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All truths are easy to understand once they are discovered;

the point is to discover them.

— Galileo Galilei
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JavaScript: JavaScript: JavaScript:
Most popular language Most developer roles Top languages on GitHub

2017 2016 2015 2014 2013

62.5% Web developer Taffh 1

SQL 51.2% Desktop applications developer B
2 Java
Java 39.7% Mobile developer n L |
C# W% Database administrator m 3 Ruby
0/
Python 320% Developer with a statistics or 1% PHP
mathematics background 4
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C++ 22.3% 5 Python
DevOps specialist ftth 4
C 19.0% 7
Embedded applications/devices 0% 8 Css
TypeScript 9.5% developer
Data scientist 84% C++
Ruby 9.1% 7
Other 15
Swift 6.5% 8 C#
Graphics programming = 48%
Objective-C 6.4%
i i 3% 9
VB.NET 6.2% Graphic designer Objective-C C
i i iali 3% HTML
Assembly 5.0% Machine learning specialist " 'y
R 45% Quality assurance engineer |



Challenge 1.
Hidden and Complex Interactions

* Understanding entities and interactions

* Dynamic, asynchronous, event-driven execution

1 function calculateTax () {

2 S(‘'.price’) .each (function (index) {
3 S (this) .text (addTaxToPrice (

S (this) .text ());
4 1)

});

1 function checkPrice () {

2 var cad-price = $(‘#fprice ca’) .innerText ();
3 S.ajax ({

4 co.e .

5 success : eval (getAction()+‘'Item’)

6

7

}

1 function updateItem(xhr) {
XHR 2 var info = getUpdatedPrice (xhr.responseText) ;
3}




Challenge 2. Constant Change

* Software must continually change to adapt to
the changing environment.

e Change propagates and affects other parts of

the program




Challenge 3.
Higher-Level Understanding

* Making the bridge between execution details
and motifs of behaviour

* Overload by information in large traces

Total Time Activity Total Time Activity Total Time Activity
554.9ms 18.9% | Evaluate Script 554.9ms 18.9% | » | Evaluate Script 554.9ms 18.9% | » | Evaluate Script
393.2ms 13.4%  » M Parse HTML 393.2ms 13.4% | » M Parse HTML 393.2ms 13.4% > W Parse HTML
109.5ms  3.7% | » s Via rs=ACTS00HL93uXakCn3IdRwik7ttUh.. 109.5ms  3.7%|» s Via rs=ACT900HL93uXakCn3IdRwIk7ttUh.. 109.5ms 37%[»  s.Via rs=ACT900HLO3uXakCn3IdRwIK7ttUh..
915ms 31% | »  b.portl.onmessage rs=ACT900oHL93uXakC... 91.5ms 3.1%|»  bportl.onmessage rs=ACT900HL93uXakC... 915ms  31% - .
40.4ms 404ms  1.4%/ » M Recalculate Style 404ms  1.4% | » M Recalculate Style
35.3ms M Update Layer Tree 353ms 1.2%| M Update Layer Tree 353ms 12%| M Update Layer Tree
31.0ms | 11%  » [ Run Microtasks 310ms  11% I 31.0ms  11% | » [ Run Microtasks
240ms J0.8%f» M XHR Ready State Change 240ms  08% XHR Ready State Change 24.0ms 0.8% » I XHR Ready State Change
16.8ms .6%j§ M Finish Loading 16.8ms 0.6%j M Finish Loading 16.8ms 0.6% M Finish Loading
154ms J0.5% Doy 15.4ms 154ms 0.5%| M Composite Layers
14.5ms .5 % | » [ (anonymous) search?g=execution+tracedrz.. 14.5ms 145ms 0.5%|» M (anonymous) search?q=execution+tracedriz..
14.4ms .5 % | » ] dispatchOnMessage VM224 extensions::me.. 14.4ms 14.4ms 0.5%|» I dispatchOnMessage VM224 extensions:me..
13.0ms M Layout 13.0ms 13.0ms  04% M Layout
126ms  O: Reint 12.6ms 12.6ms M Paint
1.9ms 0.4% | » [l d search?g=execution+trace&riz=1CSCHFA... 11.9ms J0.4% d search?g=execution+trace&riz=1CSCHFA... 1.9ms 4% |» W d search?q=execution+trace&riz=1CSCHFA...
6.5ms 0.2%| M HitTest 6.5ms §0.2%  § M Hit Test 6.5ms Hit Toct
63ms 02% DOM GC 63ms [02% 6.3ms DOM GC
6.1ms anonymous) rs=ACTS00HL93uXakCn3IdR... 6ims J0.2% 61ms (anonymous) rs=ACT900HL93uXakCn3ldR...
5.5ms DOMGC 55ms J0.2% DOM GC 55ms belracio}
51ms _.Ed.C search?q=execution+trace&rlz=1C5C.. 51ms §0.2% | » [l _.Ed.C search?g=execution+trace&rlz=1C5C.. 51ms _EdC search?q=execution+trace&rlz=1C5C..
48ms (anonymous) rs=AA2YrTsx96LEIPKyUIIUNFv.. 48ms §0.2% | » [ (anonymous) rs=AA2YrTsx96LEIPKyUIIUNFv.. 48ms » [ (anonymous) rs=AA2YTsx96LEIPKyUIIUNFv..
40ms M Receive Response 40ms J§0.1%| M Receive Response 40ms M Receive Response
13ms (anonymous) rs=AGLTcCOgXRNQOO23uSW.. 13ms 0% | » [ (anonymous) rs=AGLTcCOgXRNQOO29uSW.. 13ms
0.9ms 3 08ms Ol = 09ms 00%|» (anonymous) rs=ACT90oHL93uXakCn3ldR
08ms 0.0%|» [ dispatchOnDisconnect VM224 extensions:.... 0.8ms 0.0%|» [ dispatchOnDisconnect VM224 extensions::... 0.8ms 00% | » [ dispatchOnDisconnect VM224 extensions::
0.8ms 0.0% | » [ dispatchOnConnect VM224 extensions:me... 0.8ms 0.0% | » [ dispatchOnConnect VM224 extensions:me... 0.8ms 0.0%|» [ dispatchOnConnect VM224 extensions:me...
07ms 00%| M ReceiveData 07ms 00%| M RecelveData 07ms 00%| M ReceiveData
06ms 0.0% Major GC 06ms 0.0% Major GC

