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Who am I?!

* PhD (@ Concordia - 2017
* Thesis: Duplicated code in CSS

* Also: Refactoring duplicated code in Java, empirical studies, JS
source code analysis

* Postdoc (@ ECE SALT lab with Dr. Ali Mesbah

* Refactoring HTML using visual cues
* Driving crawling using CSS style cues



Software maintenance is important

* Maintenance is believed to consume as high as 80% of the
total software life cycle costs

* Estimated at around $70 billion annually



Maintenance is difficult in modern web apps

* Polyglot in nature, Interleaved code
* Dynamicity

* Immature tooling
* Platform and technology fragmentation
* Ad-hoc solutions

* All these are especially true for the front-end code



“Replace ‘can you build this?’ with
‘can you maintain this without
losing your mind ?'"

—Nicolas Gallagher, @necolas

Former product engineer @Twitter



This talk: focus on HTML and CSS

* You probably know (or have to know) a lot about JS ©
* Everyone talks about JS
* Lots of material, lots of focus

* There is still a lot of pain points in HTML/CSS that you
should be aware of



@ ErcVerer -
On the left: the 2nd and 3rd editions of “CSS:
The Definitive Guide”. On the right, a single

copy of the fourth edition. @
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200K CSS LOC!

>400K CSS LOC
>2K CSS files!

How would you maintain this?!



What we will talk about

* (Just two) maintenance activities for the front-end
* Some tips to improve maintainability



Some maintenance activities for front-end

1. Dead code detection and removal
2. Duplicated code detection and removal

*Thereis A LOT MORE that we don’t have the time to
cover

* Migrating front-end code, Impact analysis, reverse
engineering, fault localization, etc.



1) Dead code

* A section in the source code of a program which is
executed but whose result is never used in any other
computation



1) Dead code (in HTML)

e Bloated HTML at GitHub in 2012

* Average diff page has ~9K lines
* It took 15ms to load only the HTML (without CSS and JS)



Don't show manage emails button when not logged in

P master

_.@4 dmazinanian committed 21 days ago

Showing 2 changed files with 9 additions and 4 deletions.

4 EEEm

A
S

o] -

FrontEnd/src/app/jumbotron.component.html

@@ -4,8 +4,8 @@ <hl class="display-4">Merge Conflicts Study</h1l>

<p class="lead">

This is a study of merge conflicts.
</p>
<hr class="my-4">

<a class="btn btn-primary btn-md" [routerLink]="

['/emails']" routerLinkActive="active" role="button">

&

Manage Emails
</a>

</div>

Browse files

1 parent 178bc59 commit 932e99890d0947dd35755e9529bcce551b091dct

Unified | Split

View v
<p class="lead">
This is a study of merge conflicts.
</p>
+ <hr class="my-4" *ngIf="backEndService.getUser()">
+ <a class="btn btn-primary btn-md" [routerLink]="

['/emails']" routerLinkActive="active" role="button"
*ngIf="backEndService.getUser()">
Manage Emails
</a>

</div>
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1) Dead code (in HTML)

» Same logic with less markup (less <div>s)

<pre><div>+ this is a line in the diff</div></pre>

dead <div> 1

<pre>+ this is a line in the diff</pre>

There were 6,387 Unnecessary <div>s
The so-called <div> soup
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Other changes to the GitHub’s diff page

* Extra <a> tags (this is not dead code)
* Controversial, since you will have worse accessibility instead

<td><a ..>+ this 1s a line in the diff</a></td>

!

<td>+ this is a line in the diff</td>



Other changes to the GitHub’s diff page

* Use simpler, shorter tags
* Keep accessibility in mind again

<div class="add-bubble”>

!

<b class="add-bubble”>



1) Dead (and redundant) code (in HTML)
* Decreased diff page load by >40%



Activity
Do we have dead code here?

<div>
<p>
This 1s a paragraph.
<span>We might be able to
remove some tags here.
</span>
</p>
</div>



Activity

* Do we have dead code here?

///<div>
font-size: 13px <p>

This 1s a paragraph.

margin: L0px <span>We might be able to
//////l remove some tags here.
color: red < / Span>
</p>
</div>



1) Dead (and redundant) code (in HTML)

* ’'m not aware of a tool that can do this!
* Could be a nice research idea ©



1) Dead code (in CSS)

* Usually in the form of Oxbow code

* Fragments of program code that were once needed but now
are not used.



1) Dead code (in CSS)

<div>
This content 1is
<span class="underlined">NOT</span>
useful.

