SECTION 2:

Loop Reasoning
& HW3 Setup




Review: Reasoning about loops

e \What is a loop invariant?
e An assertion that always holds at the top of a loop

e \Why do we need invariants?

Most code is not straight line
Most programs aren’t guaranteed to terminate

Therefore: We need invariants to prove the correctness of
most programs we can encounter

Additionally, invariants help us write correct programs!



Loop Invariants & Hoare Triples

e \Ve can write a Hoare Triple involving a loop
e {P} while(B) S {Q}

e The three key ingredients for a valid loop Hoare
triple are:

e The Invariant holds initially (precondition implies invariant)
o P=>]|
e Loop body must re-establish the invariant (Inv holds each
time we execute)
o {Il AB}S({l}
e Upon exiting the loop (test is false), the invariant must
establish post-condition
e {I AB}=>Q



Loop Invariants ct.

e \We want a goldilocks invariant

e not too strong — false and cannot be proven
e not too weak — cannot satisfy our postcondition

e No sure-fire way to find a loop invariant

e Bad: Coding first and defining the invariant later
e (Good: think of invariant --> code the body --> code the
loop condition --> code the initialization

e The common types of problems involving loop
iInvariants include:

e Given the code, fill in the assertions / invariant
e Given a proof, find the error(s) in it if it is incorrect
e Given the invariant, fill in the code



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 git/GitLab, but there are
alternatives

o Subversion, Mercurial, CVS
o Email, Dropbox, USB sticks (don’t even think of doing this)



VERSION CONTROL
ORGANIZATION

e A repository stores the i '

master copy of the project %ﬁ}

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 clones her
own working copy

Working
o Makes a local copy of the repo ~ | copy
o You'll always work off of this copy -
o The version control system syncs the g

repo and working copy (with your help)



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 \We'll use CSE GitLab — very similar to GitHub but tied to
CSE accounts and authentication



VERSION CONTROL
COMMON ACTIONS

Most common commands:
e add / commit/ push

o integrate changes from your working
copy into the repository

e pull

o integrate changes into your working
copy from the repository
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VERSION CONTROL
UPDATING FILES

In a bit more detail:

e You make some local changes,
test them, etc., then...

e (it add — tell git which changed
files you want to save in repo

e git commit — save all files you've
“add’ed in the local repo copy
as an identifiable update

e (it push — synchronize with the
GitLab repo by pushing local
committed changes

Repository

Hnd

/

push

Working
copy

jid
(i




VERSION CONTROL
COMMON ACTIONS (CONT.)

Other common commands: = [ ‘

® add, 'm R:prositorjy
o add or delete a file in the working copy

o just putting a new file in your working
copy does not add it to the repo!
o still need to commit to make permanent :

git )

[nd

push

Working
copy




THIS QUARTER

We distribute starter code by adding it to your
GitLab repo. You retrieve it with git clone the
first time then git pull for later assignments

You will write code using Eclipse

You turn in your files by adding them to the
repo, committing your changes, and eventually
pushing accumulated changes to GitLab

You “turn in” an assignment by tagging your
repo and pushing the tag to GitLab

Do this after committing and pushing your files

You will validate your homework by SSHing

onto attu, cloning your repo, and running an Ant
build file



331 VERSION CONTROL

| create/push >

Working copy for
grading

S

Repository

NS

2 [[nd/auo[d

M AN

commit/push

Vv L

: add
<




Your Local Repository



LINKS TO DETAILED SETUP
AND USAGE INSTRUCTIONS

e All References
e https://courses.cs.washington.edu/courses/cse331/18sp/#resources
e http://courses.cs.washington.edu/courses/cse331/18wi/docs.html
e Machine Setup: Java, Eclipse, SSH
e https://courses.cs.washington.edu/courses/cse331/18sp/machine-setup.html
e Editing, Compiling, Running, and Testing Programs
e https://courses.cs.washington.edu/courses/cse331/18sp/tools/editing-
compiling.html
e Eclipse Reference
e https://courses.cs.washington.edu/courses/cse331/18sp/tools/eclipse refere
nce.html
e Version Control — Git (includes setting up gitlab locally)

e https://courses.cs.washington.edu/courses/cse331/18sp/tools/versioncontrol
.html
e https://qitlab.cs.washington.edu/help/ssh/README.md

e Assignment Submission

e https://courses.cs.washington.edu/courses/cse331/18sp/tools/turnin.html




DEVELOPER TOOLS

e Remote access
e Eclipse and Java versions

e Version Control



331 VERSION
CONTROL

e Your main repository is on GitLab

e Only clone once (unless you're working in a
lot of places)

e Don't forget to add/commit/push files!

e Do this regularly for backup even before you're done!

e Check in your work!



