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Candidates for this Channel of Admission to PhD programme in Computer
Science will have to take a single test of 2 hours’ duration, consisting of two
parts: PART A and PART B.

PART A (20 marks)

• PART A is a test of aptitude on the basics of Computing, as indicated in
the syllabus.

• A candidate should answer ALL the questions.

PART B (40 marks)

• PART B will have FOURTEEN questions from Computer Science, Math-
ematics for Computer Science and Mathematics.

• A candidate should answer any FOUR out of the FOURTEEN questions.
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SYLLABI

PART A
Analytical Reasoning.

Elements of Computing: Basics of programming (using pseudo-code). Pro-
cedure call and parameter passing. Elementary data structures (array, stack
and queue).

Discrete Mathematics: Basics of Set Theory. Functions and relations. Fun-
damental Theorem of Arithmetic. Binary and decimal representation of
integers. Linear congruences. Basic combinatorics: basic counting, permu-
tations and combinations, Inclusion-Exclusion and Pigeonhole Principles,
Binomial Theorem.

PART B
The FOURTEEN questions in this PART will be organised into three groups
as indicated below. A candidate needs to answer any FOUR out of these
FOURTEEN questions.
note: The topics below should be covered at the M.Sc./M.E./M.Tech. level.

Computer Science (SIX questions)

Data Structures and Design and Analysis of Algorithms: Linked list, stack,
queue. Binary tree, heap, AVL tree. Sorting, selection, searching, hash-
ing. Graph algorithms (traversals, spanning trees, shortest paths, maximum
bipartite matching).

Digital Circuits and Systems: Gates and logic circuits. Combinational and
sequential circuits.

Computer Organization and Architecture: Number representation, computer
arithmetic. Instruction set design. Pipelining. Memory organization. I/O
organization. Multiprocessor Systems.

Operating Systems: Process concept and management, scheduling, process
synchronization, concurrency control, critical section problems, deadlocks.
Memory management. File systems.

Database Management Systems: Relational model, relational algebra, re-
lational calculus. Functional dependency, normalization (including multi-
valued dependencies). Query processing and optimization.
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Computer Networks: Layered network structures. LAN topologies (bus/tree,
ring, star). Data communications (data encoding, flow control, error detec-
tion/correction). Network security.

Mathematics for Computer Science (FOUR questions)

Elementary Number Theory: Divisibility, congruences, Chinese Remainder
Theorem. Wilson’s Theorem, Fermat’s Little Theorem, Euler’s phi function,
Euler’s Theorem.

Discrete Mathematics: Order notation. Mathematical induction. Permuta-
tion and combination. Inclusion-Exclusion and Pigeonhole Principles. Re-
currence relations. Generating functions.

Graph Theory: Paths, cycles, connectivity, trees, bipartite graphs, graph
colouring, planar graphs, Eulerian graphs, Hamiltonian paths, digraphs.

Discrete Probability: Combinatorial probability. Conditional probability,
Bayes Theorem and applications, Standard discrete distributions (uniform,
binomial, Poisson, geometric, hypergeometric). Expectation, variance and
moments. Concentration bounds (Markov, Chebyshev, Chernoff bounds).

Formal Languages and Automata Theory: Finite automata and regular lan-
guages. Pushdown automata and context-free languages. Turing machines
and recursively enumerable languages. Undecidability.

Mathematics (FOUR questions)

Real Analysis: Sequence and series of real numbers and functions. Limit,
continuity and differentiability of real valued functions of one variable and
applications. Uniform convergence. Riemann integration, improper inte-
grals. First order ordinary linear differential equations.
Limits, continuity and differentiability of real valued functions of several
variables, partial derivatives and mixed partial derivatives, total derivative.
Double integrals and their applications. Vector calculus.

Abstract Algebra: Groups, homomorphisms, normal subgroups and quo-
tients. Isomorphism theorems. Finite groups, symmetric and alternating
groups, direct product, structure of finite Abelian groups, Sylow theorems.
Commutative rings and ideals, quotients, homomorphism and isomorphism
theorems, maximal ideals, prime ideals, integral domains, field of fractions,
Euclidean rings, principal ideal domains, unique factorization domains, poly-
nomial rings.
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Fields, characteristic of a field, algebraic extensions, roots of polynomials,
separable and normal extensions, finite fields.

Linear Algebra: Vector spaces and linear transformations. Eigenvalues and
eigenvectors. Systems of linear equations. Inner product spaces. Diagonal-
ization of symmetric and Hermitian matrices. Quadratic forms.

General Topology: Topological spaces, continuous functions, connectedness,
compactness, separation axioms, product spaces, complete metric spaces,
uniform continuity.
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