CS 600.226: Data Structures
Michael Schatz

Sept 7 2018
Lecture 4: Linked Lists




Agenda

I. Review HW I

2. Review Java Arrays

3. References and Linked Lists




Assignment |: Due Friday Sept 14 @ 10pm

https://github.com/schatzlab/datastructures2018/blob/master/assignments/assignment01/assignment01.md

Assignment 1: Warming Up

« Outon: September 7, 2016
« Due by: September 14, 2016 before 10:00 pm
» Collaboration: None
« Grading:
o Functionality 65%
o ADT Solution 30%
o Solution Design and READMDE 5%
o Style 0%

Overview

The first assignment is mostly a warmup exercise to refresh your knowledge of Java and an ADT problem to start you thinking more abstractly
about your data.
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https://github.com/schatzlab/datastructures2018/blob/master/assignments/assignment01/assignment01.md

Problem 1: Unique Numbers (35%)

Your first 1ask is 1o write 8 simple Javs program Unigee that analyzes the command line it is given in a peculiar way. The program accepts any number of integers as
command line arguments and prints each unique intoger it was presented with as its output. For example, the invocation

javaUnigue 9 8 1021000101

should generate the output

while the irmocation

JavalUnigue 1 923 149536¢

§
;
4
g

DOV EWNO -

instead. Note that order doesn't matter as long as you print the correct set of numbers, one fne per number, without any additional output!

As an added complication, you are not allowed to use any Java classes that serve as advanced data structures, specifically not Java collection classes like ArraylList or
HashMap . You can use regular Java arrays, and in fact that's probably the best way to go; the only "problem” is that we don't specify an upper mit on the number of
arguments, you'll have to figure out how to deal with that,,

Hints

o M you feel like you need to sort something, think again! You don't have to sort anything to get this problem done,
« The "command line" is the array of strings passed to the main method of your program, If you're using a graphical development emvironment you may have to first figure
out how you can start the program with a command line.
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https://github.com/schatzlab/datastructures2018/blob/master/assignments/assignment01/assignment01.md

Problem 2: Counter Varieties (30%)

Your second task is to write a number of "counters® that can be used interchangably (at least as far as Java is concerned). You are given the following interface (put it into a
file Counter.java please):

Jes The essence of any counter, »/
public isterface Counter {

Joe Current valoe of this counter., «/

int valuwe();

Jeos InCresent this counter. »/

vold wpl);

Jes Decremsent this counter. =/

void downl();

Develop the following:

« Aninterface ResetableCounter that supports the method vold reset() in addition to those of Cownter ; this method should set the counter to its initial value

« Animplementation of ResetableCounter caled BasicCounter that starts at the value O and coums up and down by +1 and -1 respectively.

* Animplementation of ResetableCounter caled EvenCounter that staris at the value O, counts up by adding 2, and counts down by substacting 2

« Animplementation of ResetableCounter caled TenCounter that starts at the value 1, counts up by multipling by 10, and counts down by dividing by 10. This should
round up to the nearest integer if needed

« Animplementation of ResetableCeunter calied FlexibleCounter that allows clients to specify a start value as well as an additive increment (used for counting up) when
@ counter is created, For example new FlexibleCounter(-10, 42) would yield a counter with the current value -10; after a call to () its value would be 32,

All of your implemenaticns should be resetable, and each should contain a main method that tests whether the implementation works as expected using assert as we did in
lecture (this is a simple approach 10 unit 1esting, we'll cover a better approach later).

Finally, make sure that your four counters work with the PolyCownt. java test program we provide; it's probably a good idea 1o read and understand it, :-)

Hints

« Pay attention 1o your use of public and private | The essence of those counters is not just to hold a bunch of data, but 10 ensure that & certain approach to counting is
followed; making everything public is a bad idea here.

+ Remember that interfaces can extend one another in a way similar to classes (using the extends keyword). Classes implement interfaces however (using the
isplesents keyword),
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Problem 3: List ADT (30%)

In lecture we derived an algebraic specifications for the abstract data type Array . Following that example, develop a specification for the related ADT List supporting these
operations:

1 Create a new empty list

2. Insert a new integer at a particular position in the list.
3. Return true i the st is emply, otherwise false,

4. Clear the contents of the list

5. Return the number of integers currently in the list,

6. Retrieve the imeger at a particular position in the kst
7. Delete the integer at a particular position in the Bst,

From this description, the input and output of each operation should hopefully be clear, Later we will discuss how to implement this in an efficient way (Hint: Arrays will have
bad performance if you expect to insert/delete frequently from the middie).