GIT BEST PRACTICES

e Add/commit/push your code EARLY and
OFTEN!!!

e You really, really, really don’'t want to deal with merge

conflicts
e Keep your repository up-to-date all the time

e Use the combined ‘Commit and Push’ tool in
Eclipse

e Do not rename folders and files that we gave
you — this will mess up our grading process and
you could get a bad score

e Use the repo only for the homework

e Adding other stuff (like notes from lecture) may mess up
our grading process



Live Demo of Setup!



HW 3

e Many small exercises to get you used to version
control and tools and a Java refresher

e More information on homework instructions:
https://courses.cs.washington.edu/courses/cse3
31/18sp/hws/hw03/hw3.htmi

e Cloning your repo: Instructions
e Committing changes: Instructions

o How you turn in your assignments
e Updating changes: Instructions

o How you retrieve new assignments




Turning in HW3

e Instructions

e Create a hw3-final tag on the last commit and push
the tag to the repo (this can and should be done in
Eclipse)

e You can push a new hw3-final tag that overwrites the old one if
you realize that you still need to make changes (Demo)

e |n Eclipse, just remember to check the correct
checkboxes to overwrite existing tags

e But keep track of how many late days you have left!
e After the final commit and tag pushed, remember to
log on to attu and run ant validate



Turning in HW3

e Add/commit/push your final code

e Create a hw3-final tag on the last commit and push
the tag to the repo (this can and should be done in
Eclipse)

e You can push a new hw3-final tag that overwrites the old one if
you realize that you still need to make changes (Demo)

e |n Eclipse, just remember to check the correct
checkboxes to overwrite existing tags

e But keep track of how many late days you have left!

e After the final commit and tag pushed, remember to
log on to attu and run ant validate



Ant Validate

e What will this do?

o You start with a freshly cloned copy of your repo
and do “git checkout hw3-final” to switch to the
files you intend for us to grade, then run ant
validate

o Makes sure you have all the required files

o Make sure your homework builds without errors

o Passes specification and implementation tests in
the repository
m Note: this does not include the additional

tests we will use when grading

m This is just a sanity check that your current
tests pass



Ant Validate

e How do you run ant validate?

o Has to be done on attu from the command line
since that is the environment your grading will be
done on

o Do not use the Eclipse ant validate build tool!

o Be sure to use a fresh copy of your repo, and
discard that copy when you're done
o If you need to fix things, do it in your primary
working copy (eclipse)



Ant Validate

e How do you run ant validate?

o Steps
m Log into attu via SSH
m In attu, checkout a brand new local copy (clone) of your
repository through the command-line
e Note: Now, you have two local copies of your repository,
one on your computer through Eclipse and one in attu
e May need to create an SSH key on attu and add to GitLab:
instructions
m Go to the hw folder which you want to validate through the ‘cd’
command, then switch to the hw3 tag
e For example: cd ~/cse331/src/hw3
git checkout hw3-final

m Run ant validate



Ant Validate

e How do you know it works?
o |If successful, will output Build Successful at the
bottom

o |f unsuccessful, will output Build Failed at the
bottom with information on why
m [f ant validate failed, discard the validate copy
of the repo on attu, fix and commit changes
through eclipse, go back to attu, clone a fresh
copy of the repo, and try ant validate again



ECLIPSE



WHAT IS ECLIPSE?

e Integrated 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, IntelliJ IDEA



ECLIPSE SHORTCUTS

Shortcut Purpose

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 ©

Ctrl + Space Autocomplete

Ctrl + S Save (Eclipse does not autosave!)




ECLIPSE and Java

e GetJava 8

e Important: Java separates compile and execution, eqg:

. . >
o javac Example.java produces Example.class
o Both compile and execute have to be the same Java!

e Please use Eclipse Oxygen, “Eclipse for Java Developers”

e Instructions:
http://courses.cs.washington.edu/courses/cse331/18wi/tool
s/WorkingAtHome.html#Step 1




ECLIPSE DEBUGGING (if time)

e System.out.println() works for debugging...
o It's quick
o It'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 powerful...if you know
how to use it



ECLIPSE DEBUGGING
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ECLIPSE DEBUGGING

