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Generics

 What Is generics?

- Technique of writing class/Interface without
specifying type of data it uses

- ldea: class/interface can have type parameter



Generics

 Want a Bag class to store Items

public class Bag {
private String item;
public void setltem(String x) { item =x; }
public String getltem() { return item; }

}

public class Bag {
private Book item;
public void setltem(Book x) { item =x; }
public Book getltem() { returnitem; }

}

- Don’t want to make Bag class for all kind of fields.



Generics

 Want a Bag class to store Iltems

public class Bag<E> {
private E item;
public void setltem(E x) { item =x; }
public E getltem( ) { returnitem; }

public interface List <E> {
void add(E x);



Generics

 Want a Bag class to store Items

- Pre Java 5: Objects

public class Bag {
private Object item;

public void setltem(Object x ) { item=x; }
public Object getltem() { return item; }

}

Bag b = new Bag();
b.setltem("How about that?”);
String contents = (String) b.getltem();



Generics

 Why generics?

Bag b = new Bag();

b.setltem( "How about that?" );

String contents = (String) b.getltem(); /1 Ok

double contents = (double) b.getltem(); // Error (Runtime)

Bag b = new Bag<String>();

b.setltem( "How about that?" );

String contents = b.getltem(); // Ok

double contents = (double) b.getltem(); // Error (Compile time)



Generics

 Why generics? Type Safe Containers

- Main advantage: compile-time type checking

- Generics: Ensure correct type at compile time
No need for cast or Type checking

* Note: Cannot create generic array!

E[] myArray = new E[INITIAL_SIZE]; // Error
E[] myArray = (E[]) new Object[INITIAL_SIZE]; // Ok



Generics

 More Generics: References

- Generics & Inheritance
- Wild cards

http://www.cs.washington.edu/education/courses/cse332/12sp/section/week1l/GenericsA
ndJUnit.pdf

http://www.cs.washington.edu/education/courses/cse332/12sp/section/week1/Bag.java

http://www.cs.washington.edu/education/courses/cse332/12sp/section/week1/Tuple.java

Textbook 1.4 ~ 1.5


http://www.cs.washington.edu/education/courses/cse332/12sp/section/week1/GenericsAndJUnit.pdf
http://www.cs.washington.edu/education/courses/cse332/12sp/section/week1/GenericsAndJUnit.pdf
http://www.cs.washington.edu/education/courses/cse332/12sp/section/week1/Bag.java
http://www.cs.washington.edu/education/courses/cse332/12sp/section/week1/Tuple.java

Project 1

e Sound Blaster!

- Part A: Due next Wednesday, 11pm
Part B: Due Tuesday April 16th, 11pm

- Personal Project: No partners!

http://www.cs.washington.edu/education/courses/cse332/13wi/policies.shtml

http://www.cs.washington.edu/education/courses/cse332/13wi/grading-policies.shtml

http://www.cs.washington.edu/education/courses/cse332/13wi/programming-guidelines.shtml



http://www.cs.washington.edu/education/courses/cse332/13wi/policies.shtml
http://www.cs.washington.edu/education/courses/cse332/13wi/grading-policies.shtml
http://www.cs.washington.edu/education/courses/cse332/13wi/grading-policies.shtml
http://www.cs.washington.edu/education/courses/cse332/13wi/grading-policies.shtml
http://www.cs.washington.edu/education/courses/cse332/13wi/programming-guidelines.shtml
http://www.cs.washington.edu/education/courses/cse332/13wi/programming-guidelines.shtml
http://www.cs.washington.edu/education/courses/cse332/13wi/programming-guidelines.shtml

Project 1

 Part A
- Implement Stack ADT: Stores double

« Part B
- Implement Stack ADT: Use generic



Project 1

 Reverse.java

- Handles all music stuff

- No need to edit for part A

- Reverses in.dat file and writes it to out.dat
- Accepts 4 command line parameters



Project 1

 Sound Exchange (SOX)

- Converts .wav file to .dat file & vice versa

- Installed in lab machine
- Use in command prompt / terminal

- Can also do what Reverse.java does



Eclipse Tutorial

« Select WorkSpace

1 AM
PM
PM
PM
PM

L PM
51 AM
36 AM
L4 PM
5 PM
7 PM
PM
PM

7 PM

Kind
Document

Document
Waveform audid
Folder
Folder
Office Open...in
Document

Workspace Launcher

Select a workspace

Eclipse stores your projects in a folder called a workspace.
Choose a workspace folder to use for this session.

