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Welcome!

Course Webpage:
Course Discussions:

Office Hours: Wednesday @ 2:45pm — 4pm, Malone 323
CA office hours throughout the week ©

Programming Language: Java with Checkstyle and JUnit
Virtual Machine (Lubuntu) or CS acct.

Accounts for Majors (CS/CE) & Minors:

If you do not already have a personal CS departmental unix account, please
complete an account request form ASAP. Check "Linux Undergrad" for
account type. (Note - must be declared to be eligible.)

Accounts for Others:
We will need to make accounts. Do people need them?

CS Lab access:

Students must see Steve DiBlasio, with your J-card, in Malone G61A to get
CS Lab access.The CS Lab is Malone 122 and that's where course TA/CAs

I will be available for help.



https://github.com/schatzlab/datastructures2018
https://piazza.com/jhu/fall2018/600226/home
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JHU EN.600.226: Data Structures

Prof: Michael Schatz (mschatz @ cs.jhu.edu)

Head TA: Tim Kutcher (tkutche! @ jhu.edu)

Class Hours: Monday + Wednesday + Friday @ 1:30p - 2245p in Mudd 26
Schatz Office Hours: Wednesday @ 3-4p in Malone 323 and by appointment
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Each sublist has N/8 elements & Balanced in both dimensions




Divide and Conquer

* Brute force is slow because we have to check every single element
* How can we split up the unsorted list into independent ranges?

* Lets recursively split up the elements into greater than/less than range based
on the current split line (latitude/longitude)

~
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[How many times can we split a list in half?]



How much is a zettabyte!

Byte | 20
Kilobyte 1,000 210
Megabyte 1,000,000 220
Gigabyte ,000,000,000 2%
Terabyte 1,000,000,000,000 240
Petabyte 1,000,000,000,000,000 2°0
Exabyte 1,000,000,000,000,000,000 260

Zettabyte 1,000,000,000,000,000,000,000 270



How much is a zettabyte!

Byte | 20
Kilobyte 1,000 210
Megabyt 220
Gigabyte FOr all practical purposes: 2%
Terabyte |g(X) << 70 240
Petabyte 2°0
Exabyte 1,000,000,000,000,000,000 260

Zettabyte 1,000,000,000,000,000,000,000 270
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What is a computer?

[hardware]

Hard Drive

Permanent Storage — 1TB
(big, slow, cheap)

Working Storage — 8 GB
(small, fast, expensive)
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# cores, clock speed

Display Network

Human Interface Home: 10Mb/s, JHU: 1Gb/s+

Computer Interface



What is a computer? ﬁ
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Office Applications
Presentations, Documents
Simple statistics and plots

Files / Data

Papers, sequences,

¥ measurements
B
Operating System

The Language of Technical Computing

Mission Control :;::_i._/ () ;M- =
/ Windows, Mac, Unix, iOS\ L—m'? “w!ﬂ
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Scientific Applications Code / Scripts
Specialized Analysis Research Applications
Commercial Academic




Virtual Machines
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« Powerful way for 1 physical computer to run >1 operating system
 Run Windows Apps on a Mac host, run Linux within a PC
« Key technology for cloud computing



VirtualBox
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VirtualBox

» Client application available for Mac, Windows, Linux

« Available to run our reference virtual machine running linux
« Guaranteed that your development environment matches testing environment
« Make sure to install the Extension Pack and Guest Additions too



VirtualBox Setup

® 08 ) sssrucrredotameaom x| Mchael
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Virtual Machine Instructions

To setup your virtual machine, you will first need some software that can run your virtual machine. Our go-to is VirtualBox which can be downloaded here.
In VM terminoiogy, the host is the machine that you have (that will host our Linux Virtual Machine). So downiload the host for the OS you have.

Next, you will want to download the VM we have set up. To do so, simply follow this google drive link (such a large file it can't be in this repository), click the
download button, then open the ¢s226.ova file once installed. This should automatically add the machine in VirtualBox with all of the installed tools, but
there are still 3 few things you will want to do.

The default username is ¢s226 and the default password is password . You can change these if you'd like, as well as the name of the computer.

First, you'll want to install the virtual box guest additions for this machine. You can follow instructions here to get the guest additions. This allows for
improved graphics, clipboard sharing, etc.

