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For the rest of us

 Modern Integrated Development Environments (IDE)

— A one-stop shop with multiple features that can be easily
accessed by the developer (without switching modes or
activating other utilities) to ease the task of creating software

— A multitude of IDEs exist for each programming language (Java,
C++, Python, etc.) and each platform (desktops, cell phones,
web-based, etc.)

— Some IDEs can handle multiple programming languages, but
most are based in just one

— There are many good free IDEs out there, but you can also pay
for functionality from S to $$S$S

— |IDEs are like opinions, everyone has one and everyone thinks
everyone else's stinks



Why are IDEs a good thing?

* They attack many of the sources of accidental difficulties in
software development by having:
— Real-time protection from fault generating typos and bad syntax

— High levels of abstraction to keep developers from being forced
to redevelop basic (and not so basic) classes and structures for

every project

— IDE increases the power of many development tools by merging
them into one that provides “integrated libraries, unified file
formats, and pipes and filters. As a result, conceptual structures
that in principle could always call, feed, and use one another
can indeed easily do so in practice.” (Brooks, 1987).

* A core focus of IDE developers is continuous improvement in
transparency to minimize searching for functions or switching modes

by the user



Why are Modern IDEs a Good Thing?

 The original IDEs were command driven and provided
minimal assistance in the development of source code

— Huge potential for making errors when coding

— Resulted in large amounts of time spent debugging code

* Often the debugging tools were located in a separate tool that had

to be booted up by the user and run with the problem piece of
code

— Little support with the language itself to help avoid typos
or bad syntax

— You could argue that at this point accidental difficulties in
software development were still running rampant



Common IDE Features

* These basics are generally included:
— Text editor — allows writing and editing of source code

— Build automation — generates the Makefile (or equivalent) and passes
it to the compiler

— Debugger — allows the developer to follow the execution of source
code step by step to confirm correct execution or to locate faults

 These additional features are common:
— Compiler/Interpreter
— Error checking as you write the source code
— Code autocompletion as you type
— Highlighting of code syntax (including bracket matching))
— Ability to browse and/or visualize class structures and hierarchies
— Templates for quick creation of classes



Nice-to-Have Features

* Profiler — monitors execution of software to aid in discovery of memory leaks and
performance improvement

— Task profiling

— Heap monitoring — look for unnecessary references and sources of memory
leaks

— Thread monitoring — check status of multiple threads

— Identify CPU bottlenecks — methods that are monopolizing large amounts of
processing time

* Database Integration — supports database development and usage

— Often multiple database frameworks are supported (SQL, Oracle DB, Apache
Derby, etc.)

* Storage Management — handles the saving and loading of multiple types of data

* Version control — keep track of what is being edited and which version is the most
up to date

e UML Support — design your system with UML diagrams and use these blueprints
within your IDE to build the supporting code



Nice-to-Have Features (2)

 GUI Design Tool —drag and drop design of GUI with the IDE
autocoding much of the GUI framework in the source code with
placeholders for user supplied methods

» Refactoring Support — assists in safe deletion of classes,
encapsulation of fields (adding get/set methods), breaking a class
apart into a new abstract class and subclass, renaming classes, etc.

* Testing Support

— Code coverage
— Unit Testing
— Test case management

* Issue Tracking — support for maintaining a database of open issues
that can be shared with the development team

* Lifecycle Integration — support for Agile tools and planning



IDEs for tomorrow, today

Support for programs cobbled together with multiple
programming languages
— Allows developers to leverage the strengths of multiple

programming languages when solving and modeling complex
problems

IDEs are available that can be run in a browser with your
source code stored in the cloud

— Supports flexible development environments where teams can
share and access resources from multiple computers and
locations

IDEs are evolving to support simultaneous development for
multiple frameworks and/or devices
— Example: Your company wants you to build a new game such

that can be released for desktops, tablet computers, and cell
phones



Some drawbacks with modern IDEs

* Modern IDEs are complex!

— To fully utilize the features of a big IDE takes an
investment of time and training

— There can be a lot of clutter as all the features clamor
for space in the IDE workspace

— They take up a lot more disk space and use a lot more
memory than just running Vim, GCC and GDB

— New revisions roll out regularly and features you liked
can be moved or may no longer be supported

 Example: NetBeans 7.0 has stopped supporting Ruby and
Ruby on Rails (but you can get a third party plug-in)



Finding the Right IDE for Your Project (and You)

* Cost
— There are many good free IDEs out there (Apple Xcode, Eclipse, NetBeans, etc.)

— There are also many good IDEs that require a paid license (Microsoft Visual Studio, IBM
Rational Rhapsody, etc.)

* Functionality
— Availability of plug-ins or modules to expand capabilities
— Multi-language support (many IDEs support a single programming language)
— Is the platform or device you are designing for supported by the IDE?
— Are there development team/product lifecycle supporting features?

— Wikipedia has a nice set of basic comparison tables for many types of IDEs:
http://en.wikipedia.org/wiki/Comparison_of _integrated development_environments

e Comfort

— Go with what works for you

* Get input from the people you work with and/or people in the larger community that you respect
— Good resources for IDE selection can be places like slashdot.org, stackoverflow.com, etc.

e Reality
— What will your company’s IT department actually let you install on your machine?



Looking at NetBeans:
An Example of a Full-Featured IDE

— Supports Windows, Mac, Linux and Solaris
— Design and build web, desktop and mobile applications in Java

— Multilanguage support for Java, PHP, JavaScript, Ajax, Groovy and
Grails, and C/C++

Ruby/Ruby on Rails no longer directly supported, but a plug-in is available at
http://plugins.netbeans.org/plugin/38549/ruby-and-rails

— Includes some nice-to-have features:

Drag-and-drop GUI Design Tool (now with Visual Debugging!)

Supports Java Enterprise and web application development for multiple
frameworks

Database Explorer to connect to, search, create or delete any relational
database for which there is a JDBC driver

Version Control with Concurrent Versions System (CVS) including version
integration

Agile friendly tools like Team Project hosting, issue tracking, and continuous
build support



NetBeans — A Brief Tour: The Workspbace

O | ere’s a screen shot of my NetBeans

File Edit View Navigate Source Refactor Run Debug Profile Team Tools Window Help

PSS nE

workspace. See how much functionality is
O et L b ER- - s packed into a single view?