06ms 00% Major GC
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ss_next() ss_update()
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phorm.js
function ss_update() {
Ss_cur = Math.max(ss_cur, 0);

iF (ss_cur = ss_date.length) {
hideElenC'ss_Link2');
ShowElenC"ss_theend"):
ss_cur = ss_date. length;
var a = dg('ss_n");
a.{nnerHTML = *Final
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I. Understanding

Hidden and Complex

Interactions

indexchimi:145 | [T Ol incenimictas irva) [ ncexriricras (. NI oo hiires iacm | | Lifeline of

sendOperationResult

index.html:73

index html: 151

solveOperation

readHistory

formatScore

readFile

9

Event queue
on the client side.
Color specifies

event type (DOM,
timeout, XHR)

function execution

sendOperationResult [TER]

c

Scheduling phase

XHR request index himl: 151 [TER)

is sent

index.htmi:151 [SCH]

T~
XHR response
is received

P IR soiveOperation (INA] solveOperation [TER]

readHistory [SCH]

readHistory [... m ol
formatScore [TER] formatScore
readFie (50t (ATl reedFie [TER]

readFile [SCH] readFile [ACT] readFile [TER]

K 00 0 [

Different phases of lifelines

are depicted with different colours
formatScore [AGT]

Interactions between
different lifelines

Simulated Node.js event loop.
Each icon types maps to one event type.

Green and red borders represent push
and pop operations.
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Understanding Dynamic ana
Asynchronous Interactions

* JavaScript: dynamic, event-driven, asynchronous

* Hidden and complicated entities and their
relations



Understanding Dynamic ana

Asynchronous Interactions

* JavaScript: dynamic, event-driven, asynchronous

* Hidden and complicated entities and their

relations
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Usage Scenario

B} Photo Gallery ."‘\+ e
I & ) @ localhost: 8888/phormer331/index. php ¢ ] EI' Google Q wB ¥+ A |
.. contains my photos!
_I‘\ | x
A—
O‘Vq.‘ cently Added Photos [5] [10] [20] [50] [100] [ SlideShow |
V
* Defauk Category [7)
* Stories
« Defauk Stoy 7 clemd

Today
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Usage Scenario

B} Photo Gallery ."‘\+ e
I & ) @ localhost: 8888/phormer331/index. php ¢ ] EI' Google Q wB ¥+ A |
.. contains my photos!
| 3
‘ - ‘0‘.4-‘ cently Added Photos [5|10) 20) [50] [100] [ SideShow |

" Stories

+Defauk Sy o
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Usage Scenario

' £} Photo Gallery \ +

L€ ) localhost:8888/phormer331/index. php

¢|(B-cooge Q) H| B & A

[ Smaller Size ] [ Back ]

SlideShow of "Recent Photos" :: Slide 1 of 8
[{3 »
clemé6

[ Previous ] [Playit ]

10Sec +
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Usage S

©00 /P Photo Gallery

( ¢ ) @ localhost:8888/phormer331/index.php

\&

cenario

SlideShow of "Recent Photos"

2

:: Slide 1 of 8

[ Smaller Size ] [ Back ]

“clemé6”

[Playit]  iocecl

A 7 - \ A
- ©00 /B clematis \& =
¢|(B-coge Q) B & A | = (&)@ Clematis Interactive Visualization & | (8- coogle A%l A =

“click"

