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DYNAMIC LAYOUT ADJUSTMENT FOR REFLOWABLE CONTERT

CROSS-REFERENCE TO RELATED APPLICATION
{0001} This application claims prionty to United States Patent Application
No. 16/782,659, filed February 5, 2020, and nitled “DYNAMIC LAYOUT ADJUSTMENT FOR
REFLOWABLE CONTENT,” which 1s hereby incorporated by reference in its entirety herein.

BACKGROUND

[0002] Content providers, including publishers of books and other reading maternal,
are publishing and distributing more and more content in electronic form. This content includes
traditional media such as books, magazines, newspapers, newsletters, manuals, guides, references,
articles, reports, documents, etc., that may also exist in physical print form. Publishers or content
creators commonly reference the print design of a physical book {or magazine, or other
publication) when designing a corresponding electrorue version, such as an electronic book 1o be
distributed and read on computers, mobile phones, tablets, electronic book readers, or other
electromic devices.

[0003] When designing and creating electronic book files, many publishers or content
creators do not fully consider that compared 1o a fixed print book layout, different reading users
may often read electronic books or similar content across devices with a potentially wide range of
different screen sizes, display resolutions, device orientations {such as portrait or landscape
orientation}, and reading settings (such as different fonts and font sizes}). As a result, publishers
may specify spacing and text properties n electronic book files that result in reasonable display to
a viewing user on a certain sized screen with certain reading settings {such as ones where the
viewable screen space and dimensions approximate a printed book’s page or a certamn display size
referenced in creation of the electronic content}, but results in mnefficient usage of avaiable display
space of t¢ loss of content (such as content falling outside of the viewable area of a display) when

displayed to users on other devices or who are using other reading settings.
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BRIEF DESCRIPTION OF DRAWINGS

[0004] Embodiments of varicus inventive features will now be described with
reference to the following drawings. The drawings are provided to illustrate example embodiments
described herein and are not intended to himit the scope of the disclosure.

{00051 FIGS. 1A and 1B illustrate sample displays of content from a reflowable file on
an electronic book reader device, using existing methods, at two different resolutions or reading
settings.

[0006] FIG. 2 dlustrates sample grid layouts of reflow objects for two differently sized
and oriented display areas.

[0007] FIG. 3 is a flow diagram of an illustrative method for displaying content from
a reflowable file, such as an electronic book.

[0008] FIG. 4 15 a flow diagram of an illustrative method for determining layout
mformation for reflow objects in a reflowable file, including adjusting spacing properties for an
mdividual line of reflow objects.

[0009] FIG. 3A illustrates a sample display of content from a reflowable file on an
electronic book reader device using existing methods, in which content 1s not visible due m part to
spacing properties defined in the reflowable file.

[0010] FIG. 5B ilustrates a sarople display of content from the same reflowable file in
the same device setting as FIG. SA, i which methods described heremn bave been apphed to
prevent content loss while causing the layout of content to still closely match the original intent of
the creator of the reflowable file.

[0011] FIG. 5C sllustrates a sample display of content from a reflowable file on an
electronic book reader device, where the content layout has been adjusted o prevent content loss
and change alignment of a line based on analysis of spacing properties defined in the reflowable
file m order to ¢closely match the original intended layout.

{0012} FIG. 615 a block diagram depicting an illustrative architecture for 3 computing

system that may implement one or more of the features described herein.

DETAILED DESCRIPTION
[0013] Generally described, aspects of the present disclosure relate to dynamically

adjusting spacing properties when displaying a reflowable file, such as an electronic book. The
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spacing may be adjusted, according to some embodiments, in situations where a system determines
that applying the spacing as defined in the reflowable file would likely result in content layout that
15 unlikely to match the intent of the creator of the reflowable file and/or would cause content to
appear outside of the visible display area of the cutput medium. For example, as discussed above,
publishers commonly reference the design and formatting of a print book when setting spacing
properties for a corresponding electronic book. This sometimes results in electronic books that
specify indents, padding or other spacing that appears reasonable at certain display sizes and
reading settings, but causes poor layout or content loss {e g, content positioned outside of a
displayable area) in other display sttuations. To address these and other problems, aspects of the
present disclosure include methods for dynamically scaling down spacing or changing alignment
settings for a particular line of text or objects at the time of display based on analysis of the current
display settings and the specified spacing properties in the electronic book or other reflowable file.

[0014] As will be further described below, a system described herein may lay out a
eiven line of reflowable content for display in a manner that may differ from the spacing properties
originally defined 10 a corresponding reflowable file. For example, when an amount of spacing
that the reflowable file indicates should be mcluded in a given line exceeds a threshold that may
be set based at least i part on the available line display length (such as the amount of spacing
exceeding 90% of the available display length for a line), the layout for the line may be adjusted
to decrease the total spacing for the hine without adjusting the display size of reflow objects within
the hine. Determuning the adjusted layout may mclode utilizing a scaled down amount of space
relative to the spacing properties defined 1o the reflowable file, or applyving a different alignment
type than s indicated by the reflowable file. These and other approaches to dynamic spacing
adjustment and/or alignment changes will be further described herein,

{001 5] As 1s known i the field of digital publishing and typography, a reflowable file
may contain content that can be laid out and displayed in 3 manver that adapts to different
dimensions and sizes of output media, such as based on the available display space v a given
mstance. As is known, a reflowable file may include reflow objects that may be “reflowed” for
presentation on a given sized window or display. To reflow content may generally refer to
changing the hine segmentation of refiow objects, such as causing a next reflow object ina file to

be placed on a new line in the display area when it will not fit on the current line. Generally,
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reflow objects may include a selection of one or more letters, characters, symbols, numbers,
graphics, etc., that may be presented for display.