: Projects an | Files

‘E Services |g§ ConcurrentTwit.java & l [@ ProcessTweeters.java & ‘ [@ TweetCompiler.java % L[g TwitGet.java & [ |&) CreateTweetFile.java = 4 E] @

o

2] @ CoinTossing

& ConcurrentTwit

-1 f5 Source Packages

=[] <default package>

[ concurrentTwit.java
[ createTweetFile.java
[@] ProcessTweeters.java
@
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- g Libraries

[
[

[#-@p DataSourcePlotter
3} @ Exam2
5-& Factorial
[E3] @ GuessingGame

e} @ JavaApplication15
® @ TurtleGraphics

RE-E-AtFE e aule n|L s

14

15 public class TweetCompiler implements Runnable
16 {

17 public final String twitID;

18

public TweetCompiler (final String userID)

S Here's the built-in text editor we

- & ConcurrentTwitter
5 @ omsaan " directories and libraries of multiple code syntax.

projects.

: Navigator

<o L mew—==ayList<String>() ;
29
30 for(int i =1; i<=16; i++)
31 {
32 allTweets.addall (TwitGet.getTweets(twitID, 1))
&kl
qn“‘ 34 System.out.println (" Compiled page "+i+" for "+twitID+". Array is now "+allTweets.size()):
- 2

Members View

=) TweetCompiler :: Runnable

[ twitID : String

& TweetCompiler(String userID)

@ notify()

@ notifyAll)
Q@ toS 0

© wa

BOEE)

In this frame we can track the
members of the class we're currently
working in, including those that were

()

m

inherited by the current class.

R ‘ Tasks

PP [compile
0 Created dir: C:\Users\spiggott\Desktop\Jen Stuff\CSCI 5$828\HWO03\Conc Down here We Can keep tI’aCk Of the

Copying 1 file to C:\Users\spiggott\Desktop\Jen Stuff\CSCI S828\HWOZ

| |Nothing to copy. t t f 'I d th
% Building jar: C:\Users\spiggott\Desktop\Jen Stuff\CSCI 5828\HWO03\Cor Ou pu o Our Compl er an e
Te run this application from the command line without Ant, try:

java -jar "C:\Users\spiggett\Desktop\Jen Stuff\CSCI S5828\HWO03\Concuzx eXeCutiOn Of Our program- This is also
BUILD SUCCESSFUL (oval vime: 1 second) Where the debugger ConSOIe and

watch window are located (more on
these later).




NetBeans — A Brief Tour: The Workspace (2)

IC T ConcurrentTwit = NetBeans IDE 7.0.1 =)
File Edit View Navigate Source Refactor Run Debug Profile . Q~ Search (Ctrl+])
PGS XhE D E [ :

: Projects @w|;ﬁ|es lgsﬂvices Concurrentmtjava WHE_E] Process!yeehers;ava w‘@Twee IerJa ClICk here to attaCh and run the
@& CoinTossing | B - ﬁ “d &L 5‘.| ﬁ{b =Y | &E o prOfller

& ConcurrentTwit [
E-1j3 Source Packages 14 - § I W - . N
== nt
B[ <default package> i: ic class eetCompiler implements Runnable

£ oo Click here to attach and run the debugger

& CreateTweetFile.java

(@ ProcessTweeters.java public TweetCompiler (final String userID)
[E3 W TweetCompiler.java {
[ Twitcet.java twitID = userID
- g Libraries }

public final Stri twitID;

8 ot . . Click here to execute the compiled code
i-@p DataSourcePlotter {
H-& Exam2 26

) @ Factorial / 27

t @ GuessingGame 28 ArrayList<String> allTweets = new ArrayList<String>():

- 27 Click here to send the project to e 1)

javac, the Java compller s maceerceenvee. O€€ the buttons for commonly executed
[ Navigator . syseemorepeinein - comenes LASKS? There was a time when all this

Members View 35 . . .
5 TweetCompler  Rurnabl 1 36 ) functionality would have required the user
[ twitID : String 37 . . - -
& TreetConpleSting saD) 2 creatervescrile oucpr = new czeaer. 10 OPEN Multiple applications on their
© runQ 39 output.openFile (twitID);

‘?O done() : Object 40 output.addIweets (allTweets); deSI(tOp_

41 output.closeFile():

42

@ equals(Object o) : boolean

finalize()

getClass() : Class<?> : Qutput - ConcurrentTwit (clean,jar) R ‘ETasks
® hashCode() : int u>
9 notify()

Created dir: C:\Users\spiggott\Desktop\Jen Stuff\CSCI S5828\HW03\ConcurrentTwit\dist
notifyAllQ |Copying 1 file to C:\Users\spiggotti\Desktop\Jen Stuff\CSCI 5828\HW03\ConcurrentTwit\build
toString() : String Nothing to copy.

9 wait(longl) o Building jar: C:\Users\spiggott\Desktop\Jen Stuff\CSCI 5828\HW03\ConcurrentTwit\dist\ConcurrentTwit.jar
wait{long |, int ) Te run this application from the command line without Ant, try:

java -jar "C:\Users\spiggott\Desktop\Jen Stuff\CSCI 5828\HWO03\ConcurrentTwit\dist\ConcurrentTwit.jar"

wait()

BEEE 8

BUILD SUCCESSFUL (total time: 1 second)




NetBeans — A Brief Tour: Refactoring

[© conaunent - Netgenibe I NI You can rename your class, or move your class to a different =]

File Edit Vier/_Navi‘gate SOl’JrC( Run ug Profile Team Tools Window : package 0|’ into another ClaSS, Or Copy your Class _ a” Source

R LI | _ | !

Move.. Ci-M code will be updated to reference the new implementation.
Copy...

rrgects 4 eliionll]  steyoos- Ner'\W@ 7= Safely delete checks all your source code and removes ==
& conment Change Method pm\ — the piece of code provided no other code references it. =

5[ <default package> G ¥ -
@} ConcurrentTwit.jg
|&) CreateTweetFile ; Extract Interface...
[&] ProcessTweeters Extract Superclass...
@ Use Supertype Where Possible...
&) TwitGet.java

#- g Libraries Move Inner to Outer Level...
& ConcurrentTwitter
I & ContactEditor

Push Down...

. You can change the access modifier of a method or add
e parameters.

