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REASONING ABOUT
CODE

 Two purposes

* Prove our code is correct
» Understand why code is correct

 Forward reasoning: determine what follows from initial
conditions

« Backward reasoning: determine sufficient conditions to
obtain a certain result



FORWARD
REASONING

// {x >= 0, y >= 0}
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// {x >= 0, y = 16}
X=X +y

//

x = sqrt(x)

//
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FORWARD
REASONING

// {x >= 0, y >= 0}

y = 16;

// {x >= 0, y = 16}

X=X +y

// {x >= 16, y = 16}
x = sqgrt(x)

// {x >= 4, y = 16}

y=y X

//



FORWARD
REASONING

// {x >= 0, y >= 0}
y = 16;

// {x >= 0, y = 16}
X=X +y

// {x >= 16, y = 16}
x = sqrt(x)

// {x >= 4, y = 16}
Y=Y - X

// {x >= 4, y <= 12}



FORWARD
REASONING

// {true}
if (x>0) {
//

abs = x
//
}

else {

//
abs = -x

//

//
//



FORWARD
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// {true}

if (x>0) {
// {x > 0}
abs = x
//

}

else {
// {x <= 0}
abs = -x
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//



FORWARD
REASONING

// {true}
if (x>0) {
// {x > 0}
abs = x
// {x > 0, abs = x}
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else {
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//



FORWARD
REASONING

// {true}
if (x>0) {
// {x > 0}
abs = x
// {x > 0, abs = x}
}
else {
// {x <= 0}
abs = -x
// {x <= 0, abs = -x}
}
// {x >0, abs = x OR x <= 0, abs = -x}
//



FORWARD
REASONING

// {true}
if (x>0) {
// {x > 0}
abs = x
// {x > 0, abs = x}
}
else {
// {x <= 0}
abs = -x
// {x <= 0, abs = -x}
}
// {x >0, abs = x OR x <= 0, abs = -x}
// {abs = |x|}



BACKWARD
REASONING

//
a=x+ b;
//
c =2b - 4
//
X =a + c

// {x > 0}



BACKWARD
REASONING

//

a=x+Db;

//

c =2b - 4
// {a + ¢ > 0}
X =a+c

// {x > 0}



BACKWARD

REASONING
//

a =x + b;

// {a + 2b - 4 > 0}
c =2b - 4

// {a + ¢ > 0}
X =a + c

// {x > 0}



BACKWARD
REASONING

// {x + 3b - 4 > 0}
a=x+Db;

// {a + 2b - 4 > 0}
c =2b - 4

// {a + ¢ > 0}

X =a+c

// {x > 0}



IMPLICATION

e Hoare triples are just an extension of
logical implication
o Hoare triple: {P} S {Q}
o P — Q after statement S

o B B R

m 4 n -



IMPLICATION

e Hoare triples are just an extension of
logical implication
o Hoare triple: {P} S {Q}
o P — Q after statement S

e Everything implies true

e False implies everything

o B B R

m 4 n -

- 4 m -



WEAKER VS.
STRONGER

o IfP1— P2, then
o P1 is stronger than P2
o P2 is weaker than P1

e Weaker statements are more general, stronger
statements say more

e Stronger statements are more restrictive
o Ex:x=16is strongerthan x>0
o Ex: “Alex is an awesome TA" is stronger than “Alex is a
TA”



VERSION CONTROL



WHAT IS VERSION
CONTROL?

e Also known as source control/revision control

e System for tracking changes to code
o Software for developing software

e Essential for managing projects

o See a history of changes
o Revert back to an older version
o Merge changes from multiple sources

e \We'll be talking about Subversion, but there are

alternatives

o Git, Mercurial, CVS
o Email, Dropbox, USB sticks



VERSION CONTROL
ORGANIZATION

e A repository stores the
master copy of the project

o Someone creates the repo for a new
project

o Then nobody touches this copy directly

o Lives on a server everyone can access

e Each person checks out her
own working copy

o Makes a local copy of the repo

o You'll always work off of this copy

o The version control system syncs the
repo and working copy (with your help)
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REPOSITORY

e Can create the repository anywhere
o Can be on the same computer that you're going to
work on, which might be ok for a personal project
where you just want rollback protection

e But, usually you want the repository to be robust:
o On a computer that’s up and running 24/7
m Everyone always has access to the project

o On a computer that has a redundant file system
m No more worries about that hard disk crash
wiping away your project!

e WEe'll use attu! (attu.cs.washington.edu)



VERSION CONTROL
COMMON ACTIONS

Most common commands:

e Commit/ checkin

o integrate changes from your working
copy into the repository

e Update
o integrate changes into your working
copy from the repository
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VERSION CONTROL

COMMON ACTIONS (CONT.)

