
Indian Institute of Technology Mandi
Kamand, Himachal Pradesh - 175075

CS 563: Scalable Data Science

Course Code CS 563
Course Name Scalable Data Science
L-T-P-C 3-1-0-4
Prerequisites Data Structures and Algorithms (CS202), Probability, Statistics and Random

Processes (IC210), Algorithm Design and Analysis (CS403).
Intended for B.Tech.(3rd/4th year)/M.S./Ph.D.
Approval 36th BoA (Sep 2020); 30th Senate (Feb 2021), in the M.Tech Computer Science

and Engineering curriculum

Course Contents

• Dimensionality reduction algorithms: Johnson-Lindenstrauss Lemma; Random Projections; Spec-
tral Projection, and their applications [5]. (4 Lectures)

• Sketching algorithms for large data stream: Reservoir sampling; Frequent element detection –
Misra Gries algorithm; probabilistic counting – Flajolet and Martin Sketch; Set membership problem
– Bloom filters and Cuckoo filters; Frequency estimation– Count Min- Sketching [8, 5]. (7 Lectures)

• Algorithm for large scale search: Introduction to Locality Sensitive Hashing (LSH) and its variants:
LSH for Jaccard Similarity – Minwise Independent Permutations (MinHash) [6] and its recent advance-
ments (b-bit MinHash [14], One Permutation Hashing [15]); LSH for Cosine Similarity – Signed Ran-
dom Projections (SimHash) [7]; LSH for Euclidean Distance [12]; LSH for Hamming distance [10].
(8 Lectures)

• Application of LSH: Faster duplicate detection, clustering the web, large scale itemset mining, model
compression. (3 hours)

• Mining massive graphs and applications: Algorithms for page rank; community detection; find-
ing overlapping communities and connected components; partitioning of graphs; counting triangles.
Learning embedding of nodes with applications in link prediction, node classification. (7 Lectures)

• Clustering algorithms for large data: Sampling algorithms for k- means clustering – kmeans++ [1],
scalable k-means++ [2]; spherical k-means clustering [9]; k-mode clustering [11]; spectral clustering
[5]. (6 Lectures)

• Miscellaneous Topics: Learning representation of text – word2vec [16, 13] and images – spectral
hashing [17, 5] and its connection with Matrix Factorization; Topic modelling and Topic labelling [4,
3]; Building Recommendation System – a) Collaborative Filtering, b) Content based recommendation.
(7 Lectures)

Text Books

1. Anand Rajaraman, Jure Leskovec, and Jeffrey D. Ullman, Mining Massive Datasets, 2014.

2. A. Blum, J. Hopcroft and R. Kannan, Foundations of Data Science, Cambridge University Press,
2020.
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