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Reasoning About Code

TwO purposes
o Prove our code is correct
o Understand why code is correct

Forward reasoning: determine what follows from
Inifial conditions

Backward reasoning: determine sufficient
conditions to obtain a certain result



Forward Reasoning

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

y = 16;
//

X =X +y
//

X = sqrt(x)
//
Y=Y~ X

//



Forward Reasoning

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

y = 16;

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

//

X = sqrt(x)

//

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)

//



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

//



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 Reasoning

// {true}

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

}

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

//

//
//



Forward Reasoning

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

abs

/] {x

}

else {

// {x

abs

/] {x

//
//

> 0}
X
> 0, abs

0}

0O, abs

x}

-x}



Forward Reasoning

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

abs =
/] {x
}

else {

// {x

abs =
// {x
}

// {x > 0, abs =

//

> 0}

X

> 0, abs
<= 0}

-X

<= 0, abs

x}

—X}

X OR x <= 0, abs

_x}



Forward Reasoning

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

abs

/] {x

}

else {

// {x

abs

/] {x

}

// {x > 0, abs
| x|}

// {abs

> 0}

X

> 0, abs
<= 0}

-X

<= 0, abs

x}

—X}

X OR x <= 0, abs



Backward Reasoning
//

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

// {x > 0}



Backward Reasoning
//

a=x+ b;

//

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

// {a + ¢ > 0}
X =a + ¢

// {x > 0}



Implication

* Hoare triples are just an

extension of logical implication
o Hoare triple: {P} S {Q}
o P — Q after statement S
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Implication

Hoare triples are just an

extension of logical implication
o Hoare triple: {P} S {Q}
o P — Q after statement S

Everything implies true
False implies everything
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Weaker vs. Stronger

If P1 — P2, then

o P1 is stronger than P2
o P2is weaker than P1

Weaker statements are more general, stronger
statements say more

Stronger statements are more restrictive
Ex:x = 16 Issfrongerthanx > 0

Ex: “Alex is an awesome TA” s sfronger than
“Alex i1s a TA”



Weakest Precondition

The most lenient assumptions such that @
postcondition will be satisfied

It P* is the weakest precondition for {P} S {Q}, then
P — P* for all P that make the Hoare triple valid

WP =wp(S, Q), which can be found using
backward reasoning
o Ex:wp(x=y+4, x>0) = y+4>0



What is Eclipse?

Integrated development environment (IDE)

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

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

Alternatives
o NetBeans, Visual Studio, IntelliJIDEA



Eclipse shortcuts

Ctrl + D Delete an entire line

Alt + Shift + R Refactor (rename)

Ctrl + Shift + O Clean up imports

Ctrl +/ Toggle comment

Ctrl + Shift + F Make my code look nice ©



Eclipse Debugging

System.out.printin() works for debugging...
o It's quick
o It's dirty
o Everyone knows how to do it

...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)?

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



Ech se Debug%mg

CIENTEs r;lénb EER N BrO-Lr @O P
LA AR - - uick Access ava Debu eposito orin ev :
ab | Fo Quick 4 _ &) g SVM Repository Exploring  ¢® PyDev e
ﬁDebug bt Ll=|g T = 08 ()= Variables 2 | ®g Breakpoints &7 Expressions £ F Y= 8

= DelegatingMethodAccessolmplinvoke(Object, Object(]] lir Mame Value

E Method.inveke(Object, Object..] line: not available & this RatPolyStackTest (id=33)

= FrameworkMethodS1.runReflectiveCall() line: 45

= FrameworkMethodS1{ReflectiveCallablel.run() line: 15 b

= FrameworkMethod invokeExplosively(Object, Object...) line:

= InvokeMethod.evaluate() line: 20 E

= Block/Unitd ClassRunner(ParentRunner< T=).runLeaf(Statem

= Block/UnitdClassRunner.runChild(FrameworkMethod, Runk'—

= BlocklUnitd ClassRunner.runChild{Object, RunNotifier) line:

= ParentRunner$3.run() line: 231

= ParentRunner$l.schedule(Runnable) line: 60 h il E

= Block/UnitdClassRunner{ParentRunner<T>}.runChildren(Ru i

= ParentRunner<T> arcess8000iParentRunner RunMotifiert i 7 =

4| 1n | 3 4 b

[J] RatPolyStackTest,java 52 = O D& Qutline 52 = B8

2 eE@R o 7

testDupWithOneVal(
testDupWithTwoVal(

tartlntanratall vnid | =

stkl = stack("123");
stkl.dup();
assertStackT=i=tk1. "1123"%:

