Martin Monperrus

Creative Commons Attribution License
Copying and modifying are authorized as long
as proper credit is given to the author.

version of Dec 4, 2012

Universite
\r Lille1

’ Sciences et Technologies


http://www.monperrus.net/martin/
http://creativecommons.org/licenses/by/2.0/legalcode

-]
Sources

Content from:
 Automated Method Completion (Hill, Rideout), 2004

* Learning from Examples to Improve Code Completion
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Code completion: what do you need?

= Fowverride

protected Control createDialogfrea (Composite parent)
Composite container = [(Composite) super.createlDialoghrea{parent) ;
swihiTextwidget = new Text{container, SwWT.EQORDOFER)
swthTextWwidget.

return container:

What should the code completion give?
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Motivation

@ handle : ink - Contral *| @ getData() : Object - Widget @ isDisposed() : boolean - Widget # || @ setData{String key, Object value) : void - Wi
@ addControlListener{ControlListener listener) . @ getData(String key) @ Objact - Widget @ isEnabled() : boolean - Conkral @ setDoubleClickEnabled{boolean doubleClick) ;
@ addDisposeListener(Disposelistener listener) @ getDisplay() : Display - Widget @ isFacusControl() : boolean - Confbral @ setDragDeteck{boolean dragDetect] : vaoid - ©
@ addDragDetectlistener{DragDetectListener | @ getDoubleClickEnabled) : boolean - Text @ isListening(int eventTvpe) : baolean - YWidget @ setEchoChar{char echa) ; vaid - Text

@ addFocuslistener{Focuslistener listener) : ve @ getDragDetect() : boolean - Control @ isReparentable]) | boolean - Control @ setEditable(boalean editable) @ void - Text

@ addHelpListener{Helplistener listener) : void @ getEchoChar() @ char - Text @ isvisible() : boolean - Control @ setEnabled{boalean enabled) @ woid - Conteal
@ addkeylistener(keylistener listener) : void - @ getEditable() : boolean - Text @ movesbove(Control contral) ¢ waid - Conkral @ setFocus() @ boolean - Contril

@ addlistener(int eventType, Listener listaner) @ getEnabled(} : boolean - Control @ moveBelow! Contral contral) ¢ waid - Contkral @ setFonk(Font Fonk) ¢ woid - Text

@ addMenubetectlistaner(MenubetectListener @ getFonk(} : Fonk - Control @ nokify() : void - Chiect @ setFareground{Calar color) : vaid - Control
@ addMadifyListener{MadifyListener listener) : @ getForeground(y @ Colar - Conkral @ nokifyalf) @ void - Ohject @ setlLayoutDatalObject layoukData) @ void -
@ addMouselistener(Mauselistener listenar) : | @ getHarizantalBar() : ScrollBar - Scrallable @ nokifyListeners(int eventType, Event event) @ setLocation(Point lacation) @ void - Control

@ addMouseMavelistener{MouseMavelistener @ getlayoutData) : Object - Control @ packi 1 void - Control @ setlocationfint «, int ) ¢ void - Conbrol

@ addMouseTrackListener{MouseTrackListener @ getlineCount() : ink - Text @ pack{boolean changed) ¢ void - Conkrol @ setMenuMenu menu) ¢ vaoid - Conkrol

@ addMousewheelliskener(MouseWheelListens @ getLineDelimiter() : String - Text @ paste() : void - Text @ setMessagedString message) @ void - Text

@ addPaintListener(PaintListener listener) : voic @ getlineHeight) : ink - Text @ print{aC go) ¢ baolean - Conkral @ setOrientation(int arientation) : woid - Tewxt
@ addSelectionListeneriSelectionListener listene neH istenerafint evenkTwvne) : S ezt s semid - ks C cmfDorent et e parentt  beclaan - o
@ addTrg

@ append

164 Methods of Text ? :

@ cut)y

@ dispose() : void - Widget @ getSelectionTexk() : String - Text @ removeModifyListenesr{ModifyListener liskene @ setTexkLimit(int limit) : void - Text