</div>

.underlined {
text-decoration:

}

.bold-faced {
font-weight: bold

}

underline
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1) Dead code (in CSS)

<div>
This content 1is
<span class="underlined">NOT</span>
useful.

</div>

.underlined {
text-decoration: underline

}

.bold-faced {
Dead CSS font-weight: bold

}




Activity

* |s there dead CSS code here?

.underlined {
text-decoration: underline

}

.im-dead {
font-weight: bold
}



Activity

* |s there dead (or redundant) code here?

a {

text-decoration: underline

}

a span {
text-decoration: underline

}
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1) Dead code (in CSS)

* Are there any tools to detect/remove dead code in CSS?

* An active research problem!
* Mesbah and Mirshokraie @UBC (Cilla - Dynamic analysis)
* Hague et al. (Static analysis — tree rewriting)
* Geneves et al. (Static analysis — reasoning)

* In the industry:
* Chrome DevTool’s coverage tab



Can we remove
these?

LK |

DevTools - developers.google.com/web/tools/lighthouse/

» O apis.google.com
» O fonts.googleapis.com
» O fonts.gstatic.com

» ) s.ytimg.com 71

» O survey.g.doubleclick.net g ¥
» O www.google-analytics.com 74

text-decoration: underline

color: [J#fff;

text-decoration: underline

th a:focus,.devsite-toast-content a:focus {

h :link,th :visited,.devsite-toast-content :link,.devsite-toast-content :visited {

[(w ﬂ Elements Console Sources Network Performance Memory Application Security Audits Layers 01
Page Filesystem » : | [[4] linkid.js script_foot_clo...e.js:formatted :formatted devsite-google-....css:formatted X P 1 Ay ¥ T 3 '/A (11}
46 | margin: 16px 0; v Threads
v Otop 47 padding: @ .
v ) developers.google.com 48 » Main
A 49
» [ _static/1e1304016d 50 | img, video { NoRYn6gOtVo
» [y _static2/1e1304016d/jsi18n 51 border: 0; » Watch
< it t 52 max-width: 100%
[ site-assets 5303 v Call Stack
v [ web 54
, 55 | table img { Not paused
> [ images 56 max-width: 272px v Scope
» [ln progressive-web-apps/ime 57 P
58
v [l tools/lighthouse 59 J :link, :visited { Not paused
» [m images 60 color: M#039be5; v Breakpoints
. 61 outline: 0;
. (index) 62 text-decoration: none No breakpoints
ervice.google.ca 63§ } .
64 » XHR/fetch Breakpoints
» ¢ adservi le.com 65 | a: focus {

» DOM Breakpoints
» Global Listeners

» Event Listener Breakpoints

1.8 MB of 2.6 MB bytes are not used. (68%)

75 background: []rgba(255,255,255,.3);
» O www.google.com 76 border-radius: 2px;
» ¢ www.gstatic.com 77 margin: -4px;
78 padding: 4px;
» & www.youtube.com 79 text-decoration: none
» ] NoRYn6gOtVo 80
- : {} Line1, Column1
: Console Coverage X What's New Rendering Animations
® C © | URLfilter () Content scripts
URL Type Total Bytes Unused Bytes
https://developers.google.com/_static/... /script_foot.js | JS 1076 966 631224 58.6 % | N—
https://survey.g.doubleclick..../prompt_embed_static.js | JS 361 667 311 896 86.2 % | nmm———
https://developers.google.com... /script_foot_closure.js | JS 330 483 218 508 66.1 % | n——
https://developers.google.c... /devsite-google-blue.css | CSS 193 213 166 217 86.0 % | mmmm
https://developers.google.com/web/tools/lighthouse/ | CSS+JS 199 871 130 739 65.4 % | mmmm
https:/.../rs=AA2YrTuKAVjfh8ZBxVmzJmxigBzFM5bxIA | JS 147 148 109 779 74.6 % | mmm
httna*//ania annale com/ /are/ahe  /ch=nani lnaded N1 .IS 140 NR4 QR 118 7N 1 9 | memm




1) Dead code (in CSS)

Beware: no tools can detect CSS (and JS) dead
code 100% correctly.
You don’t know about hidden states

YOU’LL NEED TESTS!