CIIEs SR @ eSRINIF-O-A-ido v PO E T
Jlw &l X5 (O v| -* Quick Access i | &7 Java 35 Debug | (s SVN Repository Exploring ¢ PyDev - & (%
%5 Debug 2 \ ¢ 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 RunNotifier) i i
< | I 3 < »
[J] RatPolyStackTest.java 52 = 08 5= Qutline 52 = B8
r . . d ~
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.
N ultVal
59
50 you. heVal(
STRTTOapTTS ——=co=prrvoVal(

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



ECLIPSE DEBUGGING
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Click the Bug icon to run in Debug
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ECLIPSE DEBUGGING

stkl.dup();
assertStackTs(stk1. "1123"):

testDupWithTwoVal(

tactintanratal  vinid =
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ECLIPSE DEBUGGING
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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 ~
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[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 REBINIBHB-O0-Qr@E v @@ E
vy ¥o (O w v| ~ Quick Access o2 ’ 3’;’ Javi S
| tep Into
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(

tactintanratal  vinid =



ECLIPSE DEBUGGING

CIREE o FiINIF-O- Q- oo v RO El
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= FrameworkMethodS1.runReflectiveCall() line: 45 . .
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= FrameworkMethod.invokeExplosively(Object, Object...) line:
= InvokeMethod.evaluate() line: 20 =
= BlockJUnit4ClassRunner(ParentRunner<T>).runLeaf(Statem Th r | “ roeram roceeds
= BlockJUnit4ClassRunner.runChild(FrameworkMethod, RunhM €o et ca y p g p
= BlockJUnit4ClassRunner.runChild(Object, RunNotifier) line: just to the next line.
= ParentRunnerS$3.run() line: 231
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1oL . . Sk 7
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public void testDupWithOneval() { w—estovvroroerens()
R:E:°;Y5'8c“ SEETSTREK i o testDivTwoElems():
8 s .dup(); .
159 assertStackIs(stkl, "33"); @ testguprt:lc\)dulyall
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1R2 assertStackTs(stk1. "1123"): o tectlntearatel) nid =



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 ~
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[J] RatPolyStackTest.java 52

@Test

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

assertStackTs(stkl. "1123"):

-~

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.

Qoo vy RO Ell

Step Out s
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).

0:
ns() :

s():

© testDupWithMultVal

) @ @

tactintanratall - 1 n

testDupWithOneVal(
testDupWithTwoVal(

i



ECLIPSE DEBUGGING

CisE ST SR B RS RE S = -
g T oee o o S e [ 2| g Enable/disable step filters e

X ()= Varial
Step Filtring 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(

tactintanratal  vinid =
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» Code Recommenders yse SEE Fl?ters . .
 Help Defined step fiters: internals of Java, internals of
> Install/Update [] # com.ibm.* Add Filter... .
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. Appearance E & javar Add Class...
> Build Path ] 8 javax Add Packa
. ges...
> Eode ?Ityle ] 8 jrockit.”
> Compiler P Remove .
£ junit.
R ‘ You can skip these by
Detail Fornilatters F] 8 sun* Select All . . .
Heap Walking S configuring step filters.
Logical Structures o ' Deselect All
Primitive Display Of java.lang.ClassLoader
,
> Editor . .
. Instaled Es Checked items are skipped.
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Properties Files Editor [/ /I» LI111101111001010111 1T - ¢ [ & \&S @ \Si' ~
. m:r;e: DF?Iter synt.hétiAc‘mAethods (requires VM support) o testClear(): void L
PyDev DFfIter static initializers ® testCtorO . void
Run/Debug DFflter sonmuctors @ testDifferentiate() : \
Team ["] Filter simple getters . .
@ testDivMultiElems() :
Validation [“] Filter simple setters . -
WindowBuilder [¥/] Step through filters il @ testDivTwoElems() :
[Restore Defaults] [ Apply L4 @ te“gupx't:l\oﬂuuvall B
@ testDupWithOneVal(
©
=N

