Google Chrome

TODAY, MOST OF WHAT
WE USE THE WEB FOR ON A
DAY-TO-DAY BASIS AREN'T
JUST WEB PAGES, THEY'RE
APPLICATIONS.

Brian Rakowki,
Product Manager

AL
Q PECPLE ARE i ALL
WATCHING AND THESE THINGS

E UPLOADING VIDEDS, THAT DIDN'T EXIST

E \ CHATTING WITH EACH WHEM THE FIRST
OTHER, PLAYING BROWSERS WERE

DL.: \ WERB-BASED CREATED.
GAMES...

SN

== AND DESIGHM
SOMETHIMG BASED
OW THE MEEDS OF

WOULDN'T
IT BE GREAT,

THEM, TO TODAY'S WEB
S5TART FROM APPLICATIONS
SCRATCH == AND TODAY'S

USERS?

2008




FIRST., BROWSERS
NEED TO BE MORE
STABLE. wHEN YOU'RE
WRITING AN IMPORTANT
EMAIL OR EDITING A
DOCUMENT, A BROWSER
CRASH |5 A BiG DEAL.

Diarin Fishar, Software Englnaer

BROWSERS ALSO MEED
TC BE FASTER. THEY NEED
TO START FASTER, LOAD
PAGES FASTER --

== AND FOR WEB
APPS, JAVASCRIPT
ITSELF can BE A
LOT FASTER.

!LD

THEY NEED TO BE MORE
SECURE. GIVEN WHAT'S
KNOWN ABOUT MASS
BROWSER EXPLOITS.
BROWSERS NEED
ARCHITECTURAL CHANGES
TO DISADVANTAGE

Lars Bak,
s, Saftware Englneer

Kasper Lund,
Software Engineer
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AND WE WANT BROWSERS
TO FIND THAT SWEET SPOT
BETWEEN TOO MANY
FEATURES AND TOD FEW,
WITH & CLEAN. SIMPLE.
AND EFFICIENT USER
INTERFACE.

Ben Goodger,
Software
Engineer

/' FINALLY, GOOGLE

CHROME I5 A FULLY OPEN
SOURCE BROWSER.

WE

WANT OTHERS
TO ADOPT IDEAS
FROM U5 ==

== JUST AS

WE"E ADCPTED
GOOD IDEAS FROM
OTHERS.




Part One

{ & > J |GJ ;ﬁl Stability, Testing and the Multi-Process Architecture Dl

WHEN
WE STARTED
THIS PROJECT. THE
GEARS GUYS WERE
SAYING THAT ONE OF THE
PROBLEMS WITH
BROWSERS I5 THAT
THEY'RE INMHERENTLY
SINGLE-THREADED.

FOR EXAMPLE, OMCE YOU HAVE
JAMASCRIPT EXECUTIMNG, IT'S GOING
TO EEEP GOING, AND THE BROWSER
CAN'T DO ANYTHING ELSE UNTIL
JAVASCRIPT RETURNS CONTROL TO
THE BROWSER.
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S0 DEVELOPERS WRITE APIS THAT ARE == AND EVERY NOW AND THEN THE
BROWSER LOCKS UP BECAUSE JAVASCRIPT

ASYNCHRONOUS --
15 HUNG UP ON SOMETHING.

]JIMJIU |:I1" T
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CALL ME AS
SO0M AS YOU'RE
DOME!

3800-BEEP!=
ALL CIRCUITS
ARE BUSY...




THE GEARS GUYS WERE THINKING
ABOUT & MULTI-THREADED
BROWSER, BUT THAT LED US TO
TALK ABOUT, WELL, INSTEAD OF
MULTIPLE THREADS --

srowser ¢/ PROCESS

-= WHAT IF WE \

HawE MULTIPLE
PROCESSES? EACH
HAVING ITS OWN MEMORY
AND ITS OWHN COPY OF
THE GLOBAL DATA
STRUCTURES.