More common commands:
e Add, delete

o add or delete a file in the repository
o just putting a new file in your working
copy does not add it to the repo!

e Revert
o wipe out your local changes to a file

e Resolve, diff, merge

o handle a conflict — two users editing the
same code
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VERSION CONTROL
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THIS QUARTER

 We distribute starter code by adding it to your
repo

 You will code in Eclipse

 You turn in your files by adding them to the repo
and committing your changes

* You will validate your homework by SSHing onto
attu and running an Ant build file

More on this next section!



ECLIPSE



WHAT IS ECLIPSE?

e |[ntegrated development environment (IDE)

e Allows for software development from start to
finish
o Type code with syntax highlighting, warnings, etc.

o Run code straight through or with breakpoints (debug)
o Break code

e Mainly used for Java
o Supports C, C++, JavaScript, PHP, Python, Ruby, etc.

e Alternatives
o NetBeans, Visual Studio, IntelliJIDEA



ECLIPSE SHORTCUTS

Ctrl + D

Alt + Shift + R
Ctrl + Shift + O
Ctrl +/

Ctrl + Shift + F

Delete an entire line
Refactor (rename)
Clean up imports
Toggle comment

Make my code look nice ©



ECLIPSE DEBUGGING

e System.out.printin() works for debugging...
o |t's quick
o |t's dirty
o Everyone knows how to do it
e ...but there are drawbacks
o What if I'm printing something that's null?
o What if | want to look at something that can't
easily be printed (e.g., what does my binary
search tree look like now)?

e Eclipse’s debugger is powertful...if you know
how to use it




ECLIPSE DEBUGGING

FOE S IEN==N O <R A RV R ST N=Rr el S5-c] I ST
Tl vl v¥o O v v| » Quick Access B | &) Java iﬁ SVN Repository Exploring ¢® PyDev - % & (%
%5 Debug 52 ‘ = ’ ¢ ~ = 08 ()= Variables 2 ©g Breakpoints &7 Expressions k3 Y= 08
= DelegatingMethodAccessorlmpl.invoke(Object, Object[]) lir » Name Value
= Method.invoke(Object, Object...) line: not available o this RatPolyStackTest (id=33)
= FrameworkMethodS1.runReflectiveCall() line: 45
= FrameworkMethodS1(ReflectiveCallable).run() line: 15 F
= FrameworkMethod.invokeExplosively(Object, Object...) line:
= InvokeMethod.evaluate() line: 20 =
= BlockJUnit4ClassRunner(ParentRunner<T>).runLeaf(Statem
= BlockJUnit4ClassRunner.runChild(FrameworkMethod, Runh—
= BlockJUnit4ClassRunner.runChild(Object, RunNotifier) line:
= ParentRunnerS$3.run() line: 231
= ParentRunnerS$l.schedule(Runnable) line: 60 1 Ll 4
= BlockJUnit4ClassRunner(ParentRunner<T>).runChildren(Ru T
| = parPnfRunneNT).ar(P«(ﬂﬂﬂ(PlaanfRnnnPr RunNatifier) li ~ i
< 1 » < N
m RatPolyStackTest.java &3 = 08 5= Qutline 52 = B8
/;///////////////////////////////////////////////////////l///////////////////////‘ @ E]&\s (2] \sl‘ ~
/ Duplicate .
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, @ testClear() : void -
e @ testCtor(): void
@Test @ testDifferentiate() : v
public void testDupWithOneval() { @ testDivMultiElems() :
Ratgo;yStack stkl = stack("3"); o testDivTwoElems() :
:zser.‘tlsjggzlils(stkl, "33"); (4 @ testDupWithMultVal —
stkl = stack("123"); @ testDupWithOneVal(
stkl.dup(); © testDupWithTwoVal(
assertStackTslstk1. "1123"): A tecHlntearatal «nid =




