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	Business Intelligence and Data Mining
B20.3336.30: Fall 2004

	Professor
	Vasant Dhar, Information Systems Department

	Course Webpage
	Accessible from sternclasses.nyu.edu

	Classroom
	3-50 MEC

	First/Last Class
	First class: September 29, 2004; Last Class December 15, 2004

	Class times
	6-9 Wednesdays

	Exam date/time
	December 22, 2004

	Course Assistant
	Shawndra Hill

	Office Hours
	Quick communication: Email and Blackboard
F2F: MEC Room 8-97, By appointment

	Internet
	vdhar@stern.nyu.edu

http://www.stern.nyu.edu/~vdhar

	Numbers
	Office (212) 998-0816, Fax: 995-4228


1. Course Overview
This course will change the way you think about data and its role in business decision making. The tools and methods covered, and the ways in which to think about data and its consequences are important for the simple reason that businesses, governments, and society leave behind massive trails of data as a by-product of their activity. Increasingly, decision-makers rely on intelligent systems to analyze these data systematically and assist them in their decision-making. In many cases automating the decision-making process is necessary because of the speed with which new data are generated. This course connects real-world data to decision-making. Cases from Finance, Marketing, and Operations are used to illustrate applications of a number of data visualization, statistical, and machine learning methods. The latter include induction, neural networks, genetic algorithms, clustering, nearest neighbor algorithms, case-based reasoning, and Bayesian learning. The use of real-world cases is designed to teach students how to avoid the common pitfalls of data mining, emphasizing that proper applications of data mining techniques is as much an art as it a science. In addition to the cases, the course features Excel-based exercises and the use of data mining software. Real-world datasets are included as an optional data mining exercise for students interested in hands-on experimentation. The course is suitable for those interested in working with and getting the most out of data as well as those interested in understanding data mining from a strategic business perspective. It will change the way you think about data in organizations.

The following four real-world datasets will be used to illustrate the use of data mining methods for a range of problems:

1. Financial time series data for prediction and risk estimation

2. Credit card data from a commercial bank for customer attrition/retention, segmentation and profitability analysis

3. Promotion and response data from a marketing campaign conducted by an online brokerage company for better target marketing

4. Data from a global debt rating company for predicting bond yields and using these for building trading strategies

The course is structured so that it is suitable both for students interested in a conceptual understanding of data mining and its potential as well as those interested in understanding the details and acquiring hands-on skills. Excel-based models and plug-ins as well as Java-based tools are used to illustrate models and decision making situations.

The course focuses on two subjects simultaneously as shown in the table below:

1. The essential data mining and knowledge representation techniques used to extract intelligence from data and experts

2. Common problems from Finance, Marketing, and Operations/Service that demonstrate the use of the various techniques and the tradeoffs involved in choosing from among them. 

The “x” marks in the table below indicate the areas explicitly covered in the course.

	
	Finance
	Marketing
	Operations/Service

	Online Analytical Processing (OLAP)
	X
	X
	

	Artificial Neural Networks
	X
	X
	

	Genetic Algorithms and Evolutionary Systems
	X
	
	X

	Tree and Rule  Induction Algorithms
	X
	X
	X

	Fuzzy Logic and Approximate Reasoning
	
	
	X

	Nearest neighbor and Clustering Algorithms 
	X
	X
	X

	Rule-Based and Pattern Recognition Systems
	
	X
	X


2. Instruction Method

This is primarily a lecture style course, but student participation is an essential part of the learning process in the form of active technical and case discussion. The course will explain with detailed real-world examples the inner workings and uses of genetic algorithms, neural networks, rule induction algorithms, clustering algorithms, naïve Bayes algorithms, fuzzy logic, case-based reasoning, and expert systems. The primary emphasis is on understanding when and how to use these techniques, and secondarily, on the mechanics of how they work. The workings and basic assumptions of all techniques will be discussed. Software demonstrations will be used to show how problems are formulated and solved using the various techniques.

