W Debugging in Eclipse Debugging 1

We are built to make mistakes, coded for error.
Lewis Thomas

It is one thing to show a man that he is in error, and another to put
him in possession of the truth.
John Locke
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W Prerequisites for Eclipse Debugging 2

To use Eclipse you must have an installed version of the Java Runtime Environment (JRE).

The latest version is available from java.com.

Since Eclipse includes its own Java compiler, it is not strictly necessary to have a version
of the Java Development Kit (JDK) installed on your computer.

However, | recommend installing one anyway so that you can test your code against the
"real" Java compiler.

The latest version is available from: www.oracle.com/technetwork/java/

If you install the JDK, I recommend putting it in a root-level directory, and making sure
there are no spaces in the pathname for the directory.
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" Eclipse Workbench Debugging 3

The 1initial Eclipse Workbench (my configuration):

r[.] Java - Eclipse . — C="
File Edit Source Refactor Navigate Search Project Run Window Help
CAx 9,‘&'0 QY BEFC ®B A~ ¥ vyl ¥ 7 E_‘{%Debng
ﬁ Package Explorer 23 f‘. Type Hlerarchy 7 {m B,
i I 8%|e” =
L1 BST: M|n|m|ze View
I &
| g:
3
Maximize Vlew -
=
|
a—
Restore View —
Oz

Hover for info...

B o elpE B
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B Eclipse Java Perspective Toolbar Debugging 4

T %5 Debug lg’,’ Java|  Choose a Perspective

g New Project / Save / Save All / Print
010 Build Project
¥y Q@ -@Q - Start Debugging + configurations

Run Project + configurations

Run Last Tool + configurations
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I Eclipse Java Perspective Toolbar Debugging 5

CS@VT

New Java Project / Package / Class

Open Type / Open Task / Search + options

Go to last edit location

Back/Next + more navigation options
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I Creating a New Java Project

Debugging 6

In the Workbench, select File/New/Java Project:

Navigate Search Project Run Window Help

2

=

Edit Source Refactor

69

C. I

New

Open File...

Close
Close All

Save
Save As...
Save All
Revert

Move...
Rename...
Refresh

Convert Line Delimiters To
Print...

Switch Workspace
Restart

Import...
Export...

Properties

1 Log.tt [D:/JavaDevelopment/Debuglist]
2 testDriver.java [Debuglist/src]

3 DList.java [Debuglist/src/debug/.../DS]
4 prQuadtree.java [P4/Major_Project/DS]
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Alt+Shift+N »

Ctrl+W

Ctrl+Shift+W

Ctrl+S

Ctrl+Shift+S

F2

F5

Ctrl+P

Alt+Enter
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:”5 fig
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LS

Java Project
Project...

Package

Class

Interface

Enum
Annotation
Source Folder
Java Working Set
Folder

File

Untitled Text File
JUnit Test Case
Task

Example...

Other...

5 %5 Debug

=g

Ctrl+N

% ceREE
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I Creating a New Java Project

In the resulting dialog box:

Enter a name for the Project.

For now, just take the defaults for the
remaining options.

Click Next and then Finish in the next
dialog.

Debugging 7

{®] New Java Project :

Create a Java Project

Create a Java project in the workspace or in an external location. f /

Project name:  DList]

@7 Use default location

D:\JavaDevelopment\DList

JRE

@ Use an execution environment JRE: | JavaSE-1.6

Use a project specific JRE: jreb
Use default JRE (currently ‘jre6')

Project layout

Use project folder as root for sources and class files

9 Create separate folders for sources and class files

Working sets

(] Add project to working sets

Configure JREs...

Configure default...
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W Adding Source for the DList Example

Download the file DListExample.zip from the course website Resources page, and place
the contents into the src directory for the Eclipse project you just created:

Debugging 8

2012

N ESNETT)
. « DList » src » 4 ‘ +5 || Search src o
Organize v Include in library « Share with » New folder il .@.
4 . DList < Name Date modified Type
. .settings o =
bi . debug 9/10/2012 4:56 PM File folder
> ). bin I
| testDriver.java 9/8/201211:44 PM  JAVAFile
b 4§ src
L
> 8 GIS
. GISSummer2010
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W Performing a Build Debugging 9

Back in Eclipse, right-click on the project icon for DList and select Refresh...

Use the Project menu or click on the Build All button (=) to compile the code.

