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Motivation

ene % Java - Online Videos/src/ObjectDemo.java - Eclipse - /Users/navin/Documents/videos
v lalbo i@ (2199 B 8 4520 Q- .G OG5> P8, a1 e b .0 2 A eew | Quiok 7]:_

[2 Package Explorer B % ¥ = B [} -objectoemosjava %

al

e Feature location
- Debugging

15 jpublic class ObjectDemo

Program comprehension

.
public static void main(String[] args) [ I OO I d eS I n
|
Calc obj = new CalcQ); // knows something and does something]
" . "
}  Distributed programming
Navin Reddy Telusko | writavie Smartinsert | 10: 18

class calc

{

int num1;
int num2;
int result;



R

==l

Australian
National

University

Motivation

Ch B EIS% 00N 0% 88 G e v BBl sl o i

] Java - Online biectD - Eclipse - /L

v & Oniine Videos
v@src
¥ i (defaut package)
> (1] JumpDemo.java
» (1] ObjectDemo,ova
» (3] Operatorbemo.java
» (3] VariableDemo.java
» 4 JRE System Library

Navin Reddy

Package Explorer 53 B S

>=n

[3) objectbemojava 23

1
class Calc

int pesult;
8 public void performQ)
9 : §

10 result = numl + num2;

15 public class ObjectDemo

18 public static void main(String[] args)

19

2 Calc obj = new CalcQ); // knows something and does something
obj.numl I

obj.num2 = 5;

obj.perform(;|

System. out.println(obj. result);

Telusko | wrisoe Smartinsert | 6:9

% Java - Online biectDe - Eclipse - /L

o LAY %5 F—SEINEI S F = IOWE - 2 » T SR> SESR: -l T, NemSa s, <) o PRCTRLIEN S NN - SUSTMER IO RYAL R R o=t MRge i o8

Selecting

12 Package Explorer 52 =

v & Online Videos

v i (defauit package)

» B JRE System Library [Jav

Navin Reddy

¥ = O (3 -objectvemojava 53

1
2 class Calc

€ int result;
8 public void perform()
) {

result = numl + num2;

}

public class ObjectDemo
{

18 public static void main(String[] args)
19 {

Calc obj = new CalcQ; // knows something and does something
b3 .numl. = 3;

Telusko | wriase Smartinsert | 22:9

Popup window
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Problem Statement

ActionNet

,_I

Trigger popups (C6)

Select text (C8)

—

Scroll text (C7)
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Problem Statement

THE CATEGORY OF ACTIONS TO BE RECOGNIZED IN THIS WORK

General Category ID Description

Cl Move cursor by keyboard

C2 Move mouse over text region

C3 Move mouse over non-text region

C4 Enter text (e.g., char, word, paragraph)
C5 Delete text (e.g., char, word, paragraph)
C6 Trigger popups (e.g., menu, tooltip)

Control
cursor/mouse

Edit content

Interact with a C7 Scroll text (e.g., code, console output)
pP C8 Select text (e.g, code, console output)
C9 Switch window (within or across app)

C10  Others (e.g., resize window, click button)
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Approach

Change Region
Detection by Image
Differencing

" R@diffit!

Change Region
Feature Extraction
by Vision CNN

ove cursor by up/down/left/right key
ove mouse over text region

ove mouse over non-text region

| C4 Enter text

Feature
Vector

Softmax
Classifier

Ry @dif fit!

An Overview of the Main Steps of Our ActionNet

[[C5 Delete text

[G8lTrigger popups
[[€7 Bcroll text
[[C8 Pelect text
[[C9 bwitch window
[Ciothers
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u InageTatorial() (
12 secLayout (new Flo 1
5
u 2
s
i 3@ impore
:: 5 public class ImageTutorial extends JFrame {
1) 6 private ImageIcon i
2
2 7 private JLakel 1
2 =
A 8 private Imagelco
j: 9 private JLakel lab
26 10
;: ng ImageTutorial() {
2 12 setLayout (new FlowLavout()):
13
14 v Imagelcon (getClass().get La g")):
; 15
- 16 Jlabel (imagel):
s 17
b 8
. 19 i = new Imagelcon(getClass().getResourze("Eax pa™) )
- 20
uo
12 2 Jlabel (ifag
1
1 2
15 3
2 2 }
% 24
1 L
pry % E prhliz ataric vaid main (Srtring arga[]) {
2 26 ImageTutorial gui = new ImageTutorial();
2 27
2
2 28 }
2
26 29 ]
2

time  (3166/4555)