Do this in a text file named ListADT, txt

Notes

* You can assume the Boclean ADT Is avallable that specifies ‘true’ and “alse’
* Make sure to list all axloms and preconditions -« what assertions and exceptions would you write If you were implementing this ADT?
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Solution Design (5%)

* You will be graded on your general solution and design. Discuss in your README file anything related to how you solved the problems and justily why you believe your
solution is a good one.

« This is relatively subjective but we are generally locking for good practices in Java (helper methods, inheritance, etc...)

Even More Hints

« Ensure that the version of your code you hand in does not produce any extraneous debugging output anymore!
« Pay attention 10 edge cases in the input your classes and programs are expected 1o handle! For example, make sure that you handle an empty command line in a
reasonable way for Problem 1.

+ You will not be deducted for style on this assignment, however you will still receive checkstyle feedback and general style feedback. In the future, style will be worth
roughly 10% of the assignment and you will get checkstyle feedback in the autograder.
Submitting compiling code is always better, no compilation means no functionality points. You will get freebie points just for having a submission that compiles,
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Deliverables

Go to the assignment 1 page for Gradescope and click submit. Note that you can resubmit any time up untl the deadline, You will be prompted to upload your files at which
point you will upload all of the necessary source fles. In the future we might not st them out, but for this assignment they are listed explicitly below:

Unique, java
BasicCounter. java
EvenCounter. javs
flexibleCounter. java
ResetableCounter, java
Teslounter, jave
README

LISTADT, txt

Note (esepcially for Java files) your files must be named exactly as we are expecting them for them to work in the autograder.

Also note that for provided files (such as Counter. java ), we will be dropping in the provided version with your solution. So if you change Couster. java and try to submit it,
the original distributed Counter, java we have will overarite it. it is important not to modify those given interface fies,

Alter you submit, the autograder will run and you will get feedback on your functionality and how you performed on our test cases, For this assignment, we will display all of
the test cases we run in the autograder 10 you s0 you will know exactly what test case failed. The test cases are what gets you the functionality points on the assignment. if
for some reason your code cid not complle, you should get that output from the autograder showing you the error messages it received, If you cannot figure out why your
code is not working in the autograder, but works for you locally, post a private message on piazza.

Include 3 README e that briefly explains what your programs do and contains any other notes you want us 1o check out bedore grading. This is also a

Finally, make sure to include your name and email address in every file you turn in (well, in every file for which it makes sense to do so anyway)!
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Grading

For reference, here is 8 short explanation of the gradging criteria; some of the criteria don't apply to all problems, and not all of the criteria are used on al assignments,

Packaging refers 1o the proper crganization of the stuft you hand in, following both the guideines for Deliverables above as well as the general submission instructions for
assignments,

Style reders to Java programming style, including things like consistent indentaticn, appropriate identifier names, useful comments, suitable javadoc documentation, etc,
Many aspects of this are enforced sutomatically by Checkstyle when run with the configuration fle available on github. Style also includes proper modularization of your code
(im0 interfaces, classes, methods, using pedlic, protected , and private appropriately, etc.). Simple, clean, readable code is what you should be aiming for.

Testing refers to proper unit tests for all of the data structure classes you developed for this assignment, using the JUnit 4 framework as introduced in lecture. Make sure you
test all (mplied) axioms that you can think of and all exception conditions that are relevant.

Performance refers to how fast/with how little memory your program can produce the required results compared 1o ather submissions.

Functionality refers to your programs being able to do what they should according to the specification given above; if the specification is ambiguous and you had to make a
cartain choice, defend that choice in your README file,

if your programs cannot be bullt you will get no points whatsoever, if your programs cannot be bullt without warnings using jevac -XLint:all weo will take off 10%
(except i you document a very Good reascn; no, you cannot use the gSuppressWaraings annotation either). If your programs fail miserably even once, i.e. terminate
with an exception of any kind, we will take off 10% (however we'll also take those 10% off if you're trying 10 be "excessively smart” by wrapping your whole program
into a universal try-catch).



GradeScope.com
Entry Code: MDJYER

o e ¢ . . " P » . : &

Submit Programming Assignment

© Upload af fles for your submission

SUBMISSION METHOD
@ &posc QOGHWL O ¥Brbucket

Add fles via Drag & Drop or Browse Flies

NAME SIZE PROGRESS %

BasicCounter java
EvenCounterjava
FlexibleCounter. java
PolyCoumt. java
ResetableCounter java
TenCounter java
Unique Java




GradeScope.com
Entry Code: MDJYER

- etescore Lo

Test 2 submitted successfully!

