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METHOD AND ARRANGEMENT IN A DISPLAY SYSTEM

Field of the Invention

The present invention relates to a method in ren-
dering of a compound graphical object described by a
markup language document according to the preamble of
claims 1 and 11, an arrangement according to the preamble
to claim 8 and 12, a computer program according to the
preamble to claim 9 and 13, and a digital storage medium
according to claim 10 and 14. ‘

Background art

Compound graphical objects like for example web
pages are often defined by a document, 105 of Fig. 1A,
written in some markup language like for example HTML.
When a user is surfing the Internet using some device,
111, like for example a computer or a cellular phone, the
device, 111, retrieves the corresponding documents from
some web server, 101. A markup language document, 105,
may not contain all the content of the web page, i.e. the
ml document, 105, may in some way refer to other content
like an image, 107, that has to be retrieved separately
from a web server, 101, or may be found in some cache,
113, on the device, 111. The device, 111, has to trans-
late the ml document, 105, as well as the other content
it may refer to, into a compound graphical object that
can be displayed to the user on a display, 117.

The user wishes to look at a compound graphical
object that looks like it was intended to. To achieve
that, the device, 111, has to perform the layout of the
compound graphical object according to at least the
grammar of the markup language. The device, 111, often
also uses additional style information that may be given
in a style sheet, 203 of Fig. 1B. One standard for style
sheets is CSS, Cascading Style Sheets. Parts of the style
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sheet, 203, may be user defined and thus the same for a
number of displayed web pages while other parts of the
style sheet, 203, may be defined by the author as part of
the ml document, 105, or by a separate style document,
103, referred to by the ml document, 105.

The task of translating the ml document, 105, into a
compound graphical object to be displayed to the user is
often performed by a so called browser, (115, 201), that
is implemented on the device, 111. The browser, (115,
201), is often implemented as a computer program running
on some processor of the device, 111. However, parts of
the methods of the browser, (115, 201), may be accel-
erated using special hardware of the device, 111, like
for example a graphical processing unit.

Web pages are getting more and more complicated in
their layout. They may contain animated images and
embedded videos. They may also have a layout that changes
over time due to that the original ml document, 105, is
changed over time by for example a script that is run on
the device, 111. Web pages are also being retrieved over
connections, 109, like for example cellular phone con-
nections, that only provide a low data rate, resulting in
that content referred to by the ml document, 105, may
arrive at the device, 111, much later than the ml
document, 105, itself.

Late arrivals of content, changes in the style
sheet, 203, and changed ml documents, 105, may all result
in the need for re-translating the document, 105. Since
the web page may have a quite complicated layout, since
the needs for re-translations may be quite frequent and
since the device, 111, may have a limited computational
power,. it is useful if the translation method of the
browser, (115, 201), can perform computationally
efficient translations and re-translations of markup
language documents.

One way of translating the ml document, 105, into a

compound graphical object displayed on the device, 111,
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may be to perform the translation in three sequential
steps: parsing, rendering and drawing.

A parsing step may be performed by a parser, 205,
that parses the document, according to the grammar of the
markup language, to be represented by a markup language
(ml) tree which is more or less equivalent to the ml
document, 105. The markup language tree, which may be
stored in the parser, 205, or the layout engine, 207, may
follow a DOM (Document Object Model) standard.

A rendering step may be performed by a layout
engine, 207, that refers to the ml tree and the geo-
metrical information of a style sheet, 203, for input.
Some examples of geometrical information are text
font/size, margin, border, padding, widths, heights, and
left-to-right/right-to-left rendering. The layout engine,
207, calculates a suitable geometrical layout of the
individual graphical objects of the compound graphical
object as well as the geometrical relations between
graphical objects like, for example, their relative
positions. The resulting geometrical layout information
for the individual graphical object is a box which is the
perimeter of the graphical object including margins,
borders and padding. The geometrical layout information
on the box, which may be {width, height, the position of
the upper left corner of the box relative to a parent
box, and a baseline } may also be accompanied by an
identification number of the corresponding node of the
markup language tree. The geometrical layout information
is stored in a box tree, which may also be called a frame
tree. There may be several box trees which may be stored
in the layout engine, 207, and/or the drawing engine,
209. The box tree which is the input for the drawing
engine, 209, may be called an output box tree. The work
performed by a rendering step may also be referred to as
flowing and re-flowing or rendering and re-rendering.

A drawing step may be performed by a drawing engine,

209, in close cooperation with the hardware of the
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device, 111, and refer to the markup language tree, an
output box tree and the non-geometrical parts of a style
sheet, 203, for input. Examples of such non-geometrical
information may be color, background color, border style,
and text decoration like for example underline or
flashing.

The need for a computationally efficient translation
method of the browser (115, 201) can, at least partly, be
accomplished by a layout engine, 207, that can perform
computationally efficient layouts in order to flow and
re-flow the ml tree into an output box tree.

The layout engines of today are often complicated in
their logic. The main reason is that they work from a
markup language document perspective. They traverse the
ml tree and use complicated logic and rules to handle how
the layout of one node of the ml tree depends on the
layout of other nodes of the tree. When the display type
is a block, the logic and rules are quite easy. For other
more refined display types like inline, table, and
inline-table, the rules may be relatively simple for the
dependence on the children of a node but get more
complicated regarding the descendants of the node that
are located further down in the ml tree.