@ testClear() : void -
@ testCtor() : void
@Test @ testDifferentiate() : v
public woid testDupWithOneVal() { @ testDivMultiElems() :
RatPolyStack stkl = stack("3"); © testDivTwoElems() :
stkl.dup(); - .
assertStackIs(stkl, "33"); L @  testDupWithMultVal —
@
@



Echpse Debugging

m e = 0w TRETE R FrOREE S
R A == - Quick Access ﬁ| a’ Java i&[}ebug \:ﬁS‘u‘N Repository Exploring ¢® PyDev - 2% = (%
ﬁDebug s | | g T = 8 ()= Variables 2 g Breakpoints | &7 £ F Y= 8
DelegatingMethodAccessorlmplinvoke(Object, Object(]) lir = Mame Value
Method.inveke(Object, Object..] line: not available & this RatPolyStackTest (id=33)

FrameworkMethodS1.runReflectiveCall() line: 45
FrameworkbMethod51{ReflectiveCallable).run() line: 15
FrameworkMethod.invokeExplosively(Object, Object...] line:
InvokeMethod.evaluate() line: 20 E
Block)Unitd ClassRunner(ParentRunner<T>).runLeaf(5tatem
Block/Unitd ClassRunner.runChild(FrameworkMethod, Runh'—
Block/Unitd ClassRunner.runChild(Object, RunMotifier) line:
ParentRunner$3.run() line 231

ParentRunner5l.schedule(Runnable) line: 60 h il E

Block/Unitd ClassRunner(ParentRunner=T>).runChildren(Ru i

| ParentRunner<T= . arcess8000(ParentRunner Runbntifier [ 7 =
4 m 3 4 b

[J] RatPolyStackTest,java 52 = O D& Qutline 52 = B8
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> /| Double click in the gray area to the left of your code to set a L
>~ | breakpoint. A breakpoint is a line that the Java VM will stop at n‘?D
during normal execution of your program, and wait for action from 0
- ultVa
;3 you heVal(
e e ===tV al||

7 assertStackT=i=tk1. "1123"%: o tactlntoaratal enid =
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Eclipse Debuggin

. . . epository Exploring ¢ PyDev - g* ;F-* Ak
Click the Bug icon to run in Debug -
ﬁDebug bt . " Expressions 2% B = d
DeiegatingMethoda MOde. Otherwise your program

== Value
= [ehedimersO®9 won’t stop at your breakpoints. RatPolyStackTest (id=33)
= FrameworkMethodS1{ReflectiveCallable).run() line: 15 b
= FrameworkMethod invokeExplosively(Object, Object...) line:
= InvokeMethod.evaluate() line: 20 E
= Block/Unitd ClassRunner(ParentRunner< T=).runLeaf(Statem
= Block/UnitdClassRunner.runChild(FrameworkMethod, Runk'—
= BlocklUnitd ClassRunner.runChild{Object, RunNotifier) line:
= ParentRunner$3.run() line: 231
= ParentRunner$l.schedule(Runnable) line: 60 h il E
= Block/UnitdClassRunner{ParentRunner<T>}.runChildren(Ru i
= ParentRunner<T> arcess8000iParentRunner RunMotifiert i 7 =
4| i | [ ] b
[J] RatPolyStackTest,java 52 = O D& Qutline 52 = B8
i e B[R e W T
@ testClear() : void -
@ testCtor() : void
@Test @ testDifferentiate() : v
public woid testDupWithOneVal() { @ testDivMultiElems() :
thiﬂ?ﬁtack stkl = stack("3"); @ testDivTwoElems{) : -
gsser;tgiir.):llls(stkl, "33"); L e tEStD'-'F'W?thM'-”WE' r
stkl = stack("123"); @ testDupWithOneVal(
stkl.dup(); @ testDupWithTwoVal
assertStackT=i=tk1. "1123"%: o tactlntoaratal enid =




e Debugging

. = N O
Ll > & w40 O - v| # Quick Access 5| & Jav

Controlling your program
%5 Debug 7 | ¢ T2 B  ®-Varial

while debugging is done
DelegatingMethodAccessorlmplinvoke(Object, Object(]) lir = Mame