@ dragDetect{Event event) : boolean - Contral @ getshell() : Shell - Control @ removeMouselistener{Mouselistener listener @ setToolTipTexk(String string) ¢ waid - Conkral

@ dragbetect{MouseEvent event) : boalean - @ getSizel) @ Point - Conkrol @ removeMouseMovelistener{MouseMoveliste @ setTopIndexiint index) + void - Text

@ equals(Object obj) : boolean - Chject @ getStylel) @ ink - Widgek @ removeMouseTrackLiskener(MouseTrackListe @ setvisbledboolean visible) @ waid - Conkral

@ forceFacus() : boolean - Cantral @ getTabs() :ink - Text @ removeMousewheellistenerMouseWheelList @ showselection() ¢ void - Texk

@ gethccessible() : Accessible - Control @ getTextl) ¢ String - Text @ removePaintListener{PaintListenar istener) 1 — | @ taControl{Paint point) @ Paint - Contral

@ getBackground(} : Calor - Cantrol @ getTexkiink start, int end) @ String - Texk @ removeselectionListenst SelectionListenar lis @ toControl{ink w, ink ) 1 Point - Conkrol

@ getBackgroundImage!) : Image - Control @ getTextLimit) @ ink - Text @ removeTraverseliskener{Traverselistener lisl @ toDisplay(Paint point) : Point - Contkrol

@ getBorderWidth(y @ ink - Text @ getToolTipText() ¢ String - Control @ removeVerifyListener{VerifyListener listener) @ toDisplay(int =, int ) ¢ Point - Control

@ getBounds(} : Rectangle - Contral @ getTapIndex() : int - Text @ selectall]) ¢ void - Text @ toStringl) : String - Widoet

@ getCaretlineMumbert) : int - Text @ getTopPixel() :int - Text @ setBackground{Color colar) @ woid - Control @ traverselint traversal) @ boolean - Contral

@ getCaretlacationd) : Point - Text @ getverticalBar() : ScrolBar - Scrollable @ setBackgroundImagelImage image) @ void - C @ updated) : waid - Conkral

© getCaretPosition() :int - Text @ getvisiblel) : boolean - Contral @ setBounds(Rectanagle rect) © vaid - Contral @ wait() : waid - Object

© getCharCount() ¢ ink - Text @ hashCode() : ink - Chject @ setBoundsfint x, int v, ink width, ink height) : @ wait{lang timeout) : vaid - Objeck

© getClass) : Class<ix - Object @ insert{String string) : woid - Text @ setCapture(boolean capture) : woid - Conkral @ wait{long timeout, ink nanos) : void - Object

@ getClientAreal) : Rectangle - Scrollable @ internal_dispose_GC(int hDC, GCData data) @ setCursor{Cursor cursor) ¢ woid - Conkral o° DELIMITER. : String - Text -
@ gettursor() ¢ Cursor - Control ¥ @ internal_new_GC(GCData data) 1 ink - Contrc ¥ @ setData(Object data) : vaid - widgst w | P LIMIT :int - Text v

< | ¥ | | - I | I | >
Press 'Ctrl+Space’ to show Code Recommender Proposals | ™ Prass 'Cir+Space’ to shaw Code Recommender Proposals | Press ‘Gl +Space’ to show Code Recornmender Proposals | Press 'Cti+Space’ to show Code Recornmender Proposals
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Code completion: what do you need?

Fowverride

protected Control createDialogfrea (Composite parent)
Composite container = [(Composite) super.createlDialoghrea{parent) ;
swihiTextwidget = new Text{container, SwWT.EQORDOFER)
swthTextWwidget.

return container:

We can look for similar code and recommend methods
that are in similar code.