EID = userID;

Select methods from your class and create an interface OR

—_—

Convert Anonymous to Member...
Introduce Variable... Alt+ShiftsV |

158 oms krotics Conem AlShit select methods and fields to make a new superclass.
& Factorial Introduce Field... Alt+Shift+E i
; g ?:fj;ﬁi:::ms Introduce Met.hod... Alt+Shift+ M ayList<String> allTweets = new ArraylList<String>():
58 TurteGraphics Encapsulate Fields... (4nt i =1; i<=16; i+4) ‘
Undo - U , _ _
: g I I w\ Choose a field, hit encapsulate, and have the IDE
e i e =z generate a template set and get method for that field.
ﬂ « There are lots of helpful tools for S
« refactoring to make it as fast and easy i
F ¢ (and error free!) as possible. L ] S u | Tasks :
[ =i [pp[creseed diz: C:\Omezs\epigzore\eskeop\sen Stuef\CaCL seze\mios\ConcurzantIwis\disr
| 5 NetBeans’ wiki provided these links to some great resources for
g understanding and implementing refactoring of your source code:
BORE = http://refactoring.com

http://refactoring.info
http://www.sourcemaking.com




NetBeans — A Brief Tour: Debugging

.
(O ConcurrentTwit - NetBeans IDE 7.0.1 s o5 S

File Edit View Navigate Source Refactor Run Debug Profile Team Tools Window Help

Qv Search (Ctrl+])

[<default config>

[PEES X2O D

T W D EBR-®-

i &

NetBeans’ Debugger is another important

StartPage | [d} ConcurrentTwitjava 5 (] ProcessTweeters.java s (€] TweetC

integrated tool that you can set-up and u
execute from the main workspace. b

Set a breakpoint (a place in the source code you want -
the debugger to stop at during execution) by clicking one
the line number containing the statement you want to

ow "+allTweets.size()):

[ ]

m

1

:Proj.. @® ‘ Files ‘ Services ‘ Profiler
l|| @& coinTossing |. 5 - |a@,5|.|{|94}> R|ciE e B &
& ConcurrentTwit
-1 fa Source Packages ii }
. =[] <default package> 4
Hj@ ConcurrentTwit.java @b FIELUGC TEEE mat I
[ CreateTweetFile.java 25 {
@] ProcessTweeters.java i:
@ TweetCompiler.java 28 ArrayList<String> allTweets = new ArrayList<String>();
@ TwitGet.java 29
@ Lbraries 30 for(int i =1; i<=16; i++)
(- & ConcurrentTwitter 21 {
& ContactEditor 32 allTweets.addRll (TwitGet.getTweets(twitID, 1))
G-@p DataSourcePlotter 33
[+ @ Exam2 34 System.out.println(" Compiled page "+i+" for "+twitID+". Array i
& @ Factorial 35
#-& GuessingGame 36 }
# @ JavaApplication15 37
3] @ TurtleGraphics 38 CreateTweetFile output = new CreateTweetFile():
39 output.openFile (twitID);
40 output.addTweets (allTweets);
: Navigator a=s 41 - anrput.closeFile();
 Members View v|| 42
=-£8) TweetCompiler :: Runnable System.out.println("File complete for "+twitlID):;
[ twitID : String
& TweetCompiler(String userID)
© run
= % clone() : Object
- @ equals(Object o) : boolean
%o finalize
© cetClass() : Class<?>
@ hashCode() : int
- @ motify0 : VM Telemetry Overview Stop at_
@ notifyAllQ O
@ toString() : String D
@ wait(long ) —
- @ waitlong |, inti) LD_ <no tasks>
- @ wait()
=
@ &g <no tasks> in all opened projects

@)2| 24123 |ms



NetBeans — A Brief Tour: Debugging

Keep an eye on the value of a variable during execution by adding a watch. An easy way to do

7 7 g « this is to highlight the variable or expression you want to watch, right click on the highlighted text,
and select New Watch from the pop-up menu.
: Proj.. < % |: File
® @ CoinTossing . . . . .
> & Goncurent You can track your Watches in the Watches window by selecting Windows>Debugging>Watches
R @ The Watches window will be available in the bottom right frame of the workspace.
@ Cl
@ Prucessiwecwrs java 27
S 1:::tectzr:ﬂer.java z: ArrayList<String> eets = new ArrayList<String>():
G-l Libraries @ for (int I%; i<=16; i++)
||| 3-& ConcurrentTwitter 31 {
o & oo : (Orewvor ==
,: g :::;ia‘ 2: 5y RN Array 1is now "+allTweets.size()):
& @ GuessingGame 36 } il —
3] @ JavaApplication15 37
i & TurtleGraphics 38 Creats oK ] [ Cancel ] [ Help
f 39 o:‘lzp:\:: — =
lE Navigator a= :2 zuciut .closeFile():
Members View - 42
=-£2) TweetCompiler :: Runnable m] System.out.println("File complete for "+twitlID);
[ twitID : Strinc 44
& TweetCompiler(String userID) 2: L )
© runQ s
\ oolea A
o 49
vEVariabIes @ % |: VM Telemetry Overview 'EOutput : Tasks
Name Type Value @
D) © Q Q-
I Enter new watch B E]

B [@EDE) 8 .
W ¥2



NetBeans — A Brief Tour: Debugging

View Ngigate Source Refactor Run Debug Profile Team Tools Window Help
RS XEE D@ [ ] G D RG-S ‘
I
|
: Proj.. 4@ ® | Files ‘ Services ‘ Profiler StartPage & | @ConmrrentTwit.java 8 | |?_§] ProcessTweeters.java & [ @] TweetCompiler.java L@] TwitGet.java w‘@ CreateTweetFile.java = @B @ h
- EE-8- RrEPe e n| sy
7 g {2 Source Pa New i’ 22 I' i i
= Hﬂ[ge? Build é\z public void run()
B cr Clean and Build 25 {
H [E_g] Pri Clean zg
@ Tv~‘ Generate Javadoc 28 ArrayList<String> allTweets = new ArrayList<String>():;
B T o
B Libraries Run @ for(int i =1; i<=16; i++)
- & ConcurrentTw, Debug 31 {
(- &» ContactEditor Profile 32 211Twaare addAA1l (Twitrfar ~afTrraatclrisTD 510\ e |
(-@» DataSourcePlq 33 .
s 8 oo o ™~ When you have your breakpoints and watches set and you
@ Factorial QUAOUESKION . .
8 Gusigond . <™. are ready to run your program, right-click on the name of i
& JavaApplicati nset as Main Froje 37 g -
5 Tutcomticl  Open Required roject 2 your project and select Debug from the menu. Let the -
Close 39 - =
— - a0 debugging commence... -
: ConcurrentTwit - N Rename... gl a1
Move... | a2
m] System.out.println("File complete for "+twitID):;
Copy:z 44
Delete Delete 45
46 - }
Find... Ctrl+F 47 =
Versioning » 48 }
Local History 4 =
Properties =
: Watches Pn ‘ Variables ‘ VM Telemetry Overview ‘ Output ‘ETasks
Name = N @
o Let’s run our concurrent Tweet collecting program through %‘
<Enter new watch>

the debugger so we can see some handy tools for
multithreading...