In Fig. 2A, an example of a simplified ml tree
corresponding to a rather simple ml document is given.

In Fig. 2B, a simplified layout corresponding to the
simplified ml tree of Fig. 2A is given. The boxes
corresponding to the perimeter of each individual
graphical object are shown, but their details are not.
The three images are marked with crossed lines.

When the rules and logic for flowing an ml document
are complicated then the rules and logic for re-flowing
the same document in a computationally efficient way is
probably even more complicated and maybe even too hard to
implement. Therefore there is a need for a simplified
browser that uses a simplified layout engine which still

allows for refined display types.
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Summary of the invention

An object of the present invention is to wholly or
partly remedy the above-mentioned problems.

This object is achieved by a method for rendering a
compound graphical according to claim 1, an arrangement
according to claim 8, a computer program according to
claim 9, and a digital storage medium according to claim
10.

According to a first aspect the invention concerns a
méthod in a display system, having a display, for
rendering a compound graphical object, described by a
markup language, ML, document and a style sheet, and
comprising primitive content, wherein, by means of a
parser, a structured document, corresponding to the ML
doéument, is created, the structured document defining an
hierarchical relationship between pieces of primitive
content in the ML document as a tree of inter-related
nodes, the tree having a top node, and, by means of a
layout engine and based on the structured document and
said style sheet, a geometric document i1s created, the
geometric document defining areas on said display to be
covered by the pieces of primitive content, which jointly
form the compound graphical object, wherein the layout
engine, in a metrics defining process, recursively
traverses the tree of the structured document, such that,
based on said style sheet and properties for the nodes,
metrics for the nodes is defined, wherein the layout
engine tests the nodes to determine whether a current
node has a layout surface competing, LSC, property, if
the current node has an LSC property, the metrics
defining process is interrupted, the layout engine, in an
LSC job process, recursively traverses the sub-tree of
the current node to define metrics ranges for nodes in
the sub tree, and the metrics defining process is
resumed, wherein the metrics ranges for the nodes in the

sub-tree are used.
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The structured document may be a document object
model, DOM, tree, the geometric document may be a box
tree, and the LSC property may be a min/max property. The
metrics ranges may then correspond to min/max infor-
mation.

The layout engine may, in the metrics defining
process, traverse the tree of the structured document
starting from the top node using a first main loop and a
second main loop, wherein, in the first main loop an
enter operation is carried out for a node, whereby the
metrics for that node may be adjusted, and the layout
engine proceeds to a child node, and in the second main
loop the layout engine gets content for a node, proceeds
to its parent node, and adds the content to the parent
node. When the layout engine gets the content, the
content may be temporarily stored.

The layout engine may, in a subsequent re-rendering
process where content corresponding to a target node in
the structured document tree is to be updated, create and
store a trace from the target node to the top node; and
may, in a first re-rendering loop, follow the trace from
the top node to the target node and carry out enter
operations for nodes on the trace, repeat the metrics
defining process, with the target node acting as a top
node; and follow the trace from the target node to the
top node, while adding content of child nodes on the
trace to their parent ncdes.

According to a second aspect, the invention relates
to an arrangement in a display system, having a display,
for rendering a compound graphical object. This arrange-
ment corresponds to the above mentioned method. Generally
the arrangement is thus adapted to, and comprises means
such as software and/or hardware for, carrying out the
steps of the method. The arrangement may be varied in
accordance with the method.

According to a third aspect, the invention relates

to a computer program for rendering, in a display system,
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having a display, a compound graphical object. This
computer program corresponds to the above mentioned
method. Generally the computer program thus comprises
instructions for carrying out the steps of the method.
The computer program may be varied in accordance with the
method.

According to a fourth aspect, the invention concerns
a digital storage medium comprising such a computer
program.

The object is further achieved by a method of
rendering of a compound graphical object described by a
markup language document according to claim 10, an
arrangement according to claim 11, a computer program
according to claim 12, and a digital storage medium
according to claim 13.

According to a fifth aspect, the invention concerns
more specifically a method of rendering of a compound
graphical objecﬁ described by a markup language document.
The method is characterized by that it a) renders a first
display type by recursively using at least two composing
types, b) enters a first composition renderer that imple-
ments a first composing type at a first time point, and
c) enters a second composition renderer that implements a
second composing type at a second time point being later
than the first time point.

Using such a rendering method it will be possible to
design a layout engine that has several advantages when
it comes to rendering‘and re-rendering compound graphical
objects like for example web pages. The present invention
may lead to faster rendering and re-rendering which leads
to faster translations and/or faster re-translations of
ml documents. The present invention may also make it
easier to render display types like inline block and
inline table, which may result in that such display types
can be allowed for additional devices. It is possible to
use composing types nested in an arbitrary way. The
handling of the display types of inline text and inline
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block do not have to differ from the perspective of the
renderer performing the inline composing operations. The
recursive methods of a layout engine according to the
invention may lead to a significant reduction of the
program memory needed for storing the program code of the
layout engine.