Case Studies

There will be two cases discussed in class. For each case, students are encouraged to form a team of between 3 and 5 people. The instructor will choose three or four student teams to present their analysis in class. Students are encouraged to interact with the instructor electronically or F2F in developing their analyses. You can work on cases individually, but teams tend to do a more comprehensive analysis than individuals.
Assignments

Each class session has materials you must read prior to class. For each class, there is a set of questions that will be given to you the week before the topic is discussed. There will be a total of five assignments. You must turn in all assignments on the dates they are due. Answers on each topic must be handed in prior to the discussion of that topic in class. The answers will be graded and returned the following week. 

3. Data Set and Competition

A data mining contest is an optional part of the course as a way for students to get hands-on experience in formulating problems and using the various techniques discussed in class. Students will use these data to build and evaluate predictive models. For the competition, one part of the data series will be held back as the “test set” to evaluate the predictive accuracy and robustness of your models.

This project is not a requirement for the course. However student teams for the cases (or individuals) are encouraged to do it and take their knowledge to the level of practice. The project will provide extra credit, for upto 5 additional points.

4. Requirements and Grading
It is imperative that you attend all sessions, especially since the class meets infrequently, and the sessions build on previous discussion. 

You will hand in 5 brief (i.e. max 2-3 page) answers to questions that will be assigned in class. Answers should well thought out and communicated precisely. Points will be deducted for sloppy language and irrelevant discussion.

There will be two case studies requiring (i) analysis, and (ii) critique of the analysis due in the class following the case analysis. The case studies will be handed out during the semester. An analysis of the case (text document and/or slides) should be submitted to the instructor at least one week prior to the case discussion. The final analysis should be between 10 and 20 double spaced pages. You must also submit a brief (1-2 page) self-critique of your case in the session following the case analysis. Cases will be graded based on the initial write-up as well as the critique.
Tips for Case Analysis: Each case requires determining information requirements for the decision makers involved. It is therefore important to formulate the problem correctly, so that the outputs that your proposed system produces match the information requirements. Secondly, you should consider the existing and proposed data architecture required for the problem. Thirdly, your proposed solution must match the organizational context, which requires taking into account a number of factors such as desired accuracy (i.e. rate of false positives and negatives), scalability, data quality and quantity, and so on. Accordingly, you must compare alternative techniques with respect to their ability to deliver on the relevant factors. One possible framework is described in Chapters 2 and 3 of the book, but feel free to use your own framework or expand on the one in the book.

There will be a final exam at the end of the class.

The grade breakdown is as follows:

1. Weekly Assignments (5 write-ups): 35

2. Case Studies (2): 25

3. Final Exam: 30

4. Participation and Class Contribution: 10

5. Data Set Competition (Optional): 5

5. Teaching Materials

The following are materials for this course:

1. Textbook: Seven Methods for Transforming Corporate Data into Business Intelligence, by Vasant Dhar and Roger Stein, Prentice-Hall, 1997. It is available at the NYU bookstore.  
2. Supplemental readings will be provided occasionally.

3. Two cases posted to the website. 

4. Website (Blackboard) for this course containing lecture materials and late breaking news, accessible through the Stern home page (sternclasses.nyu.edu)
APPENDIX: Textbook Questions

Chapter One

1. What are the differences between transaction processing systems and decision support systems?  What are the differences between model driven DSS and data driven DSS? What are decision automation systems, and how do they fit into the picture?

2. Why has so much attention been focused on DSS recently? How has the business environment changed to make this necessary?  How has technology changed to make this possible?

3.  Why do you think “what if” analysis has become so important to businesses?  Think of three business problems and describe how a “what if” decision support tool might work.  What types of things would the “what if” models in the system need to be able to do?

4.  How might data driven DSS work using a database of news stories and press releases?  How about model driven DSS?  What makes decision support based on text different from decision support based on numerical data?

5.  Why do you think that artificial intelligence techniques that emulate reasoning processes are useful for some types of decision support?  When might they not be useful?

Chapter Two

1.  Why do organizations need sophisticated DSS to find new relationships in data?  Why can’t smart businesspeople just look at the data to understand them?

2.  Intelligence density focuses on two concepts: decision quality and decision time.  Describe situations where you might be willing to trade quality for time and vice versa.  Are there other factors that you might be concerned about as well?

