CSS JIT: Optimizing CSS Selector Matching
with Just-in-Time Compilation

Yusuke Suzuki
Twitter: @Constellation
<utatane.tea@gmail.com>



Outline

Motivation & Goals
Existing CSS Selector Implementation

CSS Selector JIT
Conclusion



Motivation

e (CSS Selector is executed frequently

» Style Resolution / QuerySelector
— For each node, check selector match/fail over node

* Speed of selector matching is important
for Rendering / JS (Selectors API)

CSS StyleSheet

.rabbit.house {
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QuerySelector implementation

* root.querySelectorAll(/* selector */)
1. For each element under root

1. Do selector matching with selector and element
(SelectorChecker in WebKit / Blink)

2. if matched

1. result.append(element)

2. Return result

 querySelectorAll executes selector matching the
number of elements times



Goals

* Provide faster selector matching
— Make style resolution faster
— Make JS code using QuerySelector faster

(bool matchauthorandUserStyles, bool includeSMILProperties);
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Existing CSS Selector Implementation

* Highly tuned C++ implementation (WebKit/Blink)

» SelectorChecker::match
» SelectorChecker::matchRecursively
* SelectorChecker::checkOne
... recursively call markRecursively (backtracking is needed)

SelectorChecker: :Match SelectorChecker: :matchRecursively(const

' {nEhECHﬂﬂE{CEHfEEt}j

ctorFailsLocally;




CSS Selector Structure & Terminology

 Composed of compound selectors
— simple selector (e.g. div) + combinator (e.g. >)

* Selector is evaluated from-right-to-left

compound selectors (div+ div™ div div> span)

div + div ~ div div > span

next- following- descendant child  rightmost
sibling sibling

http://dev.w3.org/csswg/selectors4/#structure



http://dev.w3.org/csswg/selectors4/#structure

Evaluation Example

* body div span case

body

body div span

section section section

h3

Matching starts with this span span
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Evaluation Example: Failed

* body div> span case
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Evaluation Example: Backtracking

* body> div> div span case

* When child(xxx>) is failed,
backtracking with the closest descendant(xxx)
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Evaluation Example: Backtracking

e section> div div span case
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section>

div

div

span

body

div

div

Q Q

div

Failed
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div span
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Evaluation Example: Backtracking

e section> div div span case

 When descendant(xxx) is failed,
selector matching completely failes.

section> div div span
Failed
@ @ Completely
Candidates
become less

d body div div div div span
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CSS Selector JIT

e Just-in-Time compile Selector Matching predicate
— Provide faster selector matching

* Leverage selector’s static data
to generate highly optimized machine code

ompiling with minimum required register count 6
enerated JIT code for CSS Selector JIT for "p::first-line":
Code at [@x7ff22e47fe00, ex7ff22047feco):
Ox7ff22047f000:

ex7ff22047fe0l :
ex7ff22047f002:
@x7ff220471006:
ex7ff22e47fele:
ex7ff22047f014:
ex7ff22e47fela:
ex7ff22e47fole:
ex7ff22047f022:
@x7ff220471028:
ex7ff22047fe2b:
ex7ff22047fe31:
@x7ff22047fe35:
ex7ff22047fe3b:
ex7ff22047fe3f:
Ox7ff22047f044:

push %rbp
push %rsi
mov @x58(%rdi), %rax

mov $@x7ff27b608e3e, %rcx

cmp %rcx, @x18(%rax)
jnz @x7ff22e47feas
mov (%rsp), %rsi
cmp $@x0, ex1e(%rsi)
jz ex7ff22e47fe3b
cmp $@x4, (%rsi)

jz 0x7ff22047feas
cmp $@x1, @xl1e(¥rsi)
jnz @x7ff22e47feas
mov (%rsp), %r8

cmp $@x0, ex1e(%rs)
jhz @x7ff22047f086




Compiling machine code

* Represent CSS Selector Matching with code & jumps
— Avoid recursive function call (NO CALLS!)
— Storing current element to register

Example 1: div> div span
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e Storing backtracking element to one register

Example 2: div> div> div span
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Compiling machine code

e Storing backtracking element to one register

unmatch

Example 2: div> div> div span
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i
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no paren