Next, you will want to configure some settings. Launch VirtualBox and single-click (i.e. do not start) the machine you just installed (cs226). Click “Settings”,
and change the name if you'd like. Select the "Advanced” tab under the "General” screen and change both of “Shared Clipboard™ and "Drag'n'Drop” to
"Bidirectional”. This allows you to copy and paste from host to the VM and vise versa. If you go 1o the System screen you could change the amount of
memory used, it defaults to 2048MB. Click "OK™ when done to apply these settings. Now when you boot up the VM you should have this sharing
functionality.

For sharing files between the VM and your computer you have a few options, | would reccommend just using Git, but you can also drag and drop, submst
directly in the VM, or experiment with shared folders (| haven't dabbled with this $o | don't want to give any input),

Some general notes for using the VM

« Check out ~/.bash_aliases 1o see some of the shortcuts I've included and add your own.
* Customize your terminal by editing ~/.bashrc
* Don't ever just exit out of the VM, make sure you power off and let the machine shut down on it's own.

Tools

Downloading JUnit

To download JUnit, you Can run $ sudo apt-get install junitd (JUnit 4 is the version we use but it is not as important as far as writing your own tests).




ORACLE
vm

VirtualBox Setup >
. Install “host” application to run on your computer % VirtualBox
- Separate app for Mac, Windows or Linux Ly

. Download virtual machine image file cs226.ova from google drive
- Warning: Big file! (~2.9 GB; at least 5 minutes to download)

. Import image file (double click on cs226.ova)
- Defaults are okay, but will take ~1m

. Install Oracle VM VirtualBox Extension Pack
- Improves speed and performance:

. Boot virtual machine!
- You are now running a linux computer inside of your computer

. Install virtual box guest additions
- Further improves speed and performance

. Setup development environment, code, and run!


https://www.virtualbox.org/wiki/Downloads
https://virtualboxes.org/doc/installing-guest-additions-on-ubuntu/
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File Hierarchy

Files are stored in nested directories (folders) that form a tree
*The top of the tree is called the root, and is spelled */’

*Your home directory (on mac) is at
/Users/username

Users Applications Volumes

*Command line tools are at

/bin/

/usr/bin/
/usr/local/bin/ keith nigel usB

Unix and

*A few special directories have shortcuts
~ = home directory s
~bob= bob’s home directory
. = current working directory
. = parent directory

Applications Code Data

- = last working directory



Working with the shell

* The shell is interactive and will attempt to complete your command as soon
as you press enter

$ pwd

/Users/mschatz

S 1s

Desktop/ Library/ Public/ bin/ Documents/  Movies/
Downloads/  Music/ Dropbox/ Pictures/

* Here are a few shortcuts that will make your life easier

Command ____|Effect

Left/Right arrow Edit your current command

Up/Down arrow Scroll back and forth through your command history
Control-r Search backwards through your command history
Control-c Cancel the command

Control-u Clear the current line

Control-a, Control-e  Jump to the beginning and end of the line

Tab Complete a partial filename or path



Unix essentials

man Look up something in the manual (also try Google)
ls List the files in the current directory
cd Change to a different directory

pwd Print the working directory

mv, Cp, Irm Move, copy, remove files

mkdir, rmdir Make or remove directories

cat, less, Display (parts) of a text file

head, tail, cat

echo Print a string

sort, uniqg Sort a file, get the unique lines
grep Find files containing a search string
chmod Change permissions on a file

weC Count lines in a file

history What commands did | just run?

| (pipe), > (redirect) Send output to a different program, different file



CAUTION!




Syncing the repo

Activities ) Terminal ~ Thu 2152
e —
end
Cs226@cs226-VirtualBox: ~/Documents/cs226/datastructures2018/lectures/02.Interfaces

File Edit View Search Terminal Help

226Q¢cs226-VirtualBox:

\s

README update repo.sh

2268¢Ccs226-VirtualBox

ls datastructures2018/
Cs226Qcs226-VirtualBox:
$ sh update repo.sh
Cloning into 'datastructures20o1s’'...
remote: Counting objects: 200, done.
remote: Compressing objects: 100% (164/164), done.
remote: Total 200 (delta 82), reused 57 (delta 17), pack-reused 0O
Recelving objects: 100% (200/200), 4.19 NB 1.86 M\B/s, done.
Resolving deltas: 100% (82/82), done.

