
Purdue University. CS 381 Intro to the analysis of algorithms Jan 9, 2018

Syllabus

Lecturer: Elena Grigorescu

1 Basic info

Place and time: Tu/Th 10:30 am - 11:45 am Wetherill Lab of Chemistry 172
Instructor: Elena Grigorescu, elena-g@purdue.edu; Office hours: Tue 1-2 pm LWSN 1209.
Graduate TAs:

Anudeep Reddy Dwaram, adwaram@purdue.edu Office Hours: TBD;

Tatiana Kuznetsova, tkuznets@purdue.edu, Office Hours: TBD;

Young-San Lin, lin532@purdue.edu, Office Hours: TBD.

Undergraduate TAs:

Ryan Davis, davis791@purdue.edu, Office Hours: TBD

Shubhang Kulkarni, kulkar17@purdue.edu, Office Hours: TBD.

Textbooks:

• Introduction to Algorithms, T. Cormen, C. Leiserson, R. Rivest, C. Stein, McGraw-Hill,
2009 (3rd edition).

• Algorithm Design, J. Kleinberg, E. Tardos, Pearson AddisonWesley, 2006

2 Detailed Description

The course gives a broad introduction to the design and analysis of algorithms. The course
plans to follow the detailed topics outlined below. Changes and adjustments may be made
during the semester.

1. Mathematical Concepts for Algorithm Analysis

• General introduction to algorithm design (CLRS Ch 2) (Review of the analysis of
sorting algorithms, Review of mathematical induction and other analysis tools)

• Asymptotic notation and complexity classes (CLRS Ch 3)

• Recurrences and the Master Theorem (CLRS Ch 4)

2. Algorithm Design Techniques

• Divide and Conquer (CLRS Ch. 9.3, 4.1, KT Ch 5)- Problems include Skyline
problem, Maximum subarray problem, Counting inversions, Selection in linear time

• Dynamic Programming (CLRS Ch. 15, KT Ch 6) - Problems include Weighted inter-
val scheduling, Matrix chain multiplication, Longest common subsequence, Sequence
alignment, Knapsack
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• Greedy (CLRS Ch. 16, KT Ch 4) Problems include Activity selection, Scheduling

• Randomized (CLRS Ch. 5, 7.3, 9.2) and Sublinear Algorithms Problems include:
Selection in expected linear time; polling; streaming algorithms

3. Using Data Structures in Algorithms

• Review data structures including heaps as priority queues (CLRS Ch. 10-12) Binary
heaps (CLRS Ch. 6) Application: Prims algorithm (CLRS Ch. 23)

• Balanced Binary Search Trees (CLRS Ch. 13, 14.1-2) Overview of balanced tree
structures and Red-Black Trees Augmenting data structures

• Disjoint set union-find Union by rank and path compression techniques (CLRS Ch.
21, KT Ch 4.6) Introduction to amortized analysis (CLSR Ch. 17) Kruskals algo-
rithm (CLRS Ch. 23)

4. Graph Algorithms

• Fundamental graph explorations (CLRS Ch. 22) Review of Breadth-first search,
Depth-first search Topological sorting

• Graph connectivity (CLRS Ch.22) Connected and bi-connected components Strongly
connected components

• Shortest Paths (CLRS Ch. 24.1-3, 25.2) Bellman-Ford Dijkstra, Floyd-Warshall

• Maximum Flow (CLRS Ch. 26, KT Ch 7) Ford-Fulkerson method Relationship
between max-flow and min-cut Applications of Max Flow

5. NP-completeness ( Introduction to classs P and NP, NP-complete, polynomial time veri-
fication (CLRS Ch. 34.1-3, KT Ch 8) Reductions (CLRS Ch. 34.4))

6. Approximation Algorithms (Vertex Cover, Set Cover, Traveling Salesman (CLRS Ch.
35.1-3, KT Ch 11))

Prerequisites CS 251, CS 172.