Trace

Event onclick()
type:click

TID:1 ss_slideshow() | ss_update() ss_toggleSmaller()

hideElem(x) | dg(x) inlineElem(x)

ss_rand) dglx) src_smaller(x) | ss._loaddone()

Event onload()
type:load

text text
removed

text

Dom Mutations

textremoved | textadded

removed removed

text added text added text added
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Approach: Clematis

Application 1 |netrument automatically

2. Collect traces

3. Infer a behavioural model

4. Visualize the model

15



Visualization: Overview

-

Episode #2 Episode #5 A Episode Episode #7
Timeout Timeout #6 Event Event
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Visualization: Zoom Level 1

q—

Event type:click onclick() ss_next()
ss_update() hideElem(x) dg(x) EplSOd e #3
inlineElem(x) Event type:load updateNumOfLoads()
storeUserInformation() | sendStatsToServer() | ss_loaddone()

TID:0 ss_slideshow() ss_update() Episode #7
Event hideElem(x) dg(x) inlineElem(x) Event

ss_run() TID:0 TID:0
Event type:load sts_data_collection() updateNumOfLoads()

onload()

storeUserInformation() sendStsToServer() ss_loaddone()

onload()
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e ¢

Episode 5 Event Type DOM mutations Trace of Episode 5

:

w i
: ]
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phorm.js
function ss_update() {

ss_cur = Math.max(ss_cur, @);

if (ss_cur >= ss_date.length) {
hideElem( 'ss_linkZ2");
showElem( ' "ss_theend");
ss_cur = ss_date.length;
var a = dg{'ss_n");

e\ fisyalization: Zoom Level 2

ss_playpause();
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DOM event handling

Next: Sahand
Understanding Full-Stack JS

Window of synchronization between client and server

>

e Act | Ina | Act Ina [ Act]
L, 1
B e — S R
| | |
: function ¥ H 4 i 4
. invocation | Act ] Ina Act L Act callback Y.
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\ | rogrammatic} — expiry
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: : | Sch | Act |
© pomevent : [ N I_o
‘ propagation \ Act
[ %_' Sch | Act | Q L
XHR sent by client | Sch | Act |
XHR received by sever V7788070 ..o eventloopticks ... Fehediied XHR calback imvoked *
- T oy | é l
. | Sch| Act lna | Act | Ina [ Act | ; :
Active 5 A A T i '
nact : : @ sync—‘ E % REE 6gasynchronous [ i
nactive i ! !
: v event \ callback ! -
Scheduled v Sch  Act | . |
: ¥ — v = server sends the response :
Client  Server : L Act | Sch; | Act |
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Client-Side

Visualization

Q

Analysis Q

foo ()
bar ()

Connecting client and server

baz ()
app.js:45
qux ()

Server-Side
Analysis

active

active

active

active

sch

leduled

active

active

e )
O,

0
O,
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Evaluation

Does using our approach improve developers’
oerformance in program comprehension tasks?

21



Controlled Experiment

* Participants
— 20 from industry (overall: 60)
— Experimental group: our approach

— Control group: Chrome (+ other DevKits)
* Procedure

e Data collections
— Duration

— Accuracy
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- 2. Understanding The
= — lmpact of Change

* Goal: identifying parts of the program that are
potentially affected by a change.

* Challenging due to features of JavaScript

¢ DOM-sensitive event-aware hybrid change
impact analysis



Hybrid Analysis: Tochal

—




Example: Static Model

i ;L:;“O; checkPrice() Control- and
. object
dc:’ro-ﬂow

@ DOM element
» Directed and dependencies

labeled edge

getUpdatedPrice() “ updateltem() calculateTax()

suggestitem() addTaxToPrice()
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Example: Dynamic Model

B Function checkPrice() < #item231
¢ XHR object

¢ DOM element
I Directed and
labeled edge

#price-ca
.price

calculateTax()

getUpdatedPrice() “ updateltem()

Dynamic call graph
displaySuggestion() suggestltem() Even’rs DOM XH Rls

JS Dynamism

27



Example: Hybrid Analysis

B Function checkPrice() < #item231
@ XHR object

@ DOM element
» Directed and #price-ca
labeled edge < -Price

A
ES

getUpdatedPrice() ;.: updateltem() ‘ calculateTax() \

suggestitem() addTaxToPrice()

displaySuggestion()

28



—xperiment: Design

* 12 participants from industry

Task Description

T1 Finding the potential impact of a DOM element
T2 Finding the potential impact of a JavaScript function

e Performed 4 tasks

T3 Finding a conflict after making a new change

(no ronking)

T4 Finding a bug in JavaScript code

* We measured task completion O O

duration and accuracy

29
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User Experiment: Results

% Duration

________

m Tochal
m Other

M T2 T3 T4 To’rc1|

________

80% faster

100 |
® Tochal

80 il Other

60
40

20

T T2 T3 T4 To’rc1|

_______

2 times more accurate
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DB Traces

validateEmail
Fig3.]s

occupation

submit

Query Trace

validateEmail
Fig3.js

occupation

studentForm

submit

rvlo

3. Understanding
Motifs of Behaviour
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Overwhelming Information

Email:

Address:

3 Address:
4 Occupation: <div class="dropdown"
5 <button class="dropbtn">

6 Choose one</button>

<div class="dropdown-content">

<input type="text" class="addr">

id="occupation">

8 <a href="#">Academic</a>
9 <a href="#">Industry</a>
10 </div>

11 </div>

12 <input type="submit" wvalue="submit">Submit</input>

Occupation: Select one v 13 </form>
1
1
____________ | {s("#email").addEventListener(“change", validateEmail,
Student  i------f----- [ S SV
""""""" ' $(".addr") .click (checkAddress) ;
H : IS . aropdowi-coneence ) -aaarvencrhlistener ("change", <
g - E | occupation, false);
s St |1 4 function validateEmail () {
D Select <
\Jegree clect one W | | : 5 // do stuff
B e - R 6 }
Submi t 7 function checkAddress () {
uomnt 8 // do more stuff
9}
window
/ . \
validateEmail A\ submit

checkAddress

occupation studentForm

32




Approach: Sabalan

DB Traces
change EOO
transition ar
foo
grouped bar
stacked b
index.html:11 az. .
validateFmail
showPopup
checkAddress
removePopup .
occupation
foo .
submit
Baz
bar
baz

Query Trace

foo

bar
validateEmail
checkAddress
occupation
studentForm
submit

foo

change
transition
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Approach: Sabalan

DB Traces

[

change
transition

gLuupcd
stacked
index.html:11
showPopup
removePopup
foo

Baz

foo
bar
foo
bar
baz

Query Trace

foo
bar

validateEmail
checkAddress
occupation

validateEmail
checkAddress
occupation

submit
bar
baz

studéntForm
submit
ieYe)

change
transition
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Approach: Sabalan

DB Traces

[

change
transition

gLuupcd
stacked
index.html:11
showPopup
removePopup
foo

Baz

foo
bar
foo
bar

Query Trace

foo
L\’\V‘

a
d s

validateEmail
checkAddress
occupation

validateEmail
checkAddress
occupation

studéntForm
submit

submit

ieYe)

bar
baz

change
transition
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Approach: Sabalan

Registration o

o

—— =T

~==

4 v 5

LG

checkAddress

| validateEmai

occupation

DB Traces Query Trace
f
change o foo
., bar
transition foo bax
grouped bar validateEmail
stacked . checkAddress
. oaz .
index.html:11 validateEmail occupation
showPopup studentForm
checkAddress .
removePopup ) submit
foo occupation
submit
Baz bar validateEmail ||
e checkAddress [-10n

occupation
ABSTRACT
submit

Weak
’ O pattern / 1
Q
; (7) (] runction 8 / Strong 0
. U 8 S c. Exclusive
studentForﬁ"ﬂ submiQ \__ Abstract g /1
[ pependent § " 4 Attribute
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Visualization

o

vaIidateEmEi

checkAddre
occupati
studentFo
subr

Q

~

DN
m
NI

refregh

updateRegis

informSe

ry
er
successMessage
getNewljst
animateChange
setDefalult

\

[ exhnnl(i§>

if3

otif1

otif2
moti
motif4
motif5

function occupation ()

s

{

eval(this.value + "JobForm()");

$("#email").addEventListener("change", validateEma
$(".addr").click(checkAddress);
$(".dropdown-content").addEventListener('change", occupz

function avademicJobFo
var label = docume
var degreeType =
var optionl =

(©)

validateEmail
checkAddress
occupation
studentForm
submit

motif1

validateEmail
checkAddress
occupation

motif2
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Evaluation Results

50% more accuracy
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Event type:click

hideElem(x)
inlineElem{x)
ss_loaddone()

onclick()
ss_update()

Event type:ioad
onload()

Episode 4 ~ EventType = DOM mutations J Trace of Episode 4

Ss_cur = Math.max(ss_cur, 0);

iF (ss_cur >= ss_date.length) {
hideEtenC’ss_link2');
shonElenC"ss_theend");
ss_cur = ss_date.length;
var a = dg('ss_n");
o.imnerHTHL = “Final";

lematis

Total Time Activity

Source

XHR Event

T

554.9ms 18.9% | » | Evaluate Script

3932ms 13.4%  » M Parse HTML

1095ms 37% | » s Via rs=ACTS00HL93uXakCn3IdRwlk7ttUh..
915ms 31%|»  b.portl.onmessage -T900HL93uXakC...