Method.invoke(Object, Object...) line: not available o with these buttons )
FrameworkMethodS1.runReflectiveCall() line: 45
FrameworkbMethod51{ReflectiveCallable).run() line: 15
FrameworkMethod.invokeExplosively(Object, Object...] line:
InvokeMethod.evaluate() line: 20 E
Block)Unitd ClassRunner(ParentRunner<T>).runLeaf(5tatem
Block/Unitd ClassRunner.runChild(FrameworkMethod, Runh'—
Block/Unitd ClassRunner.runChild(Object, RunMotifier) line:
ParentRunner$3.run() line 231
ParentRunner5l.schedule(Runnable) line: 60

Block/Unitd ClassRunner(ParentRunner=T>).runChildren(Ru i

ParentRunner<T= . arcess8000(ParentRunner Runbntifier [ 7
4| 1n | 3 4 b

— OB
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[J] RatPolyStackTest,java 52 = O D& Qutline 52 = B8
- ve@uaxew -

assertstackIs(stkl, "33"); —
stkl = stack("123");

stkl.dup();

assertStacrkTs =tkl. "1123"):

testDupWithOneVal(
testDupWithTwoVal(

tartlntanratall vnid | =

@ testClear() : void -
@ testCtor() : void
@Test @ testDifferentiate() : v
public woid testDupWithOneVal() { @ testDivMultiElems() :
RatPolyStack stkl = stack("3"); @ testDivTwoElems() -
stkl.dup(); 3 o testDupWithMultVal —
@
@



pse Debugeing

C T TE R B
FERE T SR i Quick Access B | & Jav . F‘F.i (g
| = Play, pause, stop work just
%5 Debug 52 sleleomma vl ke you'd expect -
= DelegatingMethodAccessolmplinvoke(Object, Object(]] lir Mame
E Method.inveke(Object, Object..] line: not available & this RatPolyStackTest (id=33)
= FrameworkMethodS1.runReflectiveCall() line: 45
= FrameworkMethodS1{ReflectiveCallablel.run() line: 15
= FrameworkMethod invokeExplosively(Object, Object...) line:
= InvokeMethod.evaluate() line: 20 E
= Block/Unitd ClassRunner(ParentRunner< T=).runLeaf(Statem
= Block/UnitdClassRunner.runChild(FrameworkMethod, Runk'—
= BlocklUnitd ClassRunner.runChild{Object, RunNotifier) line:
= ParentRunner$3.run() line: 231
= ParentRunner$l.schedule(Runnable) line: 60 h il E
= Block/UnitdClassRunner{ParentRunner<T>}.runChildren(Ru i
= ParentRunner<T> . arcessS000(ParentRunner Runblotifier i ™ i
4| 1n | 3 4 b
[J] RatPolyStackTest,java 52 = O D& Qutline 52 = B8
: e B o % T

assertstackIs(stkl, "33"); —
stkl = stack("123");

stkl.dup();

assertStacrkTs =tkl. "1123"):

testDupWithOneVal(
testDupWithTwoVal(

tartlntanratall vnid | =

@ testClear() : void -
@ testCtor() : void
@Test @ testDifferentiate() : v
public woid testDupWithOneVal() { @ testDivMultiElems() :
RatPolyStack stkl = stack("3"); @ testDivTwoElems() -
stkl.dup(); 3 o testDupWithMultVal —
@
@



_Eclipse Debugging

assertstackIs(stkl, "33"); —
stkl = stack("123");

stkl.dup();

A7 assertStacrkTs =tkl. "1123"):