Your atograder resuits will be available 5000, You can resubmit your

work untll the due date (Sep 14)

Once graded. you will be able to see the grading rubric, and you wil

have the option 10 SUDMIL & regrade reguest

(®) close
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= Autograder Results S STUDENT
Miw TestSchatz
alt ) The autograder hasn't finished running yet
’:‘.f he m.{O(_;a’.‘)d(" hasn't finshed Y‘Jﬂr‘inq yot GQUESTION 2
Style /%00
>
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Advanced Gradescope
Feotures

8 Oashboao

C Regracde Requests

INSTRUCTOR

@ Michsel Schatz

@) Account

Autograder Results

GradeScope.com
Entry Code: MDJYER

up() Increments by 1(1.01.0)

New basic counter has default value 0 (1.011.0)
down() decrements by 1(1.0/1.0)

reset]) resets to initial value. (1.01.0)

up() and down() combination. (1.0/1,0)

down() decreases the value (1.01.0)

Mike TestSchatz

AUTOGRADER SCORE
45.0/90.0

PASSED TESTS

up{) increments by 11.01.0}

New basic counter has default value O (1.01.0)
down() decrements by 1(1.0/1.0)

reset() rosets 1o Inftiad value. (1.ON1.0)

up{) and down() combination. (1LON.0)

up{) Increases the value (1L.OY1.0)

down() decreases the value (1L.O1.0)

New even counter has default value 0 (1.01.0)
down() decrements by 2 (1.0/1.0)

upd) increments by 2 (1.01.0)

reset() resets to inftial value. (1.ON1.0)

up{) and down() combination. {1.0/1.0)

up{) Increases the value (1L.OV1.0)

down|) decreases the value (1.0/1.0)

upd Increments by Increment value. (1L.O1.0)
Negative increment value triggers exception
.01.0)

down() decrements by decrement value. {1.0/1.0)
New flexible counter has comrect default value.
(1.01.0)

reset]) resets 10 initial value. {(1.O1.0)

up{) and down{) combination. (LO/1.0)

up{) increases the value (1.0M1.0)

downo decreases the value (LON.0)

Resubmit X




o0e <

i
e d

Q n

GradeScope.com
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Autograder Results

up({) increments by 1 (1.0/1.0)

New basic counter has default value 0 (1.01.0)

downy{) decrements by 1(1.0/1.0)

reset() resets to initial value. (1.0/1.0)

up() and down() combination, (1.0/1.0)

up() Increases the value (1.0/1.0

downy) decreases the value (1.0/1.0)

- PRIecope Com

430/900

FALED TESTS

up() multiplies by %0. {0.01.0)
up( and down{) combinasion, (0.ON1.0)
PASSED TESTS

upd increments by 11.01.0)

New basic counter has default value 0 (1.01.0)
down{) decrements by 11.0/1.0)

reset() resets to intlal value. (1L.ON.0)

up() and down() combination. (LO/1.0)

upQ increases the value (1.01.0)

down{) decreases the value (1LON1.0)

New even counter has default value 0 (1.OM1.0)
down{) decrements by 2 (1.01.0)

up( increments by 2 {1.01.0)

reset]) resets to Inklal value, (1LON.0)

up() and down() combination. (1LO1.0)

up( increases the value (1.0/1.0)

reases the value (LON.0)

ms by increment value. (LON.0)
Increment value triggers exception

down{) decrements by decrement value. {(LO1.0)
New fexible counter has correct default value.
(1.01.0)

reset]) resets to initial value. (1L.ON1.0)

L
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Advanced Gradescope
Features

& Dosnboard

C Rograde Requests

INSTRUCTOR

@) Michao! Schatz

@ Account

GradeScope.com
Entry Code: MDJYER

* rodescoon com
AUtogradel' Results Results Code ‘ STUDENT
‘ Mice TestSchatz
AUTOGRADER SCORE

The autograder failed to execute correctly. Please
ensure that your submission is valid. Contact your 0.0/90.0
course staff for help In debugging this Issue. Make
sure 1o include a link to this page so that they can

help you most effectively. Style

Resubmit L




VirtualBox

ORACLE
VM

VirtualBox

» Client application available for Mac, Windows, Linux

=Y

) "

1| Windows 8 Enterprise (RTM)
E18] 9 Running

L Oracle Linux 6 U3
9 Running

7y windows XP_1
r!p! D Running

< Mobile Platforms

| Android Jelly-bean
o+ @ Powered OFf

| Chrome OS
St @ Powered Off

Windows

STF Windows 7 (x64)
E17 @ Powered OF

F‘ Windows XP O8I
2p1 @ Powered OF

1Y Windows 7
¥ (3 Saved

STF] windows Server 2012
K181 @ Powered OF

ST Window 8 Server
81 3 Saved

o Mnux
2 Ubuntu
7 @ Powered OFf

Miow fedora 17
E &3 Saved

* General

Name Windows 8 Enterprise (RTM)
Operating System: Windows 8 (64 bit)
Groups eBusiness

