EALT LAB

SOFTWARE ANALYSIS AND TESTING

Understanding Asynchronous Interactions
In Full-Stack JavaScript

Saba Alimadadi, Ali Mesbah and Karthik Pattabiraman

ICSE 2016

saba@ece.ubc.ca

Sahand: http://github.com/saltlab/sahand

a place of mind
THE UNIVERSITY OF BRITISH COLUMBIA




K\

|=l stackoverflow GitHub

JavaScript: JavaScript:
Most popular language Top languages on GitHub

2016 2015 2014 2013

. 2
55‘4%

SQL (or SQL Server) 49.1% 3
Java 36.3%
4 PHP
Cit 30.9%
PHP 25.9% =8 Ly
Python 24.9% = css
C++ 19.4%
7 Ce+
c 15.5%
cw
Node.js 17.2% 8
AngularJS 17.9%
9
g jective-C c
Ruby 8.9% g
wl HTML
Objective-C 6.5% 10 ’ o



Understanding JavaScript Apps
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Challenge 1. Server-Side Callbacks

 Asynchronous execution

e Callback hell

fs.readdir (source, function(err, files) {

Little pyramid
of doom

N4

files.forEach (function (filename, fileIndex)

gm(source + filename) .size(function (err,

this.resize(w, h).write (newName,

})

})

})

})

})

// example from callbackhell.com

values) {

widths. forEach (function(width, widthIndex) {

function (err)

{



Challenge 2. Network Communications
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Challenge 3. Asynchronous Client Side
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Summary of Challenges

e Server-side callbacks

Network communication

 Asynchronous client side

Related work:

Zaidmanetal. Hibschmanetal. Alimadadietal.
EMSE3 UIST 14 |ICSE'14, ECOOP15



Our Approach: dahand

Application | Instrument automatically

2. Trace full-stack execution

3. Infera behavioural model

4. Visualize the model
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Behavioral Model

Lifelines of function executions

Nodes

\ (A)Synchronous client/server events

foo () Act

Act

bar () [ Act

baz ()

Links — Time, Type, Direction

Sch Act Ina Act

A

event

Act




Real Behavioural Models Are Complex
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Window of synchronization between client and server

>

a Act | Ina | Act Ina | Act |
L+ Ty |
_ ; Y
| [Act Ina [Act Ina [ Act | fun_ctlo_n Iﬁ asynchronous
i . 7'y A termination callback
! function ¥ | o |
i invocation [ Act | Ina Act [ Act callback ¥
\ ey A ! scheduling Sch | Act | timeout
h ! rogrammatic — expiry
' 4 evant setTimeout — |—
I : | Sch | Act |
|
o- DOM event i °—A LO
; propagation : Act
[ 1 Sch | Act | q
. 1
XHR sent by client | Sch [ Act ]
. 1 schediiled XHR callback invoked #
XHR received by event loop ticks T ) L
. . b SEEREAR TS ‘ .
O Event ¥ ; ! : |
[ Sch | Act Ina [ Act | Ina | Act | ; :
™ F: i |
i 4 sync_‘ : [ Act :async:lt:)ronlfus : !
| v event \ ! callbac ;
. ——
Pl Sch ~Act | ; i
; v — ¥ ™ server sends the {esponse:
Client  Server ! | Act | SChg { Act |
I

IN3ITO

H3AH3S



Visualization
Client-Side

Analysis Q Q

S active
bar (

Connecting client and server

baz () m act

app.js:45 scheduled
qu ()
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Visualization

Client-Side
An0||ysis Q @ Events and DOM interactions
Timeouts
foo () active active

| XHRs
baz ()

Time — Temporal primitives—s Time points

baz () petive | act
app.js:45 scheduled
S

qux ()

Server-Side

®

Analysis A
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Visualization

Client-Side
Analysis

foo ()

bar ()

baz ()
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qux ()
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Visualization
Client-Side

Analysis Q Q

foo () active active

baz (

Time — Structure of time — Linear & Branching
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Visualization

Client-Side

Analysis Q Q
foo () active active
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Time — Structure of time — Linear & Branching

baz () m act

app.js:45 scheduled
qu ()
Server-Side K K

=

Analysis 2

N

[
©



|mplementation: Sahand

* Express.js application
* Proxy -> dynamic instrumentation
* Esprima, Estraverse, Escodegen

https://github.com/saltlab/sahand

index.htmi:145 [ il indexntmi:145 INA] XN incexnimi:tas (.. || inoexrmi14s acn

sendOperationResult sendOperationResult [TER]

index.html:73 XHR [SCH] m index.htr

index.html:151 index.html:151 [SCH] I incexnimi:151 [TER]

solveOperation solveOperation [ACT] solveOperation [INA] l solveOperation [TER]
readHistory readHistory [SCH] readHistory [... readHistory [TER]
formatScore formatScore [ACT] formatScore [TER] formatScore [TER]

readFile [SCH] readFile [TER]

readFile [SCH] readFile [TER]
¢ o 15
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readFile
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Evaluation

Does using dahand improve developers
performance in program comprehension tasks?

ZaN
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Controlled Experiment

o dahand s effect on developers performance
* 12 Participants
* Object: full-stack JavaScript application

connected!

7-15=11

Your name:

Solve the math quest and be the first one to
score!

1. Casit @ (9/5/2016 18:01)
2. umar @ (9/5/2016 5:59)
3. Casit m (10/5/2016 15:14)

1. bahar: 0
2. hawva: 0




Controlled Experiment

* Design
— Control: tool and expertise level

— MQOSUI’QI per'FOrmCInCe
e Procedure

— Pre-questionnaire

— Tutorial
— Tasks

— Post-questionnaire
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Sahand: http://github.com/saltlab/sahand
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