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Bibliography
Preprints

Hidden Markov Models and the Bayes Filter in Categorical Probability Universität Innsbruck
JOiNT WORK WiTH TOBiAS FRiTZ, ANDREAS KLiNGLER, DREW MCNEELY, AND YUWENWANG 26 January 2024
Abstract: We use Markov categories to develop generalizations of the theory of Markov chains and hidden Markov models in an
abstract setting. This comprises characterizations of hidden Markov models in terms of local and global conditional independences as
well as existing algorithms for Bayesian filtering and smoothing applicable in all Markov categories with conditionals. We show that
these algorithms specialize to existing ones such as the Kalman filter, forward‑backward algorithm, and the Rauch‑Tung‑Striebel
smoother when instantiated in appropriate Markov categories. Under slightly stronger assumptions, we also prove that the sequence
of outputs of the Bayes filter is itself a Markov chain with a concrete formula for its transition maps.
There are twomain features of this categorical framework. The first is its generality, as it can be used in any Markov category with
conditionals. In particular, it provides a systematic unified account of hidden Markov models and algorithms for filtering and
smoothing in discrete probability, Gaussian probability, measure‑theoretic probability, possibilistic nondeterminism and others at the
same time. The second feature is the intuitive visual representation of information flow in these algorithms in terms of string diagrams.
URL: https://arxiv.org/abs/2401.14669

Master Thesis
On a characterization of Higher Semiadditivity Universität Regensburg
UNDER THE SUPERViSiON OF PROF. DR. DENiS‑CHARLES CiSiNSKi 2022
Abstract: In [HL13], M. Hopkins and J. Lurie introduce for 𝑚 ≥ −2, a notion of 𝑚‑semiadditivity. This generalizes the classical notion
of a semiadditive (infinity) category. Intuitively, 𝑚‑semiadditive infinity categories are those in which limits and colimits of diagrams
indexed by 𝑚‑finite spaces (that is, 𝑚‑finite infinity groupoids) are canonically equivalent.In [Har20], Y. Harpaz proves a universal
property of the infinity category of spans of 𝑛‑finite spaces with 𝑚‑truncated wrong way maps. This is used to establish an equivalent
characterization of 𝑚‑semiadditivity in terms of a well behaved, essentially unique action of this category of spans. This approach has
the advantage of not only providing a more succinct method of detecting 𝑚‑semiadditivity, but also providing a versatile structure to
work with 𝑚‑semiadditive infinity categories. In this thesis, we survey this sequence of results.

Expository Writing

The Freyd‑Heller group and the failure of Brown Representability The University of Chicago
THE UNiVERSiTY OF CHiCAGO MATHEMATiCS REU Summer 2019
Abstract: It is a classical result due to Edgar Brown that any set valued contravariant functor on the homotopy category of connected
based topological spaces taking coproducts to products and weak pushouts to weak pullbacks is representable. This is however, false
when we drop the assumption that our spaces and maps are based, or if we drop the assumption that the spaces under consideration
are connected. We describe a construction due to Peter Freyd and Alex Heller, often called the “Freyd‑Heller” group, that results in a
counterexample in both cases.
URL: http://math.uchicago.edu/~may/REU2019/REUPapers/Areeb.pdf

Talks
Applied Category Theory 2023 University of Maryland
HiDDEN MARKOV MODELS AND THE BAYES FiLTER iN CATEGORiCAL PROBABiLiTY 31 July‑ 4 August 2023
Delivered a talk on formulating hidden Markov models and Bayesian filtering in Markov categories.
URL: https://www.youtube.com/watch?v=PwI3oOXWWe8

Experience

Teaching Assistant National Programme on Technology
Enhanced Learning, India

TEACHiNG ASSiSTANT FOR THE UNDERGRADUATE GROUP THEORY COURSE AT THE NATiONAL PROGRAMME ON
TECHNOLOGY ENHANCED LEARNiNG

Summer 2020

• Responsibilities included checking exercise sheets and moderating the course forum, in particular answering student questions.
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Teaching Assistant Chennai Mathematical Institute
TEACHiNG ASSiSTANT FOR THE UNDERGRADUATE TOPOLOGY COURSE AT THE CHENNAi MATHEMATiCAL INSTiTUTE Winter Semester 2019–20
• Responsibilities included grading exercise sheets and conductingweekly tutorial sessions, aswell as teachingwhen the instructor was
unavailable.

Student Mentor Chennai Mathematical Institute
STUDENT MENTOR AT THE CHENNAi MATHEMATiCAL INSTiTUTE Academic Year 2019–20
• Responsibilities included conducting weekly counseling sessions for first year students.
Talk Host Chennai Mathematical Institute
HOSTED A TALK BY PROF. DANiEL LiTT 2020
• Hosted a talk by Prof. Daniel Litt as part of the STEMS program at the Chennai Mathematical Institute.

Workshop on Seshadri Constants
National Institute of Science,

Education, and Research,
Bhubhaneshwar

NATiONAL CENTRE FOR MATHEMATiCS ADVANCED TRAiNiNG iN MATHEMATiCS SCHOOLS December 2019
• Participated in workshop involving a series of talks by various speakers on topics related to Seshadri Constants.
The University of Chicago Mathematics REU The University of Chicago
FACULTY MENTOR: PROF. PETER MAY Summer 2019
• Wrote an expository paper on the failure of the Brown Representability Theorem in both the Homotopy category of unbased, con‑
nected CW complexes and the Homotopy category of based CW complexes.

• Participated in lecture series on various topics by the University of Chicago faculty.

