynis and Regression Assumptions- Checling Assumptions-
Multiple Linear Regression, Palynamial regression-diagnosticy, iransformations and niodel nprovements -
Regreasion with extegurical independent variables.

Module 5:

Forecasting Techniques - Qualitative and Judgmental Forecasting - Forecasting Models for Smtionary Time
Series - Moving Average Models-Error Metrics and Forecast Aceuracy - Expanential Smoothing Models Re-
gresaon - Based Dorecasting for Time Seres witha Linear Trend -Foreeasting “Tone Senes with Seasonality -
Regression - Based Seasomal Porecasthing Models - Holt-Winters Forecasting for Seasonal Time Series - Holt-
Winten: Models for Forecasting Time Scriss with Seasurmlity and Trend - ARMA and ARIMA Modaling wnd
Forecasting - sslechng appropriafe Time - Sexies based Forecasting Models - Regression Forecasting with
Catsal Variables

Muodule 4:
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Intrgciuction to Data Mining - The Seope of Liata Mining -Dete Exploration and Keduction- Sampling - Data
Visualization- Dirty Data - Cluster Analysis -Classibication - Measaring Clessification Performance-Using
Tralning and Validation Data-Classifying New Dats- k-Neares| Nei ﬂ:-ﬂm (NN - Digeriminant Analysis
-Logistic Regression-Assodation Rule Mining-Causeand-Effect Wodell

Relerence Books:

T Galit Shimueli ef al, Uats Mining For Business Analyties: Conoepts, Techniques, sl Apphcations m R
John Wiley & Son, 2015

2. ['R.Evans, Huginess Analytics, Pearson Educption; Second edition, 2017
3. Jeffrey D Camm, Bssentials of Business Analytics; South Western, 2015

4 5Christlan Albright and Wayne 1. Winston, Busingss Analytie: Dats Analysis & Decizion Making,
Cengage Learning; Sixth Edition, 2017,
. B.C James, Regression Modelling with Clussical and Statistical Leamning Methods: An Easy Guide for
Data Scientists, Businees Analysts and Engineers using Python. Amazon Kndle Publisking, 2024

6. Hanke. [ E & Wichern, D W, Business Fotecasting: Pearson New International Bdition. Péarson Higher
Ed, 2013 '
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24-478-0303: STATISTICAL FORECASTING METHODS
After completion of this course the student should be able Lo

Course Cutcome (CO) Cognitive Level
it Chgose a suitable mode! {or the given time series Evaluate
2. Deéfine foreests under various Optmizstion criteiia soch sy Remember

MMSE MAF, MAPE ote.

1. Prediction by suitable smoothing methods Evaluate
4. Compute fordcasks using regression and time eries models Apply
5. FEvaloate the forecasts using suitable measures Evaluate
6. Prediction using logistic regression, intervention models and  Evilwite
neural tistworks
7. Interpret the model performance based on residuuls Evaluate
B Choose foretast methods for o given dats Evnluate
| PSOL | PSO2 | PSS | PSO4 | PSOS

Cel 2 2 3

o2 2 2 2

C03 2 Z 2

Cod 1 = 3 2

COb] 2 3] =

COs| 2 R 2 2

Co7 2 z

L COE 3 1

l-ﬁhshﬂwlxﬁ'ir. Z-Modprate / Mudim, 3-Subsdatuial /High
Module 1:

Meed for forecasting, Besc foreeasting toolk, Time series and cross-sectional data, Graphical and nomerical
sunmaries. Measurng forecast accuracy, Transformations and sdjistments, Time series decomposition: prin-

ciple of dﬂmmpu:smnn,. moving averapes. Exponéniial smoothing: single, double, Holl’s and Halt = Winterd
gmpothing methods.

Muoduale 2

Simple regression: miodel and properties, inference and [orecasting with simpie regression. Muliple linear
regreggion: Method of analysis and examples. Vardable seléction methods, Multivolinearity, multiple lmear
regression smd forecasting, Regression with correfated errors, Durbin-Watson test.