Similar code = nearest neighbors



Reminder

A A Task: classifying the
. A observation (in green)

as triangle or square
'l \ Space: 2-dimensional

: real features

s ” Metric: euclidean
‘ ;' distance

L e —

Strategy: majority

See also: Nearest neighbor pattern classification (Cover and Hart), 1967



Feature Space

class . extends FPage|

Text t; i
vold createContents () |

t = new Text(]; I

L.setText{..];

Each variable is a point
In a binary space of size 1500+
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Distance metric
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Observations

Distance metric: only ones in the observation
are taken into accounts
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Classification? No, prediction!
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No classification but prediction of the calls
to be put in the code completion systems
based on the nearest neighbors
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Screenshot

& Java - de.tud.core. demo/src/de/tud/core/demo/MyPreferencepage. java - Eclipse SDK

File Edit Source FRefactor Mavigate Search Project Run window  Help

N HE $-0- Q- BB G- ™9 P H-F-0o-< o5 (&

-@ de.tud.core,demo m HMyPreferencepage. java &3 = O &' Recommendations 5 @ = = O
g Blrrerride B Target/Recommendation Rating
= protected Control createContents(Composite parent) | = (3 MyPreferencepage : de.tud.core,demo
Composite container = new Composite (parent, 3WT.NOWE) ; = @ createContents{Composite)
b = new Button(container,3WT.CHECK) ; = @ b Butkon
o b, = ® b.setText{String) 99,1 %
T8 & setText{string string) : woid - Button - 99 % ~ @ b.setlavoutDatai Object) 79,9 9%
' @ setlayvoutDataiObject lavoutData) @ void - Control - 50 9% 3 ® b, setselectioniboolean) 55,0 %
@ setSelection{boolean selecked) @ woid - Butkon - 55 % ™ b, addselectionListener|SelectionListener 52,4 %
@ addselectionListener(SelectionListener liskener) @ waoid - Butkon - 52 ® b.setEnabled{boolzan) 34,9 %
@ setEnablediboolean enabled) : void - Conkral - 35 %% M b.computeSizefint, int, boolean) 34,5 %
@ computesizelint wHint, int hHink, boolean changed) @ Paoint - Buktor ™ b, setFont{Fant) 28,8 %
@ setFonk{Font Fonk) @ woid - Conkrol - 29 94 = & container : Composike
@ handle : int - Conkrol ™ container.setlayoukiLayvout) 94,0 %
@ addControllistener{ControlLiskener listener) : woid - Conkrol o @ container.setlayoutDatafObject) 73,1 %
F | 3 = ® container,setFont{Font) 48,6 %
B Press "Ctl+Space’ to show Ternplate F‘mE:usals ® container . getFonk() 41,0 %%

» Ordered-by-alphabetical-erder
» Poerlycontextaware

* Too many (useless) methods proposed?

11
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Automatic Evaluation

* simulate queries to code completion based on
real data

» arbitrary choice of removing 50% of the calls

* train and test dataset are different (cross-
validation)

* large-scale (50000+ different queries)

* precision and recall as performance metrics

12



e
Precision and Recall

Record: SWT::Text object, <init>, setText,
setFont (real data)

* Split in:

* Query: <init>, setText
 Expectation: setFont
« Recommended:

* setFont, getText
* Precision: 50%, Recall: 100%

13
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Competitors

* Type system (default Eclipse code completion)

* based on the type system, recall = ?
* Frequency based

* based on the observed frequency with a cut-off
threshold

e Association rule based

* out of the scope of this lecture

14



Evaluation
100% mEcCCS = FreqCCS = ArCCS  BMNCCS

100%

85% goo,

80%

60%

40% -

20% -

0% -

Recall Precision F1

Code completion can be improved based on:

* an appropriate feature space (context)
* an appropriate metric

15



Advertisement

Try it by yourself !

cﬂd@%@rmars

... in 20 5 Slides

http://www.eclipse.org/recommenders/

16
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Automatic method completion

* Certain code clones are good
* Generally small

* They are small units of implementation, for
example implementing a listener interface, or
handling an keyboard event

How to find them at development
time?