S0 oo ce I ol
File Edit Source Refactor MNavigate Search Project Run Window Help
i @@ $-0-A-BHG- 0L  PAvEN  H-F-ve - Z§ 35 Debug (§TTava |
(18 Package Explorer 53 ™ BT eHierarch“; = m tstDnve[ a Eé . [J) DListjava 3 = )
ge txp: - yp y \ testUnverjava ¢y J |
! | | i S IMELIAVA s =
| = \:‘i | & v 1® import java.io.FileWriter;[] -
== = i = o E}
&I Bs 5 public class testDriver {
& DList
8 src public static void main(String[] args) { g
default package oz
& (@ testDi:iver 'gvf)a FileWriter log; S
l J tfy { *

fi# debug.Examples.DS
[J] DListjava
=, JRE System Library [JavaSE-1.6]

log = new FileWriter("Log.txt");

DList<Integer> list = new DList<Integer>(); &

m

for (int i = @; i < 10; i++) {
list.add(i);

}
list.display(log);]
log.write("\n");

list.removeFirstOccurrence0f(5);
list.display(log);
log.write("\n");

list.add(5, 5); [
list.display(log); 7=
log.write("\n");

log.close();

ratrh (TOFvrention o\ [ ¥

U Writable ‘ Smart Insert ‘ 19:31
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™ Running the Program Debugging 10

To execute the program, click on the Run button (). | & 2Vavedsiopmentiblisiiog e Netepad: o)

File Edit Search View Encoding Language
o= R 38| & |

As indicated by the source code, the test driver writes || 5 Logse |

its output to a file named Log.txt: "

display of
initial list

W o Jon Wb WA O
W w20 s WN KO

. = display of
3% 5 list after
;. . deleting 5
display of
Unfortunately, there appears to be an error; the value 5 list after

should have been added to the list and appear in the reinserting 5

final listing of the contents... it's not there.

W <) 0 b W N KO
W M J 0 & WN PP O

!|length:171 lines:32 Ln:1 Col:1 Sel:0
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I Controlling Execution Debugging 11

Now, we have some clues about the error:

» The list appears to be OK after the first for loop completes; that doesn't indicate
any problems with the add() method called there.

* The list appears to be OK after the call to the removeFirstOccurrenceOf()
method; that doesn't indicate any problems there.

» The list is missing an element after the call to the second add() method; that
seems to indicate the problem lies there...

It would be useful to be able to run the program to a certain point, check the state of the list
(and perhaps other variables), and then step carefully through the subsequent execution,

watching just how things change.

Fortunately, Eclipse provides considerable support for doing just that.
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M Kinds of Breakpoints Debugging 12

A breakpoint marks a location or condition under which we want the program's execution
to be suspended.

Eclipse supports setting four kinds of breakpoints:
line breakpoint halt when execution reaches a specific statement
method breakpoint halt when execution enters/exits a specific method

expression breakpoint ~ halt when a user-defined condition becomes true, or changes
value

exception breakpoint halt when a particular Java exception occurs (caught or not)
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I Setting a Line Breakpoint Debugging 13

line breakpoint halt when execution reaches a specific statement

To set one, just double-click in the editor margin next to the selected line of code:

|EES‘F,EhM
File Edit Source Refactor Navigate Search Project Run Window Help
A~ B @ iF-0 Q- BFG- ML POvEN H-Fl-roero- [ %5 Debug (& ava ]
1% Package Explorer 52 _ 2 Type Hierarchy| i Ehﬁmﬁ?&;\ [J) DListjava | = I
24| | st i s |
B s | - Y 1® import java.io.FileWriter;[] - .
& =
t’:} BST =2 6 public class testDriver {
=> DList 7
@8 src 8c public static void main(String[] args) { g
(default package) 9 gz
# N testD‘:iver ':va e FileWriter log; -
J 1 try { 3
i d@ebug.Examples.DS 2 log = new FileWriter("Log.txt");
DList,java 3
@ DList<AnyType> B DList<Integer> list = new DList<Integer>(); &
(3 DNode 5 R e L B
16 or (int i = @; i < 10; i++ 2
$ s list.add(i);
rear B 3 }
4 size 9 list.display(log);
& DlList() (2} log.write("\n");
@ add(AnyType) : void 1 . i
@ add(int, AnyType) : void 2 list.removeFirstOccurrence0f(5);
I i TN 3 list.display(log);
@ clear() : voi 4 log.write("\n");
@ display(FileWriter) : void 5
@ get(int) : AnyType 6 list.add(5, 5);
@ isEmpty() : boolean 7 115t-d}SP1§y('1_0g)s &
@ remove(int) : AnyType B g og-IteTnT)s
© removeFirstOccurrenceOf(AnyType) P log.close();
@ set(int, AnyType) : void 1
o civall - int 3 2 ratch (TOFveention &)Y X
< | n J » < '

‘ Writable } Smart Insert ‘ 16:43
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™ Running to a Breakpoint

Debugging 14

Go to the Run menu and select Debug (or use the keyboard shortcut F11):