* Atiny change in CSS killed a revenue-generating page

* The design engineers did not know it existed
* Dropbox could lose $s$ because of a few lines of CSS

Daniel Eden, Design Engineer at Dropbox



2) Duplicated code (AKA code clones)

* A sequence of source code that occurs more than once

* [Very] active line of research
* Both detection and refactoring

* Research estimates up to 80% duplicated code in web
applications



2) Duplicated code in HTML & CSS

* Scarcity of abstraction mechanisms => duplicated code

* for loops, functions, variables, classes
* Recently: variables in CSS (AKA custom properties)

* That’s why we generate HTML and CSS code
* Server-side languages (PHP, ...)
* Preprocessors (Sass, Less, ...),
* Postprocessors (PostCSS, ...)
* JS Frameworks (Angular, React, Vue.js, ...)



2) Duplicated code (in HTML)

C
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2) Duplicated code (in HTML)

<div> <div>
<div> <div>
foo <img src="1l.png"/> bar <img src="2.png"/>
</div> </div>
<div>
<span>baz</span> <span>textl</span> text2
</div>

</div> </div>

32



2) Duplicated code (in HTML)

* The “template” is being repeated

<div>

<div>

foo|<img srcH"l.png"

</div>

<span>baz</span>

</div>

/>

<div>

<div>
bar|<img src="2.png"|/>
</div>

<div>
<span>textl</span> text2
</div>

</div>



2) Duplicated code (in HTML)

e How to detect this?

e Can we use normal clone detectors?
* NiCAD, CCFinder, etc

* However, they leave out presentation altogether



2) Duplicated code (in HTML)

* How to detect this?
* Visual duplication => clones in DOM, but not necessarily the

way around
<ul class='menur> <ul class="textr>
<li>Ttem 1</1li> <li>Ttem 2</1i>
<li>Ttem 2</1li> <li>Ttem 1</1li>
</ul> </ul>

e Jtem 1
Item 1 Item 2 e Jtem 2
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2) Duplicated code (in HTML)

* How to detect this?
* Research tool: VizMod {Bajammal, Mazinanian, Mesbah} (@ UBC

Visual UI | N Potential
Normalization Compon§nt IIl.Stance
Identification

DOM in

Web Browser Visual Elements v
Potential
— Component
— Instances
Refactored

HTML

Y
\_ UI Component| _ - | Unsupervised
‘ Generation Visual Matching

UI Components Identified
(React, Angular, ...) Components




2) Duplicated code (in HTML)

Component “template”

<component> ,////

* Refactoring

<div>
<div> <div>
<div> {varl}| <img src="|{var2}|"/>
foo |<img src='|1l.png|'/> </div>
</div> {var3}
<span>baz</span>
<rgivs Refactor </div>
— > </component> “calls”
<div>
<div> ///
bar |[<img src='\2.png( /> <component args=["foo", "l.png",
</div> <span>baz</span>] />
<div>
<§pan>textl</span> text2 <component args=["bar", "2.png",
</div>

_ <div><span>textl</span>text2</div>] />
</div>

37



2) Duplicated code (in HTML)

* Use standard Web Components Suite
* Custom Elements, Shadow DOM for scoping, etc.
* Watch out browser compatibility

» Use a JS framework (Angular, React, Vue.js, etc.)



2) Duplicated code (in CSS)

* Again, occurs very frequently.

* On median, 60% [Mazinanian et al, 2014]

Mean|=
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2) Duplicated code (in CSS)

Type | (lexically identical values)

.cl {
left: 53px; €-~,§§§§~§§§;52 {
color: white; left: 53px;
border-color: #AS52A2A; color: #fff;
border-style: solid; border: solid 1px brown;
border-width: thin; }

text-align: center;
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2) Duplicated code (in CSS)

Type Il (equivalent values)

.cl {
left: 53px; .c2 {
color: white;~e-_______~_§~9b left: 53px;
border-color: #AS52A2A; color: #fff;
border-style: solid; border: solid 1lpx brown;
border-width: thin; }

text-align: center;
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2) Duplicated code (in CSS)

Type Il (equivalent shorthand [ individual values)

.cl {
left: 53px; .c2 {
color: white; left: 53px;
border-color: #AS52A2A; color: #fff;
border-style: solid; <> |border: solid 1lpx brown|;
border-width: thin; }

text-align: center;




2) Duplicated code (in CSS)

e How to refactor?

