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COURSE DESCRIPTION

In this course we study sequences of random variables (stochastic processes) that evolve over time such as
a price of a stock, the demand for a commadity, the length of a queue, the credit rating of a corporate bond
issuer. For such processes one cannot predict with certainty their future values, but we can obtain useful
information using a suitable stochastic model to represent how the process evolves over time, and thus
obtain the distribution and statistics of future values. The course aims to introduce the fundamentals of
stochastic models tools, methods and their applications. The emphasis is on modeling and evaluating
uncertainty, simulating complex systems, using data and limited information efficiently, understanding the
nature of decision-making, and optimally allocating resources.

COURSE MATERIALS

Required Text:
S. M. Ross, Applied Probability Models with Optimization Applications. Dover Publications (1992).

Recommended:
 Sheldon M. Ross: Introduction to Probability Models > 7-th Edition, Elsevier

» Essentials of Stochastic Processes by Rick Durrett, Second edition will appear in Summer 2013,
published by Springer, available at Rick’s page online

« Sheldon M. Ross: Stochastic Processes, J. Wiley, New York, 1995.

« Adventures in Stochastic Processesby S. Resnick, 1992

Other resources:
Other Resources: | will provide additional at: reading materials during the course.

Start with: Review of Probability.

Learning Management System: Canvas and | will provide additional at: apdalab.org


http://www.amazon.com/dp/0817635912/ref=rdr_ext_sb_ti_hist_2
http://robotics.eecs.berkeley.edu/~wlr/126notes.pdf
http://apdalab.org/

Hardware and software requirements:
Notebook pc, basic programing in R or Python.

LEARNING GOALS AND OBJECTIVES

The objective is to introduce you to the models and techniques of Stochastic Processes. This will necessitate
some use of theory and computer manipulations of data. However, the goal is not that you will become
experts on computer software, but rather to give you a perspective on how stochastic models and techniques
are used in practice. Hence, much of the material will be presented in a setting of practical situations. The
focus is on ways of modeling and structural ideas about systems that evolve randomly in time.

The course will focus on Chapters 3,4,5,6 and 7 from Ross’s text: Poisson processes, renewal processes,
discrete and continuous time Markov chains. Additionally, a portion of chapter 9, the Wiener Process and
Machine Learning applications will be included. Further, some extra topics such as simulation and
applications to optimization of Markov Chains will be introduced. The discussion of Markov chains
includes statistical aspects of these processes. The course will begin with a review of basic probability. If
time permits, applications to Machine Learning will be introduced.

Specific goals: There will be an introduction to the concepts and applications of those basic ideas that are
considered to be most important for the practical analysis of stochastic processes, listed below.

PREREQUISITES

a) Basic undergraduate statistics courses or 22:135:572 Stat for Mgrs.
b) Calculus with a grade of B or better; or 22:135:571 Calc for Mgrs.

ACADEMIC INTEGRITY

I do NOT tolerate cheating. Students are responsible for understanding the RU Academic Integrity Policy
http://academicinteqgrity.rutgers.edu/

I will strongly enforce this Policy and pursue all violations. On all examinations and assignments,
students must sign the RU Honor Pledge, which states, “On my honor, I have neither received nor given
any unauthorized assistance on this examination or assignment.” T will screen all written assignments
through SafeAssign or Turnitin, plagiarism detection services that compare the work against a large
database of past work. Don’t let cheating destroy your hard-earned opportunity to learn. See
business.rutgers.edu/ai for more details.

ATTENDANCE AND PREPARATION POLICY


http://academicintegrity.rutgers.edu/
http://www.business.rutgers.edu/ai

Grade performance is a demonstrated function of attendance, preparation and participation. You can get
behind very easily by skipping classes, resulting in a poor understanding of the material, which will show
up as a poor grade for the class. Any class sessions missed by the student are the student’s responsibility to
make up, not the instructor’s. Late arrival that causes disruption, early departure that causes disruption,
excessive conversation among students (a disruption in its own right), inappropriate use of electronic
devices that cause disruptions, and other actions that disrupt the classroom are unacceptable.

If | am to be absent, my department vice chair or | will send you notice via email and Canvas as far in
advance as possible. If you are to be absent, report your absence in advance at https://sims.rutgers.edu/ssra/.
If your absence is due to religious observance, a Rutgers-approved activity, illness, or family
emergency/death and you seek makeup work, also send me an email with full details and supporting
documentation within 3 days of your first absence.

Expect me to arrive on time for each class session. | expect the same of you. Expect me to remain for the
entirety of each class session. | expect the same of you.

HOMEWORK ASSIGNMENTS

Homework Assignments are designed to help you learn the material discussed in class. In addition, doing
a thorough job on the homework assignments is the best preparation for the quiz and the final examination.
There are three types of assignments: read, prepare, and hand in.