3.  The British mathematician Alan Turing was a central figure in the development of digital computing machines and one of the earliest to propose that machines might be programmed to “think.”  In his 1950 paper, Computing Machinery and Intelligence, he proposed a guessing game test of machine intelligence that later evolved and became known as the “Turing Test.”


Briefly, the test works as follows: A judge sits in a room in front of a computer terminal and holds an electronic dialog with two individuals in another room.  One of the “individuals” is actually a computer program designed to imitate a human.  According to the test, if the judge cannot correctly identify the computer, the machine can be said to be intelligent since it is in all practical respects carrying on an intelligent conversation.  Turing’s prediction was:

… in about fifty years’ time it will be possible to programme computers … so well that an average [judge] will not have more than a 70 percent chance of making the right identification after five minutes of questioning.

How does this definition of intelligence differ from the concept of intelligence we use in defining intelligence density?  Is Turing’s definition of intelligence more or less ambitious than the intelligence density concept?  Why or why not?  Why are both concepts important?

4.  If you were entering an organization for the first time and you had been charged by the CIO with increasing the intelligence density of the firm, where would you begin?  What types of research would you do within the organization?  How about outside research?

Chapter Three

1.  Why is a unified framework useful in developing intelligent systems?

2.  In what ways are the dimensions of the stretch plot different for intelligent systems than they are for traditional systems?

3.  What other attributes might you include if you were developing a system for a university?  A Wall Street firm?   A municipal government?

Chapter Four

1.  How do data warehousing applications differ from traditional transaction processing systems?  What are the advantages to using a data warehouse for DSS applications?

2.  Many large organizations already have formidable computing infrastructures, large database management systems, and high-speed communications networks.  Why would such organizations want to spend the time and effort to create a data warehouse?  Why not just take advantage of the infrastructure already in place? 

3.  What are the key components of the data warehousing process?  What function does each serve?

4.  “OLAP is just a more elaborate form of EIS.”  Do you agree with this statement?  Why or why not?

5. How does the hypercube representation make it easier to access data? Why is it difficult to create a hypercube-like business structure in a traditional OLTP system?

6. For which types of business problems would you consider using an OLAP solution? For which types of problems would it be inappropriate? Why?

Chapter Five

1.  Over the last 20 years, we have had considerable success with modeling problems using the principle of “reduction” and “linear systems” where complex behavior is the “sum of the parts.”  In contrast, some people assert that systems such as evolution of living organisms, the human immune system, economic systems, and computer networks are “complex adaptive systems” that are not easily amenable to the reductionistic approach.  Explain the above in simple English.  Provide an example of a system that is the sum of its parts and one that isn’t.

2.  Do you think that building computer simulation models using genetic algorithms can help us understand complex adaptive systems?  If so, what properties of genetic algorithms make this possible?

3.  What is the meaning of “building blocks” in complex systems?  What do you think are the building blocks of the neurological system?  How about a modern economic system?  How do these building blocks interact to produce synergistic behavior?  How do genetic algorithms model the idea of building blocks?  How do they model the interactions among building blocks?

4.  What role does mutation play in a genetic algorithm?  What about crossover?  How would you expect a genetic algorithm to behave if it uses no crossover and a high mutation rate?

5.  For what types of problems would you consider using a genetic algorithm?  Why? 

6.  Explain the following statement: “A genetic algorithm takes ‘rough stabs’ at the search space, which is why it is highly unlikely to find the optimal solution for a problem.”

Chapter Six

1.  To what extent do you believe that artificial neural networks come close to how the brain actually works?  In answering this question, try to focus on the similarities and differences between the two.

2.  Many businesspeople say that they are not comfortable with using neural nets to make business decisions.  On the other hand, they are much more comfortable with using standard statistical techniques.  Why do you think this is the case?  In what ways is or isn’t this a valid concern?