FAIL
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Compiling machine code

e Storing backtracking element to one register

Example 2: div> div> div span

unmatch
backtrack with
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unmatch unmatch

SUCCESS

unmatch Nno paren

FAIL




Compiling machine code

* Storing backtracking element to one register

— Since only one descendant should be considered

Example 3: div> div> div div> div> div span

unmatch with saved

unmatch FAIL




Compiling machine code

* Storing backtracking element to one register
— Since only one descendant should be considered

Example 3: div> div> div div> div> div span

unmatch with saved

W save

unmatch with saved

SUCCESS




Generated JIT code for CSS Selector JIT

div> div span Code

for "div > div span":

Code at [0Ox7fd031187000, ©x71d0311870a0):
Ox71d031187000:
Ox71de31187001:
Ox7+d031187005:
Ox7fde3118700f:
Ox7fde31187013:
Ox71de31187019:
Ox7fde3118701d:
Ox7+d031187020:
Ox71d031187026:
Ox7fde3118702a:
Ox71de31187030:
Ox71d031187034:
Ox7+de3118703e:
Ox71d031187042:
Ox71d031187048:
Ox7+d03118704c:
Ox71d03118704f:

push %rbp

mov
mov
cmp
jnz
mov

Ox58(%rdi), %rax
$0x7fdo8c30ec50, %rcx
%rcx, 0x18(%rax)

Ox7+de31187081

0x20(%rdi), %rdi

test %rdi, %rdi
jz 0x7+d031187081

test $0x4, Oxlc(%rdi)

jz 0x7fde31187081

mov
mov
cmp
jnz
mov

Ox58(%rdi), %rdx
$0x7fdo8c30f670, %rsi
%rsi, 0x18(%rdx)

0x71¥de31187019

Ox20(%rdi), %rdi

test %rdi, %rdi
jz 0x7+d031187081

Ox7+d031187055:
Ox7+de31187059:
Ox7+de3118705f:
Ox71d031187063:
Ox7+de3118706d:
Ox7fde31187071:
Ox7+de31187077:
Ox7fde3118707c:
Ox7+de31187081:
Ox7+d031187083:
Ox71d031187084:

test $0x4, Oxlc(%rdi)
jz 0x7fde31187081
mov ©x58(%rdi), %r8
mov $0x7fde8c30f670, %r9
cmp %r9, 0x18(%r8)
jnz ©x7fde31187019
mov $0x1, %eax

jmp ©x7fde31187083
Xor %eax, %eax

pop %rbp

ret



Generated JIT code for CSS Selector JIT

div> div span Code

for "div > div span":

Code at [06x7fd031187000, 0x7fd0311870a0):
Ox71d031187000:
Ox71de31187001:
Ox7fd 5:

span

OX7fdeeeeJf:
Ox7+de31187013:
0x7+de31187019:
Ox7+de3118701d:
0x7+de31187020:
Ox71d031187026:
Ox7+de3118702a:
Ox7+de31187030:
Ox71de31187034:
Ox7+de3118703e:
0x71do031187042:
Ox71de31187048:
Ox71de3118704c:
0x71do03118704f:

push %rbp

mov
mov
cmp
jnz
mov

Ox58(%rdi), %rax
$0x7fdo8c30ec50, %rcx
%rcx, 0x18(%rax)

0x71d031187081

0x20(%rdi), %rdi

test %rdi, %rdi
jz 0x7+d031187081

test $0x4, Oxlc(%rdi)

jz 0x7fde31187081

mov
mov
cmp
jnz
mov

Ox58(%rdi), %rdx
$0x7fdo8c30f670, %rsi
%rsi, 0x18(%rdx)

0x71¥de31187019

Ox20(%rdi), %rdi

test %rdi, %rdi
jz 0x7+d031187081

Ox7+d031187055:
Ox7+de31187059:
Ox7+de3118705f:
Ox71d031187063:
Ox7+de3118706d:
Ox7fde31187071:
Ox7+de31187077:
Ox7fde3118707c:
Ox7+de31187081:
Ox7+d031187083:
Ox71d031187084:

test $0x4, Oxlc(%rdi)
jz 0x7fde31187081
mov ©x58(%rdi), %r8
mov $0x7fde8c30f670, %r9
cmp %r9, 0x18(%r8)
jnz ©x7fde31187019
mov $0x1, %eax

jmp ©x7fde31187083
Xor %eax, %eax

pop %rbp

ret



for "div > div span":