ECLIPSE DEBUGGING

CIIEs SR @ eSRINIF-O-A-ido v PO E T
Jlw &l w5 (O v| -* Quick Access i | &7 Java 35 Debug | (s SVN Repository Exploring ¢ PyDev - & (%
%5 Debug 52 \ ¢ 7 = B  9=Variables 52 9g Breakpoints | & k3 Y= 08
= DelegatingMethodAccessorlmpl.invoke(Object, Object[]) lir » Name Value
E Method.invoke(Object, Object...). line: not.available o this RatPolyStackTest (id=33)
= FrameworkMethodS1.runReflectiveCall() line: 45
= FrameworkMethodS1(ReflectiveCallable).run() line: 15 r
= FrameworkMethod.invokeExplosively(Object, Object...) line:
= InvokeMethod.evaluate() line: 20 =
= BlockJUnit4ClassRunner(ParentRunner<T>).runLeaf(Statem
= BlockJUnit4ClassRunner.runChild(FrameworkMethod, Runh—
= BlockJUnit4ClassRunner.runChild(Object, RunNotifier) line:
= ParentRunnerS$3.run() line: 231
= ParentRunnerS$l.schedule(Runnable) line: 60 S n 2
= BlockJUnit4ClassRunner(ParentRunner<T>).runChildren(Ru m
= ParentRunner<T>.access$000(ParentRunner RunNatifier) li ~ i
< | mn » < »
[J] RatPolyStackTest.java 52 = 08 5= Qutline 52 = B8
2/ . . d 4
3 Double click in the grey area to the left of your code to set a ,
> {| breakpoint. A breakpoint is a line that the Java VM will stop at N
. | during normal execution of your program, and wait for action from ps0:
- ultVal
59
you. heval(
STRTTOapTTS ——=co=prrvoVal(

assertStackTs(stkl. "1123"): o tectlntanratell - onid =



ECLIPSE DEBUGGING

CIE NS mersminplrora-i®c v ey @
YR AT SRR v | . . ‘ — . - epository Exploring ¢® PyDev - o &5 (%
— Click the Bug icon to run in Debug . R
ebug 3 . " Expre . = =
DeiegatingMethoaa MOde. Otherwise your program

= Value
= penodinore 999 won't stop at your breakpoints. RatPolyStackTest (id=33)
= FrameworkMethod$]
= FrameworkMethodS1(ReflectiveCallable).run() line: 15 i
= FrameworkMethod.invokeExplosively(Object, Object...) line:
= InvokeMethod.evaluate() line: 20 =
= BlockJUnit4ClassRunner(ParentRunner<T>).runLeaf(Statem
= BlockJUnit4ClassRunner.runChild(FrameworkMethod, Runh—
= BlockJUnit4ClassRunner.runChild(Object, RunNotifier) line:
= ParentRunnerS$3.run() line: 231 ‘
= ParentRunnerS$l.schedule(Runnable) line: 60 S n 4
= BlockJUnit4ClassRunner(ParentRunner<T>).runChildren(Ru m
| = ParentRunner<T>.access$000(ParentRunner RunNatifier) li ~ sia
< 1 ‘ » < »
[J] RatPolyStackTest.java i3 = 08 5= Qutline 52 = B8
' @ testClear() : void -
@ testCtor(): void
@Test @ testDifferentiate() : .
public void testDupWithOneval() { @ testDivMultiElems() :
R:Eio;yStack stkl = stack("3"); @ testDivTwoElems() :
:sser.‘t;ggt):lils(stkl, "33"); L4 © testDupWithMultVal —
stkl = stack("123"); @ testDupWithOneVal(
stkl.dup(); © testDupWithTwoVal(
assertStackTslstk1. "1123"): o tectlntenratal nid =