Al System

Base Memory: 20438 M8
Boot Order Floppy, CO/DVD-ROM, Hard Disk
Acceleration:  VT-x/AMD-V, Nested Paging

* General

Name Oracle Linux 6 U3
Operating System: Oracle (64 bit)
Groups eBusiness

A&l System

Base Memory. 1024 M8
Boot Order Floppy, CO/DVD-ROM, Hard Disk
Acceleration:  VT-x/AMD-V, Nested Paging, PAE/NX

* General

Name Windows XP_1
Operating System:  Windows XP
Croups: eBusiness

& System

Base Memory. 512 M8
Boot Order Floppy, CO/DVD-ROM, Hard Disk
Acceleration.  VT-x/AMD-V, Nested Paging

» 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 Shared Folders

5226 - Shared Folders

QED&F@@. =

General  System Dupby swnoo Audioc Network Ports  Shared Folders  User Interface

Shared Folders 1 1

~ Folder Path: 018/0ata$tmcturesl\cmstuff| i
Name Path _ }uto—momt Access a

v Machme Folders Folder Name: vmstuff
~ vmstuff /Users fes Full  d
Transient Folders Read-only o
Auto-mount <
Make Permanent
cancel (TN
Cancel OK
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VirtualBox Shared Folders

5

CS226@pcs226-VirtualBox: /media/s!

x;)

”
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— i
i
=
s

Install Guest Additions

sudo apt-get update
sudo /media/cs226/VBox GAs 5.2.18/VBoxLinuxAdditions.run

Fix the permisions
sudo usermod -aCG vboxsf cs226 Make sure to shutdown cleanly!

/sbin/shutdown -r now



Java Environments

Command Line GUI Editor Integrated Development
Everything + Command Line Environment (IDE)

$ vim HelloWorld.java Sublime Text Eclipse / IntelliJ
$ javac HelloWorld.java $ javac HelloWorld.java Most Support

$ java HelloWorld $ java HelloWorld Most “magical”
Universal, fast, flexible Nearly universal, flexible Code may not work

Steep learning curve Moderate learning curve during grading ®




Agenda

I. Review HW I

2. Review Java Arrays

3. References and Linked Lists




ADT:Arrays

0 1 2 n-3 n-2 n-1

a: | t t t t t

get(2)
put(n-2, X)




What is a computer!?

[hardware]

Working Storage — 8 GB

(small, fast, expensive)

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

=
b=

Processor
/ Arithmetic, logic

# cores, clock speed

Disp Network
ISplay Computer Interface
Human Interface Home: 10Mb/s, JHU: 1Gb/s




Accessing RAM

movl var, %eax
Move the contents of memory location var into number register %eax.

https://docs.oracle.com/cd/E19120-01/open.solaris/817-5477/6mkuavhrv/index.html



Accessing RAM

movl var, %eax
Move the contents of memory location var into number register %eax.

https://docs.oracle.com/cd/E19120-01/open.solaris/817-5477/6mkuavhrv/index.html



Accessing RAM

ﬁow

movl 0x0014, %eax
Move the contents of memory location var into number register %eax.

https://docs.oracle.com/cd/E19120-01/open.solaris/817-5477/6mkuavhrv/index.html



Accessing RAM

0x(001

......

movl 0x0009, %eax
Move the contents of memory location var into number register %eax.

https://docs.oracle.com/cd/E19120-01/open.solaris/817-5477/6mkuavhrv/index.html



Accessing RAM  varrayio]

0x 'oo‘o 0x( 001 Ox 002

Byte [] myarray = new myarray[5000]; // myarray now starts at 0x0004

myarray[5] => offset for myarray + 5 * (sizeof type) => 0x04 + 0x05 * | => movl 0x09, %eax



Accessing RAM  varrayio]

Byte [] myarray = new myarray[5000]; // myarray now starts at 0x0004

myarray[5] => offset for myarray + 5 * (sizeof type) => 0x04 + 0x05 * | => movl 0x09, %eax

myarray[26] => offset for myarray + 26 * (sizeof type) => 0x04 + OxOIA * | => movl Ox|E, %eax



Simple Array Implementation

SimpleArray-short.java

}

this.data = (7[])

SimpleArray<T>
T[] data;