& CHROME PROCESS MANAGER
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@ PROCESS
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PROCESS
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PROCESS
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PROCESS
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PROCESS

Q) rrocess|

FROCESS

Armaed Weber,
Software Engbneer

WE'RE APPLYING
THE SAME KEIND OF
PROCESS ISOLATION YOU
FIND IN MODERHN
OPERATING 5YSTEMS.

50,
SEPARATE
PROCESSES
RENDERING
SEPARATE
TABS,




PROCESS

=
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PROCESS

AND HOW YOU
HAVE SEPARATE
JASASCRIPT THREADS

OMNE TAR CAN BE
BUSY, WHILE YOU'RE
STILL USING ALL THE

AWND IF THERE'S A BROWSER BUG I
THE RENDERER (AND OUR
EXPERIEMCE IS THAT IT'S ALMOST
[MPOSSIBLE TO ELIMINATE ALL BUGS),

AS WELL, OTHE

RS. WE STILL ONLY LOSE THE ONE TAB.

WHEN ONE TAB GOES DOWN YOU
GET A '5AD TAB' BUT IT DOESN'T
CRASH THE WHOLE BROWSER.

AND YES,
IT REALLY
LOOKS LIKE

//: MULTI-PROCESS BUT OVER TIME.?

DESIGN MEANS USING A BIT
MORE MEMORY UP FRONT. EACH
PROCESS HAS A FIXED
ADDITIONAL COST.

WILL ALSO MEAN
LESS MEMORY
BLOAT.

IN A TRATHTIONAL BROWSER,
YOU OMLY HAVE OME PROCESS
AND OME ADDRESS SPACE

THAT ¥OU KEEP LOADING WEB

WHEM YOU HAVE TOO MANY
TABS OPEN, YOU CAN CLOSE
SOME TO FREE UP MEMORY.

WHEN YOU BRING IN ANOTHER
TAB, YOU USE THE MEMORY
THAT Wwia5 PREVIOUSLY USED.

PAGES INTO.
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BUT AS TIME GOES ON,
FRAGMENMTATION RESULTS --
LITTLE BITS OF MEMORY
S5TILL GET USED EVEN WHEN
A TaB GETS CLOSED.

- -

Mike Egluhe,
Software Engineer

EITHER WE
HAVE MEMORY THAT
NOTHING CAN REFER TO
AGAIN, OR THERE'S A
PIECE OF DE-ALLOCATED
MEMORY WE STILL HAVE
POINTERS TO.

50 WHEN THE
BROWSER WANTS TO
OPEN A MEW TAB, IT
CAN'T FIT IT IN THE

EXISTING SPACE ==

P s s s s e s s e s s e e e e s s T r e e e

== AND 50
THE 05 HAS
TO GROW THE
EROWSER'S
ADDRESS
SPACE.

AND THIS PROBLEM GROWS ALL DAY, AS
THE LIFETIME OF THE BROWSER EXTENDS.

HURRY UP,

QTm« CLOSING SOME TABS.
DAMMIT!

I oiby

BUT WHEN A TAG I5 CLOSED IN G00GLE
CHROME, YOU'RE ENDING THE WHOLE PROCESS -




OPEN A NEW TAB

NOW, AND YOU'RE
STARTING FROM 4
SCRATCH, et

CRAZY MEMORY LEAK IT WON'T AFFECT YOU FOR THAT LONG

== AND

R ALL THAT N ______ .
. ' MEMORY - X
' i GETS i i
- H RECLAIMED. i i
i | H i | 1
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50 AS YOU BROWSE, WE'RE CREATING AND
DESTROYING PROCESSES ALL THE TIME. IF THERE'S A

BECAUSE YOU'LL PROBABLY CLOSE THE TAE AT S50OME
POINT AND GET THAT MEMORY BACK.

Brait Wilson, Soltware Enginear

i AND WE'RE TAKIMNG IT ONE
STEP FURTHER. SUPPOSE YOU
NAVIGATE FROM DOMAIN A TO

DOMAIN B. THERE'S NO MEED FOR

ANY RELATIONSHIP BETWEEN

THE TWO SITES --

Site B

d
o

== 50 NOW WE CAN THROW Away THE
OLD REMDERING ENGINE, THE OLD DATA
STRUCTURES, THE OLD PROCESS.