126-VirtualBox

Terminal
(Shortcut)

(Shortcut)

README update repo.sh
VirtualBox:
ructures2ols/

t README . nd
p26-VirtualBox
tructures2018/lectures/02. Interfaces/
226 -VirtualBox

)
.
=
w
"
"
B

HelloAll. java HellowWorld. java
26Qcs226-VirtualBox

CS4
.
v .

o . SR AN EORLUIRTE

After running ‘update _repo.sh’ just do ‘git pull’ within the datastructures2018 directory




Our first java program inside VirtualBox

Activities ™) Terminal ~ Thu 21:46

Cs226@<s226-VirtualBox: ~/Documents/ks226/datastructures2018/lectures/O2.Interfaces

Search Terminal Help

~-VirtualBox:

S cat HelloWorld. java
public class HellowWorld
(
public static vold main(String

System.out.printin(“Hello

-
=
=
A
.
B
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Our first java program inside VirtualBox

Activities ™) Terminal + Thu 22:06

e
C226@cs226-VirtualBox: ~/Documentsfcs226/datastructures2018/lectures/O2Interfaces

File Edit View Search Terminal Melp

0268¢cs226-VirtualBox:

S cat HelloWorld, java

i public class HellowWorld
- public static vold main(String []) argv)

{
Q System.out.printin("Hello World!

=
S Javac Xlint:all HelloWorld. java
-‘,.'
-

268cs226-VirtualBox:
S java Helloworld
Hello World!

226 -

sB




Working the command line

Activities ™) Terminal ~ Thu 21:49

Cs226@<s226-VirtualBox: ~/Documents/ks226/datastructures2018/lectures/O2.Interfaces

) -

flew Search erming el

~-VirtualBox:

S cat H(“«ll‘l;n‘.],:Jv.\
public class HelloAall
r

public static vold main(String [] argv)

Terminal

argv.length; 1+¢)
(Shortcut)

Systen.out.printin("Hello

-
=
=
A
.
B
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Working the command line

Activities ) Terminal ~ Thu 21:50

C3226@cs226-VirtuvalBox: ~/Documents/fcs226/datastructures2018/lectures/02.Interfaces
File Edit View Search Terminal Help

S clear

Cs226Qcs226-VirtualBox:
S cat HelloAll. java
public class HelloAll
(
public static vold main(String [] argv)

for (int 1 0; L < argv.length; 1+¢)

sSysten.out.printin(“Hello ¢ argv[\])

b e26-VirtualBox:
HelloAll
2 26-VirtualBox:
S Java HelloAll Mike
Hello, Mike!
1 260Ccs226-VirtualBox:
S Java HelloAll Mike Peter
Hello, Mike!
Hello, Peter!

1 268¢Ccs226-VirtualBox:

-

=
¥
3
.
3.
-

S jJava HelloAll Mike Peter Kelly
Hello, Mike!
Hello, Peter!
Hello, Kelly!
2O0RCs226-Virtu

9
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Introduction to Checkstyle
http://checkstyle.sourceforge.net/

emacs@geronimo {/home/torstein/src/speed/src/main/java/net/skybert/Swift....
public final class Swift (

s
* Returns a super string.
* @return a super string.
=/
public String getSuper§tring(){

H
| ‘(" is not preceded with whitespace. '

C s nbi pkeéédéd witH:Uhi{ésbdce.




Introduction to Checkstyle

0§ 5 Google Jea Sty Guide x . Mrael
< C O (@ NotSecure checkstyle.sourceforge.net/ireports/googie-java-style- 20170228 htmi T @v=0o0EO®e ED ¢!
Google Java Style Guide
Table of Contents
1introduction 4.6 Whiesoace
1.1 Terminciogy. netes 4.7 Groveng sermiheses. recommendos
1.2 Guide notes 4.2 Spoofic constructs
2 Sowrce Nie basics $ Naming
2.1 Fia same 5.1 Rulen common 1o ol identifians
2.2 E8 socoseg. UTE-8 9.2 Rules by dentfer tyno
2.3 Scecll charcien 5.2 Camel case. dafined
3 Sowrce Nie strecture 4 Programming Practices
2.1 License or copyright informanion. f coesent 0.1 @Overrde aledys wied
3.2 Package siatermnent 0.2 Cavont excentions. not ignoned
1.2 imeon siatements 6.2 Statc membory: ouaified wsing Css
3.4 Clasa deciaricn 6.4 Finalizers. not used
4 Formatting T Javadoc
4.1 Beacen L) Eoomatiog
4.2 Biock indentation. *2 soaces 1.2 The summary fregment
4.3 One statement cof ioe L2 YWhere Javedoc i used
4.4 Column it 100
4.5 Lne-aracciog
Table of Contents
oo
“1 Introduction
This document serves as he complete defintion of Google's coding standards for source code In the Java ™ Programming Language. A Java source Sle s descrided as being in Google Styfe if
#nd oy I R acheres 10 1o rules hereln, o