404ms  1.4%  » M Recalculate Style

353ms 1.2%| M Update Layer Tree

310ms 1%

240ms 0.8% | W XHR Ready State Change

16.8ms 0.6% | M Finish Loading

154ms 0.5% J M Composite Layers

145ms 05% i &l

Result

._data Iy

Trace

Timing Event
(TO Callback)
TOID: 1

x5
] ﬁg‘“ §§
Imlcnmaik

Ste

144ms 05% dispatchOnMessage VM224 extensions::me,
| 130ms  0.4% (P Layour ‘
| 126ms  0.4% || M Paint

MN9ms 04% d search?g=execution+trace&riz=1CSCHFA..
65ms 02%

63ms 02% r\'\DOMGC \

61ms 02% (anonymous) rs=ACT900HL93uXakCn3IdR..|
55ms 0.2% | W DOMGC

5ims 02% _EdC search?g=execution+trace&riz=1C5C.
48ms 02% rs=AA2YrTsx96LEIPKyUIlUNFv. |
40ms 01% J§ M Receive Response

Result

Trace

& G

13ms 0.0% (anonymous) rs=AGLTcCOgXRNQOO29udW |
ooms 00%| NaEA A Saiciisl

0.8ms 0.0% » [ dispatchOnDisconnect VM224 extensions::..
0.8ms 0.0% | » [ dispatchOnConnect VM224 extensions:me..
07ms 0.0%| M ReceiveData

06ms 00%| M MajorGC

Source

DOM Event
(Click)
Target: SubmitBtn

1 [B9E

Result

PR

Trace

Anonymous.
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Event type:click onclick()
ss_update()

Event type:load

Total Time

checkPrice() #item231

Activity

phorm.js

function ss_update() {
ss_cur = Math.max(ss_cur, 0);

iF (ss_cur >= ss_date.length) {
hideEtenC’ss_link2');
shonElenC"ss_theend");
ss_cur = ss_date.length;
var a = dg('ss_n");
o.imnerHTHL = “Final";

554.9ms
393.2ms
108.5ms
91.5ms
404 ms

16.8ms
1540

13.0ms
126ms
1n8ms
6.5ms
6.3ms
61ms
55ms
51ms
4.8ms
4.0ms
13ms
09ms
0.8ms
0.8ms
07ms
06ms

getUpdatedPrice() updateltem() calculateTax()

displaySuggestion() ey mwes suggestitem()

18.9% | » | Evaluate Script

#price-ca
13.4%  » M Parse HTML

.price

b.portl.onmessage [
1.4% | » M Recalculate Style

=ACT900HLI3uXal

Czozan o g
0.6%/| M Finish Loading
o5 itelaue

checkPrice()

W Layout

0.4%| M Paint

0.4% | » I d search?q=execution+trace8&iz=1CSCHFA...
0.2%| M HitTest

0.2%| M DOMGC

0.2%|»  (anonymous) rs=ACT900HL93uXakCn3IdR...
0.2%| M DOMGC

0.2% | » W _EdC search?q=execution+trace&riz=1C5C..
0.2%|» s=AA2YrTsx96LEIPKYUIIUNFv..
01% | M Receive Response
0.0% | » 1 (anonymous) rs=AGLTCHR(IABJele X4 =Yo | aToI= ()} “ updateltem()
0.0%|»  (anonymous) rs=ACTO
0.0% | » 17 dispatchOnDisconnect VM224 extensions:
0.0% | » [ dispatchOnConnect VM224 extensions:me.
0.0% | M Receive Data

0.0% | [ Major GC

gestitem()

checkPrice() #item231

Tochal € =@

getUpdatedPrice() ;.: updateltem() calculateTax()

displaySuggestion() suggestlitem() addTaxToPrice()

calculateTax()

addTaxToPrice()

40



onclick()
ss_update()

hideElem(x)
inlineElem{x) Event type:load
ss_loaddone() onload()

Episode 4 ~ EventType = DOM mutations J Trace of Episode 4

Ss_cur = Math.max(ss_cur, 0);

if (ss_cur >= ss_date.length) [
hideEtenC’ss_link2');
shonElenC"ss_theend");
ss_cur = ss_date.length;
var a = dg('ss_n");
o.imnerHTHL = “Final";

lematis

Client

Server

Tochal

getUpdatedPrice()

displaySuggestion()

Sahand

Q

index html: 145 indexchim:145 (NA] SN oexnitas (. | roexmiras ac

D rcexnr

B roexnmiist rer)

[TER]

X ecotistory 1. readHistory [TER]

sendOperationResult [l sendOperationResult [TER]
index himl:73 XHR [SCH]
index html: 151 index htm: 151 [SCH]
solveOperation B soveopenat
readHistory readHistory [SCH]
formatScore formatScore [TER]
readFile [SCH]
readFile
readFie [SCH]

00 o
©

——

readFile [A readFile [TER]

