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Human-Computer Interaction / Information Visualization
Computer Graphics / Computer Vision
Databases

Information Security and Privacy

Theory of Computation

Disciplines

Networking and Distributed Systems

Artificial Intelligence

Software Engineering

Game Development




Human-Computer
Interaction (HCI)

In HCI the technical side is important but
also the users

The capabilities and weaknesses of the user
need to be considered
How do we make a computer easy to use?

e User Interface Design

* How do we measure if an interface is
Ilgood”?

* Includes aspects of biology and
behavioral sciences




mm |Mage generation

e How do we do it faster?
e How do we make it look more “real”?

COmp‘:‘lter e How do we store image data
Graphics compactly?

mm Computer vision

e How can we make a computer “see”?




Producing realistic images using technology

Tomb raider

Uncharted 4




Computer graphics

* Computer graphics is not about “Photoshopping” images

* Itis about writing the programs that produce graphical effects rather than using those
programs
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There is still room for improvement!



Computer graphics

* Sub-areas of graphics

* Animations
* producing realistic motion

* Rendering

. — B Xin Liu
Xin Liu
* Image processing: implementing common graphical effects

James Tam James Tam
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Computer Vision

* The focus is on interpreting and understanding visual information.

* Example applications:
* Handwriting analysis
* Fingerprint and facial recognition

* Self-driving cars or AR is a big application

- Not producing images (graphics)




Databases

* How can we get new information out of large dataset?

* Data mining?
* Figure out what you buy together at grocery stores. Amazon
recommendations.

* Privacy of data? Netflix.

* Those fears were highlighted in December, 2010 when an in-the-
closet lesbian mother sued Netflix for privacy invasion, alleging the
movie-rental company made it possible for her to be outed when it
disclosed insufficiently anonymous information about nearly half-a-
million customers as part of its S1 million contest.
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Databases

Headlines from February 2012:

“How Target Figured Out A Teen Girl Was
Pregnant Before Her Father Did”

“How Target knows when its shoppers are
pregnant - and figured out a teen was before

her father did”

4 L L i i B r
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“How Companies Learn Your
Secrets”

“Should Target Tell Your Loved
Ones You Are Pregnant, Or
Should You?”

“How Target Knew a High
School Girl Was Pregnant Before
Her Parents Did”

“Target Figures Out Teen Girl Is
Pregnant Before Her Father
Does, Sends Helpful Coupons™
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Information Security and Privacy

* Information Security
* Ensure stored/transmitted information is confidential (prevent eavesdropping), authentic
(comes from who it’s supposed to), in its original form, etc...
* Privacy
* Ensure only authorized entities can access data/information
* Prevent accidental/malicious disclosure



Computer security KE EMAIL gp_ﬁg'

WATCHMETCH.COM

* |t can involve the creation of malicious
software (‘malware’)

* Purpose: learn about how malicious
software is created and distributed.

* Goal: develop countermeasures to
protect computer systems

T Patrick Rutini
B P kR uming
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These 465 accounts genarated 411K tweals about Trump over
g last 30 days




Computer security

* Understanding ‘how things work’ is one key component to designing more
secure systems.
* e.g., Creating viruses and other malware in order to create better defenses against them.

* But also the ‘human’ factor must be considered: some security experts think
that many security breaches are due to user actions not technical flaws (social
engineering)

* Sometimes the “weakest line of defense” is not the technology but the person.
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Computer security

* Asub-area
* Cryptography
* Is involved in the transmitting and
storing sensitive information.

* The development of new and
better approaches for encoding
sensitive data (to make
unauthorized access harder).




Theory of Computation

* Two primary subfields
* Complexity Theory
* How efficiently can the problem be solved
* Time
* Memory Space
* How is the efficiency impacted by the (size of) input that is supplied?
* Computability Theory
* Can the problem be solved with a computer?
* Some things are not computable (eg. Halting Problem)!
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Networks

* Deals with networks surrounding one computer to networks that span the
planet
* How do we transfer data quickly?
* Do we need a consistent level of service?
* How do we transfer data reliably? Wirelessly?
* How do we get the data where it needs to go?
* Should network providers be allowed to inspect, filter or manipulate data?