According to a sixth aspect, the invention relates
to an arrangement for rendering of a compound graphical
object described by a markup language document. The -
arrangement is characterized by means for rendering a
first display type using at least two composing types,
means for a first composition renderer that implements a
first composing type and means for a second composition
renderer that implements a second composing type.

This arrangement implies advantages corresponding to
those of the method.

According to a seventh aspect, the invention relates
to a computer program for rendering of a compound
graphical object described by a markup language document.
The computer program is characterized by instructions
corresponding to a) rendering a first display type by
recursively using at least two composing types, b)
entering a first composition renderer that implements a
first composing type at a first time point, and c)
entering a second composition renderer that implements a
second composing type at a second time point being later
than the first time point.

The computer program implies advantages corre-
sponding to those of the method.

According to an eigth aspect, the invention concerns
a digital storage medium comprising such a computer

program.

Brief description of the Drawings

Fig. 1A shows an example of a device comprising a

browser and a display and how the device may communicate
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with a web server comprising a markup language document
using a connection.

Fig. 1B shows an example of an internal layout of a
browser of the device of Fig. 1A.

Fig. 2A sﬁows an example of a simplified ml tree
corresponding to a rather simple ml document.

' Fig. 2B shows a simplified layout corresponding to
the simplified ml tree of Fig. 2A. The boxes corre-
sponding to the perimeter of each individual graphical
object are shown, but their details are not. The three
images are marked with crossed lines.

Fig. 3A shows an example of a simplified ml tree
corresponding to a rather simple ml document. Compared to
Fig. 2A, extra anonymous blocks have been inserted at
nodes 509 and 515.

Fig. 3B shows a simplified layout corresponding to.
the simplified ml tree of Fig. 3A. Only the boxes corre-
sponding to each individual graphical object are shown.
The boxes corresponding to the anonymous blocks of Fig.
3A have dashed lines.

Fig. 4 schematically shows a rendering method accor-
ding to a first embodiment of the invention.

Fig. 5A shows the first part of a table describing
some of the steps and the data when a rendering method
according to Fig. 4 is applied to the ml tree of 3A.

Fig. 5B shows the second part of a table describing
some of the steps and the data when a rendering method
according to Fig. 4 is applied to the ml tree of 3A.

Fig. 6 schematically shows a min/max job method
according to a second embodiment of the invention.

Fig. 7 schematically shows a method for re-rendering

according to a third embodiment of the invention.

Description of Preferred Embodiments

The invention relates to a layout engine and its
ability to perform computationally efficient flows

(renderings) and re-flows (re-renderings) of an ml tree.
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When rendering an ml tree into a box tree, a layout
engine according to the invention may use at least one
rendering controller, (RCR) at least one composing
renderer and at least one primitive renderer.

The invention relates to rendering from a content
perspective. In preferred embodiments, the following
principles, which will be explained in more detail in
examples below, may be applied:

Two new generic content classes - rendered content
and min/max content respectively - may be used by the
layout engine. Rendered content may be a box tree of an
arbitrary size, while min/max content may consist of data
describing the minimum and maximum possible width of some
graphical object.

A number of composing operations like
Ccompose Enter Dcontent, Ccompose_Leave_Dcontent, and
Ccompose Add Dcontent, may be defined for Ccompose being
any of a set of composing types combined with Dcontent
being any of the two content classes. For the present
invention, the composing types do not have to be the same
as the display types allowed by the layout engine. For
the display type Table, more than one composing type may
be needed like described in an example below. The layout
engine according to the present invention is capable of
performing layout according to more complicated display
types like inline table by nested calls of some of the
more simple composing operation. For example, the display
type of inline table is performed by nested use of the
inline composition operations and the table composition
operations.

Primitive operations like Etype Get Dcontent, where
Dcontent can be any of the two content classes, may be
defined for Etype being any of the possible primitive
content types like for example Image and Text. Since the
primitive operationsado not compose content there is no
need for single Add operations. Therefore there is no

need for the RCR to call any separate Enter, Add or Leave
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operations. A Get operation corresponding to Enter, Add
and Leave operations performed in sequence for primitive
content may therefore be sufficient for a layout engine
according to the present invention. The at least one
primitive renderer may render, for example, text data
from a node of the ml tree into rendered content and
images from data that was retrieved according to a
uniform resource locator given in a node of the ml tree
into rendered content.

The composing operations and the primitive opera-
tions are performed by the at least one composing ren-
derer and the at least one primitive renderer respect-
ively, but the operations are called by the at least one
RCR.

The RCR may be capable of performing so called
depth-first traversals of the ml tree, or of some of its
subtrees. In order to allow for re-use during re-flows,
the RCR may insert extra anonymous blocks in for example
table cells or such insertions may have been made before
the RCR starts to traverse. These anonymous blocks
preferably have their margins, borders and paddings set
to zero. In a preferred embodiment of the invention the
RCR can control “everything”, i.e. “there is no logic
going beyond two depths” in the at least one composing
renderer. In such a preferred embodiment, re-translating
can be easily done, since the RCR can provide shortcuts
that result in improvements in computational efficiency
and/or simplified logic for re-flows.