{001 6] As will be discussed below, aspects of the present disclosure may be
particolarly useful in embodiments in which each reflow object is a single character {such as a
character in an Asian script or language), as opposed to reflow objects that may each include
varying numbers of characters (such as English language words). A reflowable file will typically
identify the characters or other content to be displaved as text data {such as using the Unicode
standard or other format). As s known in the art, these characters may then be displayed as
corresponding glyphs, such as a glyph used to represent a given character in a certain font or
typeface used for display. In other instances, characters or other reflow objects may be defined by
image data included in or associated with the reflowable file, such as described in US. Patent
No. 7,966,557, entitled “Generating Image-Based Reflowable Files for Rendering on Various
Sized Displays.” In further instances, the reflowable file may be a token-based reflowable file in
which a reflow object 15 represented by vectorized tokens that each mathematically represent a
shape in curves, as described in U8, Patent No. 7,460,710, entitled "Converting Digital Images
Containing Text to Token-Based Files for Rendering.” In some embodiments, a reflowable file
may include a mix of font-based content {e.g., characters to be rendered as glyphs associated with
a font) and 1mage-based content {e.g., image data defined within the reflowable file that represents
a unque character, graphic, emoji, and/or other visual content for display).

{00171 In some embodiments, a reflowable file as described herein may be a file 1w an
electronic publication (“EPUB”) format or a proprietary file format that sumilarly relies at least in
part on a markup language to indicate formatting and other display information. For example,
such file formats may rely m part on Hypertext Markup Language (HTML}, Extensible Markap
Language (XML}, and/or Cascading Style Sheets {(CSS). For example, a reflowable file may
melude text mtended for display, along with markup mformation that describes the style and/or
structure of the textual content. As 18 known in the art, a single electronic book or other reflowable
file may comprise multiple files or sub-files. For example, an EPUB file is typically implemented
as an archive file that includes multiple files (such as one or more HTML files, style sheets, images,

A

etc. ).
[0018] While many languages, such as English, are wriiten or displaved horizontally,

with successive characters going from left to right within a line of text, and successive lines of text
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going from top to bottom, many Asian languages or scripts {such as Chinese, Japanese and Korean
scripts) can be written either horizontally or vertically. For example, in digital peblishing, an
electronic book n such languages may be displayed in either a horizontal mode (which may be
referred to as a horizontal writing mode or horizontal reading mode} or a vertical mode {which
may be referred to as a vertical writing mode or vertical reading mode}. In the vertical mode,
successive characters within a hine of text may go from top o bottom within a vertical line, and
successive lines of text may go from right to feft. Accordingly, in such instances, a reflow object
that does not fit on the bottom of a current vertical line of text may be reflowed to the top of a
successive line posttioned to the left of the current line.

[0019] FIGS. 1A and 1B illustrate sample displays of content from a reflowable file on
an electronic book reader device, using existing methods, at two different resolutions or reading
settings. The electronic book or other reflowable file from which the content of FIGS. 1A and 1B
is displayed may be the same between the two figures, but may be rendered according to different
display settings or readings settings. FIGS. 1A and 1B illustrate how typical existing methods of
displaying content from certain reflowable files can lead to content loss or otherwise undesirable
output or visual arrangement of content.

[0020] Device 102A 1o the given example may be, for example, an electronic book
reader device, a mobile phone, or a tablet computing device. The displayed content 1044
displayed on a screen of device 102A 15 content of a Japanese electronic book displayed mn a
vertical writing mode (e g, characters in vertical ines, reading top to bottom, with successive lings
positioned from right to left, as discussed above). As displayed in FIG. 1A, the device 102A may
be configured with reading settings that include a relatively small font size. At thus small font size,
the layout and text positioning of the content appears reasonable and may at least approximate the
iayout mntent of the publisher (or other creator of the electronic book file).

[0021] The electronic book content being presented may, for example, include spacing
i a anit (such as em units) that scales with the font size. As 13 known 1 the art, one em generally
scales to the current font size, such as one em equaling 8 points for an 8-pomnt font size. For
example, if the electronic book indicates padding of a certain fixed number of em units for a given
fing {e.g., the file includes a property such as “padding: Sem”), the amount of padding or white
space mncluded prior to the first displayed character n that line according to existing methods

would typically scale to be a greater number of total pixels the higher the selected font point size
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is. The total amount of spacing in a given line may be based on a combination of spacing and/or
text properties defined in the electronic book, such as a padding amount, a margin amount, a border
amount, and/or an indent amount, among others.

[0022] FI(z. 1B tllustrates the effect of increasing the font size with respect to the
content of FIG. 1A on the same device 102B as device 102A above, according to typical existing
display methods. As illustrated, at this relatively higher font size {even with the same screen size
and resolution as in FIG. 1A}, the spacing properties of the electronic book have caused a large
amount of white space or blank space to be displayed with little reflowable text visible {eg., a
single character in most vertical lines) in the displayed content 104B. This may be based on a
combination of scaled spacing properties {e.g., padding, margins, borders and/or indents) defined
in the file. ¥ the font size were increased further, there would be content loss {e.g., content
positioned below the visible portion of the display area) according to typical existing display
methods, such as shown in FIG. SA described below. This may be due to the need to include at
ieast one character following the padding or indent property specified in a reflowable file, even if
the character will vot fit on the screen or output mediurn. These and other display problems
associated with existing layout approaches are addressed by methods described below,

[0023] FIG. 2 illustrates sample gnd layouts of reflow objects for two differently sized
and oriented display areas. Example gnd lavout 210 may be a layout determined for display ona
particular device 1 portrait onentation, while grid layout 220 may be a layout determined for
display on a device i landscape orientation.  Apart from thewr different display area sizes and
orientations, fayout 210 and lavout 220 differ in their font size {pomnt size) as well, with layout 22
utihizing a larger font size than layout 210, The gnid markers (shown as boxes surrounding
mdividual characters} are for illustrative purposes to 1identify layout information determned prior
to display, and would not be displayved on a screen or otherwise shown to 4 user.

[0024] In the illustrated examples of FIG. 2, content s laid out in a gnid form, which
may be used 1n certamn Asian language electronic books. In the iHustrated examples 210 and 220,
each box or entry in the displayed grids contains a single character or reflow object. The characters
are laid out 1n a vertical reading mode, such that vertical line of characters 221 would be read top
to bottom prior to reading vertical line of characters 222, Each grid box may be considered one
em unit, with the display size of one em being determined by the point size or font size used for

display (which may be set or adjusted by the viewing user or reader application preferences, for
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example). Asillustrated in layout 210, the blank space preceding certain vertical lines {e.g., space
not shown with grid markings} may be placed in the layout based on spacing parameters such as
padding or indents indicated in the reflowable fife.