« Read: When the assignment is to read some material, this reading is an important introduction to the
topics to be discussed in class. | will make the assumption that you have done the reading before class
and have understood much (but not necessarily all) of it. When the assignment is to read a problem,
that problem will often be used in class to introduce new concepts.

« Prepare: Fully analyze the problem. Be ready to discuss it in class using Zoom Share-Screen share
screen , with the numbers computed, etc. | will call on people, so please be ready.

« Hand In: The same as prepare, but you must turn in your analysis. All written assignments must be
handed in at the beginning of class on the day they are due, and so you will probably want to make a
copy of your assignment for reference during class. All written assignments will be graded. These
assignments should be submitted in typed form using a word processor. Please write your name, RUID
and email on all homework submitted. Team work on this homework is not allowed. Unless a
documented reason is produced for unusual circumstances, late submissions will not be accepted more
than a week late.

Your class participation will be evaluated subjectively, but will rely upon measures of punctuality,
attendance, familiarity with the required readings, relevance and insight reflected in classroom questions,
and commentary. Your class participation will be judged by what you add to the class environment,
regardless of your technical background. Although several lectures will be didactic, we will rely heavily
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upon interactive discussion within the class. Students will be expected to be familiar with the readings, even
though they might not understand all of the material in advance. In general, questions and comments are
encouraged. Comments should be limited to the important aspects of earlier points made and reflect
knowledge of the readings. You may called on to answer questions about the homework or classroom
discussion. Your classroom participation evaluation is based on the extent to which you contribute to the
learning environment. However, correcting a mistake of the professor and asking what appear to be “dumb
questions” about what is being covered are positive contributions. In the case of so-called “dumb
questions,” very often half of the class will have the same questions in mind and are relieved to have them
asked.

Other requirements are: On-time arrival to the Zoom classes, with uninterrupted attendance for the
duration.

Maintenance of a professional atmosphere - use respectful comments and mute the microphone when not
speaking.

Refraining from distracting or disrespectful activities, e.g., avoiding side conversations.

Courtesy towards all participants in the Zoom ‘classroom’.

If your absence is due to religious observance, a Rutgers-approved activity, illness, or family

emergency/death and you seek makeup work, also send an email with full details and supporting
documentation within 3 days of your absence.

CLASSROOM CONDUCT

The course will be largely taught using Zoom presentation. Class-related material (lecture notes, messages,
etc.) will be posted on the class site. Additional visual material and demos may be shown in some classes.
Most of your work will take place outside the classroom, as you study, and apply the material to which you
are introduced in class.

EXAMS AND GRADING
Your grade! will be based on a final exam, a quiz, case write-ups, homework assignments, and class
participation, as follows:

Mid Term exam (3-hour exam) 40%
Final exam (3-hour exam) 50%

! Your final grade is not subject to negotiation. If you feel I have made an error, submit your written argument to me within one week
of receiving your final grade. Clarify the precise error I made and provide all due supporting documentation. If | have made an error, I will

gladly correct it. But I will adjust grades only if | have made an error.
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Homework and class participation and conduct
10% All exams will be take-home.

COURSE SCHEDULE

Tentative Course Outline.

Weeks 1-3: Basic concepts

(a) Conditional Probabilities and Conditional Expectations.
(b) Generating Functions
(c) Large Deviations and Insurance problems.
(d) The Poisson Process.
« Exponential Distribution.
« Defining the Poisson Process.
« Compound Poisson Processes.
(e) Renewal Processes.
» Laws of Large Numbers.

« Key Renewal Theorems.
Week 4: Random Walks

(a) Special Examples.
(b) Exit Distributions and Exit Times.

(c) Harris Paper.
Weeks 5-6: Markov Chains.

(a) Transient probabilities, Stationary probabilities.
(b) Classification of States.

(c) Drifts and Limit Behavior.

(d) Unstable Systems.

(e) Geometric Ergodicity Papers.

(f) Semi-Markov Chains.

Weeks 9-10: Markov Decision Processes.



(a) Examples, Basic Properties.

(b) Optimality Criteria.

() Value functions and Solution Methods.
(d) Inventory Control Models.

(e) Random Supply Models.

Weeks 11-13: Applications Martingales and Finance.

(a) Gambling Strategies, Stopping Times.
(b) The Multi Armed Bandit Problem.

(c) Martingales Examples, Basic Properties.
(d) Binomial Model.

(e) Capital Asset Pricing Model.

(f) American Options

(g) Black-Scholes formula

(h) Calls and Puts

(i) Infinitesimal look ahead rules.

SUPPORT SERVICES

If you need accommaodation for a disability, obtain a Letter of Accommodation from the Office of
Disability Services. The Office of Disability Services at Rutgers, The State University of New Jersey,
provides student-centered and student-inclusive programming in compliance with the Americans with
Disabilities Act of 1990, the Americans with Disabilities Act Amendments of 2008, Section 504 of the
Rehabilitation Act of 1973, Section 508 of the Rehabilitation Act of 1998, and the New Jersey Law
Against Discrimination. More information can be found at ods.rutgers.edu.

