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Welcome!
Course Webpage: https://github.com/schatzlab/datastructures2018
Course Discussions: https://piazza.com/jhu/fall2018/600226/home

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

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 
will be available for help.

https://github.com/schatzlab/datastructures2018
https://piazza.com/jhu/fall2018/600226/home


Course Webpage
https://github.com/schatzlab/datastructures2018

https://github.com/schatzlab/datastructures2018


Show me the photos!
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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)

n

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

=< > 2 x n/2

=< > = =< > 4 x n/4

< = > = < = > = < = > = < = > 8 x n/8

16 x n/16

2i x n/2i



How much is a zettabyte?

Unit Size ~2x

Byte 1 20

Kilobyte 1,000 210

Megabyte 1,000,000 220

Gigabyte 1,000,000,000 230

Terabyte 1,000,000,000,000 240

Petabyte 1,000,000,000,000,000 250

Exabyte 1,000,000,000,000,000,000 260

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



How much is a zettabyte?

Unit Size ~2x

Byte 1 20

Kilobyte 1,000 210

Megabyte 1,000,000 220
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For all practical purposes:
lg(X) << 70
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What is a computer?
[hardware]

Processor
Arithmetic, logic

# cores, clock speed

Display
Human Interface

Network
Computer Interface

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

RAM
Working Storage – 8 GB
(small, fast, expensive)

Hard Drive
Permanent Storage – 1TB

(big, slow, cheap)



What is a computer?
[software]

Operating System
Mission Control

Windows, Mac, Unix, iOS

Office Applications
Presentations, Documents
Simple statistics and plots Files / Data

Papers, sequences,
measurements

Scientific Applications
Specialized Analysis

Commercial

Code / Scripts
Research Applications

Academic



Virtual Machines

• 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

• 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



VirtualBox Setup
1. Install “host” application to run on your computer

- Separate app for Mac, Windows or Linux

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

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

4. Install Oracle VM VirtualBox Extension Pack
- Improves speed and performance:
- https://www.virtualbox.org/wiki/Downloads

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

6. Install virtual box guest additions
- Further improves speed and performance
- https://virtualboxes.org/doc/installing-guest-additions-on-ubuntu/

7. Setup development environment, code, and run!

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


Ubuntu



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

•Command line tools are at
/bin/
/usr/bin/
/usr/local/bin/

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



Working with the shell

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

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

$ pwd
/Users/mschatz

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

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



Unix essentials
Command Output
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, rm Move, copy, remove files

mkdir, rmdir Make or remove directories

cat, less, 
head, tail, cat

Display (parts) of a text file

echo Print a string

sort, uniq Sort a file, get the unique lines

grep Find files containing a search string

chmod Change permissions on a file

wc Count lines in a file

history What commands did I just run?

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



CAUTION!
Delete one directory:

$ rm -rf ~/Documents/cs226/datastructure2018/asn1/

Unix is *very* unforgiving

A single space can ruin your day/week/year/career!

Use github and dropbox to make frequent checkpoints of your code

Delete everything in your home directory L

$ rm -rf ~ /Documents/cs226/datastructure2018/asn1/



Syncing the repo

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



Our first java program inside VirtualBox



Our first java program inside VirtualBox



Working the command line



Working the command line



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



Introduction to Checkstyle



Introduction to Checkstyle

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



Introduction to Checkstyle

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



Checkstyle Eclipse Plugin
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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 objects, 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 Trees Graphs

• Single/Double
• Stacks/Queues/Deques
• Skip

• Binary, AVL Trees
• Heaps
• Self Balancing

• Graph Representations
• Traversing
• Union Find

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



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.com/javase/tutorial/java/concepts/interface.html

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
/**

The most basic counter.
*/
public class MyCounter implements Counter {

// Current value of the counter.
private int value;

/**
A counter that starts at 0 and increments/decrements by 1.

*/
public MyCounter() {}

@Override
public int value() {

return this.value;
}

@Override
public void up() {

this.value += 1;
}

@Override
public void down() {

this.value -= 1;
}

<continues>



One Possible Implementation: MyCounter
<continues>

/**
Simple assert-based unit tests for this counter.

Make sure you run MyCounter with -enableassertions!
We'll learn a much better approach to unit testing later.

@param args Command line arguments.
*/
public static void main(String[] args) {

Counter c = new MyCounter();
assert c.value() == 0;
c.up();
assert c.value() == 1;
c.down();
assert c.value() == 0;
c.down();
c.up();
c.up();
c.up();
assert c.value() == 2;

}
}

Why would we ever use this???



Using Interfaces
public class CounterDriver {

public static void main(String[] args) {
Counter c = null;
if ((args.length > 0) && (args[0].equals("Weird"))) {
c = new WeirdCounter();

} else { 
c = new MyCounter();

}

System.out.println("Counter is " + c.value());

c.up();

System.out.println("Counter is " + c.value());

c.down();

System.out.println("Counter is " + c.value());
}

}

Because MyCounter and WeirdCounter both implement 
Counter, we can determine at runtime which flavor to use 

for c, potentially leading to very different results



CounterDriver Results



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.com/javase/tutorial/java/concepts/interface.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
1. Reflect on the magic and power of interfaces J

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
https://github.com/schatzlab/datastructures2018

Questions?

https://github.com/schatzlab/datastructures2018