Module 3:

Box-Jenking Methodology for forecasting: Teats for independence and stationarity, methods of removing non-
statonary, ARMA and ARIMA models for tme sories: Tdentification, estimation and diagnosis methods,
Forecesting with ARIMA models. '

Muodule §:
Midelling and forecasting of Rej;resz.mn models with ARIMA errors: Diymamic regression models, Intervorition
aralysts, non-lnesr models: logistic regression, Neural network forecasting.

Reference Books:

L. SMakridakis. SC Wheelwmghl aned R Hyndmsn (2005); Forecasting Methods and Applications. 3ed
EBdition, John Wilsy and Sone, NewYark,
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2. BAbrahun and [ Leclofter £2006): Introduction to Hegression Modeling Thormson, Canacda
3. BAbrabum and 1. Ledoltor (1983) Statistival Mothods for Forecasing: Wiley, NewYork.
1. B.CMonigomery, EA.Pockand GG Vining (2003} Infroduction by Linear Regression Analysia Wiloy

'thpﬂr‘.mmt of Statistics



Cochim Lnigeratty of Srience and Techorolosy .‘:ﬁl}.
24-478-0304: QUALITY MANAGEMENT AND SIX SIGMA
After completion of this course the student should be able Lo

Conrse Outcome (CO) Cognitive Level

1. Understand the bosic {deas ol guality snd quality manngement  Underdinnd
ol the necessdty for quality improvement for organizational ex-
cetlence

2. Understand various quality costs and see how quality Improve-  Analyze
ment efforts could reduce costs in indusiries

3. Evaluate cureent level of quality in indugtres Evaluake
Know Project Mansgement Using the DMAIC and DMADY  Apply
Models

5. Undersiand and npply vanous: amalybeal toals of quelity, Six  Apply
Siprma and quality munagement systems
t,  Undersiand and apply approprinie statistical ools for quelity  Apply

coiptrol
PO | PSSO | PSOS | PSSO | PS5
Col 2 2 1
02 1 3 1
05 1 1
o] 2 z 2 1
Cob| 2 = 2 i
1&:51111:.n1m-. ZModerate) Medim, FSulmeantial /THgh

Muodule 1t

Basics of (Juality and Total Quality Management - Scope and Objectives - Madels and Frameworks for TOM-
Analysis of Quality Cosis-Quality Enpyovemen and Cost Reduetion, Strategic Cuality Momagement — Cuality
Policy — Training for Qualky ~Chuality Teanis - Devéloplog Guality Culhure - TOR & JIT- Quality Systeny 150
2000,/0 SH000 And 150 14000

Module 2:

Introduction to Six Sigma-Six Stgma as a Statstical Measure-The DMAIC Process-Basics of Lean concepls,
Strategic Flanning and Deployiment, Project Solection, Lean Six Sigma Team and Project Managetent - Dosign
for Six Sigmn (DFSS) - Phases of DFSS - Process of DFSS.

Module 3:

Analytics Tools: Basic cancepts of SWOT, Adfinity Diagram SIPOC, VOC, CTQ, Paréto Diagran, Prioritization
Matrix, Monte Carlo Anslysis, Gauge RER Methods, Chuse-and-Elfect Analysis; Quality furiction deployment
(OF), Bench Marlang, FMEA, DOE, VEM, Regression, K58

Module &

Control: Basic concepts of Acceptance sempling, Cuslity using SPC Charting-Common Causss and
ﬂ.-assgnable Csuses- Rational Subgroups, Control l..lmitﬂ; Control charts for Attributes and Variables - Cumus
1ative Sum Chart - EWMA Chart - Process Capobilily Studiea

Relerence Books:
1. Erlck €. lones, Qualley M.m_.'}sﬂjm'nl for Organiza tions Liglng Lean Six Sigma Tm?u'dq_un:ﬁ.ﬂﬁ{?mﬁ&,ﬂ]lll

2. Thesdore T Allen. Introduction to Engineering Sialistics and Lean Six Sigma Statistical Quality Control
and Design of Experiments and Systenas, Third Edition, Springer-Verlag London Lid 3019
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3. K. Muralidtharan, Six Sigma for Organizational Excellence A Statistical Approach, Springer India 2015