Introduction to Checkstyle

Activities ™) Terminal ~ Thu 2158

e
C3226@cs226-VirtualBox: ~/Documentsfcs226/datastructures2018/lectures/O2Interfaces

o File Edit View Search Terminal Melp

S

]
32018 /resources /cs226_checks.xml HelloWorld. java
Starting audit...
[ ERROR ) fhome /cs226/Documents/cs226/datastructures2018/lectures/o2. Interfaces/Helloworld, ra:1: Missing a Javadoc co

f&

ava jar JDocunents/cs226/datastructures2018/resources/checkstyle-8.12 .\11.].” fDocuments/cs226/datastructure

mment. [JavadocType)
[ERROR] /home/cs226/Documents/cs226/datastructures2018/lectures/02. Interfaces/HelloWorld. 18:1:1: Utility classes sh
ould not have a public or default constructor. IH\J-‘I_I(\l\[.‘( LassConstructor)

[ERROR] /home/cs226/Documents/cs226/datastructures2018/lectures/02. Interfaces/HelloWorld. 9:2:1: ° at column 1 sh

ould be on the previous line. [LeftCurly)
[ERROR] /home/cs226/Documents/cs226/datastructures2018/lectures/02. Interfaces/HelloWorld. a:3: "method def modifier

has incorrect indentation level 8, expected level should be 4. [Indentation)
[ERROR] /home/cs226/Documents/cs226/datastructures2018/lectures/02.Interfaces/Hellokorld., ya:3:1: File contains tab

characters (this is the first instance). [FilleTabCharacter)
[ERROR] /home/cs226/Documnents/cs226/datastructures2018/lectures/02. Interfaces/HellokWorld. 8:3:9: Missing a Javadoc

comnent. [JavadocMethod)
[ERROR] /home/cs226/Documnents/cs226/datastructures2018/lectures/02. Interfaces/Hellokorld. /18:3:39: 'String s follo
wed by whitespace. [NowhitespaceAfter)

. [ERROR] /home/cs226/Documents/cs226/datastructures2018/lectures/02. Interfaces/HelloWorld. java:4: "method def lcurly’
has incorrect indentation level 8, expected level should be 4. [Indentation]
[ERROR] /home/cs226/Documents/cs226/datastructures2018/lectures/02.Interfaces/HellokWorld. I'H B HE at column 2 sh
ﬂ ould be on the previous line. [LeftCurly]
[ERROR) /home/cs226/Documents/cs226/datastructures2018/lectures/02.Interfaces/HelloWorld. 1a:5: "method def' child h

as incorrect indentation level 16, expected level should be 8. [Indentation]
[ERROR] /home/cs226/Documnents/cs226/datastructures2018/lectures/02. Interfaces/HellokWorld. 12:6: "method def rcurly
has incorrect indentation level B8, expected level should be 4. [Indentation)
Audit done.
Checkstyle ends with 11 errors.
~-VirtualBox:

= R AW RS RLIRT LS

$ java -jar ~/Documents/cs226/datastructures2018/resources/checkstyle-8.12-all.jar -c ~/Documents/cs226/datastructures2018/resources/cs226_checks.xml HelloWorld.java




Introduction to Checkstyle

Activities ™ Terminal ~ Thu 22:17

e
C3226@cs226-VirtualBox: ~/Documentsfcs226/datastructures2018/lectures/O2Interfaces

g File Edit View Search Terminal Melp

‘ $2268¢cs226-VirtualBox:

S cat MellowWorldClean. java

/** HelloWorld class. */
i public final class HelloWorldClean

/** private constructor */

g

@ private HelloWorldClean() {
}

fon

J
. * Mailn method.
— * Qparam argv Command Line Arguments

=4 w|
e public static vold main(String[] argv) {
Systen.out.printin("Hello World!");
-

cs226-VirtualBox: ‘ 201 r
S ' jar ~/Documents/cs226/datastructures2018/resources/checkstyle-8.12-all.jar -c ~/Documents/cs226/datastructure
$2018/resources/cs226_checks.xml HelloWorldClean. java
Starting audit...
Audit done.
Cs226@cs226-VirtualBox:

S

‘- B - P 8t X

-

$ java -jar ~/Documents/cs226/datastructures2018/resources/checkstyle-8.12-all.jar -c ~/Documents/cs226/datastructures2018/resources/cs226 checks.xml HelloWorld.java




