Syllabus for Computational Biology and Bioinformatics Track 3(SCPH32)

I?.Otel There will be one Question Paper which will have 100 questions.

ii. All questions will be compulsory.

iil. The Question Paper will have two Parts i.e. Part A and Part B

iv. Part A will have 50 questions based on Research Methodology

V. Part B will have 50 questions based on Subject-Specific Knowledge.
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Part A: General Reasoning/Research Methodology

This part of the question paper is to assess the analytical and quantitative skills of
the students acquired throughout their academic career.

Part B:
Track 3: Mathematics, Computer Science

Mathematics

Hydrodynamics: Classification of fluids, the continuum model, Lagrangian and
Eulerian approach of description. Lagrangian and Eulerian methods. Equation of
continuity. Boundary surface. Streamlines. Path lines and streak lines. Velocity
potential. Irrotational and rotational motions. Vortex lines, vorticity vector, equi-
potential surface streamlines, pathlines, Mass flux density, conservation of mass
leading to equation of continuity, conservation of momentum and its mathematical
formulation, Lagrange’s and Euler’s equations of motion, Bernoulli’s theorem,
Equation of motion by flux method. Equations referred to moving axes, Impulsive
actions, Stream function. Viscous flow, stress and strain analysis, stokes hypothesis.
The Naiver-stokes equation of motion, Poiseuille flow.

Advanced Differential Equations: Existence and uniqueness theorem, Sturm
comparison and separation theorem, homogeneous linear system,
Nonhomogeneous linear system, linear system with constant coefficient. Two-point
boundary value problems, Green function, Construction of green function, Sturm-
Liouville system, Non-linear Differential Equation, Solution of PDEs by method of
integral transforms (Laplace and Fourier), Boundary value problem, Maxima and
minimum principles, Uniqueness and continuity Theorem.
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Special Function: Calculus of Variation-Functional and its properties, Variational
problems with fixed boundaries, Legendre polynomial and functions, Christoffel's
summation

Formula, Bessel's Function, Modified Bessel's function, Bessel's equations. Hermite
polynomials, Laguerre polynomials.

Linear Algebra: Vector spaces, Sub spaces, linearly dependent & linearly
independent vectors, Basis, Dimension, linear transformation, Matrix
representation of a linear transformation, Rank & Nullity theorem.

Finite dimensional vector spaces, Existence theorem for basis, Quotient space and
its dimension. Rank of a matrix, Eigen values & Eigen vectors. Change of basis,
Canonical forms, Diagonal forms, Triangular forms, Jordan forms, Quadratic forms,
reduction and classification of quadratic forms, Orthogonal transformations,
Unitary transformations, Positive semi definite matrices, Semi definite matrices.

Operational Research and Networking: Introduction to Linear Programming.
Problem formulations. Linear independence and dependence of vectors. Convex
sets. Extreme points. Hyperplanes and Half spaces. Directions of a convex set.
Convex cones. Polyhedral sets and cones. Theory of Simplex Method. Simplex
Algorithm. Transportation problem. Assignment problem.

Graph Theory and Petri nets: Selected topics in graph theory: basic definitions and
notions, characterization of trees, vector vacuum of a graph, planarity of graphs,
Hamiltonian and Eulerian cycles. Edge - and vertex colourings of graphs:
chromatic number, chromatic index, map colour theorem, four - colour problem.
Independence theory in combinatory. Directed digraphs. Flow networks.
Applications. Petri nets and their types.

Probability and Statistics: Measures of central tendency and dispersion, Skewness
and kurtosis, Probability, Conditional probability, Theorem of total probabilities,
Bayes theorem, Random variables, Probability mass and density functions,
Mathematical expectation and its properties, Moment generating functions,
Binomial, Poisson, Geometric, Exponential and

Normal distributions and their properties, Method of least squares, Correlation and
regression.

Computer Science and Programming
Computer Organization and Architecture
Machine instructions and addressing modes. ALU, data-path and control unit.
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Instruction pipelining. Memory hierarchy: cache, main memory and secondary.
storage; I/O interface (interrupt and DMA mode).

Programming and Data Structures
Programming in C. Recursion. Arrays, stacks, queues, linked lists, trees, binary
search trees, binary heaps, graphs.

Algorithms:-

Searching, sorting, hashing. Asymptotic worst case time and space complexity.
Algorithm design techniques: greedy, dynamic programming and divide-and-
conquer. Graph search, minimum spanning trees, and shortest paths.

Theory of Computation Regular expressions and finite automata. Context-free
grammars and push-down automata. Regular and context-free languages, pumping
lemma. Turing machines and undecidability.

Compiler Design
Lexical analysis, parsing, syntax-directed translation. Runtime environments.
Intermediate code generation.

Operating System
Processes, threads, inter-process communication, concurrency and synchronization.
Deadlock. CPU scheduling. Memory management and virtual memory.

File systems

Databases

ER-model. Relational model: relational algebra, tuple calculus, SQL. Integrity
constraints, normal forms. File organization, indexing (e.g., B and B+ trees).
Transactions and concurrency control.

Computer Networks

Concept of layering. LAN technologies (Ethernet). Flow and error control
techniques, switching. IPv4/IPv6, routers and routing algorithms (distance vector,
link state). TCP/UDP and sockets, congestion control. Application layer protocols
(DNS, SMTP, POP, FTP, HTTP). Basics of Wi-Fi. Network security: authentication,
basics of public key and private key cryptography, digital signatures and
certificates, firewalls.