(x=50.v=171) ~ L:255

(x=512.v=477) ~ R:248 G: 243 B:248

Steps to Detect Changes Regions in Between fi and fi+1
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Approac

J) “spplesjava Ll f J) “applesjava I )] "spplesjava (3 f
c}Luu applesal c'Lu: apples( clLul applesl
public static void main(String axgs())( public static void main(String PP, = public static void main (Stri

int age: int age: R)@dlff— ) @ /" int age: 3
=} age = 3; =} age = 3; - | S age = 3; F

1f (age == 1){ 1f(age == 1){ ¥ if (age == 1){ v
s systes| | o Systes | & Systes

} » } } 3

R Y o class : Class<java.Jang.System> -

N . 1 ) - & err: PrintStream
R@ di "2 g o ] u in: InputStream
1 ff: R: @dlffj' ©” out : PrintStream

w2 @ armaycopy(Object src, int srcPos, Object dest, int destPos,
R,@dif f3’ 5
1@ AL] [o—>]|| & cleaPropeny(String key) : String
@ console() : Console
& currentTimeMillis() : long
& eit(int status) : void
@ gc) : void

'..I & class : Class<javalang. System> -

oo Ro@dif fF |

.2 ingmputsresm
R,@dijf i

& clea

o class : Class<javatang System> -

& erv: PrintStream R2 @ dl//;’ ‘

o in: InputStsesen

o class : Class<javalang System>

o qrr : PrrtStream 3
e BR3@f;

¢ out: PrintStream

|

|

|

|

-3 |
Rl @d lj /2‘3 @ aenaycopy(Object sre, it srcPes, Object dest, int destien, |
|

|

|

|

'

PrintStream
copy(Otject sac, int srcPos, Object dest, int destPos,
reperty(Sting key) : String

PretStream

BR; @f;

@' dlearProperty{String key) : String

& console() : Ceencle & censole() : Console

@ cumentTimeMitis() : long

& etfint atus) : veid

& cumentTimeMilla() ; kong
& extfint status) : void

@ gc) 1 void ¢ get) 1 void

Strategy-1 Strategy-2 Strategy-3

lllustration of Three Strategies for Input Change Regions
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—— Softmax —

\Featu re/

Vector

| ~— CNN —

1 | ' T
Ri Ri+1 Ri Ri+1
Late fusion model Early fusion model

Early Fusion versus Late Fusion Architecture
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THE DATASET OF PROGRAMMING SCREENCASTS CRAWLED FROM YOUTUBE

Python Java
PL PL Tools Video Video Dur(s) PL PL Tools Video Video Dur(s)
ID Name ID Topic ; ID Name ID Topic
Vi bitwise operation 420 \2 variables 597
Python ' V2 vur%ables 259 Javq V2 .input 730
Pl Programming Interactive V3 . !lsts . 450 P6 Tut-orlul Eclipse V3 swnch. case 577
Tutorials Shell V4 dictionaries 382 for V4 while 408
' V5 arithmetic 323 Beginners V5 string 534
Vi numbers 329 Vi variables 445
Python 3.4 Interactive ://,2; sltr mg 222 B Ja‘va z% inpfut :2;
P2 | Programming | Shell & > ists : P7 (Beginner) Eclipse : 4 :
Tutorials PyCharm if else 552 Programmmg V4 switch 407
V5 for 429 Tutorials V5 classes 394
Vi numbers 340 Vi array 360
Python . V2 vari.ablcs 385 Java V2 stack 342
P3 | Programming Interactive V3 Strings 583 P8 (Intermediate) Eclipse V3 queue 337
Tutorials Shell V4 fllctlonun.es 373 Tutorials V4 hashset 287
V5 for & while 337 V5 return 365
Vi while 399 Vi image 465
Python V2 fupctioqs 394 Java V2 event 496
P4 | Programming PyCharm v3 - dl.c‘tlonurles. 178 P9 GUI NetBeans V3 numbers 445
Tutorials V4 blthS.C. operation 588 Tutorials V4 pccpcr 527
V5 if else 378 V5 grid layout 295
Vi numbers 542 Vi variables 516
Python V2 variables 608 Java V2 if else 418
Ps Tutorial Interactive V3 models functions 641 P10 Tutorial Eclipse V3 while 486
. for Shell V4 string 756 for ' V4 arithmetic 545
Beginners V5 lists 756 Beginners 2018 V5 class 559
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STATISTICS OF DEVELOPER ACTIONS BY MANUAL LABELING