L -DLi estDriver.java - Eclipse — — Ii‘faﬂll&@!g
. Java - DList/src/testDriver.jai ps . B = :
File Edit Source Refactor Navigate Search Project | Runl Window Help
|
i Q|@ f;voqu;légaaqo\., Run Ctrl+F11 il v 0o o v E‘f?,'i[)ebug
8 e — Debu F11 —
} [% Package Explorer 2 f: Type Hierarchy | % = 8 ‘
‘ 6| % Run History » 7 g
- = — =
3 1 BST Run As 3 =
| = DList Run Configurations...
@B src rgs) { &
Debug Histo 4 =
\ 3 (default package) g fy E-_—
[J] testDriverjava Debug As » +
\ £ debug.Examples.DS Debug Configurations... txt");
[J] DListjava = .
© DList<AnyType> © Toggle Breakpoint Ctrl+Shift+B  |p| jstcInteger>(); &
‘ (3 DNode © Toggle Line Breakpoint . 1l
a front @ Toggle Method Breakpoint )
e o %,  Toggle Watchpoint
a size ) )
& DList( Yy, Skip All Breakpoints
@ add(AnyType) : void %t Remove All Breakpoints
© add(int, AnyType) : void J0 Add Java Exception Breakpoint... j07(5);
® clear(): void (® Add Class Load Breakpoint...
@ display(FileWriter) : void
@ get(int) : AnyType All References...
© isEmpty() : boolean All Instances... Ctrl+Shift+N
» rEmOVE(I.nt)JAH:,‘T‘)‘pe Instance Count...
@ removeFirstOccurrenceOf(AnyType) -
@ set(int, AnyType) : void ek
‘ & _civall . int Inspect Ctrl+Shift+] X
| ¢ 1 ] r : i )
i —— [)) Display Ctrl+Shift+D
o | Writak Execute Ctrl+U
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B Debug Perspective Debugging 15

This opens the Debug Perspective:

S
a - kcl -
File Edit Source Refactor Navigate Search Project Run Window Help
i~ & @ $-0-QA- 0/ PEvEN  &-F-vora- 5 (35 Debug | &’ Java
([J) testDriverjava i3 . [J) Dlistjava | = (0= Variables 53 \_ A =
— 2 - . - | E
1 import java.io.FileWriter;[] - Name Valis - B
6 public class testDriver { Source O args String[0] (id=16)
O log FileWriter (id=17)
public static void main(String[] args) { O list DList<AnyType> (id=26)

m

FileWriter log;
try { ] =
log = new FileWriter("Log.txt"); Varlables

DList<Integer> list = new DList<Integer>();

for (int i = @; i < 10; i++) {
list.add(i);
by

list.display(log);
log.write("\n");

_ list.removeFirstOccurrence0f(5);
2 Yict dicnimulTnal=

%5 Debug 22 TEE EE R
3] testDriver (5) [Java Application]
&2 testDriver at localhost:62844

4® Thread [main] (Suspended (breakpoint at line 16 in testDriver)) Exec utio n stac k

= testDriver.main(String[]) line: 16
p D:\jdk1.6.0_32\jre6\bin\javaw.exe (Sep 10, 2012 5:04:27 PM)

ne | Writable SmartInsert | 16:1 % e @

You may see a different window layout; feel free to close other Views, like Outline if they
are visible.
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I Using the Variables View Debugging 16

At this point, the list constructor has run... let's examine the structure:

(9= Variables &3 B Y T 0
— Mialise Objects are assigned unique
® args String[0] (id=16) IDs as they are created;
© log FileWriter (id=17) these allow us to infer the
s O st DList<AnyType> (id=26) .
a front DListSDNode (id=28) physical structure. ..
A rear DListSDNode (id=30)
A size 0
4 m 3
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I Using the Variables View

Examine the values of the fields of front and rear:

()= Variables &\3

Name
O args
O log
a4 O list
4 a front
A elem
A next
A prev
& thisS0
4 A rear
A elem
A& next
A prev
& thisSO
A size

5B Y — 0O

»~

Value

String[0] (id=16)
FileWriter (id=17)
DList<AnyType> (id=26)
DListSDNode (id=28)
null

DListSDNode (id=30)
null

DList<AnyType> (id=26)
DListSDNode (id=30)
null

null

DListSDNode (id=28)
DList<AnyType> (id=26)
0

OK, that looks just fine... two guard nodes pointing at each
other, neither holding a data value.

CS@VT
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Debugging 17

26: list

28: list.front

30: list.rear

28

e )

front.elem e

front.next

front.prev e

g J

30

x

® rear.elem

® rear.next

— rear.prev

\_ J
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. The Debug Toolbar Debugging 18

Resume — Continues execution until breakpoint or thread ends
Suspend — Interrupts a running thread

Terminate — Ends the execution of the selected thread

Disconnect — Disconnect from a remote debugging session

Remove terminated launches — Closes all terminated debug sessions
Step Into — Steps into a method and executes its first line of code
Step Over — Executes the next line of code in the current method

Step Return — Continues execution until the end of the current method (until a return)

G

Drop to Frame — Returns to a previous stack frame

10. Step with Filters — Continues execution until the next line of code which is not filtered
out
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I Step-by-step Execution

Debugging 19

For illustration, we'll examine the insertion of the first data node, step by step:

File Edit Source Refactor MNavigate Search Project Run Window Help

s $-0" Q- OSSP
} )] testDriverjava &2 @ DList.java
public static void main(String[] args) {

FileWriter log;

try {
log = new FileWriter("Log.txt");

DList<Integer> list = new DList<Integer>();

for (int i = 0; i < 10; i++) {
list.add(i);

¥
list.display(log);
log.write("\n");

list.removeFirstOccurrence0f(5);
list.display(log);
log.write("\n");

list.add(5, 5);
Tie+ Aienlaw/lan):
| <
‘.‘f,'ﬁ Debug &2 ; :
[3] testDriver (5) [Java Application]
&2 testDriver at localhost:63043
4 Thread [main] (Suspended)
= testDriver.main(String(]) line: 17
i D:\jdk1.6.0_32\jre6\bin\javaw.exe (Sep 10, 2012 5:10:37 PM)

Note the appearance of the variable i and its value.

CS@VT

g

m

3 [RC S

v

a

o

v

\ |
= D

&

0= Varisbles i3 LB~ =0
Pt =
Name Value - B
o args String[0] (id=16) =
O log FileWriter (id=17)
p @ list DList<AnyType> (id=26)
0 0
< /u |
% Ob | 2. &
fﬁ—a = @
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B Step-by-step Execution Debugging 20

Click the step-into button again; now we'll enter the call to add():

i@ Debug - DList/sr_cIdebug/ElainalestSIDList.java - Ecli_ EM
File Edit Source Refactor MNavigate Search Project Run Window Help
e | i~ O0~Q~ ™S F~ P e (O REIRACRCE SV 5 (35 Debug | &’ Java
([3) testDriverjava [ [3) Dlistjava 53 . = O |[69= Variables £3 o E Y T 8|
} J 1B e e ey 5
35 rear.prev = front; A Name Value 3
36 size = @; . - . =
37 } 4 @ this DList<AnyType> (id=26)
38 4 a front DListSDNode (id=28)
{8 39c public void add(AnyType elem) { & elem null
[ 40 15 b A next DListSDNode (id=30)
% 41 DNode toAdd = new DNode(elem, rear.prev, rear); 1w
A prev null
& 42 rear.prev.next = toAdd; g - -
rear.prev = toAdd; b & thisSO DList<AnyType> (id=26)
++size; 4 A& rear DListSDNode (id=30)
45 } & elem null
46 . . . a next null
jz— public void add(int index, AnyType elem) throws IndexOutOfB¢ > & prev DListSDNode (id=28)
{=]
Foap: : -
49 if ( index < @ || index > size ) throw new IndexOutOfBoi b & thisS0 DList<AnyType> (id=26)
50 A size 0
51 DNode successor; a4 O elem Integer (id=31)
52 if ( index == size ) { & value 0
53 successor = rear; Al -
cA 1
‘ < | i J » < |
(%5 Debug 22

4 [T testDriver (5) [Java Application]
4 &® testDriver at localhost:63043
4 ® Thread [main] (Suspended)
= DList<AnyType>.add(AnyType) line: 41 b
= testDriver.main(String[]) line: 17
wi DAidkl 6.0 32\ire6\bin\iavaw.exe (Sep 10, 2012 5:10:37 PM)_

Now, I don't really want to trace the constructor, much less the call to new, so this time I'll
click the step-over button...
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I Step-over versus Step-into Debugging 21

The difference is that if you are executing a method call (or invoking new, for example) in
the current statement:

step-into  takes you into the implementation of that method
step-over calls the method, but does not step you through its execution

Both are useful... step-into is frustrating when system code is involved.
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I Step-by-step Execution

So, we see that the needed node has been properly initialized:

8o i<
| File Edit Source Refactor MNavigate Search Project Run Window Help

Debugging 22

(=@

B |& (-0~ Q~- OB~ P S0 e [ (35 Debug | &' Java
[@ testDriver.java I [9) DListjava 33\ S BT 8
< &
35 rear.prev = front; - Name Value -
36 size = @; . . ‘ E',_
37 } 4 @ this DList<AnyType> (id=26)
38 4 a front DListSDNode (id=28)
39< public void add(AnyType elem) { & elem null
40 = > A next DListSDNode (id=30)
41 DNode toAdd = new DNode(elem, rear.prev, rear); ¥ e =
42 rear.prev.next = toAdd; - F P_ : -
43 rear.prev = toAdd; b A& thisSO DList<AnyType> (id=26)
44 ++size; 3 4 A rear DListSDNode (id=30)
i 45 } A elem null
46 - < Bt & next null
Z;- public void add(int index, AnyType elem) throws IndexQutOfB¢ b a prev DListSDNode (id=28)
5 F - . -
49 if ( index < @ || index > size ) throw new IndexOutOfBot b a thissO DList<AnyType> (id=26)
5@ A size 0
51 DNode successor; a4 O elem Integer (id=31)
52 if ( index == size ) { & value 0
2; ) PHEE eSO el 4 O toAdd DListSDNode (id=36)
55 else { 4 & elem Integer (id=31)
56 successor = front.next; g value 0
57 int i = 0; & next DListSDNeode (id=30)
58 while ( i < index ) { b a prev DListSDNode (id=28)
2 S CesOr e Slicetspon e > af thiss0 DList<AnyType> (id=26)
60 ++1; 1 -
1 h |
4| m J » < | m ] )
l'#;soebugzz" %0 imM| 2eeI|R| e~ 0|
¢ B s &