ECLIPSE DEBUGGING

stkl.dup();
assertStackTslstk1. "1123"):

testDupWithTwoVal(

tactintanratall  vinid =

FIRIEE o e s BINis-0-A- B v PO E [
[ [ v | -» ‘ol Accece : N J . A
ARATRASES | oo | BI&= controlling your program s
PRI | =]% 5 wvisl \while debugging is done with | °©
= DelegatingMethodAccessorlmpl.invoke(Object, Object[]) lir » Name
= Method.invoke(Object, Object...) line: not available ° 4 these buttons 3)
= FrameworkMethodS1.runReflectiveCall() line: 45
= FrameworkMethodS1(ReflectiveCallable).run() line: 15 i
= FrameworkMethod.invokeExplosively(Object, Object...) line:
= InvokeMethod.evaluate() line: 20 =
= BlockJUnit4ClassRunner(ParentRunner<T>).runLeaf(Statem
= BlockJUnit4ClassRunner.runChild(FrameworkMethod, Runh—
= BlockJUnit4ClassRunner.runChild(Object, RunNotifier) line:
= ParentRunnerS$3.run() line: 231
= ParentRunnerS$l.schedule(Runnable) line: 60 1 L 4
= BlockJUnit4ClassRunner(ParentRunner<T>).runChildren(Ru m
| = parPnfRunneNT).ar(ﬁ«ﬁﬂﬂﬂ(l’arsnlemner RunNatifier) li ~ sia
< 1 ‘ » < N
[J] RatPolyStackTest.java i3 = O 5= Qutline 52 = 8
// @ testClear() : void -
@ testCtor(): void
@Test @ testDifferentiate() : .
public void testDupWithOneval() { @ testDivMultiElems() :
R:Ezozysf?‘:k stkl = stack("3"); @ testDivTwoElems() :
s .du ; — .
assertsgaclils(stkl, "33"); L4 e testDupW!thMultVaI 1
stkl = stack("123"); @ testDupWithOneVal(
(]




ECLIPSE DEBUGGING

e ofr_s] Ineesmingroraree v 9@y @

v v &l w ko (O v v| ~ Quick Access E“f|3§’]av

Play, pause, stop work just =

%5 Debug 37 el T B el jike you’d expect - -
= DelegatingMethodAccessorlmpl.invoke(Object, Object[]) lir » Name
f Method.invoke(Object, Object...) line: not available o this RatPolyStackTest (id=33)
= FrameworkMethodS1.runReflectiveCall() line: 45
= FrameworkMethodS1(ReflectiveCallable).run() line: 15 i
= FrameworkMethod.invokeExplosively(Object, Object...) line:
= InvokeMethod.evaluate() line: 20 =
= BlockJUnit4ClassRunner(ParentRunner<T>).runLeaf(Statem
= BlockJUnit4ClassRunner.runChild(FrameworkMethod, Runh—
= BlockJUnit4ClassRunner.runChild(Object, RunNotifier) line:
= ParentRunnerS$3.run() line: 231
= ParentRunnerS$l.schedule(Runnable) line: 60 1 L 4
= BlockJUnit4ClassRunner(ParentRunner<T>).runChildren(Ru m
| = parPnfRunneNT).ar(ﬁ«ﬁﬂﬂﬂ(l’arsnlemner RunNatifier) li ~ sia
< 1 ‘ » < N
[J] RatPolyStackTest.java i3 = O 5= Qutline 52 = 8
/': /"‘ / /': / /"é / /"‘/]‘i /:" / /"‘;': /'/ / /'/ / /"‘ / /"‘ / /" /"' / /"‘ / /"‘ / /"‘ / /'/ / /'/ / /"‘ / /"‘ / /" /"' / /"‘ / /"‘ / /"‘ / /'/ / /"‘ / /"‘ / /"‘ / /”I”’ / /"‘ / /"‘ / /"‘ / /'/ / /"‘ / /"‘ / /"‘ /"‘ / /"' / /"‘ / /"‘ / /'{ - @ E] & E\s (2] \si‘ =
,,,,,,,,,,, UP 1ca e @ testClear() : void -~
o testCtor) : void
= (@Test @ testDifferentiate() : .
public void testDupWithOneval() { @ testDivMultiElems() :
R:Ezozysf?‘:k stkl = stack("3"); @ testDivTwoElems() :
s .dup(); — . il
assertStackIs(stkl, "33"); L4 z :eigupx::l\oﬂue/all(
stkl = stack("123"); =220 P LS S
stkl.dup(); © testDupWithTwoVal(
assertStackTslstk1. "1123"): o tectlntenratal nid =