* From the hardware level (fourier transforms, to intermediate layers like TCP/IP, to software
layer like torrents)
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Distributed Systems

* How can we get multiple computers to work together to solve a
problem?

* Representing the problem in a way that allows it to be solved in
parallel

* Coordinating actions
* Dealing with race conditions / deadlock
* Avoiding duplicate work
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Software Engineering

* How do we develop large software
projects?
* How do we model the problem so that
many people can work on it at once?

* How do we ensure that the software
does what it is supposed to?

* How do we find and fix bugs in a large
application?

* What design decisions can we make to
ease future expansion?




Software engineering

* Employing systematic ways of
producing good software on time and
within budget.

* A typical person can only hold ~7
concepts in their mind at a time.

* A typical computer program consists of
more than 7 ‘parts’.

* Consequently mechanisms for dealing
with this complexity are needed. 2>
Functional decomposition

can be
lecomposed
into

1'/
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+ designed as

a collection of related
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XBOX 360

Brings many areas together
Graphics, HCI,
Networks, Distributed Systems,

Artificial Intelligence, Software
Engineering,

Frequently pushes the limits of these
areas
What makes a game fun?
How do we define fun?
How do we measure fun?
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The first character select screen built by Aaron Keller. Originally World of

Warcraft had only six races. Trolls and gnomes were added later in
development.

Barraclks

200200

l.‘: o . . L .- ) : _.-.' 7 X -:l-..- ;-- G . ; i3 ;p‘ f 4 | \ v, 2 “I‘ ' RSITY OF

£ 2012 Bathesda Softworks LLC. ANl Rights Ressrved.



http://upload.wikimedia.org/wikipedia/en/6/63/Warcraft2Screenshot.jpg

Artificial intelligence
(Al)

* Building a technology that is ‘smart’ or
‘intelligent’
* Issue: what is intelligence?

* ..Thereis some debate even among people
in the field as to what constitutes
‘intelligence’

* Fact retrieval
* Creativity
* Problem solving ability

- Many experts in this field would tend to
agree that Al is about making technology that
can think and behave like a person.




Playing Games

* Tic Tac Toe Strongly Solved

* Checkers -> Chinook 1994 Weakly Solved
(2007)

* http://webdocs.cs.ualberta.ca/~chinoo
k/news/media.html

* Chess -> Deep Blue 1996 Unsolved but
better than humans by far

° Poker _ IIIII)IIII”SO|VedIIIIIIIIIIII 2015
* Go -> Alpha Go 2016
 StarCraft Il — AlphaStar 2019



https://medium.com/@yurenju/2016-2018-%E5%B9%B4%E5%88%9D-netflix-%E6%8E%A8%E8%96%A6%E7%B4%80%E9%8C%84%E7%89%87-67e287c62a1c
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Artificial intelligence (Al)

* Some sub-areas
* Expert systems

* Capturing the knowledge of a human expert as a set of rules stored in a
database.

* The expert system can then answer questions, diagnose problems and
guide decision making.
* Example:
*  Medicine
* IBM’s Watson
* Natural language processing

* Won jeopardy including against Canadian Ken Jennings who had record
of games own in a row

* Also being applied to medicine
* Computer or automotive repair
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Neural networks

* Neural networks

* Building structures that function the way that
neurons and their connections in the brain function.

* Neurons take electrical pulses as input and send
electrical pulses as output.

* Arequired level of input is required before the
output is fired’.

- This approach has been applied to problems which
involve pattern recognition

* e.g., visual, voice

* Effectively like reducing the problem to some hidden
function
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Tricking A Neural Network
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Reverse Neural Network

Hartebeest Measuring Cup

Anemone Fish Banana

Parachute

Starfish

Screw
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Usage of Computer Science in other Fields

* Civil and mechanical engineering (Il)
* Use their Computational power to solve analytical problems faster

* Asking a computer to design a building

* The process was very time consuming and hard in the past when it had to be done
manually

* They weren’t able to design complex structures because it was not possible to solve the
analytical equations manually

By 2020 g



Onward to ...
programming.

Jonathan Hudson
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