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Future 
Browsers 

Synthesis for Layout & 
Parallelism 



Why	
  Op2mize	
  the	
  Browser:	
  Power	
  

1-­‐3	
  Wa.s	
  
200	
  pages	
  /	
  baFery	
  cycle	
  

	
  

	
  

[Meyerovich	
  2009+2010,	
  Carroll	
  2010,	
  IE	
  Blog	
  2011,	
  Thiagarajan	
  2012,	
  …]	
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m
W
	
  



Why	
  Op2mize	
  the	
  Browser:	
  Speed	
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Analysis	
  Result:	
  	
  No	
  



Why	
  Op2mize	
  the	
  Browser:	
  Speed	
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BIG	
  
INTERACTIVE	
  

VISUALIZATIONS	
  



Choose:	
  	
  

…	
  For	
  anything	
  <	
  5K,	
  the	
  [JavaScript]	
  	
  
	
  	
  	
  	
  D3	
  library	
  works	
  wonders	
  ...	
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Why	
  Op2mize	
  the	
  Browser:	
  Speed	
  

big	
  
but	
  static!

interac(ve	
  
but	
  small	
  



Parallelism	
  for	
  Energy	
  &	
  Speed	
  
[HotPar	
  2011]	
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•  4	
  CPUs	
  cores	
  x	
  128b	
  SIMD	
  
•  4-­‐8	
  GPGPU	
  cores	
  
•  “Race-­‐to-­‐halt”:	
  2me	
  ~=	
  energy	
  

2.1X 

3.3X 

2.1X 

3.6X 

0X 

2X 

4X 

Av. Speedup 
Av. Perf/Watt Increase 

seq	
  mem	
  opt	
  

seq	
  mem	
  opt	
  	
  
+	
  SSE	
  opt	
  

Layout Kernel: 



What	
  to	
  Parallelize?	
  

Top	
  25	
  AJAX	
  Sites	
  (IE):	
  	
  	
  	
  hFp://ie.microsoo.com/testdrive/Performance/Velocity2011Presenta2on/	
  

0s	
   1.8s	
  

Browser	
  
CPU	
  

ac2vity	
  

Everything	
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[Meyerovich	
  2010,	
  Weber	
  2011,	
  …]	
  

Parsing	
   JavaScript	
  DOM	
   Rendering	
  Layout	
  
HotPar	
  09	
   HotPar	
  2011,	
  WWW	
  2010,	
  PPOPP	
  2013	
  

KITE	
  2012	
  /	
  LASH-­‐C	
  2013	
  



Intermezzo:	
  Russian	
  Elec2on	
  Demo	
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The Parallel Browser 

Synthesis for Layout & 
Parallelism 



Wri2ng	
  Parallel	
  Layout	
  Widgets	
  is	
  Hard	
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Synthesizer	
  

Code	
  Generator	
  

SIMD	
  clustering	
  

semi-­‐sta8c	
  	
  
work	
  stealing	
  

Sched	
  

Parallel	
  Schedule	
  
tree	
  traversals	
  

Logic	
  

Widget	
  Logic	
  
treemap,	
  CSS,	
  …	
  

a"ribute	
  grammar	
  

<p>	
  

<img>	
   <hbox>	
  
width:	
  78px	
  
border:	
  2px	
  

<p>	
  

<img>	
   <hbox>	
  
width:	
  50%	
  
border:	
  2px	
  

Layout	
  Solver	
  

preorder{y};	
  	
  	
  
postorder{w,h};	
  	
  	
  	
  
preorder{x}	
  	
  	
  

CSS:	
  9	
  traversals!	
  
Tricky	
  dependencies!	
  

CSS	
  spec:	
  	
  
500+	
  pages,	
  ambiguous	
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1. layout & scheduling 
    language 

2. parallel programming 
with synthesis 

3.        SECRET SAUCE: 
simple & fast synthesis 



w	
  

x	
  y	
  

h	
  w	
  

h	
  w	
  h	
  

Func2onal	
  Language:	
  HBox	
  Example	
  

10px	
  
5px	
  

class HBox(paintRect) : Box 
  child left, right : Box  
  w := left.w + right.w 
  h := max(left.h, right.h) 
  left.x := x 
  right.x := x + left.w 
  left.y := y 
  right.y := y 