[Rutgers University-New Brunswick ODS phone (848)445-6800 or email dsoffice@echo.rutgers.edu]

[Rutgers University-Newark ODS phone (973)353-5375 or email ods@newark.rutgers.edu]

If you are pregnant, the Office of Title IX and ADA Compliance is available to assist with any concerns
or potential accommodations related to pregnancy.

[Rutgers University-New Brunswick Title IX Coordinator phone (848)932-8200 or email
jackie.moran@rutgers.edu]



https://ods.rutgers.edu/
mailto:dsoffice@echo.rutgers.edu
mailto:ods@newark.rutgers.edu

[Rutgers University-Newark Office of Title 1X and ADA Compliance phone (973)353-1906 or email
TitleIX@newark.rutgers.edu]

If you seek religious accommodations, the Office of the Dean of Students is available to verify absences
for religious observance, as needed.

[Rutgers University-New Brunswick Dean of Students phone (848)932-2300 or email
deanofstudents@echo.rutgers.edu]

[Rutgers University-Newark Dean of Students phone (973)353-5063 or email
DeanofStudents@newark.rutgers.edu]

If you have experienced any form of gender or sex-based discrimination or harassment, including
sexual assault, sexual harassment, relationship violence, or stalking, the Office for Violence Prevention
and Victim Assistance provides help and support. More information can be found at
http://vpva.rutgers.edu/.

[Rutgers University-New Brunswick incident report link: http://studentconduct.rutgers.edu/concern/. You
may contact the Office for Violence Prevention and Victim Assistance at (848)932-1181]

[Rutgers University-Newark incident report link:
https://cm.maxient.com/reportingform.php?RutgersUniv&layout_id=7 . You may also contact the Office
of Title IX and ADA Compliance at (973)353-1906 or email at TitlelX@newark.rutgers.edu. If you wish
to speak with a staff member who is confidential and does not have a reporting responsibility, you may
contact the Office for Violence Prevention and Victim Assistance at (973)353-1918 or email
run.vpva@rutgers.edu]

If students who have experienced a temporary condition or injury that is adversely affecting their ability
to fully participate, you should submit a request via https://temporaryconditions.rutgers.edu .

If you are a military veteran or are on active military duty, you can obtain support through the Office of
Veteran and Military Programs and Services. http://veterans.rutgers.edu/

If you are in need of mental health services, please use our readily available services.

[Rutgers University-Newark Counseling Center: http://counseling.newark.rutgers.edu/]

[Rutgers Counseling and Psychological Services—New Brunswick: http://rhscaps.rutgers.edu/]



mailto:TitleIX@newark.rutgers.edu
mailto:deanofstudents@echo.rutgers.edu
mailto:DeanofStudents@newark.rutgers.edu
http://vpva.rutgers.edu/
http://studentconduct.rutgers.edu/concern/
https://cm.maxient.com/reportingform.php?RutgersUniv&layout_id=7
mailto:TitleIX@newark.rutgers.edu
mailto:run.vpva@rutgers.edu
https://temporaryconditions.rutgers.edu/
http://veterans.rutgers.edu/
http://counseling.newark.rutgers.edu/
http://rhscaps.rutgers.edu/

If you are in need of physical health services, please use our readily available services.

[Rutgers Health Services — Newark: http://health.newark.rutgers.edu/]

[Rutgers Health Services — New Brunswick: http://health.rutgers.edu/]

If you are in need of legal services, please use our readily available services: http://rusls.rutgers.edu/

Students experiencing difficulty in courses due to English as a second language (ESL) should contact
the Program in American Language Studies for supports.

[Rutgers—Newark: PALS@newark.rutgers.edu]

[Rutgers—New Brunswick: eslpals@english.rutgers.edu]

If you are in need of additional academic assistance, please use our readily available services.

[Rutgers University-Newark Learning Center: http://www.ncas.rutgers.edu/rlc

[Rutgers University-Newark Writing Center: http://www.ncas.rutgers.edu/writingcenter]

[Rutgers University-New Brunswick Learning Center: https://ric.rutgers.edu/]

[Optional items that many faculty include:

- Students must sign, date, and return a statement declaring that they understand the RU Academic
Integrity Policy.

- Students must sign, date, and return a statement declaring that they understand this syllabus.]


http://health.newark.rutgers.edu/
http://health.rutgers.edu/
http://rusls.rutgers.edu/
mailto:PALS@newark.rutgers.edu
http://www.ncas.rutgers.edu/rlc
http://www.ncas.rutgers.edu/writingcenter
https://rlc.rutgers.edu/