SimpleArray(int n, T t)
(n e) {
LengthException()

Object[n]

(int 1 = 0; i < n; i++) {
this.datal[i] = t;

T get(int i)
{
this.datali];

Array<T> {

LengthException {

.
’

IndexException {

(ArrayIndexOutOfBoundsException e) {

IndexException();

void put(int i, T t)
{
this.datal[i] = t;

IndexException {

(ArrayIndexOutOfBoundsException e) {

IndexException();

int length() {
this.data.length;

Generic class
implementation for
a generic interface

Uses a Object array
as the backing
storage, but we
could replace it with
something else if
needed

Use our own
exception types to
encapsulate (hide)
the underlying data

types




L

ADT:Arrays
1 2 n-3 n-2 n-1

* Fixed length data structure
« Constant time get() and put() methods
 Definitely needs to be generic ©

What are the limitations of arrays?

- Fixed length data structure
- wastes space and/or cant grow

- Adding/removing from the middle is slow

- Searching can be slow (if not sorted)




Agenda

I. Review HW I

2. Review Java Arrays

3. Java References and Linked Lists




Java References

Student. java S
public class Student { ¢
private String name; Student
private int grade;
public Student(String n, int g) { String name: “Mike”
this.name = n; int grade: 100
this.grade = g;
}

public void setName(String s) {
this.name = s;

}

public void setGrade(int g) {
this.grade = g;
}
}

Student s = new Student(“Mike”, 100);



Java References

Student. java

public class Student {
private String name;
private int grade;

}

Student s

public
this.
this.

}

public
this.

}

public
this.

}

Student (String n, int g) {

name = n;
grade = g;

void setName(String s)
name = s;

void setGrade(int g) {
grade = g;

= new Student(“Mike”,

S.setName(“Peter”);
s.setGrade(95);

{

100);

Student

String name: “Peter’
int grade: 95




Java References

s1
v
Student
Student. java
public class Student { String name: “Mike”
private String name; int grade: 100
private int grade; Student partner: <s2>

private Student partner;

s2
public void setPartner(Student p) { v
this.partner = p;

} Student
}
Student sl = new Student("Mike", 100); String name: “Peter”
Student s2 = new Student("Peter", 95); int grade: 95

Student partner: <s1>

sl.setPartner(s2);
s2.setPartner(sl);

System.out.println(sl.getName() + " " + sl.getGrade()
+ " " + sl.getPartner().getName()); Mike 100 Peter
System.out.println(s2.getName() + " " + s2.getGrade() Peter 95 Mike




J s
| Y
sl and s2 are “just” Student
Student. java references to the “Mike”
and “Peter” objec : Mk
public class Student jects Strlng name: "Mike
private String name; int grade: 100
pEEUEES e gEeEay Student partner: —
private Student partner;
e o o A
S2
public void setPartner(Student p) { ¢
this.partner = p; v
} } Student
Student sl = new Student("Mike", 100); String name: “Peter”
Student s2 = new Student("Peter", 95); int grade: 95
sl.setPartner(s2); Student partner'
s2.setPartner(sl);
System.out.println(sl.getName() + " " + sl.getGrade()
+ " " + sl.getPartner().getName()); .
System.out.println(s2.getName() + " " + s2.getGrade() g;t:rlgg ;ii:r

+ " " + s2.getPartner().getName());




Java References

Student sl = new Student("Mike", 100);
Student s2 = new Student("Peter", 95);

sl.setPartner(s2);
s2.setPartner(sl);

s2 = new Student("Kelly", 99);

System.out.println(sl.getName() + " " + sl.getGrade()
+ " " + sl.getPartner().getName());

System.out.println(s2.getName() + " " + s2.getGrade()
+ " " + s2.getPartner().getName());

Any Guesses?



Java References

new Student("Mike", 100);
new Student("Peter", 95);

Student sl
Student s2

sl.setPartner(s2);
s2.setPartner(sl);

s2 = new Student("Kelly", 99);

System.out.println(sl.getName() + " " + sl.getGrade()
+ " " + sl.getPartner().getName());
System.out.println(s2.getName() + " " + s2.getGrade()



Java References

Student sl
Student s2

new Student("Mike", 100);
new Student("Peter", 95);

sl.setPartner(s2);
s2.setPartner(sl);

s2 = new Student("Kelly", 99);

System.out.println(sl.getName() + " " + sl.getGrade()
+ " " + sl.getPartner().getName());
System.out.println(s2.getName() + " " + s2.getGrade()
+ " " + s2.getPartner().getName());
2
s1 S‘l'
Student Student

String name: “Mike”
int grade: 100
Student partner:

