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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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Search Relate

CollectModel

Ko et al. ’06, Murphy et al. ’95
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JavaScript:
Most popular language

JavaScript:
Top languages on GitHub

2017 2016 2015 2014 2013

JavaScript:
Most developer roles



Challenge 1.
Hidden and Complex Interactions

• Understanding entities and interactions
• Dynamic, asynchronous, event-driven execution
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User
Event

1  function calculateTax() {
2      $(‘.price’).each(function(index) {
3          $(this).text(addTaxToPrice(
               $(this).text());
4      });
5 }

body

fieldset

a div

1  function checkPrice() {
2      var cad-price = $(‘#price_ca’).innerText();
3     $.ajax({
4          . . .
5          success : eval(getAction()+‘Item’)
6     });
7  }

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



Challenge 2. Constant Change

5

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

• 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
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1. Understanding

Hidden and Complex

Interactions
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Understanding JavaScript Apps
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Whole Picture



Understanding Dynamic and 

Asynchronous Interactions

• JavaScript: dynamic, event-driven, asynchronous

• Hidden and complicated entities and their 

relations
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Understanding Dynamic and 

Asynchronous Interactions

• JavaScript: dynamic, event-driven, asynchronous

• Hidden and complicated entities and their 

relations
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Usage Scenario
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Usage Scenario
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Usage Scenario
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Usage Scenario
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Approach: Clematis
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1. Instrument automatically

2. Collect traces

3. Infer a behavioural model

4. Visualize the model

Application

Timeout ID: 1
XHR ID: 1

DOM Event
(Click)
Target: SubmitBtn

Source

Result

Trace

body

fieldset

text input

button div

inform
Server Anonymous

e email

isEmail
Valid

Submission
Handler

email

XHR Event
(Response)
XHR ID: 1

Source Trace

body

fieldset

text input

button div

data

Anonymous Timing Event
(TO Callback)
TO ID: 1

Source Trace

body

fieldset

text input

button div

clearMsg

Result Result



Visualization: Overview
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Visualization: Zoom Level 1
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Visualization: Zoom Level 1

18Visualization: Zoom Level 2



Next: Sahand
Understanding Full-Stack JS
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Evaluation

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

21



Controlled Experiment

• Participants
– 20 from industry (overall: 60)
– Experimental group: our approach
– Control group: Chrome (+ other DevKits)

• Procedure
• Data collections
– Duration
– Accuracy
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Results
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2. Understanding The

Impact of Change
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• 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
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Example: Static Model

26

checkPrice()

XHR

updateItem()

suggestItem()

getUpdatedPrice() calculateTax()

addTaxToPrice()

Function
XHR object

DOM element

Directed and

labeled edge

Control- and
data-flow
dependencies



Example: Dynamic Model
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Example: Hybrid Analysis
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Experiment: Design

• 12 participants from industry

• Performed 4 tasks

• We measured task completion

duration and accuracy
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Task Description

T1 Finding the potential impact of a DOM element

T2 Finding the potential impact of a JavaScript function

T3 Finding a conflict after making a new change

(no ranking)

T4 Finding a bug in JavaScript code



User Experiment: Results
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3. Understanding
Motifs of Behaviour
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Overwhelming Information
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Approach: Sabalan
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Approach: Sabalan
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Approach: Sabalan
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Approach: Sabalan
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Visualization
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Evaluation Results
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