@J2| 30117 |INs




NetBeans — A Brief Tour: Debugging

[N\

J ConcurrentTwit - NetBeans IDE 7.0.1

File Edit View Navigate Source Refactor Run Debug Profile Team Tools Window Help

Q Search (Ctrl+])

o]

E] % &) @_l | <default config>

TR PR-G-000 @ mé il 9

|[: Proiects [:Files i services [: @ % |:Pprofiler

StartPage = ‘ @ ConcurrentTwit.java & ‘ @ ProcessTweeters.java ‘ @ TweetCompiler.java % @ TwitGet.java & | @ CreateTweetFile.java a|

e

@ ‘Keep-Alive-Timer' running

BR-8-AcFEfre(auo o=

I {§} ‘pool-1-thread-1' running
‘pool-1-thread-2' running
‘pool-1-thread-3' running
‘pool-1-thread-4' running
‘pool-1-thread-5' running
‘pool-1-thread-6' running
‘pool-1-thread-7 running

‘pool-1-thread-8' running

m

m

m

m

(\izo ¢

i

¢

m

6OeoBO00

‘pool-1-thread-8' running

®WEB & B 4 09E e

: ConcurrentTwit - Navigator

<No View Available >

17 public final String twitID;

19 public TweetCompiler(final String userID)

twitID = userID:

program has created while we debug!

ArrayList<String> allTweets = new ArrayList<String>():

for (int

{ You can even pause a thread in its execution — just hit the

** pause button.

SYStemrooorprmomy U

}

CreateTweetFile output = new CreateTweetFile():
output.openFile (twitID);

output.addIweets (allTweets);
output.closeFile():

System.out.println("File complete for "+twitID):

Look! We can keep track of all the threads our concurrent

e

m

: Variables

@ % |: Breakpoints : VM Telemetry Overview | Output

: Tasks

@ Name
&)

|57 Mo searizhl

<Enter new

Type Value

watch> [;]

$n dionlay hacaica thara ic na arrent theaad [

0

)

o~

ConcurrentTwit (debug) |

J

&2

431 |INS



NetBeans — A Brief Tour: Debugging

[C\

File Edit View Navigate Source Refactor Run Debug Profile Team Tools Window Help

[Qv Search (Ctrl+])

\

‘fj EI % \_ _l :<defaultconﬁg>

‘- TEPHR-G-HO0®

R
==

UK B

| i @ ‘Keep-Alive-Timer' running

[] TweetCompiler.run:43
(-l Hidden Source Calls

] TweetCompiler.run:43
[ Hidden Source Calls

= @ ‘pool-1-thread-1' at line breakpoint TweetCompiler.; [>

=] @ ‘pool-1-thread-2' at line breakpoint TweetCot

LEE

a= | Profiler StartPage = | @ ConcurrentTwit.java & | @ ProcessTweeters.java 8 [ @] TweetCompiler.java % @ TwitGet.java & ‘ @ CreateTweetFile.java wl
o, T
HeR-8-atsSf@ere e 0L =
17 public final String twitID;
18
19 public TweetCompiler (final String userID)

{

20
21

twitID = userTD:

Several of our threads have hit the breakpoint we set. The

=] @ 'pool-lv-thread-?' atline. breakpoint TweetCompiler.; [> ési .
B TesiComplrroes a0 threads are paused and waiting for us to step through the
@B Hidden Source Calls 26 .
@ ool-Ltvesd-truring 2 breakpoint for that thread. 1
@ pool-1-thread-5' running 28 ArrayLif
) 'pool-1-thread-6' running 29
|| & @ ‘pool-1-thread-7 suspended at 'SocketInputStrea 30 for(int i =1; i<=16; i++)
< | A n - | 31 { ) o L
‘ 6 New EreskolBt s €9 gz allTweets.addAll (TwitGet.getTweets(twitID, 1i)):
: @ ~ @ & - 34 System.out.println (" Compiled page "+i+" for "+twitID+". Array is| now "+allTweets.size()):
LW 2 @ of (T8 ¢E B35
— ol ? ' NetBeans is keeping a tally of how many breakpoints have )
(e — - % o= been reached and are awaiting attention.
) ':t:‘nq unnabie 40 Outpuu.auu;wc?u:s\u;;xw::u:);
g ‘tlyvv\::tc ampilér(strmg userID) :; ourput.cleseriie ) ~
?g ZTOZ?:Q - 4(? System.out.println("File complete for "+twitlID):
Q@ equalsp-i—t—tnlomm
| Thread 7 is still paused from earlier. It won't reach the
o =1 breakpoint until after we start it running again. We'll set it to i
D notifyAl H 1
=™ run again by pushing the play button.
@ wait(longT)
@ wait(long |, inti) ‘ 4
© wait) : Variables o% ‘ Breakpoints : VM Telemetry Overview ‘ Output falasks
Name Type Value E‘
@@ &S EJ/Q\;?::&' P Tueatamnilar Q«mn g :
) i E §2| i




NetBeans — A Brief Tour: Debugging

When you've reached a
breakpoint, NetBeans stops the
-~ Lamudng execution of your code and you
sEmsem can use these handy buttons to
choose how to proceed.