String name: “Peter”
int grade: 95
Student partner:




Java References

Student sl
Student s2

new Student("Mike", 100);
new Student("Peter", 95);

sl.setPartner(s2);
s2.setPartner(sl);

s2 = new Student("Kelly", 99);

System.out.println(sl.getName() + " " + sl.getGrade()

+ " " + sl.getPartner().getName());

System.out.println(s2.getName() + " " + s2.getGrade()

s1

S2
X

Student

String name: “Mike”
int grade: 100

Student partner. —

Student

String name: “Peter”
int grade: 95
Student partner:

t




Java References

Student sl =
Student s2 =

new Student("Mike", 100);
new Student("Peter", 95);

sl.setPartner(s2);
s2.setPartner(sl);

s2 = new Student("Kelly", 99);

System.out.println(sl.getName() + " " + sl.getGrade()
+ " " + sl.getPartner().getName());
System.out.println(s2.getName() + " " + s2.getGrade()
+ " " + s2.getPartner().getName());

v

s2
\

Student

String name: “Mike”
int grade: 100

Student partner. —

Student

String name: “Peter”
int grade: 95
Student partner:

Student

String name: “Kelly”
int grade: 99
Student partner: \

t

N
null




Java References

new Student("Mike", 100);
new Student("Peter", 95);

Student sl
Student s2

Mike 100 Peter (s2);
s2.setPartner(sl);

s2 = new Student("Kelly", 99);

System.out.println(sl.getName() + " " + sl.getGrade()
+ " " + sl.getPartner().getName());
System.out.println(s2.getName() + " " + s2.getGrade()
+ " " + s2.getPartner().getName());
s s2
v } v
Student Student Student
String name: “Mike” String name: “Peter” String name: “Kelly”
int grade: 100 int grade: 95 int grade: 99
Student partner: — Student partner: Student partner: \
A N

null



Java References

Student sl = new Student("Mike", 100);
Student s2 = new Student("Peter", 95);

Mike 100 Peter
Exception in thread "main" java.lang.NullPointerException
at Student.main(Student.java:48)

s2 = new Student("Kelly", 99);

System.out.println(sl.getName() + " " + sl.getGrade()
+ " " + sl.getPartner().getName());
System.out.println(s2.getName() + " " + s2.getGrade()
+ " " + s2.getPartner().getName());
s s2
v } v
Student Student Student
String name: “Mike” String name: “Peter” String name: “Kelly”
int grade: 100 int grade: 95 int grade: 99
Student partner: — Student partner: Student partner: \
A N

null



Java Nodes

public class Node {
private int data;
private Node next;

public Node(int d) {
this.data = d;
this.next = null; // will do this by default

}

public void setNext(Node n) {
this.next = n;

}

public Node getNext () {
return this.next;

}

public int getData() {
return this.data;

}




Java Nodes

public class Node {
private int data;
private Node next;

public
this

this.

}

public

this.

}

Node(int d) {
.data = d;
next = null; // will do this by default

void setNext(Node n) {
next = n;

public Node getNext () {
return this.next;

}

public int getData() {
return this.data;

}

Node nl

= new Node(1l);

Node

int data: 1

Node next:-I

|

null



Java Nodes

public class Node {
private int data;
private Node next;

public Node(int d) {
this.data = d;
this.next = null; // will do this by default

}

public void setNext(Node n) {
this.next = n;

}

public Node getNext () {
return this.next;

}

public int getData() {
return this.data;

}

Node nl = new Node(l);
Node n2 = new Node(2);

n1
v
Node
int data: 1
Node next:1
N2y
\
Node
int data: 2
Node next:—
\ 4

null



Java Nodes

public class Node {
private int data;
private Node next;

public Node(int d) {
this.data = d;
this.next = null; // will do this by default

}

public void setNext(Node n) {
this.next = n;

}

public Node getNext () {
return this.next;

}

public int getData() {
return this.data;

}

Node nl = new Node(l);
Node n2 = new Node(2);
nl.setNext(n2);

Node

int data: 1

Node next: -

n2
v

Node

int data: 2

Node next:—

null



Java Nodes .

public class Node {
private int data; Node
private Node next;

, _ int data: 1

public Node(int d) {
this.data = d;
this.next = null; // will do this by default Node next: -

}

public void setNext (Node n) { 2
this.next = n; "

} \

public Node getNext() { Node
return this.next;

} int data: 2

public int getData() {
return this.data; Node next;—

}

Node nl = new Node(l);
Node n2 = new Node(2);
nl.setNext(n2);

\4

" -> " + nl.getNext().getData()); null

System.out.println(nl.getData() +




Java Nodes .