ECLIPSE DEBUGGING

%5 Debug

Method.invoke(Object, Object...) line: not available
FrameworkMethodS1.runReflectiveCall() line: 45
FrameworkMethodS1(ReflectiveCallable).run() line: 15
FrameworkMethod.invokeExplosively(Object, Object...) line:
InvokeMethod.evaluate() line: 20 =
BlockJUnit4ClassRunner(ParentRunner<T>).runLeaf(Statem
BlockJUnit4 ClassRunner.runChild(FrameworkMethod, Runh-
BlockJUnit4ClassRunner.runChild(Object, RunNotifier) line:
ParentRunnerS$3.run() line: 231
ParentRunnerS$l.schedule(Runnable) line: 60
BlockJUnitdClassRunner(ParentRunner<T>).runChildren(Ru
ParentRunner<T>.acces<$000(ParentRunner RunNatifier) li ~

(00 T0E 000 10000 000 000 00 00w e

I »

[J] RatPolyStackTestjava £3

@Test

public void testDupWithOneval() {
RatPolyStack stkl = stack("3");
stkl.dup();
assertStackIs(stkl, "33");
stkl = stack("123");
stkl.dup();
assertStackTs(stk1. "1123"):

o

5 =i AP REBINIBH-O-Qr@ v @@ E
vy ¥5 (O w v| ~ Quick Access rai ’ 3’5’ Javi Step |nt0
52 =@ Y= 8  ®=Varal
DelegatingMethodAccessorlmpl.invoke(Object, Object(]) lir » Name

Steps into the method at the |,
current execution point — if
possible. If not possible then
just proceeds to the next

execution point.

e
%

= O

If there’s multiple methods -

at the current execution
point step into the first one

to be executed.

b ®© © © © © @

=

testDifferentiate()
testDivMultiElems() :
testDivTwoElems() :
testDupWithMultVal
testDupWithOneVal(
testDupWithTwoVal(

tactintanratall  vinid =



ECLIPSE DEBUGGING

ST FINB-O- U @S v P @l
IL v v *\}:A -:\’}:n v v » Q ick Access 't =
ST | - | ©| step Over S
%5 Debug 52 = Y=8 ® = B
= DelegatingMethodAccessorlmpl.invoke(Object, Object[]) lir » N
= Method.invoke(Object, Object...) line: not available Steps over any methOd Ca”S at 3)
= FrameworkMethodS1.runReflectiveCall() line: 45 . .
= FrameworkMethodS1 (ReflectiveCallable).run() line: 15 the current execution point.
= FrameworkMethod.invokeExplosively(Object, Object...) line:
= InvokeMethod.evaluate() line: 20 =
= BlockJUnit4ClassRunner(ParentRunner<T>).runLeaf(Statem H
= BlockJUnit4ClassRunner.runChild(FrameworkMethod, RunhM Theoretlca”y program proceeds
f BlockJUnit4ClassRunner.runChild(Object, RunNotifier) line: Just to the next ||ne.
= ParentRunnerS3.run() line: 231
= ParentRunnerS$l.schedule(Runnable) line: 60 S 2
= BlockJUnit4ClassRunner(ParentRunner<T>).runChildren(Ru . T
= ParentRunner<T>.access$000(ParentRunner RunNotifier) i ~ BUT, If you have any i
< 1 ) < )
breakpoints set that would be
[J] RatPolyStackTestjava £3 on g = O
— hit in the method(s) you o
- P i A
.| stepped over, execution will |-
1550  @Test stop at those points instead. 0

public void testDupWithOneval() {
RatPolyStack stkl = stack("3");

8 stkl.dup();

159 assertStackIs(stkl, "33");

160 stkl = stack("123");

161 stkl.dup();

1R2 assertStackTs(stk1. "1123"):

