Course Title: Heuristics

Course Number: CADT-UH 1014EJQ

Credit hours: 4

Prerequisites: None

Co-requisites: None

Location: NYU Abu Dhabi
Faculty Information: 

Prof. Dennis Shasha, 

Julius Silver Professor of Computer Science

Courant Institute of Mathematical Sciences

New York University

251 Mercer Street

New York, N.Y. 10012-1110

U.S.A.

Email: shasha@cs.nyu.edu
Web: http://cs.nyu.edu/cs/faculty/shasha/index.html
Office hours: By appointment.
Python teaching assistant: To Be Determined 
Course Description:

Many problems in science, business, and politics require heuristics -- problem solving techniques that often work well but give imperfect guarantees. This course teaches heuristics as they apply to the design of scientific experiments,  the resolution of economic or political negotiations, and in the construction of engineering devices in hostile environments. Students will work in small teams that will  solve puzzles, conduct cross-cultural experiments, and build protocols for a competitive auction game. Students will use and learn computational tools, but the course has no programming prerequisite. The intent is to make you better able to face complex problems in any field you choose.

Course satisfies the Experimental Discovery in the Natural World subcategory of The Ideas and Methods of Science core category.

Course Learning Outcomes and Links to Program Learning Outcomes (PLOs)    

	Upon successful completion of this course the student will be able to: 
	Linked to PLOs (refer to Appendix 1) 

	1) Design approaches to problems that are quantitative, procedural, and adaptive, even when the problems suffer from incomplete information or are only approximately described.


	Program Learning Outcomes 1, 4 

	2) Understand heuristic techniques from computer science, biology, and human history.


	Program Learning Outcome 3 

	3) Present scholarly work and student’s own creative work to the class.
	Program Learning Outcome 2


Teaching and Learning Methodologies:

Lectures: The class lectures present a variety of techniques, but revolve around three themes: (i) analysis in the face of incomplete data (estimation, probability), (ii) strategy in adversarial settings (game-playing, decision trees, cryptography, computer programming), (iii) analyzing data (non-parametric statistics, machine learning). The programming lectures will teach you the Python programming language up to the point where you can program your own artificial intelligent participant in a competitive auction.
Participation and discussion: You will respond to questions from the professor, ask questions of your own, and interact with other students and, potentially, visitors.
Written Assignments: You will describe and carry out an experiment, analyze the results using resampling statistics and then submit a paper describing the experiments, the results, and future work.
Programming Assignments: You will write various programs as you learn Python, apply Python to do resampling statistics on your experiments, and write a client process in a multi-process game.
Oral Presentation: You will both present your own work, review the work of researchers, and discuss how to extend that work.

Assignments and Grades:
Participation Rubric 10%: All students are expected to respond to questions from the professor, to attend the programming practicum, to accept and to participate in challenges, to interact with other student presenters, and to make presentations. Each presentation should be accompanied by a two to three page writeup explaining some element that goes beyond what you find in the reading material you are discussing.
Quizzes: 20% 
Project 1: 20%, master one puzzle-based game, design a strategy that is likely to win and be prepared to take on challengers.

Project 2: 20%, design and demonstrate an experiment based on natural science or behavioral science and write a description of the goals, techniques, and conclusions.

Project 3: 30%, compete in the design of methods for a competitive auction.   
Required Course texts:

1. Thinking, Fast and Slow

by Daniel Kahneman

Farrar, Straus and Giroux; Reprint edition (April 2, 2013)

Language: English

ISBN-10: 0374533555

2.  Puzzles for Programmers and Pros

 Dennis Shasha

 Publisher: Wrox; 1 edition (May 7, 2007)

 Language: English

 ISBN-10: 0470121688

 ISBN-13: 978-0470121689
https://ebookcentral.proquest.com/lib/nyulibrary-ebooks/detail.action?docID=315164
3. Natural Computing

 Dennis Shasha and Cathy Lazere

 Paperback: 288 pages

 Publisher: W. W. Norton & Company (May 17, 2010)

 Language: English

 ISBN-10: 0393336832

 ISBN-13: 978-0393336832

4. Statistics is Easy
Case Studies on Real Scientific Datasets
Manpreet Singh Katari, 
Sudarshini Tyagi, 
Dennis Shasha 
ISBN: 9781636390895 | PDF ISBN: 9781636390901
Hardcover ISBN: 9781636390918 [can be obtained online but softcover is preferred]


Course topics and Contents on a Week-by-Week Basis:

Part I: Thinking quantitatively -- estimation in the natural and human-constructed world (e.g. how many MacDonalds in country X). Heuristic inference of causes in fast and slow styles of human thought. Thinking heuristically -- use of puzzles to approach difficult-to-solve and possibly adversarial problems systematically even under incomplete information. Start learning python through graduated examples.