CS@VT
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I Step-by-step Execution

Three clicks on step-over (or step-into) bring us to this point:

File Edit Source Refactor MNavigate Search Project Run Window Help

Debugging 23

(= O s

e | w0 B - ¥ & (B8] 1 Py ol v O > 5 |35 Debug | &’ Java
m testDriver.java ‘ [3) Dlistjava 52 _ = ) (69= Variables 53 . L+ B Y < 0|
Lotk e /| - — &
rear.prev = front; & Name Value -

size = @; [ - - - i ®

IS 1Ist<An e d=
} @ th DList<AnyType> (id=26) ‘
a front DListSDNode (id=28) 1
public void add(AnyType elem) { a elem null ‘
— A next DListSDNode (id=36) ‘
DNode toAdd = new DNode(elem, rear.prev, rear); | |
| A prev null
rear.prev.next = toAdd; |= o 5 = |
rear.prev = toAdd; I & thisS0 DList<AnyType> (id=26) ‘
++size; L= A rear DListSDNode (id=30) ‘
i a elem null ‘
. . : 8 a next null ‘
public void add(int index, AnyType elem) throws IndexOutOfBc a prev DListSDNode (id=36) ‘
F - - =g

49 if ( index < @ || index > size ) throw new IndexOutOfBol a thiss0 DList<AnyType> (id=26) ‘
50 A size 1 |
51 DNode successor; O elem Integer (id=31) ‘
52 if ( index == size ) { & value 0 ‘
24 } SN © toAdd DListSDNode (id=36) ‘
55 else { a elem Integer (id=31) ‘
56 successor = front.next; g value 0 :
57 int i = @; a next DListSDNode (id=30) ‘
58 while ( i < index ) { A prev DListSDNode (id=28) ‘
59 successor = successor.next; o thiss0 DList<AnyType> (id=26) ‘
60 ++i; il dil
S ¢ [ - 1 J 3 < | 1 | » ‘
35 Debug £ % 0> |32 ¢eF || e =0

-y L'Fa -] a

CS@VT
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I Checking the List Structure

(9= Variables &3
Name
@ this
& front
& elem
A next
A prev
& this$0
A& rear
a elem
A next
A prev
& this$0
A size
O elem
g value
O toAdd
A elem
g value
A next
A prev
a thisSO

Well, that looks OK.

CS@VT

o8

Value

DList< AnyType> (id=26)
DListSDNode (id=28)
null

DListSDNode (id=36)
null

DList<AnyType> (id=26)
DListSDNode (id=30)
null

null

DListSDNode (id=36)
DList<AnyType> (id=26)
1

Integer (id=31)

0

DListSDNode (id=36)
Integer (id=31)

0

DListSDNode (id=30)
DListSDNode (id=28)
DList<AnyType> (id=26)

26: list

Debugging 24

28: list.front

30: list.rear

28

e )

front.elem e

front.next —

front.prev e

T

=

-

® rear.elem

® rear.next

rear.prev -

31

36: toAdd

[ toAdd.elem

|- toAdd.prev

\- J

Data Structures & Algorithms
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( toAdd.next
\ J
1
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I Resetting Breakpoints and Resuming

Debugging 25

OK, we've confirmed that the first data node is inserted properly; now we can remove the
breakpoint at the for loop, and set one at the call to the removeFirstOccurrenceOf()
method, armlick Resume to continue execution:

i8] Debug - DLf/src/testDriverjava - Eclipse = | &
| Eile Edit urce Refactor Navigate Search Project n Window Help
m B & $-0-Q- SN  POAvEN  g~d-vbra- 9 (35 Debug | &' Java
[J) testDriverfava 52 . [J) DListjava = O |[69= Variables 52 gy =0
o 1| &
e 8C pdblic static void main(String[] args) { - Name lue » B
- B - - rs
10 Filewriter log; rargs ring[0] (id=16)
11 ry { O log ileWriter (id=17)
12 log = new FileWriter("Log.txt"); N N o list List<AnyType> (id=26)
13 Qi 0
14 DList<Integer> list = new DList<Integer>();
(15
116 for (int i = @; i < 1@; i++) {
17 list.add(i);
1 }
19 list.display(log);
20 log.write("\n");
21 Lt
P22 list.removeFirstOccurrence0Of(5); /
23 list.display(log);
E 24 log.write("\n");
E 25
£ 26 list.add(5, 5);
27 list.display(log);
£28 log.write("\n");
§29
30 log.close(); 3
32 catch (IOException e) {
33 System.out.println("IOException: " + e.getMessage()). _ o
h |
<[ _m - r
%5 Debug 53 o E-E A =
0 Writable Smartlnsert | 16:1 R
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I After Resuming... the List is Constructed Debugging 26