Grading 20% for homework, 10% for quizzes, 20% for the midterm 1, 20% for midterm 2,
30% for the final,

3 Exams and Quizzes

Midterm 1 Tuesday Feb 6th, 8:00p - 9:00p PHYS 112
Midterm 2 Tuesday Mar 27th, 8:00p - 9:00p PHYS 112
Final Set by the university during finals week.
Note: Do not schedule an interview trip at exam times; do not schedule to leave town before
the exam date is posted (it could be on Saturday).
All exams are closed book and closed notes. There will be no make-up exams, unless they are
in accordance to Purdue policies.
There will be several quizzes (possible unannounced). The lowest score will be dropped.
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4 Assignments

Students are expected to type their assignments:

• For LaTeX resources you will find pointers on LaTeX on the class website. Your solution
can be typed in any other editor you feel comfortable with.

• Figures, diagrams, and involved mathematical notations can be handwritten and included
into the pdf.

• A students who is unable to type, needs to contact the instructor before a handwritten
assignment is submitted.

• Follow the following guidelines when describing your solution:

– Use pseudocode to describe an algorithm. Do not describe your solution using code
from a programming language.

– Start with a description of your main idea and the intuition of your solution.

– Describe your solution in steps.

– When appropriate, describe your algorithm with an example.

– When using algorithms and data structures presented in class, describe differences
and any adjustments to be done. There is no need to reproduce material seen in
class

– When using material from other sources; use your own words, DO NOT COPY AND
PASTE, clearly cite every source your use.

– Describe the time complexity and space complexity of every major step/task.

– Describe the overall time and space complexities.

– Argue the correctness and optimality of your proposed algorithm. (That is your
solution is the best solution to the problem)

– The description of an algorithm should typically not exceed two pages.

– Formatting guidelines: submit with font at least 11 pt; 1.5 or double spaced; start
every problem on a new page.

Assignments need to be uploaded to Blackboard as one PDF file before their due date:

• Any handwritten material needs to be scanned and made part of the uploaded file.

• For assignment number x, the name of the submitted file needs to be LastName.FirstName.x.PDF.

• You are allowed two uploads. The last version uploaded will be graded.

• After your submission, you should download the file and open it to ensure a valid pdf file
was uploaded.

• Do not e-mail an assignment to a TA or the instructor.

No late assignments will be accepted:
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• Each assignment states its due date and time. Blackboard submissions will not be possible
after the stated due time. Do not count on a successful upload one minute before the
deadline as network fluctuation do happen.

• If you are requesting an extension due to an illness or an emergency, you are expected to
contact the instructor before the due date.

• An interview trip is not a valid excuse for an extension on an assignment. You are
expected to plan accordingly.

Every assignment needs to include the following: On the top of the first page: your full
name as it appears on Blackboard, your Purdue e-mail address, and the assignment number.

Every problem on an assignment needs include a Collaborator and Resources (CR) state-
ment: This means every problem on every assignment includes information on collaboration
and use of on-line material. Help you get from a TA does not count as collaboration.

You are expected to complete the following CR template for each problem:

• Names of students enrolled in class communicated/collaborated with: Name1, Name2, ,

• Names of students not enrolled in class who provided help: Name1, Name2, ,

• Name of tutor (if applicable):

• On-line resources consulted and made use of: URLs, one per line

• State none if there is no one to mention or no resources to cite.

• An assignment problem that does NOT contain a CR statement will not be graded.

Questions on a graded assignment problem:

• Solution sketches will be posted for assignment problems. They typically are sketches,
not completed solutions. They often contain a discussion of common mistakes students
made.

• If the solution sketch does not answer your questions, please contact the TA listed as the
one who graded the question.

• If you cannot make the TAs office hours, e-mail the TA and set up a time to meet.

Re-grading:

• Assignments are graded for correctness, clarity, conciseness, rigor, and efficiency.

• Read the posted solution sketch before contacting the TA responsible for the question.
You are expected to do so within 10 days from the date when the assignment was officially
returned. No re-grading after this period.