x	
  y	
   x	
  y	
  

y	
  

y	
  

y	
  

w	
  h	
  

w	
  h	
  

x	
   x	
  

x	
  

h	
  w	
  

Root	
  

HBox	
  

Leaf	
  Leaf	
  

Leaf	
  Leaf	
  

HBox	
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inputs	
  
vars	
  

[Kastens	
  1980,	
  Saraiva	
  2003,	
  Meyerovich	
  2010]	
  



w	
  w	
  

w	
  

w	
  

h	
  

h	
  

w	
   h	
  

logical	
  
join	
  

logical	
  
join	
  

x	
   x	
  

x	
  

x	
   x	
  

logical	
  
fork	
  

logical	
  
fork	
  

y	
  

y	
   y	
  

y	
   y	
   h	
  

w	
   h	
  

h	
  

y	
  Root	
  

HBox	
  

Leaf	
  Leaf	
  

Leaf	
  Leaf	
  

HBox	
  

pass1_postorder_hbox():	
  
	
  	
  	
  	
  w	
  :=	
  leo.w	
  +	
  right.w	
  
	
  	
  	
  	
  h	
  	
  :=	
  ...	
  

pass2_preorder_hbox():	
  
	
  	
  	
  	
  leo.x	
  :=	
  …	
  
	
  	
  	
  	
  right.x	
  :=	
  …	
  
	
  	
  	
  	
  leo.y	
  :=	
  …	
  
	
  	
  	
  	
  right.y	
  :=	
  …	
  

x	
  

Efficient	
  Schedule	
  Example:	
  HBox	
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postorder{w,h}; preorder{x,y}   

explicit	
  input	
  	
  schedule	
  



y	
  

y	
  

y	
  

y	
  

y	
   y	
   w	
  w	
   h	
  

w	
  

w	
   w	
  

h	
  

h	
   h	
  

w	
   h	
  

h	
  

Root	
  

HBox	
  

Leaf	
  Leaf	
  

Leaf	
  Leaf	
  

HBox	
  

x	
   x	
  

x	
  

x	
  

x	
   x	
  

Efficient	
  Schedule	
  Example:	
  HBox	
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Schedule	
  sound	
  	
  	
  
for	
  ∀	
  input	
  trees	
  

pass1_postorder_hbox():	
  
	
  	
  	
  	
  w	
  :=	
  leo.w	
  +	
  right.w	
  
	
  	
  	
  	
  h	
  	
  :=	
  ...	
  

pass2_preorder_hbox():	
  
	
  	
  	
  	
  leo.x	
  :=	
  …	
  
	
  	
  	
  	
  right.x	
  :=	
  …	
  
	
  	
  	
  	
  leo.y	
  :=	
  …	
  
	
  	
  	
  	
  right.y	
  :=	
  …	
  

postorder{w,h}; preorder{x,y}   



y	
  

y	
   y	
  

y	
  

w	
  

w	
   w	
  

h	
  

h	
   h	
  

w	
  Root	
  

HBox	
  

Leaf	
  Leaf	
  

x	
   x	
  

x	
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Efficient	
  Schedule	
  Example:	
  HBox	
  

h	
   x	
  

pass1_postorder_hbox():	
  
	
  	
  	
  	
  w	
  :=	
  leo.w	
  +	
  right.w	
  
	
  	
  	
  	
  h	
  	
  :=	
  ...	
  

pass2_preorder_hbox():	
  
	
  	
  	
  	
  leo.x	
  :=	
  …	
  
	
  	
  	
  	
  right.x	
  :=	
  …	
  
	
  	
  	
  	
  leo.y	
  :=	
  …	
  
	
  	
  	
  	
  right.y	
  :=	
  …	
  

postorder{w,h}; preorder{x,y}   

	
  
	
  
	
  

Schedule	
  sound	
  	
  	
  
for	
  ∀	
  input	
  trees	
  



Scheduling	
  Tricky	
  Features?	
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Mozilla Challenge Problem 
#1 

Nested	
  (rich)	
  text	
  

Tables	
  (DAGs),	
  Floats	
  (value	
  specula2on),	
  … 



<paragraph>
inorder

preorder

<vbox>

amet ,

<hbox>

<hbox>

postorder

Isolate	
  Dependencies	
  into	
  Subgrammars	
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lorom <italic>

<huge>

ipsum dolor

sit

<paragraph>
inorderlorem 

ipsum  
dolor sit 

amet 
,  

sequential 
child[i].x = f(child[i-1].x)!