Execution proceeds to the new breakpoint:

2

{@] Debug - DList/src/testDriverjava - Eclipse
| File Edit Source Refactor Navigate Search Project Run Windo

rS~ BlR ip~0"Q~ @S A~ PAvEN f-frobrar £ (35 Debug | &’ Java
[3) testDriver.java Kﬂm DList,java = |m| Iqq;ﬁy% ,-+ i 1 = R m |
. . PP —| (———— g
' public static void main(String[] args) { - | Name Value - B
Filewriter log; | o args String[0] (id=16)
try { )i ‘ > © log FileWriter (id=17)
log = new FileWriter("Log.txt"); [| o © list DList<AnyType> (id=26)
; . y | > a front DListSDNode (id=28)
DList<Integer> list = new DList<Integer>(); [ S raar DListSDNode (id=30)
| -
for (int i = @; i < 10; i++) { ' a size 10
list.add(i); !
} [
list.display(log); |
log.write("\n");
list.removeFirstOccurrence0f(5);
list.display(log);
log.write("\n");
list.add(5, 5);
list.display(log);
log.write("\n");
£ 30 log.close(); |8
31 |
32 catch (IOException e) {
£33 System.out.println("IOException: " + e.getMessage()). _ "
a h ]
& < | m ' | & mn | »
\‘#ﬁ Debug 52 & 1] 2 ] | I F! jﬁl WS E
0¢ % = @
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B Complete List Structure

09= Variables i3 wic it = I |
Name Value - 4
O args String[0] (id=16)
@ log FileWriter (id=17)
4 O list DList<AnyType> (id=26)
a a front DListSDNode (id=28)
A elem null
4 a next DListSDNode (id=36)
4 & elem Integer (id=31)
g value 0
4 a next DListSDNode (id=37)
4 A elem Integer (id=38)
g value 1 5:
4 a nedt DListSDNode (id=39)
4 & elem Integer (id=40)
g value 2
4 a next DListSDNode (id=41)
4 a elem Integer (id=42)
g value 3
4 & next DListSDNode (id=43)
4 A elem Integer (id=44)
h g value 4
. & next DListSDNode (id=45)
. A prev DListSDNode (id=41)
& thisS0  DList<AnyType> (id=26)
. & prev DListSDNode (id=39)
. & thisS0 DList<AnyType> (id=26)
A prev DListSDNode (id=37)
& thisS0 DList<AnyType> (id=26)
. A prev DListSDNode (id=36) - -
< ] »
CS@VT

26: list —> 28

——> 30
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—
—

b
—

36 —{ 0

—

37 — 1

oh h

> 0 ot

43

45

1

>

47

>

ce— — — —-
: >

|
53 —{ 9
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W Step Into removeFirstOccurrenceOf() Debugging 28

Use step-into and proceed to the while loop that will walk to the first occurrence of the
target value:

8 e ounsssngamptsoiies v SET

File Edit Source Refactor Navigate Search Project Run Window Help

3~ | -0 -Q ™S » & (B vl ol v XD O ow v [ | %5 Debug | 8}’ Java
| [J) testDriverjava | [J) DListjava > 2 = B | (9= Variables £3 s Y =0
‘ ] | A & = -
AnyType toReturn = target.elem; B Name Value -
target.next.prev = target.prev; . . : £
target.prev.next = target.next; 4 @ this DList<AnyType> (id=26)
--size; b a front DListSDNode (id=28)
return toReturn; > & rear DListSDNode (id=30)
} A size 10
public AnyType removeFirstOccurrenceOf(AnyType elem) { 4 ek inteoet Odeto]
g value 5
DNode current = front.next; 4 O current DListSDNode (id=36)
while ( current != rear ) { 4 & elem Integer (id=31)
if ( elem.equals(current.elem) ) { & value 0
AnyType toReturn = current.elem; > B et DListSDNode (id=37)
current.prev.next = current.next; [ = - Aot
return toReturn; H P & prev DListSDNode (id=28)
> af thisSO DList<AnyType> (id=26)
}
current = current.next;
return null; - -
P T ] » <[ 1t »
'35 Debug 3 % % 0> = ‘i)."?b_ﬁ?\;;l._'??ilv SaE =g

-
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M in removeFirstOccurrenceOf|() Debugging 29

