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=2/ WEARE ALL 600D T
BROWSERS MADE BY OTHER




HOW MANY OF US HAVE NEVER SATD A #11-* 11




WHAT TS A BROWSER

CVERYONE USES TT. FEW KNOW IT.
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SROWSER

[T°5 AN APPLICATION THAT REQUESTS DATA FROM WEB
SERVERS, SENDS A NETWORK REQUEST TO THE URL, RETRTEVES
RESOURCES, AND PRESENTS THEM INTERACTIVELY!

LASY, RIGHTT

THE MOST WIDELY USED TYPE OF SOFTWARE BY FAR.

MADE UP OF MILLTONS OF LINES OF C++ AND OTHER TOUGH STUFF
(RANGED A LOT OVER TIME

A POWERHOUSE OF TECRNOLOGY AND ALGORITHMS, EVEN MORE
THAN THE BATMOBTLE!



BUT THOSE WHO WRITE BROWSERS RAVE A LITTLE CHAOS TO MANAGE...

o @Y USERS LOVE TO SEE PIXELS ON THE SCREEN AS QUICKLY
QL I\ /Y A5 POSSIBLE, WHICH 15 THE REASON WHY THE BROWSING
NN EIPERIENCE IS ENJOVABLE!
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DUT YOU MIGHT BE THINKING..



WHY SHOULD 1 CARE?
1"M NOT A BROWSER CODE DEVELOPER!

PS.IFANY OF YOU ARE ON THE CHROMIUM TEAM. .. PLEASE BE MERCLFUL!




AS WEB DEVELOPERS, WE MUST UNDERSTAND SOME OF THE

MECRANTCS OF BROWSERS TO MAKE BETTER DECISIONS AND

MAKE SENSE OF SOME THINGS TRAT SOMETIMES SEEM
ABSURD.

(QUOTE: (ICC10 DA VAL DEMONE)

o *‘"“.*-:~-~~~'».w .
AR



HOW IS IT MADE

WERE ALL EXCELLENT AT STEERING SOMEONE ELSE'S SHIP
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ARCRITECTURE

THERE ARE NO SPECLFIC STANDARDS ON HOW T0
BUTLD A WEB BROWSER. THE APPROACH CAN VARY
SIGNIFLCANTLY FROM ONE BROWSER TO ANOTRER.

DLES SPECTFIC LOGLL
5 A MAIN THREAD AND
TED SPECIAL THREADS



PROCESSES & THREADS

® / PROCESS CAN BE DESCRIBED AS THE RUNNING
PROGRAM OF AN APPLICATION.

® [ THREAD LIVES WITHIN THE PROCESS AND EXECUTES
ANY PART OF THE PROCESS TO WRICH TT BELONGS.

PROCESSES CAN COMMUNTCATE WITH EACH OTHER THROUGH IPC (INTER PROCESS COMMUNICATION).
THREADS CAN ALSO COMMUNTCATE WITH EACH OTHER WITHIN THE PROCESS THAT CONTATNS THEM, BUT NOT DIRECTLY WITH THREADS TN OTHER PROCESSES.
COMMUNTCATION BETWEEN PROCESSES TS GENERALLY SLOWER THAN COMMUNTCATION BETWEEN THREADS WITHIN A PROCESS.



SROWSER PROCEDSED

A PROCESS TO SEIZE THEM AND CRATN THEM TN THE DARK
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K RENDER PROCESS

1 FOR EACH TAB

4

~ST0MCE
PROCESS

PROCESS

I nowor
PROCESS

?fi,;; '}1 RENDER PROCESS §

o
B CPU PRocess

PRIOKITY: @ HIGHEST © LOWER @ LEAST



MULTI-PROCESS ARCRITECTURES

CONS
SAND-BOXING o MEMORY QVERHEAD
BLACK SHEEP DETECTION ® PROCESS CREATION QVERKEAD
OPTIMAL MEMORY FOOTPRINT © IP[O\/ ERREAD
PRIVATE DATA
SITEISOLATION
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HOW DOEY TT WORKS

SATLING SEEMS EASY, BUT STEERING THE TITANTC IS RISKY
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[OU WRITE TN THE ADDRESS BAR AND..