• A re-grade means that the entire assignment undergoes a re-grade.
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5 Learning Objectives

Students who complete the course, will have demonstrated the ability to do the following:

1. Perform basic algorithm analysis including:

Use big O-notation formally to give asymptotic upper bounds on time and space com-
plexity of algorithms. Explain the use of big-Omega, big-Theta, and little-o notations to
describe the amount of work done by an algorithm. Use recurrence relations to determine
the time complexity of recursive algorithms. Solve elementary recurrence relations, e.g.,
using some form of a Master Theorem. Give examples that illustrate time-space trade-offs
of algorithms.

2. Apply and modify algorithmic strategies and approaches including:

Describe and use major algorithmic techniques (brute-force, greedy, divide-and-conquer,
dynamic programming, and graph explorations). Use a greedy approach to solve an appro-
priate problem and determine if the greedy rule chosen leads to an optimal solution. Use a
divide-and-conquer algorithm to solve an appropriate problem. Use recursive backtracking
to solve a problem such as navigating a maze. Use dynamic programming to develop the
recurrence relations and to solve an appropriate problem. Determine appropriate algorith-
mic approaches to apply to a given problem. Describe heuristic problem-solving methods.
Understand the mapping of real-world problems to algorithmic solutions. Explain the ma-
jor graph algorithms and their analysis and employ graphs to model application problems.
Evaluate and compare different algorithms using worst-, average-, and best-case analysis.
Demonstrate the ability to evaluate algorithms, to select from a range of possible options,
to provide justification for that selection, and explain an implementation of the algorithm
in a particular context.

3. Explain and apply foundational computational complexity concepts including:

Define the classes P and NP. Explain the significance of NP-completeness. Provide exam-
ples of NP-complete problems. Explain the impact pf NP-complete problems to different
application domains. Explain the difference between NP-complete and NP-hard. Prove
that a problem is NP-complete. Use reduction techniques between problems. Demon-
strate the use of approximation algorithms for NP-hard problems. Explain the Halting
problem and other undecidable problems.

6 Cheating/plagiarism

Cheating/plagiarism will be subject to Purdue’s academic integrity policies (check links on
class website). In accordance with the Purdue University Department of Computer Science
Academic Integrity Policy, any instance of academic dishonesty on an exam, or assignment will
be reported to the Dean of Students Office.

Penalties:

1. A first instance of academic dishonesty will result in score of zero for that assignment
plus a letter grade deduction at the end of the semester.
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2. A second instance of academic dishonesty will result in a grade of F.

7 Posting class material

Posting materials associated to the class (e.g., homework and exams, slides, etc) without the
written permission of the instructor is a violation of copyright. As a student in the class, you
may make copies of course materials for your own use. You may not and may not allow others
to reproduce or distribute lecture notes and course materials publicly, without the instructor’s
written permission. Violations will be dealt with as allowed by law under Section 512(c) of the
Digital Millennium Copyright Act.

8 Violent Behavior

Purdue University is committed to providing students, faculty, staff and visitors a safe and
healthy environment. Accordingly, the University prohibits acts of violence or threats of violence
in the campus community or the workplace. All faculty, staff and students should report threats
of violence to any of the following resources: dean of students office, human resources, EAP,
University police department, supervisors or department heads. When dealing with imminent
acts of violence, dial 911. For additional information, refer to the Violent Behavior Policy
(IV.A.3), www.purdue.edu/policies/facilities-safety/iva3.html.

9 Emergency preparedness

Campus emergencies include weather extremes (e.g., tornado, blizzard), HAZMAT (hazardous
material) spills or leaks (e.g., gas pipe break, chemical spill), infrastructure problems (e.g.,
electrical power failures, water quality problems), general safety issues (e.g., person on campus
suspected of violent behavior), and pandemic illness. In the event of a major campus emer-
gency, course requirements, deadlines and grading percentages are subject to changes that may
be necessitated by a revised semester calendar or other circumstances beyond the instructors
control. For information about these changes see the class website and Piazza.
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