Primary readings: 1. Puzzles for Programmers and Pros 2. The website https://cims.nyu.edu/drecco2016/ 3. Thinking, Fast and Slow 4. Article http://cs.nyu.edu/cs/faculty/shasha/papers/RecognitionHeuristic.pdf

End-of-week project: Be able to be the expert on some puzzle game and see if someone else can beat you at it. Two to three pages writeup on your strategy.
Day 1 (January 4, 2024): Motivation: when do we need heuristics? For unknowable information, incomplete information, situations where improvisation is inevitable. Estimation and adaptation examples. Separate students into groups.

Introduction to puzzle games on drecco site. Discussion of recognition heuristic. Groups decide which puzzles to be expert at. Install python, introduction to the shell, types and hello world. Up to page 57 of part 1 of Thinking book.
Day 2 (January 5, 2024): Dynamic programming approach by hand and computationally. Sweet tooth dynamic programming/decision tree puzzle (Jeremie and Marie). Husbands puzzle. Students present game they expect to master. Coin problem.  Part II of Thinking Book.  Review and assign chapters from Natural Computing book. Choice of games. Interaction between types, list and string methods, conditionals.
Day 3 (January 6, 2024): Part II of Thinking book. Notions of probability: Monte Hall Puzzle, Lucky roulette, dice, gender of children given who is playing problem First contest. (Paper about strategic thinking puzzle due on January 9, 2024)

Python arithmetic and conditionals and loops.

Part 2: Approaches to the design of experiments. How does one construct a model of some target question well enough so that carrying out the experiment is fairly simple (e.g. that electrons move through a conductor and not protons)? We look at problems in physics, e.g. measuring the speed of electrons in metal. In parallel, we will teach more elements of the Python programming language including elements of interprocess communication. You will see which statistically valid conclusions you can draw and provide a five page writeup.
Primary readings: 1. Natural Computing 2. Statistics is Easy: case studies …
End-of-part project: Students will construct their own experiment and demonstrate in class. 
Day 1 (January 8, 2024): Appendix of Thinking Book. , Medical Test problem. Strategic thinking puzzles: social games, optimizing the worst case, Rubies (30 in three boxes; one box with 4 more). Squash club membership. Coach’s dilemma. Python functions along with recursion. Ten questions problem. Python file treatment and parsing. 
Day 2 (January 9, 2024): Basic notions of statistics using a resampling approach. Python maps. Chapters 1 and 2 of Statistics is Easy Python maps and dictionaries. Backus story.
Day 3 (January 10, 2024): Students decide on their own experiment and discuss with me. Python significance and confidence interval code. Multiple testing.
Day 4 (January 11, 2024): Student presentation of two Natural Computing chapters. Rubies (30 in three boxes; one box with 4 more). Genetic algorithms. Squash club membership. Computational game-playing techniques. Python interprocess communication.

Day 5 (January 12, 2024): Natural computing chapter presentation. Game-playing. Inforrmation Gain. Auction by hand. Python moving stuff in the grid.
Part 3: Approaches to the design of engineered devices that must face unpredictable hazards. Biological notions of feedback and evolution can contribute to a new form of adaptive and robust design.  The discussion will center on non-examples like the Bhopal chemical plant as well as examples like marketplaces like the date and nut center near campus. The final project is an auction game in which items of different types will appear in an unknown order and your job is to obtain three of the same type. We will conduct several auctions of this type. Please describe your strategy orally.
Primary reading: Natural Computing
Project: Student teams will build a program to “win” a series of auctions by being the first team to acquire three items of the same type. Due date January 20, 2024.
Day 1 (January 15, 2024): Student presentations of their own experiment, including any problems they had. Paper due on January 17, 2024.
 Decision Tree learning. Folder scikit_machinelearn.d. 
Day 2 (January 16, 2024): Student presentations of two Natural Computing chapters. K-means clustering. Case studies in scientific experimental analysis. Spy vs. spy. Secret sharing/couriers. (puzforheuristics.pptx). More on probability: tallest in a crowd; bait and switch (envelopes with rewards). Python work on final project, basic algorithm and plumbing and random algorithm.
Day 3 (January 17, 2024): Student presentations of Natural Computing chapter. Python final project preparation. Feedback dividends. Finding treasure on a line. Feedback in circuits. 
Days 4 (January 18, 2024): Flaky oracle game. Social games and Nash. Strategic Bullying. Electronic circuits. DNA computing. Data analysis of scientific experiments. Sampling of research topics. Ensure that your auction program can beat random as well as multiple randoms. Think about real competitors.
Day 5 (January 19, 2024):  Auction Game competition. Any final presentations.
Crosslisting: relevant to social scientists, natural scientists, and computer scientists mostly

Pedagogical methods to keep student interest: Course will be very interactive with lots of in-class time devoted to student presentations and projects.