The RCR may be capable of performing three kinds of
jobs. One kind is ordinary rendering, which can be
performed when the RCR knows enough of the layout to
provide so called metrics for the composing operations.
Each composing operation modifies the metrics according
to, for example its margin, border and padding parameters
of the style sheet. Metrics thus propagate down from the
top of an ml tree or subtree. Another kind of job is

min/max rendering, which is performed when the RCR needs
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min/max information in order to find out suitable
metrics. Min/max information may be necessary when the ml
tree contains display types like, for example, table,
inline block, inline table, and float with auto width.
When min/max information is needed at the top of an ml
tree or subtree, the need propégates from the top and the
requested min/max information is provided from the
bottom. The RCR is in control of the calls of the opera-
tions involved. The min/max data is provided as a special
content class, but the method of a min/max job looks
similar to the method of an ordinary rendering job. A
third kind of job is re-rendering, which is similar to
ordinary rendering, but faster since rendered content may
be re-used. Re-rendering Jjobs may start ordinary ren-
dering jobs and may also detect the need for additional
re-rendering jobs.

An appropriate Ccompose Enter Dcontent operation is
called when the RCR enters a new specific node. An Enter
operation results in internal initializations of an
instance of the composing renderer that implements that
composing operation.

The corresponding Ccompose Leave Dcontent operation
is called by the RCR when it leaves the specific node.
The result of a Leave operation is Dcontent.

The Ccompose Add Dcontent operation is called when
the RCR directs the output from a Leave operation of a
specific node to the parent of that specific node. The
result of an Add operation is that Dcontent from the
child node is added, according to the rules of Ccompose,
to the composing renderer that is in the process of
rendering the Dcontent of the parent.

The calculations needed for min/max rendering are,
at each level of the ml tree, performed by the at least
one composing renderer. The calculations, meaning that
the min and max values of each child node of the specific
node are processed according to the rules of that com-

posing type and resulting in new composed min/max
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information, are preferably performed during the
Ccompose_Leave minmax operation. The min and max values
of each child node are preferably also stored in the ml
tree, since they may be needed later during calls that
result in rendered content.

Rendered content may be represented by boxes that
may be temporarily stored internally in the renderers as
partial box trees between their Enter and Leave calls.
The rendered content is then passed on to the parent
renderer by the RCR either as a tree or using a pointer
to the tree. When the last renderer - the one for the
root node of the ml tree — has performed its Leave
operation, the output box tree of the layout engine is
ready. It is also possible to store each part of the
rendered content in the output box tree as soon as it is
rendered.

Referring to Fig. 3A, Fig. 3B and the flow chart of
Fig. 4, a rendering method according to a preferred
embodiment of the invention will now be described in more
detail.

In order to present an overview, Fig. 5A and Fig. 5B
include one table each that presents some of the most
important data. The operation calls are presented using
indents according to the level of the node in the tree.

Referring to Fig. 4, the rendering method begins at
S701.

At S703 the top node of the ml tree or subtree 1is
chosen as the current node. In Fig. 3A, the top node
corresponds to node 501.

At S705 the display type of the current node is
inspected. In the example in Fig. 3A, the display type of
the current node being the top node is “div”, which means
block.

At S707 the method evaluates the test to “No” and
proceeds to S709, where it evaluates the new test to
“No”, since block does not regquire any min/max infor-

mation at all.
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At 8715, the method is to perform an Enter operation
for a composing type that corresponds to the display
type. Since the RCR is still at 501 of Fig. 3A, it calls
Block Enter Rc, where Rc is an abbreviation for Rendered
content. In general, the metrics of a node is sent by the
RCR to an Enter operation and is then adjusted, by the
composing renderer that implements the Enter operation,
according to margin, border and padding for block. The
RCR may then get the adjusted metrics back from the
renderer so that the RCR is able to supply the next Enter
operation with the correct metrics.

The method proceeds to S717, which results in that
the RCR goes to the first child of node 501, which is
node 503.

The method then arrives at S705, where the display
type of node 503 is inspected.

At S707 the test is evaluated to “No”, but the test
at 8709 evaluates to “Yesg”.

Therefore the method starts a min/max job at S711 and
walts at S712 for the completion of that job. The method
performing the min/max job 1s described separately below.

When the min/max job is completed, the method is
able to continue at S713, where it modifies the metrics
using the results from the min/max job, which are already
stored in the nodes of the ml tree.

At S715, the method is able to call Table Enter Rc
with the correct metrics.

The method proceeds to S717, which this time results
in that the RCR goes to node 505.

At 8705, the display type of node 505 is inspected.
After one “No” at S707 and another “No” at S709, a
Table Enter Tr Rc operation is called at S715.

The RCR then, at S717, goes to the first child node
of node 505, which is node 507.

In a similar way the method goes on looping and a
Table_Enter Td Rc operation is performed, followed by
that the RCR goes to node 500.
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Next, an anonymous block 1is created by using, for
example, a Block Enter Rc call with a special parameter
value. When the composing renderer that implements
Block Enter Rc, finds the special value it uses zeros for
margin, border and padding.