{0025] FI(3. 3 is a flow diagram of an illustrative method 300 for displaving content
from a reflowable file, such as an elecironic book. The illustrative method 300 may be performed
by a computing system or device such as computing system 010 described below. The method
300 begins at block 302, where the computing system may obtain a reflowable file, such as by
retrieving the file from an electronic data store. The file may be obtained in response to a request
from a user to read at least a portion of an electronic book or other reflowable file. At block 304,
the computing system may then determine a starting position in the reflowable file for the current
display request. In some mstances the starting position may be the beginning of the displayable
content of the file, while in other embodiments the starting positon may be elsewhere 1n the file
{(such as if a user 15 requesting to resume reading from a point that the user last read the electronic
book).

[0026] At block 306, the computing systern may determune sizing of the available
display area. To embodiments 1 which an entue screen or other display will be used to display
content of the reflowable file, the total screen dimensions (e.g., width and height in pixels) may be
deterrained. If instead the reflowable file will be displayed withun a window, container, or other
portion of the screen or other output medium, the dimensions of that space may be determined
{e.g., width and height in pixels}. Next, at block 308, the computing system may determine layout
mformation defining positions of reflow objects m each of a number of horizontal or vertical lings,
which may be based at least in part on the display area sizing as well as properties {(such as text
properties and spacing properties) defined in the reflowable file. Specific layout steps and dynamuie
spacing adjustment options will be described m detail with respect to FIG. 4 below.

{00271 At block 310, the computing system may render the reflow objects for display
based on the determined layout information.  As is known in the art, reflow objects may be
rendered in a number of ways once their display positions have been determined. In some
embodiments, individual reflow obiects {such as characters in an Asian script) may be rendered as
a corresponding glyph assigned to that character in a current font selected for the display of the

electronic book or other file. Some example known manners of laymg out and rendering
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reflowable content are described m more detail, for example, in U8, Patent No. 8,499 236, entitled
“Systems and Methods for Presenting Reflowable Content on a Dhsplay.”

[0028] FIG. 4 15 a flow diagram of an illustrative method 400 for determining layout
mformation for reflow objects in a reflowable file, including adjusting spacing properties for an
dividual hine of reflow objects. The illustrative method 400 may be performed by a computing
system or device such as computing system 610 described below. In some embodiments,
method 400 may be implemented as part of the determination of layout information referenced
above with respect to block 308 of FIG. 3.

{00297 The illustrative method 400 begins at block 402, where the computing system
may determine the available line display length based on the display area dimensions and display
settings. The avatlable line display length may refer to etther the available width or height in
which the current line of characters or other reflow objects may be laid out. In a horizontal writing
mode, the line display length may refer to a width of the display area {where width refers to the
ieft-to-right direction in the screen orientation currently being used by the device). 1In a vertical
writing mode, the line display length may refer to a height of the display area {where height refers
to the top-to~-bottom direction in the screen ontentation currently being used by the device).

[0030] The available line display length may be determined at block 402 either n a
font size-independent form (such as em units, representing the number of characters that will fit
on a hine) or as a total number of pixels that can be rendered oun the line, provided that the same
units are used when determining the total amount of spacing for the fine {discussed below with
respect to block 404). In one embodiment with respect to a vertical writing mode, the available
fine display length s deternuned in em units by dividing the pixel height of the available display
area by the current point size of the font being used for display (e.g., dividing by 16 for a 16-pomt
font size).

[0031] At block 404, the computing system may determine the total amount of spacing
that the reflowable file indicates should be shown in the current fine based on the spacing properties
specified in the file. In some embodiments, the total spacing may refer (o spacing other than single
“space” characters {e.g., may refer to specified border lengths, indent lengths, margin lengths,
padding lengths, etc., but not a single space character that appears between two words or
characters). The spacing may be determuned by first normalizing the units of all of the spacing

properties indicated in the file to be the same units determined for the display length {at block 402
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above), such as converting points to em units {or vice versa) based on the current font sizing and
other settings. The one or more spacing properties determuned to affect the current line may then
be added together in their normalized form. For example, if the file indicates that a border of 2
em and a padding of 15 em are applicable to the current line, the total amount of spacing may be
determined to be 17 em for the current line.

{0032] At block 406, the computing system may determine whether the total spacing
amount is above an aliowed threshold. In some embodiments, the allowed threshold may be set
as a predetermined percentage of the available line display length {e g., 0%, in one embodiment).
If the spacing amount spectfied in the file does not exceed the threshold percentage or other
allowed amount, the method may proceed to block 408 to apply spacing as defined in the
reflowable file when laying out objects for the current line. Otherwise, if the threshold 1s exceeded,
the method proceeds to decision block 410.

[0033] At block 410, the computing system may determine whether the total spacing
values defined in the reflowable file were likely intended (such as by the publisher, author or other
creator of the file) to cause right alignment (in horizontal writing mode} or bottom alignment (in
vertical writing mode). For example, the file may indicate a default aligronent of left alignment
should be used for the text of the body of a book, but the file creator may have wnserted a large
number of units of blank space prior to a given character via a padding property or other spacing
property. It is often the case with Asian language books, particularly those where an electromic
book was created to be laid out simularly to a physically printed book version, that large spacing
properties {such as 35 em, for example} are mserted m the file with the assumption that the total
displavable space in a line will match or be sinular to the print version of the book (e.g., a 40 em
fine length n a standard Japanese vertical layout print book) Manually specified spacing
properties that are close to the standard line length in print books would likely have appeared m
print form to have the displayed characters of the line appear at the end of the hne {e.g, nght
alignment of text 1n horizontal mode or bottom alignment of text 1 vertical mode}, so such
alignment or approximating such alignment was often the intention of the file creator in these
circumstances.

[0034] Accordingly, in some embodiments at block 410, the computing system may
determine if the total spacing for the line {as determined at block 404) exceeds a mimmuom

threshold value that 1s set to trigger right alignment {or bottom alignment, in vertical mode}. In
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one embodiment, the minimum threshold to trigger right or bottom alignment may besetas 32 em
for Japanese language books, which may have been determined based on the typical Japanese
language print books containing about 40 characters per line (and thus 32 em may have been
selected as a value that 15 close to the line length while still allowing space for some characters).
It will be appreciated that various right alignment trigger thresholds may be set for different
language books, different types of books {e.g., books that are typically printed with fewer or greater
number of characters or other reflow objects per line, such as reference books versus children’s
books), whether the book s designed for honzontal or vertical writing mode {(which may be
indicated by a property within an electronic book file}, etc.

