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TITLE OF THE INVENTION

SYSTEM AND METHOD FOR THE CREATION AND USE OF VISUALLY-
DIVERSE HIGH-QUALITY DYNAMIC VISUAL DATA STRUCTURES

CROSS REFERENCE TO RELATED APPLICATIONS
[0001]  This application claims priority from US Provisional Patent Applications: 62/198,725
filed 31 July 2015, 62/247,766 filed October 29 2015 and 62/367,151 filed 27 July 2016 all of

which are hereby incorporated in their entirety by reference.
FIELD OF THE INVENTION

[0002] The present invention relates to visual design systems generally and to visual data
structures in particular.

BACKGROUND OF THE INVENTION
[0003] Website building systems have become very popular and allow novice website builders
to build professional looking and functioning websites. Many of these systems provide both the
novice and experienced user ways of building websites from scratch.
[0004] A website building system may be a standalone system, or may be embedded inside a
larger editing system. It may also be on-line (i.e. applications are edited and stored on a server),
off-line or partially on-line (with web sites being edited locally but uploaded to a central server).
[0005] Websites are typically made up of applications and a visually designed application
typically consists of pages which may be displayed separately and contain components.
Components are typically arranged in a hierarchy of containers (single page and multi-page)
inside the page containing atomic components. A multi-page container may display multiple
mini-pages. Pages may also include list applications and third party applications.
[0006] Pages may also use templates — general page templates or component templates.
Specific cases for templates include the use of an application master page containing
components replicated in all other regular pages, and the use of an application header and/or
footer (which repeat on all pages). The arrangement of components inside a page is called the

layout.
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SUMMARY OF THE PRESENT INVENTION
[0007] There is provided, in accordance with a preferred embodiment of the present invention,
a system implementable on a computing device having a processor and a memory. The system
includes visual design system to generate a single visual data structure based on a hierarchy of
components; a database to store at least one visual data structure and an associated signature
where the signature represents at least a semantic composition of the at least one visual data
structure; a signature comparer to match a signature of the single visual data structure to an
associated signature of at least one visual data structure stored in the database and to present
multiple versions of alternate visual data structures for the hierarchy of components for selection
by a user; and where the alternate visual data structures are visually different and semantically
similar to each other.
[0008] Moreover, in accordance with a preferred embodiment of the present invention, the
system also includes a visual data structure adapter and applier to adapt the hierarchy of
components to a selected visual data structure.
[0009] Further, in accordance with a preferred embodiment of the present invention, the
hierarchy of components includes a subset of components of an entire page of the visual design
system.
[0010] Still further, in accordance with a preferred embodiment of the present invention, the
hierarchy of components includes a set of sub-page entities spread over multiple pages of an
application edited by the visual design system.
[0011] Additionally, in accordance with a preferred embodiment of the present invention, the
visual design system is at least one of: a desk top application development environment, a
mobile application development environment, a client server application development
environment, a non-browser web application development environment, a plug-in development
environment and a shop-builder.
[0012] Moreover, in accordance with a preferred embodiment of the present invention, the
system includes a previewer to present the alternate visual data structures on multiple target
platforms.
[0013] Further, in accordance with a preferred embodiment of the present invention, the system

includes a previewer to present the alternate visual data structures on single target platform.
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[0014] Still further, in accordance with a preferred embodiment of the present invention, the
multiple platforms are at least one of: a website, a desktop application and a mobile application.
[0015] Additionally, in accordance with a preferred embodiment of the present invention, the
visual design system is at least one of: end user oriented website and application.

[0016] Moreover, in accordance with a preferred embodiment of the present invention, the
visual design system is a native application building system.

[0017] Further, in accordance with a preferred embodiment of the present invention, the
semantic composition is at least one of extracted business information from external sources
and component information.

[0018] Still further, in accordance with a preferred embodiment of the present invention, the
semantic composition is derived from at least one of: computing environment, underlying
hardware and non-display factors.

[0019] Moreover, in accordance with a preferred embodiment of the present invention, the
system includes component searcher to search for and generate components based on graph
matching.

[0020] Additionally, in accordance with a preferred embodiment of the present invention, the
visual design system is a dynamic view assignment system.

[0021] Moreover, in accordance with a preferred embodiment of the present invention, the
alternate visual data structures are at least one of: views associated with data items and views
based on additional sources.

[0022] Further, in accordance with a preferred embodiment of the present invention, the
signature is based on information for at least one of: data items, type definitions and objects
related through inheritance relationships.

[0023] Still further, in accordance with a preferred embodiment of the present invention, the
information is at least one: content and design related information and business information.
[0024] Additionally, in accordance with a preferred embodiment of the present invention, the
visual design system is an application generation system.

[0025] Moreover, in accordance with a preferred embodiment of the present invention, the

alternate visual data structures are at least one of: applications or application sub sections.
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[0026] Further, in accordance with a preferred embodiment of the present invention, the
applications and the application sub-sections are based on at least on of: an existing on-line
presence retrieved external data based on seed information and user entered data.

[0027] Still further, in accordance with a preferred embodiment of the present invention, the
applications and the application sub-sections are based on at least one of: content information,
general application site structure information and specific page and area information.

[0028] Additionally, in accordance with a preferred embodiment of the present invention, the
visual design system is a page analyzing visual editor.

[0029] Moreover, in accordance with a preferred embodiment of the present invention, the
alternate visual data structures are a visual design structure consisting of a hierarchy of smart
box elements.

[0030] Further, in accordance with a preferred embodiment of the present invention, the
hierarchy of smart box elements is based on semantic information extracted from at least one of:
the hierarchy of components, inter component anchors and component editing history.

[0031] Still further, in accordance with a preferred embodiment of the present invention, the
hierarchy of smart box elements is at least one of: user created or system generated.

[0032] Additionally, in accordance with a preferred embodiment of the present invention, the
system also includes an experiment system.

[0033] Moreover, in accordance with a preferred embodiment of the present invention, the
experiment system includes a database to store at least one visual data structure and an
associated signature wherein the signature represents the semantic composition of the at least
one visual data structure based on a hierarchy of components; a signature comparer to match an
associated signature of a visual data structure of the visual design system to an associated
signature of the at least one visual data structure stored in the database and to retrieve multiple
alternate visual data structures for the visual data structure from the database, where the
alternate visual data structure are visually different and semantically similar to the hierarchy of
components; an experiment creator to receive the alternate visual data structure and to present
them to a user as part of a controlled experiment; and an experiment analyzer to analyze results
of the selection of a visual data structure by the user to provide statistical information on

preferred visual data structures for the visual design system.
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[0034] Further, in accordance with a preferred embodiment of the present invention, the
controlled experiment is based on at least one of: a visual quality of the visual data structure, an
explicit user metric, an implicit user metric and a system use metric.

[0035] Still further, in accordance with a preferred embodiment of the present invention, the
controlled experiment uses at least one of: A/B and multivariate testing.

[0036] There is provided, in accordance with a preferred embodiment of the present invention,
a website building system implementable on a computing device having a processor and a
memory including a database to store at least one layout and an associated signature where the
signature represents the semantic composition of the at least one layout based on at least one of:
a user supplied and a system generated handled component set; a signature comparer to match
an associated signature of a layout of the website building system to an associated signature of
the at least one layout stored in the database and to retrieve multiple alternate layouts for the
layout from the database, wherein the alternate layouts are visually different and semantically
similar to the handled component set; an experiment creator to receive the alternate layouts and
to present them to a user as part of a controlled experiment; and an experiment analyzer to
analyze results of the selection of the layout by the user to provide statistical information on
preferred layouts to the website building system.

[0037] Moreover, in accordance with a preferred embodiment of the present invention the
controlled experiment is based on at least one of: a visual quality of the layout, an explicit user
metric, an implicit user metric and a system use metric.

[0038] Further, in accordance with a preferred embodiment of the present invention controlled
experiment uses at least one of: A/B and multivariate testing.

[0039] There is provided, in accordance with a preferred embodiment of the present invention a
method implementable on a computing device having a processor and a memory including
generating a single visual data structure based on a hierarchy of components; storing at least one
visual data structure and an associated signature where the signature represents at least a
semantic composition of the at least one visual data structure; matching a signature of the single
visual data structure to an associated signature of at least one visual data structure stored in the
database and presenting multiple versions of alternate visual data structures for the hierarchy of
components for selection by a user; and where the alternate visual data structures are visually

different and semantically similar to each other.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0040] The subject matter regarded as the invention is particularly pointed out and distinctly
claimed in the concluding portion of the specification. The invention, however, both as to
organization and method of operation, together with objects, features, and advantages thereof,
may best be understood by reference to the following detailed description when read with the
accompanying drawings in which:

[0041] Fig. 1 is a schematic illustration of an example webpage page to be adapted;

[0042] Fig. 2 is a schematic illustration of a sample user interface displaying a selection of
possible alternative layouts for the example webpage in Fig. 1, constructed and operative in
accordance with a preferred embodiment of the present invention;

[0043] Figs. 3A and 3B are schematic illustrations of a system for producing visually diverse
alternative dynamic layouts for a website; constructed and operative in accordance with a
preferred embodiment of the present invention;

[0044] Fig. 4 is a schematic illustration of the relationship between the concepts of page, layout,
match and signature. constructed and operative in accordance with a preferred embodiment of
the present invention;

[0045] Fig. 5 is a schematic illustration of the page analyzer of Figs. 3A and 3B ; constructed
and operative in accordance with a preferred embodiment of the present invention;

[0046] Fig. 6 is a schematic illustration of layout splitting for an end-to-end intersection case,
constructed and operative in accordance with a preferred embodiment of the present invention;
constructed and operative in accordance with a preferred embodiment of the present invention;
[0047] Fig. 7 is a schematic illustration layout splitting for a complex margin/content case;
constructed and operative in accordance with a preferred embodiment of the present invention;
[0048] Fig. 8 is a schematic illustration of a page layout which includes a container component;
[0049] Fig. 9 is a schematic illustration of a semantic tree which includes container types;
[0050] Fig. 10 is a schematic illustration of container flattening; constructed and operative in
accordance with a preferred embodiment of the present invention;

[0051] Fig. 11 is a schematic illustration of container flattening and reconstruction; constructed

and operative in accordance with a preferred embodiment of the present invention;
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[0052] Fig. 12 is a schematic illustration of problem cases in container flattening and
reconstruction;

[0053] Fig. 13 is a schematic illustration of single component container expansion and
matching; constructed and operative in accordance with a preferred embodiment of the present
invention;

[0054] Fig. 14 is a schematic illustration of matching a virtual component generated following
dominant contained component detection; constructed and operative in accordance with a
preferred embodiment of the present invention;

[0055] Fig. 15 is a schematic illustration of a suggested layout construction for the recursive
application method of container handling; constructed and operative in accordance with a
preferred embodiment of the present invention;

[0056] Fig. 16 is a schematic illustration of layout to layout mapping made possible through
component splitting; constructed and operative in accordance with a preferred embodiment of
the present invention;

[0057] Fig. 17 is a schematic illustration of a simple semantic tree;

[0058] Fig. 18 is a schematic illustration of a section of a semantic tree showing use of semantic
sub-types;

[0059] Fig. 19 is a schematic illustration of a stratified semantic tree;

[0060] Fig. 20 is a schematic illustration of stratified semantic tree with paths of different
length in the same strata;

[0061] Fig. 21 is a schematic illustration of the elements of the layout filter and ranker of 3A
and 3B; constructed and operative in accordance with a preferred embodiment of the present
invention;

[0062] Fig. 22 is a schematic illustration of the implementation of the layout searcher and
generator of Fig. 3A; constructed and operative in accordance with a preferred embodiment of
the present invention;

[0063] Fig. 23 is a schematic illustration of the implementation of the AGL handler of Fig. 22;
constructed and operative in accordance with a preferred embodiment of the present invention;
[0064] Fig. 24 is a schematic illustration of the implementation of the SBL handler of Fig. 22;
constructed and operative in accordance with a preferred embodiment of the present invention;

[0065] Fig. 25 is a schematic illustration of a weighted semantic tree;
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[0066] Fig. 26 is a schematic illustration of a weighted semantic tree with an extra component
node;

[0067] Fig. 27 is a schematic illustration of the creation of partial layouts, constructed and
operative in accordance with a preferred embodiment of the present invention;

[0068] Fig. 28 is a schematic illustration of an example of handling a segmented layout;
constructed and operative in accordance with a preferred embodiment of the present invention;
[0069] Fig. 29 is a schematic illustration of attribute-based component matching integrating
semantic linking information; constructed and operative in accordance with a preferred
embodiment of the present invention;

[0070] Fig. 30 is a schematic illustration of the elements of the layout adapter/ applier of Fig.
3A; constructed and operative in accordance with a preferred embodiment of the present
invention;

[0071] Fig. 31 is a schematic illustration of joint result diversification for multiple layout
database queries; constructed and operative in accordance with a preferred embodiment of the
present invention;

[0072] Fig. 32 is as schematic illustration of an alternative embodiment to the system of Figs.
3A and 3B, constructed and operative in accordance with a preferred embodiment of the present
invention;

[0073] Fig. 33 is a schematic illustration of the elements of the layout system 90 of Fig. 32,
constructed and operative in accordance with a preferred embodiment of the present invention;
[0074] Fig 34A is a schematic illustration of the different embodiments of use for the system of
Fig. 32, constructed and operative in accordance with a preferred embodiment of the present
invention;

[0075] Fig. 34B is a schematic illustration of the use of the system of Fig. 32 with an
experiment system, constructed and operative in accordance with a preferred embodiment of the
present invention;

[0076] Fig. 35 is a schematic illustration of an alternative embodiment of elements of the layout
system 90 of Fig. 32, constructed and operative in accordance with a preferred embodiment of
the present invention;

[0077] Fig. 36 is a schematic illustration of a graph describing an E-commerce application at

the page level; and



WO 2017/017663 PCT/IB2016/054602

[0078] Figs. 37A and 37B are schematic illustrations of two parts of a graph describing an E-
commerce application at the component level.

[0079] It will be appreciated that for simplicity and clarity of illustration, elements shown in the
figures have not necessarily been drawn to scale. For example, the dimensions of some of the
elements may be exaggerated relative to other elements for clarity. Further, where considered
appropriate, reference numerals may be repeated among the figures to indicate corresponding or

analogous elements.



WO 2017/017663 PCT/IB2016/054602

DETAILED DESCRIPTION OF THE PRESENT INVENTION
[0080] In the following detailed description, numerous specific details are set forth in order to
provide a thorough understanding of the invention. However, it will be understood by those
skilled in the art that the present invention may be practiced without these specific details. In
other instances, well-known methods, procedures, and components have not been described in
detail so as not to obscure the present invention.
[0081] An alternative way for a user to update or change their website is to change the layout of
a current website based on the content and structure within so that only the actual layout
changes and the content is preserved. Current systems typically run algorithms that search for a
layout visually similar to the model layout provided by the user.
[0082] Applicants have realized that an alternative method may be a system that may generate a
layout which is visually different from the model layout, but is sufficiently equivalent to be able
to store and present the same underlying content. These layouts may be used to provide design
alternatives to an existing page design created by a user, to provide suggested layouts for data
collections which do not have a current design (such as imported data which has yet to be
organized) and to allow pages created using a given template to be used with alternative
templates.
[0083] Applicants have further realized that the stored layouts may be dynamic and may also be
subject to dynamic layout processing as discussed in US Patent Publication No 2013-0219263
entitled “A Server Based Web Site Design System Integrating Dynamic Layout and Dynamic
Content” published 22 August 2013, incorporated herein by reference and assigned to the
common assignee of the current invention. Therefore the stored layouts may automatically be
adapted for different amounts of component content.
[0084] It will be appreciated that a set of relevant components on a page or a part thereof (i.e. a
subset of the components in a page) may be considered a given handled component set as
described in more detail herein below. Applicants have further realized that it is possible to
provide a diverse set of high-quality semantically-equivalent layout alternatives for a given
handled component set. Thus a designer could apply a selected suggested layout to the handled
component set. It will be appreciated that such a system may also allow designers to add
complementary information to their layout designs which could support the system in locating

these designs and even apply them at a later stage to the handled component set.
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[0085] Reference is now made to Fig. 1 which illustrates an example page to be adapted. The
page contains one picture component P1 and 3 text components T1, T2 and T3. These
components may be considered the handled component set.