Action Class Python Java All
Move cursor by keyboard (C1) 10281 9714 19995
Move mouse over text region(C2) 11589 12321 | 23910
Move mouse over non-text region (C3) 4098 3723 7821
Enter text (C4) 3642 3264 6906

Delete text (C5) 1890 1671 3561

Trigger popups (C6) 1059 3831 4890

Scroll text (C7) 990 1122 2112

Select text (C8) 1539 1488 3027

Switch window (C9) 558 945 1503

Total 35646 38079 | 73725
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PERFORMANCE OF THREE INPUT STRATEGIES WITH EARLY FUSION ARCHITECTURE

Strategy-1 Strategy-2 Strategy-3
Action Class Precision | Recall | Fl-score Precision | Recall | Fl-score Precision | Recall | Fl-score
Move cursor by keyboard (C1) 0.65 0.78 0.71 0.68 0.73 0.70 0.88 0.86 0.87
Move mouse over text region(C2) 0.79 0.59 0.67 0.81 0.63 0.71 0.84 0.84 0.84
Move mouse over non-text region (C3) 0.31 0.63 0.41 0.33 0.70 0.45 0.71 0.78 0.74
Enter text (C4) 0.73 0.42 0.53 0.54 0.50 0.52 0.77 0.86 0.81
Delete text (C5) 0.45 0.24 0.31 0.41 0.33 0.36 0.67 0.71 0.69
Trigger popups (C6) 0.43 0.31 0.36 0.50 0.50 0.50 0.71 0.54 0.61
Scroll text (C7) 0.18 0.24 0.20 0.40 0.18 0.25 0.66 0.40 0.50
Select text (C8) 0.55 0.38 0.45 0.49 0.30 0.37 0.77 0.50 0.60
Switch window (C9) 0.17 0.61 0.26 0.41 0.27 0.32 0.53 0.61 0.56
Others (C10) 0.34 0.51 0.41 0.53 0.47 0.50 0.69 0.66 0.67
Average 0.39 | 0.52 0.44 0.54 [ 0.49 | 0.51 0.71 [ 0.68 | 0.70
Accuracy 0.59 0.63 0.81
PERFORMANCE OF THREE INPUT STRATEGIES WITH LATE FUSION ARCHITECTURE
Strategy-1 Strategy-2 Strategy-3
Action Class Precision | Recall | Fl-score Precision | Recall | Fl-score Precision | Recall | Fl-score
Move cursor by keyboard (C1) 0.67 0.71 0.69 0.71 0.72 0.71 0.85 0.83 0.84
Move mouse over text region(C2) 0.74 0.60 0.66 0.72 0.61 0.66 0.87 0.85 0.86
Move mouse over non-text region (C3) 0.49 0.52 0.50 0.46 0.45 0.45 0.81 0.83 0.82
Enter text (C4) 0.49 0.40 0.44 0.53 0.51 0.52 0.81 0.84 0.82
Delete text (C5) 0.66 0.61 0.63 0.61 0.54 0.57 0.65 0.78 0.71
Trigger popups (C6) 0.50 0.46 0.48 0.57 0.38 0.45 0.75 0.83 0.79
Scroll text (C7) 0.45 0.40 0.42 0.47 0.41 0.44 0.75 0.61 0.67
Select text (C8) 0.65 0.47 0.54 0.65 0.46 0.54 0.67 0.80 0.78
Switch window (C9) 0.50 0.38 0.43 0.52 0.38 0.44 0.67 0.69 0.68
Others (C10) 0.41 0.63 0.49 0.43 0.58 0.49 0.74 0.68 0.70
Average 045 [ 062 | 052 047 | 058 | 051 075 [ 070 [ 0.73
Accuracy 0.60 0.62 0.82
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INTRA PLAYLIST RESULTS