OConcu Pt @ etlleans IDE 7.0.1

File Edit \Wew Navigd#e Source Refactor Run Debug Profile Team Tools Windc¢

E] E [E L:C_’:] = ;‘;‘ :<defaultconﬁg> .' uﬁ“’ E |> B

Pro;ects ‘ Files ‘ Services ‘ a 83‘ Profiler H StartPage w‘@c currentiwit)an 4 FroC
- TR SR {b

2 Stop, pause or continue (play) - s seeine ofom:

the debugger TweetCompiley(final Stying usefID)

= TweetCompller run:43 H 21 |

e : “Run to cursor” — evaluates the code
Step over” — evaluate the current line until it gets to the line your cursor is
and proceed to the next line in the file on and stops again

27
28

......

ArrayList<String> allfweets = npw ArrayList<String>():

| “Step over expression” — evaluate the if 1+4)
. A\Y n
o« Current expression and proceed to the — fasees.ghen=ecse: “Step out” — evaluates the rest of the
next expression in the line ane ofenes meee | CUPFENt method and takes you back out to

) . . .
sl ; the next line in the calling code

: Navigator a2 \‘ 37

‘TweetFile ()

Members View

o e OtEP iNt0” — evaluate the current line AND
dww:s if there is @ method call in that line the

& TweetCompiler(

.. debugger will take you through the lines of e overven —
S that method’s code

LineBreakpoint TweetCompiler.java : 43 successfully submitted.

Breakpoint hit at line 43 in class TweetCompiler by thread pool-l-thread-8.
Thread pool-l-thread-8 stopped at TweetCompiler.java:43.
Breakpoint hit at line 43 in class TweetCompiler by thread pecol-l-thread-2.

@ notify

Breakpoint hit at line 43 in class TweetCompiler by thread pool-l-thread-3.
Breakpoint hit at line 43 in class TweetCompiler by thread pool-l-thread-3S.
Breakpoint hit at line 43 in class TweetCompiler by thread pool-l-thread-1.

m

User program running

Breakpoint hit at line 43 in class TweetCompiler by thread pool-l-thread-5.
Thread pool-l-thread-5 stopped at TweetCompiler_ java-43.

Breakpoint hit at line 43 in class TweetCompiler by thread pool-l-thread-&.

Breakpoint hit at line 43 in class TweetCompiler by thread pool-l-thread-4.

BOED(E) & -
ConcurrentTwit (debug) | running. .. @2 4311 |ms
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File Edit View Navigate Source Refactor Run Debug Profile Team Tools Window Help

| FRES DE e TR OB G- D00 E RS E A& LI E

‘ : Projects l Files l Services ‘ 4 % |: Profiler StartPage = l @ ConcurrentTwit.java & ] @ ProcessTweeters.java ® | B] TweetCompiler.java = IE] TwitGet.java = l [ﬁ__iS'] CreateTweetFile.java wl @B @ |
{8} ‘Keep-Alive-SocketCleaner' running 1] ‘ -5l - | Q& | F L | e = | ¥
' =] @ pool-l-ﬂ'\read-‘? at line breakpoint TweetCompiler.jave [> 17 public final String twitID; “m
] TweetCompiler.run:43 o
Hidden Source Cals 19 public TweetCompiler (final String userID)
E—II@ ‘pool-1-thread-5' at line breakpoint TweetCompiler.jave [> 20 {
[ TweetCompiler.run:43 21T twitID = userID;
Hidden Source Calls 22 }
E—J@ ‘pool-1-thread-6' at line breakpoint TweetCompiler.jave [> 23
] TweetCompiler.run:43 (o1 public void run() -
Hidden Source Calls 255 {
& @ 'pool-1-thread-7' suspended at 'SocketInputStream.soc [> 26
27
28 ArrayList<String> allTweets = new ArrayList<String>():
29 5
30 for(int i =1; i<=16; i++) i
< | mn » 31 {
- - 32 2llTweets.addAll (TwitGet.getTwests (cwitID, i)):
e New Breakpoint Hits (2) 33
34 System.out.println (" Compiled page "+i+" for "+twitID+". v is| now "+allTweets.size()):
@ & @B 8 35 e
36 }
: Navigator as 37 .
—— | = ceecereecrie | YOU €an watch the output from the debugger down in the
P output.openFile
= g”e;‘ic;;’f‘f;'nf”””ab'e 40 output.sddTweets Debugger Console.
- 41 output.closeFile
& TweetCompiler(String userID) 4 / i I
© run( e
%0 done( : Object : Variables |: Breakpoints | VM Tatsmietry Overview [: output ® % |: Tasks
@ equals(Object o) : boolean Conmszentiwitldelnole I Debugger Console XK
Q_) finalize) user program running g
© cetClass() : Class<?> LineBreakpoint TweetCompiler.java : 43 successfully submitted.
O hashCode() : int Breakpoint hit at line 43 in class TweetCompiler by thread pool-l-thread-8. g
@ notify() Thread pool-l-thread-8 stopped at TweetCompiler.java:43.
) notifyAllQ Breakpoint hit at line 43 in class TweetCompiler by thread pool-l-thread-2.
P toString() : String B:eakpo:f.nt h::n.t at l:?.ne 43 in class TweetComp::Ller by thread pool-l-thread-3.
- Breakpeint hit at line 43 in class TweetCompiler by thread pool-l-thread-9S.
o wait(long Breakpoint hit at line 43 in class TweetCompiler by thread pool-l-thread-1. =
© wait(ong, inti) User program running -
@ wait) Breakpeoint hit at line 43 in class TweetCompiler by thread pececl-l-thread-S.
Thread pecol-l-thread-5 stcpped at TweetCompiler.java:43.
Breakpoint hit at line 43 in class TweetCompiler by thread pool-l-thread-&.
v Breakpoint hit at line 43 in class TweetCompiler by thread pool-l-thread-4.
@ 48 I -

ConcurrentTwit (debug) | running... 2| 311 |ms
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File Edit View Navigate Source Refactor Run Debug Profile Team Tools Window Help [& Search (Ctrl+I) ]
PSS DO (o T DB O 0006 ME S DS e