17


http://www.eclipse.org/recommenders/

Automatic method completion

* For each method k in the software project,
one generates a corresponding v* of the form:

vi= [lines, complexity, args, tokenl . . . token150]

* Token: count of each of the 150 token types
that the Java Language Specification

* Integer space of space 153

18



Automatic method completion

 Euclidean distance

* The number (k) of nearest neighbors does
not matter, the RSSE orders by distance

protected void fireCaretUpdateTwo(CaretEvent e) { = L 7 - A
// Should | check if listeners is null? L . e
Object[] listeners = listenerList.getListenerList(); - .
// Send event to all listeners \
for(int i = listener.length;i>=0;i-=1) { i %

((CaretListener)listeners]i]).caretUpdate(e); . ! . '
¥
3

}

L Erep—

19



Jedit prototype

A D SME LA T

E“. 1.1 -';.._.in.-. c-'“'HH‘ "’.i&ﬂ

[

E’"‘t"u.ﬂ ALSIMECLAGLHON fava [MmOQITiec 5&1@

]

File Edit Zearch Markers Folding “iew Utilities Macros Flugins Help

|-1

tion =1 (=15
File Edit Zearch Markers Folding Yiew Utilities Macros Fluging Help
@

Tws &8 O0Q+-A8 AX = g

TmQs &8 0008 AKX 1M ¢

B AbstractAction. java {fhomefroscofourtfCSC25 15 -learn/final-proj/fjava-srefjavaxfswi... =

oldvalue arravTable. et (key]; .

it (newvalue == nulll 4.
ar ra:,_fTatﬂ e. removeCkew]; .

B,&hﬁtracmﬂinn.jawa rfhomefroscofourrfC5C2 5 15 -learn/final-projfjava-srofjavaxfzwi... =
g - wilial) -
public void putvaluelString kew, Obhject newialuel {. | public void putvaluelstring key, Object newvaluel) {. =
Object oldvwalue = null;. Object oldvalue = null;.
if (arrayTable == null) 4. _ if (arrayTabhle == null) 4.
arrayTable = new ArravTablel)s. arrayTabhle = new ArrayTablell;. E
| +
1T (arravTahle.containsbey (ke if (arrayTahle.containskey(key)l.

aldvalue

arraxTahle. et (key]; .

if (nemivalue == null) {.
arravTable. removelkey); .

¥ - — ras
- ELE“;] else {.
¥ arrayTable. put (key, newaluel; .
Server:  |chvp.cs.toronto.edu | .
PR TireFropertychnange (key, oldvalue, newtalue);.
. eE | send | | Cancel | i
*.Iﬁr'n'rllr'r =ar s -] S
4 Ll
111,86 17% Inputfoutput complete (awa,none, ARSI_XZE 4-1968) - - - -1l 29,4 17% (jawa, none, AMNSI_¥3 4-1968) - - - - 1]
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Summary

Goal

Feature space
Distance
metric

Classification

Synthesis

Bruch et al,
2009

method call
completion

binary space,
~1500

hamming
based

none

recommendati
ons

Hill et al. 2004 other

method body
completion

integer space,
~150
euclidean

none

none

cost estimation

21
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Recap.

* It is powerful to use data-mining techniques for solving software
engineering problems
« Technique: nearest neighbors

Goal !Mmprove completion systems
Estimate costs

Input data Mining technique

Source code Find nearest neighbors

22



The big picture

Datamining for Software Engineering

Three axes to characterize the contributions in the field.

Goal |

Input data

source code

binary code

configuration files

documentation

execution traces

communication (mailing-lists, forums)
version control (changesets, commit texts)

find bugs

find optimizations

improve code quality

improve documentation (completeness, consistency)
assist developers (e.g. completion)

find persons

configure systems

estimate costs

Mining technique

classification (e.g. nearest neighbors)

regression

clustering

structure mining (frequent itemsets,
sequence, graph, etc.)

summarization

metaheuristic (genetic algorithm,
simulated annealing, etc.)

© Martin Monperrus, 2011
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