TESTOTVIVIOTOCTET ISO :
testDivTwoElems() :
testDupWithMultVal
testDupWithOneVal(
testDupWithTwoVal(

tactintanratal « vinid I =

) © @ ©@ © ¢



ECLIPSE DEBUGGING

Quick Access

DelegatingMethodAccessorlmpl.invoke(Object, Object(]) lir »
Method.invoke(Object, Object...) line: not available
FrameworkMethodS1.runReflectiveCall() line: 45
FrameworkMethodS1(ReflectiveCallable).run() line: 15
FrameworkMethod.invokeExplosively(Object, Object...) line:
InvokeMethod.evaluate() line: 20 =
BlockJUnit4ClassRunner(ParentRunner<T>).runLeaf(Statem
BlockJUnit4 ClassRunner.runChild(FrameworkMethod, Runh
BlockJUnit4ClassRunner.runChild(Object, RunNotifier) line:
ParentRunnerS3.run() line: 231
ParentRunnerS$l.schedule(Runnable) line: 60
BlockJUnitdClassRunner(ParentRunner<T>).runChildren(Ru
ParentRunner<T>.acces<$000(ParentRunner RunNatifier) li ~

¢ ~ = 0O

I »

[J] RatPolyStackTest.java 52

@Test

public void testDupWithOneval() {
RatPolyStack stkl = stack("3");
stkl.dup();
assertStackIs(stkl, "33");
stkl = stack("123");
stkl.dup();

assertStackTslstkl. "1123"):

-~

you may hit a breakpoint in the
remainder of the method, and
then you’ll stop at that point.

PRS- Nr=R i a1 S R

Step Out >
Allows method to finish and )
brings you up to the point

where that method was called.
Useful if you accidentally step

into Java internals (more on

how to avoid this next). |
Just like with step over though j

0:
ns() :

s():

©

) @ @

tactintanratall - i in

testDupWithMultVal
testDupWithOneVal(
testDupWithTwoVal(

i



ECLIPSE DEBUGGING

CisE ST SR B RS RE S = -
Bl vilvko e o] S e e Enable/disable step filters

X ()= Varial
Step Filtering vame | THere’s a lot of code you don’t

enera ° % want to enter when debugging,

Step filters are applied when the 'Use Step Filters' toggle is activated.

testDupWithTwoVal(

tactintanratall  vinid =

> Ant >
» Code Recommenders l"'se Slep Fl?ters . .
. Help Defined step fters: internals of Java, internals of
> Install/Update [] £ com.ibm.* Add Filter... .
[] £ com.sun.* J U N It etC.
. Appearance E & javar Add Class... ’
> Build Path ] 8 javax Add Packa
. ges...
> Eode ?Ityle [ B}jrockit."
> Compiler P Remove .
t.
S ~| You can skip these by
Detail Fornilatters B Esun'.* ' Select All 4 . . .
Heap Walking —mil configuring step filters.
Logical Structures o ' Deselect All
Primitive Display Of java.lang.ClassLoader
[t Fiterng] ’
. Editor . .
 Installed REs Checked items are skipped.
JUnit
Properties Files Editor [/ /I; LI111101111001010111 1T - ¢ [ & ‘Qs @ ‘@1‘ ~
. m:r;e: DF?Iter synt.hétiAc‘mAethods (requires VM support) @ testClear() : void A~
Pusley [ Filter static initializers ® testCtorO . void
y [ Filter constructors
Run/Deb I 1 .y
T::m ebug I Fiter simple geters (=) testD!fferen.tlateo PV
- S testDivMultiElems() :
Validation [“] Filter simple setters (=] .
WindowBuilder [] Step through filters LN © tEStDNTWOElemSO :
[Restore Defaults] [ m— ( @ testDupWithMultVal —
@ testDupWithOneVal(
[°]
=9