]
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50, EVEN WITHIN A )

TAB. WE CAN BE
COLLECTING AND
TOSSING OUT THE
GARBAGE,
RECYCLIMNG THE
WHOLE PROCESS.




AND JUST LIKE
WITH YOUR 05, YOU
CAMN LODOK UNDER
THE HOOD WITH
GO0GLE CHROME'S
TASE MANAGER TO 5EE
WHAT SITES ARE USING

THE MOS5T MEMORY,
DOWNLOADING THE
MOST BYTES, AND
ABUSING YOUR
CPu.

WHY 15 THIS
APPLICATION
DOWNLOADING
THE ENTIRE
INTERMNET?

/ ¥ou CAMN EVEN SEE

PLUG=ING WITHIN THE TAB, SINCE
THEY APPEAR IN CHROME'S TASK

MAMAGER AS SEPARATE
PROCESSES.

50, WHEN THINGS START FREAKING OUT,
YOU'LL FINALLY HAVE SOME INSIGHT INTO
WHO'S MISEBEHAVING AND WHY --

-~ AND
ELIMINATE

_ LI1L
| Memary | €Pu | metwork |[A]
hinivore 74,0008 o a |
jris: firaem Ml 0 a
[Pola.com 14, 768K 0 0
by 2008 i 3 o
fs - Ml itesms 17,2008 1 0
pdsheels 1]

PLACING
BLAME
WHERE BLAME
BELONGS.




CHROME I3 A
MASSIVE,
COMPLICATED
PRODUCT THAT WiILL
NEED TO LOAD
BILLIONS OF
DIFFERENT WEB
PAGES, 5O
TESTING 15
CRITICAL,

A kS

g %
Huan Ren,

Softwara Englnear
\

\
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FORTUMNATELY,
| HERE AT
GOOGLE, WE

—
=

- HAVE AN EGUALLY 1[

, MASSNE
INFRASTRUCTURE
I’H FOR CRAWLING
WER PAGES. | ] ’

o] P2

WITHIN 20-30 MINUTES OF EACH NEW BROWSER BUILD, WE CAN
TEST IT ON TENS OF THOUSANDS OF DIFFERENT WEEB PAGES.

—

T

EACH WEEE, “CHROME BOT"™ TESTS MILLIONS
OF PAGES, GIVING OUR DEVELOPERS EARLY
RESULTS THEY'D OTHERWISE HAVE TO WAIT
UNTIL EXTERNAL BETA FOR.
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THE KEY IS5 CATCHING
FROBLEMS AS EARLY AS
POSSIBLE. IT 15 LESS
EXPEMSIVE AND EASIER
TO FIX THEM RIGHT AWAY.
AFTER A FEW DAYS IT IS
HARDER TO TRACK THEM
DOwWH,

v,

AND CATCHIMNG THEM EARLY
HELPS EMGIMEERS WRITE
BETTER CODE. THEY 5AY,

“OH, THIS MISTAKE I5 PART
OF A PATTERN" AND THE
MEXT TIME, THEY'RE LESS

LIEELY TO MAKE IT.

Erik Kay, Software Englngar
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ONE BILLION /" et m = ) \

Web Images

OF COURSE, THERE ARE
BILLIONS, MAYBE TRILLIONS OF
WEBPAGES OUT THERE. IF EACH BUILD
IS TESTED AGAINST A MILLION SITES,
WHICH MILLION DO WE USET

We already rank pages
based on which pages
the average user is most
likely to visit.

At the very least, we’'ll
make sure we won't be
broken on the kinds of
sites people use on a
day-to-day basis.

FORTUNATELY,
WE HAVE A
UNIGUE TAKE ON
THi5 PROBLEM
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THERE ARE SEVERAL WAYS WE TEST Lﬁ"’*ﬁgﬂ“ Gﬁnngiﬁﬂ 003 0
EACH CHECK-IN. FROM UNIT TESTS OF )33 0 0

INDIVIDUAL PIECES OF CODE -~

- TO
AUTOMATED LI TESTING
OF SCRIPTED USER ACTIONS

P

ﬂ?ﬁ-nu. LIKE "CLICKED BACK BUTTON...
Software WEMT TO PAGE..." ==
Engingar

==TO
FUZZ TESTING:
SENDING YOUR

APPLICATION RANDOM

INPUT.