: Projects l Files | Services |: @ = |: Profiler StartPage = | @ ConcurrentTwit.java & l @ ProcessTweeters.java [ @ TweetCompiler.java % l @ TwitGet.java = ‘ @ CreateTweetFile.java sﬂ @B @
{83 ‘Keep-Alive-SocketCleaner' running m | -5 - ’ Q% ,5“ ® LR ‘ &F o ‘ e = | Wz _=

|| = @ ‘pool-1-thread-4' at line breakpoint TweetCompiler.jave [>

17 ublic final String twitID; -
[] TweetCompiler.run:43 18 e g
[-[) Hidden Source Calls 19 public TweetCompiler (final String userID)
548y 'pool-1-thread-5' at line breakpoint TweetCompiler.jave [> 20 i
[] TweetCompiler.run:43 21T twitID = userID;
[+ Hidden Source Calls 22 }
= @ ‘pool-1-thread-6' at line breakpoint TweetCompiler.jave [» 23
[] TweetCompiler.run:43 24 public void run() -
(L] Hidden Source Calls 25| {
3] @ ‘pool-1-thread-7' suspended at 'SocketInputStream.soc [» 26

27

28 ArrayList<String> allTweets = new ArrayList<String> ()’
29
30

a See how the number of threads has dropped off as tweet

m

= collection tasks have completed? These four threads from the

34

@ wEB a @ BODE W\% executor service pool that are left are all stuck at the LN
—— <)l = \ breakpoint waiting.

Members View v 38
39

|
|
|| € New Breakpoint Hits (2)
\
\

=8y TweetCompiler :: Runnable o

| et g ) “ Once they are released, the program will run through the
o . Fest of its execution. (In case you're wondering, the other

R fmeovtecte) s bookan "+ wnarent five threads in the pool were already released from our

Loula not 13

@ getClass() : Class<?> - Compile brea kpoint.)

@ hashCode() : int Retrieved j

@ notify() % Compiléapage—To rur prensTmoney T SISy TS NUW—OUTOT
@ notifyAllQ Retrieved page 14 for planetmoney

@ tostrin 0 : st Compiled page 14 for planetmoney. Array is now 36148
- Retrieved page 15 for planetmoney

O wa Compiled page 15 for planetmoney. Array is now 33173
@ wait(long |, int) File complete for birbigs

@ wait) Retrieved page 1é for pl

e = Next, let’s take a look at the Profiler tool using our
BORE e s e Concurrent Twitter program...
ConcurrentTwit(debug) [ mwmnime.. @ @J2| 48]t |ms
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63 ConcurrentTwit - NetBeans IDE 7.0.1 =)

File Edit View Navigate Source Refactor Run Debug Profile Team Tools Window Help Q~ Search (Ctrl+])
PEES XBE D e T H D l‘\_i@

: Projects a= | Files ‘ Services @ ConcurrentTwit.java & | @ ProcessTweeters.java & ‘ eetCompiler.java L@ TwitGet.java | @] CreateTweetFile.java = @ E @

QColnTossmg |@ 5 ‘Q%E.HP{}}D |¢l.=.'>| ‘W—EE

& ConcurrentTwit . A
-1 ja Source Packages 14 —

& E:T:I <default package > 12 I{Ju.blz.c class TweetCompiler implements Runndple

@} ConcurrentTwit.java . . R . . |- k h h fl
[ CreateTweetFile.java 17 public final String twitlD; C IC ere to run t e pro | er
i 18
8] ProcessTneeters java 19 public TweetCompiler (final String userID)

s =L .
€ TwitGet.java () Profile ConcurrentTwitter g

& Libraries

(& ConcurrentTwitter
& ContactEditor - = -
& g DataSourcePlotter Monitor Monitor Application
3] @ Exam2
5-& Factorial * Monitor Application 3
@ @ GuessingGame * Create Custom...
e2] Q JavaApplication15
#-& TurtieGraphics S ng
Sample threads states

: Navigator is now "+allTweets.size()): h
Members View
B8 TweetCompiler :: Runnable ﬁ

[ twitID : String Memory

& TweetCompiler(String userID)

© runQ

% done() : Object

@ equals Ob]c(t 0) : boolean
T u

The Profiler Setup will open.

Advanced settings

> Run H Cancel H Help

If you want to collect more information on what the ———————
individual threads are doing check “Enable Thread o Concu zent L E\A 2E\ConcuErent Tt az®
Monitoring” in the Monitor tab.

T

m

@ 111 |ms
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O heteens 108 AN Y In this view we're looking at processing time per method

File Edit View Navigate Source Refactor Run Debug Profile Team Tools Window Help

FUFIEE W o [ 0 ¢ e o By ) Bp-(p PEr thread. You can see that most of the time (99.7%) of
each of the executor service created threads is spent in the

Projects _|:Fles __|:services i Prot.._ @ % s getTweets method where all the I/O with Twitter occurs.
This is what we expected when we built the program.
S Call Tree - Method S o
Load... (-&5 pool-1-thread-1 | ] 45978 ms (100%) 1 4
= ¥ TweetCompiler. run () ] 45978 ms (100% 17
I (O TwitGet.getTweets (String, int | ] 45862 ms (35.7% 16
&l View (O CreateTweetFile. addTweets (java.util. ArrayList) 101ms (0.2% 1
— — ® self time 11.9ms 1
=R e (D CreateTweetFile. openfFile (String) 1.70ms 1
VM Telemetr Thread — (D CreateTweetFile. closeFile ) 0.210ms 1
slemetry reads (O CreateTweetFile. <init> () 0.003ms (0% 1
- (-3 pool-1-thread-8 | ] 43417 ms (100% 1
&l Basic Telemetry £ %9 TweetCompiler. run ( B 417ms (100% 1
Instrumented: c (O TwitGet.getTweets (String, int | ] 43236 ms (33.6% 16 |=
'?I:tend (O CreateTweetFile. addTweets (izva.utl. ArrayList 173 ms (0.4% 1
To;:laﬂimory: @ self time 4.61ms (0% 1
Used Memory: (D CreateTweetFile. openfFile (String 1.75ms 1
Time Spent in GC: | (D CreateTweetFile. closeFile () 0.244ms 1
v (D CreateTweetFile. <init> () 0.003ms (0% 1
: - Navigator @ = ||| &= pool-1-thread-3 ] 42959 ms (100%) 1
- ¥ TweetCompiler. run () | ] 42959 ms (100% 1
@ TwitGet. getTweets (String, int ] 42847 ms (39.7% 16 |
(D CreateTweetFile. addTweets (izva.utl. ArrayList) 104ms (0.2%) 1]
I (D self time 4.88ms 1
(D CreateTweetFile. openFile (String 1.67ms (0% 1
(D CreateTweetFile. closeFile () 0.236ms (0% 1
(D CreateTweetFile. <init> () 0.002ms (0% 1
[#-E pool-1-thread-4 ] 40515ms (100%) |
o View Avalebie- Bg Call Tree ‘ 5 Hot Spots | B Combined | (1) Info‘
R
After the tweet collection finishes, NetBeans asks if you
want to save a snapshot of the profiled execution. Click yes
and then you can examine how much time each thread is
| spending in what methods, classes, or packages. §
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{_J NetBeans IDE 7.0.