3.  For what types of business problems would you use neural networks instead of standard techniques?  Why?

4.  What is meant by the term overfitting?  When do neural nets exhibit this phenomenon? 

5.  What properties of neural networks enable them to model nonlinear systems?

6.  In not more than three sentences, give an example of a nonlinear system, showing what makes it nonlinear.  What properties of neural networks enable them to model nonlinear systems?  Suppose the transfer function of neurons in a neural network is linear.  Does this mean that the network will not be able to model nonlinear systems?  If it would be able to model nonlinear systems, what are the advantages of using a nonlinear transfer function such as the sigmoid function for neurons?

Chapter Seven

1.  All of the AI techniques we discuss in this text have unique methods for representing knowledge.  How is the way that a rule-based system represents knowledge different from the approach used by a neural network?  From a decision tree?

2.  What is the difference between a rule and a meta rule?  Why do you need meta rules?  Should rules and meta rules be independent from each other?  Why or why not?

3.  What is forward chaining?  What is backward chaining?  In which situations would backward chaining be useful?  In what situations would forward chaining be useful?  Can the methods be combined?

4.  In many places in this book, we talk about dimensions of the stretch plot.  It is often said that rule-based systems are not very scalable.  Is this true?  Why or why not?  How does the meaning of scalability differ between a rule-based system and, for example, a traditional database system?

5.  What is the “recognize-act cycle?”  What are its major components?  What is the difference between the working memory and the rule base?  How does the cycle allow rule-based systems to “reason” and “draw conclusions”?

6.  For which types of business problems might a rule-based approach be useful?  Which characteristics of rule-based systems make them well suited for these problems?  Can you think of problems for which it might not work as well?  Why would an RBS not be a good solution in these cases?

Chapter Eight

1.  Is there any difference between fuzzy reasoning and probability theory?  Can fuzzy reasoning be modeled in terms of probability theory?  Illustrate your answer with an example.

2.  Why do you think there are so many applications of fuzzy logic in engineering and so few in business?

3.  For which types of business decision problems might you consider fuzzy logic?  Why?

4.  How does fuzzy reasoning differ from the type of reasoning used in standard rule-based systems?  Are there things that standard RBS can do that fuzzy systems cannot?  How about things that fuzzy systems can do that standard RBS can’t?  Discuss each.

5.  “Fuzzy logic gives fuzzy answers.  It is not useful for modeling problems that require an exact result.”  Is this statement true?  Defend or criticize it.

6.  “Fuzzy systems partition knowledge into knowledge about the characteristics of objects and the rules that govern the behavior of the objects.”  Explain this statement.  Why is this useful?

Chapter Nine

1.  What is the conceptual basis and motivation for case-based reasoning?

2.  What does it mean for businesses to “learn” about their customers, suppliers, or internal processes?  To what extent can they do so through case-based systems?

3.  Many problems involve finding the “nearest neighbor” to a particular datum.  The natural candidates for solving such problems are case-based reasoning, rule-based systems (fuzzy or crisp), and neural networks.  Under what conditions would you favor each of them?

4.  “Good indexing is vital to creating a CBR system.”  Do you agree with this statement?  Why or why not?

5.  For which types of business problems would you consider CBR to be a good solution?  Why?

6.  Consider these two stories:

· John wanted to buy a new doll for his daughter.  He walked into a department store.  John did not know here the toy department was so he asked the clerk at the information desk for help.  She told him to go up the escalator to the left.  John was able to find the department and buy the doll.

· Mary needed to get to a meeting in San Francisco.  She set out from LA at 8:30 but soon realized that she was unsure of the best route to take.  She pulled off the highway and opened her glove compartment to look at her road map of California.  After checking the route, she pulled back onto the road and went on her way.  She got to her meeting on time.


How are these two stories similar?  How is this type of similarity different from the type discussed in the construction example?  How might you represent them as cases in a CBR system for problem solving?

Chapter Ten

1. If you run a recursive partitioning algorithm on a dataset several times, would you expect it to produce exactly the same outputs each time? In other words, for a specific set of data, is the output deterministic?

2. Given a dataset with independent variables X1, X2,...,Xn and a dependent variable Y which takes on two values (say “high” and “low”), would a recursive partitioning algorithm be able to discover a pattern such as: "IF X1 is less than X2 then Y is high?" Why or why not? (Forget about the neural net).

_977646785.doc


�












