Syllabus for Algorithms and Data Structures 2, Fall 2019-20, program Applied Data
Analysis, LSE and HSE double diploma program
Instructor: Boris Goldengorin, goldengorin@gmail.com

1. Course Description
a. Title of Course: Algorithms and Data Structures 2

Pre-requisites: Discrete Mathematics 1, Algorithms and Data Structures 1, Microsoft Excel or
any general purpose solver (software), e.g.
MATLAB
(https://www.mccormick.northwestern.edu/documents/students/undergraduate/introductio
n-to-matlab.pdf),
Xpress (https://www.msi-jp.com/xpress/learning/square/18-nonlinear.pdf),
CPLEX
(https://www.ibm.com/support/knowledgecenter/SSSA5P_12.8.0/ilog.odms.studio.help/pdf
/gscplex.pdf),
etc.
b. Course Type: compulsory
Abstract: The objective of this course is to make students familiar with polynomially solvable
(tractable) and intractable (NP-complete and NP-hard) problems including well known
problems in combinatorial optimization and computer science (e.g. the traveling salesman
problem and its polynomially solvable special cases; generalized p-median problem and its
applications in data analysis; max-clique, basic models of integer linear programming models
(discrete optimization models) and enumeration (branch-and-bound type) algorithms for
solving general mixed integer linear programming problems as well as its special cases
(minimum spanning tree and its variations, linear assignment, and traveling salesman
problem). The algorithmic line of this course will be represented by introduction to the
maximization of submodular set functions (discrete analog of convex functions), and their
applications to data analysis problems. We conclude this course with an overview of time and
space complexities for polynomially solvable and NP-hard problems.

2. Learning Objectives
Students who complete this course successfully will learn or acquire:
 Basic concepts of computational complexities for problems and algorithms (both
exact and heuristic), which are necessary for further learning computational
methods, algorithms for big data, algorithms and computational complexity,
machine learning, operations research, game theory, and combinatorial
optimization.
 Skills in using algorithms and data structures 2 models and methods to formalize and
solve applied problems

3. Learning Outcomes
 Able to find mathematical structures defined on graphs and Booleans (Hasse diagrams)
 Learn basic notions of algorithms and data structures to solve intractable problems in


computer science
Basic skills to recognize and prove the time and space complexities for exact and
heuristic algorithms

4. Course Outcomes:
Outcomes of the course are related to the program outcomes of applied data analysis within
double diploma program of LSE and NRU HSE. Upon the completion of the course students will
be able to recognize polynomially solvable and NP-hard (NP-complete) problems including
efficient solution methods, exact, approximation algorithms, and useful data structures.

4.1. Examples of polynomially solvable problems: the Minimum Spanning Tree and Its
variations; Linear Assignment Problem (LAP) and Patterns within LAP; Max-Flow-Min-Cut;
Polynomially Solvable Special Cases of NP-hard problems and NP-hard problems: the
Symmetric and Asymmetric versions of Traveling Salesman Problem; Generalized p-Median
Problem and Its Applications in Data Analysis; Single Machine Scheduling Problems and Their
Applications in Computer Science; Submodular Set Functions and Their Applications in Data
Analysis.
4.2. Branch and bound algorithms for solving NP-hard Problems: Branch and Bound,
Branch and Cut, Cutting Planes, Branch and Cut and Price, Parallel Branch and Bound,
Tolerance Based Branch and Bound, Climer and Zhang's cut-and-solve, and Data Cirrecting
algorithms.
4.3. Introduction to computational complexity: The theory of NP-Completeness;
Relationship between P and NP classes; Polynomial transformations from a language
(problem) to another language (problem); Cook, Karp, and Levin’s Theorem.; Algorithm for
proving NP- Completeness; Six basic NP-Complete problems: 3-Satisfiability, 3-Dimensional
Matching, Vertex Cover, Clique, Hamiltonian cycle (circuit).

5. Learning Outcomes
 Able to find mathematical structures in the object you work with
 Learn basic math notions that are needed to work in broad areas of applied data analysis
 Basic math skills for learning advanced courses in applied data analysis and computer
science.