THINKS IT'S DISPLAYING
COMPARE LAYOUTS THAN

IN LAYOUT TESTING, WEBKIT FOUND THAT
PRODUCIMNG A SCHEMATIC OF WHAT THE BROWSER

CREATING A CRYPTOGRAPHIC HASH.

WHEN WE
STARTED WE WERE
PASSING 23% OF WEBKIT'S
LAYOUT TESTS. MOVING
FROM THERE TO 99% HAS
BEEM A FUMN CHALLEMGE AMD

I5 A MORE PRECISE Way TO
TAKIMG SCREEMSHOTS AND

AM INTERESTING EXAMPLE
OF TEST-DRIVEN
DESIGH.

THERE ARE

LIMITS TO WHAT
WE CAN DO WITH

TESTING.

WE CAN'T

TEST WEBSITES

THAT REQUIRE A

PASSWORD, FOR
ExXAMPFLE.

AUTOMATED

Name

rassword

b

AND IT'S MOT THE SAME AS A
HUMAN BEING WALKING AROUND
AND MISUSING THINGS. WE ARE
USING THE BROWSER IN THE Way
WE'"E DESIGMED IT TO BE USED.

//

IT"S HARD
TO COVER 100%,
BUT THAT'S WHAT
WE'RE TRYING
TO DO,

I DON'T caneh

THERE'S OMNE FEWER
COOL FEATURE. I JUST
WANT THIS PRODUET TO
BE ROCK S50LID.




Part Two

> | |G| [ speed: Webkitand ve

WEBKIT
I3 THE OPEM
SOURCE
REMNDERING
ENGINE WE
USED FOR
GO0GLE
CHROME.

Fotaretei=y
WEBKIT
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WE WERE IMPRESSED BY HOW FAST IT I5.

o

WE ALSO KNEW

THERE WAS A TEAM AT
GOOGLE WORKING ON

ANDROID AND WE ASKED
THEM, "wHY DID vou
GUYS USE WEBKIT?™

THEY SAID IT USES MEMORY
EFFICIENTLY, WAS EASILY
ADAPTED TO EMBEDDED

| DEVICES, AND IT WAS EASY

FOR HEW BROWSER
DEVELOPERS TO LEARN TO
MAKE THE CODE BASE WORK.

BROWSERS ARE
COMPLEX. OME OF THE
THINGS DONE WELL
WITH WEBKIT IS THAT

IT'S KEPT SIMPLE.

Sy



Q BECAUSE JAVASCRIPT 15 50 IMPORTANT TO THE WER TODAY -- )

1

I

-=- WE DECIDED IT
WAS IMPORTANT TO WORK
ON BUILDING A JAVASCRIPT
VIRTUAL MACHINE --

THE v8 TEAM -ﬁh
WHICH IS EXPERTS AT VIRTUAL

EXACTLY WHAT THE
V8 TEAM IN
PEMMARE DID.

MACHINES. WHATEVER
LANGUAGE YOU WANT TO
PUT INTO A WM, THEY CANM

TELL YOU HOW TO
WRITE IT.

......
il

BUT PREVIOUS
VIRTUAL MACHINES FOR
JAVASCRIPT WERE DESIGNED
FOR 3MALL PROGRAMS, WHERE

THE PERFORMANCE AND THEY JUST
VIRTUAL INTERACTIVITY OF THE WANTED TO
MACHINES SYSTEM WEREN'T THAT RUN SOME
PROVIDE SAFETY IMPORTANT. VERY BASIC

AND PLATFORM
INDEPENDEMCE.