TR A

BN

W'
wad (T m'mj
|

THEINPUT TS EVALUATED
BROSER FROCESS | UL THREAD/ PROCES

NAVIGATION BEGINS!
BROWSER M[\NTMMHMMNW[

THER 15 READ AND HANDLED
BROWSER M[\NTMMHMMNW[

A RENDER PROCESS T5 ACTIVATED
BROSER FROCESS | UL THREAD/ PROCES

NAVIGATION T§ "TAKEN OVER™
RENDER PROCES

THEDOCUMENT LOADING PHASE BEGINS
RENDER PROCES ¢ ) BRONSER PROCES



{OU WRITE IN THE ADDRESS BAR AND..

Y.

— I wewore

B RenDer Process
]
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RENDERING

LASY, RIGHT]
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RENDER A PAGE

THE RENDERTNG PROCESS, WHICH THE EXCELLENT
RENDERING PROCESS DEALS WITH, TS CERTAINLY
THE MOST COMPLEK AND INTERESTING PART AND
15 THE ONEIN WHICH WE RAVE TO FACE THE

MUCH-FEARED CRITICAL RENDERING PATH!

A SINGLE PROCESS, MANY THREADS: MATN THREAD, WORKER
THREADS, (OMPOSHORTHREAD RASTER THREAD, .

FRANCESCO ScUTT
GODGLE DEVELOPER EXPERT / MICROSOFT MVP / CODEMOTION DEVREL



COMPOSITOR THREAD

RENDER PROCESS

MAIN THREAD

GPU PROCESS
(20 THEAD

X HANE END l

. R S — —— FAST. SCHEDULE ‘
\ AN ST l ‘ L\ s
J s

R HQUESTIDI
[NPUT‘“K[OU[H/IN[MAU()N“ ASE NN n oCST [[l MY()UII PAINT H COMPOSIIER ™ g ( b

HANDIER | FRAME

\ PIIE TO SCHEN ‘




SCARED, HUH!
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RENDER A PAGE

THE RENDERING PROCESS, LARGELY THANKS TO TS
MAIN THREAD, FOLLOWS THIS PATH:

PARSING

STYLE CALCULATION
LAYOUT

PAINT
LOMPOSITING
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'd BYTES CHARACTERS

UUHIUJWUUHW 1 \\ PARSING
““”wm / DATATS SENT OVER THE INTEANET A5 PACKETS. AND
- THE BROWSER READS THE R Y OF THE HTML

TAKT TAG: HEAD

(EVEN FROM THE HARD DISK)
TML HEAD F3EAN THE MATN THREAD HAS THE TASK OF:

BYTES -) CHARACTERS
CHARACTERS -) TOKEN
T0KEN -) NODES

NODES -) DOM (FINALLY!)
SUBRESOURCE LOADING

D TAG: HEAD
\ TART-TAG: BODY

SPAN



d

4

N STYLE CALCULATION

TOKENS THE MATN THREAD PARSES (55 AND DETE RMIN 5 TH
\ (OMPUTED STYLE FOR EACH DOM NODE BASED ON THE

.
s Y (5§ SHECTOS

ey
Ef L3O TEE %Q\N wemuw—(@

SPAN
(OLOK: “LLU\N -———/J

MARGIN: 10K

(55 BYTES - CHARACTERS
[HARA(TERS =) TOKEN
TOKEN =) NODES
NODES - (550M
LAYOUT (OR RENDER) TREE!




LAYOUT

LAYOUT (OR REFLOW) 5 THE PROCESS WHERE THE
MATN THREAD GOES THROUGH THE DOM AND
STYLES AND CREATES THE LAYOUT TREE (OR RENDER
TREE), WHICH CONTAINS INFORMATION SUCH AS
THE COORDINATES AND DIMENSTONS OF THE
LEMENTS.

L LATOUT PROCESS 15 EATREMELY EXPENSIVE FOR THE
BROWSER BECAUSE 1T MUST CALCULATE THE ERACT POSTTION
AND STIE OF EVERT ELEMENT ON THE PAGE!

