
Combinatorics Project Topics Handout
Description The project handout gives you a list of wanted ideas/keywords that you shall come up for your project. In your group, you need to decide the
exact title of your project based on the keyword and the possible contributions. With all that, you shall send your project abstract to me via
ncuhomework@outlook.com.

Note here, if you did not find the topic that you are interested in/and would like to spend time on, choose your own topics, propose them
to me, and I will decide you can do it or not.

Computer Vision
As quoted from IBM, "Computer vision is a field of artificial intelligence (AI) that enables computers and systems to derive meaningful information from
digital images, videos and other visual inputs — and take actions or make recommendations based on that information. If AI enables computers to think,
computer vision enables them to see, observe and understand.

Computer vision works much the same as human vision, except humans have a head start. Human sight has the advantage of lifetimes of context to train
how to tell objects apart, how far away they are, whether they are moving and whether there is something wrong in an image.

Computer vision trains machines to perform these functions, but it has to do it in much less time with cameras, data and algorithms rather than retinas,
optic nerves and a visual cortex. Because a system trained to inspect products or watch a production asset can analyze thousands of products or
processes a minute, noticing imperceptible defects or issues, it can quickly surpass human capabilities."

Topics
Image enhancement
Transformations
Filtering, Fourier and wavelet transforms and image compression
Color vision
Feature extraction
Pose estimation
Registration
Visual recognition

Internet of Things
As quote from Oracel, "The Internet of Things (IoT) describes the network of physical objects—“things”—that are embedded with sensors, software, and
other technologies for the purpose of connecting and exchanging data with other devices and systems over the internet. These devices range from
ordinary household objects to sophisticated industrial tools. With more than 7 billion connected IoT devices today, experts are expecting this number to
grow to 10 billion by 2020 and 22 billion by 2025.

Over the past few years, IoT has become one of the most important technologies of the 21st century. Now that we can connect everyday objects—
kitchen appliances, cars, thermostats, baby monitors—to the internet via embedded devices, seamless communication is possible between people,
processes, and things.

By means of low-cost computing, the cloud, big data, analytics, and mobile technologies, physical things can share and collect data with minimal human
intervention. In this hyperconnected world, digital systems can record, monitor, and adjust each interaction between connected things. The physical
world meets the digital world—and they cooperate."

Topics
Smart manufacturing
Connected assets and preventive and predictive maintenance
Smart power grids
Smart cities
Connected logistics
Smart digital supply chains

Data Management Systems
Database Management Systems (DBMS) are software systems used to store, retrieve, and run queries on data. A DBMS serves as an interface between
an end-user and a database, allowing users to create, read, update, and delete data in the database.

DBMS manage the data, the database engine, and the database schema, allowing for data to be manipulated or extracted by users and other programs.
This helps provide data security, data integrity, concurrency, and uniform data administration procedures.

DBMS optimizes the organization of data by following a database schema design technique called normalization, which splits a large table into smaller
tables when any of its attributes have redundancy in values. DBMS offer many benefits over traditional file systems, including flexibility and a more
complex backup system.

Topics
Declarative languages and runtime systems
Scalable data analysis and query processing
Consistency, concurrency, coordination and reliability
Data storage and physical design
Metadata management
Systems for machine learning and model management
Data cleaning, data transformation, and crowdsourcing
Interactive data exploration and visualization
Secure data processing
Foundations of data management

5G System
5G ( 5th generation mobile networks or 5th generation wireless systems ) is a name used in some research papers and projects to denote the next major



phase of mobile telecommunications standards beyond the upcoming 4G standards (expected to be finalized between approximately 2011 and 2013).

Currently, 5G is not a term officially used for any particular specification or in any official document yet made public by telecommunication companies or
standardization bodies such as 3GPP, WiMAX Forum or ITU-R. New 3GPP standard releases beyond 4G and LTE Advanced are in progress, but not
considered as new mobile generations. The implementation of standards under a 5G umbrella would likely be around the year of 2020 .

5G Technology stands for 5th Generation Mobile technology . 5G technology has changed the means to use cell phones within very high bandwidth.
User never experienced ever before such a high value technology. Nowadays mobile users have much awareness of the cell phone (mobile) technology.
The 5G technologies include all type of advanced features which makes 5G technology most powerful and in huge demand in near future.