STUFF OM &

Kaspar
Lund,
Soltware
Enginear, VB

Lars Bak,
Soltware
Enginear, Ve




BUT NOW,
¥YOU HAVE WEB APPLICATIONS LIKE
irHAIL THAT ARE USING THE WEB
BROWSER TO ITS FULLEST WHEM IT COMES
TO POM MANIPULATIONS AND
JAVASCRIPT -~

== AND THAT
SIMPLISTIC APPROACH TO
JAVASCRIPT ENGINES ISN'T
ENOUGH ANYMORE.

/,.-'"'
50 WE STARTED WITH
NO CODE, JUST SOME WILD
IDEAS ABOUT HOW TO MAKE
IT &0 REALLY FAST --

-= SUCH AS

INTRODUCING
HIDDEN CLASS
TRANSITIONS.

JAVASCRIPT ITSELF IS CLASSLESS.
¥OU CAN CREATE A NEW OBJECT.
DYNAMICALLY ADD PROPERTIES TO
IT AND GO ON,

BUT IN W8, AS EXECUTIOM GOES ON,
OBJECTS THAT EMD UP WITH THE SAME

PROPERTIES WILL SHARE THE SAME HIDDEM

CLASS AND WE CaM START APPLYING

DYMNAMIC OPTIMIZATIONS BASED ON THAT.

& (B
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= "0+
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AMOTHER FACTOR
IN v/8"S SPEED 15
DYMNAMIC CODE
GEMERATION.

14

WHEN OTHER JAVASCRIPT ENGINES RUM, THEY
LOooK AT THE JAVASCRIPT SOURCE CODE AND
ZEMERATE AN INTERMAL REPRESENTATION OF IT

THEY CAN INTERPRET.

"""--._________ I
G2 w
T
PARSE RUN




S0 INSTEAD. VB LOOKS AT THE JAVASCRIPT
SOURCE CODE AND GEMERATES MACHINE
CODE THAT CAN RUN DIRECTLY ON THE CPU
THAT'S RUNNING THE BROWSER.

BUT, WHEN YOU HAVE
TO DO INTERPRETATION,
YOU HAVE TO LOOK AT
THE STRUCTURE OF YOUR
INTERNAL REPRESENTATION
OWVER AND OVER

[o<i[01]] B |-

PARSE COMPILE RUN

WHEN YOU INTERPRET ONCE AND COMPILE MACHINE CODE, THEN
THAT CODE IS YOUR REPRESENTATION OF THE JAVASCRIPT SOURCE
CODE AND IT DOESN'T NEED TO BE INTERPRETED, IT JUST RUNS.

l10il000i10il000i10101l0010l1l010000101010000101

FINALLY, THE CORE DESIGHN
FLAW OF CURREMT JAVASCRIPT
ENGIMNES --

SJAVASCRIPT AND OTHER MODERN
OBJECT-ORIENTED PROGRAMMIMNG
LANGUAGES HAVE AUTOMATIC
MEMORY MANAGEMENT.

== 15 BAD
GARBAGE

COLLECTION

BEHAVIOR.

IF YOU DOW'T HAVE A REFEREMNCE TO AN

OBJECT ANYMORE, ITS MEMORY CAMN BE IM E:II;:'ME
RECLAIMED BY THE SYSTEM. THAT'S JAVASCRIPT
GARBAGE COLLECTION, AND ITS A FAIRLY VIRTUAL MACHINES,
TRIVIAL PROCESS. THEY USE
,@ ................. i CONSERVATIVE
GARBAGE
COLLECTION --

“
o IV
O b




== YOU START SEARCHING THROUGH THE EXECUTION STACK
TO SEE WHICH WORDS LOOK LIKE POINTERS.

== WHICH MEANS
THAT BECAUSE YOU
DON'T KHOW EXACTLY
WHERE ALL THE

POINTERS ARE -=

BUT THE OMES THAT SORT OF LOOK LIKE POINTERS COULD
ALSO BE INTEGERS THAT JUST HAPPEN TO HAVE THE SAME
ADDRESS AS AN DBJECT IN THE OBJECT HEAP.

IM V8, WE ARE USING PRECISE
GARBAGE COLLECTION, 5O WE KMNOW
PRECISELY WHERE ALL OF THE POINTERS
ARE ON THE STACK AND THIS GIVES US
SEVERAL ADVANTAGES.