1. Submodular and supermodular set functions and their applications in machine learning and
data analysis. The Uncapacitated Location Problem.
2. The Quadratic Cost Partition Problem (QCP) - an example for maximization of a submodular
set function.
3. The Simple Plant Location Problem (SPLP) - an example for minimization of a supermodular
set function.
4. Local and global maxima (minima) of submodular (supermodular) set functions.
5. Strict and Saddle components of local maxima.
6. Six equivalent definitions of submodular set functions
7. Cherenin’s Theorem (quasi-concavity of submodular functions).
8. Selection and Preservation Rules.
9. Preliminary Preservation Algorithm (PPA).
10. Non-binary branching rules applied to the SPLP.
11. Nondecreasing submodular set functions and their properties.
12. The maximum weight independent set.
13. Some classes of submodular set functions: Matroid optimization.
14. Generalized transportation problems.
15. The greedy algorithm for submodular set functions.
16. The interchange heuristic for submodular set functions.
17. Boolean and pseudo-Boolean polynomials.
18. Truncation Theorem for the p-Median problem in pseudo-Boolean formulation.
19. Upper and Lower Tolerances for the Minimum Spanning Tree (MST), Linear Assignment
(LA), Max-Flow-Min-Cut (MFMC), and Traveling Salesman (TS) problems.
20. The solution uniqueness to MST, LA, and TS problems.
21. The traveling salesman problem (TSP) and its applications.
22. The branch and bound algorithm for the Asymmetric TSP
(ATSP) based on the AP.
23. The branch and bound algorithm for the Symmetric TSP
based on the 1-tree problem.
24. The following heuristics for solving the TSP: greedy (nearest
neighbor), tolerance based greedy, nearest insertion, 2, 3-opt.
24. Branch and Cut, Cutting Planes, Branch and Cut and Price, Data Correcting Algorithms.
25. Tolerance Based Branch and Bound, Climer and Zhang's cut-and-solve algorithms.
26. The theory of NP-Completeness; Relationship between P and NP classes; Polynomial

transformations from a language (problem) to another language (problem).
27. Cook, Karp, and Levin’s Theorem (sketch of the proof). Algorithm for proving NPCompleteness.
28. Six basic NP-Complete problems: 3-Satisfiability, 3-Dimensional Matching, Vertex Cover,
Clique, Hamiltonian cycle (circuit).
29. Overview of the Algorithms and Data Structures 2 course.
30. Final Exam.

6. Homework will be based on computer labs performed in mini-groups (2 or 3

students per group):
Homework problems will be assigned starting from second week just once a week. No late
submission will be accepted. Each student is expected to solve the problems individually.
Students using the work of others without giving credit (plagiarism) will receive a failing grade
in the course.

7. Exams
You will have two midterm exams and a final exam (comprehensive). Midterm exams will be
announced at least one week in advance. A student who misses an exam may make it up if
prior permission is obtained from the instructor.
Student’s Presentation (at most 10 min = 8min + 2 min for questions):
The presentations will be based on team (individual) reports. Students will be credited for
both their presentations and questions asked during the presentations.

8. Grading: ADS 2 Fall 2019-20
Homework assignments and reports
Two in-class mid-term exams
Personal presentation of team reports
Final exam (comprehensive)

20%
20%
20%
40%

9. All grades will be posted online. Students should check their grades periodically and
notify the instructor immediately if they notice any discrepancy.
Grade Scale
10
>=90
9
>=80
8
>=75
7
>=65
6
>=50
5
Otherwise

10. Mid-Semester Progress Reports will be issued for all undergraduate students halfway

through the semester. You will be issued an S/Satisfactory – which means you are
passing the class with a 6 or better; an NS/Not Satisfactory – which means your grade
is a 5 or lower; or an FA/Failure due to absences. If you are in the NS or FA categories,
you should contact your instructor and advisor to discuss ways to improve your
performance before it is too late.
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The common mistakes made in the homework will be discussed during the seminars.
Homework and exams consist of tasks that are equivalent or similar to those which
have been studied at lectures and seminars. Any fact of cheating or breach of academic
integrity will result in receiving a "0" (zero) for this work.

Rounding of the cumulative grade, intermediate and final grades must be performed
according to the following rules. Rounding down for marks between 1 and 5, rounding
by the rules of arithmetic for marks between 5 and 6, and rounding up for all the other
marks.
There is no possibility to get an extra point to compensate the low cumulative grade.

6. Methods of Instruction
The discipline is delivered through lectures seminars, including
computer classes.