Total Time Activity Total Time Activity
554.9ms 18.9% | » | Evaluate Script 5549ms 189% | » | Evaluate Script
3932ms 13.4% 393.2ms 13.4%  » M Parse HTML
1085ms 37%|» » 109.5ms 37% » s Via rs=ACT900HLO3uXakCn3IdRwIk7ttUh..
915ms  31% essage rs=ACT900HLI3uXakC... 91.5ms  31% > b.portl.onmessage rs=ACT900HLI3uXakC...
404ms 14% 404ms  1.4% | » M Recalculate Style
353ms 12% 353ms 1.2%| M Update Layer Tree
310ms  11% 1.1% | » I Run Microtasks
240ms 08% 0.8% y» M XHR Ready State Change
16.8ms 0.6% M Finish Loading Finish Loading
154ms 0.5% M Composite Layers x posite Layers
145ms 05% » i raceduriz.. 145ms 05% nymous) search?g=execution+tracedsiz..
144ms 0.5%  » [ dispatchOr VM224 i 144ms  05% tehOr VM224
130ms 0.4% M Layout 130ms 04%
126ms 0.4% M Paint 126ms 04%
18ms 0.4% » W d search?g=execution+trace&riz=1CSCHFA.. rch?q=execution+trace&riz=1CSCHFA...
65ms 02%| M HitTest it
63ms 02% DOM GC
61ms 02% | » (anonymous) rs=ACT900HL93uXakCn3IdR...
55ms 02% 1 DOM GC
S5ims 02%|» ?q=execution+trace&riz=1C5C.. 5ims 0.2% | » W _EdC search?q=execution+trace&riz=1C5C..
48ms  02%|» ) 1s=AA2YITsxSBLEIPKYUIIUNFV.. 48ms  0.2%|» 15=AA2YITsx96LEIPKYUIIUNFv..
40ms 01% M Rec ponse 40ms 01% M Receive Response
13ms 0.0% | »  (anof Js) rs=AGLTcCOQXRNQOO28uSW.. 13ms 0.0% » (anonymous) rs=AGLTcCCOGXRNQOO29uOW..
08ms 0.0% » (anof Js) rs=ACT900HL93uXakCn3IdR... 09ms 00%|» (anonymous) rs=ACT900HL93uXakCn3lId|
08ms  0.0% » [ disy Disconnect VM224 extensions: 0.8ms  0.0% » [ dispatchOnDisconnect VM224 extension:
08ms 0.0% » [ disy nect VM224 extensions:zme.. 0.8ms  0.0% | » [ dispatchOnConnect VM224 extensions:me...
07ms 00% MR 07ms 00% M ReceiveData
06ms 00%| M Majol 06ms 00% | Major GC

checkPrice()

updateltem()

suggestltem()

#item231

#price-ca

——

calculateTax()

addTaxToPrice()
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checkPrice() #item231

#price-ca

——

onclick)

ss_update()
hideElem(x)
inlineElem{x) Event type:load

e . getUpdatedPrice() : updateltem() calculateTax()

displaySuggestion() suggestlitem() addTaxToPrice()

Episode 4 ~ EventType = DOM mutations J Trace of Episode 4

1 1 Total Time Activity Total Time Activity
554.9ms 18.9% | » | Evaluate Script 554.9ms 18.9% | » [ Evaluate Script
3932ms 13.4%  » M Parse HTML 393.2ms 13.4%  » M Parse HTML
1085ms 37% » s Via rs=ACT900HL93uXakCn3idRwik7ttUh.. 109.5ms 37% » s Via rs=ACT900HLO3uXakCn3IdRwIk7ttUh..
915ms 31%|»  b.portl.onmessage \CT900HLI3uXakC... 91.5ms  31% > b.portl.onmessage rs=ACT900HLI3uXakC...
404ms  1.4%  » M Recalculate Style 404ms  1.4% | » M Recalculate Style
353ms 1.2%| M Update Layer Tree 353ms 1.2%| M Update Layer Tree
31.0ms  1.1% | » I Run Microtasks 310ms  1.1% | » [ Run Microtasks
240ms 0.8% | » W XHR Ready State Change 240ms 0.8% | » M XHR Ready State Change
16.8ms 0.6% M Finish Loading 16.8ms 06%| M Finish Loading
phorm.js 154ms 0.5% M Composite Layers 15.4ms 0.5% M Composite Layers
function ss_update() { 145ms 05% » i racedriz.. 145ms 05%|» i &riz..
ss_cur = Math.max(ss_cur, );
e 144ms 0.5%  » [ dispatchOr VM224 i 14.4ms 0.5% » [ dispatchOl VM224
hideElemC'ss_link2"); 130ms 0.4% M Layout 130ms 04%, M Layout
T T el 126ms 04% M Paint 126ms 04%| M Paint
var a = dg(’ss.n"); 18ms 0.4% » W d search?g=execution+trace&riz=1CSCHFA.. 1.9ms 0.4%|» Il d search?g=execution+trace&riz=1CSCHFA...
S T 65ms  02%| MHitTest 65ms  02% M HitTest
63ms 02%| NDOMGC 63ms 02% | DOM GC
61ms 02% » (anonymous) rs=ACT900oHL93uXakCn3IdR.. 6i1ms 0.2%|»  (anonymous) rs=ACT900oHL93uXakCn3IdR...
55ms 02%| MDOMGC 55ms 0.2% NDOMGC
S51ms 0.2% | » I _EdC search?g=execution+trace&rlz=1C5C.. 5ims 0.2% | » W _EdC search?q=execution+trace&riz=1C5C..
48ms  02%|» s=AA2YrTsx96LEIPKYUIIUNFv.. 48ms  0.2%|» 15=AA2YITsx96LEIPKYUIIUNFv..
40ms 01% M Receive Response 40ms 01% M Receive Response
13ms 0.0% » (anonymous) rs=AGLTcCCOaXRNQOO29uSW. 13ms 0.0% » (anonymous) rs=AGLTcCCOGXRNQOO29uOW..
09ms 0.0%|» (anonymous) rs=ACT900HL93uXakCn3IdR... 09ms 00%|» (anonymous) rs=ACT900HL93uXakCn3lId|
0.8ms 0.0% » [ dispatchOnDisconnect VM224 extensions: 0.8ms  0.0% » [ dispatchOnDisconnect VM224 extension:
0.8ms 0.0% » [ dispatchOnConnect VM224 extensions:me... 0.8ms  0.0% | » [ dispatchOnConnect VM224 extensions:me...