Continue stepping until current reaches the node holding the target value:

| File Edit Source Refactor Navigate Search Project Run Window Help

F4 - | Wi -0O0~-Qr ™ PP o2 [ 1 Flow &l v & - &5 (35 Debug | &’ Java
[3) testDriverjava | [3) DList,java i X = B(69= Variables 52 & s B 75 O
‘ : ‘ {| &
120 AnyType toReturn = target.elem; - Name Value »
121 target.next.prev = target.prev; - . X I B
122 target.prev.next = target.next; B L DU <A Typer [Md=20) ‘
123 --size; a front DListSDNode (id=28)
124 return toReturn; A rear DListSDNode (id=30)
125 } A size 10
public AnyType removeFirstOccurrenceOf(AnyType elem) { g it (RAr)
g value 5
DNode current = front.next; O current DListSDNode (id=45)
while ( current != rear ) { ‘ A elem Integer (id=46)
if ( elem.equals(current.elem) ) { g value 5
AnyType toReturn = current.elem; 1 PR DListSDNode (id=47)
current.prev.next = current.next; [2 . -
return toReturn; [T A prev DListSDNede (id=43)
} ;F thisS0 DList<AnyType> (id=26)
current = current.next;
return null; - ‘ -

< | 1] » < | ] | »
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I At End of removeFirstOccurrenceOf()

De

bugging 30

Continue stepping through the if statement and examine the list structure right before the
return is executed:

8 DDt Do tepe

e

File Edit Source Refactor Navigate Search Project Run Window Help
[~ @ %~ 0-Q~- @S F~ P I AREIRARR ER 5 (35 Debug | &’ Java

[J) testDriverjava | [J) Dlistjava &2 = O |[e9= Variables £2 5@ ¥ < 0)

[ > 1 1 &
12e AnyType toReturn = target.elem; - Name Value a2 Jalliis
121 target.next.prev = target.prev; 3 m i L-
122 target.prev.next = target.next; & this DList<AnyType> (id=26)

Ml 123 --size; a front DListSDNede (id=28)
124 return toReturn; A elem null
125 } a next DListSDNode (id=36)
public AnyType removeFirstOccurrenceOf(AnyType elem) { i gem integecideat)
o value 0
DNode current = front.next; A next DListSDNode (id=37) |2
while ( current != rear ) { a elem Integer (id=38) T
if (Ael-e;m.eq:a:s'(:current.elem‘): )1{ g value 1
nyType toReturn = current.elem; = ==
current.prev.next = current.next; A& et DL'“SDNAOde Lt
return toReturn; a elem Integer (id=40)
_ J value 2
113 current = current.next; A next DListSDNode (id=41)
113 } a elem Integer (id=42)

113 return null; 3
b0 } g value 3

140 a next DListSDNcde (id=43)
141¢ public int size() { a elem Integer (id=44)

142 return this.size; g value 4

l; } A nedt DListSDNode (id=47)

145= public boolean isEmpty() { e Megeric )

146 g value 6

147 return ( front.next == rear ); 2 a next DListSDNede (id=49)

148 } T A elem Integer (id=50)

“Z 14 id c1 & value 7

el | & nex DListSDNode (id=51)

152 front.next = rear; A prev DListSDNode (id=47)

153 rear.prev = front; & thisso DList<AnyType> (id=26)
| 154 } - A prev DListSDNode (id=45) i =
] < [ [T « T n— . »
‘i‘s,nebugsz' _ % 0> = e[ || e~ 0O
BRE B e &

CS@VT

Data Structures & Algorithms
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W List Details

Does the list structure seem to be OK?

()= Variables 53

% |

Name
4 @ this
4 a front
& elem
4 & next
4 a elem
g value
4 A& next
4 a elem
g value
4 a nexd
4 a elem
g value
4 & next
4 a elem
g value
4 & next
4 a elem
g value
4 & next
4 a elem
g value
- & next
A prev
& thisS0
> A& prev
. & thisS0
, A prev

CS@VT

Value

DList<AnyType> (id=26)
DListSDNode (id=28)
null

DListSDNode (id=36)
Integer (id=31)

0

DListSDNode (id=37)
Integer (id=38)

1

DListSDNode (id=39)
Integer (id=40)

2

DListSDNode (id=41)
Integer (id=42)

3

DListSDNode (id=43)
Integer (id=44)

4

DListSDNode (id=47)
Integer (id=48)

6

DListSDNode (id=49)
DListSDNode (id=45)
DList<AnyType> (id=26)
DListSDNode (id=41)
DList<AnyType> (id=26)
DListSDNode (id=39)

26: list —> 28

—
- A

m

—> 30
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I Buggered List Structure (more detail) Debugging 32

A careful examination indicates that something odd has happened:

4 A next DListSDNode (id=43)
4 & elem Integer (id=44)
g value 4
4 & ned DListSDNode (id=47) W
4 a elem Integer (id=48) »OK
g value 6 _
. a next DListSDNode (id=49) .
4 a prev DListSDNode (id=45) ] . 5
4 a elem Integer (id=46) »77 N 4 _>‘
g value S ) . T
A next DListSDNode (id=47) \
43 —| 4
. v |
Apparently the removal method did not correctly reset 47 —{ 6
the prev pointer in the node after the node that was
removed from the list. l T