Cultural diversity is often addressed in the experiment of the second week. Discussions in class will bring out cultural influence on the use of heuristics.
Relationship of this course to others: useful to students in the social, natural, computational or engineering sciences. Not specifically redundant to any other course.

Policy Statements:

For your reference and attention, please note the New York University Abu Dhabi’s policy regarding academic integrity: https://students.nyuad.nyu.edu/campus-life/student-policies/community-standards-policies/academic-integrity/  NYU

Attendance Statement:
Due to the condensed nature of J-term, each absence is the equivalent of missing a full week in a regular semester - with less of an opportunity to make up for missed material. Each unexcused absence results in the deduction of one mark from the final course grade (e.g. from an A- to a B+). Excusing absence is at the discretion of the instructor. Students who miss more than three classes, excused or unexcused, cannot pass the course. If the absences are excused, the student will be withdrawn from the course. If more than one of the absences is unexcused, the student will fail the course.

Academic Integrity:
At NYU Abu Dhabi, a commitment to excellence, fairness, honesty, and respect within and outside the classroom is essential to maintaining the integrity of our community. By accepting membership in this community, students, faculty, and staff take responsibility for demonstrating these values in their own conduct and for recognizing and supporting these values in others. In turn, these values create a campus climate that encourages the free exchange of ideas, promotes scholarly excellence through active and creative thought, and allows community members to achieve and be recognized for achieving their highest potential. As part of the NYU global network, NYUAD students are also subject to NYU’s all-school policy on Academic Integrity for Students at NYU. Alleged integrity violations are resolved using NYUAD’s Academic Integrity Procedure:
Moses Center for Student Accessibility (CSA): mosescsa@nyu.edu

New York University is committed to providing equal educational opportunity and participation for students with disabilities. CSA works with students to determine appropriate and reasonable accommodations that support equal access to a world-class education. Confidentiality is of the utmost importance. Disability-related information is never disclosed without student permission. If you have any questions or would like to have further information about the Moses Center, please visit the following link.

Health Resources:
As a University student, you may experience a range of issues that can interfere with your ability to perform academically or impact your daily functioning, such as heightened stress, anxiety, difficulty concentrating, sleep disturbance, strained relationships, grief and loss, personal struggles. If you have any well-being or mental health concerns please visit the Counseling Center on the ground floor of the campus center from 9am-5pm Sunday - Thursday, or schedule an appointment to meet with a counselor by calling: 02-628-8100, or emailing: nyuad.healthcenter@nyu.edu. If you require mental health support outside of these hours, call NYU's Wellness Exchange hotline at 02-628-5555, which is available 24 hours a day, 7 days a week. You can also utilize the Wellness Exchange mobile chat feature, details of which you can find on the student portal.

Student comments:
Made sure everyone in the class understood a certain topic before moving on. Also, the constant quizzes was a great way to learn, remember and retain the information.
Dennis Shasha is a very intelligent instructor who knows how to engage with the class. He helped me to learn by asking the class to solve a number of interesting puzzles.
He challenged us and motivated us to learn.
He gave chocolates when you answered correctly.
Childish but fun.
He encourages us to compete against each other and solve our problems with new and creative ideas.
The Heuristics course was an incredibly engaging and informative experience. From the very beginning, the class was filled with thought-provoking discussions and activities that helped to deepen my understanding of the subject matter.

One of the things that I valued most about the course was the step-by-step approach that was taken. The instructors carefully walked us through each concept and provided plenty of opportunities for hands-on practice and feedback. This made it easy to grasp the material and see how it could be applied in real-world situations.

The competition that was held near the end of the course was also a highlight for me. It gave me the chance to put my newly acquired knowledge to the test and see how well I could apply it in a competitive setting. It was a great way to see how others approached problems and to learn from their strategies.

In general, I feel that this course has taught me a new way of approaching problems. It has given me the tools and techniques to think critically and creatively when faced with a challenge. I would highly recommend this course to anyone looking to deepen their understanding of heuristics and problem-solving. It was one of the most informative courses I have ever taken.
i did not like how strict the instructor was with writing perfect english on the assignments...
he was way too picky with using the perfect words also he told us to go to the writing center before submitting our papers but the writing center was completely booked during the whole jterm and we often had only the weekend to do everything so it was not possible to get feedback
The professor encouraged discussions in class and provided motivation for students to take part in the discussion. He gave helpful and concise feedback on written assignments. He gave us tools and techniques which could be applied in many different fields of study.
Appendix 1:

The Program Learning Outcomes (PLOs) for Core courses are: 
1) Critically examine historical and contemporary topics of global significance, which includes formulating clear, precise questions and arriving at well-reasoned conclusions using: 
a) qualitative,
 b) quantitative, 
c) contextual, and 
d) creative modes of reasoning; 
2) Communicate effectively for various audiences and purposes, including participation in public settings; 
3) Demonstrate self-understanding and intercultural competency; and 
4) Identify and reflect critically on conceptual and ethical complexity.
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