Then the RCR, at S717, arrives at node 511, and the
next time that the test of 8707 is evaluated, it
evaluates to “Yes” for the first time for the tree of
Fig. 3A.

The method then proceeds to 8719, where the RCR
calls an Image Get Rc operation and temporarily stores
the resulting rendered content, which is the box, 611, of
Fig. 3B, somewhere.

Then, at S721, the RCR goes to the parent node of
node 511, which is 5009.

At 5723 fhe RCR adds the recently rendered content
from the Image Get Rc operation to the node 509 using a
Block Add Rc operation.

Thereafter, at 8725, the method finds out that the
added content came from node 511 and that node 511 was
the last child of node 509, resulting in that the method
proceeds to S727, where the RCR calls a Block_Leave Rc
operation in order to leave node 509. The composing
renderer implementing that operation will returns a box
tree consisting of the boxes 611 and 609.

The method then performs $729 and goes to 8721
resulting in that the RCR goes to node 507.

At S723, the RCR calls a Table Add Td Rc operation.

At 8725 the method finds out that all the children
of node 507 have been evaluated, so
at $727 the RCR calls a Table Leave_Td Rc operation.

At 8721 the RCR goes to node 505 and at S723 the
most recent rendered content is added using a
Table Add Tr Rc operation.

At 8725 it is then found out that node 507 was not
the last child of its parent 505, so the method proceeds
to 8735, where the RCR goes to the next child node of
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node 505, which is node 513. The method then handles the
branch 513-515-517 in a similar way.

The next time a Table Add Tr Rc operation has been
performed and the method evaluates the test at S$725, it
finds out that all the children nodes of node 505 have
been evaluated.

Therefore the method proceeds to S727 and the RCR
calls a Table Leave Tr Rc operation. At S721 the RCR goes
to node 503 and at 8723 the recently rendered content is
added using a Table Add Rc operation.

Since there are no more children of node 503 to
evaluate, the method proceeds to S727, where a
Table Leave Rc operation is called. The result of that
Leave operation is input to the Block Add Rc operation
which is called at S723 when the RCR is at node 501.

The handling of the branch 519-521 is similar but
simpler and it not described.

When node 501 has been left, the test at S729
evaluates to “Yes”, the final box tree is written to the
output box tree at $S731 and the rendering method comes to
an end at S733.

In shbrt, the method shown in the flow chart of Fig.
4 has two main loops. A first main loop is for going down
the ml tree and consists of S705-8707-3709-8715-8717-
S705. In that locop the RCR calls an Enter 6peration and
goes to the first child node at a new lower level of the
ml tree. As long as no more min/max information is
needed, the first main loop goes on until, at 8707, the
first child node is at the end of a branch. Then the
method, by passing trough S5719, goes into the second main
loop, which is for going up the ml tree again. That
second maiﬁ loop consists of 8721~8723-3725-8727-3729-
S721 and in that loop the RCR calls one Add operation and
one Leave operation and goes to a parent node on a new
higher level of the ml tree. The second main loop goes on
until, at S725, the are other children nodes that have
not been visited. Then the method, by passing through
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§735, goes into the first main loop and the RCR starts

going down the ml tree along another path.

In the example describing the method of Fig. 4 for
performing an ordinary rendering Jjob, there was a need
for a min/max job. '

According to a preferred embodiment of the present
invention, a method for performing a min/max job may be
similar to the method of Fig. 4. Such a method for a
min/max job may be performed according to the flow chart
of Fig. 6 and it also has two main loops. A first main
loop is for going down the ml tree and consists of S1005-
S1007-51009-81011-S1005. In that loop the RCR calls an
Enter operation and goes to the first child node at a new
lower level of the ml tree. The first main loop goes on
until, at S1007, the first child node is at the end of a
branch. Then the method, by passing trough S1013, goes
into the second main loop, which is for going up the ml
tree again. That second main loop consists of S1017-
$1019-S1021-51023-51025-51027-51017 and in that loop the
RCR calls one Add operation and one Leave operation and
goes to a parent node on a new higher level of the ml
tree. The second main loop goes on until, at S1021, the
are other children nodes that have not been visited. Then
the method, by passing through S1031, goes into the first
main loop and the RCR starts going down the ml tree along
another path.

There are at least two significant differences
between the methods of Fig.4 and Fig.6. A first dif-
ference is that the method of Fig.4 works with rendered
content, while the method of Fig. 6 works with min/max
content. A second difference is that in the method of
Fig. 6 it is shown that, at S1015 and at 81025, min/max
information is stored in the ml tree as soon as it is
calculated or else it would may be lost in the next Leave
operation. It is possible to store rendered content as

soon as it is rendered but it is not necessary.
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The method of Fig. 6 always goes through all the

nodes in the sub-tree that it was ordered to process. By
doing so, the min/max job calculates the min/max infor-
mation for all nodes of the actual sub-tree. If there had
been additional tables nested inside the table of node
503, the min/max information calculated during the
min/max job would have been available, in the ml tree, to
the RCR. The RCR would therefore have been able to supply
the Enter operations needed with the correct metrics
without starting any new min/max jobs.