[0086] Reference is now made to Fig. 2 which illustrates a pop-up menu which is activated by
pressing (as an example) the “Magic Layout” button. This pop-up menu displays the result of a
query made against a layout database using the specific handled component set or an
automatically generated layout based on the specific handled component set (as discussed in
more detail herein below). The pop-up menu in this implementation displays an outline of each
of the suggested layouts. In this implementation, whenever the designer may hover his cursor
over one of the suggested layouts in the pop-up menu, the edited page is temporarily adapted to
the suggested layout pointed to by the mouse.

[0087] Applicants have further realized that such a system may provide a layout marketplace to
designers which may present to a user layouts that have been prepared in advance for use by the
system, layouts collected from various sources (and possibly filtered for diversity and quality)
and automatically generated layouts created based on the components in the handled component
set and layout creation rules (as described in more detail herein below).

[0088] Applicants have realized that searching for layouts which are semantically equivalent or
close to the handled component set (the current page) may be done by extracting (one or more)
signatures which represent the semantic composition of the handled component set and the pre-
indexed layouts. It will be appreciated that that the handled component set is the collection of
components used for layout searching (which is also subject to layout modification), whereas
the signature is a string or vector which includes semantic information about the handled
component set in a summarized form.

[0089] Each signature may include a count of the number of semantic component types at
various level of details (e.g. [1 text, 2 images, 1 gallery] or [3 visuals, 1 gallery]) as discussed in
more detail herein below.

[0090] Reference is now made to Figs. 3A and 3B which illustrate a system 100 for generating
visually diverse alternative dynamic layouts for a website according to an embodiment of the
present invention. Fig. 3A illustrates system 100 during finding visually diverse and
semantically similar candidate layouts for an incoming request page and Fig. 3B illustrates

layout collection and indexing. System 100 comprises a client 5 and a server 15. Server 15 may

11
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further comprise an application manager 10, an application repository 20, a page editor 30, a
page spider 41, a page analyzer 44, a layout filter and ranker 45, a layout adapter and applier 50,
a layout searcher and generator 60, a layout database 70 and a layout database coordinator 75.
Layout database coordinator 75 may further comprise a signature comparer 77 as described in
more detail herein below. Application repository 20 may hold versions of the pertinent website
pages which may be retrieved by application manager 10 when required, as well as additional
related data (such as application metadata and dynamic layout information). Page editor 30 may
be suitable graphical user interface which may allow editing of pages and may act as an
interface between the user and system 100 when providing manual input to the process. Page
editor 30 may also comprise a previewer 32 so that previews of layouts and final adaptations
may be presented to the user as described in more detail herein below.

[0091] As is illustrated in Fig. 3A to which reference is now made, page analyzer 44 may pre-
process and analyze an incoming user page supplied via page editor 30. Layout searcher and
generator 60 may search layout database 70 according to the given handled component set of the
incoming user supplied page and may locate candidate layouts and perform result matching.
Layout filter and ranker 45 may perform filtering and ranking on the candidate layouts. Layout
adapter and applier 50 may adapt the handled component set to a new selected layout, chosen by
a user from a set of compatible candidate layouts. Layout searcher and generator 60 may also
generate a number of additional automatically generated layouts to be ranked and possibly
presented to the user together with the layouts located in the layout database 70 (as described in
more detail herein below).

[0092] As is illustrated in Fig. 3B to which reference is now made page analyzer 44 may pre-
process and analyze an incoming webpage retrieved by page spider 41 to produce candidate
layouts which are filtered and ranked by layout filter and ranker 45 before being stored on layout
database 70 for use for layout searching and generating as described herein above

[0093] It will be appreciated that a single system 100 may comprise more than one layout
database 70. The elements of system 100 are discussed in more detail herein below.

[0094] Layout database 70 may store layouts based on pages collected from multiple sources
together with associated layout packages as described in more detail herein below. Layout
database 70 may also store the full pages from which layouts may be extracted to be presented

when required. Layout database 70 may be a user-specific layout database or a group-specific
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layout database or both as described in more detail herein below. It will be appreciated that
system 100 may comprise of more than one layout database 70 of differing quality layouts.
Typically the best quality is that of a manually created layout, followed by layouts based on the
current website building system designer sites followed by that of external designers as
discussed in more detail herein below.

[0095] It will be appreciated that server 15 may be a separate server or one of the regular system
servers. Some or all of the functionality of the server may also be implemented on client 5 as
well (such as expanding the query based on semantic type equivalence, and passing such
expanded queries to the server to be resolved as described in more detail herein below).

[0096] It will also be appreciated that server 15 may also include options to explicitly insert,
modify or delete layouts — so that employees of the website building system vendor may insert,
modify or delete specific layouts. This may also be relevant, for example, for a user-specific
layout database 70 which may allow a user to manage his or her layout repository.

[0097] It will be further appreciated that architecture of system 100 may be described in terms
of page, layout and match as is illustrated in Fig. 4 to which reference is now made. As
discussed herein above, a signature (used for searching) may be extracted from the layout. It will
be appreciated that the layout (L1) may be similar to the page (P1), but with the background and
decorations removed. The signature extracted from layout L1 (as described in more detail herein
below) may be compared against other signatures of pre-prepared layouts held in layout
database 70. The match (M1) may be a subset of the layout fields in L1, matched against the
layout fields of a selected layout from layout database 70 as described in more detail herein
below.

[0098] Page P1 may be the complete visual entity handled by system 100 as shown to the user.
It may be a full website building system page (as describe above), or a part thereof (if the system
supports page partitioning — automatic or manual — which allows parts of a page to be handled).
[0099] Page P1 may include actual components (some of which form part of the layout L1 (as
shown in Fig. 4), decoration components, components from templates, a header, a footer etc.
and various page-level attributes not related to any specific component (e.g. a generic
background color or style guideline).

[00100] Layout L1 may be the set of actual components from P1 to be matched (on both the

incoming page request side and on the layout database 70 side) — this is the level at which the
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layout searching and matching may be performed as described in more detail herein below. As
is illustrated in Fig. 4, L1 may differ from the set of components in P1 since it does not contain
any decoration components and does not contain any components which should not be part of
the matching process — as determined by system 100 or marked by the user as described in more
detail herein below. This could be due to their type (for example), or by an arbitrary user
decision.

[00101] Layout L1 may also omit locked components. System 100 may allow a user to define
locked components which are locked in position. Such locked components may not participate
in the searching and matching processes (and may also be excluded from additional system
processes such as dynamic layout). Layout L1 may also be limited through specific manual
selection by the user, e.g. “suggest alternative layouts for components X and Y and Z only (and
leave the other page components in place)”.

[00102] Layout L1 may also contain new components (which are not present in P1) generated
from existing page components through component splitting and uniting. .1 may also contain
components generated or modified due to container processing as discussed in more detail
herein below. Layout L1 may also contain information on component relationships generated
through semantic analysis of the components in the page, e.g. “define component A and B as
linked component pair (caption + picture) and suggest alternative layouts which have a similar
linked component pair”.

[00103] For all candidate layouts that are found, system 100 may match between the current
user layout and a candidate layout. The subset of components (in each of the two matched
layouts) may be called a match, i.e. there is a current user layout match and a candidate layout
match.

[00104] It will be appreciated that the matched components on each side of the match (the
handled component set of the incoming request page / candidate layout) are matched but are not
identical — they may typically have different size and position, and may very well have different
types. There may also be remaining components on both sides — contained in the layout but not
in the match. Their handling is discussed herein below.

[00105] It will be further appreciated that system 100 may maintain the two way relationship

between the various elements of page P1, layout L1 and match M1. This way any changes (in
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layout or content) applied to elements of Layout L1 (for example), may also be applied to the
corresponding elements on page P1.

[00106] A set theory containment relationship may typically apply between the three entities,
i.e. Match € Layout € Page (subject to the multiple exceptions noted above such as split/united
components). However, this is not geometrical containment, i.e. non-layout components may be
geometrically intermixed with layout components.

[00107] It will also be appreciated that layout database 70 may be indexed according to the
signatures extracted from the layouts. Layout database 70 may also store an associated layout
package containing information regarding associated pages, dynamic layout anchors, semantic
links, signatures etc. together with the layouts as described in more detail herein below. Such
layout package may contain the full original pages — allowing the system to easily re-extract the
signatures if the signature extraction algorithm is modified. In an alternative embodiment,
layout database 70 may be implemented using the layouts alone, and the minimal information
need to perform semantic link matching (without any additional information) - the non-layout
page components may be discarded and not stored in layout database 70.

[00108] System 100 may also store in layout database 70 a screen shot of the original page, so
to present to the user a “full view” of the suggested layouts, and not just an abstract layout view.
System 100 may also store a pre-processed version of the layout suitable for quick generation of
a preview of the suggested layouts with the user content.

[00109] It will be appreciated that system 100 may be aimed at designers using a typical
website building system and as such may run within the context of the typical website building
system. Thus, a large amount of data may be available to system 100 — far more than that
available to a layout selection system aimed at regular (non- typical website building system -
based) web sites. This is particularly correct for fully on-line typical website building systems
[00110] For example, system 100 may collect actual data on layouts that were displayed to
designers, and the specific layouts that were actually selected, and use this data in rating layouts
for display. Such statistical data may also extend to end-user (rather than designer) activities.
Thus system 100 may, for example, use the information on the number of actual views for a
given page (i.e. its end-user access statistics — not just designer access statistics).

[00111] As discussed herein above, system 100 aims to provide a diverse set of high-quality

layout alternatives. Thus, the layout searching process does not aim to find layouts which are
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visually similar to the handled component set, but rather layouts which are visually different
from the handled component set, but still contain a similar (or at least semantically equivalent)
composition of components. An example of this may be a house built from Lego™ blocks
(commercially available from the LEGO Group). If Lego creations are equated to web-pages
and the Lego blocks to components, system 100 may offer the user different creations which use
the same or similar set of blocks (contained in the house) but may not necessarily be in the form
of a house.

[00112] It will be appreciated that a diverse set query results is desirable, i.e. relevant results
which are not only visually different from the handled component set, but also differ from each
other. It will be further appreciated that the results should furthermore be high-quality. Thus,
system 100 may rank results according to their design quality (as described in more detail herein
below), removing low quality results, and displaying the results in decreasing order of quality.
[00113] It will also be appreciated that since the last two requirements (diversity and quality
ranking) interact, the actual display order of the layout found may be based on a combination of
quality and diversity requirements — as well as semantic similarity to the handled component set.
This way, high-diversity results (i.e. matching layouts which are substantially different from
other matching layouts) may have a higher display priority than a value assigned simply based
on their quality.

[00114] It will be appreciated that page spider 41 may gather and index new and updated
pages, templates and manually created layouts from application repository 20. Page spider 41
may also acquire pages from external sources 25 (e.g. via the internet), keeping a retrieval link
to original page for use in updates (based on integration with the website building system), and
possibly a copy of the full original page. It may also acquire layouts manually created for system
100 and system templates (full-page and partial). This could be based on the amount of usage /
viewing for the specific template. Page spider 41 may also acquire designer-created pages which
may be created by designers internal to the website building system vendor (e.g. internal design
studio) or other designers (e.g. designer arena, general designer population). It may be
appreciated that in this scenario, this would be subject to privacy requirements — the designer
may specify the availability of his or her layouts for other designers to use with a default privacy
policy applied. Such privacy options may include “allow using pages”, “do not allow using

pages” and “allow using in outline format only” (i.e. removing actual content from the page).
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The selection of which pages to use may be further based on popularity criteria, such as only
from designers having a given experience, only from designers which created more the X web
sites / pages through the system or only from designers given an explicit rating above X (in
systems which support designer / end-user feedback to designed pages).

[00115] The selection may also be based on the amount of use of the given page / template by
the designer itself or other designers, based on the number of views for the specific page or the
website containing it, based on registration / participation of the designer in a layout
marketplace (as described in more detail herein below) and also based on a manual “featured
layout” indication (similar to featured/promoted search results in a search engine).

[00116] It will be appreciated that page spider 41 may run just once when layout database 70
is set up, may be manually initiated, may be set to run at fixed time intervals, may be set to run
when there are changes (exceeding a certain threshold) made to application repository 20, on
every save or based on designer submissions.

[00117] As discussed herein above, system 100 may also support group-specific layout
databases 70 which store a set of layouts for us by certain groups of users (e.g. defined by the
website building system vendor or by the users themselves). It will be appreciated that for
group-specific layout databases 70, Page spider 41 may collect as noted above but possibly also
allow editing by an assigned group manager (e.g. a vertical market manager defined by the
website building system vendor).

[00118] System 100 may also support user-specific layout databases 70 which store a set of
layouts for use by given user. For user-specific layout databases 70, Page spider 41 may include
arbitrary pages as desired by the user, who may manage his or her layout database content.
[00119] It will be appreciated that the aim of system 100 is to retrieve pages and create from
them full page layouts (when found). It may also extract a set of possible partial layouts and may
also segment the page (whenever possible) so that layout searcher and generator 60 may find
matching segment layouts (and combine them) as described in more detail herein below.
[00120] As discussed herein above page analyzer 44 may analyze and pre-process an
incoming webpage in order to generate layouts with associated signatures and layout packages
as described in more detail herein below. Page analyzer 44 may also receive an incoming
request page from a user via editor 30 together with an associated handled component set which

may represent either the entire page or a partial set of components of the page in order to
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generate full page, partial page and segments of component with their associated signatures and
layout packages as described in more detail herein below. Such pre-processing may include
component splitting, unification and modification as well as the creation of semantic
relationships between components which may affect any adapting later on in the process.
Component modification may include container handling in particular. The pre-processing may
also involve splitting the entire layout into two or more layouts (partial layouts), which may
require more than one signature (as discussed in more detail herein below). It will be
appreciated that page analyzer 44 may not modify the original layout of the pertinent page
(which can be a handled component set or a pre-stored layout) but instead may create alternative
versions with a 2-way mapping between the components in each layout. These alternative
layouts may be the ones used to be presented as candidate layouts for retrieval by layout
searcher and generator 60. Page analyzer 44 may include information about this 2-way mapping
together with the generated layout, and may include additional hints about the handling of the
generated layout when matching it to retrieved layouts. The mapping and the hints are later
handled by layout searcher and generator 60 as described in more detail herein below.

[00121] Reference is now made to Fig. 5 which illustrates the elements of page analyzer 44.
Page analyzer 44 may comprise a page type identifier 140, a semantic link handler 141, a layout
splitter 142, a container handler 143, a component splitter 144, a component filter 145, a
component merger 146 and a signature extractor 147.