Checkstyle Eclipse Plugin

e e ,'%‘m-m-.. x | [) 600.226: Data Struct. X | G checkstyle eclipse - ¢ x ' [) Ecipse Checkstyle © x | Mchael
C (0 @ eclipse-cs.sourceforge.net/#!/ w & 0O A o I
M B2oHUMall 1R E3 Daily By O U B BRischatziab & SL Eicshl 3w E3rpi E3XMt E3Media » 3 Other Bookmarks

Eclipse Checkstyle Plugin

What's new  Getting started +  Advanced configuration « Plugin extensions « Huh? Get help ~

Eclipse Checkstyle
Plugin

Checkstyle integration into the Eclipse IDE. Coding standards made easy.

install via Eclipse Marketplace. Drag and drop this link into a running Eclipse Indigo/junc/Kepler/Luna/Mars workspace
Z Latest release 6.19.1, based on Checicstyle 6.19, see release notes

.@p; :

COMMUNITY
AWARDS 2007

WINNER
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Interfaces




Interfaces




What other interfaces do you know!?

Cars
Elevators
Pedestrian crossings & street lights




What other interfaces do you know?

Cars
Elevators
Pedestrian crossings & street lights

Java API

* Description of how obijects, classes, keywords behave
* Implementations available for many many different platforms

The internet:

* TCP/IP stack defines the protocols for computers to talk to each other
* Implementations available for different platforms

Fortnight
* Walking around, hitting/shooting items causes some reaction
* Closed implementation and interface

How would you write a Fortnight bot?



Data Structures

Lists

|

—
—

Single/Double
Stacks/Queues/Deques
Skip

« Binary, AVL Trees
 Heaps
« Self Balancing

Graphs

()

©-0-®

(@)

Graph Representations

Traversing
Union Find

Building, searching, traversing, analyzing
Make you big-data superheros ©




Introduction to Java Interfaces

Objects define their interaction with the outside world through the
methods that they expose. Methods form the object's interface with the
outside world; the buttons on the front of your television set, for example,
are the interface between you and the electrical wiring on the other side of
its plastic casing.You press the "power" button to turn the television on and
off. [...] An interface is a group of related methods with empty bodies.

https://docs.oracle.comljavaseltutorialljavalconceptslinterface.html

w
—

interface Counter {
int value();
void up();
void down();

}

specification:
Counter has an integer value
‘+' button increments by 1

‘—' button decrements by 1

Specification can be a separate documents or in
the javadoc comments



One Possible Implementation: MyCounter




One Possible Implementation: MyCounter




Using Interfaces




CounterDriver Results

Activitles ) Terminal ~ Thu 23:11

€s226@cs226-VirtualBox: ~/Documents/cs226/datastructures2018/lectures/02.Interfaces

File Edit View Search Terminal MHelp
S cat CounterDriver.java
public class CounterDriver {
public static vold main(String[] args)

r
‘

=
Counter ¢ = null;
Lf ((args.length > 0) &8 (args[0].equals("Welird™))) {

c = new WelrdCounter();

}

@ else {
C = MyCounter();

System.out.printin(“"Counter P valve()

System.out.printin(“Counter s
c.down();

System.out.printin(“Counter

Cs226@0cs226-VirtualBox:

$ jJava CounterDriver foo

Counter s O
is 1
Counter s O

Cs2268cs226-Virtualsox:

Counter

9 Java CounterDriver Welrd
counter 1s 0O
.

\
Counter \s 42
|
.

Counter

>

R AW R IRT LS




Power of Interfaces

Interfaces form a contract between the class and the outside world, and
this contract is enforced at build time by the compiler. If your class
claims to implement an interface, all methods defined by that interface must
appear in its source code before the class will successfully compile.

https://docs.oracle.comljavaseltutorialljavalconceptslinterface.html

The power of interfaces is that there may be multiple implementations
of the same abstract idea.

* Toyotas and Teslas have totally different designs but knowing the interface
of one lets you know how to use the other

* These variants are formally described through an abstract data type the
specifies the contract that the interface will follow.

* Importantly, the interface only controls the syntax of what is allowed, the
ADT and implementation define the semantics (meaning) of the code.

* In the upcoming homework you will be asked to implement
several different versions of the counter that do slightly different

things: multiple/divide rather than add/subtract, etc.




Next Steps

|. Reflect on the magic and power of interfaces ©
2. Check on Piazza
3. Download class virtual machine, get CS account and/or set up Linux!

4. Get comfortable with a editor (VI rules!) and/or an IDE (Eclipse for Java)

5. Get comfortable with checkstyle




Welcome to CS 600.226

Questions!


https://github.com/schatzlab/datastructures2018