parallel across 
regions 

lorem  
 

ipsum  
dolor  sit 

x	
  =	
  0	
  

x	
  =	
  10	
   x	
  =	
  0	
  

x	
  =	
  20	
  

parallel  
region 

dolor 



<paragraph>
inorder

preorder

<vbox>

amet ,

<hbox>

<hbox>

postorder

Isolate	
  Dependencies	
  into	
  Subgrammars	
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lorom <italic>

<huge>

ipsum dolor

sit

<paragraph>
inorder

sequential parallel  
region 

x	
  =	
  0	
  

x	
  =	
  10	
   x	
  =	
  0	
  

x	
  =	
  20	
  

preorder!
!<hbox>, …!
!inorder!
! !<paragraph>!
! !<italic>!
! !<huge>!
! !<word>!
!postorder!
! !<vbox>!
! !<word>!

Static 
Partitioning 

parallel across 
regions 

*	
  scheduling	
  is	
  s2ll	
  global	
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1. layout & scheduling 
    language 

2. parallel programming 
with synthesis 

3.        SECRET SAUCE: 
simple & fast synthesis 



Lightweight:	
  	
  postorder{w,h}; ??{??}  	
  

	
  

	
  

1.	
  Maintenance:	
  “Don’t	
  break	
  my	
  paralleliza2on!”	
  
2.	
  Exploratory:	
  “Par22oning	
  for	
  nested	
  text?”	
  

Sketching	
  Parallel	
  Programs	
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automatic  
parallelizatio
n 

explicit  
parallelization 
(gets checked) 

+	
  Prolog	
  EDSL	
  for	
  seman.c	
  constraints:	
   ∈,∩, p(x), ...

parallel	
  Algorithm	
  =	
  AG	
  Logic	
  +	
  Control	
  sketch	
  
Robert	
  Kowalski,	
  CACM,	
  1979	
  



Third	
  Use:	
  Autotuning	
  Schedules	
  
Mul8ple	
  concre8za8ons	
  of	
  “??”	
  are	
  sound!	
  
1. postorder{w,h}; preorder{x,y}!
2. postorder{w} || postorder{h}; ??{x,y}!

Autotune	
  for	
  best	
  on	
  real	
  hardware	
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single	
  core	
  

du
al
-­‐c
or
e	
  

HBox++	
  Speedup	
  	
  
each	
  axis	
  normalized	
  to	
  
worst	
  sched	
  on	
  its	
  hw	
  

 pre; post; pre; post; 
pre; post	
  

inorder;	
  pre;	
  post;	
  inorder	
  



Third	
  Use:	
  Autotuning	
  Schedules	
  
Mul8ple	
  concre8za8ons	
  of	
  “??”	
  are	
  sound!	
  
1. postorder{w,h}; preorder{x,y}!
2. postorder{w} || postorder{h}; ??{x,y}!

Autotune	
  for	
  best	
  on	
  real	
  hardware	
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single	
  core	
  

du
al
-­‐c
or
e	
  

HBox++	
  Speedup	
  	
  
each	
  axis	
  normalized	
  to	
  
worst	
  sched	
  on	
  its	
  hw	
  

+30%	
  

+20%	
  
inorder;	
  pre;	
  post;	
  inorder	
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1. layout & scheduling 
    language 

2. parallel programming 
with synthesis 

3.        SECRET SAUCE: 
simple & fast synthesis 



An	
  Extensible	
  Synthesizer	
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Synthesizer 
(static dep 
analysis) 

grammar schedule 

sketch schedule
’ 

schedule
’’ 

preorder 

inorder 

postorde
r 

; || nest •  Fast? 
•  Incremental? 
•  Speculation? 



Synthesis:	
  Modular	
  &	
  O(A3)	
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postorder{w,h,x,y}! X!
preorder{w,h,x,y}! X!

preorder{w,h}! ✔: continue!
✔: all done.!  … ; postorder{x,y}!

Enumerate	
  Sched	
  Prefixes	
  
syntac2c	
  

Check	
  
paFern	
  dep.	
  check	
  

Pa.ern	
  writer	
  provides	
  
modular	
  O(A)	
  checkers	
  

O(A2)	
  search	
  framework	
  
(sketches,	
  incremental,	
  
itera2ve	
  refinement,	
  …)	
  	
  



Parser
HTML 
+ CSS

Renderer Display

Selectors

Layout Solver

Parallel	
  Algorithms	
  

mul2core	
  

mul2core	
  

SIMD	
  GPU	
  mul2core	
  

GPU	
  mul2core	
  

[Specula2on:	
  HotPar	
  2009]	
  