[00122] It will be appreciated that page analyzer 44 may support the ability of system 100 to
find matching layouts for an incoming request page on one hand and may also increase the
accuracy (i.e. precision of the found layouts compared to the requirements) on the other. While
usually there is a tradeoff between the two, the processing performed by page analyzer 44 may
include methods to increase the coverage without harming the accuracy, and other methods to
improve accuracy with limited effect on the coverage.

[00123] It will be appreciated the page analyzer 44 may be used by system 100 during
different stages of the process. During layout collections and indexing when page spider 41
retrieves pages for potential layouts, it may analyze them in order to produce derived layouts
with associated signatures as well as other associated information which may be used later on in
the process (as described in more detail herein below). During runtime, when layout searcher

and generator 60 searches for suitably matching layouts for an incoming page request from a
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user (as described in more detail herein below), it may be used to analyze and pre-process the
incoming page in order to extract the associated signatures from the handled component set
ready for use for the matching process (as described in more detail herein below). Therefore in
the discussion below concerning page analyzer 44, some processes describe its use during
layout collections and indexing and some during the processing of an incoming request page for
use by layout searcher and generator 60.

[00124] As discussed herein above, a set of relevant components on a page may be known as
a handled component set. A handled component set may be full-page representing the entire
page or partial-page representing a partial section of a page. A handled component set may also
represent a mere segment of a page too.

[00125] A full-page handled component set may include the set of components in the page
itself which may include or exclude components inherited from a full-page template (also
known as a master page). It may also include a specific full-page template or both components
and a template together with the matching header and footer.

[00126] A partial-page handled component set may include just the site header or footer, the
components contained in a given single-page container, the components contained in a given
mini-page of a multi-page container or components defined inside list applications discussed in
US Patent Publication No. 2014/0282218 entitled “Device, System, and Method of Website
Building by Utilizing Data Lists” published 18 September 2014, incorporated herein by
reference and assigned to the common assignee of the current invention. A partial-page handled
component set may also include the components in a single inherited component set template
and an arbitrary subset of the components in a page (e.g. selected using multi-selection).

[00127] It will be appreciated that the set of components (in both cases) will be the one
affected by the selected layout of a user, i.e. these are the components which would be moved /
resized according to the selected layout.

[00128] It will also be appreciated that components coming from a template may include
components from a page template (master page), common page headers / footers, component set
templates and views inside list applications. Such template-originated components may
participate in the handled component set for the purpose of retrieval of layouts via the given

handled component set.
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[00129] However, the resulting handled component set layout changes do not affect the
original template since changes to the original templates layout may create unpredictable side
effects on other pages using the same templates. This may be implemented by copy-on-use
website building systems and inherit-on-use website building systems:

[00130] In copy-on-use website building systems, the components in the template are copied
to the page upon creation, but then become regular page components and are not linked to the
original template anymore. In this scenario, there is no problem in modifying template-
originated components layout, as these are separate copies and the original template is not
affected.

[00131] In inherit-on-use website building systems, the template-originated components
displayed in the page are actually instances of the template components and retain their link to
the original components (in the template). In this scenario, such components may be included in
the handled component set only if the website building system implements local modifiers, i.e.
the ability to create local changes to specific attributes of template-originated components, with
these changes stored together with the specific instance. The layout modifications to template-
originated handled component set components would then be stored as such local modifiers.
[00132] It will be appreciated that system 100 may support a notion of general page type
selected from a short list of possible page types — page type taxonomy. Such taxonomy may
include, for example, home page, informational page, contact form page and forum page. Page
type determination may apply to both the indexed pages and the handled component set.

[00133] Page type identifier 140 may recognize the type of page to be processed and may
allow the user to limit processing to only to pages whose type match that of the handled
component set (including pages whose type could not be determined). Alternatively, all page
types may be processed. If the handled component set is a partial-page handled component set,
page type identifier 140 may determine that a page type does not apply.

[00134] Page type identifier 140 may determine the page type using the page type set for the
page when it was created (in the specific instance or in the template from which the page was

inherited). For example, the Wix system (www.wix.com) allows the designer to select the

following page types when creating a page: blank, about, services, contact, blog, gallery, site

content, music and video, online store.
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[00135] Page type identifier 140 may also determine the page type by using automatic
recognition based on visual features of the page (as is described for example in article by
Christian K. Shin, David S. Doermann — 1999 “Classification of document page images based
on visual similarity of layout structures”

hitp:/fciieseer st osuedufviewdoo/download Mdoi=10.1 .1 .42 9758 & repmren ] &tvpe=pdD).

[00136] It will also be appreciated that a page may be un-typed i.e. a designer may base it on a
blank template (which has no pre-specified type), and an automatic type determination
algorithm might also fail to classify a given page.

[00137] It will be further appreciated that the page type taxonomy given above refers to
generic page types. System 100 may use alternate or additional page type taxonomies, such as
these referring to vertical markets (e.g. musicians, photographers etc.). In this case page type
identifier 140 may analyze the semantic structure of the page and actual content (e.g. text or
image field content) to determine a detailed page type, and use this type for later layout database
selection and querying (e.g. having a specific layout database for musician web sites etc.).
[00138] Semantic link handler 141 may implement semantic links which connect two or more
components. These may be used by component merger 146 and component splitter 144 as
discussed in more detail herein below. It will be appreciated that semantic links connect
components which were related in some way in the original layout or page, including (for
example) components identified as related or “should be nearby” during page pre-processing,
such as an image and its associated caption.

[00139] Semantic link handler 141 may also implement a semantic link which does not allow
an interfering component (of specific types or of any type), i.e. it is permissible for linked
component A and B to be further from each other, as long as no component C (of a given type
or of any type) is between them.

[00140] Semantic link handler 141 may also connect components created due to component
splitting, such as a text component which was split into two text components (heading and body
components). Semantic link handler 141 may also connect components based on existing
dynamic layout anchors connecting the two components.

[00141] It will be appreciated that semantic links may be used later on in the matching

process so that when a component matching is performed (i.e. components in the handled
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component set and the candidate layout are matched), priority is given to satisfying the semantic
link requirements as described in more detail herein below.
[00142] Semantic link handler 141 may also implement multi-component semantic types such

as the ImageWithCaptionText semantic type. Such types provide an additional way to represent

the existence of a semantic link between multiple components, and match such semantically-
linked components with similar sets of semantically-linked components in other layouts.
[00143] Layout splitter 142 may perform layout splitting if the layout can be easily divided
into two or more sub-layouts. For example, a two-way horizontal or vertical splitting may be
used based on the H/V slicing algorithms described US Patent Publication No. 2015/0074516
entitled “System and Method For Automated Conversion of Interactive Sites and Applications
to Support Mobile and Other Display Environments™ published 12 March 2015, incorporated
herein by reference and assigned to the common assignee of the current invention. Such
splitting is further demonstrated in Fig. 6 to which reference is now made. Layout A is split into
two sub-layouts B and C which are used for further layout searching. It should be noted that
component d in layout A is assigned to layout B even though some part of it crosses into the
area “covered” by layout C.

[00144] Layout splitter 142 may also apply a more complex division, such as the one
demonstrated in Fig. 7 to which reference is now made, which is based on locating “clear
pathways” through the split layout, rather than using end-to-end intersecting lines. In this
example, layout splitter 142 splits the “frame / margins” area A from the “internal content” area
B — possibly representing menus and content area respectively. Layout splitter 142 may also
implement separation of an internal region from its enclosing “frame”.

[00145] Layout splitter 142 may apply various limits and parameters, e.g. minimal number of
components per split region and may also split pages by visible page structure, employing image
processing techniques such as analysis of regions having higher level of “activity” or more
details.

[00146] It will be appreciated that the discussion above regarding layout splitter 142, covers
the scenario in which a user may request from system 100 an alternate layout for an arbitrary
subset of the components in page.

[00147] Furthermore, layout splitter 142 may divide the page into segments in any manner

(such as illustrated in Fig. 7), and system 100 may try to locate alternative layouts for each of
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the segments. Suggested layouts may in general be adaptable to any required target area size.
However, in practice, there could be many constraints and limitations on the possible target
sizes, e.g. due to objects having specific size or aspect ratio limitations (such as pictures which
need to retain their aspect ratios, third party applications which only provide instances with
specific sizes, Facebook like buttons which can only be displayed in certain sizes etc.)

[00148] Thus, in both cases above (arbitrary handled component sets and arbitrary page
segments), the located alternative layouts may not be accurate or easily adaptable to the target
area. In particular, since system 100 does not know in advance what the expected target area
size for the layout is, there is no way to manually create in advance high-quality layouts which
are optimized for a given target area size.

[00149] Furthermore, in the first case (in particular) there may be additional components (not
included in the handled component set) which intersect with the suggest layouts. In such a case,
even if the system locates layouts with the same dimensions as the handled component set, these
layouts may likely intersect with the additional components and may create a non-aesthetic
result.

[00150] However, many web sites are vertically-oriented — they have a fixed width and the
pages can only be scrolled vertically (if at all). This is a direct result of the well-known
propensity of web user for pages which only scroll vertically. Furthermore, the fixed width is
typically selected from a very small set of common predefined widths (e.g. matching the typical
display screens’ horizontal resolutions). Thus, a variant of the system can be optimized for this
common case of vertically-oriented pages using a width selected from a small set of predefined
widths.

{00151} In this variant websites are created using one of predefined widths (though the pages
may vary in height) and are marked with this width.

[001352] Manually created layouts are also created and optimized for one of the predefined
widths, and are marked as optimized for the given width.

[00153] Layout searcher and generator 60 may search for layouts limiting the search to layout
marked with a given width — the one associated with the web site.

[00154] When selecting a handled component set, the user may only select an entire page or a
full vertical segment of a page (which include all of the components in a given vertical range

fyl..y2}). The containment definition may refer to compounents fully contained in the range, or to
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components intersection the range. Thus layout splitter 142 is limited to splitting the page
vertically, 1.c. using end-to-cnd horizontal line to cut it into full-width segments.

[00155] Thus, when searching for candidate layouts, system 100 can be sure that all suggested
layouts will fit their position in the page perfectly. Since the page width is identical to that of
each handled component set or segment, layouts created for full pages will also be used (and are
optimized) for each such handled component set or segment.

[00156] Furthermore, since each segment essentially includes all components between y1 and
y2 (yl<y2), when system 100 replaces the segment with a suggested layout, the components
above the segment (ypouom<yl) may remain the same, and the components below the segment
(Yiop>y2) may follow directly the new layout of the affected segment, regardless of the new
segment layout's height. Thus there would be no overlapping between unaffected components
and the new segment layout on either X or y axis.

[00157] Container handler 143 may implement a number of methods for the handling of
container components. In order to lower the amount different page signatures (and by that, cover
more user pages), container handler 143 may remove containers, add them or join them
together. Container handler 143 may create a modified version of the page which may include
change or removal of components (and of containers in particular), as well as re-rooting of
components, e.g. re-assigning a component belonging to a container X so it would belong to the
parent page or to a different container Y. Container handler 143 also creates a two-way mapping
between the original page and the modified page, so that any later component matching
performed against the modified layout could be combined with the mapping to create a
component matching for the original page.

[00158] It will be appreciated that the methods employed by container handler 143 described
below may be applied to the processing of both the handled component set and layout database
70 (as discussed in more detail herein below) Both the handled component set and layout
database may use multiple methods, and container handler 143 may also implement a method
(or a combination thereof) for the handled component set which is different from that
implemented for layout database 70.

[00159] The following paragraphs discuss each specific method, and then discuss under what
conditions and in what ways can these methods be combined or otherwise used together.

Reference is now made to Fig. 8 which illustrates a simple layout showing one container with
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one text element and four pictures, and additional text elements and pictures outside of the
container.

[00160] The first method is hierarchical signatures. In this method, container handler 143 may
retain the hierarchical structure of the container and this is reflected in the hierarchical signature
as described in more detail herein below. For example, the (string-representation) signature for
the component set of Fig. 8 may be “1xContainer(1xText,4xPic),2xText,2xPic”.

[00161] It will be appreciated that system 100 in general may regard all containers types as a
single semantic type (e.g. have only one “container()” keyword). Alternatively, system 100 may
support  multiple  container  semantic  types, creating  signatures such  as
“IxGallery(1xText,2xPic),1xBox(2xText)”.

[00162] It will be appreciated that a semantic type tree is a tree of type in which similar types
are united under a parent node which represents a more abstract type matching any of the sibling
types (e.g. “visual” can match to both “image” and “video™) as is illustrated in Fig. 9 to which
reference is now made. It will be further appreciated that an abstraction process is a process in
which a signature (defined using a series of types and quantity of object of each type) may be
transformed by replacing each type with a more abstract parent type (in reference to a given
semantic type tree).

[00163] In this scenario, the container types may also be included in the semantic type tree,
and the abstraction process may apply to them as well.

[00164] Container handler 143 may also implement identical sub-tree merging (similar to the
use of common sub-expression elimination in compiler optimization technique). In this
scenario, a signature of the form “1xContainer(1xText,4xPic),IxContainer(1xText,4xPic)”
would be folded into “2xContainer(1xText,4xPic)”. Such folding may occur during the
abstraction process, as multiple container types (e.g. the “Gallery” and “Box” above) are both
abstracted into the higher level type “container”, as is shown in the signature sequence below

(using the type hierarchy defined in Fig. 9):

1 1xGallery(1xImage,2xSingle Initial
Line), 1xBox configuration

(1xImage,2xMulti Line)

2 1xGallery(1xImage,2xText), Both single and
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1xBox (1xImage,2xText) multi-line

converted into

text
3 2xContainer(1xVisual,2xNon- Gallery and box
visual) converted into
generic

container, and

then folded

4 2xContainer(3xComponent) Using generic
components in

container

[00165] Container handler 143 may match containers represented in hierarchical signatures to
containers in the located layout in multiple ways (at the actual component matching stage). For
example, a page with two containers (A, B) having similar underlying content may be matched
against a located template with two containers (C, D) in two ways (A-C, B-D or A-D, B-C).
[00166] It should be noted that (as shown in Fig. 9) that the hierarchy for container
components is essentially separated from that or regular components — a container would not be
abstracted into a regular component.

[00167] Container handler 143 may remove containers (at all levels) so that all components
reside directly in the containing page. This requires changing the x and y coordinates of all
fields so that they would be relative to the main page instead of the “flattened” container.
Reference is now made to Fig. 10 which illustrates an example of container flattering. Layout A
may be converted into a simplified layout B, removing multiple containers in the process. Note
that some components (marked with ‘a’) may have associated frames which may be retained.
[00168] Container handler 143 may match components against layout components of arbitrary
locations, so the general structure (and container hierarchy) of the layout would not be
preserved.

[00169] Container handler 143 may also flatten containers and search for a layout according
to the separate contained components (as in the regular container flattening method described
herein above). However, when a match is found, for each set of components in the located

layout which match original layout components from a single container, container handler 143
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tries to reconstruct a new container which tightly wraps the matching components in the located
layout as is represented in Fig. 11 to which reference is now made. Original layout A comprises
containers a (containing components [b, c, d]), 1 (containing components [e, f]) and j (containing
components [g, h]).

[00170] Container handler 143 may perform the flattening phase (I) to create a simplified
(flat) layout [B] in which the non-container components [b, c, d, e, f, g, h] all reside at the top
page level. Container handler 143 may keep a component/container mapping between A and B.
[00171] Container handler 143 may then perform a search and component matching phase (II)
in which it locates a layout C which has the matching components [b’, ¢’, d’, ¢’, {, g’, h’] —
which are arranged in a different way than the original components in layout B.