[0035] If 1t 1s determined at block 410 that the spacing indicated in the file was likely
intended to cause right or bottom alignment (such as by the total spacing falling above a threshold
that triggers such alignment), the method proceeds to block 414 to apply right alignment (if in
horizontal writing mode} or bottom alignment (if in vertical writing mode}. This alignment change
may effectively ignore the file’s specific spacing amount as well as replace the alignment type
specified in the file for purposes of the current display line only, with the subsequent line returning
to the alignment type (such as left alignment) specified 1n the file (unless the computing system
separately deternmunes to apply night alignment to the subsequent line according to the same method
4003,

[0036] If 1t 13 instead deternmuned at block 410 that the spacing indicated in the file was
not hikely intended to canse right or bottom alignment {such as by the total spacing falling below
the threshold that triggers such alignment), the method proceed to block 412 to scale down the
spacing properties that are specified wn the reflowable file. For example, all of the spacing
properties specified m the file as applicable to the current hine {which may mmclude a padding,
border, margin, indent and/or others) may be scaled down by a scaling factor. The scaling factor
may be set, n some embodiments, based on a standard line size for a print book in the given
fanguage and/or of the given book type. For example, as discussed above, a 40 em hine length 1s
often used in a typical Japanese vertical layout print book. Accordingly, for Japanese language
electronic books, in some embodiments, 40 em may be considered a standard or normalized length
per line. The scaling factor may be set as the current line display fength (given the font size and

other reading settings and display settings of the device) divided by the normalized length per line

-10-
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for the corresponding type of print book {which may also consider whether the book 15 designed
for horizontal or vertical layout).

{00371 Thaus, i one embodiment, if the current font size and screen size leads to a
maximum display length of 20 em per line when displaying a given Japanese language electronic
book {where 40 em is the normalized length per line), the scaling factor to scale down the spacing
may be set as 0.5 (20/40}. In this example, if the total spacing mdicated in the file for the current
line 15 a padding of 18 em, then the padding may be scaled down to 9 em (I8 x 0.5). This
adjustment may be made for the current line only, as discussed above, with subsequent hnes
separately analyzed for spacing adjustment according to method 400, It will be appreciated that
the scale down factor may be determined and applied etther to em units or pixel counts, depending
on the embodiment. The resulting spacing determined from applying the scaling factor may be
rounded, such as rounding to the closest grid position {e.g., one em unit} in a grid layout or to the
nearest pixel at the edge of a gnid.

[0038] At block 416, the computing system may determine lavout positions for one or
more reflow objects m the current line 1n accordance with the spacing and/or alignment determined
above. As discussed above and shown n FIG. 4, the layout determination at block 416 may be
reached from block 408 (where the file’s indicated spacing 1s applied without change), block 414
{where hottom or right alignment 1s applied), or block 412 {where scaled down spacing properties
will be used). Once block 416 1s reached and the spacing and alignment has been determined, the
fayout positions of the characters or other reflow objects from the file may be determined using
existing layvout methods applied with reference to the revised spacing and/or abignment. For
example, Japanese characters may be arranged n a gnid format as deseribed above with respect to
FIG. 2.

[0039] Next, at block 418, the computing system may continue to determune layout
positions for any additional lines of reflow objects that will fit in the corrent display area {e.g., will
it on the screen of the device}). This may nclude reflowing (to the next line) one or more reflow
objecis that follow the last reflow object laid out in the current line, as well as obtaming additional
reflow objects and applicable spacing properties from the file. As discussed above with respect to
FIG. 3, once all reflow objects that will be displayed on the current display area {e.g., one screen
or page of content) have been faid out, the content may be rendered for display in accordance with

the determined layout.
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{00401 FIG. SA illustrates a sample display of content from a reflowable file on an
electronic book reader device S02A using existing methods, in which content s not visible due in
part to spacing properties defined in the reflowable file. As discussed above with respect to
FIG. 1B, relatively large font sizes may cause content loss in electronic books or other reflowable
files in which spacing properties are defined with reference to scalable units, such as em units that
scale in display size with the font point size. This is illusirated by content 504A being rendered
such that only a very small top portion of a few characters 1s visible at the botiom of the screen.

[0041] FIG. 5B illustrates a sample display of content 5048 from the same reflowable
file as FIGG. SA at the same font size and display settings (and potentially on the same device S02B
as device 502A), in which methods described herein have been applied to cause the layout of
content to better match a likely intent of the creator of the reflowable file. As illustrated, five lines
of content are now fully visible and laid out in an eastly readable manner. Some individual lines
in displayed content 504B may have had bottom alignment applied according to method 400
described above, while others may have had scaled down spacing as described above. As will be
appreciated, the font size has not been altered relative to FIG. SA, though the spacing has been
altered. This 18 in contrast to, for example, displaying non-reflow content such as an 1mage file or
Portable Document Format (PDF) file in which scaling content to fit a display screen would
typically equally scale white space and visible text or glyphs.

[0042] FIG. 5C stlustrates a sample display of content 514 from a reflowable file onan
electronic book reader device 512, where the content layout has been adjusted to change alignment
of a vertical line 516 to be bottom ahigned based on analysis of spacing properties defined in the
reflowable file. According to methods described above, electronic book reader device 312 may
have determined that hine 516 would have been positioned at least partially outside of the viewable
area {beneath the bottom of the screen} if laid out according to the spacing properties defined in
the file. Accordingly, the reader device may have dynamically determined at the time of laying
out the content for display that the alignment for line 516 should be adjusted to be bottom aligned
mstead of applying the spacing properties defined m the file. The reader device 512 may have
determined that the remaining lines in the display of content 514 be laid out in accordance with
the spacing properties defined in the file.