07ms 0.0% | M ReceiveData 07ms 00% M ReceiveData
f i 06ms 00%| M MajorGC 06ms 00% | Major GC

index html: 145 indexchim:145 (NA] SN oexnitas (. | roexmiras ac

sendOperationResult [l sendOperationResult [TER]
index himl:73 XHR [SCH] [ .. ] mdex‘mrr‘
index html: 151 index htm: 151 [SCH] B rcexnmis reR)
solveOperation I soveoperaion (TeR)
readHistory readHistory [SCH] X ecotistory 1. readHistory [TER]

formatScore formatScore [ACT] formatScore [TER] formatScore [TER]

readFile [SCH] readFile [TER]
readFile
readFie [SCH] readFile [A( readFile [TER]

00 o
©

42




Episode #5.
Timeout
.

" Clematis

“click”
Trace
Event type:click | onclickl)
ss next) | ss_update()
hideElem(x)
o0:a5 inlineElem(x) | Event type:load
ss_loaddone() | onload()
Dom Mutations
“text”“removed” | “text" ‘removed |
“text"added” | “text"‘added" | =
- N
L’ ~
e N
N
e N
. N
Episode 4 ~ EventType = DOM mutations | Trace of Episode 4

phorm.js
function ss_update() {
ss_cur = Math.max(ss_cur, 0);

if (ss_cur >= ss_date.length) [
hideElenC'ss_linkz');
shonElenC"ss_theend");
ss_cur = ss_date. length;
var a - dg('ss_n");
a.imerHTL = “Final";

Total Time

554.9ms 189%
3932ms 13.4%
1085ms 37%
915ms  31%
404ms 14%
353ms  12%
310ms 1%
240ms 08%
16.8ms 06%
154ms 05%
145ms 05%
144ms 05%
130ms  0.4%
126ms 0.4%
N8ms 04%
65ms 02%
63ms 02%
6ims 02%
55ms 02%
5ims 02%
48ms 02%
40ms  01%
13ms 0.0%
08ms 0.0%
08ms 00%
08ms 00%
07ms 0.0%
06ms 00%

Activity
»  Evaluate Script
» W Parse HTML

» s Via rs=ACT900HL93uXakCn3IdRwIk7ttUh..
\CT900HLI3uXakC...

> bportl.onmessage
» W Recalculate Style
M Update Layer Tree
» I Run Microtasks
» I XHR Ready State Change
M Finish Loading
B Composite Layers
> h

» | dispatchOnMessage VM224 extensions:me..

W Layout
M Paint
» I d search?q=execution+trace&riz=1C5CHFA..
W Hit Test
DOMGC

»  (anonymous) rs=ACT900HL93uXakCn3IdR...

DOMGC

» [ _EdC search?qg=execution+trace&riz=1C5C..
s=AA2YrTsx96LEIPKYUIIUNFv..

v

M Receive Response
(anonymous) rs=AGLTcCOgXRNQOO29udW..
(anonymous) rs=ACT900HL93uXakCn3IdR...
dispatchOnDisconnect VM224 extensions::..
dispatchOnConnect VM224 extensions:me..
M Receive Data
Major GC

>
>
>
>

art

di

Tochal

getUpdatedPrice()

checkPrice() #item231

#price-ca

——

updateltem() calculateTax()

splaySuggestion() suggestlitem() addTaxToPrice()