[00172] Based on the A<>B mapping and the B<>C component matching, container handler
143 may perform a container reconstruction phase (III) in which new containers [i’, j’, a’] are
generated to create a modified layout D. For each set of components in C which match a set of
components in B that was originally in the same container (e.g. the set [b’, ¢’, d’] which match
[b, c, d] originally in container a).

[00173] Container handler 143 may create a tightly wrapping rectangle around the
components using a minimal enclosing rectangle. Container handler 143 may then expand the
enclosing rectangle by a given pre-specified margin (possibly modified based on available
space, container size, component sizes, component spacing and other geometrical parameters).
[00174] Container handler 143 may create a new container (e.g. a’) which wraps the matching
components ([b’, ¢’, d’] (in the example) based on the generated rectangle. Thus, container
handler 143 may reconstruct a variant or the original structure. Note that as shown in Fig. 11,
the generated containers [i’, j°, a’] have different size and positions than the original [i, j, a].
Furthermore, in systems which support multiple container types, the specification for layout
database 70 layout C may include guidelines for container creation (e.g. container types and
other attributes) used when creating the new containers.

[00175] Reference is now made to Fig. 12 which illustrates a number of cases in which
container flattening and reconstruction may be difficult or outright impossible. In each of the
illustrated scenarios, [X’] represents an object (component /container) which is located in a

suggested layout and matched to the original object [x] in the handled component set.

27



WO 2017/017663 PCT/IB2016/054602

[00176] In scenario (I), in the original layout A, the original component ¢ was outside of the
original container d. However, in the matched layout A’ the matched component ¢’ intersects
the reconstructed container d’.

[00177] In scenario (II), in the original layout A, the original component ¢ was outside of the
original container d. However, in the matched layout A’ the matched component ¢’ actually
overlaps the reconstructed container d’. It will be appreciated that in spite of this overlap ¢’ may
be logically separate from (and not contained in) d’ so for example if d’ is moved ¢’ will not
move it with it.

[00178] In scenario (III), in the original layout A, the original containers e and f are disjoint.
However, in the matched layout A’ the constructed containers e’ and {” intersect.

[00179] In scenario (IV), in the original layout A the original containers e and f are disjoint.
However, in the matched layout A’ the constructed containers €’ and {* are “mixed” — each of
them containing some components belonging to other container as well. In fact, ¢’ and {* may
become almost identical, or one of them may contain the other.

[00180] It will be appreciated that there may be multiple problem cases involving different
containers, and there may be different problem cases at different containment levels.

[00181] Container handler 143 may attempt to resolve the simpler cases (e.g. scenario (I)
above) by moving or modifying the size of the container (and its contained components) or the
intersecting components. However, not all cases may be resolved, and container handler 143
may be required to filter out the un-resolvable cases.

[00182] Container handler 143 may apply single component container handling to a container
with a single contained component — it may be regarded as an instance of just the contained
component, e.g. Container(pic) =» pic. This is different from flattening of the single-component
container (as described above), since the original contained component is replaced with a new
version having the size of the container in the original layout (rather than the size of the original
contained component).

[00183] Container handler 143 may deduct a given margin (fixed parameter or relative to
container size) from the container size after the matching process (as discussed in more detail
herein below) to get the size of the final matched component.

[00184] Reference is now made to Fig. 13 which illustrates single component container

expansion and matching. The handled component set A includes a container a with the single
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picture component b (and also three text fields on the right). Container handler 143 may pre-
process A into A’ which includes the single (expanded) picture component a’ having the same
size and position as the pervious container a (as well as the 3 text fields).

[00185] Container handler 143 may then match A’ with the layout B from layout database 70
which has a larger picture field on the bottom d, as well as 3 text fields on the top.

[00186] Container handler 143 may then merge the selected layout B and the content from A’
are to form the new page C. In page C, container handler 143 uses the area e at the lower part of
the page, matching the field d from page B. However, e is reduced by a given margin so to form
the somewhat smaller picture field { which would contain the picture in a’.

[00187] Container handler 143 may also perform dominant type selection. Under this method,
container handler 143 may assign each container (recursively) the dominant component type of
the components inside it, and may replace it by a virtual component having the same type.
[00188] Container handler 143 may select this dominant type according to (for example) the
type of the largest component type, or according to majority voting based on total count / area of
components of each type. A threshold may apply, therefore, for example only, if a text
component covers over 60% of the container area the container may be declared as a “text
container”.

[00189] It will be appreciated that dominant type selection is better performed in the semantic
type space (which is already somewhat “normalized”) than in the component type space.
Container handler 143 may also use the semantic tree type mapping, so to go “up the tree” as
much as required for a unified container type to emerge.

[00190] Thus, referring back to Fig. 13, assuming the container a is converted to a virtual
picture component (as it contains 4 picture components and just one text component), the
resulting signature may be: “1xText,3xPic”

[00191] Container handler 143 may typically assign an empty container (or one that contains
only components filtered out during signature extraction) a default type (e.g. visual).

[00192] It will be appreciated that when container handler 143 performs the dominant type
selection method on the compared layout (handled component set) side, the matching process
may require resizing. Reference is now made to Fig. 14 which illustrates single component
container expansion and matching — layout A has container [a] which contains a dominant

picture component [b] (as well as non-dominant text components [c.d.e]).
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[00193] Container handler 143 may convert layout A to the non-hierarchical layout B which
has a single picture component a’. Layout B is matched (as described in more detail herein
below) against a selected layout from layout database 70 originated layout C which has the
single picture component { matched to a’. It will be appreciated that a’ and {* have different
sizes (and positions).

[00194] Container handler 143 may then map the original container a (with its contained
components b,c,d.e) into f to create the container . It will be appreciated that these mappings
required the resizing of all components contained in a, and in particular b is resized to form the
new picture component g so to preserve the aspect ratio.

[00195] It will also be appreciated that not all components may be re-sized at all (such as a
Facebook “Like” button or an iframe containing a non-resizable third party application). Also,
the width change of a text component may cause a height change so that the aspect ratio cannot
be maintained. Matching using the dominant type selection method requires that all components
in the container be re-sizeable. Thus, if a single component inside the container is not re-
sizeable, the method cannot be used.

[00196] Container handler 143 may also be implemented using recursive implementation.
This method can be viewed as the opposite of container flattening. Under this method, container
handler 143 may index and handle container content separately. Thus container handler 143
may “stop” at container boundaries and may only handle the elements directly associated with
the top level page. Container handler 143 may analyze the content of each container separately
and signature extractor 147 may generate a separate signature. Container handler 143 may
therefore regard a container as yet another component type which can be indexed and matched
(including type abstraction between multiple container types). Thus instead of having a single
hierarchical signature (as in the method noted above), signature extractor 147 may generate a
tree of signatures — one for the top page and one for each container contained in it (directly or
indirectly).

[00197] It will be appreciated that in this manner, container handler 143 may combine a page
design from one layout with container designs from other layouts. Reference is now made to
Fig. 15 which illustrates layout construction for the recursive application method of container
handling. For page A which includes container b, system 100 may suggest the layout C with the

container d. This layout (C) was constructed based on the layout E of which the structure of
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internal container e is not a good match for b, replacing the internal layout of € with the internal
layout of the container g which is part of a different layout F. It will be appreciated that the main
page design of F is not a good match for A, so system 100 cannot suggest F by itself.

[00198] Container handler 143 may perform this mixing process in a number of ways, such as
by selecting automatically the best option for each container in each suggested layout (based on
a scoring algorithm) or by selecting the top options for each container in each suggested layout
and using a hierarchical user interface where the designer selects a given suggested layout, he
would be prompted to select (recursively) an appropriate layout for each of the containers in the
higher-level selected layout.

[00199] Container handler 143 may also locate the best combinations by selecting the top
suggested layouts for the main page. For each container in each of the selected layouts above,
container handler 143 may select the top suggested layouts for the container.

[00200] Container handler 143 may also create all possible combinations (each suggested
page layout with each suggested container layout). It will be appreciated that this number may
be large as a single page may have multiple containers (with multiple suggested layouts for each
container).

[00201] Container handler 143 may also rank all possible combinations using the scoring
function — ranking the page globally (including the specific container configuration and the
internal layouts). Alternatively, container handler 143 may select the top z combinations and
display them to the designer for final selection. It will be appreciated that this method is highly
suitable for multi-page containers, in which a container might have numerous possible internal
configurations (i.e. for each possible mini-page).

[00202] It will be further appreciated that container handler 143 may also combine the
methods as described herein above i.e. by using hierarchical signatures, container flattening,
container flattening and reconstruction, single component container replacement; dominant type
selection or by recursive implementation.

[00203] In an alternative embodiment, container handler 143 may use multiple methods
simultaneously. For example, the container handler 143 may use hierarchical signatures as well
as container flattening — creating multiple sets of signatures for both layout database 70 and the
handled component set. It will be appreciated that layout searcher and generator 60 may try to

use both methods and suggest the best results to the user by combining the results.
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[00204] Container handler 143 may also mix methods. For example, using container
flattening (with or without reconstruction) on the layout database 70 side (on server 15) and
dominant type selection on the handled component set (client 5) side.

[00205] Container handler 143 may also combine flattening with recursive implementation,
so that some containers may be flattened and some may be handled using a recursive
implementation. Flattened containers may include (for example): single component containers,
containers with highly dominant type, containers with a given attribute or type, containers with
no semantic links or other relationship between their contained components, containers that
have sufficiently simple content according to a predefined complexity metric.

[00206] In general, system 100 may match either a flat handled component set signature to
flat layout database signatures, or a hierarchical handled component set signature to a
hierarchical layout database signature.

[00207] It will be appreciated that the main factors to be considered by system 100 when
selecting a single method may include, the importance of the container structure to the designer
and how much the designer would like to preserve the container structure (e.g. based on
knowledge of the user, the profile of the user, the pattern of system use etc.), the level of recall
(the use of a hierarchical signatures provides for more exact matches, but lower recall, i.e. less
retrieved results) and the quality of the located layouts — as system 100 may use multiple
methods and select the best results located.

[00208] It will be appreciated that container handler 143 may also adapt container flattening
to a method whereby the layout may be flattened and the specific atomic component may be
used to construct and automatically generated layout as described in more detail herein below.
[00209] It will be further appreciated that container handler 143 may adapt recursive
implementation to handle containers as yet another rectangular component to be arranged in
lines, along a curve, in columns etc. Container handler 143 may also create additional
automatically generated layouts (as described in more detail herein below) by re-arranging
components inside the container.

[00210] Component splitter 144 may detect and implement component splitting, e.g. based on
the content of the relevant component in order to provide better coverage (i.e. the ability to find
matching layouts). This may be done, for example, when a text component contains a clearly

separated heading and body text — which are separated into two text components. This may also
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be done when a text component contains multiple and clearly separate text paragraphs such as is
illustrated in Fig. 16 to which reference is now made. Such splitting may allow matching the
layout [A] containing the text component [a] with three distinct text paragraphs ([al], [a2] and
[a3]) into the layout [B] (as described in more detail herein below). The picture [c] would be
matched into the picture [d], and the tree paragraphs ([al], [a2] and [a3]) would be mapped into
the three separate text components [bl], [b2] and [b3].

[00211] Component splitter 144 may create a “should be near to each other” (or a “do not
place an interfering component in the middle”) semantic relationship between the two created
components. Such a semantic relationship may be used during the matching process (when
creating possible matching) or by layout filter and ranker 45 (to filter out less desirable matches)
as described in more detail herein below).

[00212] Component filter 145 may filter out some components for signature extraction (as
described in more detail herein below in relation to signature extractor 147) .This may be based
on components which are too small (i.e. below a certain area / size threshold), specific
component types which always ignored (e.g. decoration components), specific components
marked to be ignored by the designer of the page (e.g. locked components), specific components
marked to be ignored in the template(s) underlying the page or may be based on
semantic/content analysis of the component (as further described in US Patent Publication No.
2015/0074516), which may recognize (for example) pictures which serve as background
decoration only, or text field containing ASCII graphics content (e.g. a separator line created
using “------ or 7). In such cases, these components are ignored by signature
extractor 147 and during matching and adaptation as discussed in more detail herein below.
[00213] Component merger 146 may unite different components for the purpose of layout
processing and for signature extraction by signature extractor 147 (as described in more detail
herein below) in a number of different ways in order to provide better coverage for system 100.
It may replace the components (in a copy of the original layout) with a single virtual component.
Component merger 146 may also retain the connection between the new virtual component and
the multiple components it replaced. Alternatively, semantic link handler 141 may create a
semantic link structure involving all of the related components, and manage these in parallel
with the extracted signatures. It will be appreciated that d that semantic linking and component

merging are related but not identical concepts. Semantic link handler 141 may define two
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separate components which are related (but are not merged for the handled component set). For
example, two components which had a dynamic layout anchor between them, but are not
adjacent to each other or otherwise semantically related. Component merger 146 actually
replaces two (or more) components in the page by a single component in the creation of the
handled component set, retaining a link to the original (separate) components.

[00214] Component merger 146 may provide multiple optional methods to unite components,
which are activated based on user settings or on the specific parameters of the layouts involved.
These may include any of the methods detailed below:

[00215] Component merger 146 may merge components which are highly overlapping (e.g.
above a given percentage of their area) into a single component, using the smallest enclosing
rectangle as the new component size and position. The component type is determined based on
the dominant component types, as described below for container type determination.

[00216] Component merger 146 may merge adjacent components which have identical or
similar type. One example is image stitching — component merger 146 may stitch image
components which are adjacent (horizontally or vertically) into a single image component for
the purpose of analysis. This may depend on the size and distance of the components. It may
also depend on analysis of the content of the image component (e.g. having similar colors,
patterns or features at the touching edge). Another case is text stitching — similar to image
stitching as noted above. This may be relevant only to text component which are vertically
(rather than horizontally) adjacent, as there is no good way to merge the text content of two
side-by-side components.

[00217] Component merger 146 may employ semantic analysis to detect related components,
such as an image and its caption field. Such components are left separate, but component
merger 146 may create a “should be near to each other” semantic relationship between the two
(alternative layouts are still applicable in such cases, e.g. replace a layout of “captions below
images” with one of “captions above images”).

[00218] An additional scenario is having a set of components which together emulate a
gallery. For example, a set of 9 image components arranged in a 3x3 form may not be suitable
for stitching, e.g. due to the distance between adjacent images being too large. Instead,

component merger 146 may convert the arrangement into a 3x3 image gallery component.

34



WO 2017/017663 PCT/IB2016/054602

[00219] Signature extractor 147 may extract a semantic signature representing layouts
generated on the incoming page and/or layout (both handled component sets and stored layouts)
and may perform searching and comparisons using these signatures. It will be appreciated that
signature 147 may use information retrieved by the other elements of page analyzer 44 as
described herein above.

[00220]  Signature extractor 147 may initially map components to semantic types arranged in
a semantic tree such as is illustrated in Fig. 17 to which reference is now made. The mapping is
usually 1-to-1 mapping, i.e. there is a single atomic semantic type in the tree for each
component type. However, in some cases multiple component types may map to a single
semantic type, e.g. multiple gallery component types may map to a single Gallery semantic type.
It will be appreciated that in some implementations, slider galleries (typically wider on the x-
axis and shorter on the y-axis) may map to a different SliderGallery semantic type notes used for
other 2-diemsional galleries.

[00221] Atomic semantic types are placed in the tree as descendants of composite semantic
type, as Image and Video are descendants of Visual in the sample tree of Fig. 17. The tree may
include multiple levels of composite semantic types and atomic nodes may reside at different
distances from the root of the tree. The top level composite semantic type is the generic
semantic type component. It will be appreciated that semantic types which are higher in the tree
can be said to be more abstract, or having a higher abstraction level.