We should check that...
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. Another Error

A careful examination also reveals another bug

(9= Variables &3 s 5 Y T 0
Name Value -
O args String[0] (id=16)
O log FileWriter (id=18)
a O list DList<AnyType> (id=22)
a front DListSDNode (id=28)
A rear DListSDNode (id=30)
& size 10

CS@VT Data Structures & Algorithms
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I A Look at the Code

. - g — = H
It should be obvious that two D tetbiveriove NS
. . 125 } -
statements are missing from the | 1
. f127¢ public AnyType removeFirstOccurrenceOf(AnyType elem) {
given code s
E 129 DNode current = front.next;
E (130 while ( current != rear ) {
f 1131 if ( elem.equals(current.elem) ) {
£ 132 AnyType toReturn = current.elem;
f 133 current.prev.next = current.next;
134 | return toReturn;
i 135 }
L 136 current = current.next;
£ 1137 } -
f 138 return null; M
£ 139 }
141 _nuhlirc int cizal) ¥
L m |

Debugging 34

J) testDriver.java [J) DListjava &2 -0
126 ) A

1276 public AnyType removeFirstOccurrenceOf(AnyType elem) {

f 128

E 129 DNode current = front.next;

L 130 while ( current != rear ) {

f 131 if ( elem.equals(current.elem) ) {

132 AnyType toReturn = current.elem;

f 1133 current.prev.next = current.next;

L 134 current.next.prev = current.prev;

f 135 --size;

E 136 return toReturn;

L 137 }

é_ 38 current = current.next; =

139 }

E 140 return null;

a1 } 4
B | mn - »

CS@VT
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I Testing Again Debugging 35

| D:\JavaDevelopment\DList\Log.tx

Let's execute the modified program:

File Edit Search View Encodi

cHHEHB 3| &
ﬁJLog.bdl
1 b: 0
.. . display of
. initial list
5: 5
6: 6
o 5

display of
list after
deleting 5

0 <) o U = W N O
W 0 <) O = W N = O

0: 0
1: 1
| = s display of
Now, the ¥1st contents seem to be correct... so, more . < list after
testing is in order... .. - reinserting 5
o o

Normal text file length:177 lines:

CS@VT Data Structures & Algorithms ©2012 McQuain



M Method Breakpoints Debugging 36

method breakpoint halt when execution enters and/or exits a selected method
To set one, just double-click in the editor margin next to the method header:

J) testDriver.java J) DListjava 22 = 0

-~

(4 public void add(AnyType elem) {

41 DNode toAdd = new DNode(elem, rear.prev, rear);
42 rear.prev.next = toAdd;

43 rear.prev = toAdd;

44 ++size;

47 nuhlic void addfint index. AnvTuvne elem) throws TndexOutOFfRe
< i )

By default, this causes a break when execution enters the method...
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B Breakpoint View

Go to Window/Show View and open the Breakpoint View.

Debugging

You can right-click on a selected breakpoint to alter its properties:

= Copy

9@ Breakpoints £2 ()= Variables = 0
X S&w \\ [+ = 2 J.:;‘ | Se

/| @ testDriver [line: 22] - main(String(]) /Q.

] @ DList [entry and exit] - add(AnyType) '

0?1

v

v

"] Hit count: @ Suspend thread () Suspend VM [V|Entry [V]Exi 1 O

7] Conditional @) Suspend when 'true’ Suspend when value changes x

®

@

(]

°

~9

CS@VT Data Structures & Algorithms

Go to File

Suspend VM
Hit Count...
Exit

Entry

Enable
Disable
Remove
Remove All
Select All Ctrl+A
Ctrl+C

Paste Ctri+V

Import Breakpoints...
Export Breakpoints...
Breakpoint Properties...

©2012 McQuain
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B Breakpoint View Toolbar Debugging 38
XKERAR | BEG| |
1 23 45 67 8 9

remove selected breakpoints
remove all breakpoints

show breakpoints

go to file for breakpoint

skip all breakpoints

expand all (details)

collapse all (details)

link with the Debug View

set a Java exception breakpoint

QCoO~NOOOA A WN-=-
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I Exception Breakpoints Debugging 39

e —— h
E.J Add Java Exception Breakpoint Llﬂlé]

Choose an exception (? = any character, * = any string) v

Exception’

Matching items:

C} AccessControlException - java.security
C) AccessException

oFf AccessorException

AccountException
AccountExpiredException
AccountlLockedException
AccountNotFoundException
AcINotFoundException
ActionNotSupportedException
ActivateFailedException
ActivationException
ActivationSystemException -

(o oJoRoJoRoRORORO)

[ Suspend on caught exceptions

[¥] Suspend on uncaught exceptions

: 1 java.security - [jre6)

@ [ oK ] [ Cancel ]
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