4 Armatava Mitra, Pundamenials of Cuality Centrel and Imprevement Fourth Edition, Joln Wileyde Sons
Ine, 2016

5. Juran}. M and Gryna EM: Quality Planning and Analysis for Enterprise (uality, Sth Edition. McGraw
HiLl, 2007,
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24-478-0305: APPLIED LONGITUDINAL ANALYSIS
After completion of this course the student should be able Lo

Courge Qutoome (CO) Cognitive Level
L Understand features of longitudinal data Understand
3. Understand the descriphve metliods of analvsis and modelling  Apply
mean and covariance
3. Understand linesr mined effects models Understand
4. Dhgtinguich fived sffects verous random afecty Analyze
5 Apply vesidunl analysis and disgnostics Apply
6. Distinguizh GLM and generdlized linear mived effects models Analyze
7. Exemine missing data and dropout Analyze
8 Understund mullilevel dats Understand
PSOL | PSO2 | PS03 | PO | PSOS

col 2 2 2

CO32 Z

O3 I 2

i 1 1 1 2

COR 3 2 2

o 3 3 z
cor] 3 3 ]
| CO8 a 3 2
1-Slighily,/ Low; 2-Moderate/ Méditm, 3-Subian il /High
Module 1:

Longiludingl Data-Introduction, Defining features of Longitudinal dats, Linear models for Longitudinal Data-
Simple descripiive methods of analysis, modelling the mean, modelling the covarianee. estimstion. missing
data, modelling the

Module 2:

Linenr mixed effects modelsmndom effects covariance structure: two-stage ranidoen effects formuiation, fxed
effects versus rindom effects models, residual anafyses and dingnesdics-residuals, travformed residuals, ag-
gregating residuals, sermi-variogram.

Module 3:

Balient featurcs of GLMV. otddingl tegression madeds, overdlspersion. mnegingl models) genemslized estimating
squatons, generalized linear mixed effécs models, incorporeting random effects i GLM, interprotation of
TERIESEION Farameivrs

Module 4

Missing dats and dropout- multiple imputation, nverse probability weighted methods, repeated measures
and related d&ﬁgn.u. multiple spuree dats, Multilevel data, muliilewel linear inodels, multllevel GEM.

Refarence Books:

i Fitrmaurice, G.M., Laird, N:M. and Ware. |1 {2011}, Apphied Longitudina) Analysis, 2nd Edition, John
Wiley and Sans, New Jersey

2 Dhggle P, Heagerty, P, Yiang, K-Y,, Zeger, SL {2002), Analysis ol longitudinal dats, Cxlord University
Preus.
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E B:E_m.-E-J-‘:F. (2004}, Longiudinal and Panel Dats-Analyais and Applicstions in the Secial Scmees, Camy-

bridge University Press, UK,
4. HedekerD, and Gilibons, R.DJ. (2006). Longitudinal Data Analysis, John Wilsy and Sons, New Jersey
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24-478-0306: LIFETIME STUDIES IN DATA SCIENCE (INTEGRATED WITH
R)

After completion of this course the student should be able o

Course Outcome (CO) Cognitive Level
Understand the basie concepis and ideas of survival analysis Undurstand
2.  Examine the properties and methods for ssandard survivel time Analysis

distributions
2 Estimate survival funchons using paramefric angd nen-  Evaluate
paramptric methods
4 Apply and nterpret semi-paremeiric and parametric regression.  Apply
milels for survival dats
5 Execule the methodologies using R Apply
PSO1 | 'S0 | P08 | PEOJ | PSOS
L1 3 2 1
2 z 2; 1
2 ] 1 1
2 ] 1 2
2 &

/Taow, 2-Madezare Medinm, F-Substzntial Figh
Muodule 1:
Basic Quantibes and Models - Survival Function, Hazard function, Mean residus) Ufe function, Commaon

Parametric Models for Survival Jata; Censoring and Troncation - Right Cengoring, Left or Inlerval Censoring,
Trancation, Likellhood Coswtruction for Censored and Troneated Data, Ageing

Module2:

Some Paramistne Familics of Probability Distributiony, Pammetnc Analyss of Survival Data, Non-parametric
BEatimation of Bame Quantities: for Right Censored and Left Consored Data - Estimators of the Survival and
Cumulative Hlazard Functions for Right Censored Dhta. Pointwise Confidence Intervals for the Survival Fane-
thon (withou! deriyvation), Estimators of e Survivel Funetion lor Lefi-Truncaled and Right-Trimeated Data;
Estimation of the Survival Functon for Left conpored data.