[ OK ] Cancel




ECLIPSE DEBUGGING

Fiv s i @RS RINIB O™ P2 &
bl » A w ¥ Y w v » ick A cc : < | )
S A =] Quick Access & | & Jav >
— | (& Stack Trace
%5 Debug 52 | ¢ T = 8 | = Varil = B8
= DelegatingMethodAccessorlmpl.invoke(Object, Object(]) lir » Name
= Method.invoke(Object, Object..) line: not available - { Shows what methods have |,
= FrameworkMethodS1.runReflectiveCall() line: 45
= FrameworkMethodS1 (ReflectiveCallable).run( line: 15 been called to get you to
= FrameworkMethod.invokeExplosively(Object, Object...) line: .
= InvokeMethod.evaluate() line: 20 = Current pOInt Where program
= BlockJUnit4ClassRunner(ParentRunner<T>).runLeaf(Statem H
= BlockJUnit4ClassRunner.runChild(FrameworkMethod, Runh— IS Stopped'
= BlockJUnit4ClassRunner.runChild(Object, RunNotifier) line:
= ParentRunner$3.run() line: 231 . .
= ParentRunnerSl.schedule(Runnable) line: 60 d YOU can CIle on dlfferent 4
= BlockJUnit4ClassRunner(ParentRunner<T>).runChildren(Ru . i
= ParentRunner<T>.acce<<8000(ParentRunner RunNatifier) i ~ methOd na meS tO naVI ate sia
\
< 1] » < )
to that spot in the code
[J] RatPolyStackTestjava £3 q q = O
S T T T T T without losing your current | _
LA AT A AT A A B A A AT A A B A A A A A B B A A A A B A A A A B B B A A AT A A B B A A A A B A A A A A B A A A A A rrrri &
'/// Duplicate
spot. -
=  @Test @ testDifferentiate() :
public void testDupWithOneval() { @ testDivMultiElems() :
R:Eioiysf?‘:k stkl = stack("3"); @ testDivTwoElems() :
stkl.dup(); F : A
assertStackIs(stkl, "33"); B ] testDupW!thMultVal
stkl = stack("123"); @ testDupWithOneVal(
stkl.dup(); © testDupWithTwoVal(
assertStackTslstk1. "1123"): o tectlntenratal nid =




ECLIPSE DEBUGGING

re e i B m RS RIS O A I® S P @
Variables WindOW Al | & Java |35 Debug | @ SVN Repository Exploring ¢ PyDev - % &5 (%
= 8 ()= Variables 2 ©g Breakpoints = I
. . . ct[]) lir » Name Value
Shows all variables, including o this RatPolyStackTest (id=33)
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@Test @ testDifferentiate() : v
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R:Ezozysfi‘:k stkl = stack("3"); @ testDivTwoElems() :
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menu. = .E ()= Variables $2 ©g Breakpoints &7 Expressions

ct]) lir Name Value
. @ this RatTermTest (id=33)

° i ml ey — —_— .
Seg all references to a given o « 0 tEr i clect Al o
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assertStackIs(stkl, "33"); ;
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testDifferentiate() :
testDivMultiElems() :
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52 (@Test
public void testDupWithOneval() {
RatPolyStack stkl = stack("3");
stkl.dup(); —

) © © © © © © ©@ @

assertStackIs(stkl, "33"); L4 tEStDUPWfthM'-"tW' T
stkl = stack("123"); testDupWithOneVal(
stkl.dup(); testDupWithTwoVal(
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52 (@Test testDifferentiate() : v

public void testDupWithOneval() {
RatPolyStack stkl = stack("3");
stkl.dup(); —
assertStackIs(stkl, "33"); —=
stkl = stack("123");
stkl.dup();
assertStackTs(stk1. "1123"):

testDivMultiElems() :
testDivTwoElems() :
testDupWithMultVal —
testDupWithOneVal(
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tactintanratall  vinid =
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Conditional Breakpoints

Breakpoints can have
conditions. This means the
breakpoint will only be triggered
when a condition you supply is
true. This is very useful for
when your code only breaks on
some inputs!