Ox7+d031187055:
Ox7+de31187059:

div> div span Code

Generated JIT code for CSS Selector JIT

test $0x4, Oxlc(%rdi)
jz 0x7fde31187081

Code at [0x71d031187000, 0x7{d0311870a0): px7fd03118705F: mov Ox58(%rdi), %rs
0x7fde31187000: push z%rbp @x7fde31187063: mov $0x7fde8c3ef67e, %ro
0x7fd031187001: mov Ox58(%rdi), Z%rax Ox7fd03118706d: cmp %r9, Ox18(%rs)

x7td span || $0x7fd@8c30ec50, %rcX | gx7fde31187071: jnz @x7fde31187019
Ox7fd.———Jf: cmp Z%rcx, @x18(%rax) Ox7fde31187077: mov $0x1, %eax
0x7fde3118707c: jmp Ox7fde31187083

Ox71de31187013: jnz ©Ox7fde31187081
Ox71de31187083: pop %rbp

Ox7fde31187019: mov 0x20(%rdi), %rdi
Ox71de3118701d: test %rdi, %rdi
Ox71de31187020: jz 0x7fd031187081 ox7€d031187084: ret FAIL

Ox71d031187026:
Ox7fde3118702a:
Ox71de31187030:
Ox71d031187034:
Ox7+de3118703e:
Ox71d031187042:
Ox71d031187048:
Ox7+d03118704c:
Ox71d03118704f:

test $0x4, Oxlc(%rdi)

jz 0x7fde31187081

mov
mov
cmp
jnz
mov

Ox58(%rdi), %rdx
$0x7fdo8c30f670, %rsi
%rsi, 0x18(%rdx)
0x7+de31187019
Ox20(%rdi), %rdi

test %rdi, %rdi
jz 0x7+d031187081



for "div > div span":

Ox7+d031187055:
Ox7+de31187059:

div> div span Code

Generated JIT code for CSS Selector JIT

test $0x4, Oxlc(%rdi)
jz 0x7fde31187081

Code at [0x71d031187000, 0x7{d0311870a0): px7fd03118705F: mov Ox58(%rdi), %rs
0x7fde31187000: push z%rbp @x7fde31187063: mov $0x7fde8c3ef67e, %ro
0x7fd031187001: mov Ox58(%rdi), Z%rax Ox7fd03118706d: cmp %r9, Ox18(%rs)

x7td span || $0x7fd@8c30ec50, %rcX | gx7fde31187071: jnz @x7fde31187019
Ox7fd.———Jf: cmp Z%rcx, @x18(%rax) Ox7fde31187077: mov $0x1, %eax
0x7fde3118707c: jmp Ox7fde31187083

Ox71de31187013: jnz ©Ox7fde31187081
Ox71de31187083: pop %rbp

Ox7fd031187019: mov 0©x20(%rdi), %rdi
Ox7fd d: test %rdi, %rdi
0:] jz 0x7fde31187081 Ox7fd031187084: ret FAIL

©x71d031187026:
©x71de3118702a:
©x71d031187030:
©x71d031187034:
Ox71de3118703e:
Ox71de31187042:
Ox71de31187048:
Ox7fd| parent c:
Ox7tde3118704f:

test $0x4, Oxlc(%rdi)

jz 0x7fde31187081

mov
mov
cmp
jnz
mov

Ox58(%rdi), %rdx
$0x7fdo8c30f670, %rsi
%rsi, 0x18(%rdx)
0x7+de31187019
Ox20(%rdi), %rdi

test %rdi, %rdi
jz 0x7+d031187081



Generated JIT code for CSS Selector JIT

div> div span Code

for "div > div span":

Code at [06x7fd031187000, 0x7fd0311870a0):
Ox71d031187000:
Ox71de31187001:
Ox7fd 5:

span

OX7fdee o F:
Ox7+de31187013:
Ox7+de31187019:

Ox71d031187026:
Ox7fde3118702a:
Ox71d031187030:
Ox7fderrre7034:
Ox7fd div e:
Ox71de31187042:
Ox71de31187048:
Ox7fd| parent c:
Ox71de3118704:

push %rbp

mov
mov
cmp
jnz
mov

Ox58(%rdi), %rax
$0x7fdo8c30ec50, %rcx
%rcx, 0x18(%rax)