[ OK ] Cancel
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Fiv s i @RS RINIB O™ P2 & T
bl w A w ¥ = v » ick A cc : S |
S = | 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 o t Shows what methods have 3)
= FrameworkMethodS1.runReflectiveCall() line: 45
= FrameworkMethodS1 (ReflectiveCallable).run( line: 15 been called to get you to
= FrameworkMethod.invokeExplosively(Object, Object...) line: -
= InvokeMethod.evaluate() line: 20 =S Current pOInt Where
= BlockJUnit4ClassRunner(ParentRunner<T>).runLeaf(Statem r ram |
= BlockJUnit4ClassRunner.runChild(FrameworkMethod, Runh— p Og d S Stopped'
= BlockJUnit4ClassRunner.runChild(Object, RunNotifier) line:
= ParentRunner$3.run() line: 231 . .
= ParentRunnerS$l.schedule(Runnable) line: 60 d YOU can C||Ck on d|fferent -
= BlockJUnit4ClassRunner(ParentRunner<T>).runChildren(Ru 5 m
| = ParentRunner<T>.acce<<8000(ParentRunner RunNatifier) i ~ methOd names to naVIgate i
< 1] » < )
to that spot in the code
[J] RatPolyStackTest.java 52 . . = O
. oo o B L Vi without losing your current |
",/./,/,/ Hrrr /: 11 /L/ LHHrrrrrrrrrrrrrrrrrrrrrrrrrr i i i iy rrrr 1y ~
Duplicate SpOt. 1 "
=  @Test @ testDifferentiate() :
public void testDupWithOneval() { @ testDivMultiElems() :
R:Eioiysf?‘:k stkl = stack("3"); @ testDivTwoElems() :
s .dup(); - . il
assertStackIs(stkl, "33"); o O testDupW!thMuItVal
stkl = stack("123"); @ testDupWithOneVal(
@

stkl.dup();
assertStackTs(=stkl.

"1123"):

tactintanratall < vinid

testDupWithTwoVal(
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. i 2.2 RS RINIFHT O Qi@ 57~ @[F: @ T
Variables WindOW =] ’ 3‘;’ Java |%5 Debug {2 SVN Repository Exploring ¢ PyDev - g* &5 (%
= 0 ()= Variables 2 ©g Breakpoints =
. . . ct{]) lir Name Value
Shows all variables, including o this v

method parameters, local s

) lines

variables, and class variables, _
that are in scope at the current ="

i, Runh
execution spot. Updates when  ]iine
you change positions in the X '
ren(Ru m
stackframe. You can expand fier) i ™ »
» < »
objects to see child member
’ . = g 9= Qutline 32 = g8
values. There’s a simple value | . . -
. i X D CE Ry I ......................................................... - & [ }x X @ \kL
printed, but clicking on an item | o testClearl:void
will fill the box below the list Some values are in the form of | |
with a pretty format. ObjectName (id=x), this can be o
159 assertStackIs(stkl, "33"); used to tell if two variables are v
160 stkl = stack("123"); . . Val(
161 stkl.dup(); refering to the same object. val(
#E1R2 assertStackTslstkl. "1123"): nid | =
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Fiv S SR |:@_t;§<,_[,{f;ﬁ@\@;;;.@-%-g@[;_:}‘:,«ﬂvgfe;_:_K?Ei
‘ =] | 3’5’ Java l‘f& Debug {2 SVN Repository Exploring ¢® PyDev = 2 ,JG (%

Variables that have changed
since the IaSt break pOint are = B (9= Variables 52 ©g Breakpoints &7 Expressions

. . . ct]) lir « Name Value
highlighted in yellow. :
@ this RatTermTest
5 r a Ot RatTerm (id=

. . .) line: . @ coeff RatNum (id=
You can change variables right - et s

from this window by double ptatem

i, RunhN—

clicking the row entry in the P line:
Value tab.

DIOCIOUTIITF CTOSSTVaT I e L aT e oA e = 1 }.Iull\_llllulcll(RU

= ParentRunner<T>.acce<<8000(ParentRunner RunNatifierl li ~
< 1] »
‘ -2%yAg
\ . o-— -
[J] RatPolyStackTest.java i3 = 08 o= Outline &2 = B8
T, o EER S o & 7

Duplicate

1S53 /171111110 170070070070000000007000700070000000000000700070007000000070007000700770700017707 @ testClear() : void -

) 5; ................................................................................. 6 testCtorD: void

155= @Test @ testDifferentiate() : v

156 public void testDupWithOneval() { @ testDivMultiElems() :

157 RatPolyStack stkl = stack("3"); @ testDivwoElems() :

158 stkl.dup(); — .

- assertStackIs(stkl, "33"); i ] testDuprthMuItVal —
stkl = stack("123"); @ testDupWithOneVal(
stkl.dup(); © testDupWithTwoVal(
assertStackTs(stk1. "1123"): o tactintanratell nid =
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Fiv S SR |:@_t;§<,_[,{f;ﬁ@\@;;;.@-%-g@[;_:}‘:,«ﬂvgfe;_:_K?Ei
‘ =] | 3’5’ Java l‘f& Debug {2 SVN Repository Exploring ¢® PyDev = 2 ,JG (%

Variables that have changed
since the IaSt break pOint are = B (9= Variables 52 ©g Breakpoints &7 Expressions

. . . ct]) lir « Name Value
highlighted in yellow. :
@ this RatTermTest
5 r a Ot RatTerm (id=

. . .) line: . @ coeff RatNum (id=
You can change variables right - et s

from this window by double ptatem

i, RunhN—

clicking the row entry in the P line:
Value tab.