Workspace: [/Users/kainbv/DocumentleSE 332TA v | | Browse.. |

|| Use this as the default and do not ask again




Eclipse Tutorial

* Create Project

® CEclipse File Edit Source Refactor Navigate Search Project Run Window Help S 8@ O 3 T E 10E Thul2:34AM Q S
8eno Java - HW1/src/Test.java - Eclipse - /Users/kainby/Documents/CSE 332 TA el
i o e Qe Oy T Giel e (B SRS et ('Q Quick Access .Jﬁ|gyjm
[& Package Explorer 53 = <’==(>| ¥ =19 A ListStack.java GArrayStack.jav [J] Testjava 83 ™1 =g [E] Task List 52 =g
v HWL = & L4
= - | =
viBre public class Test { wHE (e X549
% (defaulimasc Find P Al b Activate...
OEE  New #2 Java Project
» fost  Go Into =4 Project...
> [J] GAr X . n(String[] args) {
» Mo Open in New Window i Package | Object[18];
» Jcse  Open Type Hierarchy F4 @ Class
» [Just  Show In XEW > . P ouble) arr[0];
» [ Rew & Interface Cresult);
> [J] Tes/ Copy @ Enum
> =4 JRE Syster [ Copy Qualified Name @ Annotation ®
& Paste BY &7 Source Folder Connect Mylyn &%
N . Connect t task and ALM tool
# Delete ® 191 Java Working Set Uf;l:;!:tﬂ:(:‘ngs“as an ools or
(% Folder
Remove from Context ¢ Fi
ile 5= outline 53 = g
. e
Build Path i > 3 Untitled Text File P
Source LS " :’JUnit Test Case =
Refactor TET > i) v @, Test
Task © ° main(String[]) : void
23 Import... = E I
w5 Export... o Example...
References »  [7Other.. #N
Declarations »
<" Refresh F5
Assign Working Sets...
Run As >
Debug As >
Validate
Team ) » broblems @ Javadoc eclaration [E] Console 52 ®%|BEEEE #E-r-= 8
Compare With . - reminated> Test [Java Application] /Library/Java/JavaVirtualMachines jdk1.7.0_10.jdk/Contents/Home bin/java (Jan 9, 2013 11:02:09 PM)
Restore from Local History... ‘eption in thread 'main’ java.lang.ClassCastException: java.lang.String cannot be cast to java.lang.Double
. at Test.main(Test.java:18)
Properties 8l
(default package) - HW1/src




Eclipse Tutorial

* Create Project

® Eclipse i MA@ 9D 3 = 9 E 0E Thul235AM Q =
800 New Java Project
Fiw : v s - . e reate a Java Projec! - L Q Quick Access ) = | & java
- & =5 Creats P t p Quick A &’
1 ——
Create a Java project in the workspace or in an external location. 7
[ Package Explorer 5% ==Y =8 Arral > =8 [E] Task List 52 = 8
= - an
v Wl EE|e B9 T
i src L Project name: | HW2|
¥ [ default package) - Find b Al b Activate...
» [J] ArrayStack java 1
. %Dsmkma # use default location
P [J] GArrayStack.java a Location: | /Users/kal Browse
b [J] GListStack java
¥ [I] GStack.java IRE
¥ [1] Liststack.java
¥ 7] Reverse.java (®) Use an execution environment JRE: | JavasE-1.7 :
b [J] Testjava
P =), JRE System Library [JavaSE-1.7] () Use a project specific JRE ava SE 7 (MacOS X Default)
A - ® connect Mylyn 52
O Y ! Confi RES.
) Use default JRE (currently ‘Java SE 7 (MacOS X Default)') onfigure JREs. Connect to your task and ALM tools or
create a local task.
Project layout
: 5= Outline 52 =8
() Use project folder as root for sources and class files N . L -
@ Crean te folders f d class fil Configure defaul Shi il
(#) Create separate folders for sources and class files onfigure default...
0 L1 v (&, Test

© ° main(String[l} : void
Working sets
(] Add project to working sets

Working sets Select.