0x71d031187081

0x20(%rdi), %rdi
: test %rdi, %rdi

1 jz 0x7¥de31187081
test $0x4, Oxlc(%rdi)

jz 0x7fde31187081

mov
mov
cmp
jnz
mov

Ox58(%rdi), nrdx
$0x7fdo8c30f670, %rsi
%rsi, 0x18(%rdx)

0x71¥de31187019

ox20(%rdi), %rdi

test %rdi, %rdi
jz 0x7+d031187081

Ox7+d031187055:
Ox7+de31187059:
Ox7+de3118705f:
Ox71d031187063:
Ox7+de3118706d:
Ox7fde31187071:
Ox7+de31187077:
Ox7fde3118707c:

;| Xor %eax, %eax
: pop »nrbp

Ox7+de31187081
Ox7+d031187083

Ox71d031187084:

test $0x4, Oxlc(%rdi)

jz 0x7fde31187081

mov ©x58(%rdi), %r8

mov $0x7fde8c30f670, %r9
cmp %r9, 0x18(%rs8)

jnz ©x7fde31187019

mov $0x1, %eax

jmp ©x7fd031187083

ot FAIL




Generated JIT code for CSS Selector JIT

div> div span Code

for "div > div span":

Code at [06x7fd031187000, 0x7fd0311870a0):
Ox71d031187000:
Ox71de31187001:
Ox7fd 5:

span

OX7fdee o F:
Ox7+de31187013:
Ox7+de31187019:

Ox71d031187026:
Ox7fde3118702a:
Ox71d031187030:
Ox7fderrre7034:
Ox7fd div e:
Ox71de31187042:
Ox71de31187048:
Ox7fd| parent c:
Ox71de3118704:

push %rbp

mov
mov
cmp
jnz
mov

Ox58(%rdi), %rax
$0x7fdo8c30ec50, %rcx
%rcx, 0x18(%rax)

0x71d031187081

0x20(%rdi), %rdi
: test %rdi, %rdi

1 jz 0x7¥de31187081
test $0x4, Oxlc(%rdi)

jz 0x7fde31187081

mov
mov
cmp
jnz
mov

Ox58(%rdi), nrdx
$0x7fdo8c30f670, %rsi
%rsi, 0x18(%rdx)

0x71¥de31187019

ox20(%rdi), %rdi

test %rdi, %rdi
jz 0x7+d031187081

Ox71d031187055:
Ox71d031187059:
Ox71fd03118705f:
ox7fd div 3:
Ox7fdoszzorooud:
0x7fdoe31187071:
0x7fde31187077:
Ox71de3118707c:

;| Xor %eax, %eax
: pop »nrbp

Ox7+de31187081
Ox7+d031187083

Ox71d031187084:

test $0x4, Oxlc(%rdi)

jz 0x7fde31187081

mov ©x58(%rdi), %r8

mov $0x7fde8c30f670, %r9
cmp %r9, 0x18(%rs8)

jnz ©x7fde31187019

mov $0x1, %eax

jmp ©x7fd031187083

ot FAIL




div> div span Code

Generated JIT code for CSS Selector JIT Ox7fde31187055: test $0x4, Oxlc(%rdi)

for "div > div span®: @x7fd031187059: |jz @x7fde31187081
Code at [0x71d031187000, 0x7{d0311870a0): px7fd03118705F: mov Ox58(%rdi), %rs
0x7fde31187000: push z%rbp ox7fd] 4, B:/mov $ex7fdesc3ef67e, %ro
©x71d031187001: mov Ox58(%rdi), %rax Ox7fduorzorood: | cmp %r9, 0x18(%r8)
OXTEG an |7 MOV BOx7FdeBC36ecs, rcx | ox7fde31187e71: jnz @x7fde31187619
OX7fdoec—Jf: cmp %rcx, 0x18(%rax) a—mitancanmaz= Loy $0x1, %eax
@x7fde31187013: jnz @x7fde31187081 SUCCESS :
Ox7fde31187019: mov 0x20(%rdi), %rdi Ox7fd931187081:
ox7fad d: test %rdi, %rdi Ox7fd031187083 :