DIOCIOUTIITF CTOSSTVaT I e L aT e oA e = 1 }.Iull\_llllulcll(RU

= ParentRunner<T>.acce<<8000(ParentRunner RunNatifierl li ~
< 1] »
‘ -2%yAg
\ . o-— -
[J] RatPolyStackTest.java i3 = 08 o= Outline &2 = B8
T, o EER S o & 7

Duplicate

1S53 /171111110 170070070070000000007000700070000000000000700070007000000070007000700770700017707 @ testClear() : void -

) 5; ................................................................................. 6 testCtorD: void

155= @Test @ testDifferentiate() : v

156 public void testDupWithOneval() { @ testDivMultiElems() :

157 RatPolyStack stkl = stack("3"); @ testDivwoElems() :

158 stkl.dup(); — .

- assertStackIs(stkl, "33"); i ] testDuprthMuItVal —
stkl = stack("123"); @ testDupWithOneVal(
stkl.dup(); © testDupWithTwoVal(
assertStackTs(stk1. "1123"): o tactintanratell nid =
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=] | 3’5’ Java Eﬁ SVN Repository Exploring ¢® PyDev - g* J\:" (%

(0= Variables $2 ©g Breakpoints & Expressions

Name
. @ this
a Ot
o coeff
g expt

-2%x"5

Value
RatTermTest (id=33)
— T '
Select All Ctrl+A
= Copy Variables Ctrl+C
Find... Ctrl+F

& @ @

Change Value...

All References...
All Instances... Ctrl+Shift+N

Instance Count...

LI SR a2 RERINIB-0- U ®e v R0 E N
There’s a powerful right-click
menu. d; IE
* See all references to a given |
variable ine
* See all instances of the ol
variable’s class P line:
* Add watch statements for
that variables value (more  [ss -
later) '

P rrrrrrrrrrrrrrrrirrrrrrrrrr i rrrrrrrrrrrrrrrrrrrrr

Duplicate

= (@Test

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

xr

New Detail Formatter...
Open Declared Type
Open Declared Type Hierarchy

Instance Breakpoints...

Watch

Inspect Ctrl+Shift+I

l ’”

- X _EFV_EP

© testDupWithOneVa
@ testDupWithTwoVal(
o tactlntanrata  inid =



ECLIPSE DEBUGGING

CisT= i |22 RERINIFS -0 - Q- iBE 5~ iP5 E (1
ShOW Logical Structure e | 3’;’ Java %SVN Repository Exploring ¢® PyDev - % ,f'" (%
= H ()= Variables $2 ©g Breakpoints &Y' Expressions A Y=
L. ) ct(]) lir » Name Value
Expands out list items so it’s as o this RatPolyStackTest (id=33)
if each list item were a field s | 4@ RatPolyStack (id=44)
. .) line: 4 & polys Stack<E> (id=49)
(and continues down for any - 4 a 0] RatPoly (id=719)
: FPR Statem 4 o terms ArrayList<E> (id=728)
Chlldren IISt |tem5) i, Runh— a4 a [0] RatTerm (id=731)
= BlockJUnit4ClassRunner.runChild(Object, RunNotifier) line: [ Ef coeff RatNum (id=733)
= ParentRunnerS$3.run() line: 231 g expt 0
ParentRunnerSl.schedule(Runnable) line: 60 — =

= BlockJUnit4ClassRunner(ParentRunner<T>).runChildren(Ru

= ParentRunner<T>.acce<<8000(ParentRunner RunNaotifier) li 3
< | 1 ‘ »

[J] RatPolyStackTest.java i3

15 J: / / / / 117111 / JIIIIIIIE0E0E0000000007007007007007001001001010101017 /l J1111111101010110101011011017 o = & \&S ° bl' -
- , Duplicate testClear() : void -
testCtor() : void
52 (@Test testDifferentiate() :

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

testDivMultiElems() :
testDivTwoElems() :

