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What is Computer Science

* All science is computer science
— It is very interdisciplinary: Math, Engineering, Medicine,
Natural sciences, Art, Linguistics, Social Sciences etc.

* Itis more about problem-solving and developing
algorithms to solve information-based problems
— How do | recognize objects in a photograph

— How do | determine the best web page to return given a
search query

— ldentify the function of this protein given it structure

 Computer science is not just about computers just as
astronomy is not just about telescopes

— Computers are the primary tool
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Computer Science Is...

e Essential to economic growth and development
* A great way to make a living

— Maria Klawe, et. al. - To the age-old question -- "What do you want to do when you grow up?" --
children today give many modern answers: "Help feed hungry families." "Prevent and cure
diseases." "Find sources of renewable energy." "Understand the universe."

One clear path leads to each of these aspirations: the study of computer science (& engineering).
http://www.huffingtonpost.com/maria-klawe/computing-our-childrens-f b 388874.html



http://www.huffingtonpost.com/maria-klawe/computing-our-childrens-f_b_388874.html

* Find methods to solve a problem (algorithms)
[this is truly CS]

— Observe, organize, transform and discover useful
information from data

— Use math and logic to solve problems
— Work in (cross-discipline) groups

* Convert these methods/algorithms to a form a
computer can execute [this is programming]

* We generally do both
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What Is this Course About

* "Introduction to Programming"
* Introduction: Doesn't require prior programming
experience
— However, we will move at a good pace so you must

be prepared to put in some extra time if you've
never coded before

— Those without any programming may want to
consider CS 102 as a slower-paced on ramp to
programming

* Programming

— We'll try to teach good coding practices and how to

find efficient solutions (not just any solution)

— We'll focus on concepts present in most languages
using C/C++ as the primary language (not Java)

http://climbingla.blogspot.com/2010/05/walk-6-hermon-and-highland-park.html
http://epg.modot.org/index.php?title=234.2_Diamond_Interchanges
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 We will teach C++ in this course because
 C/C++is avery popular language in industry

 C/C++is close to the actual hardware

— Makes it fast & flexible (Near direct control of the HW)

— Makes it dangerous (Near direct control of the HW)

— Most common in embedded devices (your phone, car, wireless router, etc.)
e C/C++ is ubiquitous

— Used everywhere, even to implement other programming languages (i.e.
Python, Matlab, etc.)

* Principles learned in C/C++ will allow you to quickly learn other
programming languages
— C/C++ is extremely broad and allows you to learn other languages easily

* Not Java
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High Level Languages

Mother
Tongues

Tracing the roots of computer
languages through the ages

Just like hllf nf the world’s spoken tengues, musl of the 2,300-plus computer

are either end. d or extinct. As h CiC++,
Visual Basic, Cobol, Java and other medern source codes dominate our systems,
hundreds of older languages are running out nf life.

An ad hoc collection of { s, if you will-aim to
save, or at least document the lingo of classic software. They're combing the globe's
9 million developers in search of coders still fluent in these nearly forgotten lingua
frangas. Among the most endangered are Ada, APL, B (the predecessor of C), Lsp,
Oberon, Smalltalk, and Simula.

1954 1855 1956 1857 1850 1950 1960 1961 1862 1863 1964 1065 1966 1967 1868 1888 1970 1871 1972 19T 1ST4 1975 1976

Code-raker Grady Booch, s chief , is working with the Computer
History Musuem in Silicon Vallly to record and, in some cases, rnalmain languages by writing
new S0 our h can grok the code. Why bother? “They tell
us about the state of software practice, the minds of their inventors, and the technical, social,
and economic forces that shaped history at the time," Booch e:plalns “They'll provide the
raw material for and pers to learn what worked,
what was brilliant, and what was an uthr failure.” Here's a peek at the strongest branches
of programming'’s family tree. Fora nearly exhaustive rundown, check out the Language List
at HTTP://www.informatik.uni-freib _list.html. - Michael Mendeno
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More Applications
 3D-Printables
* Music
e Math Art

e Visual Effects
e Self-Driving Vehicles

e Virtual Surgery



https://www.google.com/search?q=3d+printed&num=100&source=lnms&tbm=isch&sa=X&ved=0CAcQ_AUoAWoVChMIqIOLztLDxwIVUjiICh2g-AA8&biw=1360&bih=623
https://www.youtube.com/watch?v=bCC9uHHAEuA
https://www.google.com/search?q=math+art&num=100&hl=en&site=webhp&source=lnms&tbm=isch&sa=X&ved=0CAcQ_AUoAWoVChMIrcqnv__DxwIVhCmICh3fvAXq&biw=1360&bih=623
https://www.youtube.com/watch?v=NKZUo0NaKT4
http://www.dailymail.co.uk/news/article-3006700/Driverless-car-begins-history-making-3-500-mile-cross-country-journey.html
https://www.google.com/search?biw=1360&bih=623&tbm=isch&sa=1&q=surgery+simulation&oq=surgery+simulation&gs_l=img.3..0j0i24l3j0i10i24j0i24j0i10i24j0i24l3.10712.19919.0.20246.14.14.0.0.0.0.121.1379.9j5.14.0....0...1c.1.64.img..0.14.1369.pflyprLYY3k

Syllabus
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Course Advice

e (Catch the wave!

