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1. Introduction
Instead of simply displaying web pages, web browsers are
increasingly being used to run full-scale applications like
Gmail, Facebook, and Google Docs. Projects such as Firefox
OS and Chrome OS even integrate the browser with the oper-
ating system and implement a userland entirely with web ap-
plications. However, browsers must be improved before web
applications can run efficiently on smaller, more resource-
constrained hardware.

One area for improvement is layout engines. Layout
engines are responsible for computing size, position, and
styling information for each element in a given document,
then displaying them visually. In practice, these computa-
tions are done by traversing a tree representation of the doc-
ument. Layout engines are currently a bottleneck for web
browsers [2, 4], and our goal is to alleviate this by speeding
up the tree traversals.

Specifically, we want to exploit parallelism while per-
forming tree traversals over the document. Other compo-
nents of the browser—like the lexer [3], parser [3], and
CSS selector matching algorithm [4]—can already be paral-
lelized, and tree traversals might seem like a comparatively
well-understood problem. However, current layout engines
are unable to use parallel traversal algorithms.

2. Approach
2.1 Problem Statement
Layout engines are written in C++ or other relatively low-
level languages. They contain many hand-coded optimiza-
tions and specialized data structures that are designed to
maximize their incrementality. The complexity of this code
means they are notoriously difficult to implement in their
current form and have resisted parallelization.

Our approach has been to specify layout semantics declar-
atively and use this to generate a parallel implementation.
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Figure 1. Wikipedia as displayed by our FTL-generated
layout engine

Our previous work on the Fast Tree Layout (FTL) synthe-
sizer has shown how to find a traversal sequence given a
declarative specification and implement it efficiently [5].
The goal here is to apply FTL to browser layout. In par-
ticular, we want to implement the CSS 2.1 Specification,
a standard which defines the core functionality of modern
layout engines. This involves two major components:

• Identifying extensions to FTL. I helped determine what
kinds of extensions were necessary to support CSS—
in particular, quadratic-time computations and subtree
parallelism

• Reformulating CSS in terms of FTL. I expressed a signif-
icant subset of CSS in FTL, including cases where FTL
and the standard have incompatible abstractions.

2.2 FTL Extensions
FTL’s input is a declarative specification which is based
on attribute grammars. Attributes in a browser context are
properties such as height that belong to each element in
the document, and the specification states how to compute
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an attribute from those nearby it. This is a natural way to
express many of the computations a layout engine must do.

However, ordinary attribute grammars are not powerful
enough to express all layout operations. Some elements,
like tables, must be represented as DAGs instead of trees.
Also, attribute grammars perform simple linear-time loops
over their children, making quadratic-time algorithms a chal-
lenge. For DAG support, we have constructs that allow a
child to sometimes have more than one parent, such as a
table cell which is a child of its row and column. To ex-
press quadratic-time algorithms, we allow attributes to have
list values. We can then construct a list with one element
for every node, and perform some action on the list at every
node. These extensions integrate well with attribute gram-
mars, showing that grammars as a formalism are extensible.

There are some layout operations that FTL can only per-
form sequentially. Certain web elements (specifically, floats
and inlines) have dependencies that require a sequential in-
order traversal to resolve. To prevent this traversal from be-
coming a bottleneck, we have added the ability to localize
these dependencies to a subtree of the document and keep
the overall traversal parallel. Ther is While inorder subtrees
may be inherently sequential, we can run them in parallel
with each other and with the rest of the document to still
achieve scaling.

2.3 Implementing CSS in FTL
We are able to express a large amount of layout features
using FTL’s attribute-grammar-like language. Many aspects
of CSS have a natural representation in attribute grammars.
For example, to say that a node’s child is left-aligned with
the node itself, one might say child.left := left. We
have used FTL to describe most of CSS, including text,
images, block and line layout, floats, tables, and the CSS
box model. We do not think there are fundamental issues
preventing us from implementing other features.

There are cases where CSS is hard to express with FTL’s
language. For instance, CSS has the notion of a line box
which contains a line of text. However, the rules for con-
structing a line box are not fully defined within CSS. By
contrast, our grammar must define the full, explicit seman-
tics of how to lay out a line of text, but has no notion of what
a line box is.

3. Results
An FTL formulation of CSS allows us to generate a lay-
out engine that is fully parallelizable. FTL produces a 9-
pass sequence of traversals, and 8 of these are pre- or pos-
torder traversals which can readily be parallelized. The other
traversal is able to use subtree parallelism to . When laying
out Wikipedia and the xkcd blog each, without optimization
we achieved over a 3X speedup moving from 1 to 8 cores.
We believe that this can be made to scale much better with
further optimization.

In just over 1000 lines of code, we have implemented a
layout engine that implements a large fraction of CSS. Our
engine is complete enough to lay out real web pages, as
shown in Figure 1. While imperfect, this rendering of the
Wikipedia Home Page includes the page’s core features such
as tables, CSS boxes, lists, and text.

4. Conclusions and Future Work
We have shown that a rich layout engine that is highly par-
allel can be generated from an attribute-grammar-like spec-
ification. In the future I will be working with Mozilla to in-
corporate our ideas into the Servo project, whose purpose
is to prototype future parallel browser technology. This will
involve making our tree traversals work well with other com-
ponents of the browser and adding incremental optimiza-
tions.
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