TH



LAYOUT (0 REFLOW)

DOM + (SSOM = LAYOUT (OR RENDER) TREE



LAYOUT TREE

LAYOUT - LAYOUT TREE OR RENDER TREE

10 BUTLD THE LAYOUT (O RENDER) TREE, THE BROWSER WILL

HAVE T0:

® RECURSIVELY TRAVERSE THE DOM AND SEARCH FOR
VISIBLE ELEMENTS

® BUILD/UPDATE THE TREE LAYOUT NODE BY POINTING
T0 THE DOM NODE

®  DERIVE THE COMPUTED STYLES FOR THE DOM NODE,
AND ASSOCTATE THEM WLTH THE LAYOUT TREE NODE



LAYOUT PHASE

THIS IS ACTUALLY GECKO REFLOW


http://www.youtube.com/watch?v=ZTnIxIA5KGw

PAINT

WE KNOW THE DIMENSTONS AND POSTTIONS OF
THE ELEMENTS BUT NOT THE ORDER TN WRICH W
WILL DRAW THEM ON QUR PAGE.

THE MAIN THREAD TRAVERSES TRE LAYOUT TREE TO
BUTLD A QUEUE OF PATNT RECORDS, WRICH ALLOWS
10U TO MANAGE THE DRAWING ORDER OF THE
ELEMENTS,



LOMPOSITING

COMPOSITING TS A TECANIQUE FOR LAYERING PARTS OF
A PAGE, RASTERTZING TREM SEPARATELY, AND
(OMPOSITING THEM AS A PAGE TN A SEPARATE THREAD
(ALLED A COMPOSER THREAD.

[F SCROLLING DCCURS (ONE DF THE MOST ONEROUS BUT
(OMMON OPERATIONS), SINCE THE LAYERS ARE ALREADY
RASTERIZED, HE MUST COMPOSE A NEW FRAME.

FRANCESCO ScUTT
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lAYOUT

LOMPOSITING

THE MATN THREAD TRAVERSALS THE LAYOUT TREE

T0 GENERATE THE LAYER TREE

THE MATN THREAD SENDS THIS INFORMATION

IV THE COMPOSER THREAD

THE COMPOSER THREAD RASTERLZES EACH LAYER

T H [OM SER THREAD DIVIDES TNTD PANES AND
S EACH SQUARE (DRAW QUAD) TO THE RASTER

THREAD

) COMPOSER FRAME T THEN SENT TO THE

BROWSER PROCESS VIA TRC



d

LAYOUT

TREE

LOMPOSITING

o  DRAW QUADS
CONTLENE LE INFORMAZIONT, COME LA
POSTZIONE DELLA TILE TN MEMORTA £ DOV
DISEGNARLA NELLA PAGINA

o  (OMPOSITOR FRAME
UNA RACCOLTA DT DRAW QUADS CHE
APPRESENTANO 1L FRAME DL UNA PAGINA

THE ADVANTAGE OF COMPOSTTING IS THAT IT TS DONE WITHOUT
INVOLVING THE MATN THREAD!



_4'
OWSER PROCESS

LOMPOSITING - EVENTS

BROWSER PROCESS RECETVES A GESTURE (CLICK) AND SEN

EVENT TYPEAND COORDINATES TO THE RENDERER PRO[ESS
RENDERER PROCESS MANAGES THE EVENT TF THERE L5 A
LISTENER

[ TT IS NOT THERE, THE COMPOSTTOR THREAD CREATES A
¥RAM[WHHOUMSK NG ANTTHING TROM THE MAIN THREAD!

THE COMPOSITOR THREAD MARKS AND ASSOCIATES THE EVENT
HANDLERS TO THE AREAS OF THE PAGE (on-5ast Scaoreasit Reeton)

FTHE EVENT TAKES PLACE OUTS

1 [DETHEREGLONS, THE COMPOSITOR THREAD DOES NOT
ASK FOR ANYTHING TROM THE MA

Dt
IN THREAD AGATN



(RITICAL RENDERING PATH (CRP)

ANY DELAY TS CRITICAL!
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d
(RITICAL RENDERING PATH (CRP)

EEN RECETVING HTML, €55 AND J BYTES AND TRANSFORMING THEM TNTO PTAELS
RED ON THE SCREEN 1 CALLED CRITICAL RENDERING PATH (CRP).