R BEFEFE #E-r9-= 0O

Probl

<termil (2 < Back Next > Cancel Finish , 2013 11:02:09 PM)
Lxcnpti Hava.lang.Double
ot Test.main(lest.jove:i®d

(default package) - HW1/sre




Eclipse Tutorial

* Create Class

<terminated> Test [Java Application] /Library/Java/JavaVirtualMachines /jdk1.7.0_10.jdk/Contents/Home/bin/java (Jan 9, 2013 11:02:09 PM)
ang.ClassCastException: java.lang.String cannot be cast to java.lang.Double
3

Exception in thread "main” java.l
at Test.main(Test.java:18)

(default package) - HWL/src

& Eclipse £ 8O 2 T E 0E Thul237AM Q iE
J [-NaNs] New Java Class
) - 1
Y e S ¢ 2 (Q Quick Access ) Java
P0G w E@EE e W b Quick Acces BT
& Package Explorer 3 =% v =g Arraystach s The use of the default package is discouraged. 5 =8  [gTaskls x =5
. - mp
v Hwl ] -EE e xBE T
publie
¥ [ (default package) S HWL/src o Fcone:s o s Find P AP Activate...
- /=
b [J] ArrayStack java |
Package: default] | Browse... |
b [J] DStack.java g oo L
»>
;2 Shrasacian P4 () mcosnaos
P [J] GStack.java
b [J] ListStack java Name [ MyStack]
¥ J| Reverse.java -
» ] Testjava Maodifiers: (=) public () default private protected
P =\ JRE System Library [JavaSE-1.7] } (| abstract || final static
h @ Connect Mylyn 2
Superclass: Java.lang.Object s s | Connect to your task and ALM tools or
1 I I task.
Interfaces. Egsm(k [ Add ) create a local tas!
B Outline &2 = 8
| Remove |
— ENTR-T I
v B, Test
Which methed stubs would you like to create? o 3 maintstring() : void
@ public static void maintStringl] args)
() Constructors from superclass
[ Inherited abstract methods
Do you want to add comments? (Configure templates and default value here)
(| Generate comments
I [ ———
@ | Cancel | Finish
Problems @W X% BEEE #E-ri-= 1




Eclipse Tutorial

 Run Configuration (Command line Args)

8 Eclipse File Edit Source Refactor Navigate Search Project Run Window Help $ A @D 2 = 9 E 1kEE Thul2:38AM Q =
800 Java - HW1/src/Reverse.java - Eclipse - /Users/kainby/Documents/CSE 332 TA !
Foe e () e Ol Gur S G (=50 [ e = | (Q Quick Access J & [§hava

11 Test
[ Package Explorer 52 7] 2 Reverse 1J] Reverse.java 52 | [J] ArrayStack.java [J] ListStack.java [J] GArrayStack.jav |J] GListStack.java 1 = 0 [E] Task List 52 = 8
v - i i : s -
i hwe # import java.io.BufferedReader;[] JEE|exwe|a <
¥ #src Run As 4 o Fi POAL P A
?J b Run Configuration * Read a .dat File and reverse it
[J] Arraystackja Qrganize Favorites... * CSE 332, 13wi
» [J] Dstack.Java .
¥ [1] GArraystack.java public class Reverse [
¥ [J] GListstack java public static void main(String[Jargs) {
» [J] Gstack.java if (args.length 1= 4)
» [3] ListStack java System.err.println(’ Incorrect number of arguments");
¥ [J) Reversejava System.err.println(’ Usage: ");
b 11 Testjava System.err.println(’\tjava Reverse <list or array> <double or gemerics <input Files <output 1
b BiLRE System Library [JavasE-1.7) i System. exit(1);
@ connect Mylyn b
i Connect to your task and ALM tools or

// process command-line arguments create alocal task.

/7

boolean uselist = false; // properly assigned below T =g
boolean generic = false; // properly assigned below

AR e ¥
ifargs[0]. compareTo("1ist")——8) v, Reverse

useList = true;

else if(args[8].compareTo("array")==0)
uselist = false;

else {
System. err.println¢"\tSaw
System. exit(1);

» ¥ main(String[]) : void

+args[0]+" instead of list or array as first argument”);

}

if(args[1].compareTo("double")--8)
generic - false;

else if(args[1].compareTo("generic")==0)
generic - true;

else {
System. err.println¢"\tSaw
System. exit(1);

"+args[1]+" instead of double or generic as second argument’);

o s Declaration ] Console 52 X % |Gk BB S
<terminated> Test [Java Application] /Library/Java/JavaVirtualMachines/jdk1.7.0_10.jdk/Contents/Home bin/java Jan 8, 2013 11:02:09 PM)
Exception in thread "main” java.lang.ClassCastException: java.lang.String cannot be cast to java.lang.Double
b Test.main(Test.java:18)

Writable Smart Insert 77:1




Eclipse Tutorial

 Run Configuration (Command line Args)