Watch out though, it can make
your code debug very slowly,
especially if there’s an error in
your breakpoint.
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ct[]) lir »

e
) lines
btatem

, Runh—
r line:

ren(Ru
ifier) i ~

159 assertS'taékIs(stkl, "33");
160 stkl = stack("123");
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testDifferentiate() : +
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": 161 stkl.dup();

testDupWithTwoVal(
1R assertStackTs(stkl. "1123"):

tactintanratall  vinid =

...................................................................................................... @ testClear() : void -
e @ testCtor() : void

1558  @Test @ testDifferentiate() : \
156 public void testDupWithOneval() { @ testDivMultiElems() :
»157 R:EZO?SS* stkl = stack("3"); @ testDivTwoElems() :
158 stkl.dup(); -

59 assertStackIs(stkl, "33"); B @ testDupW!thMuItVal
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“translated” by libra ry code. f) line: "] Hit count: @ Suspend thread () Suspend VM
= parentR $1.schedule® ble) line: 60 V| Conditional @ Suspend when 'true' () Suspend when value changes
— Farenthunnerasl.schedulelhunnable) Ingl
= BlockJUnit4ClassRunner(ParentRunner<T>).runChildren(Ru [§<Choosea previously entered condition> R 4
= ParentRunner<T>.acce<<8000(ParentRunner RunNatifierl li ~
< | 1l ) X == 6 :
< »
[J] RatPolyStackTest.java i3
PO T / /E:/u”lll/c;;g JIIIIIIIIIII I 101000010100 00100101010010001 /l J1111111101010110101011011017 o = & kks ° bl‘ -
911771 @ testClear() : void -
@ testCtor() : void
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assertStackIs(stkl, "33"); |4 ] testDupW!thMuItVal—
stkl = stack("123"); © testDupWithOneVal(
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Expressions Window

Used to show the results of custom
expressions you provide, and can
change any time.

Not shown by default but highly
recommended.

l Window | Help

¥

New Window 8 " v OO
New Editor %5 Debug [ SVN Repository Exploring
Hide Toolbar
3 &d" Expressions §3
Open Perspective r _
Show View » | % Ant I
® . .
. @ Breakpoints Alt+Shift+Q, B
Save Perspective As... & Console SR
Reset Perspective... %‘; D.ebug
Close Perspective OJ’ T
Close All Perspectives ¥)| Emortog sl
64" Expressions
Navigation 182 Outline Alt+Shift+Q, O
Preferences ¥ Tasks
v B hashsZz | &= Variables Alt+Shift+Q, V *
13 £
Other... Alt+Shift+Q, Q
[ O="~" .1 o
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1 N P

Expressions Window

Used to show the results of custom
expressions you provide, and can
change any time.

Resolves variables, allows method
calls, even arbitrary statements
”2+2H

Beware method calls that mutate
program state — e.g. stkl.clear() or
in.nextLine() — these take effect
immediately

Hro-ar@e v w0

H=H ﬂ'

T2 ’ 3}’ Java %SVN Repository Exploring ¢® PyDev - % ,3" (%
= O 9= Variables ©g Breakpoints & Expressions §2 =
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Name Value ~ [3, 2, 1, null, nu
XY “this" (id=33)
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line: <& elementCount 3
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158 stkl.dup();
- 159 assertStackIs(stkl, "33");

160 stkl = stack("123");
161 stkl.dup();

assertStackTslstk1. "1123"):
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testCtor() : void
testDifferentiate() :
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testDivTwoElems() :
testDupWithMultVal
testDupWithOneVal(
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= ParentRunner$3.run() line: 231 > < elementData Object[10] (id=73)
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- e @R o W T
@ testClear() : void -
e @ testCtor(): void
= (@Test @ testDifferentiate() : v
public void testDupWithOneval() { @ testDivMultiElems() :
RatiozyStack stkl = stack("3"); @ testDivwoElems():
stkl.du H — -
assertsigt):lils(stkl, "33"); (4 @ testDupWithMultVal —
stkl = stack("123"); @ testDupWithOneVal(
stkl.dup(); © testDupWithTwoVal(
assertStackTs(stk1. "1123"): o tactintanratel - nid =
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e The debugger is awesome, but not perfect

O
O

Not well-suited for time-dependent code
Recursion can get messy

e Technically, we talked about a “breakpoint
debugger”

O

O

O

Allows you to stop execution and
examine variables

Useful for stepping through and
visualizing code

There are other approaches to
debugging that don't involve a debugger