/Y oMl \/%Y DOM THEE \ Y o \
Y NETWORK Y ! VOUT THEE \\ (OMPOSTTING
‘MI/\/TWOKDS

\Y LYOUT (REFLOW)
(S50M W INT
ERANCESCO SCTUTT
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THE ENTIRE PROCESS BETW
RENDE
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(RITICAL RENDERING PATH (CRP)

LF AN ANTMATION OR TRANSITION TS RUNNING, THE USER T5 SCROLLING PAGES OR Z0OMING; THE BROWSER
MUST CREATE FRAMES AT THE DEVICE'S REFRESH RATE.

THERE ARE 60 FRAMES PER SECOND TO ENSURE THAT AN ANIMATION IS FLUID, FORCING
THE BROWSER TO RESOLVE THE RENDERING PIPELINE IN ABOUT 10 MS!



(RITICAL!




JANK - YOUR WORST ENEMY

WHEN THE BROWSER FALLS TO ACKIEVE THIS, THE FRAME RATE DROPS, AND THE
CONTENT WILL NOT APPEAR FLUTD, AND THIS WELL HAVE A NEGATIVE IMPACT ON

THE USER EXPERTENCE!
THIS TS OFTEN REFERRED TO AS JANK!

0-100 M$ — INSTANT FEEL, CONSTANT FLOW;

100-300 M5 —SLIGHT PERCETIBLE DELAY;

J00-1000 MS — L055 OF TASK FOCUS, PERCEPTIBLE DELAY,
L5+ = MENTAL CONTEXT SWITCH,

| 105+ = User LeAves! FRANCESCO ScUTT
| GODGLE DEVELOPER EXPERT / MICROSOFT MVP / CODEMOTION DEVREL




d
(RITICAL RENDERING PATH (CRP)

. STYLE ) LAYOUT ) PAINT ) COMPOSTTING

WHEN THERE ARE CHANGES ON GEOMETRLES, DIMENSIONS, POSTTIONS, ..

L) » PAINT ) COMPOSTTING

WHEN THERE ARE CRANGES TN WHAT DOES NOT AFFECT THE LAYOUT (BACKGROUND IMAGE, TELT (OLOR, )

L) ) ) (OMPOSITING

IN SHORT, WHAT DOES NOT INFLUENCE THE LAYOUT AND THE PAINT (TRANSFORM, OPACLTY)

‘\ DOPO TL CARTCAMENTO, LA PAGINA CAMBIA IN RISPOSTA A DUE TIPOLOGIE DI INPUT:
| INTERAZIONE DELL UTENTE £D AGGIORNAMENTI AL DOM EFFETTUATI DA JAVASCRIPT



MAIN THREAD

SOME IMPORTANT CLARTFLCATIONS
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A QUICK DISTINCTION

WEB APPLICATIONS ARE GIVEN A SINGLE THREAD, THE
MAIN THREAD, TO EXECUTE MOST OF THE APPLLCATION
AND USER INTERFACE LOGIC

WEB BROWSERS ARE DEFINITELY NOT A
SINGLE-THREADED ENVIRONMENT!
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BROWSER EVENT LOOP

THE BROWSER EVENT LOOP T5 PROBABLY THE MOST TMPORTANT FRONTEND
PERFORMANCE CONCEPT TO UNDERSTAND..BUT WE ALREADY KNOW IT, RIGHT!

ALLWE NEED TO KNOW IS THAT T LIVES INSIDE THE MAIN THREAD!

THE BEHAVIOR OF THE EVENT LOOP DETERMINES THE BERAVIOR
OF WEB APPLICATIONS AT RUNTIME AND T USED FOR ASTNCRRONY..