In a preferred embodiment according to the present
invention, a method for performing a re-rendering job may
be rather similar to both the method of Fig.4 — the one
for performing an ordinary rendering job - and the method
of Fig.6 - the one for performing a min/max job. The goal
of such a method may be to re-use as much as possible and
to go down the ml tree in two limited areas only. The
first area is a narrow way, which.may be called a trace,
that goes from the top node to the target node - a node
that is the top node of the sub-tree that is going to be
re-rendered. The reason for going along the trace is to
call enter operations along the way to allow for the new
content from the re-rendered sub-tree to be added later
on the way up. The trace is created as a part of the re-
rendering method by going from the target node up to the
top node. The second limited area is simply the sub-tree
which has the target node as its top node. Such a re-
rendering method may be performed according to the flow
chart of Fig. 7 and it again has two main loops. A first
main loop is for going down the ml tree along the trace
and consists of $1107-51009-S1111-81113-S1107. In that
loop the RCR calls an Enter operation and goes to the
first child node at a new lower level of the ml tree. The
first loop goes on until the RCR, at S$1107, finds a node
that is not on the trace or until the RCR, at S1115,
finds the target node. Then the method, by passing trough
a re-use path S$1119-51121/S1119-51123-51125 or by passing
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through a rendering path S1115-S1117, goes into the

second main loop, which is for going up the ml tree
again. That second main loop consists of S1127-51129-
$1131-81133-81135-51127 and in that loop the RCR calls
one Add operation and one Leave operation and goes to a
parent node on a new higher level of the ml tree. The
second loop goes on until, at 51131, there are other
children nodes that have not been visited. Then the
method, by passing through S1141, goes into the first
main loop. There the RCR either starts going down the
tree along the trace again or immediately comes back to
the second main loop through the re-use path or the
rendering path.

The re-use path S$1119-S1121/S1119-81123-51125 may be
implemented in different ways. The most simple imple-
mentation to use is if it possible to re-use all kinds of
composing types. That will be assumed when describing the
re-use path of Fig. 7 below.

However, in a preferred embodiment it is only
possible to re-use for the block types. That is the
reason for the possible insertion of anonymous blocks
directly under table cells in the example in Fig. 3A.

In general, a composition renderer that implements a
composing operation may be ordered by the RCR to re-flow
its old rendered content with whatever new metrics that
is given. The RCR also provides the composing renderer
with the information needed like min/max information from
a previous rendering job and the relevant parts of the
output box tree from a previous rendering job. Since the
RCR is not executing any composing type logic,. the
composing renderer checks, according to the logic of the
actual composing type, if it is possible to re-use
without performing, for example, any new min/max jobs. If
it is possible, the renderer does so at S1121 and the
method may proceed to $1127. If re-use is not possible,
like when a min/max-condition is no longer‘fulfilled, the

composing renderer in question posts a re-flow noti-
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fication at 91123 to the RCR and may also, at 81125,

perform an optional re-use operation, which may corre-
spond to re-using the old box tree although it does not
fit perfectly with the new conditions, may be performed.

The steps from S1119 until S1121/S1127 are pre-
ferably composing renderer internal.

The rendering path S1115-81117 is quite simple.
Everything below the target node is to be re-rendered, so
the RCR starts an ordinary rendering job with the top
node being the target node. This means that the RCR
pauses the re-rendering method at S1117, while it is
performing the ordinary rendering job.

For example, 1f node 521 of Fig. 3A has been
changed, for example when the image of node 517 finally
has arrived from a web server over a slow connection,
node 517 may be the target node of a re-rendering job.
However, the target node does not have to be at the end
of a branch of the ml tree. At S1103, the re-rendering
method of a preferred embodiment of the present invention
will create a trace from the target node to the top node,
501. The resulting trace will be 517-515-513-505-503-501,
which may stored on a stack with 501 being at the top of
the stack and 515, which will be used last, at the lower
end of the stack.

At S1105, the RCR goes to the top node, 501. At
81107, the RCR finds out that node 501 is on the trace
and therefore the method proceeds to S1109. Since node
501 is not the target, the method proceeds to S1111,
where the RCR performs a Block Enter Rc operation, fol-
lowed by that the RCR, at S1113, goes to node 503. In a
similar way, the RCR proceeds to node 505, which is also
on the trace, but when the method arrives at S1107 and
the node is 507, node 507 is not on the trace. The method
therefore tests, at S1119, if re-use is possible and
takes actions like described above.

When the method arrives at S1127, it enters the
second main loop and loops until, at S1131, it is found
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out that node 505 has other children that just node 507.
The method proceeds through S1141, where the RCR goes to
node 513, and into the first main loop again. This time
the method stays in the first main loop, passing 513-515,
until, when the node is 517, it is found out, at 51109,
that the target node has been found. Then the method goes
to S1115, where an ordinary rendering job with the top
node set to the target node of the re-rendering job. In
this case the target node represents a single node, but
generally it may represent a whole sub-tree of its own.
After waiting at S1117 for the ordinary rendering job to
complete, the method proceeds to S1127, and into the
second main loop. It stays in the second main loop until
it has moved up through the tree on the path 517-515-513~
505-503 to 501 and when it, at S1131, is found that node
501 has other children than just node 503. The method
proceeds through S1141, where the RCR goes to node 519,
and touches the first main loop at S1107, but goes to
S$1119, since node 519 is not on the trace. The method
then tests if re-use is possible and takes actions like
described above. The method then arrived at S1127 and
stays in the second main loop until the top node 501 has
been left and then the method proceeds through S1137 to
its end at SS139. ,

The increase in computational efficiency that is
gained when using the re-rendering method of FPig. 7
depends, for example, on how much of the old box tree
that may be re-used and on many new re-rendering jobs
that are posted during the execution of the re-rendering
job and further on.