[Memory:	
  WWW	
  2010]	
  

[Scheduling:	
  HotPar	
  2011,	
  PPOPP	
  2013]	
  

New!	
  Pipelining	
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:	
  in	
  a	
  JS	
  framework!	
  

workers	
  	
  

workers	
  

webCL	
  

webGL	
  



New	
  Direc2ons	
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Big Data Viz Smart Tools 
•  programming by 

demonstration 
•  graph algorithms 
•  views of server 

data 



Takeaways	
  
Parallel	
  browser	
  for	
  energy	
  &	
  speed	
  

Architecture	
  
– new	
  ||	
  algorithms	
  +	
  code	
  gens	
  
– na2ve	
  +	
  “browser-­‐in-­‐a-­‐browser”	
  lib	
  

Synthesis	
  
– paralleliza2on	
  sketches	
  
– CSS	
  2.1	
  spec	
  
– future:	
  graphs,	
  clusters,	
  smart	
  tools	
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preorder{??}   



Schedule	
  Synthesis	
  is	
  O(A3)	
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sketch	
  =	
  preorder{??}	
  	
  ;	
  	
  ??	
  	
  
postorder{w,h,x,y}! X: preorder!

 preorder{w,h,x,y}! X: !sat={x,y}!
 preorder{w,h}! ✔: rem={x,y}!

✔: rem={}!

refinement	
  

… ; postorder{x,y}!

incrementaliza2on	
  

sketching	
  

O(A)	
  passes	
  *	
  O(A)	
  refinements	
  *	
  O(A)	
  check	
  =	
  O(A3)	
  
(topological	
  sort	
  of	
  sta2c	
  dependency	
  graph)	
  



pass0_preorder_hbox():	
  
	
  	
  	
  	
  child1.y	
  :=	
  …	
  
	
  	
  	
  	
  child2.y	
  :=	
  …	
  

x	
   x	
  

x	
  

x	
   x	
  

logical	
  
fork	
  

logical	
  
fork	
  

y	
  

y	
   y	
  

y	
   y	
   h	
  

w	
   h	
  

h	
  w	
   w	
  

y	
  Root	
  

HBox	
  

Leaf	
  Leaf	
  

Leaf	
  Leaf	
  

HBox	
  

pass1_postorder_hbox():	
  
	
  	
  	
  	
  w	
  :=	
  …	
  
	
  	
  	
  	
  h	
  	
  :=	
  …	
  

pass2_preorder_hbox():	
  
	
  	
  	
  	
  child1.x	
  :=	
  …	
  
	
  	
  	
  	
  child2.x	
  :=	
  x	
  +	
  child1.w	
  

x	
  

Schedule	
  Language	
  Example:	
  HBox	
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logical	
  
join	
  

logical	
  
join	
  

w	
  

w	
  

h	
  

h	
  

w	
   h	
  

preorder{y};	
  	
  postorder{w,h};	
  	
  	
  preorder{x}	
  	
  	
  



Focus:	
  Wri2ng	
  Parallel	
  Layout	
  Widgets	
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New Layouts 
Treemap, circos, time 
series 

CSS 2.1: 
floats, nested text, tables, 
… [Tricky:	
  Qualcomm,	
  Mozilla,	
  …	
  ]	
  



Studies:	
  GPU	
  Big	
  Data	
  Viz	
  &	
  Mul2core	
  CSS	
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Treemap, circos, time 
series 
•  1,000,000 nodes on 

GPU 
•  WebCL + JS libraries 

CSS: floats, nested text, 
tables 

•  9 pass sketch: synth in 
65s 

•  3x multicore speedup 



h	
  

w	
  

w	
   w	
  

h	
  

h	
   h	
  

w	
   h	
  

h	
  w	
   w	
  

y	
  

y	
   y	
  

y	
  

y	
   y	
  

Root	
  

HBox	
  

Leaf	
  Leaf	
  

Leaf	
  Leaf	
  

HBox	
  

pass1_postorder_hbox():	
  
	
  	
  	
  	
  w	
  :=	
  child1.w	
  +	
  child2.w	
  
	
  	
  	
  	
  h	
  	
  :=	
  max(child1.h,	
  child2.h)	
  

pass2_preorder_hbox():	
  
	
  	
  	
  	
  child1.x	
  :=	
  x	
  
	
  	
  	
  	
  child2.x	
  :=	
  x	
  +	
  child1.w	
  

pass0_preorder_hbox():	
  