[00222] It will be also appreciated that a regular semantic type (which maps one or more
website building system component types) may also have sub-types. These sub-types map
specific sub-classes of the given website building system component type(s), and thus provide a
finer resolution than the one provided by the website building system type system. The sub-
types are called semantic sub-types and are represented as nodes in the semantic tree below the
regular semantic types. It will be appreciated that this is required as in some scenarios a
component type may need to be referred to as two different types, since those two subtypes are
semantically different. For example, a page with two paragraphs may get different layout
suggestions than a page with one paragraph and one title, although in both scenarios this is a
page with two text components.

[00223] For example, signature extractor 147 may map regular text components into the text

semantic type (there could be multiple text component types). However, signature extractor 147
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may also include two semantic sub-types, title and paragraph, which map text components
whose content was identified as title or paragraph.

[00224] Signature extractor 147 may arrange the title and paragraph as atomic sub-types of a
composite Text semantic type as show in the semantic tree section illustrated in Fig. 18 to which
reference is now made.

[00225] It will be appreciated that components may still be mapped directly into the
composite semantic type (text) instead of the atomic semantic types (title, paragraph), e.g. if
signature extractor 147 cannot identify them as title of paragraph text.

[00226] For example a page contains 6 text components, of which: 1 is identified as title; 3
are identified as paragraph and 2 are identified as generic text (i.e. neither a title nor a
paragraph). In this scenario, the generated signature would be “Title-1-Paragraph-3-Text-2”
instead of “Text-6".

[00227] Signature extractor 147 may divide semantic types into sub-types based on visual
component properties, such as general size categories (small vs. large), height / width ratios,
bright vs. dark components etc. For example, images may be divided into narrow, tall or square
categories. Such sub-typing may be applied to specific semantic types only or across all
semantic types, e.g. signature extractor 147 may define different sub-types for images based on
aspect ratio categories, but not for videos (which have specific possible aspect ratios). Sub-
typing may also be inferred from other parameters and attributes, including non-visual attribute,
such as using the content of the component (e.g. using text or image analysis, face recognition,
image feature extraction etc.) and using additional website building system information,
including procedural directives related to the component, its use pattern or behavior. For
example, all texts components which are defined as *“hidden and appear when a button titled
“help” is pressed” may be defined as a “help text” semantic sub-type of the “text” type.

[00228] It will be appreciated that the use of highly detailed semantic sub-types might yield
non-optimal results, since the suggested layouts may turn out to be too similar to the handled
component set, and the layout recall would also be much lower.

[00229] The semantic tree may also include multi-component semantic types (as described
below), i.e. semantic types representing a set of semantically linked components. The set of
semantically-linked components represented by a multi-component semantic type is counted as

a single component, even though it contains two or more actual components.
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[00230] One scenario is the mapping of plug-in components, such as third party applications.
Signature extractor 147 may (for example) map such components to multiple atomic semantic
types based on the general class of the third party application (e.g. e-shop third party
applications, blog third party applications etc.). These multiple third party application semantic
types may then be united under a generic third party application composite semantic type.
[00231] Third party application semantic types may also have additional, finer-grain
information used for later selection of matching third party applications, or for signature
distance calculation between pages containing third party applications. Such information may
include, for example, specific interfaces or data requirements of a specific third party
application. This can be used, for example, so to provide a higher score for matching third party
applications which use the same interfaces as the current third party application, and minimize
the need for a third party application protocol translation (such as discussed in US Patent
Publication No US-2014-0229821 entitled “Third Party Application Communication API”
published 14 August 2014, incorporated herein by reference and assigned to the common
assignee of the current invention.). It will also be appreciated that third party applications may
occupy multiple windows or regions in the applications created by the WBS, and still be
handled as a single semantic type (e.g. such as described in US Patent Publication No US-2014-
0229821).

[00232] For a given layout (from an indexed page or handled component set), signature
extractor 147 may generate a signature which represents the count of components of each
semantic type in the layout. The signature can be represented in multiple ways such as:

[00233] A string representation, e.g. “3xText,4xVisual,1xGallery” or “Text-3-Visual-4-
Gallery-1” and vector representation, e.g. [[3,Text],[4,Visual],[ 1,Gallery]].

[00234] It will be appreciated that multi-component semantic types actually represent multiple
semantically-linked components as one component in the count. As signature extractor 147
arranges semantic types in a semantic tree, a given layout may be referred to with different
levels of abstractions (i.e. using different-level semantic type), and signature extractor 147 may
generate multiple signatures for each layout.

[00235] For example, for a layout with 1 text, 1 video, 1 image and 1 gallery, signature
extractor 147 may generate the following signatures (assuming the use of a GenericVisual

composite type):
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[00236] 1 Text, 1 Video, 1 Image, 1 Gallery.
[00237] 1 Text, 2 Visuals, 1 Gallery.
[00238] 1 Text, 3 GenericVisual.

[00239] 4 components.

[00240] Signature extractor 147 may therefore generate multiple signatures for both the
handled component set and the indexed pages, and the searching process (as discussed in more
detail herein below) may include some or all of these signatures.

[00241] It will be appreciated that there may be multiple ways for signature extractor 147 to
derive more abstract signatures from a given signature, as it could go up the semantic tree in
different orders. For example, referring to the example semantic tree, and assuming the basic
signature “1 Image, 1 Video, 1 Single line text, 1 multi line text”, two signature sets could be

generated. The first signature set may be:

[00242] 1 Image, 1 Video, 1 Single line text, 1 Multi line text.

[00243] 2 Visual, 1 Single line text, 1 Multi line text.

[00244] 2 Visual, 2 Text.

[00245] 4 Components.

[00246] The second signature set would be:

[00247] 1 Image, 1 Video, 1 Single line text, 1 Multi line text.

[00248] 1 Image, 1 Video, 2 Text.

[00249] 2 Visual, 2 Text.

[00250] 4 Components.

[00251] In the first option signature extractor 147 starts by “uniting” image and video

together. In the second option, it starts by “uniting” single line text and multi-line text together.
[00252] Alternatively, signature extractor 147may use a stratified semantic tree as illustrated
in Fig. 19 to which reference is now made, which shows a stratified version of the semantic tree
shown in Fig. 17. In a stratified system, all semantic types “go up the tree” together. Thus, all
level 1 (bottom of tree) semantic type entries are united into their level 2 semantic types
together, and then level 3 etc. A typical signature set would be:

[00253] 1 Image, 1 Video, 1 Single line text, 1 Multi line text.

[00254] 2 Visual, 2 Text.

[00255] 4 Components.
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[00256] Signature extractor 147 may support a stratified semantic tree which has multiple
node levels inside a single strata, and possibly even have leaf nodes inside the non-bottom
strata. Reference is now made to Fig. 20 which illustrates a stratified semantic tree with paths of
different length in the same strata. It will be appreciated that the button type is in the 2" strata
and the text types have two node levels inside the 2" strata, unlike the image and video types.
[00257] The image type has two semantic sub-types in level 1, and the video (or others) do
not. In this scenario, signature extractor 147 may typically advance all components inside the
lowest strata until they reach the top of their strata, and then “move them together” to the higher
strata.

[00258] An example type uniting progression (and the list of generated signatures) may

include:

1 1xWide Image, 1xImage, Initial
1xVideo, 1xSingle Line, configuration
1xMulti Line, 1xButton

2 2xImage, 1xVideo, 1xSingle Now all level

Line, 1xMulti Line, 1xButton 1
components
are at the
“top of level
1

3 3xVisual,2xText,1xButton Now all
components
have crossed
over to level
2

4 3xVisual,3xNon-visual Now all

components
are at the
“top of level

2”
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5 6xComponent Now all
components
have crossed
over to level

3

[00259] As a general rule, going up the tree to a higher abstraction level may lead to increased
recall, at the expense of reduced precision. The less abstract the signature is (lower in the tree),
the more precise the layout is, i.e. closer to the original component collection.

[00260] It will be appreciated that for a page retrieved by spider 41, page analyzer 44 may
generate a single full page layout, multiple partial page layouts (created by removing the least
important components one by one) and multiple segmented layouts together with their
associated signatures for each type of layout. The set of possible partial and segment signatures
are later used by layout searcher and generator 60 to try to find matching partial layouts and/or
find matching segment layouts (and to complete them).

[00261] It will be further appreciated that as well as layouts and associated signatures, page
analyzer 44 may also produce and associated layout package for each layout (full page, partial
page or segmented). Each associated layout package may contain: the full page data of the
original page (including component content), the handled component set — which components in
the page should be handled, the extracted layout and the associated signature for the layout
(which could be multiple signatures, e.g. if calculating signatures for multiple abstraction
levels). Each associated layout package may also contain information including indications of
component relevance status (background, decoration, filtered out etc.) component split / merge
information, page type indication, container split/merge/modification information and semantic
link information — for use when matching linked components in a handled component set (a
query page) and layout database 70 as discussed in more detail herein below. The associated
layout package may also include a screen shot of the original page, so to present to the user a
“full view” of the suggested layouts, and not just an abstract layout view. Layout database 70
may also store a pre-processed version of the layout suitable for quick generation of a preview

of the suggested layouts with the user content.
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[00262] It will also be appreciated that since layout packages are often generated in groups
(e.g. due to full page, partial page and segment processing), multiple layout packages may share
blocks of information (e.g. the original page information).

[00263] Layout database 75 may avoid storing some of the information above, and instead
recalculate it from the full page (from the pertinent layout package) when needed.

[00264] Once page analyzer 44 has processed the incoming page into suitable layouts and has
extracted the associated signatures, layout filter and ranker 45 may check the visual quality of
the layouts and /or pages in order to ensure that only the layouts and/or pages which have the
appropriate quality and diversity are included.

[00265] Layout filter and ranker 45 may then index these selected layouts and/or pages
accordingly before storing them in layout database 70 via layout database handler 75. It will be
appreciated that after the matching process (as described in more detail herein below) layout
filter and ranker 45 may also receive matched candidate layouts to ensure that a quality and
diverse set of candidate alternative layouts are eventually presented to the user as described in
more detail herein below.

[00266] Reference is now made to Fig. 21 which illustrates the elements of layout filter and
ranker 45. Layout filter and ranker 45 may further comprise a visual page comparer 46, a layout
quality rater 47, a ranker 48 and a diversifier 49. Page spider 41 may provide pages from which
layouts may be generated. It will be appreciated that the extracted layout may be known as a
server based layout (as opposed to an automatically generated layout).

[00267] Visual page comparer 46 may determine the level of visual similarity of two layouts
or of two pages (e.g. between a new incoming layout and a layout already stored in layout
database 70). It will be appreciated that it is not used to retrieve pages but when collecting pages
and layouts for indexing, but instead is used to filter out pages and/or layouts which are very
visually similar to other pages and/or layouts in layout database 70 having the same signature —
so to better support results diversification.

[00268] Visual page comparer 46 may compare the general component distribution in the two
pages, e.g. using detailed text / image / overall metrics. It may divide the page into regions (e.g.
using a grid), check which components intersect which region (possibly classifying by color,

type etc.) and compare the scores for the various regions.
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[00269] Visual page comparer 46 may also compare by attempted component matching
between the pages, e.g. by attempting to match the components and checking how good the
resulting match is. This could be done, for example, by matching components in the two pages
by position, size and visual similarity (e.g. based shape and color).

[00270] Visual page comparer 46 may match the two pages (for example) by creating the set
of all possible matching (possibly filtering totally irrelevant matches), scoring them and finding
the match with the best score, by using a greedy algorithm to always add the best next pair or by
handling the problem as an assignment problem and solving it using known algorithms such as
the Hungarian algorithm.

[00271] Visual page comparer 46 may also use snapshot similarity at the page image level, by
using a known image similarity algorithm on a virtual snapshot of the two pages.

[00272] Layout quality rater 47 may provide a quality score (as discussed in more detail
herein below) which may be used when indexing to filter out low-quality pages or when
retrieving to rank the pages displayed to the user.

[00273] The score may be typically stored with the indexed layout in layout database 70.
However, layout quality rater 47 may recalculate the score upon use as the calculation may be
based on an expert system that is continuously modified, or may use the post-adaptation version
of a suggested layout (i.e. the version created by adapting the handled component set to the
specific suggested layout), or may depend on quality criteria specific to the given user.

[00274] Layout quality rater 47 may apply this algorithm to full pages and partial pages as
well as templates for full pages and page parts. Layout quality rater 47 may take into account
components and visual elements which are filtered out by component filter 145 (such as
decorations which are not regular components).

[00275] Layout quality rater 47 may use a number of methods or a combination thereof to
determine the rating such as methods which are based on a static analysis of the content of the
page, methods which rely on training a learning system (or systems) based on actual selections
made by users or methods which are based on information related to the designer of the page.
[00276] Layout quality rater 47 may support multiple types of quality scores and metrics. For
example the article by Xianjun Sam Zheng, Ishani Chakraborty, James Jeng-Weei Lin, and
Robert Rauschenberger “Correlating low-level image statistics with users-rapid aesthetic and

affective judgments of web pages”, International Conference on Human factors in Computing
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Systems (SIGCHI), April, 2009. btip:i/rescarch.rutgers.edu/~ishanic/napers/sigehipdt has end-

users perceive multiple quality metrics (e.g. professional-looking, captivating, and appealing) as
different and independent metrics.

[00277] It will be appreciated that there are a number of known algorithms in the art for such
ranking though they are typically applied to regular web pages and not to component
collections. An algorithm may be based on any combination of the following:

[00278] Page statistical metrics. These view and analyze the page as a collection of
components, and extract metrics such as # of text components, # of fonts used, # and types of
links etc. Layout quality rater 47 may use the statistical profile of pages known to be well-
designed (e.g. created by a professional studio inside the WBS vendor), and compare the
statistical profile of the page to that of well-designed pages.

[00279] Page visual attributes (as discussed herein above in relation to the article by Zheng et
al.). Layout quality rater 47 may analyze the page as an image, collecting metrics such as
symmetry, balance, number of quadrants in decomposition, color uniformity etc. The metrics
should be combined by pre-determined weights to derive a total page quality score.

[00280] Layout quality rater 47 may also use a content-based algorithm in which the
parameters are set by a learning system (such as a neural network) trained with actual user
inputs — herein referred to as a layout quality rater learning system. Layout quality rater 47 may
use a number of actual user inputs so to train the layout quality rater learning system such as
which layouts were actually selected by users and applied to a page, which layouts were tested
by a user, applied to a page and later discarded or replaced and a specific feedback requested
from the user (e.g. “rate the best 3 of the displayed layouts.”).

[00281] Layout quality rater 47 may also use actual page viewing/rating information to train
the layout quality rater learning system. However, such rating may be unreliable — as it may be
greatly affected, for example, by advertising campaigns which affects site traffic (but is not
related to the design quality of the site).

[00282] Layout quality rater 47 may employ a system-wide set of weights —i.e. using a single
layout quality rater learning system which provides a system-wide layout quality rate value
(used by all designers and stored together with the stored layouts). Alternatively, it may use a
personalized layout quality rater learning system which may have weights personalized to the

specific user (or user set). In the latter case, the personalized layout quality rater learning system
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may be initialized by values from a system-wide layout quality rater learning system. Then the
personalized layout quality rater learning system would be further trained by the specific user
(or user set). The layout quality rater learning system would gradually come to reflect the
personal taste of the specific user (or user set).