— Overestimate the time you will need and your ability
to get your work done

— Limit extracurricular activities in the 15t semester
— Don’t let shame or embarrassment keep you from
the help you need

* Experiment and fail

— Learning to "debug" your programs is JUST AS important as
learning to code correctly the first time

* Practice, practice, practice!

— Computer science and programming require
practice

— It's like learning a musical instrument

e Let's have fun!



20-Second Timeout

* Who Am |?
— Teaching faculty in CENG
— Undergrad at USC in CECS
— Grad at USC in EE
— Work(ed) at Raytheon
— Learning Spanish (and Chinese?)

— Sports enthusiast!
e Basketball
e Baseball

e Ultimate Frisbee?



THINK LIKE A COMPUTER
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Path Planning

* Find shortest path from Sto F
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Path Planning

* Find shortest path from Sto F
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Path Planning

e Let's say you are a computer controlled robot. A computer
usually can only process (or "see") one or two data items (a
square) at a time

May just compute a
straight line path from
GS’ to ‘F!
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Path Planning
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Path Planning




I (/S C Viterbi (U2

School of Engineering

Path Planning

 Whatif I don’t know where the Finish square is? You can examine
any square in any order (no longer a robot) one at a time.

* In what order would you examine the locations to find the shortest
path to the goal location?




Path Planning

 Examine all closer squares one at a time before
progressing to further squares.

3
3|23
If you don’t know
312111283 where F is and want to
2/11(S/112|3|F find the shortest path,
you have to do it this
312|123 way
3|23
Uninformed search for
3

shortest path:
Breadth-first




Path Planning

* Now I'll tell you where F is and you know the obstacles
e (Can that help you reduce the number of squares explored?

Select a square to
explore with minimum
F distance to the finish




Path Planning

 Now I'll tell you where F is
e (Can that help you reduce the number of squares explored?

Select a square to
explore with minimum
F distance to the finish
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Path Planning

* But what if we run into a blockage?

— Now we would pick the best among the remainder.

Select a square to
explore with minimum
F distance to the finish
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Path Planning

* But what if we run into a blockage?

— Now we would pick the best among the remainder.

Select a square to
explore with minimum
F distance to the finish
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But Why?

Sockel 478
Connacion

Why can’t computer just “look”
at the image

= 3 DIMM Banks

M ATX

. . Poer Supphy
— Computers store information as Back Paret_|
numbers |
R 10E Ports
— These numbers are stored as units i
of 8-, 32- or 64-bits and the 1 EE%::
processor is only capable to looking : ':mmﬂ
. i i leppy Drive
at 1 or 2 numbers simultaneously o bl ¥ | por
— Each pixel of the image is a separafe A ; pio
piece of data con

Processor


http://images.google.com/imgres?imgurl=http://www.canadiancomputer.com/sku_images/large/204.jpg&imgrefurl=http://www.canadiancomputer.com/product_details.php?id=218&h=480&w=626&sz=32&hl=en&start=2&tbnid=SdZTUGLFcNALkM:&tbnh=104&tbnw=136&prev=/images?q=ram+dimm&svnum=10&hl=en&lr=
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Memory
 Set of cells that each store a

group of bits (usually, 1 byte Address  Data
— 8 blts) 0 | 11010010
] ] 1 | 01001011
* Unique address assigned to 2 | 10010000
each cell 3 | 11110100
— Used to reference the value in 4 | 01101900
that location /75 11010001
1023 | 00001011

Memory
Device



http://images.google.com/imgres?imgurl=http://www.canadiancomputer.com/sku_images/large/204.jpg&imgrefurl=http://www.canadiancomputer.com/product_details.php?id=218&h=480&w=626&sz=32&hl=en&start=2&tbnid=SdZTUGLFcNALkM:&tbnh=104&tbnw=136&prev=/images?q=ram+dimm&svnum=10&hl=en&lr=
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Memory Operations

. . 0 11010010

* Memories perform 2 operations - DCorooroms
. . 2 —|Addr.