Group selectors

.cl {
- .cl, .c2|{
color: white;——____~___~_9 -
. color: white|
}
v }
.c2 {

color: #fff;
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2) Duplicated code (in CSS)

HTML

<div class="classl class4">

contentl
</div>

<div class="class?2

content?2
</div>

@ Browser

contentl

Icontent2 I

N
\
\
\

Before

.classl {

}

class3">¢c—----» .class2 {

_—| border: solid 1lpx #d3d3d3;
N

“«.class3 {

~ | border: solid 3px red;
}

.class4d {

border-style: solid;
border-color: LightGray;
border-width: 1px;
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2) Duplicated code (in CSS)

HTML After
<div class="classl class4"> .classl {
contentl
</div> }
<div class="class2 class3">g ~---» .class2 {
content? Q\\
</div> \ \\ }
\ M .class3 {
\ L
\ border: solid 3px red;
@ Browser \
v}
contentl !.class2, .class4 {
border: solid lpx #d3d3d3;

content2 }
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2) Duplicated code (in CSS)

Before

.class2 {
color: #00F;
font-weight: bold;

border: solid lpx #d3d3d3

}

.class3 {

font-weight: 700;
border: solid 3px red;
float: left;

e

After

-class2 | Reorder
New style rule

color: #00F;
font-weight: bold;
}
.class2, .classd4 {
border: solid lpx #d3d3d3|;

}

.class3 {

font-weight: 700;
border: solid 3px red;
float: left;
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Activity
* |s this change safe?

Before

.cl {
color: white;

}

.c2 {
color: blue;

}

.c3:hover {
color: white;

}

After

.cl, .c3:hover {
color: white;
}
.c2 {
color: blue;

}

48



2) Duplicated code (in CSS)

What if the style values were different?

.cl {
left: 53px; .c2 {
color: white; left: 53px;
border-color: #AS52A2A} color: #fff;
border-style: dotted; border: solid 1lpx brown|;
border-width: thin; }

text-align: center;



2) Duplicated code (in CSS)

* Currently not possible to avoid in pure CSS

* CSS preprocessors can be used
* Less, Sass, Stylus, Closure Style Sheets, etc.



Preprocessor Mixin ——

.cl {
.f(dotted; 3px);
text-align: center;

}

.c2 {

.f(solid;

1px);

.f(@style;

left: 53px;

color: white;
border-color: brown;
border-style: @style;
border-width: @width;

@width) {

@ Transpilation

.cl {

left: 53px;

color: white;
border-color: #A52A2A;
border-style: dotted;
border-width: 3px;
text-align: center;

.c2 {

border:

left: 53px;
color: #fff;

solid 1lpx brown;
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2) Duplicated code (in CSS)

* Refactor existing CSS code to preprocessors to avoid
duplication

SassConf @SassConf - 11 Nov 2015

@ Whole lotta CSS. Hence the challenge of
switching to Sass #sassconf2015 @dxna

“We should check out Sass.”

Etsy Css, October 2014
- 2,000+ individua] CSS files

- 400,000+ lines of CSS

52



2) Duplicated code (in CSS)

* Can we automate this?
* I’m not aware of any industrial tool
* Research tool: CSSDev [Mazinanian et al. 2017]

* Refactor CSS by

* Grouping selectors
* Migrating to preprocessor




There is a lot more to talk
about



Write maintainable front-end code

1) Learn fundamentals
* Frameworks come and go, web platform fundamentals stay



Write maintainable front-end code

2) Use frameworks when there are clear benefits
* Lots of big names are staying away from frameworks

GitHub Engineering

Removing jQuery from GitHulb.com

frontend

ﬂg mislav &' koddsson n muan
% keithamus September 06, 2018
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Write maintainable front-end code

3) Learn best practi '
practices and avoid “code smells”

Code Smells in Cascading Style |
Sheets: An Empirical Study and a
Predictive Model

by

Golnaz Gharachorlu

B.Sc., The University of Tehran, 2008

D IN PARTIAL FULFILLMENT OF

A THESIS SUBMITTE
ENTS FOR THE DEGREE OF

THE REQUIREM

MASTER OF APPLIED SCIENCE

in

The Faculty of Graduate and Postdoctoral Studies

(Electrical and Computer Engineering)

RSITY OF BRITISH COLUMBIA

THE UNIVE
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Write maintainable front-end code

4) Strive to write modular code
* Modularity is still a problem at client-side

* Not weird to see this kind of
artiCIES in 2018: What is Modular CSS?

Modular CSS is a collection of principles for writing code that is
performant and maintainable at scale. It originated with developers
at Yahoo and Yandex as a way to address the challenges of
maintaining a large codebase. Some of the guidelines were

controversial when introduced, but have since come to be recognized
as best practices.
50



Write maintainable front-end code

5) Know your tools, but don’t become too attached to
them

* Chrome DevTools, Lighthouse, etc. are amazing tools for
front-end development, debugging, and maintenance



That’s all, folks.

(Never put this kind of slide at the end of your talks)