[0043] FIG. 6 depicts a general architecture of a computing system {which may be

referred to herein as a computing device or electromic book reader, according to some
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embodiments} configured to implement various aspects of the present disclosure. The general
architecture of the computing system 610 depicted in FIG. 6 includes an arrangement of computer
hardware and software components. The computing system 610 may include many more {or fewer)
elements than those shown in FIG. 6. It is not necessary, however, that all of these generally
conventional elements be shown in order to provide an enabling disclosure. As illustrated, the
computing system 610 mncludes a processing unit 640, a network interface 645, a computer
readable medium drive 650, an input/output device interface 655, a display 060, and an input
device 665, all of which may communicate with one another by way of a communication bus. The
computing system may be embodied i a mobile phone, tablet computer, desktop computer,
dedicated eBook reader or electronic book reader, and/or other computing device.

[0044] The network interface 645 may provide connectivity {0 one or more networks
or computing systems. The processing unit 640 may thus receive information and mstructions from
other computing systems or services via a network. The processing unit 640 may also communicate
to and from memory 670 and further provide output information for a display 660 via the
mput/output device mierface 655, The nput/output device nterface 633 may also accept wput
from the mput device 663, such as a keyboard, mouse, digital pen, mucrophone, touch screen,
gesture recogition system, voice recognition system, gamepad, accelerometer, gyroscope, or
other input device.

[0045] The memory 670 may contain computer program nstructions {grouped as
modules or components in some embodiments) that the processing unut 640 executes 10 order to
mplement one or more embodiments. The memory 670 generally includes RAM, ROM and/or
other persistent, auxiliary or non-transttory computer readable media. The memory 670 may store
an operating system 674 that provides computer program msiractions for use by the processing
unit 640 1n the general administration and operation of the computing system 610, The
memory 670 may further include computer program instructions and other information for
mplementing aspects of the present disclosure. For example, in one embodiment, the memory 670
meludes a user mterface module 672 that generates user nterfaces (and/or mstructions therefor)
for display upon a computing device, eg., via a navigation interface such as a browser or
application installed on the computing device. In addition, memory 670 may include or
communicate with a content data store 636, which may store electronic books, reflowable files,

and/or other data or files described above.
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{0046} The one or more content layout and rendering components 612 may be
configured to obtain reflowable file data from the content data store and present it for display,
mcluding applying layout and rendering functionality described herein. For example, these
component{s) 612 may be configured to implement the methods described above with respect to
FIGS. 3 and 4, in some embodiments. While content layout and rendering components are shown
m FIG. 6 as part of the same computing system 610 that presents the rendered content for display
on a display 660, in other embodimenis, all or a portion of the content layout and rendering
components may be implemented by another computing system. For example, an electronic book
reader device, personal computer or other computing device utiized by a reading user may
communicate with a server or other remote computing system that implements the content layout
and rendering components 612, and which returns an indication of the content to display (such as
m the form of image data) by the computing system 610. Such a server or other remote computing
system may include hardware and other components similar to those illustrated as part of
computing system 610, though such a system may not include all such illustrated components (e.g.,
could exclude a display, nput device, and/or others).

[0047] Depending on the embodiment, certain acts, events, or functions of any of the
processes or algorithms described herein can be performed in a different sequence, can be added,
merged, or left out altogether {e.g., vot all described operations or events are necessary for the
practice of the algorithm). Moreover, m certain embodiments, operations or events can be
performed concurrently, e.g., through multi-threaded processing, interrupt processing, or one or
more computer processors of processor cores or on other parallel architectures, rather than
sequentially.

[0048] The various lustrative logical blocks, modales, routines, and algorithm steps
described m connection with the embodiments disclosed heremn can be implemented as electronic
hardware, or as a combination of electronic hardware and executable software. To clearly iHustrate
this mterchangeability, various lustrative components, blocks, modules, and steps have been
described above generally in terms of thewr functionality. Whether such functionality is
inplemented as hardware, or as software that runs on hardware, depends upon the particular
application and design consiraints imposed on the overall system. The described functionality can
be implemented in varying ways for each particular application, but such implementation decisions

should not be interpreted as causing a departure from the scope of the disclosure.
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{00491 Conditional language used herein, such as, among others, “can,” “could,”

93 4C

“might,” “may,” “e.g.,” and the like, unless specifically stated otherwise, or otherwise understood
within the context as used, 15 generally intended to convey that certamn embodiments include, while
other embodiments do not mnclude, certain features, elements and/or steps. Thus, such conditional
language 1s not generally mtended to imply that features, elements and/or steps are in any way
required for one or more embodiments or that one or more embodiments necessarily include logic
for deciding, with or without other input or prompting, whether these features, elements and/or
steps are included or are to be performed in any particular embodiument. The terms “comprising,”
“including,” “having,” and the like are synonymous and are used inclusively, in an open-ended
fashion, and do not exclude additional elements, features, acts, operations, and so forth. Also, the
term “or” 1s used in its inclusive sense (and not wn its exclusive sense) so that when used, for
example, to connect a list of elements, the term “or” means one, some, or all of the elements in the
fist,

[0050] Disjunctive language such as the phrase “at least one of X, Y, or 2,7 unless
specifically stated otherwise, 15 otherwise understood with the context as used in general to present
that an item, term, etc., may be either X, Y, or £, or any combination thereof {e.g., X, Y, and/or
£ Thus, such disjunctive language is not generally intended to, and should not, imply that certain
embodiments require at least one of X, at least one of Y, or at least one of Z to each be present.

[0051] Unless otherwise explicitly stated, articles such as “a” or “an” should generally
be terpreted to mnclude one or more descrnibed ttems. Accordingly, phrases such as “a device
configured to” are mtended to mclude one or more recited devices. Such one or more recited
devices can also be collectively configured to carry out the stated recitations. For example, “a
processor configured to carry out recitations A, B and €7 can include a first processor configured
to carry out recitation A working in conpunction with a second processor configured to carry out
recitations B and C.

[0052] While the above detailed description has shown, described, and pointed out
novel features as applied to vanous embodiments, it can be understood that various omissions,
substitutions, and changes in the form and details of the devices or algorithms illustrated can be
made without departing from the spirtt of the disclosure As can be recognized, certain
embodiments described herein can be embodied within a form that does not provide all of the

features and benefits set forth herein, as some features can be used or practiced separately from
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others. The scope of certain embodiments disclosed herein s indicated by the appended claims
rather than by the foregoing description. All changes which come within the meaning and range
of equivalency of the claims are to be embraced within their scope.