	
  	
  	
  	
  child1.y	
  :=	
  y	
  
	
  	
  	
  	
  child2.y	
  :=	
  y	
  

x	
   x	
  

x	
  

x	
  

x	
   x	
  

Schedule	
  Language	
  Example:	
  HBox	
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Schedule	
  sound	
  	
  	
  
for	
  ∀	
  input	
  trees	
  

preorder{y};	
  	
  postorder{w,h};	
  	
  	
  preorder{x}	
  	
  	
  



Root	
  

HBox	
  

Leaf	
  Leaf	
  

y	
  

y	
   y	
  

y	
  

x	
   x	
  

x	
  

w	
  

w	
   w	
  h	
   h	
  

w	
   h	
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Schedule	
  Language	
  Example:	
  HBox	
  

	
  
	
  
	
  

Schedule	
  sound	
  	
  	
  
for	
  ∀	
  input	
  trees	
  

pass1_postorder_hbox():	
  
	
  	
  	
  	
  w	
  :=	
  child1.w	
  +	
  child2.w	
  
	
  	
  	
  	
  h	
  	
  :=	
  max(child1.h,	
  child2.h)	
  

pass2_preorder_hbox():	
  
	
  	
  	
  	
  child1.x	
  :=	
  x	
  
	
  	
  	
  	
  child2.x	
  :=	
  x	
  +	
  child1.w	
  

pass0_preorder_hbox():	
  
	
  	
  	
  	
  child1.y	
  :=	
  y	
  
	
  	
  	
  	
  child2.y	
  :=	
  y	
  

h	
   x	
  

preorder{y};	
  	
  postorder{w,h};	
  	
  	
  preorder{x}	
  	
  	
  



GLOBAL	
  	
  
REASONING	
  &	
  	
  

REFACTORING	
  L	
  

=	
  

class	
  HBox	
  :	
  Box	
  
	
  	
  	
  	
  	
  	
  w	
  :=	
  …	
  
	
  	
  	
  	
  	
  	
  h	
  :=	
  …	
  
	
  	
  	
  	
  	
  	
  child1.x	
  :=	
  …	
  	
  
	
  	
  	
  	
  	
  	
  child2.x	
  :=	
  x	
  +	
  child1.w	
  
	
  	
  	
  	
  	
  	
  child1.y	
  :=	
  …	
  
	
  	
  	
  	
  	
  	
  child2.y	
  :=	
  … 	
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preorder	
  {	
  y	
  }	
   postorder	
  {	
  w,	
  h	
  }	
   preorder	
  {	
  x	
  	
  	
  	
  	
  }	
  

class	
  VBox	
  :	
  Box	
  
	
  	
  	
  	
  	
  	
  h	
  :=	
  …	
  
	
  	
  	
  	
  	
  	
  w	
  :=	
  …	
  
	
  	
  	
  	
  	
  	
  child1.y	
  :=	
  …	
  
	
  	
  	
  	
  	
  	
  child2.y	
  :=	
  y	
  +	
  child1.h	
  
	
  	
  	
  	
  	
  	
  child1.x	
  :=	
  …	
  
	
  	
  	
  	
  	
  	
  child2.x	
  :=	
  … 	
  	
  

,	
  y	
  ;	
   ;	
  

Manual	
  Scheduling	
  is	
  Tricky	
  
h	
  not	
  available!	
   data	
  	
  

dependency	
  



Parser
HTML 
+ CSS

Renderer Display

Selectors

Layout Solver

Browser	
  Architecture	
  

<p>	
  

<div>	
   <img>	
  
width:	
  50%	
  
border:	
  2px	
  

<p>	
  

<div>	
   <img>	
  
width:	
  78px	
  
border:	
  2px	
  

p hbox {!
 width: 50%!
 border: 2px !
}!

<p>	
  

<img>	
   <hbox>	
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Parser
HTML 
+ CSS

Renderer Display

Selectors

Layout Solver

Browser	
  Architecture	
  

<p>	
  

<img>	
   <hbox>	
  
width:	
  50%	
  
border:	
  2px	
  

<p>	
  

<div>	
   <img>	
  
width:	
  78px	
  
border:	
  2px	
  

p hbox {!
 width: 50%!
 border: 2px !
}!

<p>	
  

<img>	
   <hbox>	
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Parser
HTML 
+ CSS

Renderer Display

Selectors

Layout Solver

Browser	
  Architecture	
  

<p>	
  

<img>	
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