Playlist 1D Precision Recall F1-score Accuracy
Pl 0.88 0.90 0.89 0.88
P2 0.90 0.87 0.88 0.89
P3 0.88 0.90 0.89 0.90
P4 0.90 0.88 0.89 0.89 INTER PROGRAMMING LANGUAGE RESULTS
P5 0.90 0.85 0.87 0.87 Python—Java Java—Python
P6 0.87 0.85 0.86 0.87 - — = — =
7 085 083 084 086 Action Precision | Recall F1 Precision Recall F1
Cl 0.88 0.90 0.89 0.86 0.84 0.85
P8 0.90 0.90 0.90 0.90 ro%) 0.78 0.85 081 0.85 081 0.83
PY 0.86 0.90 0.88 0.89 C3 0.62 0.70 | 0.66 0.58 0.80 | 0.67
P10 0.90 0.87 0.88 0.90 c4 0.68 0.89 | 0.77 0.77 0.70 | 0.73
| mean:l:stddevl 0.89d:0.018| 0.88:i:0.024| 0.88j:0.016| 0.88:|:0.013| C5 0.48 0.73 0.58 0.56 0.50 0.53
C6 0.80 0.51 0.62 0.67 0.73 0.70
INTER PLAYLIST RESULTS C7 0.43 0.52 0.47 0.31 0.62 0.41
Playlist ID Precision Recall F1-score Accuracy 8 0.88 0.58 0.70 0.54 0.60 0.57
C9 0.52 0.44 0.47 0.46 0.55 0.50
P1 0.71 0.73 0.72 0.73 C10 0.68 0.46 0.54 0.58 0.78 0.67
P2 0.83 0.81 0.82 0.83
B3 0.85 0.81 0.53 0.85 Average 069 | 052 | 0.59 061 | 0.78 | 0.68
P4 0.86 0.83 0.84 0.85 Accuracy 0.74 0.78
P5 0.85 0.86 0.85 0.85
P6 0.87 0.84 0.85 0.86
P7 0.81 0.85 0.83 0.84
P8 0.83 0.79 0.81 0.83
P9 0.66 0.50 0.57 0.67
P10 0.83 0.85 0.84 0.84

[ meanEstddev] 0.80+0.065] 0.79+0.102] 0.79+0.084] 0.82-0.059)]
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992654289476709

for(String x: things)
listl.add(x):;

.998963565911742
0 393 259]

: 1.0 String[] morethings = {"las

EIE", "hats"}:
: 0.9986553883154743 .3 - - - - = 2
236 394 259] e List<String> list2 = new ArrayList<String>{():

i: 1.0

: 0.9978969546294587
225 416 259]

: 1.0

i: 0.9983565952412984
222 420 247)

: 1.0
0.9999783284649798

.0
0.9810848905656465
222 620 304]

: 1.8

1: 0.9977521868834339
222 620 304]

M: 1.0

M: 0.9984129214855294
222 420 244)

m

\.Hﬁmmﬁmmm S H e

.0
M: 0.9978158768704764
222 418 244]
1.0
0.997891007681431
69 221 413 244)
: 1.0

: 0.998216509052003
220 382 243]

0.9999975774932299
1.0

1 0.9992124764848117 B
217 334 243]

: 1.0 )

: 0.9986863282145294

217 326 243]

1.0
: 0.9986763183724859
219 326 243] oo memem ettt et e e e e
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