File Edit View Navigate Source Refactor Run Debug Profile Team Tools Window Help

o5 3
Qv Search (Ctrl+]) ‘

[ PEES X BB D (e T H D ED- B - Eimd @

iProjects | Files |: services

[iProf.. @=| oa [[€) ProcessTweeters.java % |[&] TweetCompiler.java 5| [&] TwitGetjava (&) CreateTweetFile.java % |[= Threads 5 |[5] WM Telemetry w2 | &) cPu: 10:50:00pM= x|  [[J[Z] (=)

[ View

VM Telemetry Threads

=] Basic Telemetry

Instrumented:
Filter:

Threads:

Total Memory:
Used Memory:
Time Spent in GC:

[ |

-~

Delete \H | Q @ | Show: [AIThreads

Threads

[ Attach Listener

[ Reference Handler
O Finalizer

[ Signal Dispatcher

O main

O pool-1-thread-7
O pool-1-thread-3
0O pool-1-thread-9
O pool-1-thread-4
O pool-1-thread-2
0O pool-1-thread-8
O pool-1-thread-5
- || |0 DestroyJavavm

: - Navigator

\* O pool-1-thread-1

<No View Available >

\N 0O pool-1-thread-6
Keep-Alive-Timer
-Alive-SocketCleaner

T T T T T |
# at

v v T v T T v T v
0:30 1:00 [m:s]

Here you can see the timeline of the pool of threads
created by the concurrent Twitter program running.

J

-

[ Running [ Sleeping [J Wait [ Monitor

Timeline [ Table | [
—
|E VM Telemetry Overvie\ | Output - ConcurrentTwit (profile) @ ® | Tasks
TN P S cnnc -

You can look at detailed information on the threads used
by the application by clicking View>Threads in the Profiler
window.
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Ot 00, e ", I i e

gate Source Refactor Run Debug Profile Team Tools

“Eﬂ@%%%n

dow Help

D@ e T B b B0 A6

| : Projects ‘ Files ‘ Services ‘ Prof.. @ % | ..ava |@ ProcessTweeters.java & | @] TweetCompiler.java & | @ TwitGet.java = | @ CreateTweetFile.java = |Threads % VM Telemetry u{ @ CPU: 10:59:00 PM * SI @B E]
|| B3| show: [aiThreads l
Thread Running v Sleeping Monitor Total
Attach Listener 46.910 (100.0%) 0.0 (0. 46.910 ~
Signal Dispatcher 46.910 0%) 0.0 (0.0%) 46.910
pool-1-thread-9 42,510 (100.0%) 0.0 (0.0%) 42,510
& View DestroyJavaVM 42,510 ( o) 4.400 0.0 | ) 46.910
pool-1-thread-7 41.509 (100. "n) 0.0 0.0 (0. O"n) 41.509
pool-1-thread-5 39.809 0.0 ( 39.809
— || | pool-1-thread-6 38.609 0.0 (0. 38,609
VM Telemetry Threads pool-1-thread-2 38.109 ( 0.0 (0.0%) 38.109
pool-1-thread-1 38.109 (100.0% 0.0 (0.09 38.109
S Basic Telemetry pool-1-thread-4 37.409 ) 0.0 (0.0 37.409
_ pool-1-thread-8 37.109 ( . 37.109
Instrumented: = | | pool-1-thread-3 32.808 ( 0.100 ) .0 (0.0%) 32.908
;:tree'; s Keep-Alive-SocketCleaner 5.000 ( 39.070 ) .0 (o 24,070
Total Memory: Reference Handler 0.200 46.609 ) . (0.29%) 46.910
Used Memory: Finalizer 0.101 46.609 ) 5 (0.4%) 46.910
Time Spent in GC: || |keep-alive-Timer 0.0 2.600
" || |Keep-Alive-Timer 0.0 4.924
: - Navigator a=n Keep-Alive-Timer 0.0 5.007
Keep-Alive-Timer 0.0 5.031
Keep-Alive-Timer 0.0 5.000
Keep-Alive-Timer 0.0 (0. 5.005
Keep-Alive-Timer 0.0 5.001
Keep-Alive-Timer 0.0 11.801
main - - %) - -(-%)
e e By selecting the Table view, you can get a summary of how
much time each thread spent Running, Sleeping, Waiting or
Monitoring.
: VM Telemetry Overview | OQutput - ConcurrentTwit (profile) R ISTasks
u> Compiled page 1€ for nytimes. Array is now 36621l ~
File complete for nytimes
u> Could not retrive complete 15 for funnvordie AY4
| 1 ] »
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File Edit View Navigate Source Refactor Run Debug Profile Team Tools Window Help

Q- Search (Ctrl+]) n

PEHES XRE DO e o TH DB O

- o

: Projects ‘EFiles ] Services ] Prof.. @ % | ..ava | ProcessTweeters.java u| TweetCompiler.java ﬂ||§1 TwitGet.java s| CreateTweetFile.java N|Threads ﬂl VM Telemetry a[ @CPU: 10:59:00 PM * HI EBB@
— T
| show: [All Threads |
O pool-1-thread-7 [java.lang. Thread] (finished) o
€ User thread
General ‘ Detais|
[ View
ERunning 0:41.509 (100.0%)
— — [ Sleeping 0:00.000 (0.0%) p
w O Wait  0:00.000 (0.0%) -
VM Telemetry Threads @ Monitor  0:00.000 (0.0%) L
Total:  0:41.509
=] Basic Telemetry
Instrumented: 2 0:00 " o0 0:20 0:30 " 0:40  [mis]
Filter: ) : : : :
Threads:
Total Memory:
Used Memory: O pook-1-thread-3 [java.lang. Thread] (fnished)
Time Spent in GC:
||| € userthread
: - Navigator as General [Detaisl
ERunning 0:32.808 (99.6%)
[ Sleeping  0:00.000 (0.0%)
OWait  0:00.100 (0.3%)
@ Monitor  0:00.000 (0.0%)
Total:  0:32.908
000 |
<o View Avable> | By selecting the Details view of the Threads tab, you can
o peor1-thread-o e |OOK @t €ach thread individually and even get timestamps 1.
m for the thread states. —
VM Telemetry Overv | Output - ConcurrentTwit (profile) o n |§Tasks
u> Compiled page 16 for nytimes. Array is now 3662l ~
File complete for nytimes
u> Could not retrive complete 15 for funnvordie S
m | [} »
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() NetBeans IDE 701 = |
File Edit View Navigate Source Refactor Run Debug Profile Team Tools Window Help Qv Search (Ctrl+])
Fm = = | o 4 W mia G i e ———— T~ * =V [N E2 LT : o