public class Node {
private int data; Node
private Node next;

, _ int data: 1

public Node(int d) {
this.data = d;
this.next = null; // will do this by default Node next: -

}

public void setNext (Node n) { 2
this.next = n; "

} \

public Node getNext() { Node
return this.next;

}
1 -> 2

int data: 2

.ic int getData() {
return this.data; Node next;—

}

Node nl = new Node(l);
Node n2 = new Node(2);
nl.setNext(n2);

\4

System.out.println(nl.getData() + " -> " + nl.getNext().getData()); null




Java Nodes .

public class Node {
private int data;
private Node next;

public Node(int d) {
this.data = d;

this.next = null; // will do this by default Node next: -

}

public void setNext(Node n) {
this.next = n;

}

public Node getNext () {
return this.next;

}
1 -> 2

.ic int getData() {
return this.data;

}

Node nl = new Node(l);
Node n2 = new Node(2);
nl.setNext(n2);

System.out.println(nl.getData() +
System.out.println(n2.getData() +

Node

int data: 1

n2
7

Node

int data: 2

Node next;—

\4

" -> " + nl.getNext().getData()); null
" -> " + n2.getNext().getData());



Java Nodes .
public class Node {
private int data; Node
private Node next;
, _ int data: 1
public Node(int d) {
this.data = d;
this.next = null; // will do this by default Node next: -
}
public void setNext(Node n) { 2
this.next = n; n
} v
v
public Node getNext() { Node
return this.next;
! int data: 2
1 > 2
Exception in thread "main" java.lang.NullPointerException .
at Node.main(Node.java:29) Node next:
Node nl = new Node(l);
Node n2 = new Node(2);
nl.setNext(n2); v
System.out.println(nl.getData() + " -> " + nl.getNext().getData()); null

System.out.println(n2.getData() + " -> " + n2.getNext().getData());




Java Nodes

Node nl = new Node(l);
Node n2 = new Node(2);
Node n3 = new Node(3);

nl.setNext(n2);
n2.setNext(n3);

System.out.println(nl.getData() + " -> " + nl.getNext().getData());
System.out.println(n2.getData() + " -> " + n2.getNext().getData());
System.out.println(n3.getData() + " -> " + n3.getNext().getData());
1 > 2
n1 n2 n3
¢, \Z v
Node Node Node
int data: 1 —>| int data: 2 —> int data: 3
Node next: Node next: Node next:-_I

!

null




Java Nodes

Node nl = new Node(l);
Node n2 = new Node(2);
Node n3 = new Node(3);

nl.setNext(n2);
n2.setNext(n3);

System.out.println(nl.getData() + " -> " + nl.getNext().getData());
System.out.println(n2.getData() + " -> " + n2.getNext().getData());
System.out.println(n3.getData() + " -> " + n3.getNext().getData());
1 > 2
2 -=> 3
n1 n2 n3
¢, \Z v
Node Node Node
int data: 1 —>| int data: 2 —> int data: 3
Node next: Node next: Node next:-_I

!

null




Java Nodes

Node nl = new Node(l);
Node n2 new Node(2);
Node n3 = new Node(3);
nl.setNext(n2);
n2.setNext(n3);

System.out.println(nl.getData() + " -> " + nl.getNext().getData());
System.out.println(n2.getData() + " -> " + n2.getNext().getData());
System.out.println(n3.getData() + " -> " + n3.getNext().getData());
1 > 2
2 -> 3
Exception in thread "main" java.lang.NullPointerException
at Node.main(Node.java:32)
n1 n2 n3
\1, \Z v
Node Node Node
int data: 1 —>| int data: 2 —> int data: 3
Node next: Node next: Node next:—

!

null




Java Nodes

Node x = new Node(1ll);
X.setNext (new Node(22));
X.getNext () .setNext(new Node(33));

System.out.println(x.getData() + " -> " +
X.getNext () .getData());

System.out.println(x.getNext().getData() + " -> " +
X.getNext () .getNext().getData());

System.out.println(x.getNext().getNext().getData() + " -> " +
X.getNext () .getNext () .getNext().getData());

11 -=> 22
Node Node Node

X —> _ .
int data: 11 —>1{ int data: 22 —>! int data: 33
Node next: Node next: Node next:-_I

!

null




Java Nodes

Node x = new Node(1ll);
X.setNext (new Node(22));
X.getNext () .setNext(new Node(33));

System.out.println(x.getData() + " -> " +
X.getNext () .getData());

System.out.println(x.getNext().getData() + " -> " +
X.getNext () .getNext().getData());