[00283] In the scenario in which a personalized layout quality rater learning system is
employed, layout quality rater 47 may use separate layout quality rater learning system
activation to grade the results since it cannot use the stored layout quality rated values may be
system-wide (rather than personalized).

[00284] Layout quality rater 47 may also rank pages according to information about the
designer of the pages. This could a generic designer ranking, or a specific rating, such as a
designers rating specific to the given industry or sector to which the user belongs.

[00285] Ranker 48 may rank according to the semantic similarity to the handled component
set signature, the layout quality rating value produced by layout quality rater 47 and parameters
external to the layout, such as layout designer identity (e.g. the page designer has provided a list
of designer whose style he prefers) and commercial parameters such as promoted search priority
increase (if implemented).

[00286] Ranker 48 may disqualify some of the solutions based on semantic similarity. Low
semantic similarity results should have been filtered out at the retrieval stage, but the resulting
layouts may still have a range of semantic similarity values. It may also disqualify solutions with
low layout quality rate values, which may have passed the filtering process at the layout
database 70 creation stage.

[00287] It will be appreciated that if a personalized layout quality rate value system has been
implemented, layout quality rater 47 may calculate the specific personalized layout quality rate
values for all matches based on the parameters specific to the user who performed the query.
[00288] Ranker 48 may disqualify some of the solutions based on component size matching.
Ranker 48 may perform preliminary matching of components (based on semantic types)
between each resulting pages and the handled component set as described in more detail below
in relation to layout adapter and applier 50. It will be appreciated that in some cases, there may
be a semantic match between the types of components but a substantial mismatch in the sizes of

the components.
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[00289] An example would be a scenario, in which both the handled component set and a
located page P have 5 text components, but the text components of the handled component set
are large and all the text components of page P are all very small. In such a scenario, it is best to
disqualify page P.

[00290] Ranker 48 may provide a preliminary ranking by sorting the resulting layouts
according to any combination the metrics above (e.g. a weighted average).

[00291] As discussed herein above, system 100 aims at providing a diverse set of high quality
layouts. When operating within layout searcher and generator 60, diversifier 49 may ensure that
there is enough diversity between the retrieved or generated layouts for a particular page and
that the layouts are as visually different as possible. When processing layouts generated from
page spider 41 retrieved web-pages, diversifier 49 may ensure that there is enough diversity
among the potential layouts to be added to layout database 70 — both among the potential
layouts and themselves, and between the potential layouts and these already existing in layout
database 70.

[00292] Once the criteria above are used to create the preliminary ranking, diversifier 49 may
create a final (displayed) result ranking using a diversification process. The diversification
process may be based on the visual distance calculated by visual page comparer 46 as described
herein above, and the selection of results which are not visually similar. Diversifier 49 aims to
present suggested layouts which are visually different from the handled component set and from
each other.

[00293] Diversifier 49 may do this using a greedy algorithm. A typical greedy algorithms

works as follows:

[00294] Define the following page/layout metrics:

[00295] SLS(L1,L2) — semantic layout similarity between layouts L1 and L2.

[00296] LQR(L) — layout quality rating of a layout L (which may be user-specific).

[00297] VPS(L1,L2) — visual page similarity between layouts L1 and L2 (using visual page

comparer 46).

[00298] Let S be the matching layouts found by the semantic query, e.g. the top n pages P
having the maximal SLS(HCS,P);

[00299] Define an initially empty result R;
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[00300] Select a page P from S having highest value of a metric using a combination of
SLS(HCS,P) and LQR(P);

[00301] Add the found page P to R and remove it from S;

[00302] Repeat the following until R is sufficiently large:

[00303] Select a page P from S which has the highest value of a metric that is a combination
of:

[00304] SLS(HCS,P), i.e. semantically close to the HCS;

[00305] LQR(P), i.e. having high quality;

[00306] —( ZVPS (PP, P)), i.e. having maximal total amount of visual distance between P

PPeR
and the existing members of the result set.

[00307] AddP toR and remove it from S;

[00308] It will be appreciated that numerous variations to the basic greedy algorithm exist (for
example the article by Vieira, Razente, Barioni, Hadjieleftheriou, Srivastava, Traina, Tsotras —
2011 “On query result diversification”

http/fwww.csd o, or/~hvS6 papers/diversification/viciral 1.pdd) such as:

[00309] Creating initial clustering of the pages in S according to visual similarity, and
selecting one example from each cluster.

[00310] Checking visual distance of selected page P from both current result pages as well as
pages in S (so to select pages which provide diversity for upcoming selections as well).

[00311] Using randomized selection among k best alternatives at each round.

[00312] Once the final ranked result set R is created, ranker 48 may display it to the designer
so the designer may select which layout to apply to the handled component set as described in
more detail herein below.

[00313] Once ranker 48 and diversifier 49 have ranked the layouts and ensured that they are
diverse, layout filter and ranker 45 may send them to layout database coordinator 75 which may
store them in layout database 70 accordingly indexed.

[00314] As discussed herein above, layout searcher and generator 60 may search layout
database 70 to find suitable semantically similar layouts to offer to a user as an alternative to his
requested page, and also generate automatically generated layouts (as described in more detail
herein below) which correspond to the handled component set of his page. It will be appreciated

that not only may a user transfer all his content to a new layout, he may also make edits during
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the process, e.g. invoke the system to display a set of layout alternatives (in a pop-up dialog for
example), and then continue to edit the page while the pop up dialog is open and refreshes to
display changing alternative layouts.

[00315] Reference is now made to Fig. 22 which illustrates the elements of layout searcher
and generator 60. Layout searcher and generator 60 may further comprise an automatically
generated layout (AGL) handler 62, a server based layout (SBL) handler 64 and a matcher 66.
The functioning of these elements is discussed in more detail herein below.

[00316] Layout searcher and generator 60 may receive a request input page via page editor 30
and page analyzer 44, for which a user would like to see alternative layouts. As discussed herein
above, page editor 30 may be a suitable graphical user interface between the user and system
100 and may also allow users to make editorial changes to their page (both content and format).
Page editor 30 may allow the user to mark either all the components in the page for which he
wants an alternative layout or just a subset. The incoming request page and associated handled
component set may be analyzed by page analyzer 44 (as described herein above) which may
break up the full incoming handled component set into partial and segmented handled
component sets and may generate associated signatures and layout packages as described in
more detail herein below to extract 3 different sets of potential handled component sets from the
user requested page — full, partial and segmented.

[00317] The output of page analyzer 44 (handled component sets, signatures, layout package
etc.) may then be passed to both AGL handler 62 and SBL handler 64 to create / retrieve
appropriate candidate layouts. Matcher 66 may check candidate layouts from SBL handler 64
and AGL handler 62 against the handled component set of the incoming page and may find a
subset of matching components between the two layouts (as discussed in more detail herein
below). Layout filter and ranker 45 may filter and rank the retrieved candidate layouts as
described herein above and may forward them to layout adapter and applier 50 to be adapted
accordingly as described in more detail herein below. It will be appreciated that matcher 66 may
require a precise match between a pair of layouts rather than a match of a subset of the
components.

[00318] It will be appreciated, that in addition to layouts created and prepared for use, and

those generated from existing websites by page analyzer 44, AGL handler 62 may create
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automatically generated layouts based on the components included in the handled component
set of the incoming page.

[00319] These automatically generated layouts may be used as a fallback (if no suitable, high-
quality layout was found by searching as described in more detail herein below), or may be
created by default (so to produce one or more additional layouts to be ranked and displayed to
the user).

[00320] Reference is now made to Fig. 23 which illustrates the elements of AGL handler 62.
AGL handler 62 may further comprise an AGL coordinator 261, a column layout generator 262,
a main and side bar layout generator 263 and a rule based generator 264.

[00321] AGL coordinator 261 may receive the incoming handled component set from either
page editor 30 or from SBL handler 64 (as described in more detail herein below), and create
multiple possible algorithmically-generated layouts which use these components, possibly
taking into account various constraints and considerations as detailed below. Column layout
generator 262 may divide the page into columns and order the components in one column after
the other. Main and side bar layout generator 263 may place components in a larger main
column and after that in a smaller side-bar and rule based layout generator 264 may place
components one after the other according to pre-defined placement rules which may include
specific layout guidelines for specific component types. AGL handler 62 may also combine the
various layout generator methods, e.g. by using one method for the main generated layout and a
different method for container layout generation.

[00322] AGL handler 62 may be applied to single components or to components grouped
according to semantic relationship (as further discussed US Patent Publication No.
2015/0074516).

[00323] AGL handler 62 may also take into account existing explicit dynamic layout anchors
(as per US Patent Publication No 2013-0219263) and group elements anchored together as a
single meta-component to be placed as one entity in the automatically generated layout order. It
may also take into account the existing component order (e.g. using the component order
extraction algorithms described in US Patent Publication No. 2015/0074516), so the created
automatically generated layouts are more related to the original layout. Note that this is different
from the signature extraction performed for layout database 70 searching, where the current

page layout is irrelevant (except for the arrangement of containers).
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[00324] It will be appreciated that no signature extraction is required for an automatically
generated layout, since they are based on the actual component set of the handled component
set, and are thus expected to have a “perfect score” as far as component matching is concerned.
However, they might fail in terms of diversity (i.e. they are too similar to another suggested
layout) or quality (i.e. they are not as visually appealing as other suggested layouts). The output
of AGL handler 62 may be sent to matcher 66 or returned to SBL handler 64 as described in
more detail herein below.

[00325] Reference is now made to Fig. 24 which illustrates the elements of SBL handler 64.
SBL handler 64 may comprise a server based layout coordinator (SBL) handler 161, a partial
layout handler 162 and a segment layout handler 163.

[00326] As discussed herein above, page analyzer 44 (and the signature extractor 147 in
particular) may produce an array of signatures. These can be divided into 3 signature classes —
full page, partial page and segment.

[00327] Full page signatures may be used to find layouts in layout database 70 having a set of
components which match the entire page (or handled component set).

[00328] Partial page signatures may be used to find the closest matching layout for a subset of
the components, and to add the missing ones. In order to avoid combinatorial complexity (i.e.
having to create signatures for all possible component sub-groups), signature extractor 147 may
remove just the “least important component” (according to an importance rank) one at a time,
and may create a signature after each single component removal. For example, a Facebook like
component is less important than a primary image component.

[00329] Signature extractor 147 may also create the effect of adding components (to create
“larger” signatures for searching). This can be done by removing components (in a similar way
— according to importance) in the collection stage, and creating a set of possible signatures for
each indexed layout. This way, gathered layouts may be indexed by layout collector and updater
40 according under multiple signatures according to their full and partial layouts, and matcher
66 may match a handled component set against a part of a gathered layout (as discussed in more
detail herein below).

[00330] Segment page signatures may be used to divide the handled component set into

segments, in order to find a match for each segment and combine the resulting matches.
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[00331] SBL coordinator 161 may receive the incoming page request from page analyzer 44
together with the handled component set and the list of signatures for the three different
categories (full page, partial page and segment). SBL coordinator 161 may then query layout
database 70 using the signature list via layout database coordinator 75.

[00332] As discussed herein above, layout database coordinator 75 may comprise a signature
comparer 77. Signature comparer 77 may compare the extracted signatures from the handled
component set of the incoming page request with the stored indexed signatures in layout
database 70. Signature comparer 77 may support exact searching only. Exact searching simply
searches for layout having the same signature — which might provide excellent precision but
very low recall. Approximate searching, on the other hand, requires finding layouts whose
signatures are close to that of the handled component set.

[00333] It will be further appreciated that signature comparer 77 may only perform semantic
abstraction i.e. may attempt to compare signatures in a number of different ways by performing
semantic abstraction on both signatures being compared. For example when comparing a
“heading text” signature to a “paragraph text” signature, it may abstract both signatures into
“text component” resulting in a match. It will be appreciated that signature comparer 77 may
perform abstraction at the compare time or by indexing each signature with its multiple
abstraction alternatives in advance and then may search according to these alternatives. Thus,
each stored layout is indexed under multiple signatures (at various levels of abstraction) It will
be further appreciated that signature comparer 77 does not handle extra or missing components.
[00334] It will be appreciated that signature similarity may be defined based on a distance
metric — how different are two signatures. Signature comparer 77 may employ a number of
possible metrics, possibly based on a weighted semantic tree.

[00335] It will be appreciated that some of the metrics may employ a weighted semantic tree
which includes a weight for each tree arc, as illustrated in Fig. 25 to which reference is now
made. The arc weight (a positive number) for each arc states the distance from the original
designer intent by going up or down the arc.

[00336] In the example illustrated in Fig. 25 to which reference is now made, a (Single
line=>Text) arc has a weight of 5 whereas a (Multi line=>Text) arc has a weight of 2. These
values may be selected for use by signature comparer 77 since a multi-line text component more

closely resembles the traditional notion of a text component than a single-line text component.
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[00337] Such arc weights may be determined in multiple ways. For example, they may be
determined by the system designers, may be inferred from responses from page designers using
the system, may be inferred from system usage information or may be derived using a learning
system based on user behavior and responses.

[00338] One possible metric may be based on the difference in the amount of each semantic
type. If signature is considered a vector with a positive integer value (>=0) for each semantic
type (whose value is the amount of components of the given type), signature comparer 77 may
define a set S of all semantic types (including both atomic and composite types), the difference

d between signatures A[] and B[] is:
[00339] d = |Al1]- Bl

te§

[00340] In the calculation above, amounts for composite types are only for components
directly assigned to the specific composite type (by mapping from component type), i.e. not
components mapped into a sub-types which was later abstracted into the composite type.

[00341] Another possible metric is the sum of weights for all arcs that have to be traversed to
make the signatures identical (multiplying each weight by the number of components of the
given semantic types that has to go through these arcs).This assumes that the tree is traversed
both up and down. An example of this is the use of the tree in Fig. 25 to which reference is now

made, in order to calculate the distance between:

[00342] A =[Image 5 Video 6]

[00343] And

[00344] B = [Image 3 Video §]

[00345] To go (for example) from A to B, the following arcs may be traversed:

[00346] 2 x (Images=>Visual) = 2*3;

[00347] 2 x (Visual=>Video) = 2*5;

[00348] For a total cost of 16 (2*%34+2%*5).

[00349] The tree should be extended to contain “extra component” node attached to the top

level “component” node so to support additional or missing nodes as shown in Fig. 26 to which
reference is now made.
[00350] It will be appreciated that as the semantic tree has a single path from each type to

each type, the tree traversal “direction” does not affect the result.
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[00351] Signature comparer 77 may make the two metrics above area-sensitive by trying to
match components (having the same semantic type) according to their areas, and applying the
area of “left over” components as a multiplier to the cost of “left over” components for each A
and B. Thus, only components having similar area are equivalent, and components whose area
is too small or too large are regarded as “extra”.

[00352] Typically the best quality layouts that may be stored in layout database 70 are
manually created layouts, followed by the layouts based on website building system internal
designer web sites, followed by that of the external designers (at differing levels). It will be
appreciated that layout database 70 may also store automatically generated layouts (based on
the components in the handled component set) at differing levels of quality — as some
component combinations lend themselves to the creation of better automatically generated
layouts than others. This may be required if system 100 includes a sophisticated system for
automatically generated layouts including (for example) an elaborate aesthetic rule system. It
will be appreciated that in such a system, the creation of automatically generated layouts may be
resource intensive — since generated layouts are differ based on the order of the components, the
amount of automatically generated layouts is exponential to the number of components.
Therefore it may be desirable to pre-generate of automatically generated layouts for multiple
possible signatures and to store them in layout database 70. In such a system layout database
searching by SBL handler 64 may find these layouts and SBL handler 64 may include them in
the search results together with actual layouts that have been generated from designed pages by
page analyzer 44 as described herein above.