Total Time Activity
554.9ms 189% »  Evaluate Script
393.2ms 13.4%  » M Parse HTML
1095ms 279 s mAfn enaAnTOAALL A%V ALAR T HUR..
Tota Time vy R
.5 ms 5549ms 189% » | Evaliate Sopt
915
40.4ms 39328/ 11 Time Actvy
353 1T sstoms 189 > | Evaate S
.3ms e | im—
T
31.0ms 353ms. groms  549MS 189% > Evalate Script
240ms 30MS| g 3027 ToiTime Aciviy
20ms|  gggmg  109SMST S g ms Tmas i Euakata ser
16.8ms ooms|  gond  95msl oo [TolTime Activiy
t5ams 5549ms 189% » | Evaiate St
15.4ms 2u0mg 4™ 095ms
W@Em| ggmy  222™| o1sms|  3932MS[aTime Activiy
14.5ms 194ms|  gsamel  31OMS| goame|  1005ms|E e
1.4ms BOMS| sy 240MS|  agame|  OSms g, [TowlTme Actviy
g 26| jiame 8™ goms| 404ms jooc | 6640ms 189% )b EvakateSaipt
130ms NSNS jgomy 1047 200ms| I g 32N rygTimg Actvey
12.6ms osms| om0 we8ms [ 3OMS| o 109SMSIToeg s A i Evaite Saiet
63ms|  11gmg ™| sams|  200ms| g5 915MS|  3g35mg
1.9ms 61 gomd  BO™|  ogme|  168ms| o0l doams ooe
65ms SSM  amy  ROTS|  taams|  184Ms|  geoq  IIM| gign
1M g1 ™| taoms| 148mS| jge  30MS|  oumg
6.3ms 48ms| 55ms| 65ms| 126ms 1MAms| ggan  200MS| g5a3me
61ms “omgind 3™ noms|  OM gl eem o
- mslaems 22 esms|  126ms| g 1S4 40ne 08 s mX0HR Resdy State Crange
55ms ool aoms Lo eams nomel waon byl  Finsh Loadng
™ 13m " 61ms ™S e ™  Compose Layers
51ms 08| ogng 0TS ssms|  S3MS| gy  120ms > I (anomymous) searchoaeexpcusionstracolitz
48ms :;:z osms 0T sims smel esn ‘ﬁg:z > 1 dspatchOnMessage V224 exensions:me.
08ms ™ asms ™ ear Ly
40ms UT% orms 9™ 4oms s1ms oan 65 e
13ms 00%|»| osm ™| aams| 48ms| o) 63ms » 180 seachrg-erecution: Taceltz=1CECHEA.
08ms|  ogms|  4Oms| gyl 6Ims m st
09ms 0.0% » (anony 07ms| 08ms 13ms asn 55ms| bowee
06ms 09ms| s1ms
08ms  0.0%|» M dispatinuniiny 0™ 02 aof 2 (anonymous) 13=ACTOO0HLORUNaKCNIOR
o7ms ™S a3 s oomec
0.8ms 00%|» [1 dispatchOnConl  oems|  08ms o)  4oms [T ———
o07ms 13ms - ,
07ms 0.0%| M ReceiveData omeosn ome (anonymous) 15=AAZYITSIOBLEPKYUILNE,
o8 W Receive Response
06ms 0.0% Major GC o7 08m (ancnymous) [5=AGLTECOGXRNQOO29UOM.
oen  08m (ancnymous) 1s=ACTROOHLOBUNGKCHIAR
bodin dspatchOnDiscomect VA2
ms

Sahand

Q

Q

indexhtmi:145 [Nt index-nimici45 AT [N incexrumiies (. | o< rimies iacn

sendOperationResult

[l sendOperationResult [TER]

index himl:73 XHR [SCH] B e
solveOperation solveOperation [ACT] INAY I sovveoperaton rery

readHistory readHistory [SCH] X ecotistory 1. readHistory [TER]

formatScore formatScore [ACT] formatScore [TER] formatScore [TER]

—
readFile [SCH] readFile [TER]
readFile
readFie [SCH]

readFile [ACT] readFile [TER]

®)

validateEma $(".dropdown-content").addEventListener("change", occupg
checkAddres: function occupation ﬁ) { .
occupatiof eval(this.value + "JobForm()");
studentForn function avademicJobFo - =
submi var label = docume @ = bS
refresh var degreeType > g E
updateRegistr var optionl =
p- geTy optioﬁl,v validateEmail validateEmail
informServer
successMessage checkAddress checkAddress
getNewList occupation occupation
animateChange St”de"":g”T;
setDefault Motits nction checkAddress submi

— Sabadlan

$("#email").addEventListener("change", validateEmail, f4q
$(".addr").click(checkAddress);




~

1. Understanding
Hidden and Complex

Interactions

@
@
_t 2. Understanding The 3. Understanding
Q& L= :‘('_x“ y ) Y, . .
S ——— Impact of Change Motifs of Behaviour
* Goal: identifying parts of the program that are 7@ ey ena )
potentially affected by a change. A s R
* Challenging due to features of JavaScript R . @
* DOM-sensitive event-aware hybrid change

!ﬂpdd‘ analysis / \




