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Machine leaming [ML] is one of The most popular lopics of nowadays research This particular toplc s having applications in all the areas af engineenng and
seipnces Vanious 1ols of machine learming are having a neh mathematical theoty Therefore, i oider o develap new algorithms of machine/deep learning

it i& necessary 1o have knowledge of all such mathematcal concepts. In this course. we will attoduce these basic mathematical concepts related 1o the

mactine/deep learmng, in partculaz, we will focus on foplcs from imatns algalita, colowlus, cptimization, and probability theory thase are haveng sirong

linkuge with machine learning Applicatizns of these topics will be treduced in ML with belp of some real-lile examphes
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Summary
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Course Type Electve
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Category - » Mathematics
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Course layout

Week 1 Vectors in Machine | earning, Basics of Matna Algebra Vector Space, Subispace, Basis and Dimension

Week 2 Linear Transformations, Morms and Spaces, Drthaganal Complement and Progaction Mapping, Bigenvalues ond Eigenvectors, Specral Mattces and
roperies

Week 3 : Spectral Decompaosition, Singular Value Decompasiton Low Hank Approsxmations, Pylhon Implementation of SVD and Low rank Agprasimatian
Week 4 : Principal Camponent Analysis Python implementation of PCA, Linear Discrominant Analysis, Pylhan Implementation of LDA

Week 5: Leas! Sguare Approvimation and Mimmum Normed Solution, Linear and Mulugle Regresson, Logistic Regression

Week & Classdication Metncs, Gram Schrmidl Process, Polar Decomposimon, Minemal Pabmnamial and Jordan Canonical Form, Some more Malnices
Applications i Machine Leaning

Week 7 : Basics conceplts of Calculus, geadient, Jacobian, Chain rule,Change of vanables

Week B : Calculus in Python, Convex seta and conves functions, properties of conves Tunchons, Infroduction to Dplimization

Week 9 Mumencal Qpurmezation in Machine Learming, Gradient Descent and ather aplmization alganthms o machne learming

Week 10 : Optimization using Pythen, Revew of Prabability, Bayes thearem and random vanable, Expectation and vanance.

Week 11 : Discrete and continucus Sisttibiubon funchions, jgin probabdity and cavanance, Inoduction 1o SYM, Error rmsnimizing LPF

Week 12 : Lagrangian Multiplier method, concepls of duality, hard and selt margin classifies, SVM in Pylhan

Books and references

1 W Cheney, Analysis for Applied Mathematics. New York: Springer Science «Business Medias, 2001

2 5 Axler, Linear Algebra Done Right (Third Edition). Sprnge: International Publishung. 2015

4 J Hocedal and 5. ) Wright. Numerical Optimization. New Yorke Springsr Science+Business Media, 2006

4 1 5 Rosenthal, A First Look @t Rigorous Probability Theory (Second Edition). Singapore. World Scientific Publishing, 2006
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Prof. Sanjeev Kumar
Ot San ,
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research i the drea of e Samputer Science University af Udine, llaly pnd gssistant ey with 0T Fogriee He i acteely dratdveed o tesrtung
oy Computational algorithms, inverse aroblem v . 6% pagets i vanoot Sternalisan
Tnals canlerencps g Tepute N 5 and image processing He has putiished mone than 55 pape
Hul P—
Springer Pute He has completed a couple ol sponsored research proects ang aiien seveial chapters in reputed book s pubileted w
[ and CRC press 5 {2 . Ly x ]

Prof. 5. K. Gupla
O 5 K Guptais an Associate Professor

inthe Depanment of Mathematics, 1T Roorkee His area of expertise includes nonlinear, non-conves ard Fufry
apumization He has guided three PHD thesis and have pubhshed more than 40 papers in vatious intermationsl journals of repute

Course certificate

The course s free to enroll and learn fram But il youwanl a certificate, you have to register and wiite the proclored exam canducted by us in persan at any
al the designated exam centras.

The exam s optional for a fee of Rs 1000/ (Rupees one thousand anlyl

Date and Time of Exams. 24 October 2021 Morning session 9am to 12 noon, AHernoon Session 2pmi o Spm

Reqistratien url Announcements will be made when the registration form is open for regisirations

The online registratien form has 1o be lilled and 1he certificalion exam fee needs to be paid More details will be maode available when the exarm reqisiratan
Torm is published Il there are any changes, it will be mentioned then

Pleasa check the form for more details on the cities where the exams will be held, the canditions you agree to when you 1l the form et

CRITERIA TQ GET A CERTIFICATE

Average assignment score = 25% of average of best 8 assignments out of the 1otal 12 assignments given in the course
Exam score = 75% of the proctored certfication exam score aut af 100

Final score = Average assignment score + Exam score

¥YOU WILL BE ELIGIBLE FOR A CERTIFICATE ONLY IF AVERAGE ASSIGNMENT SCORE >=10/25 AND EXAM SCORE >= 30/75. f one of the 2
criteria is not mel, you will nol get the certificate even if tha Final score >= 40/100.

Certificate will have your name, photagraph and the score in the final exam with 1he breakup It will have the legos of NETEL and IIT Roorkes 1t will be o
verifiable 21 nptel ac.in/noc (hitpdnplel ac.infnoc)

Cnly the ecertificate will be made available. Hard copies will not be dis palched

Once again, thanks for your interestin our online courses and cerilication Happy learning
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Department of Humanities and Mathematics
2022-23
REPORT
FDP on “Essential Mathematics for Machine Learning”
Date of program: July to October 2022
Resource person: Prof, S. K. Gupta

Prof. Sanjeev Kumar, Department of Mathematics, 11T, Roorkee.

About the Program:

Machine learning (ML) is one of the most popular topics of nowadays research. This particular
topic is having applications in all the areas of engineering and sciences. Various tools of machine
leaming are having a rich mathematical theory. Therefore, in order to develop new algorithms of
machine/deep learning, it is necessary to have knowledge of all such mathematical concepts. In
this course, | have been introduced these basic mathematical concepts related to the
machine/deep leaning. In particular, | have been focused on topics from matrix algebra,
calculus, optimization, and probability theory those are having strong linkage with machine
learning. Applications of these topics have been introduced in ML with help of some real-life
examples in this 12 weeks course.
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