[00353] Thus in an alternative embodiment, AGL handler 62 may be invoked by SBL handler
64 after SBL handler has finished retrieving candidate layouts only.

[00354] In another embodiment, system 100 may have a well-defined criterion which states
for which signatures automatically generated layouts were pre-generated. Thus AGL handler 62
may be invoked only if the required signatures do not comply with the criterion.

[00355] In yet another embodiment, system 100 may omit AGL handler altogether.

[00356] To combine the searching in these multiple layout databases 70, signature comparer
77 may use either a combined search — i.e. may search all of the layout databases 70 and may
combine the results (taking diversity and quality into account when ranking the results) or may

perform a sequential search — search the layout databases 70 according to a pre-specified order.
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It may search the next layout databases 70 if the results from the previous layout databases 70
are not sufficient (in terms of number of results, their quality or their diversity).

[00357] It will be appreciated that there are multiple ways in which the signature comparer 77
can perform the search so to locate suitable candidate layouts. It may search for identical
signatures, search for similar signatures through semantic abstraction and search for similar
signatures, and correcting by adding / removing components.

[00358] Signature comparer 77 may perform identical signature searching via direct indexing
of the signature using string representation indexing, hashing etc.

[00359] Signature comparer 77 may apply the same process to the handled component set-
based signature. Thus, the searching is performed according to multiple signature versions, and
the results are united. Signature comparer 77 may also filter results according to their semantic
distance using the signature comparison methods outlined above.

[00360] Signature comparer 77 may perform similar signature searching for each signature in
many ways, such as the use of map signature vector representation into vector space and using
Euclidean distance as the first approximation. This may be assisted by embedding algorithms
which reduce the number of dimensions in the vector space (e.g. such as the article by Hjaltason
G., Samet H. — 2000 “Contractive Embedding Methods for Similarity Searching in Metric

Spaces.” htipi/fwww . cs.uod edw/~bis/pubs/metricpruning pdi)

[00361] Signature comparer 77 may perform searching using (for example) any of the known
nearest point searching methods in the vector space using MinHash, SimHash, using attribute
relational graphs and by using similar signature searching with added/removed components as
described herein above.

[00362] Signature comparer 77 may repeat the process until a reasonable number of matches
are found (breaking or possibly accumulating matching layouts found) or a given number of
searches.

[00363] If a resulting layout contains extraneous components, matcher 66 may remove these
extraneous components in the component matching process (as described in more detail herein
below). If a resulting layout has less components than the handled component set, the additional
handled component set components may be added when applied (e.g. inside or below the layout

as noted below).
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[00364] Layout database coordinator 75 may return matching layouts which provide
alternatives to each of the sent signatures in each of the 3 signature classes: full page, partial and
segment.

[00365] SBL coordinator 161 may then send the partial layouts (only) to partial layout handler
162 to be “completed”. Partial layout handler 162 may send the sets of missing components
(i.e., [handled component set] minus the specific [partial layout]) to AGL handler 62 for
completion.

[00366] Reference is now made to Fig. 27 which illustrates the creation of partial layouts.
Layout A (which includes the handled component set) consists of 3 main sections: the first
section a includes 2 picture component and 4 text component substantial to the page; the second
section b which a Facebook Like button x, a picture component, a Share button y and a small
notification text component z; The third section ¢ contains 5 picture components which are
again important to the page.

[00367] Page analyzer 44 may determine that the least important components in the page are 3
of the 4 components in section b which are (in ascending order of importance) the like button x
(least important), the share button y and the notification text z. All other components are
considered more important than these 3 components.

[00368] Page analyzer 44 may thus create 3 partial layouts. The first layout B may include all
components in A except for the like button x. The second layout C may include all components
in layout A except for the like button x and the share button y. The third layout D may include
all components in A except for the like button x, the share button y and the notification text z.
[00369] Page analyzer 44 may send the three partial layouts B, C and D, together with the
removed components (x for B, x/y for C, x/y/z for DE), the matching signatures and layout
packages (for each of the three) to layout searcher and generator 60, where they are routed to
SBL handler 64 and to partial layout handler 162. Partial layout handler 162 may locate
alternative layouts for each of B, C and D. Partial layout handler 162 may further request AGL
handler 62 to create automatic layouts for each of the removed component sets (e.g. 3 automatic
layouts for x, x/y and x/y/z). Partial layout handler 162 may then append the corresponding
automatic layout to each of the located alternate layouts for B, C and D to create 3 combined
layouts which are the ones combined with the content of the original layout A and returned by

the partial layout handler 162.
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[00370] It will be appreciated that the selected least important components may be anywhere
on the page and in particular may be intermixed between other components (more important or
not). In the final combined layout, these least important (and removed) components may
typically be re-added at the bottom of the suggested layout.

[00371] Reference is now made to Fig. 28 which illustrates a simplified version of the
working of the segment layout mechanism. Layout A (which includes the handled component
set) contains in this example 2 text and 2 picture components in its top part Al, and 2 text, 1
picture and 1 table components in its bottom part A2.

[00372] Page analyzer 44 may have previously recognized that layout A may be easily divided
by a horizontal end-to-end separator X into the two segment layouts B (containing the
components in A1) and C (containing the components in A1)

[00373] Page analyzer 44 may have further recognized (using the semantic link handler 141)
that the 2 picture components and 2 text components in A1 re 2 picture-caption pairs, and thus it
may not further sub-divide Al into two sub-parts. Similarly, page analyzer 44 may have
determined that the 2 text components of A2 are related (for example, due to a manual dynamic
link anchor connecting them) and do not sub-divide A2.

[00374] Page analyzer 44 may send the two segment layouts B and C, together with their
matching signatures and layout packages (for each of C and D) to layout searcher and generator
60, in which they are routed to SBL handler 64 and to segment layout handler 163.Segment
layout handler 163 may send the signatures for B and C to layout coordinator 75 which may
locate matching suggested layouts D and E (respectively).

[00375] Segment layout handler 163 may further perform the matching between B and D and
may create a combined and adapted layout F — which uses the layout format from the located
layout D and the component content from segment layout B. Similarly, Segment layout handler
163 may perform matching between layouts C and E to create a combined and adapted layout G.
[00376] Segment layout handler 163 may then combine layouts F and G (by appending G to
the bottom of F) and may create the merged layout H, in which the upper part H1 is taken from
F and the lower part H2 is taken from G.

[00377] It will be appreciated that in the actual implementation, the search for suggested
layouts (D and E above) may return multiple options for each (e.g. D1...Dn and E1..Em), which

may be combined in n x m ways. Segment layout handler 163 may create all n X m
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combinations, or may filter them according to predefined rules criteria as discussed herein
above.

[00378] AGL handler 62 may send back (for each partial layout) a matching automatically
generated layout created from the components missing in the specific partial layout. Partial
layout handler 162 may combine the partial layout(s) with their matching “missing component
layout” from AGL handler 62 and create a new completed layout and return it to SBL
coordinator 161. Partial layout handler 162 may add (for example) the automatically generated
“missing component layout” below the partial layout thus combining them.

[00379] In an alternative embodiment, partial layout handler 162 may send the actual partial
layout to AGL handler 62 and have the AGL handler 62 use it as a “seed” and add the missing
components to it directly.

[00380] SBL coordinator 161 may send the set of located segment layouts to segment layout
handler 163. Segment layout handler 163 may combine the per-segment alternatives to create
combined full page layouts. In the typical case in which the segments were created by horizontal
end-to-end splitting of the handled component set into segments, segment layout handler 163
may combine the per-segment alternatives by putting the per-segment alternatives one below the
other according to the original splitting order. In the more complex cases, the segment layout
handler 163 may replace the area occupied by each original segment with the per-segment
alternatives.

[00381] Segment layout handler 163 may create numerous combined layouts by combining all
possible suggested per-layout alternatives in all possible combinations and return them to the
SBL coordinator 161. The segment layout handler 163 may also filter the combined layouts
according to specific rules before returning them to the SBL coordinator 161. Such rules may
define which layout combinations have better quality, similarly to the rule types described
herein above for layout quality rater 47.

[00382] In an alternative embodiment, SBL handler 162 may directly search for a
combination of layouts with together match the signature of the handled component set. It will
be appreciated that this may be computationally expensive, since it requires searching in the
space of layout pairs.

[00383] One solution is for SBL handler 162 to perform a linear scan of layouts having a

smaller number of components than the handled component set, “subtract” each result from the
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handled component set (using vector subtraction), and search for possible matching layouts to
the remaining components. If a sufficiently small number of components remain, they can be
added below the suggested layout (to allow manual rearrangement) — possibly subject to
arrangement using an auto generated layout.

[00384] SBL coordinator 161 may then merge the returned layouts for the 3 signature classes
(page, completed partial, combined segments) and send them to matcher 66.

[00385] Matcher 66 may attempt to find a match between the handled component set of the
incoming request page and every layout that may have been retrieved by SBL handler 64.
Matcher 66 may construct a set of matched components (from both layouts) which is a subset of
both, or alternatively may only allow exact match to be created.

[00386] It will be appreciated that each layout sent to matcher 66 may be considered a
candidate layout since unless a suitable match is not found between the handled component set
of the incoming request page and a candidate layout — and in this case, the layout is rejected
before it is presented to the user as a valid alternative layout for his page. As discussed herein
above, layouts created by AGL hander 62 should provide a successful match as they are created
based on the specific component list provided to AGL handler 62 (and preserving their website
building system component ID — thus allowing the use of exact ID-base matching). This is to
ensure that all for all candidate layouts found, an accurate match may be made and therefore
only relevant layouts may be presented to the user. It will be appreciated that the page level
objects (from the incoming request page and the associated page of the selected candidate layout
page) may include additional non-component information such as underlying template pointers,
decorations, background design information etc.

[00387] It will be further appreciated that the layout level objects (handled component set of
the current requested incoming page and candidate layout) may usually be a subset of their
corresponding page level objects (i.e. [RL]c[RP],[CL]<[CP]) (RL=requested layout=
handled component set, RP= requested incoming page, CL = candidate layout, CP = candidate
page) as the page level objects may contain components which are not part of the current layout
(e.g., decorations, components marked with “do not search according to this”, omitted
component, locked components etc.). It will be appreciated that the candidate page information
may be retrieved from the associated layout package stored in layout database 70 as well as

other useful information such as semantic types, links and dynamic layout links as discussed
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herein above. However, this is not always the case since component merger 144 and component
splitter 146 may cause the layout level to contain such united/split components which are not
included in the page level object.

[00388] It will be appreciated that the handled component set may be further “reduced” as the
user may request searching based on a selected subset of the components in requested incoming
page (instead of the entire current page).

[00389] It will also be appreciated that signature comparer 77 may perform at the layout level,
i.e. the actual signature-based matching is between signatures extracted from the handled
component set and the candidate layout.

[00390] It will be further appreciated that matcher 66 may create a matched component subset
of the handled component set and the matched subset of the candidate layout. The matched
component subset of the requested incoming page and the matched subset of the candidate
layout may not always be of the same size. Matcher 66 may, for example, match an image
component and a text component (in the incoming page) together with a single (image +
caption) component in a candidate layout.

[00391] It will be appreciated that if a candidate layout is an automatically generated layout,
the situation may differ since the automatically generated layout (candidate layout) is created
directly from the components in the handled component set. Thus, there is no separate
containing page associated with the candidate layout and the matching between the handled
component set and the candidate layout is always exact and performed based on having identical
component IDs (as discussed in more detail herein below). Since the layouts are identical, the
matched components subsets are also identical.

[00392] As discussed herein above, matcher 66 may match some or all of the components in
the handled component set and the candidate layout according to system defined component
ID’s.

[00393] It will be appreciated that for automatically generated layouts, ID-based matching
always works, since the components included in the automatically generated layout are the same
components that are included in the handled component set.

[00394] In the specific scenario in which the incoming request page and the candidate page
are both pages derived from a common template (or have another inheritance-related

relationship), matcher 66 may also perform ID-based matching.
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[00395] It will be appreciated that in other scenarios (e.g. regular layouts from layout database
70), ID-based matching is not suitable and matcher 66 may use attribute-based component
matching instead.

[00396] Matcher 66 may perform attribute-based component matching by dividing the
components (in the handled component set and the candidate layout) into classes according to
their semantic types.

[00397] Matcher 66 may typically use very abstract semantic types (i.€. high on the semantic
tree) as classes, so to provide wider matching. For example, a classification may use 4 classes
based on major semantic types such as text, image, galleries and “other components”.

[00398] Once matcher 66 has classified the components accordingly, it may sort the
components in each class according to their size or possibly — in particular for text — their
amount of content. The latter is done so a large text area containing small amount of text may be
matched with a smaller text area which might be more suitable. Matcher 66 may further sort
components having identical (or near-identical) areas according to additional attributes such as
aspect ratio, position on screen etc.

[00399] It will be appreciated that such matching may omit components with extreme sizes
(too large or too small) which cannot be matched with similar size components in the matched
layout. Matcher 66 may also omit cases when the given layouts have conflicting size such as a
Facebook like button component that has a fixed size and a contact form that has a minimum
width.

[00400] Once matcher 66 has sorted the components in each class, it may use a matching
algorithm to create the pairing as described herein above such as a greedy algorithm, the
Hungarian algorithm or anything similar. It will be appreciated that components in each
category are separately matched.

[00401] Matcher 66 may also use semantic link information created for the handled
component set (during processing by page analyzer 44) and information retrieved for candidate
layouts such as “components A and B should be close together” or “component A must be
above component B with no inferring components”. Matcher 66 may try to satisfy these
requirements before matching the remaining components.

[00402] Matcher 66 may also use information from cross-category semantic links (i.e. links

between component of different component categories, such as image and text components)
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when forming the matching. In such a case, matcher 66 may perform the matching sequentially
(e.g. first matching all text components, then image components, etc.). The matching for a given
category may rely on the matching done for previous categories.

[00403] Reference is now made to Fig. 29 which illustrates attribute-based component
matching integrating semantic linking information. As is shown in the figure:

[00404] The handled component set has 2 sets of components (picture + caption) marked
at+aa, b+bb. Earlier on in the process, semantic link handler 141 may have created the semantic
pairings [a]<>[aa], [b]<>[bb].

[00405] A candidate layout is retrieved a with 2 sets of components [c]+[cc], [d]+[dd]. This
candidate layout includes (in its layout package) the semantic links embodying the [c]<[cc],
[d]<>[dd] semantic pairing.

[00406] Matcher 66 may first match the text category, resulting in the matching [aa]=>[cc],
[bb]=>[dd], followed by matching the picture category.

[00407] When matcher 66 searches for a match for component a, it may see that it is
semantically paired with component aa which was matched with component cc as component cc
is semantically paired with picture component c, matcher 66 matches component a to
component ¢ directly and removes them from the sets of components to be paired (component a
from the current layout component set, component ¢ from the candidate layout component set).
[00408] It will be appreciated that in Fig. 29 the components in the current layout and the
candidate layout do not match exactly, as the current layout has 4 additional text components
whereas the selected layout has 6 additional text components and an additional data table
component. This is permissible, since the current layout and the candidate layout are not
required to match exactly.

[00409] It will be appreciated that matcher 66 may run on large numbers of candidate layouts
from layout database 70 as produced by layout searcher and generator 60. It will be further
appreciated that not all layouts found may have a successful match.