ONE |15 THAT WE CAN
MIGRATE AN OBJECT TO
AMNOTHER PLALCE AND JUST
REWIRE THE POINTER.

MEANING QUICK GARBAGE COLLECTION

AND, BECAUSE WE KNOW PRECISELY ROUND-TRIFS THAT ARE CLOSE TO A FEW
WHERE ALL THE POINTERS ARE, WE MILLISECONDS, COMPARED TO PROCESSING
CAN ALSO IMPLEMENT INCREMENTAL ALL I00OMB OF DATA WHICH COULD CAUSE
GARBAGE COLLECTION. SECOND-LONG PAUSES,




WB HAS A
SPECIFIC APT THAT
GOOGLE CHROME USES,
BUT THE CORE PART OF
THE ENGINE 15
INDEPEMDENT OF THE
BROWSER.

THIS MEAMS MLUCH
BETTER INTERACTIVE
PERFORMAMNCE OF WEB

APPLICATIONS, LIKE
SHMOOTHER DRAG AND

-- OR, IF THERE'S
S50, OTHER AMOTHER PROJECT THAT
BROWSERS CAN JAVASCRIPT CAM APPLY
INCLUDE IT == To, DEVELOPERS CaN
TAKE w8 BY ITSELF.

WE HOPE VB'S PERFORMARMNCE
WILL 5ET A NEW BAR, AMD THAT
THE OTHER DEVELOPMENT TEAMS
WILL CONTINUE TO IMPROVE IN
THIS SPACE.

V8

BECAUSE IF YOU LOOK AT ANY OTHER
SYSTEM THAT'S BECOME FASTER OVER TIME,
WHAT HAPPENS 15 THAT YOU GET BIGGER,
BETTER, MORE INVENTIVE APPS.




Part Three

[ (- | -)J |C| [ : Search and the User Experience | D’_J
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IN GOOGLE
CHROME,
THE PRIMARY
PIECE OF
THE USER
INTERFACE 15
THE TAB.

AS 500N
AS WE

STARTED WE

THINEING BEGAN

ABOUT IT REBUILDING
THAT wWay, THE UI 50
THE DESIGHN THE TABS
NATURALLY WERE ON
FOLLOWED. TOP.

WE COULD DETACH THE

TABS EASILY BECAUSE OF
THE SEPARATION OF THE v ¥ Y Y \
BROWSER AND TAB ap L ]

MOVE IT

PROCESSES. FROM WINDOW TO
WINDOW AND THE
B e mer o e e m TAB'S STATE GOES

WITH IT.




AND BECAUSE THE TABS ARE THE MOST IMPORTANT
PART OF THE UI, EACH TAB HAS ITS OWN CONTROLS.

AND ITS OWN
URL BOX.

,-""

THE OMHIBOX HANDLES FAR
MORE THAM JUST URLS.

IT ALSO
OFFERS

SUGGESTIONS
" FOR SEARCHES,
TOP PAGES

olE

cars YOUVE VISITED

Search Google for cars BEFORE, PAGES

WWW.CArS,Com YOU HAVEN'T
wWww. Cars. comigo/searchis VISITED BUT
Cars - Pixar DVD and Bly-
ARE POPULAR /'
Consumer Reports: 2008 C
s s AND MORE...

Soarch imbd.com

See 8 recent pages in history cont

Glen Murphy,
Soltware Englnaar

YOU HAVE FULL TEXT SEARCH \
CWVER YOUR HISTORY. IF YOU FOUND
A GOOD SITE FOR DIGITAL CAMERAS
YESTERDAY, YOU DON'T HAVE TO
BOOKMARK THAT PAGE.