It may be necessary to start new min/max jobs during
a re-rendering job but, since min/max jobs have been
described separately, that combination is not described
here.

Although the invention relates to the inside the

layout engine and does not necessarily affect the
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interfaces of the layout engine, the invention may still
lead to simplifications in the design of the parser.

The present invention may lead to faster rendering
which leads to faster translations and/or faster re-
translations of ml documents.

The present invention may also make it easier to
render display types like inline block and inline table,
which may result in that such display types can be
allowed for additional devices.

When such display types are allowed by the layout
engine, it also leads to simplifications in the parser,
which no longer has to check that the ml trees it
generates can be rendered by the layout engine.

It is possible to use composing types nested in an
arbitrary way. The handling of the display types of
inline text and inline block do not have to differ from
the perspective of the renderer performing the inline
composing operations. The RCR handles the calling of the
composing operations that are needed as well as the order
of the calls. The at least one composing renderer handles
temporary stacking of boxes while waiting for the result
of other calls concerned with nodes being lower down in
the ml tree.

Local focus, easier code to develop and maintain,
lower risk for bugs spreading. Due to the modular build-
up using primitive renderer, composing renderer and RCR,
maintenance and modifications of the browser in general
and the layout engine in particular is simplified.

If right-to-left rendering is to be added to the
capabilities of a layout engine according to the inven-
tion, only those renderers that are affected by right-to-
left rendering have to be modified. The inline renderer
and the primitive renderer for text may be the ones most
affected, while the other renderers may only need smaller
changes. The modifications are made inside each affected
renderer. The information telling the renderers when to
render left-to-right or right-to-left is given by the
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style sheet. The RCR does not need to know about it so it
does not have to be modified at all.

The recursive methods of a layout engine according
to the invention may lead to a significant reduction of
the program memory needed for storing the program code of
the layout engine.

It is assumed that the RCR is notified from outside
(what nodes in the markup language tree and types of
changes) when there are changes in the ml tree. The
notifications from outside as well as possible self-
notifications may be stored in a queue. The RCR may find
queue entries that preferably are handled during the same
re-flow instead of in sequential re-flows. An example 1is

that if a specific node has n children and all the n

‘children need re-flow, it may be more efficient to re-

flow the specific node itself.

The RCR may also perform other things like storing
the size of frequently retrieved images in a small cache
somewhere on the device or close to the device, so that
the layout engine does not necessarily have to re-flow
the ml tree when the image and its intrinsic size data
arrive.

The task for a layout engine may be to render the
html tree into an output box tree. However, the invention
may also be useful for a browser that does not use
separate html trees and/or box trees. For example, a
combined html/box tree may be used or the browser may use
a combined parser/layout engine.

4 The methods are also applicable to any subpart of an
ml tree, which is useful when parts of a page shall be
rendered with absolute position and other parts have to
be handled separately.

A number of other optimizations of the layout engine
may. be possible independently of the present invention.

Although the methods are described in separate flow

charts, it may be possible to combine the implementations
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of two or more df the methods for ordinary rendering
jobs, min/max jobs and re-rendering jobs.

Not all details are given, for example like how to
do the “book keeping” of all the boxes and/or all the
composing renderers that may be in operation at the same
time or how to implement the notification stack. The
person skilled in the art is assumed to be able to use
the invention anyway and to adapt it to an ml tree, a box
tree and the primitive renderers of a specific browser
and/or device.

The border between what is implemented in the RCR
and in the renderers does not have to be like described
above, i.e. parts of the methods that are described to be
performed by the RCR may be performed by a renderer and

vice versa.
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CLAIMS

1. A method in a display system, having a display
(117), for rendering a compound graphical object,
described by a markup language, ML, document and a styie
sheet, and comprising primitive content,

-wherein, by means of a parser (205), a structured
document, corresponding to the ML document, is created,
the structured document defining an hierarchical
relationship between pieces of primitive content in the
ML document as a tree of inter-related nodes, the tree
having a top node (501), and,

-by means of a layout engine (207) and based on the
structured document and said style sheet, a geometric
document is created, the geometric document defining
areas on said display to be covered by the pieces of
primitive content, which jointly form the compound
graphical object, characterizedin that:

~the layout engine, in a metrics defining process,
recursively traverses the tree of the structured
document, such that, based on said style sheet and
properties for the nodes, metrics for the nodes is
defined, wherein

-the layout engine tests (S709) the nodes to
determine whether a current node has a layout surface
competing, LSC, property,

—~if the current node has an LSC property,

-the metrics defining process is interrupted,

-the layout engine, in an LSC job process,
recursively traverses (S711) the sub-tree of the
current node to define metrics ranges for nodes in
the sub tree, and

-the metrics defining process is resumed,
wherein the metrics ranges for the nodes in the sub-

tree are used (S8713).
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2. A method .according to claim 1, wherein the
structured document is a document object model, DOM,
tree.