) © © © © © © ©@ @

assertStackIs(stkl, "33"); L4 tEStDUPWfthM'-"tW' T
stkl = stack("123"); testDupWithOneVal(
stkl.dup(); testDupWithTwoVal(
assertStackTs(stk1. "1123"): tactintanratall « nid =
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CIRIEE & @ RETBINIF -0~ ®ec v - R0 Em
Breaprints WindOW : T2 | 3’5’ Java l?;& Debug {2 SVN Repository Exploring ¢® PyDev = 2 ,:c‘ (%
= B = Variables ©g Breakpoints 2 & Expressions = 0
Shows all existing breakpointsin | XKRBANBEG| e ”
Ows all existing nreakpoints In @ Ones [line: 33] - main(String[])
the Code’ along Wlth their s il @ ProjectEuler26 [line: 25] - main(String[])
L. . ) line: /2 RatPolyStackTest [line: 157] - testDupWithOneVal()
conditions and a variety of - [@]% RatPolyStackTest [line: 159] [conditional] - testDupWithOneVal(
s Ktatem [] 2 RatPolyStackTest [line: 162] - testDupWithOneVal()
options. e
r line: ("] Hit count: @ Suspend thread () Suspend VM
DOUble C“Cking 3 breaprint W|” Conditional @ Suspend when 'true' () Suspend when value changes
9 g ren(Ru i< Choose a previously entered condition> i w
take you to its spot in the code. i~ -
: » X == -
4 »
[J] RatPolyStackTest.java i3
‘‘‘‘‘‘‘‘‘‘‘‘ / /E:/u”lillcza/t; JIIIIIIIIIII I 101000010100 00100101010010001 /l JIIIIIIIIII11010110101] & : = & hks ° S{' <
P testClear() : void -
testCtor() : void
52 (@Test testDifferentiate() :

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

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

tactintanratal  vinid =

) © © © © © © ©@ @
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T f=h i [ [ Sy S

)

Enabled/Disabled Breakpoints

Breakpoints can be temporarily
disabled by clicking the
checkbox next to the
breakpoint. This means it won’t
stop program execution until re-
enabled.

This is useful if you want to hold
off testing one thing, but don’t
want to completely forget about
that breakpoint.

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

9 assertStackIs(stkl, "33");

stkl = stack("123");

stkl.dup();

assertStackTs(stkl.

157

"1123"):

XNiFrO-QUr@o v RO E
=] ’ 3’;’ Java 3‘¢$ Debug [o SVN Repository Exploring ¢® PyDev - g* & (%
= B @)= Variables ©g Breakpoints 2 & Expressions = 0
i XERARN | BEG| N 7
® Ones [line: 33] - main(String(])
5 © ProjectEuler26 [line: 25] - main(String(])
) line: /2 RatPolyStackTest [line: 157] - testDupWithOneVal()
= % RatPolyStackTest [line: 159] [conditional] - testDupWithOneVal()
Ktatem RatPolyStackTest [line: 162] - testDupWithOneVal()
i, Runh
r) line: [ Hit count: @ Suspend thread () Suspend VM
Conditional @ Suspend when 'true' () Suspend when value changes
ren(Ru [< Choose a previously entered condition> v
ifier) i
» X == 6 n
4 3
""""""""""""""""""""""""""""""""""""""""""" I SILLTLLT T I A7 il A A = & xks Y \kl.
.............................................................................................................................. @ testClear() : void -
""""""""""""""""""" @ testCtor(): void
@ testDifferentiate() : .
@ testDivMultiElems() :
@ testDivTwoElems() :
@ testDupWithMultVal
@ testDupWithOneVal(
@ testDupWithTwoVal(
o tactlntanrata  vinid =
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ST ST | @RS RINI O Qi® e i @ [
Vv Gl XD <D - v| . Quick Access s2t | &) Java %SVN Repository Exploring ¢® PyDev - J* & (%

Debug 2 6 Y= 8 X)= Variables “g Breakpoints &5 od ressions
g e ¥ ()= Variables ©g Breakpoi 52 64" Expressi =
= DelegatingMethodAccessorlmpl.invoke(Object, Object[]) lir » % & e W | = =§§-f Jg ‘ %
Hit count ® Ones [line: 33] - main(String(])
. N © ProjectEuler26 [line: 25] - main(String(])
) line: /2 RatPolyStackTest [line: 157] - testDupWithOneVal()

i = % RatPolyStackTest [line: 159] [conditional] - testDupWithOneVal()
BreaprInts can be SEt tO occur Statem [] / RatPolyStackTest [line: 162] - testDupWithOneVal()
less-frequently by supplyinga | run : :

h . f F) line: [ Hit count: I-Q‘ Suspend thread () Suspend VM
It count ot n. V] Conditional @ Suspend when 'true’ () Suspend when value changes
ren(Ru [< Choose a previously entered condition>