BROWSER EVENT LOOP

THE EVENT LOOP 1S ESSENTIALLY AN INFINITE LOOP, RESPONSIBLE FOR:

» SELECT AN AVATLABLE TASK FROM THE TASK QUEUE AND PLACE TT TN THE MAIN
THREAD TO RUN TO COMPLETION

+ (JCCASTONALLY SELECTING A RENDER STEPS TASK INSTEAD OF READING FROM THt
TASK QUEUE TO GENERATE A FRAME



BROWSER EVENT LOOP

WHILE(TRUE) {
TASKSLISTS . PTCKFULLLIST() . POP() . EXECUTE()

WHILE(MICROTASKS . LENGTH) {
MICROTASKS . POP() . EXECUTE()

}

TF(SHOULDRENDER()) {
RUNANIMATIONS();
RENDER();

}

}

MICROTASKS = PROMISES, OBSERVERS, QUEVEMICROTASK



BROWSER EVENT LOOP - TASK

TASKS ARE THE RUNTIME EXECUTION UNTTS EXECUTED ON THE MAIN THREAD.
o HIML/CYY PARSING
o [NPUT EVENT MANAGEMEN
o JAVASCRIPT COMPTLING/EXECUTTON
o NETWORK DATA
o RENDER STEP



COMPOSITOR THREAD

RENDER PROCESS

MAIN THREAD

GPU PROCESS
(20 THEAD

RELAP

. Y ST SCHEDULE ‘
\ AN ST l — ‘ L\ MSTERIZE
) s

S REQUESTIDIE
[N/’UT‘“K[(JUHMN[MAU()NH PSE M n (ACST 1[' W()Ull PAINT n COMPOSITEN, ™ o ( b

X HANE END l

HANDIER | FRAME

\ PIIE TO SCHEN ‘




[ MOTOR

WE'RE NOT INSIDE GRAN TURTSMO BUT ENGINES MATTER!
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WHAT DO THEY USE!

o  (HROME, EDGE, BRAVE
o RENDER ENGINE: BLINK (BLINKNG)
o JSENGINE Vi

DER ENGINE: GECKO (QUANTUM)
NGINE: SPIDER MONKEY

DER ENGINE: WEBKTT
NGINE: NITRO (JAVASCRIPTCORE)

FRANCESCO ScUTT
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MAYBETTS NOT WHAT WE THOUGHT

THE POOR BROWSER, PERRAPS, TREREFORE DOES NOT HAVE SUCH AN EASY LTFE
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ANY IDEAS!

REQUESTANIMATIONTRAME | REQUESTIDLEFRAME
WILL-CHANGE (HANDLE WITH CARE)

ASINC / DEFER TAG SCRTPT ATTRIBUTES

WORKERS

RESOURCES PRIORTTY (PRELOAD)
CVALUATE (55 TRIGGERS

CVALUATE LAYOUT & PAINT APT TRIGGERS

FRANCESCO ScUTT
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LET"S HELP THE TOOL THAT MAKES US TRAVEL
THROUGR BILLIONS OF PAGES rULL OF TRINGS 10
LEARN (AND KITTENS) EVERY DAY!
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LDOTT MY WAY..
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IUS TRE BATCOMPUTER,
WHICH IS POWERFUL AND L DON'T CARE



CNOCNOT LIKE TRAT.
JUT TRYING 10 WRITE
BETTER CODE




.devmy

LINKS
QUICK REFERENCES

® HTTPS://GITHUB.COM/GOOGLECKROMELABS/ (55
® HITPS://(SSTRIGGERS.COM/
®  HTTPS://GIST.GITHUB.COM/PAULTRISH/HD)2FB0
[NSIDE BROWSER
EVELOPER.CHROMLE.
HTTPS:/ /DEVELOPER CHROME.COM/
HTTPS:/ /DEVELOPER CHROME.COM/BLOG/TN
EVELOPER.CHROME .

BLOG/INS
BLOG/INS
BLOG/INS
BLOG/INS

GOOGLE DEVELOPER

HTTPS://DEVELOPER. CHROME.COM/BLOG/INSIDE-
06/INSIDE-
IDE-
HTTPS://DEVELOPER. CHROME.COM/BLOG/INSIDE-

LIPE

DiL3

TRIGGERS

3HICHEA

FRANCESCO ScUTT
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.devmy

[INKS

®  HTTPS://DEVELOPER CHROME.COM/ARTIC
HTTPS:/ /DEVELOPER CHROME.COM/ARTIC
HTTPS:/ /DEVELOPER CHROME.COM/ARTIC

EVELOPER.CHR [RENDERINGNG/
P5:/ /DEVELOPER.CHR
P5://DEVELOPER.CHR
HTTPS:/ /DEVELOPER CHROME.COM/ARTIC
P5:/ /DEVELOPER.CHR
P5:/ /DEVELOPER.CHR

t
[RENDERINGNG-ARCHTTECTURE/
[RENDERINGNG-DATA-STRUCTURES/
[BLINKNG/

[LAYOUTNG/

/VIDEONG/

VELOPER.CHROM
HTTPS:/ /DEVELOPER CHROME.COM/ARTIC

LES
LES
LES
LES
LES
HTTPS:/ /DEVELOPER CHROME.COM/ARTICLES

). [
). [
). [
). [
): [
). [
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.devmy