parent -
OX7fdoowmoron 0: jz 0x7fde31187081 Ox7Fd031187084: ret FAIL

Ox7fde31187026: test $0x4, Oxlc(%rdi)
Ox71de3118702a: jz 0x7fd031187081
Ox7fd031187030: mov ©x58(%rdi), %rdx
Ox7fd22102234: i mov $0x7fd08c30f670, %rsi
Ox7fd div e: cmp %rsi, 0x18(%rdx)
Ox71de31187042: jnz ©0x7fde31187019
Ox71de31187048: mov Ox20(%rdi), %rdi
Ox7fd| parent c: test %rdi, %rdi
Ox71de3118704f:! jz 0x7+d031187081



More intelligent backtracking

* Leveraging this static information, provide more
intelligent backtracking

— This is my largest contribution to WebKit CSS JIT
Example 4: ul> li> p span

ul> li> o span




More intelligent backtracking

* Leveraging this static information, provide more
intelligent backtracking

— This is my largest contribution to WebKit CSS JIT
Example 4: ul> li> p span

ul> li> o span

Q




More intelligent backtracking

* Leveraging this static information, provide more
intelligent backtracking

— This is my largest contribution to WebKit CSS JIT
Example 4: ul> li> p span

ul> li> o span

Q. ©




More intelligent backtracking

* Leveraging this static information, provide more
intelligent backtracking

— This is my largest contribution to WebKit CSS JIT
Example 4: ul> li> p span

ul> li> o span

Q. O ©




More intelligent backtracking

* Leveraging this static information, provide more
intelligent backtracking

— This is my largest contribution to WebKit CSS JIT
Example 4: ul> li> p span

ul> li> o span

S, O ©




More intelligent backtracking

* Leveraging this static information, provide more
intelligent backtracking

— This is my largest contribution to WebKit CSS JIT
Example 4: ul> li> p span

ul> li> o span

Q




More intelligent backtracking

* Leveraging this static information, provide more
intelligent backtracking

— This is my largest contribution to WebKit CSS JIT
Example 4: ul> li> p span

ul> li> o span

Q Q




More intelligent backtracking

* Leveraging this static information, provide more
intelligent backtracking

— This is my largest contribution to WebKit CSS JIT
Example 4: ul> li> p span

ul> li> o span

Q S




More intelligent backtracking

* Leveraging this static information, provide more
intelligent backtracking

— This is my largest contribution to WebKit CSS JIT
Example 4: ul> li> p span

ul> li> o span

O S




More intelligent backtracking

* Leveraging this static information, provide more
intelligent backtracking

— This is my largest contribution to WebKit CSS JIT
Example 4: ul> li> p span

ul> li> o span

O ¢ Q




More intelligent backtracking

* Leveraging this static information, provide more
intelligent backtracking

— This is my largest contribution to WebKit CSS JIT
Example 4: ul> li> p span

ul> li> o span

O O O S




More intelligent backtracking

* Leveraging this static information, provide more
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More intelligent backtracking

* Leveraging this static information, provide more
intelligent backtracking

— This is my largest contribution to WebKit CSS JIT
Example 4: ul> li> p span
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Computing Backtracking height

* Pre-compute appropriate backtracking height
Example 4: ul> li> p span

ul> li> o span
height 2 1 0 0
pre-tag 2 1 x x
unmatch
backtrack with

unmatch

unmatch saved register

SUCCESS

unmatch nop

FAIL




Computing Backtracking height

* Pre-compute appropriate backtracking height
Example 4: ul> li> p span

ul> li> o span
height 2 1 0 0
pre-tag 2 1 x x

unmatch
unmatch

SUCCESS

n arent
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Status

* x64 / ARMv7s / ARMv7 / ARM64 backend
* More intelligent backtracking is now planned

— Most of implementation is done

— Before implementing it, I'll instrument/profile the
impact of this

* Seeing the Safari release branch...
— Maybe shipped with the next OSX

— In iOS 8 beta3! Hello CSS Selector JIT in your iPhone!




Conclusion

* Selector matching is crucial

e CSS Selector JIT brings up to the next stage
— Avoid function calls
— Store almost all to the registers
— Provide faster performance

* Intelligent backtracking
— Reduces register pressure
— Avoid unnecessary backtraking