= e i = FrlresRiNiBr-O0-qri®
4} > o wED (O - v| # Quick Access ﬁ| %LJJE“" Step Into B
%5 Debug 52 |=|% = 8  ®:Varial = B
= DelegatingMethodAccessolmplinvoke(Object, Object(]] lir Mame .
= Method.invoke(Object, Object...) line: not available o Steps |nt0 the methOd at the E)
= FrameworkMethodS1.runReflectiveCall() line: 45 . . .
= FrameworkMethodS1 ReflectiveCallable).run() line: 15 current execution pomt —if
= FrameworkMethod invokeExplosively(Object, Object...) line: . .
= InvokeMethod.evaluate() line: 20 E pOSSIbIe' If nOt pOSSIbIe then
= Block/Unitd ClassRunner(ParentRunner< T=).runLeaf(Statem 1
= Block/UnitdClassRunner.runChild(FrameworkMethod, Runk'— JUSt proceeds to the neXt
= BlocklUnitd ClassRunner.runChild{Object, RunNotifier) line: execution p0|nt.
= ParentRunner$3.run() line: 231 )
= ParentRunner$l.schedule(Runnable) line: 60 h E
= Block/UnitdClassRunner{ParentRunner<T>}.runChildren(Ru ) . i
; = ParentRunner<T> arcess8000iParentRunner RunMotifiert i 7 If there S mUItlpIe methOdS i
4 m 3 r b
at the current execution
[J] RatPolyStackTest,java 52 . . . = O
e Vi point step into the firstone | _
51 ".I. JAIEEEEL A EE R R R R E iy iy ity i rr i fi it rivierry &\
52/ icat
2 /1] Buplicate to be executed. -
54
5oz @Test testDifferentiate() :
56 public woid testDupWithOneVal() { testDivMultiElerns()
?: RatF‘o;yS‘tack stkl = stack("3"); testDivTwoElems()
-~ stkl.dup(); testDupWithMultVa|
2
B

testDupWithOneVal(
testDupWithTwoVal(

tartlntanratall vnid | =

]
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%5 Debug 52
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Quick Access

M

-

DelegatingMethodAccessorlmplinvoke(Object, Object(]) lir =
Method.inveke(Object, Object..] line: not available
FrameworkMethodS1.runReflectiveCall() line: 45
FrameworkbMethod51{ReflectiveCallable).run() line: 15
FrameworkMethod.invokeExplosively(Object, Object...] line:
InvokeMethod.evaluate() line: 20 E
Block)Unitd ClassRunner(ParentRunner<T>).runLeaf(5tatem
Block/Unitd ClazssRunner.runChild(FrameworkMethod, Runl
Block/Unitd ClassRunner.runChild(Object, RunMotifier) line:
ParentRunner$3.run() line 231
ParentRunner5l.schedule(Runnable) line: 60

Block/Unitd ClassRunner(ParentRunner=T>).runChildren(Ru

1 k

[ REtPD|yStECkTE5tJEVE &8

@Test

public woid testDupWithOneVal() {
RatPolyStack stkl = stack("3");
stkl.dup();
assertstackIs(stkl, "33");
stkl = stack("123");
stkl.dup();
assertStacrkTs =tkl. "1123"):

ParentRunner<T= . arcess8000(ParentRunner Runbntifier [ 7

e Debugging
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Step Over

Steps over any method calls at
the current execution point.

Theoretically program proceeds
just to the next line.

BUT, if you have any breakpoints
set that would be hit in the
method(s) you stepped over,
execution will stop at those
points instead.
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testDupWithMultVal
testDupWithOneVal(
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%5 Debug 33 | | ¢ =0

DelegatingMethodAccessorlmplinvoke(Object, Object(]) lir =
Method.inveke(Object, Object..] line: not available
FrameworkMethodS1.runReflectiveCall() line: 45
FrameworkbMethod51{ReflectiveCallable).run() line: 15
FrameworkMethod.invokeExplosively(Object, Object...] line:
InvokeMethod.evaluate() line: 20 E
Block)Unitd ClassRunner(ParentRunner<T>).runLeaf(5tatem
Block/Unitd ClazssRunner.runChild(FrameworkMethod, Runl
Block/Unitd ClassRunner.runChild(Object, RunMotifier) line:
ParentRunner$3.run() line 231
ParentRunner5l.schedule(Runnable) line: 60

Block/Unitd ClassRunner(ParentRunner=T>).runChildren(Ru

1 k

[ REtPD|yStECkTE5tJEVE &8

@Test

public woid testDupWithOneVal() {
RatPolyStack stkl = stack("3");
stkl.dup();
assertstackIs(stkl,
stkl = stack("123");
stkl.dup();
assertStacrkTs=tkl.