. . .o ifier) li o
When this is specified, only each [ X == 6

. . . . 4 3
n-th time that breakpoint is hit
WiII COde execution Stop. '/,'/‘,'/,'/.-/,',‘,-/,-/,-/,-/,-/;lv,-/;/,-/,v/,-/,v/,-/,-/,-/,-/,-",-/,-l‘,-/,-/,-/;/,- /;/". /,J’,./,/,. -~ ® E & sks e &KL -
......................................................................................................................................................................................................................................................................... o testClear() : void -
................................................................................. o testClor): void
@Test @ testDifferentiate() : v
public void testDupWithOneval() { @ testDivMultiElems() :
R:Eioiysf?‘:k =HeTEER= e kiGtaik @ testDivTwoElems() :
stkl.dup(); mL )
assertStackIs(stkl, "33"); L ] testDupW!thMuItVal -
stkl = stack("123"); @ testDupWithOneVal(
stkl.dup(); © testDupWithTwoVal(
assertStackTs(stk1. "1123"): o tactintanratell nid =
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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.

@ RETBINIF -0 @ v - RO Em
: =] ’ 3}’ Java %SVN Repository Exploring ¢® PyDev - % ¥

= B @)= Variables ©g Breakpoints 2 & Expressions = 0
ct[]) lir » ® & ol Y | == 5 ‘ "jéf ‘ & ~
® Ones [line: 33] - main(String(])
. © ProjectEuler26 [line: 25] - main(String(])
) “ne:‘ /2 RatPolyStackTest [line: 157] - testDupWithOneVal()
2 39 RatPolyStackTest [line: 159] [conditional] - testDupWithOneVal()
Statem [] / RatPolyStackTest [line: 162] - testDupWithOneVal()
, Runh—
r line: Hit count: @ Suspend thread () Susgend VM
Conditional @ Suspend when 'true' () Suspend when value changes
ren(Ru [< Choose a previously entered condition> v
ifier) i
» X == 6 :
£ 3

assertStackIs(stkl, "33");

160 stkl = stack("123");

161 stkl.dup();

assertStackTs(stk1. "1123"):

e BER ¥ o W
testClear() : void -
testCtor() : void
testDifferentiate() : +
testDivMultiElems() :
testDivTwoElems() :
testDupWithMultVal
testDupWithOneVal(
testDupWithTwoVal(

tactintanratal  vinid =

) © © © © © © ©@ @
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CisEs SRl |z RS RINIH~0- @@ v~ PO E 1
i Disable A" BreaprintS T2 ’ &JJava %SVNRepositoryExploring & PyDev : # g"‘ (%

= [H = Variables ©g Breakpoints 2 & Expressions

- . ct[]) lir » b &0 is B B 5 | %
You can disable all breakpoints % 8 . 2l s

® Ones [line: 33] - main(String(])
tempora r||y This is useful if : @ ProjectEuler26 [line: 25] - main(String[])
, . . . ) “ne:‘ /2 RatPolyStackTest [line: 157] - testDupWithOneVal()
yOU ve |dent|f|ed d bug n the 2 V] % RatPolyStackTest [line: 159] [conditional] - testDupWithOneVal()
1 Btatem [] / RatPolyStackTest [line: 162] - testDupWithOneVal()
middle of a run but want to let ==
the rest Of the run f|n|sh ) line: [ Hit count: @ Suspend thread () Suspend VM
norma”y Conditional @ Suspend when 'true' () Suspend when value changes
ren(Ru [< Choose a previously entered condition>
ifier) li ~ .
» X ==
Don’t forget to re-enable y ;

breakpoints when you want to

e e T, I ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, J e - & XE ° \L
use themagain. | o testClear):void 4
E—————————— S @ testCtor(): void

= 1155 @Test @ testDifferentiate() :

156 public void testDupWithOneval() { @ testDivMultiElems() :

»‘T R:E:o;yStack stkl = stack("3"); @ testDivTwoElems() :

= 158 s .du : "
159 assertsggzﬂils(stkl, "33"); L @ testDupWithMultVal
160 stkl = stack("123"); © testDupWithOneVal(
161 stkl.dup(); © testDupWithTwoVal(

72 assertStackTs(stk1. "1123"): o tectlntenratal - nid =



ECLIPSE DEBUGGING

Break on Java Exception
= 0

0 ct[]) lir »
Eclipse can break whenever a
specific exception is thrown. 5
This can be useful to trace an "™,
exception that is being Sfﬁtf:ﬁf
“translated” by library code. ) line:

ParentRunnerS$l.schedule(Runnable) line: 60
BlockJUnit4ClassRunner(ParentRunner<T>).runChildren(Ru

ParentRunner<T>.acces<$000(ParentRunner RunNaotifier) li
< | 1 »

[J] RatPolyStackTest.java 52

= (@Test

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

P SRR a2 RERINIB-0- U ®e v R0 E N

=] | 3’5’ Java Eﬁ SVN Repository Exploring ¢® PyDev - g* J\:" (%

()= Variables ©g Breakpoints §2 64" Expressions = 0

X % & o | E*é;e -

Ones [line: 33] - main(String[])

v ProjectEuler26 [line: 25] - main(String(])

/2 RatPolyStackTest [line: 157] - testDupWithOneVal()

% RatPolyStackTest [line: 159] [conditional] - testDupWithOneVal()
[] / RatPolyStackTest [line: 162] - testDupWithOneVal()

SIS

=]
=]

("] Hit count: @ Suspend thread () Suspend VM

Conditional @ Suspend when 'true' () Suspend when value changes

[< Choose a previously entered condition> 4
X == 6 -
< »

- s BV o ¥ T
testClear() : void -
testCtor() : void
testDifferentiate() : +
testDivMultiElems() :
testDivTwoElems() :
testDupWithMultVal —
testDupWithOneVal(
testDupWithTwoVal(

tactintanratal  vinid =

) © © © © © © ©@ @
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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 v)| Emortog s
64" Expressions
Navigation 182 Outline Alt+Shift+Q, O
Preferences ¢ Tasks
v B hashsZ | &= 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+2”

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

Hrorar@e v w0

H=H ﬂ'

T2 ’ 3}’ Java %SVN Repository Exploring ¢® PyDev - % ,3" (%
= O 9= Variables ©g Breakpoints & Expressions i3 =
HD) lir = S B+ R %K
Name Value ~ [3, 2, 1, null, nu
XY “this" (id=33)
Iine:- 5V st (id=57)
- 4 %Y "stid .polys" (id=61)
;tuer:: » capacitylncrement 0 =
line: <& elementCount 3
» & elementData Object[10] (id=73)
< modCount 3 )
in(Ru 4 53V "stid toString()" hwd.RatPolyStack(
ipﬁ'li > @ hash 0
@ hash32 0 -
< 1 P <« [om

immediately
f_r"‘.-_’v‘ r\a\.ru;y.‘)\.ﬂ\.n SLRI = STatwRil 7 ”
158 stkl.dup();
. 159 assertStackIs(stkl, "33");

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

assertStackTs(stk1. "1123"):

v BER K o ¥

) © © © © © © ©@ @

testClear() : void -
testCtor() : void
testDifferentiate() :
testDivMultiElems() :
testDivTwoElems() :
testDupWithMultVal
testDupWithOneVal(
testDupWithTwoVal(

tactintanratal  vinid =
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— | ——$-0-a-es v P@Ba
EXpreSSIOI‘IS Wlndow B | &) Java Debu SVN Repository Exploring ¢® PyDev - g* (%
: cl 9
= B |J69= Variables ©g Breakpoints & Expressions &2 =
These persist across projects, so 1) lir » 4|+ X%
clear out old ones as necessary. Name Value &) [35 2, 1, null; o]
= TTaMEWOTKIVIEMNOUS I [RENECUVEC NanTE). Tuny e I3 i XIV "this" (id=33)
= FrameworkMethod.invokeExplosively(Object, Object...) line: b XY e (id=57)
= InvokeMethod.evaluate() line: 20 =1 . gc;+y st polys” (id=61)
= BlockJUnit4ClassRunner(ParentRunner<T>).runLeaf(Statem ’ capacitylncrement 0 =
= BlockJUnit4ClassRunner.runChild(FrameworkMethod, Runh— - P tC : 3
= Block/Unit4ClassRunner.runChild(Object, RunNotifier) line: - Sement-oun : :
= ParentRunner$3.run() line: 231 > < elementData Object[10] (id=73)
= ParentRunnerS$l.schedule(Runnable) line: 60 > modCount 3 |
= BlocklUnit4ClassRunner(ParentRunner<T>).runChildren(Ru 4 §$y "Stkl toString()" hwd.RatPolyStack(
o = parPnlell:nnPNT).ar(P<<§000(PTanfR|mner RunNn’fifiPr\'Ii 2 m hash 0
@ hash32 0 -
< | 1 | » < [om | »

E] RatPolyStackTestjava i3

- 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 =