& Eclipse S A RO 2 = 4 E 100%5E Thul240AM Q =
P— s Bl b ssmscetiestis! P — ietreE ann T
1.86.06 Run Configurations P
- v v ) J ¢ |[@tIava
= :K& % h‘ Create, manage, and run configurations S ‘ J
[ Package Explorer 5% =h-Y ‘ Run a Java application Task List 52 = 8
= ). o
v e xeld ~
¥ [Bsrc "y IS L
v [ (default package) Bl Name: |Reverse { Find P Al P Activate...
P [J] ArrayStack java Y r (& Main [¢9= Arguments =, JRE | ;. Classpath ' Source | Bg Environment | [Z] Comman
» [J] DStack java _ [ Java Applet Program arguments.
b [J] GArrayStack java ¥ [7]Java Application
b [J] GListStack.java = Reverse array double secretin.dat secretOut.daf
» [J] Gstack.java O Test
P [J] ListStack java Juunit
b [J]| Reverse.java m2 Maven Build ( ‘
> J] Testjava JuyTask Context Test —
I =), IRE System Library [JavaSE-1.7]
VM arguments: @ Connect Mylyn b=

Connect to your task and ALM teols or
create a local task.

= Outline 3 =g
SECA- R

¥ (3, Reverse
Working directo &
d [z & main(String() : vaid
(*) Default e_loc:HW1}
_) Other,
Workspace... File System.. Varlables,
| Aeply | Revert |

Filter matched 7 of 7 items
P —
@ [ Close | Run

Reverse [Java Application] /Library/Java/lavaVirtualMachines /jdk1.7.0_10.jdk/Contents/Heme/bin/java (Jan 10, 2013 12:39:27 AM)

154364 samples in file

Writable Smart Insert 77:1




Eclipse Tutorial

« Conditional Debugging

® Eclipse File Edit Source Refactor

Navigate Search Project Run Window Help AL D 3D =

100% & Thul2:44AM Q =

6006

Java - HW1/src/Reverse.java - Eclipse - /Users/kainby/Documents/CSE 332 TA

Conrte L i3 00 Qi nies Gt P (10 [ [t e

[# Package Explorer 53
Vi HW1
VB
¥ i (default package)

» [J) ArrayStack.java
» [J) DStack.java
» [J] GArrayStack.java
» [J] GListStack.java
» [J] GStack.java
> [J) ListStack.java
» [J] Reverse.java
> [J] Test java

P EiJRE System Library [JavaSE-1.7

1J] Reverse.java 52 ' [J] ArrayStack.java 1J] ListStack.java
// process command-line arguments
1
boolean uselist = false; // prop
boolean generic = false; // prope

[J] GArrayStack.jav [J] GlListStack.java 4 = )

y assigned below
y assigned below

¥ S EF AR AT A A ATAPNYE SN AN
© Toggle Breakpoint 3B
Disable Breakpoint {*Double Click ==
Go toAnriotation 1 Fe[01+ instead of list or array as first argument®);
Add Bookmark...
Add Task...
v Show Quick Diff ~0Q "y-.p)
Show Line Numbers
Folding >
gs[1]+" instead of double or generic as second argument");
Preferences...
Breakpoint Properties... 3Double Click
y 7
// Set up the input file to be read, and the output file to be written
/7

BufferedReader fileln = new BufferedReader(new FileReader(args[2]));

PrintWriter fileOut = new PrintWriter(new Bufferediriter(new FileWriter(args[31)));
//
/7 ne of the .dat file. We want to store the

in a variable, but we can ignore the rest

We step through the first line one token (word)
// at a time using the StringTokenizer. The fourth token

want (the sample rate)

// is the one we

StrinaTokenizer str:

Problen vadoc Jeclaration [E Console 82 =

Reverse (Java Application] /Library/Java/JavaVirtualMachines/jdk1.7.0_10.jdk/Contents/Home/bin/java (Jan 10, 2013 12:41:20 AM)

Writable Smart Insert 28:1

&l1ava %5 Debug

Task List 3 = iE
CARN=NL g

Find P Al } Activate...

@ Connect Mylyn b

Connect to your task and ALM tools or
create a local task.

= Outline 53 = a
BlE| et ¥

v (3, Reverse
/» ¥ main(String()) : void




Eclipse Tutorial

« Conditional Debugging

& Eclipse

g G N

Java - b

Reverse

|# Package Explorer 33
v Hwl
¥iSsrc
¥ [ (default package)