System.out.println(x.getNext().getNext().getData() + " -> " +
X.getNext () .getNext () .getNext().getData());

11 -=> 22
22 -> 33
Node Node Node
X —> _ .
int data: 11 —>1{ int data: 22 —>! int data: 33
Node next: Node next: Node next:-_I

!

null




Java Nodes

Node x = new Node(1ll);
X.setNext (new Node(22));
X.getNext () .setNext(new Node(33));

System.out.println(x.getData() + " -> " +
X.getNext () .getData());
System.out.println(x.getNext().getData() + " -> " +

X.getNext () .getNext().getData());
System.out.println(x.getNext().getNext().getData() + " -> " +
X.getNext () .getNext () .getNext().getData());

11 -> 22

22 -> 33

Exception in thread "main" java.lang.NullPointerException
at Node.main(Node.java:32)

Node Node Node

X —> _ .
int data: 11 —>1{ int data: 22 —>! int data: 33
Node next: Node next: Node next:-_I

!

null




ADT: Linked List
(Singly Linked List)

null




List Class

List.java

StringNode. java

public class StringNode {
private String data;
private StringNode next;

public StringNode(String d) {
this.data = d;
this.next = null; // not necessary

}

public void setNext (StringNode n) {
this.next = n;

}

public StringNode getNext() {
return this.next;

}

public String getData() {
return this.data;

mylist —

public class List {

}i

private StringNode list;

public List() {
this.list = null; // not necessary

}

public static void main(String[] args) {
List mylist = new List();

}




Linked List Construction

mylist.add(”Mike”);




Linked List Construction

List.java

public void add(String value){

mylist.add(“Mike"); StringNode n = new StringNode(value);

— —_— L AT — L /1 b T N W
IlleSELNEXL(LIILS.1L15L),

this.list = n;




Linked List Construction

list > nu Mike

List.java

) . public void add(String value){
mylist.add(“Mike"); StringNode n = new StringNode(value);
n.setNext(this.list);
this.list = n;




Linked List Construction

list > nu Mike

List.java

) . public void add(String value){
mylist.add(“Mike"”); StringNode n = new StringNode(value);
n.setNext(this.list);
this.list = n;

}




Linked List Construction

list > nu Mike

List.java

) ) public void add(String value){
mylist.add(“Mike"); StringNode n = new StringNode(value);
n.setNext(this.list);
this.list = n;

4




Linked List Construction

Nlist]  nun Mike

List.java

) ) public void add(String value){
mylist.add(“Mike"); StringNode n = new StringNode(value);
n.setNext(this.list);
this.list = n;

4




Linked List Construction

List.java

) ) public void add(String value){
mylist.add(“Mike"); StringNode n = new StringNode(value);
n.setNext(this.list);
this.list = n;

}




Linked List Construction




Linked List Construction

List.java

) public void add(String value){
mylist.add(“Peter”); StringNode n = new StringNode(value);
n.setNext(this.list);
this.list = n;

}




Linked List Construction

List.java

) public void add(String value){
mylist.add(“Peter”); StringNode n = new StringNode(value);
n.setNext(this.list);
this.list = n;

}




Linked List Construction

R
Node Node

List.java

) public void add(String value){
mylist.add(“Peter”); StringNode n = new StringNode(value);
n.setNext(this.list);
this.list = n;

}




Linked List Construction

n
v ¥ l
Node Node

List.java

) public void add(String value){
mylist.add(“Peter”); StringNode n = new StringNode(value);
n.setNext(this.list);
this.list = n;

}




Linked List Construction

A




Linked List Construction

AN\

List.java

) public void add(String value){
mylist.add(“Kelly"”); StringNode n = new StringNode(value);
n.setNext(this.list);
this.list = n;

}




Linked List Construction
l l |
Node Node Node
- Peter Mike nﬁll Kelly
oxt next ...... neXt

) public void add(String value){
mylist.add(“Kelly"”); StringNode n = new StringNode(value);
n.setNext(this.list);
this.list = n;

}




Linked List Construction

Peter Mike
null Kell
st h elly

n
W l |
Node Node Node

List.java

) public void add(String value){
mylist.add(“Kelly"”); StringNode n = new StringNode(value);
n.setNext(this.list);
this.list = n;

}



Linked List Construction

Peter Mike
null Kell
st h elly

List.java

) public void add(String value){
mylist.add(“Kelly"”); StringNode n = new StringNode(value);
n.setNext(this.list);
this.list = n;

}



Linked List Construction

null




Linked List Construction

null




Next Steps

|. Work on HWI

2. Check on Piazza for tips & corrections!