JUST TYPE
'‘DIGITAL CAMERA'
AND QUICKLY GET
BACK TO IT.

digital camera
Search GDGQEE far dlgital came

www. digitalcamera.com
Canon EOS RebelgSi Black C

19



WHEN THE TEAM SUGGESTED BUT, THEY SAID, NO, IMLINE COMPLETIONS

AUTCCOMPLETION IMN LINE, I NO, IT'LL BE FIME, WILL NEVER FLICKER,
SaID | HATED IT WHEN TRUST U5 -- AND HEVER FLASH. IT'S
BROWSERS STICK ALL THIS THEY WENT ON AND PERFECTLY.
CRAP INTO A LOCATION BAR MADE IT SOMETHING AESTHETICALLY
AS I'M TYPING. IT'S NEVER REALLY COMPELLING... HON=DISTRACTING.
WHAT | WANT.

PLUS, IT'LL ONLY AUTCCOMPLETE TO SOMETHING YOU'WE EXPLICITLY TYPED BEFORE. >

TYPE ﬁ |[_r_qtu_m__]

AND YOU MIGHT &0 STRAIGHT TO

]--

| enn.com

-- BUT NEVER TO

cnn.com/2008/politics/07/27/campaign.wrap/index.html?iref=m;

== 50 ¥OU CAN SEARCH THOSE SAME
SITES WITH DIFFERENT TERMS LATER
OM, STRAIGHT FROM THE ADDRESS
BAR, BY STARTING THE SITE'S NAME
AND PRESSING "TAB.

AMND WHEN YOU SEARCH OM SITES LIKE
AMAZON, WIKIPEDIA OR EVEN GO0GLE --

'3) [Tufte

=4

/ - THE
/' seARcH BOxES
ON THOSE PAGES
ARE CAPTURED
om YOUuR LoCAL
SYSTEM ==

Search ( Books

la tab |

‘Search Amazon:| Zamfir

\L-Kl T

C\rr B
- |return

20 - LY




OPEMN A NEW TAB IM

AND YOU'LL GET YOUR

MOST BROWSERS TODAY,

BUT THE ACTION

OF OPENING A TAB I3 A

STATEMENT OF

MAYBE YOU
ENOwWw WHERE.

MAYBE YOU DON'T
ENOW AND NEED TO
SEARCH.

HOMEPAGE. INTENT: yOuU WANT TO

GO SOMEPLACE!

SOME USERS
HAVE A BLANK
PAaSE BECAUSE
IT OPENS
QUICKLY.

WE'RE GOING TO SHOW A PAGE
THAT 15 DESIGNED TO BE FAST,
BUT ALSO HELPS YOU COMPLETE
THAT ACTION.,

OUR
DEFAULT
EXPERIENCE,
THEM, 1S THE NEW
TAB PAGE wiTH

== AND THE
SITES YOU

YOUR MINE MOST j Y Y Y SEARCH ON
VISITED PAGES =os5T HERE.
HERE -- e[» =
T L Y, DL — k|
(B | (I | { ]
na (I | ]
i (| ]
- — - —— ;
W - W ——— L
N | L | { ]
N ' "
i (| L]
A | (I | { ]
d bkss=ss=s= d s w - 4
e [F als Rk o Bl o I e e T . k|
LI | (] i
L | LI | { ]
i T i
LB | (I | ]
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IT'S THE PAGES YOU WERE &OING TO TYPE INTO THE URL BOX ANYWAY,
GOOGLE CHROME USES YOUR BEHAVIOR IN THE OMNIBOX TO FEED INTO THAT PAGE.
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Gilen Muarphey, Softwars Enginser
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YOU MIGHT OPEM IT AND BE, LIKE, WHAT'S ALL MY STUFF DOING HERE? BUT
AFTER A WHILE, YOU SEE THIS PAGE AND IT"S JUST YOu, IT'S YOUR GROWSER.

GOOGLE CHROME HAS A PRIVACY -
MODE. YOU CAN CREATE AN
INCOSGNITO" WINDOW AND NOTHING
THAT QCCURS 1N THAT WINDOW |5
EVER LOGGED ON YOUR COMPUTER.

IT'S A READ-OHNLY MODE: wOUu
CAN STILL ACCESS YOUR BOOKMARKS,
BUT MOME OF YOUR HISTORY IS5 SAVED
IM4 THE BROWSER ==

== AND
WHEN YOu
CLOSE THE
WINDOW, THE
COOKIES FROM
THAT SESSION
ARE WIPED
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