[0053] Examples of embodiments of the present disclosure can be described in view of
the following clauses:

Clause 1. A system comprising;

a non-transitory data store that stores an electronic book, wherein the electronic
book 1s stored as one or more files comprising displayable content and formatting
mformation, wherein the displayable content comprises a plurality of reflowable objects,
wherein each reflowable object of at least a subset of the plurality of reflowable objects s
represented in one of the one or more files by a character;

at least one computing device configured with computer-executable instructions
that, when executed, cause the at least one computing device to:

recetve a request to display a portion of the displayable content of the
electronic book;

determine an available hine display length representing an amount of width
ot height available for layimg out content for a current line, wherein the available
hine display length s one of {a) a width of a display area if in a horizontal writing
mode or (b) a height of the display area 1f in a vertical writing mode;

determune, based at least in part on spacing properties defined in the
electronic book, an amount of spacing that the electronic book mdicates should be
mcluded 1n the current ling when laving out the portion of the displayable content

for display, wherein the spacing properties comprise one or more of a padding, a

margin, a border or an mdent;

identify that the amount of spacing that the electronic book mdicates should
be inchided n the current line exceeds a threshold percentage of the avadable hine
display length;

in response to identifying that the amount of spacing exceeds the threshold
percentage, determine that the current line should be laid out in a different manner

than 18 indicated by the spacing properties defined in the electronic book, wherein
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the different manner does not alter a display size of individual reflow objects to be
displayed;

select whether the different manner should be scaling down the spacing
properties for the current line based on a scaling factor or changing an alignment
property for the current line, wherein selection of the different manner s based at
feast in part on a comparison of the amount of spacing that the electronic book
indicates to a mimmum valug, wherein the minimum value 18 previously associated
with a rule to trigger one of {a) right alignment if in a horizontal writing mode or
{b) bottom alignment if in a vertical writing mode;

determine layout positions of one or more reflow objects from the portion
of the displayable content in accordance with the selected different manner for
laying out the current line, wherein an additional reflow object appearing
subsequent to the one or more reflow objects in the displayable content are assigned
1o a position in a next hine that follows the current line; and

render the one or more reflow objects for display v accordance with the

layout positions.

Clause 2. The system of Clause 1, wherein the layout positions are arranged with reference

to a grid, wheremn relative positions of reflow objects in the grid represent respective relative

display positions for rendering reflow objects for display.

Clause 3. The system of Clause 1, wherein each of the one or more reflow objects 1s

represented by a glyph when displayed.

Clause 4. The system of Clause 1, wherem the current hine 15 displayed i a vertical reading

mode m which a first character in the current hine 18 placed above a second character in the current

iine.

Clause 5. A computer-implemented method comprising:

recetving a request to display displayable content of a reflowable file;
determining an available ling display length for a current line to be displayed;

determining, based at least in part on spacing properties defined in the reflowable

file, an amount of spacing that the reflowable file indicates shouid be included n the current
line, wherein the spacing properties comprise one of more of a padding, a margin, a border

of an indent;
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identifying that the amount of spacing that the reflowable file indicates should be
mcluded in the current hine exceeds a threshold that 1s set based at least in part on the
available line display length;

i response to identifying that the amount of spacing exceeds the threshold,
determining that the current line should be laid out in a different manner than is indicated
by the spacing properties defined in the reflowable filg;

selecting the different manner in which to lay out reflowable content for the current
line, wherein the different manner comprises one of {a) using an alternative amount of
spacing relative to the amount of spacing indicated by the reflowable file or (b} applying
an alternative alignment type than indicated by the reflowable file, wherein the different
manner does not alter a display size of individual reflow objects to be displayed;

determining layout positions of one or more reflow objects from the portion of the
displavable content in accordance with the selected different manner for laying out the
current line; and

rendering the one or more reflow objects for display i accordance with the lavout
positions.

Clause 6. The computer-implemented rethod of Clause 5, wherein the available line
display length s based on one of {a) a width of a display area if in a honizontal writing mode or
{b) a height of the display area if in a vertical writing mode.

Clause 7. The computer-tmplemented method of Clause 5, wherein the available hine
display length 15 determined based at least 1 part on a size of a display area and a size of an em
umit, wherein the size of the em unit 15 assoctated with a display size of an mdividual character at
current reading settings.

Clause 8 The computer-implemented method of Clause 5, wherein the layout positions
are arranged with reference to a grnid, wherein each mdividual entry n the grid 1s assigned a single
reflow object, wherein relative positions of reflow objects m the gnid represent respective relative
display positions for rendering reflow objects for display.

Clause 9. The computer-implemenied method of Clause 5, wherein each of the one or
more reflowable objects rendered for display 15 an individual Asian language character identified
in the reflowable file and that is rendered as a glyph representing the individual Asian language

character.
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Clause 10, The computer-implemented method of Clause 5, wherein the alternative
amount of spacing 1s selected as the different manner in which to lay out the reflowable content
for the current line, wherein the computer-implemented method further comprises:

determining the alternative amount of spacing based on a predefined scaling factor
and the spacing properties for the current line.

Clanse 11, The computer-implemented method of (lause 5, wherein changing the
alignment property is selected as the different manner in which to lay out the reflowable content
for the current line, wherein the computer-implemented method further comprises:

determining from the spacing properties defined in the reflowable file that a creator
of the reflowable file likely intended the current line to appear to have a different alignment
than is indicated by an alignment property defined in the reflowable file; and

applying the different alignment for the current line instead of applying the spacing
properties defined in the reflowable file,

Clause 12. The computer-implemented method of Clause 11, wherein the reflowable
content 15 1aid out in a horizontal writing mode, wherem the different aligrument 15 right alignment.

Clause 13. The computer-implemented method of Clause 11, wherein the reflowable
content 15 1aid out in a vertical writing mode, wherein the different alignment 1s bottom alignment.

Clause 14, The computer-implemented method of Clause 5, wherein the different manner
of laying out the current line is not applied 1o a subsequent line rendered for display adjacent to
the current line.