Topics
Massive MIMO.
Centimeter and millimeter wave.
Multi-Radio Access technologies.
Battery life.
Research into a new wave form, or air interface.
Ensuring end-to-end performance.
Contextual awareness.
Intelligent data mining on the fly.

ANN
Green computing, green IT or ICT Sustainability, refers to environmentally sustainable computing or IT. In the article Harnessing Green IT: Principles and
Practices, San Murugesan defines the field of green computing as "the study and practice of designing, manufacturing, using, and disposing of
computers, servers, and associated subsystems—such as monitors, printers, storage devices, and networking and communications systems —
efficiently and effectively with minimal or no impact on the environment.

"The goals of green computing are similar to green chemistry; reduce the use of hazardous materials, maximize energy efficiency during the product's
lifetime, and promote the recyclability or biodegradability of defunct products and factory waste. Research continues into key areas such as making the
use of computers as energy-efficient as possible, and designing algorithms and systems for efficiency-related computer technologies.

Green computing is the environmentally responsible use of computers and related resources. Such practices include the implementation of energy-
efficient central processing units (CPUs), servers and peripherals as well as reduced resource consumption and proper disposal of electronic waste (e-
waste). One of the earliest initiatives toward green computing in the United States was the voluntary labeling program known as Energy Star. It was
conceived by the Environmental Protection Agency (EPA) in 1992 to promote energy efficiency in hardware of all kinds. The Energy Star label became a
common sight, especially in notebook computers and displays. Similar programs have been adopted in Europe and Asia.

Topics
Data Center Energy Consumption

Data Center and PHEV co-location

Data Center Cooling

Bio Statistical Computing
As quoted from Duke U course Biology 723, "Statistical computing for the biological sciences with an emphasis on common multivariate statistical
methods and techniques for exploratory data analysis. A major goal of the course is to help graduate students in the biological sciences develop
practical insights into methods that they are likely to encounter in their own research, and the potential advantages and pitfalls that come with their use.

In terms of mathematical perspectives, the course emphasize a geometric approach to understanding multivariate statistics. I try to help students develop
an intuition for the geometry of vector spaces and discuss topics like correlation, regression, and principal components analysis in terms of angles
between vectors, dot products, and projection."

Topics
Bayesian Statistics
Causal Inference
Computational Statistics
Angela Beck
DATA INTEGRATION
Infectious Disease Modeling
LONGITUDINAL/ CORRELATED DATA
NONPARAMETRIC/ SEMIPARAMETRIC MODELING
STATISTICAL ANALYSIS WITH MISSING DATA
Survival Analysis
Bioinformatics
Brain Imaging

Adleman's Traveling Salesman Problem in BMC

Artificial Neural Network (ANN)
An Artificial Neural Network (ANN) is an information-processing paradigm that is inspired by the way biological nervous systems, such as the brain,
process information. The key element of this paradigm is the novel structure of the information processing system. It is composed of a large number of
highly interconnected processing elements (neurons) working in unison to solve specific problems. ANNs, like people, learn by example.

An ANN is configured for a specific application, such as pattern recognition or data classification, through a learning process. Learning in biological
systems involves adjustments to the synaptic connections that exist between the neurons. This is true of ANNs as well.

Neural network simulations appear to be a recent development. However, this field was established before the advent of computers, and has survived
several eras. Many important advances have been boosted by the use of inexpensive computer emulations. The first artificial neuron was produced in
1943 by the neurophysiologist Warren McCulloch and the logician Walter Pitts.

As quoted from Wikipedia, "Artificial neural networks (ANNs), usually simply called neural networks (NNs), are computing systems inspired by the
biological neural networks that constitute animal brains. An ANN is based on a collection of connected units or nodes called artificial neurons, which
loosely model the neurons in a biological brain."



Topics
Autoencoders based on neural networks.
Convolutional neural network model.
Recurrent neural network model.
Cryptographic applications using artificial neural networks.
Credit scoring system.
Web-based training environment.
Vehicle security system using facial recognition.
Automatic music generation.