"337);
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ParentRunner<T= . arcess8000(ParentRunner Runbntifier [ 7
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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
| you may hit a breakpoint in the

remainder of the method, and
then you’ll stop at that point.
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[type filter text|
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Step Filtering

Debuggin
| = | & .| Enable/disable step filters e

CR- A SRR R B

> General

> Ant

» Code Recommenders
> Help

> Install/Update

4 Java

> Appearance

> Build Path

> Code Style

- Compiler
Detail Formatters
Heap Walking
Logical Structures

Primitive Display Of
Step Filteringl

> Editor

> Installed JREs

JUnit
Properties Files Editor

> Maven

> Mylyn

> PyDev

> Run/Debug

> Team
Validation

> WindowBuilder

> XML

1 m | 3

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

Use Step Filters
Defined step filters:

[ 8 com.ibm.®

[ 8 com.sun*

O Hjava*

] EEja\.rax.*

= EEjrockit.*

H junit*

[C] £ org.omg.”

[ 8 sun.*

[ 8 sunw.*
Gjava.lang.CIassLoader

[T Filter synthetic methods (requires VM support)

[ Filter static initializers
[ Filter constructors
[T Filter simple getters
[T Filter simple setters
Step through filters

Add Filter...

Add Class...

jii

Add Packages...

Remaowve

Select All

Deselect All

’Restore Defaults] ’ Apply

®

Cancel

)

(%)= Varnial

Mame

JUnit, etc.

L

There’s a lot of code you don’t
® % want to enter when debugging,
internals of Java, internals of

You can skip these by
configuring step filters.

Checked items are skipped.

POo @ e O e QOO

e B[R s o W 7

testClear() : void -
testCtor() : void
testDifferentiatel() : v
testDivbultiElems()
testDivTwoElems() -
testDupWithMultVal —
testDupWithOneVal(
testDupWithTwoVal(

tartlntanratall vnid | =



Echpse Debugging

Cis = O PRTFE N B OG-
e "l} L g g - Quick Access ﬁ’| %}JJEV St de s
— ack Trace |
5 Debug 32 =@ ¥ = 8 [ - Varial = 0
= DelegatingMethodAccessorlmpl.invoke(Object, Object[]) lir = MNarne
= Method.invoke(Object, Object...] line: not available o ShOWS What methOdS have E)
= FrameworkMethodS1.runReflectiveCall() line: 45
= FrameworkMethodS1(ReflectiveCallable).run() line: 15 [ been called to get you to
= FrameworkMethod.invokeExplosively{Object, Object...) line: .
= InvokeMethod.evaluate() line: 20 E Current pOInt Where program
E Blu:uck_IUn!t-iCIassRur'|r1er{Parentﬁunner<T>j.runLeaf(Statem 1S StOpped.
= BlocklUnitdClazsRunner.runChild(FrameworkMethod, Runh—
= BlocklUnitdClassRunner.runChild{Object, Runhotifier) line:
= ParentRunner33.run() line: 231 . .
= ParentRunnerSl.schedule(Runnable) line: 60 ‘ YOU can CI'Ck on d|fferent L
= BlocklUnit4ClassRunner(ParentRunner<T=).runChildren{Ru . it
| = ParPnle|r1m=r<T}.arrPRRﬁﬂﬂﬂl’lJlaerﬂl|r1m=r RunMatifiert i~ methOd names to naVIgate i
4 i b 4 b
to that spot in the code
[J] RatPolyStackTest,java 52 . . = O
— without losing your current |
AEEE R e e e P P Jo,
Frif t
l_."._."l_."._." r .'E:L.:Ie{"].:c.'?:?.' FESPTFETES ISP APy E AP s A i dr iy A i sl il SpOt' I i
@Test testDifferentiate() : v
public woid testDupWithOneVal() { testDivMultiElems() :
RatPolyStack stkl = stack("3"); testDivTwoElems() :
stkl.dup(); P testDupWithMultVal —

assertstackIs(stkl, "33"); —
stkl = stack("123");
stkl.dup();
assertStacrkTs =tkl. "1123"):

testDupWithOneVal(
testDupWithTwoVal(

tartlntanratall vnid | =
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Eclip

Variables Window

Shows all variables, including
method parameters, local
variables, and class variables,
that are in scope at the current
execution spot. Updates when
you change positions in the
stackframe. You can expand
objects to see child member
values. There’s a simple value
printed, but clicking on an item
will fill the box below the list
with a pretty format.

se Debugging

EWN BG4 BC
ﬁj’| %}JJava %5 Debug [=5 SVM Repository Exploring ¢ PyDev - % 35 (%

159 asser‘tSltér::kIs(stkl, "33");
1 stkl = stack("123");
stkl.dup();

assertStackT=i=tk1. "1123"%:

@ testClear(

void

= 0O ()= Variables 7 | ®g Breakpoints = E Y = 8
ct[]) lir = MName Value
@ this RatPolyStackTest (id=33)
5
. line:
Etatern
, Runh
r) ling:
] il r
ren(Ru i
ifiert li 7 i
I 4 }
= g D& Qutline 52 = B
_____________________________________________ I."__."__."__."__."__."__."__."__."__."__."l_."__."l_."__."l_."__."l_."__."__."__."__."__."__." o~ W= k }&? o &

-~

Some values are in the form of
ObjectName (id=x), this can be
used to tell if two variables are
reffering to the same object.

5()
0
tVal
Val(
Wal(

mid =




» s

Ecli

= O

pse.

Debu

Variables that have changed
since the last break point are
highlighted in yellow.

You can change variables right
from this window by double
clicking the row entry in the
Value tab.

= 8
ctl]) lir =

15
. line:
Etatern
, Runh—

r) ling:

DT P T ITC o T S S TR T T T T T T T IO T T

T= T TaTT ||||l\..rEr|(RLI

ParentRunner<T= . arcess8000(ParentRunner Runbntifier [ 7

4|

1

[J] RatPolyStackTest,java 52

@Test

public woid testDupWithOneVal() {
RatPolyStack stkl = stack("3");
stkl.dup();
assertstackIs(stkl, "33");
stkl = stack("123");
stkl.dup();
assertStacrkTs =tkl. "1123"):

N N N NN NN NN _."l.' N NN NN NN NN NN
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You can change variables right
from this window by double
clicking the row entry in the
Value tab.
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RatPolyStack stkl = stack("3");
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the code, a|0ng with their - @ ProjectEuler26 [line: 25] - main(String[])
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@ testClear() : void -
@ testCtor() : void
@Test @ testDifferentiate() : v
public woid testDupWithOneVal() { @ testDivMultiElems() :
RatPolyStack stkl = stack("3"); © testDivTwoElems() :
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stkl = stack("123"); @ testDupWithOneVal(
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assertstackIs(stkl, "33");
stkl = stack("123");
stkl.dup();
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............................................................................................................................................. o testCIearCl void i
that breakpoint. o et vl

@  testDhifferentiate() : -

15 public woid testDupWithOneVal() { @ testDivMultiElems()
RatF‘o;yS‘ta:I:k stkl = stack("3"); @ testDivTwoElems{)
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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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@ Ones [line: 33] - main(5tring[])
s @ ProjectBuler2 [line: 25] - main(5tring(])
) line: 2 RatPolyStackTest [line: 157] - testDupWithOneWal()
E ':C-" RatPolyStackTest [line: 159] [conditional] - testDupWithOneVal()
Etatern [] .2 RatPolyStackTest [line: 162] - testDupWithOneVal()
, Runh—
) line: Hit count: @ Suspend thread () Suspend VM
Conditional @ Suspend when 'true' () Suspend when value changes
ren(Ru ’§< Choose a previously entered condition> -
ifiert i 7
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168 stkl = stack("123");
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use them again.
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Break on Java Exception

Eclipse can break whenever a © Ones [line: 33] - main(String[])
speciﬁc exception is thrown_ ! i @ ProjectEuler26 [line: 25] - main(String[])
. ) line: [¥] .2 RatPolyStackTest [line: 157] - testDupWithOneVal()
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testClear() : void -
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@Test

public woid testDupWithOneVal() { testDivhultiElems()
RatPolyStack stkl = stack("3"); testDivTwoElems() -
stkl.dup(); - .
assertStackIs(stkl, "33"); L4 testDupW?thMult‘-fal r
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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.
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Mew Window | ] - MERE
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Mavigation r EE Outline Alt+Shift+Q, O
Preferences | Tasks
nr —55532 = Variables Alt+5hift+Q, V
b 4|
Other... Alt+5Shift+Q, Q
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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
112+2”

Beware method calls that mutate
program state — e.g. stkl.clear() or
in.nextLine() — these take effect
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 The debugger is awesome, but not perfect
o Not well-suited for time-dependent code
o Recursion can get messy

« Technically, we talked about a “breakpoint
debugger”
o Allows you to stop execution and examine variables
o Useful for stepping through and visualizing code

o There are other approaches to debugging that don’t involve @
debugger