Clause 15 Non-transitory computer readable media mclading computer-executable
mstructions that, when executed by a computing system, cause the computing system to perform
operations comprising;

recetving a request to display displayable content of a reflowable file;

determining an available line display length for a current line to be displayed;

deternuning, based at least in part on spacing properties defined m the reflowable
file, an amount of spacing that the reflowable file indicates shouid be included n the current
line;

identifving that the amount of spacing that the reflowable file indicates should be
included i the current hine exceeds a threshold that is set based at least in part on the

available line display length;
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in response to identifying that the amount of spacing exceeds the threshold,
determining that the current hine should be laid out in a different manner than 13 indicated
by the spacing properties defined in the reflowable file;

selecting the different manner in which to lay out reflowable content for the current
line, wherein the different manner comprises one of {a) using an alternative amount of
spacing relative to the spacing properties defined in the reflowable file or (b} applying an
alternative alignment type than indicated by the reflowable file, wherein the different
manner does not alter a display size of individual reflow objects to be displayed;

determining layout positions of one or more reflow objects from the portion of the
displayable content in accordance with the selected different manner for laying out the
current hine; and

rendering the one or more reflow objects for display in accordance with the layout
positions.

Clause 16. The non-transitory computer readable media of Clause 15, wherein the spacing
properties applicable to the current hine as defined in the reflowable file comprise two or more of
a padding, a margin, a border or an mndent.

Clause 17 The non-transitory computer readable media of Clause 1S, wherem each of the
two or more spacing properties are defined 1o the reflowable file by at least (a) a markup tag
representing a spacing type and (b} an associated number of units representing a length of spacing
for the corresponding spacing type.

{lause 18 The non-transitory computer readable media of Clause 17, wherein determining
the amount of spacing that the reflowable file indicates should be mncluded in the current hine
comprises:

determining a sum of em units of the each of the two or more spacing properties;
and

determuning a display length in pixels of the sum based on a current display size of
an individual em unit,

Clause 19. The non-transitory computer readable media of Clause 15, wherein the
alternative amount of spacing s selected as the different manner in which to lay out the reflowable

content for the current line, wherein the operations further comprise:
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determining the alternative amount of spacing based on a scaling factor and the
spacing properiies for the current line.

Clause 20. The non-transitory computer readable media of Clause 15, wherein changing
the alignment property is selected as the different manner in which to lay out the reflowable content
for the current line, wherein the operations further comprise:

determining from the spacing properties defined in the reflowable file that a creator
of the reflowable file Likely miended the current line to appear to have a different alignment
than 1s indicated by an alignment property defined in the reflowable file; and

applying the different alignment for the current line instead of applying the spacing

properties defined i the reflowable file.
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CLAIMS
WHATIS CLAIMED IS:

1. A system comprising:

a non-transitory data store that stores an electronic book, wherein the electronic
book 1s stored as one or more files comprising displayable content and formatting
imformation, wherein the displayable content comprises a plurality of reflowable objects,
wherein each reflowable object of at least a subset of the plurality of reflowable objects s
represented in one of the one or more files by a character;

at least one computing device configured with computer-executable nstructions
that, when executed, cause the at least one computing device to:

recetve a request to display a portion of the displayable content of the
electronic book;

determine an available line display length representing an amount of width
ot height available for layimg out content for a current line, wherein the available
hine display length s one of {a) a width of a display area if in a horizontal writing
mode or {b) a height of the display area 1f in a vertical writing mode;

determine, based at least i part on spacing properties defined in the
electronic book, an amount of spacing that the electronic book mdicates should be
mcluded 1n the current ling when laving out the portion of the displayable content
for display, wherein the spacing properties comprise one or more of a padding, a
margin, a border or an mdent;

identify that the amount of spacing that the electronic book imdicates should
be inchided n the current line exceeds a threshold percentage of the avadable hine
display length;

i response to identifying that the amount of spacing exceeds the threshold
percentage, determine that the current line should be laid out in a different manner
than 18 indicated by the spacing properties defined in the electronic book, wherein
the different manner does not alter a display size of individual reflow objects to be

displayed;

Iy
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2.

select whether the different manner should be scaling down the spacing
properties for the current line based on a scaling factor or changing an alignment
property for the current line, wherein selection of the different manner s based at
feast in part on a comparison of the amount of spacing that the electronic book
indicates to a mimmum valug, wherein the minimum value 18 previously associated
with a rule to trigger one of (a) right alignment if i a horizontal writing mode or
{b) bottom alignment if in a vertical writing mode;

determine layout positions of one or more reflow objects from the portion
of the displayable content in accordance with the selected different manner for
laying out the current line, wherein an additional reflow object appearing
subsequent to the one or more reflow objects in the displayable content are assigned
1o a position in a next hine that follows the current line; and

render the one or more reflow objects for display 1n accordance with the
layout positions.

The system of Claim 1, wherein the layout positions are arranged with reference to

a grid, wheremn relative positions of reflow objects in the grid represent respective relative display

positions for rendering reflow objects for display.

3.

The systern of Claim 1, wherein each of the one or more reflow objects is

represented by a glyph when displayed.

4.

The system of Claim 1, wheren the current line 15 displayed m a vertical reading

mode m which a first character in the current hine 18 placed above a second character in the current

iine.

A computer-implemented method comprising:
recetving a request to display displayable content of a reflowable file;
determining an available line display length for a current line to be displayed;

deternuning, based at least in part on spacing properties defined m the reflowable

file, an amount of spacing that the reflowable file indicates should be included i the current

line, wherein the spacing properties comprise one of more of a padding, a margin, a border

of an indent;
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identifying that the amount of spacing that the reflowable file indicates should be
mcluded in the current hine exceeds a threshold that 1s set based at least in part on the
available line display length;

i response to identifying that the amount of spacing exceeds the threshold,
determining that the current line should be laid out in a different manner than is indicated
by the spacing properties defined in the reflowable filg;

selecting the different manner in which to lay out reflowable content for the current
line, wherein the different manner comprises one of {a) using an alternative amount of
spacing relative to the amount of spacing indicated by the reflowable file or (b} applying
an alternative alignment type than indicated by the reflowable file, wherein the different
manner does not alter a display size of individual reflow objects to be displayed;

deternuning layout positions of one or more reflow objects from the portion of the
displavable content in accordance with the selected different manner for laying out the
current line; and

rendering the one or more reflow objects for display i accordance with the lavout
positions.