[INKS

ARTICLES & SITES

HTT
HTT
HTT

P9:/ /WEB.DEV/MATNTHREAD-WORK-BREAKDOWN /

i

i
HTTP

i

i

i

5
):
5/ IWEB.DEV/FAST/#PRIORTTIZE-RESOURCES

5./ TWEB.DEV/0P TIMU -JAVASCRIPT-EXECUTION/

5/ TWEB.DEV/STMPLLFY-PAINT-COMPLEXTTY-AND-REDUCE-PAINT-AREAS/

HTTPS:/ /WE. \//AVOID— ARGE-COMPLEX-LATOUTS-AND-LAYOUT-THRASHING

HTTPS:/ /WEB.DEV/STICK-T0- (OM POSTTOR-ONLY-PROPERTIES-AND-MANAGE-LAYER-COUNT/
HTTRS:/ /W TAMTK.CO/WEB-PERFORMANCE-ROADMAP

FRANCESCO ScUTT
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.devmy

[INKS

ARTICLES & SITES

® HTTPS://WWW WEBPERF.TTPS/

® HTTPS://WWWHTMYROCKS.COM/E N/TUTORIA S/INTERNALS/HOWBROWSERSWORK

® HTTPS://BLOG.LOGROCKET. (OM/HOW ER-RENDERTNG-WORKS-BERIND-SCENES/

® HTTPS://WWW.TOPTAL.COM/WEB/WEBSITE- URMAN[['(KNI(M'KENDERING'PATH/

o HIT: //GROSSKURTH.(A/PAPERS/BKOWSER'KHAR[H.PN

DEMOS

® HTTPS://GOOGLECHROME.GITHUB.IO/DEVTOOLS-SAMPLES/JANK/

® HTTP://COFFEE-CART.NETLLFY App/TAD-] FANCESCO SCIUTT
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FRANCESCO SCLUTL

DEVELOPER BY CHOTCE AND PASSION,
LOVER OF NERD STUFF OF ALL KINDS
AND LOVER OF SHARING KNOWLEDGE!
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SOFTWARE FACTORY

PROJECT MANAGEMENT
ARCHITECTURE DESIGN
TEAM AUGMENTATION
CODE REVIEW
MENTORING
QUTSOURCING

LEARNING FACTORY

FORMAZIONE IN AZIENDA
CORSL £ WoRKsHo?
FVENTL ONLINE £ OFFLINE
QUESTO TALK!
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.devmy
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<

THANK YOU!

HTTPS:/ /WWW_FACEBOOK COM/ FRANCESCO.SCTUTT
HTTPS:/ /WWW LINKEDIN.COM /IN/ FRANCESCOSCTUTI/
HTTPS://TWITTER COM/ERANCESCOSCTUTT

HTTPS:/ /WWW_FACEBOOK COM/DEVMYIT

Py
HTTRS://WWW.LINKEDIN.COM /COMPANY/DEVMYFACTORY/
HTTPS://TWITTER.COM/DEVMYFACTORY
HTTRS://WWW INSTAGRAM.COM/DEYMY TT/

P

HTTRS:/ /WWW YOUTUBE.COM/C/DEVMY
FRANCESCO S(TUTL
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https://www.facebook.com/francesco.sciuti
https://www.linkedin.com/in/francescosciuti/
https://www.facebook.com/Devmy.it
https://www.linkedin.com/company/devmyfactory/
https://twitter.com/DevmyFactory
https://www.instagram.com/Devmy.it/
https://www.youtube.com/c/devmy

FEEDBACK TIME!

FRANCESCO SCTUTT
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