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Overview of Syllabus



Objective

The course covers typical computational
optimization methods widely used in many
computing domains, such as bioinformatics,
data mining and machine learning. The
theoretical foundation of each optimization
method is rigorously studied, followed by typical
real-world applications in one or more domains.



Instructor, Office Hours Course Web

 |nstructor:

Prof. Jianlin Cheng (
http://www.cs.missouri.edu/~chengji
(on August 21)
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Deb Bhattacharya

e Office Hours
Wed & Fri, 2:00 - 3:00

e Course Website

http://www.cs.missouri.edu/~chengji/com/




Topics
1. Markov chain Monte Carlo methods (MCMC) and their
applications in sequence motif search

2. Simulated annealing and their applications in structure and
network modeling

3. Dynamic programming and its applications in graph theory
and sequence alignment

4. Quadratic programming and its applications in kernel
methods

5. Maximum likelihood & maximum a posterior and their
applications in text mining

6. Gradient descent and hill climbing and their applications in
reinforcement learning and structure modeling



Topics (Continued)
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6. Gradient descent and hill climbing and their applications in reinforcement
learning and structure modeling

7. Contrastive divergence optimization and its applications in deep learning
network

8. Expectation and Maximization optimization theory and its application in
text clustering

9. Lagrange theory of constraint-based optimization and its applications in
decision theory

10. Message passing and its applications to probabilistic graphical models
(Bayesian networks and Markov random fields)
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* Reading Assignments: There is possibly one
reading assignment for each topic. Students are
required to read one paper regarding each topic
and write a half-page overview of the method
and application described in the paper.

* Group Projects: There is possibly one group
project for each topic. Under the instructor’s
guidance, students work in a group to desigh and
implement one optimization method for each
topic and apply it to solve one computing
problem. Each group may five to six students.



Problem Solving Based Teaching and
Learning



Two Phases for Each Topic

* Phasel - Theory: a lecture (problem, algorithms,
data structures) by instructor, reviewing a paper
by students, 1/4 — 1/3 class time

* Phase Il — Practice: Under the direction of the
faculty, students will apply the techniques
learned in the first phase to develop and apply a
computational optimization method of each topic
by working on a group software development
project.



In Class
* Introduce of a project
problem (by faculty)
* Discuss solutions and

. tasks by students
Brainstorm | = - oo col e o

Discussion project by rotation
 Present initial Solution
and tasks by coordinator
* Presentation of Solution
Plan and Plan
.  Feedback
Presentation
* |nformal Presentation of
Results Results

* Discussions and Feedback

Report

After Class

* In-depth group
discussion of project
plan

* Make slides for tasks
and solutions of the
project (algorithms,

implementation, testing,
task assignment)

* Finalize the plan
Start Implementation and
Evaluation

» Create a topic report

Improve implementation
Finalize topic project
report




Final Presentation and Report

* Cover all the topics
* All members give a final presentation together

* A final report assembling all the results and
methods of all the topics together



Introduction to Computational
Optimization



Examples of Real World Optimization
Problems - 1
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Examples of Real World Optimization
Problems - 2

* Google Interview
Question |

G ive n a I i St Of a d S About 1,670,000,000 results (0.26 seconds)

Ads related to computer ®

a n d t h e I r HP® Official Store - shopping.hp.com

www.shopping.hp.com/ ¥
°13 : Get Exclusive Everyday Deals on Desktops & Laptops. Shop Now!
p ro b a b I I Ity b e I n g Exclusive Student Offer HP: Reward Your Grad
. HP Slate 7 Starting at $139.99 Build Your Own Computer
VI ewe d by a u S e r Windows 7 Computer: $399 - computercentral.com
www.computercentral.com/ v
a n d t h e fe e S Computer Central offers the best prices in Boise area! Call today

Cables - Cases - Monitors - Hard Drives

Oﬁe re d to S h OW Computer - Wikipedia, the free encyclopedia

en.wikipedia.org/wiki/Computer ~
° b A computer is a general purpose device that can be programmed to carry out a finite
t h e l I I d e C I d e W h I C h set of arithmetic or logical operations. Since a sequence of operations can ...
’ History of computing hardware - Z3 - Computer program - Personal computer
Google?

GO ugle computer
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Examples of Real World Optimization
Problems - 3

* Protein Folding

* Find shape / conformation of a protein with

owest energy




Definition of Optimization Problems
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* An objective function defining a quantity to be
optimized (maximize or minimize)

* A set of variables to be changed in order to
optimize the objective function

* (Optionally) a set of constraints on the
variables
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Definition of An Integer Problem
Problem

* An optimization problem in
which some or all variables
are restricted to be integers.

* Traveling salesman problem:
Given a list of cities and the
distances between each pair
of cities, what is the shortest
possible route that visits each
city exactly once and returns
to the origin city?

William Rowan Hamilton



Graph Visualization of a Toy Example




Informal Definition

Objective:
Minimize the total distance of the tour over all the cities

Variables:
take a path between any two cities or not (0/1)

Constraints:
one city can be visited only once and all the selected paths
form a round tour