3. A method according to claim 1 or 2, wherein the
geometric document is a box tree.

4. A method according to any of the preceding
claims, wherein the LSC property is a min/max property.

5. A method according to any of the preceding
claims, wherein the layout engine, in the metrics
defining process, traverses the tree of the structured
document starting (S703) from the top node using a first
main loop (8705-8707-5709-S715-8717-5705) and a second
main loop (S8721-8723-8725-8727-8729-S8721), wherein,

in the first main loop an enter operation (S715) is
carried out for a node, whereby the metrics for that node
may be adjusted, and the layout engine proceeds (S717) to
a child node, and ‘

in the second main loop the layout engine gets
(S719, S8727) content for a node, proceeds (8721) to its
parent node, and adds (S723) the content to the parent
node.

6. A method according to claim 5, wherein, when the
layout engine gets (S719, S727) said content, said
content is temporarily stored.

7. A method according to any of the preceding
claims, wherein the layout engine, in a subsequent re-
rendering process where content corresponding to a target
node in the structured document tree is to be updated,

creates and stores a trace from the target node to
the top node;

in a first re-rendering loop, follows the trace from
the top node to the target node and carries out enter
operations (S1111) for nodes on the trace,

repeats (S1115) the metrics defining process, with

the target node acting as a top node; and
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follows the trace from the target node to the top

node, while adding content of child nodes on the trace to
their parent nodes.

8. Arrangement in a display system, having a display
(117), for rendering a compound graphical object,
described by a markup language, ML, document and a style
sheet, and comprising primitive content,

-wherein, by means of a parser (205), a structured
document, corresponding to the ML document, is created,
the structured document defining an hierarchical
relationship between pieces of primitive content in the
ML document as a tree of inter-related nodes, the tree
having a top node, and,

-by means of a layout engine (207) and based on the
structured document and said style sheet, a geometric
document is created, the geometric document defining
areas on saild display to be covered by the pieces of
primitive content, which jointly form the compound
graphical object, characterizedin

means in the layout engine for, in a metrics
defining process, recursively traversing the tree of the
structured document, such that, based on said style sheet
and properties for the nodes, metrics for the nodes is
defined, wherein

-the layout engine is arranged to test the nodes to
determine whether a current node has a layout surface
competing, LSC, property

- the layout engine is arranged, 1f the current node
has an LSC property,

-to interrupt the metrics defining process,

-to recursively traverse, in an LSC job
process, the sub-tree of the current node to define
metrics ranges for nodes in the sub tree, and

-to resume the metrics defining process,
wherein the metrics ranges for the nodes in the sub-

tree are used.
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9. Computer program for rendering, in a display
system having a display, a compound graphical object,
described by a markup language, ML, document and a style
sheet, and comprising primitive content,

-wherein, by means of a parser, a structured
document, corresponding to the ML document, is created,
the structured document defining an hierarchical
relationship between pieces of primitive content in the
ML, document as a tree of inter-related nodes, the tree
having a top node, and,

-by means of a layout engine and based on the
structured document and said style sheet, a geometric
document i1s created, the geometric document defining
areas on said display to be covered by the pieces of
primitive content, which jointly form the compound
graphical object, charactezrizedby
instructions such that: .

-the layout engine, in a metrics defining process,
recursively traverses the tree of the structured
document, such that, based on said style sheet and
properties for the nodes, metrics for the nodes is
defined, wherein

-the layout engine tests the nodes to determine
whether a current node has a layout surface competing,
LSC, property,

-1f the current node has an LSC property,

-the metrics defining process is interrupted,
-the layout engine, in an LSC job process,
recursively traverses the sub-tree of the current
node to define metrics ranges for nodes in the sub
tree, and
-the metrics defining process is resumed, wherein the
metrics ranges for the nodes in the sub-tree are used.
10. A digital storage medium comprising a computer

program as claimed in claim 9.



WO 2007/011277 PCT/SE2006/000774

10

15

20

25

30

29

11. A method in rendering of a compound graphical
object described by a markup language document,
characterized by that the method
a) renders a first display type by recursively using at
least two composing types,

b) enters a first composition renderer that implements a

first composing type at a first time point, and

c) enters a second composition renderer that implements a
second composing type at a second time point being later

than the first time point.

12. An arrangement for rendering of a compound
graphical object described by a markup language document,
characterized by means for rendering a first display type
using at least two composing types, means for a first
composition renderer that implements a first composing
type and means for a second composition renderer that
implements a second composing type.

13. A computer program for rendering of a compound
graphical object described by a markup language document,
characterized by instructions corresponding to
a) rendering a first display type by recursively using at
least two composing types,

b) entering a first composition renderer that implements
a first composing type at a first time point, and

c) entering a second composition renderer that implements
a second composing type at a second time point being
later than the first time point.

14. A digital storage medium comprising a computer

program as claimed in claim 13.
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