By selecting the Memory (Heap) view of the VM Telemetry
e t@b, YOU can look at how much memory was allocated at = creie o )i wirdenery =)0 o o w ELIEE
any time during the execution and how much was actually
used.

Logu..,

10:58:40.617 PM, Mar 19, 2012
Heap Size 108,044,288 B

75M8 Used Heap 53,100,000 B

Max Heap Size 108,044,288 B
VM Telemetry Threads Max Used Heap 91,253,952 B

(=] Basic metry 50 MB -

m

Instrumented:
Filter:

Threads:

Total Mempry:
Used Me

Time Spentin GC:

25MB—+

at

: -Navigator | ax

omB
10:58:10 PM 10:58:20 PM 10:58:30 PM 10:58:40 PM 10:58:50 PM

« [ n | »

[ Heap Size I Used Heap

Memory (Heap) [#emory (GC) | Threads / Loaded Classes
: VM Telemetry Overview |EOutput-ConcurrentTwit(proﬁle) @ ® |: Tasks
No View Available >
D> Compiled page 16 for NewYorker. Array is now 35725 a
u> File complete for NewYorker

You can look at high-level information on memory usage,

‘ garbage collection, and thread activity in the Virtual
Machine Telemetry tab by the application by clicking

‘ View>VM Telemetry in the Profiler window. 1 |

0
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£ NetBeans IDE 7.01 (e - S
File Edit View Navigate Source Refactor Run Debug Profile Team Tools Window Help Qr Search (Ctrl+]) I
H = N W= i | oo - r T R = o T A ——

You can also look at the VM Garbage collection/Surviving generations:

Telemetry in this frame. All three ccepe « & R eeren cscis
views available in VM Telemetry * Relative time - the percentage of the total execution time i
are shown side by side: that the VM spends performing garbage collection with all
ZZ::guration: i:gly.zePerformance = threads suspended' '
= Profiling Results ’ MIBO:SS: 10PM - 0 .
« ©—— Surviving generations — the number of different ages for all
o 0 \ objects allocated (age is the number of garbage collections
ake Snapshot Live Results kry (Heap) m Survived) L]
[E> Reset Collected Results o ametry o ‘ . . =
[ Saved Snapshots 4 . 14 L 1,200
@ e 100 MB H L 100% /—\mF
Memory (Heap) ™ | /Ff
: - Navigator as ﬁ | % |
50 MB+ 7 10:58:52.659 PM, Mar 19, 2012
B Threads: 8
-40% Loaded Classes: 1,172
Max Threads: 14
<No View Available > S Max Loaded Classes: 1,178
Threads — shows the current and maximum
number of threads in program
oMB 0L ; L oo 0 T 0 ) "
10:58:30 PM 10:58:30 PM 10:58:30 PM =‘

o e
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[} Basic Telemetry

Instrumented:
Filter:

Threads:

Total Memory:
Used Memory:
Time Spent in GC:

m

: - Navigator

<No View Available

0O pool-1-thread-3
O pool-1-thread-9
O pool-1-thread-4

[
[
[
O pool-1-thread-2 ‘
0O pool-1-thread-8 ‘
O pool-1-thread-5 ‘
O DestroyJavaVM ‘
0O pool-1-thread-1 ‘
0O pool-1-thread-6 ‘
O Keep-Alive-Timer

[ Keep-Alive-SocketCleaner

O Keep-Alive-Timer

Timeline | Table | Detais|

: VM Telemetry Overview

D%

u/ File complete for NewYorker
Retrieved page 1€ for funnyordif
Compiled page 1é for funnyo!

Compiled page 1é for NewYor]

% File complete for funnyordie
Profiler Agent: Connection with
Profiler Agent: Connection with
BUILD SUCCESSFUL (tetal time: 1

< m

m

l

File Edit View Navigate Source Refactor Run Debug Profile Team Tools Window Help rch (Ctrl+)
PEES X RE D@ oo o] FTH D HBG [ @
: Projects ‘ Files ‘ Services ‘ P’f"--- @i ...ava HJ ProcessTweeters.java 2 [ U TweetCompiler.java = ] [g TwitGet.java & ‘ [@ CreateTweetFile.java = |\é[Threads R’ “_(] VM Telemetry 83{ CPU: 10:58:00 PM * sa‘ @E @
l & Q Q| Show: AIlThreads v
T T T
Threads { 0:00 0:30 1:00 [m:s)
|
[ Attach Listener ‘ -
[ Reference Handler ‘
O Finalizer ‘
Vi
ElVew [ Signal Dispatcher
fary= ez 0O main
e =
O pool-1-thread-7
VM Telemetry Threads

There are a couple of things about this implementation of a
concurrent tweet collector that we could observe from the
profiler:

Each thread spent a lot of time waiting on I/O - should
rewrite our program to dispatch more threads per our
concurrency textbook’s recommendations

None of our executor service threads spend time waiting
on another thread

Linear growth on memory usage, which is what we
would expect as we store pages of tweets > we don't
appear to have a memory leak

||




Summary

 Modern Integrated Development Environments provide a
high level of functionality for programmers in a unified
workspace

* Reduces the need for users to switch views or open other
tools while building and testing software

 Use of IDEs has made it easier to prevent accidental
difficulties from swamping your development project

* A multiverse of IDEs exists allowing you to find the right
one for your programming language that provides the
features you need

 NetBeans, primarily used for Java applications, provides
much of the support and many of the features that are
typical of a modern IDE

— Learning to use these tools takes time and effort, but can really
increase your productivity and the quality of your final product
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