Muodule 5:
Test for expunentiality, Two sample parametric problem.
Module 4:

Propottional Hazards Model: A Method of Regressian- Coding Covariates; Partial Likelihoods for Distinet-
Evett Time Data, Partial Likelhoods when Ties are present, Mods] Building using the Proportional Tlazards
Muodel, Estimation for the Survival Function; Test for Conatant of Proportionality in PH Model Analysis of
Cnmpeting Risks, Repairable Systems

Keference Books:

1. JV Deshpande and Sudha Purahdl {2008), Lifetime divla: statistica] models and Methods, World Sciantific,
Chapiess T-10.
BEelference En-'.llﬂ-'.

2. Klein [P amd Mipeschberger ML, (2003) Survival Analysis - Techniques for censored and truncated dats,
Second Edition, Springes-Verlag, New York.
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3. Lawless LF (2(003) Statistica) Models and Metliods for Lifetime Data, Second Editon, john Wilsy & Sons,
Helevant Sections of the Chapters 9.

4. XalbAeisch |0 and Prentice. R.L. (2002) The Statistical Analysis of Failure Trme Data, Seeond Edition,
John Wiley & Sons Ing.

5. Hosmer Jr DW and Lernedhow S (1999) Applied Survival Analysic - Regresdon Modelling of Tine to
event Dafa, John Wilev & Sone Inc.

6, Nelsm. W (2003) Applied Life Datn Analysis,
7, Miller, R.G, (1981} Survival Analysis, John Wilsy:
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24-478-0307: BAYESIAN COMPUTING AND ANALYSIS
After completion of this course the student should be able Lo

Course Outcome (CO) Cognitive Level
I Understand basic coneepts in Bayesian statistics including Bayes  Understand
nuley pirlos, pesterinr distrilvutions
2. Duscribe different Bagedlan models and ibs ses Eviluste
. Explain differerit computation and simulstion techniques in Evaluste
Bayasinn mhﬁﬁm
4. Apply Ea}reaimmfmceappm&dﬂ to saentific and real-world  Apply
problems
[ PSOI [ PSOZ | PS03 | PS04 | PS0OB
o) 1 1 1
coz] i i i
s | 2 i
ced P

L-slighthy/Low, 2 Moderate Medinm, FSabsantal/High

Module 1:

Subjictive notions of probability, Bayes Theorem and applications. Likehhood, Prior and posterior
Module 2:

Loss function, Bayes Rule, priors and other priozs. Sensttivity Analvsts, Posterior Convergemnoe.
Module:3:

Bayesian Models: Pomson, Bimomial, Univanate Gaussian, Multbariate Gavssian, Hierarchical Bayestan
Maodal, Clagstfication with Bayvestun Logistlc Regression, Discriminant Analysia,

Modale 4;

Eﬂ"j"i"'ﬁlﬂ]’l- Computation and simmulation techniques: (integrated with R lags and Stan. Estimation of Poste
rior Mode with Ciptimization, Estmation of Posterior Mean and other summary with Monte Carlo Simuls-

tion, Acoept-Rejection Sampling. Importance Sa;tnp]jng. Markov Chain and Monts Carle, Metropolis-lastings.
Hanmillominl Monie Carlo

Reference Books:

L. jnmes O Berger (1985) Stanstical Deamon Theory r:.nd Bayesian-Analysiy, 2'nd Edibon, Springer-Verlag
N York.

2. Kraschle: (2014) Doing Bayestan [hata Analysts: A Tutorial with R, JAGS, and Stan, Academic Press.
3. Jim Albert: (2007) Bayesian Computation with R, Springer, New York.
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