Summer Internship in Algebraic Combinatorics Indian Institute of Technology
Madras

MENTOR: PROF. NARAYANAN N Summer 2018
• Completed a project under Professor Narayanan N of the Indian Institute of Technology, Madras on the topic of Algebraic Combina‑
torics, the application of algebraic methods to solving problems in combinatorics.

Asian Science Camp 2018 Manado, Indonesia
PARTiCiPANT Summer 2018
• Was one of 20 selected to represent India at the Twelfth Asian Science Camp 2018, where we were given the opportunity to interact
with leading experts in the field of research, including someNobel Prize winners such as Prof. Takaaki Kajita of the University of Tokyo.

• Completed a group project involving a presentation at the camp.

Technical Internship Ducima Analytics
STATiSTiCS AND DATA ANALYSiS INTERN Summer 2018
• Performed statistical analysis of advertising revenuewith the goal of optimizing the response to cost ratio of internet search advertise‑
ments.

• Preprocessed data, removed outliers, performed statistical tests and designed a regression model.
• Prepared a presentation for the clients.

Vijyoshi National Science Camp Indian Institute of Science
PARTiCiPANT 2016
• Attended lectures by various distinguished professors and multiple lab visits.

Research Science Initiative – Chennai Summer Programme Indian Institute of Technology,
Madras

INTERN Summer 2016
• Attended daily lectures on various topics by the IIT Madras faculty, and visits to other labs and research facilities in and outside IIT
Madras.

• Completed a project under the direct supervision of Professor Tripathy of the IIT Madras theoretical physics department.
• Analyzed dynamical systems via phase portraits and classified the nature of singularities to make local predictions.
• Delivered a presentation on the topic.

Education

APRiL 19, 2024 AREEB S.M. · RÉSUMÉ 2



Universität Regensburg Regensburg, Germany
M.SC. MATHEMATiK 2020–2022
• Year 1

1. Semester 1 Coursework
– Higher Category Theory — Grade: 1,0
– Cohomology of Sheaves 1 — Grade: 1,0
– Algebraic Number Theory — Grade: 1,0

2. Semester 2 Coursework
– Seminar: Theta functions, complex abelian varieties and moduli spaces — Grade: 1,0
– Higher Category Theory 2 — Grade: 1,0
– Cohomology of Sheaves 2 — Grade: 1,0

• Year 2
1. Semester 3 Coursework

– Seminar: Introduction to Stable Homotopy Theory — Grade: 1,0
– Derived Functors and Cohomology through Higher Categories — Grade: 1,7

2. Semester 4 Coursework
– Derived Categories — No exam
– Seminar: Topoi, Logic and Forcing — Grade: 1,0
– Seminar: Homotopical Algebra ‑ Model Categories — Grade: 1,0

(Where the grades are on a scale from 1 to 4, 1 being the best)
Chennai Mathematical Institute Chennai, India
B.SC. (HONS) iN MATHEMATiCS AND COMPUTER SCiENCE 2017–2020
• Year 1

1. Semester 1 Coursework
– Linear Algebra (Algebra 1)
– Real Analysis (Analysis 1)
– Functional Programming in Haskell
– Classical Mechanics
– English Literature

Semester 1 GPA: 10
2. Semester 2 Coursework

– Group Theory (Algebra 2)
– Multivariable Analysis (Analysis 2)
– Probability Theory
– Discrete Mathematics
– Imperative Programming with Python

Semester 2 GPA: 10
• Year 2

1. Semester 3 Coursework
– Rings, Fields and Modules (Algebra 3)
– Analysis on Metric Spaces (Analysis 3)
– Calculus
– The Theory of Computation
– Algorithms

Semester 3 GPA: 9.8
2. Semester 4 Coursework

– Algebraic Topology (Graduate Topology 2)
– Complex Analysis
– Point‑Set Topology (Topology)
– Differential Equations
– The Design of Programming Languages (PLC)

Semester 4 GPA: 9.8
• Year 3

1. Semester 5 Coursework
– Algebraic Geometry 1
– Introductory type‑theory (Proofs and Types)
– Introduction to Manifolds
– Introduction to Formal Logic
– Geometric Group Theory

Semester 5 GPA: 9.8
2. Semester 6 Coursework

– Algebraic Geometry 2
– Galois Theory (Algebra 4)
– The Art of Short Fiction

Semester 6 GPA: 10
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(Where the GPA’s are out of 10, 10 being the best)

Skills
Programming Python, Haskell, GNU Octave, C, JAVA, LUA

Scripting LATEX, HTML5, GNU Shell
Languages English (TOEFL 2019: 119/120), German (B1), Hindi, Tamil

Honors & Awards
FELLOWSHiPS

2020
CMI Medal of Excellence, The CMI medal of excellence is awarded in recognition of outstanding
performance in the National Undergraduate Programme in Mathematics and Computer Science.

2020

Australian National University Future Research Talent Award, The FRT is a competitive and
prestigious program that attracts the very best international students from high‑quality Indian
institutions and provides them exposure to ANU research in the Science, Health, Medicine and
Computer Science disciplines

Summer
2019

SN Bose Scholars Program, The Science and Engineering Board, Department of Science and
Technology, Govt. of India, the Indo‑U.S. Science and Technology Forum andWINStep Forward
have partnered to develop a student exchange program between premier institutions in India and
the United States.

2017–2020
KVPY Fellowship, The Kishore Vaigyanik Protsahan Yojana is a National Program of Fellowship in
Basic Sciences, awarded by the Department of Science and Technology, Government of India.

Volunteering
Náboj Universität Innsbruck
ORGANiSER April 2024
• Náboj is an international mathematical competition designed for teams of five high‑school students that represent their schools. It is
somewhat unique amongmath competitions, as students are encouraged to solve problems cooperatively.
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