— Read: retrieves data valuein a 10000 . 2|/ totoono

particular location (specified using "% 3| 11110100

the address) 4 | 01101000

5 11010001

— Write: changes data in a location
to a new value

* To perform these operations a
set of address, data, and control

Read ——ono—3{Control

1023 00001011

A Read Operation

inputs/outputs are used

— Note: A group of wires/signals is 0 | 11010010
referred to as a ‘bus’ 1| 01001011
) 5 —»Addr 5 1 10010000

— Thus, we say that memories have
ddress, data, and control bus 00000110 ———bata 3| 11110090
ana ! ’ : 4 | 01101000
5 00000110

Write —o—3|Control

1023 00001011

A Write Operation



USCViterbi @

School of Engine

Programming vs. Algorithms

* Programming entails converting an algorithm into a specific
process that a computer can execute

0 | 00000000

0 aqcr, | 1000000001

Data

20 | 00000001
21 | 00000001

Control

ol
w
a |~ W |~ O

1023 00001011
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20-Second Timeout: ™

CS/CENG True or False

e Control Question: USC basketball football will win the
NCAA championship this year

* True or False: The following achievements were
performed here at USC in CS and ECE depts.
— Algorithmic basis of JPG, MPG, and MP3 formats developed here

— Multiple CS faculty have won Academy Awards for Motion
Pictures

— THX audio was partly developed here

— Network security has its roots in the research of a professor at
USC
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Another Example: Image Compression

* Images are just 2-D arrays (matrices) of numbers

 Each number corresponds to the color or a pixel in
that location

* Image store those numbers in some way

Individual
Pixels

Image taken from the photo "Robin Jeffers at Ton
House" (1927) by Edward Weston
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Image Compression

129 | 131 | 130 | 133 | 132 | 132 | 130 | 129 | 128 | 130 | 131 | 129

130 | 130 | 131 | 129 | 131 | 132 | 131 | 133 | 130 | 129 | 129 | 131

132 | 131 | 130 | 132

134 | 132 | 131 | 132

133 | 131
156 | 157
153 | 155
154 | 152
207 | 204

208 | 205
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Image Compression

129 | 131 | 130 | 133 | 132 | 132 | 130 | 129 § 128 | 130 | 131 | 129

130 | 130 | 131 | 129 § 131 | 132 | 131 | 133 § 130 | 129 | 129 | 131

132 | 131 | 130 | 132

134 | 132 | 131 | 132

133 | 131

156 | 157

153 | 155

154 | 152

207 | 204

208 | 205

1. Break Image into small blocks of pixels
129 | 131 | 130 | 133 129 | 2 1 4 129 | 2 1 4 129 | 2 0 4
130 | 130 | 131 | 129 2 1 2 0 2 1 2 0 :> 2 0 2 0
132 | 131 | 130 | 132 ::: 3 2 1 3 3 2 1 3 2 2 0 2
134 | 132 | 131 | 132 5 3 2 3 5 3 2 3 4 2 2 2
2. Store the difference of each pixel and the upper left 3. We can save more space by rounding numbers to a
(or some other representative pixel) smaller set of options (i.e. only even # differences)
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Video Compression

* Video is a sequence of still frames
— 24-30 frames per second (fps)

 How much difference is expected between frames?

* |dea:

— Store 1 of every K frames, with other K-1 frames being
differences from frame 1 or from previous frame

This Photo by Unknown Author is licensed under CC BY-ND


http://msaleshabrittaingoodlett.blogspot.com/2008/06/random-beach-pictures-with-couple-from.html
https://creativecommons.org/licenses/by-nd/3.0/

Your Environment

GETTING STARTED
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Development Environment

* To write and run software programs in C you will need
— A text editor to write the code

— A ‘C/C++ compiler, linker, etc. to convert the code to a
program

* (S 103 officially uses www.Vocareum.com

— Online editor and Linux environment

— Can develop and test your code vocareum

* Though you can develop and test your code on your own machine
for speed, ease-of-use

— Must submit your code on Vocareum

— Your work will be graded and scores and feedback
returned via Vocareum

* Look for an invitation to join our course on Vocareum

in your email (please also look in your clutter or junk
folders)


http://www.vocareum.com/
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Editors

eclipse
* To write and run software programs in C you will
need

— A text editor to write the code

— A ‘C/C++' compiler, linker, etc. to convert the code to a

program
* "Real" developers use editors designed for writing M

code

— No word processors!!

\lisval Studio Code

* You need a text editor to
write your code

— Eclipse, Sublime, MS Visual Code, Emacs, Atom, and
many others

* These often have handy functions for commenting,
indenting, checking matching braces ({..}) etc.




Compilers

* Several free and commercial compilers are available for
various platforms
— g++
— clang++
* Several have "integrated" editors, debuggers and other tools
and thus are called IDE's (Integrated Development
Environments)
— Xcode (Mac)
— MS Visual Studio (Windows)
— Eclipse C++ (Cross-platform)
— Codelite (Cross-platform)
— CodeBlocks (Cross-platform)
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Ubuntu VM Image

* One last option is an Ubuntu Linux virtual machine that can
run on either Mac or Windows computers

— Requires installation of Oracle VirtualBox and download of the Ubuntu
Image

— https://www.virtualbox.org/wiki/Downloads

— Requires download of the VM Image from
http://bytes.usc.edu/files/cs103/install/

* Video walkthrough

— http://ee.usc.edu/~redekopp/Streaming/fal3 vm walkthru/fal3 vm
walkthru.html



https://www.virtualbox.org/wiki/Downloads
http://bytes.usc.edu/files/cs103/install/
http://ee.usc.edu/~redekopp/Streaming/fa13_vm_walkthru/fa13_vm_walkthru.html