» [J] ArrayStack java
» [J] DStack.java
¥ [J] GArrayStack java
P [J] GListStack.java
b [J] GStack.java
» [J] ListStack java
b [J] Reverse java
P [J] Test java
b [J] Test2 java

b = JRE System Library lavaSE-1.7

%

-

= i e Bl (3 Quick Ac Jm|gy\ 0
[7) Reyaren in AeanCancis fnn VicrSaaci i At i £ iesCenct tann >, =g [E] Task List 58 =57
8.c Properties for Reverse [line:28] - main(String[]) -
- i i T EE| e (XBE 4D
type filter text Line Breakpoint v v
_ Find P Al P Activate...
Breakpoint Properties
Fitering Type: Reverse
Line Numb
Member: main(String(])
) [ Enabled
Hit count: (#) Suspend thread () Suspend VM
™ Conditicnal (s) Suspend when “true’ () Suspend when value changes
<Choose a previously entered condition> : | entmy; @ connect Mylyn 57
7] \gengricl Connect to your task and ALM teols or
create a local task.
oz o =
o= Outline &3 a
S AR e T
rgument™); v (3, Reverse
> ® main(String(]) - void
s[3100);
= I
@) Cancel [ OK |
/7 of the Tine. We step through the first line one token (word)
Problems Javadoc Declaration Console %5 Debug 5%

¥ [ Reverse [Java Application]
¥ &2 Reverse at localhost:62244
¥ 3@ Thread [main] (Suspended (breakpoint at line 28 in Reverse)
everse.main(String(]) line: 28
sl /Library/Java/JavaVirtualMachines/jdk1.7.0_10.jdk/Centents /Home fbin/java (Jan 10, 2013 12:54:26 AM)
¥ [7] <terminated>Reverse [Java Application]
<terminated:>Reverse at localhost:62246

@1 <terminated, exit value: 1> /Library/Java/lavaVirtualMachines/jdk1.7.0_10.jdk/Contents/Home/bin java (Jan 10, 2013 12:55:15 AM)

Writable Smart Insert 28:1




Eclipse Tutorial

« Conditional Debugging

5 A @D 3 = 49 BE 1005E Thul2:55AM Q=

Source Refactor Navigate Search Project Run Run Window Hel

P

e

® Eclipse File Edit

Debug - HW1/src/Reverse.java - Eclipse - fUsers/kainby/Documents/CSE 332 TA

806

o D5 e P IR IS G

& S EIE g ®iP g BN et e

%5 Debug 5% ¥=8
¥ [3] Reverse [Java Application]
v 5@ Reverse at localhost:62244
¥ i Thread [main] (Suspended (oreakpoint at line 28 in Reverse})
= Reverse.main(String(]} line: 28
il /Library/lava/javaVirtualMachines fjdk1.7.0_10.jdk /Contents /Home /bin/java (Jan 10, 2013 12:54:26 AM)
¥ [3] Reverse [Java Application]
v 5@ Reverse at localhost:62246
¥ i Thread [main] (Suspended (oreakpoint at line 28 in Reverse})
= Reverse.main(String[]) line: 28
il /Library/lava/javaVirtualMachines fjdk1.7.0_10.jdk /Contents fHome /bin java (Jan 10, 2013 12:55:19 AM)
|J] GArrayStack.java [J] GListStack.java |J] Test,

[J] Reverse.java 33 | |J] ArrayStack.java |J] ListStack.java

}
77
// process command-line arguments
’”

boolean uselist - folse; // prope
boolean generic = false; // prope

5 | ifCargs[@]. compareTo("list")==0)
uselist = true;
else if(args[8].compareTol array")==8)
uselist - false;
else {
System.err.println("\tSaw "+args[@]+" instead of list or array os first argument”);
System. exit(1);
}
if(args[1].compareTo("double")==0)
generic = false;
A SEfmmnn AT Tl i 2N BN
El Console 52 T

Reverse Java Application] /Library/lava/JavaVirtualMachines /jdk1.7.0_10.jdk/Contents/Home/binfjava (Jan 10, 2013 12:55:19 AM)

9= Variables §2

Name
b O args
» uselist
@ generic

Java |J] Test2 java

Writable

Smart Insert

%@ v =0
Value
String[4] (id=15)
false
false
5= Outline 53 Bl wsew Y= 8

28

5 | &lava | $5Debug

v 3, Reverse
( ° main(string[)) : void

# B = 0

» ol &




Eclipse Tutorial

* More Tutorials

- Written Tutorial

http://www.vogella.com/articles/Eclipse/article.html

- Video Tutorial
http://eclipsetutorial.sourceforge.net/totalbeginner.html

- Eclipse Shortkeys

http://www.rossenstoyanchev.org/write/prog/eclipse/eclipse3.html



http://www.vogella.com/articles/Eclipse/article.html
http://eclipsetutorial.sourceforge.net/totalbeginner.html
http://www.rossenstoyanchev.org/write/prog/eclipse/eclipse3.html