6. The computer-implemented method of Claim S, wherein the available line display
iength1s based on one of (a) a width of a display area 1f in a horizontal writing mode or (b) a height
of the display area «f 1n a vertical writing mode.

7. The computer-implemented method of Claim 5, wherein the available line display
fength 18 determined based at least n part on a size of a display area and a size of an em uny,
wheretn the size of the em unit 15 associated with a display size of an individual character at current
reading settings, wherein the layout positions are arranged with reference to a grid, wherein each
mdividual entry 1 the grid 15 assigned a single reflow object, wherein relative positions of reflow
objects in the grid represent respective relative display posttions for rendering reflow objects for
display.

8. The computer-implemented method of Claim 5, wherein each of the one or more
reflowable objects rendered for display 18 an individual Asian language character identified in the

reflowable file and that is rendered as a glyph representing the individual Asian language character.
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a. The computer-implemented method of Claim 5, wherein the alternative amount of
spacing is selected as the different manner in which to lay out the reflowable content for the current
line, wherein the computer-implemented method further comprises:

determining the alternative amount of spacing based on a predefined scaling factor
and the spacing properties for the current line.

10 The computer-implemenied method of Claim 5, wherein changing the alignment
property 1s selected as the different manner in which to lay out the reflowable content for the
current line, wherein the computer-implemented method further comprises:

determining from the spacing properties defined in the reflowable file that a creator
of the reflowable file likely intended the current line to appear to have a different alignment
than 15 indicated by an alignment property defined in the reflowable file; and

applying the different alignment for the current line instead of applying the spacing
properties defined in the reflowable file,

11 The computer-implemented method of Claim 10, wherein the reflowable content is
laid out 1n one of (a) a horizontal writing mode wherein the different alignment 1s nght alignment
or {b) a vertical writing mode wherein the different alignment 15 bottom alignment.

12. The computer-implemented method of Claim 3, wherein the different manner of
faving out the current line 18 not applied to a subsequent line rendered for display adjacent to the
current line.

3. Noun-transttory  computer  readable media  including  computer-executable
mstroctions that, when executed by a computing system, cause the computing system to perform
Operations CoOmprising:

receiving a request to display displayable content of a reflowable file;

deternuning an available line display length for a current line to be displaved,;

determining, based at least 1o part on spacing properties defined m the reflowable
file, an amount of spacing that the reflowable file indicates should be included m the current
fine;

identifying that the amount of spacing that the reflowable file mndicates should be
mcluded in the current hine exceeds a threshold that 1s set based at least in part on the

available line display length;
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in response to identifying that the amount of spacing exceeds the threshold,
determining that the current line should be laid out in a different manner than 15 indicated
by the spacing properties defined in the reflowable file;

selecting the different manner in which to lay out reflowable content for the current
line, wherein the different manner comprises one of {a) using an alternative amount of
spacing relative to the spacing properties defined in the reflowable file or (b} applying an
alternative alignment type than indicated by the reflowable file, wherein the different
manner does not alter a display size of individual reflow objects to be displayed;

determining layout positions of one or more reflow objects from the portion of the
displayable content in accordance with the selected different manner for laying out the
current hine; and

rendering the one or more reflow objects for display in accordance with the layout
positions.

14, The non-transitory computer readable media of Claim 13, wherein each of the two
or more spacing properties are defined in the reflowable file by at least {a) a markup tag
representing a spacing type and (b) an associated number of units representing a length of spacing
for the corresponding spacing type, wherein deternuning the amount of spacing that the reflowable
file mdicates should be ncluded 1o the current line comprises:

determining a sum of em units of the each of the two or more spacing properties;
and

determuning a display length in pixels of the sum based on a current display size of
an ndividual em unit.

15 The non-transitory computer readable media of Claim 13, wherein the alternative
amount of spacing 18 selected as the different manner in which to lay out the reflowable content
for the current line, wheren the operations further comprise:

determining the alternative amount of spacing based on a scaling factor and the

spacing properiies for the current line.
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Y 302
OBTAIN A REFLOWABLE FILE
DETERMINE STARTING POSITION IN v 304
REFILOWARBLE FILEFOR CURRENT INSPLAY
REQUEST
Y 306
DETERMINE SIZING OF AVAILABLE DISPLAY
ARFEA
¥

DETERMINE LAYOUT INFORMATION DEFINING
POSITIONS OF REFLOW OBJECISINEACH OF A 7 308
NUMBER OF HORIZONTAL OR VERTICAL LINES,
BASED ON DISPLAY ARFEASIZING AND
PROPERTIES DEFINED IN THE REFLOWABLE FILE
{SEE FIG. 4}

'

RENDER REFLOW OBJECTS FOR DISPLAY BASED
ONTHE DETERMINED LAYOUT INFORMATION
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400 S , A 402
DETERMINE AVAITLABLE LINE DISPLAY /_

LENGTH BASED ON DISPLAY AREA

¥

DETERMINE TOTAL AMOUNT OF
SPACING THAT REFLOWABLE FILE

INDICATES FOR CURRENT LINE

SPACING 406

" AMOUNT ABOVE
~ ALLOWED
“STHRESHOLD?

NO

- 408

APPLY 5PACING AS
DEFINED IN FILE

- 410

A7 SPACING ™
VALUES LIKELY ™S\ o
INTENDED TO CAUSE

/"“‘ 412

“\\RIGHT OR BOTTOM ¢
NALIGNMENT?

SCALE DOWN
SPACING
PROPERTIES

YES ¥ o~ 414

APPLY RIGHT ALIGNMENT
(HORIZONTAL MODE) OR BOTTOM
ALIGNMENT (VERTICAL MODE)

v

DETERMINE LAYOUT POSITIONS FOR

REFLOW OBJECT(S) IN CURRENT LINE

INACCORDANCE WITH DETERMINED
SPACING/ALIGNMENT

¥

CONTINUE TO DETERMINE LAYOQUT
POSITIONS FORANY ADDITIONAL
LINES OF REFLOW OBJECTS
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