[00410] It will be further appreciated that all candidate layouts with a successful match may
be forwarded to layout filter and ranker 45 to be filtered and ranked. Layout filter and ranker 45
may then forward the top (for example) ten ranked candidate layouts to layout adapter and
applier 50 to adapt the current page to the new layout and apply any content accordingly. Layout

adaptation may include a number of types of adaptations, such as component layout adaptation,
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e.g. size and position (the primary adaptation), component type adaptation; color scheme
adaptation and decoration components from the selected page. System 100 may provide a user
interface (UI), possible integrated with that of page editor 30, to allow the user to select the
desired layout and to specify which types of adaptation to perform.

[00411] In an alternative embodiment to the present invention, matcher 66 may be part of
layout adapter and applier 50. L.e. layout searcher and generator 60 may not apply matching to
all candidate layouts, and only once the user has chosen his selected layout the matching process
may take place. This may be less computationally expensive as the matching process is applied
to the selected layout only and not to all located layouts.

[00412] In yet another embodiment, matching may take place after a preliminary filtering of
the selected layouts by layout filter and ranker 45, and before the suggested layouts are
presented to the user. Once a user has selected his desired layout, layout adapter and applier 50
may apply format and content from matched component subset of the selected layout to the
matched subset of the current layout.

[00413] Reference is now made to Fig. 30 which illustrates the elements of layout adapter and
applier 50. Layout adapter and applier 50 may comprise a dynamic layout handler 52, a
container changes applier 53, a split/merge component handler 54, a remaining component
handler 55, a component type conversion handler 56, a component attribute applier 57 and a
post processor 58.

[00414] It will be appreciated layout adapter and applier 50 may copy over the main attribute
values (such as position, size and z-priority) for the matched components from the selected
layout to the handled component set. Layout adapter and applier 50 may also handle any
unmatched components between the handled component set and the handled component set
matched components and between the candidate layout and the candidate layout matched
component set. It may also handle any remaining components in that appear in either the
handled component set or the candidate layout (but not both) or those that appear in the
incoming request page or the selected layout (but not both). Once layout adapter and applier 50
has adapted the candidate layout accordingly, previewer 32 may present the candidate options to

the user via previewer 32 in order for a user to select his desired selected layout.
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[00415] Component type conversion handler 56 may convert the type of each component in
the matched subset of the handled component set if two components of different types have
been matched.

[00416] Component attribute applier 57 may copy the position, size and z-order of the
components of the matched subset of the candidate layout.

[00417] Component attribute applier 57 may also apply other component attributes, such as
the colors, style or display properties of the components (e.g. the number of row/columns in a
gallery component).

[00418] Component attribute applier 57 may apply the color scheme (as discussed in US
Patent Publication No. US-2014-0237429 entitled “A System for Supporting Flexible Color
Assignment in Complex Documents” published 21 August 2013, incorporated herein by
reference and assigned to the common assignee of the current invention.

[00419] Dynamic layout handler 52 may copy over any dynamic layout explicit anchors and
relationships to the new layout as applicable. It will be appreciated that layout adapter and
applier 50 may break some anchors when (for example) one of the anchored components is not
be included in the mapping. It will further be appreciated that once the layout (and other
information) has been applied, dynamic layout handler 52 may apply dynamic layout processing
so to handle component size / position changes (e.g. if it has to immediately apply a component
size change due to larger amount of content in the handled component set when compared to the
selected layout).

[00420] It will be appreciated that changing a component type while preserving the content
and parameters of the component (e.g. display parameters of a gallery) may require system 100
to support component type conversion, e.g. support assigning the content and attributes of a
component of one type to a component of another type whenever possible.

[00421] Component type conversion handler 56 may define specific conversion rules and
procedures to handle specific type conversions such as do not convert a video to an image —
keep the original video component type, when converting a third party application, only convert
to a new third party application of identical type (e-shop to e-shop etc.).

[00422] As discussed herein above in relation to container handler 143, containers may be
handled in a number of ways, including keeping the container and using hierarchical signatures,

flattening the container and attaching the contained components to the parent page, flattening
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combined with container reconstruction, converting single-component containers to regular
components, converting the container to a new dummy component (discarding the contained
sub-components) and assigning the type of the dominant sub-component inside the container.
[00423] Container changes applier 53 may use asymmetric handling: applying container
flattening on the stored layouts side (i.e. in the selected layout), and dominant type assignment
on the handled component set/current layout side. In this scenario, the selected layout may
represent an incoming requested page container by a single placeholder component — matched
with another single component in the selected page.

[00424] Container changes applier 53 may adapt this placeholder component to the matching
component in the selected page. It may replace the placeholder component with the original
container (including the sub-components originally contained inside it).

[00425] Container changes applier 53 may also adapt the container to the size, position and z-
order of the matching selected page component. It may also adjust the relative size and position
of the sub-component inside the container to the new size and possibly apply dynamic layout to
compensate for the changes. It will be appreciated that container changes applier 53 may
perform recursively on all containers at all levels.

[00426] It will also be appreciated that in addition to containers there may be other scenarios
in which two or more original current page components have could be merged into a single
current layout component. These may include, for example components which overlap too
much that have been united into a single component, text components above each other which
were stitched together, multiple image components stitched together and multiple image
components converted into a gallery.

[00427] In all of these cases, split/merged component handler 54 may draw a minimal
enclosing rectangle surrounding the pre-merge component set, and this rectangle is used to set
the size and position of the dummy placeholder component. Thus split/merged component
handler 54 resizes and moves the contained components as discussed herein above for
containers when creating a match to the placeholder component (on the current page side).
[00428] It will be appreciated that [A]-[B] refers to elements in [A] which are not in [B] (also
known as relative complement. It will be further appreciated that there might be additional

components not included in the matching. For example the difference of the components
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between the handled component set and the selected layout i.e. components in the pages omitted
from the compared layouts.

[00429] There also may be components in the compared layouts (handled component set and
selected layout) which were not matched by matcher 66.

[00430] Remaining component handler 55 may handle components which appear in the
incoming request page but are not included in the selected layout (such as decorations, or
unmatched components in non-exact-matching scenario) by dividing them into two-categories —
layout relative and non-layout relative components. Layout-relative components are page
components which are related to the layout component (but are not part of the layout component
set itself). Remaining component handler 55 may identify such a relationship may be through
explicit specification, proximity, dynamic layout anchoring or component content analysis.
Remaining component handler 55 may move and resize these components together with the
layout components to which they are related.

[00431] Non-layout-relative components are the additional components in the page which are
not in the layout and are not layout relative. These may include (in particular) components
which have been specified as locked by the user and they are kept in place and not moved or
resized.

[00432] It will be appreciated that components which appear in the selected page but are not
included in the selected layout may be considered non-layout components (decoration or
otherwise excluded). Remaining component handler 55 may ignore them and may not transfer
them as part of the layout adaptation.

[00433] Remaining component handler 55 may support an exceptional case for the transfer of
non-layout components (or other page elements) which is important for the layout. An example
would be a non-layout background picture component to which the layout components have
been carefully adapted (e.g. the components reside in “holes” in the picture). The component
may be marked so that it is copied over in case of adaptation even through it is not a part of the
regular layout. In fact, such a background picture may even be marked as “critical”, meaning it
would override any existing current page background picture (if such one exists).

[00434] Remaining component handler 55 may handle layout components which are not in
the matching as follows. For unmatched components in the current page, i.e. components that

appear in the current layout but not in the current layout matched set, remaining component
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handler 55 may instruct AGL handler 62 to create an automatically generated layout based on
these remaining components. Remaining component handler 55 may then arrange this newly-
created automatically generated layout below the bottom-most component in the adapted current
matched component set (i.e. the current matched component set adapted based on layout
information from the selected layout. Remaining component handler 55 may merge the
automatically generated layout with the adapted current matched component set.

[00435] Remaining component handler 55 may ignore unmatched components in the
candidate layout and may not transfer them as part of the layout.

[00436] It will be appreciated that all changes made by remaining component handler 55 may
affect additional components through dynamic layout processing of the page (e.g. moving
components pushing down other components). Thus, the user may edit the adapted incoming
request page and candidate layout via page editor 30 and may determine how to handle each
component (e.g. moving it, discarding it or otherwise modifying it).

[00437] It will be appreciated that page analyzer 44 may perform many transformations (as
described herein above) which should be closed — i.e. reversed or handled before the final
process. For example, container handler 143 may perform container analysis and
transformations such as the replacement of tightly wrapped containers which may have to be
undone on the final page. Post processor 58 may perform all reverse transformations where
required. It will also be appreciated that it may reverse transformations performed by semantic
link analyzer within matcher 66 and container changes applier 53.

[00438] It will be appreciated that layout adapter and applier 50 may apply to parts of pages or
split pages, since it may be required to apply multiple layouts to multiple page parts in pages
which have been segmented.

[00439] Once layout adapter and applier has finished — the resulting new layout may be
presented to the user via previewer 32.

[00440] Thus system 100 may be used to provide a user with semantically similar layouts to a
current page for use which may be automatically updated format and content wise.

[00441] It will be appreciated that system 100 may allow the construction of a designer layout
community in which high quality layouts could be marketed. This may act similarly to an

application store. Once a layout or layout family has been purchased, these additional layouts
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would be available to the purchasing user and used in his or her layout queries. Users may also
follow specific designers (whose style they prefer), create private layout libraries etc.

[00442] System 100 may further include a mechanism for the promotion of specific layouts
and for the creation of a layout marketplace (including promoted search capabilities which may
be integrated with the layout ranking by layout filter and ranker 45 as described herein above).
[00443] It will be appreciated that the discussion of system 100 has been limited to searching
according to the components in a single page which are used as the search key (the handled
component set). In an alternative embodiment, system 100 may also be applied to searching
according to multiple pages (i.e. multiple handled component sets) and thus used for template
selection expansion. An example of this is when initially creating a page and the designer is
presented with a set of possible templates (e.g. page or page section templates). The user may
select a subset of the offered templates and expand it using “search for more such templates”.
Another use may be when performing a selection (in layout database 70) based on the currently
edited page; the user may select a subset of the offered layouts and expand it (by searching for
additional layouts semantically equivalent to the selected subset). This is a “search based on
search results” capability.

[00444] In this scenario layout searcher and generator 50 may make multiple selections using
the signature extracted from each handled component set. It may unite the multiple selected
results and then diversify the suggested results according to the multiple handled component
sets, so to locate suggested layouts as visually different as possibly from each of the handled
component sets (and not just from the handled component set used to search for the specific
result set).

[00445] Reference is now made to Fig. 31 which illustrates a joint result diversification for
multiple layout database queries. As is illustrated, a request is made by a user for alternative
layouts when 3 templates are available (e.g. under a given template category) T1, T2 and T3.
[00446] Page analyzer 44 may extract from these 3 templates the handled component sets
HCS1, HCS2 and HCS3.

[00447] Based on these 3 handled component sets the layout searcher and generator 60 may
selects the 3 semantically similar results sets B1, B2 and B3, each of which contain additional
possible templates. For example B1 contains the 3 templates pages h, i and j which are most

semantically similar to HCSI.
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[00448] Layout ranker and filter 45 may jointly evaluate all located pages/layouts in all results
sets for B for diversity, by comparing each possible layout against all layouts — including
original layouts (in set A) as well as all layouts in set B (as is shown for e and { in the figure). It
will be appreciated that layouts may be compared to non-semantically-equivalent layouts for
diversity.

[00449] Layout searcher and generator 60 may create the expanded suggested template list,
which may include the original A layout, as well as some selected layouts from B (e.g. e, g, h
and 1). The user may select templates from this expanded list to create P, the actual page.
[00450] It will also be appreciated that system 100 may also be used to provide layout and
formatting to pages containing data collections that do not have a current design. Such pages
may be uniform in structure, or each may have its data structure. Examples includes pages
imported from sources such external databases, XML record or RSS data feeds .An additional
data source may be a manual data entry editor, which may be very quick to use, since no
formatting should be defined — just the raw data.

[00451] In such a scenario, system 100 may review the data for the current page, and create a
signature based on the data types of the imported data. Such data type determination may be
based on actual specified data types (e.g. database field types, XML entity types etc.), data types
determined by analysis of the content of the imported data (e.g. recognizing text field or type
and format of included media files) and data types specified by the user through an editor
attached to the import module. For example, system 100 may determine that a given data field is
a text field, but the user may provide further information (e.g. classifying the field as title text
rather than regular text).

[00452] In addition to the data types, system may determine additional information from the
field, such as expected size (based on the amount of content or the size of provided media files).
System 100 may then use the gathered information to create a semantic signature as described
herein above, and use this signature to search for semantically matching layouts.

[00453] Once an appropriate candidate layout is selected, the information from the candidate
layout is used to create a layout for the existing data. System 100 may repeat this process for all
imported pages, and the system may re-use selected layout determinations made for previous
pages for the new page (e.g. when pages use the same XML schema or just have identical /

similar fields).
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[00454] In this embodiment, signature extractor 147 may extract the signature from the set of
current data fields (which serves as a handled component set), instead of being extracted from
an actual page or part thereof.

[00455] Diversifier 49 may process the located layouts, but without comparing them to the
non-existent “current design”. Layout adapter and applier 50 may copy over the full set of
attributes (as well as decoration components otherwise ignored) from the selected layout.
[00456] It will be appreciated that a website building system typically provides a number of
templates for users to use as a foundation for their application. Templates provide ready-made
pages, designs, components, content, color schemes etc. and make the user’s job considerably
easier. The site is then created as a series of modifications to the templates (changes, additions
and deletions). However, the site structure becomes tightly coupled with the selected template,
and if the user desires to switch to another template it is often difficult, if not outright
impossible.

[00457] In an alternative embodiment, system 100 may apply a new layout to the existing site
based on existing template, and thereby switch to a different template. In this scenario, system
100 may allow the user to arbitrarily select a selected layout from the full or a partial pool of
layouts, without limiting the selecting to suggested layouts having a substantial semantic
similarity to the current page. This way, the user could switch to any desired template — even if
it is substantially different (semantically) from the existing one. Of course, if the switched-to
template is wildly different than the existing one, the adaptation to the new template would
suffer in quality.

[00458] System 100 typically has full information regarding the original template page used
to create the current users’ page. Thus, system 100 may distinguish between the underlying
template definitions and later modification. Layout adapter and applier 50 may be modified so
to handle the underlying template first, and then re-apply the later changes — thus allowing
smooth template changing.

[00459] It will be further appreciated that website building system vendor may further
facilitate template switching by creating families of templates which have an underlying
mapping between their members (e.g. based on common IDs inherited from a single master

template). Such underlying mapping could be augmented by layout adapter and applier 50 by
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matching additional components. Thus, the user would be able to switch between templates in
the same family very easily.

[00460] As discussed herein above, system 100 typically uses a visual editing environment
which allows a user to create the various web site pages. System 100 may handle user-defined
layouts which include a single web page, or a section thereof and may also search among
extracted layouts. These extracted layouts may be collected from existing applications managed
by system 100, may be automatically generated, may be manually created for system 100 or may
be collected from external sources on the web, including retaining back links to that information
(such as external sources 25).

[00461] System 100 may compare layouts based on an extracted semantic signature, with the
semantic signature (and the comparison process) based on a hierarchy of component types as is
illustrated in Fig. 9, back to which reference is now made. Thus system 100 may find multiple
semantically identical alternative layouts to the current page/page section.

[00462] Applicants have further realized in an alternative embodiment to the present
invention, that system 100 and its ability to retrieve semantically identical alternative layouts to
the current page/page section may be extended to be used with other systems and technologies
that typically generate a single layout or visual data structure (as described in more detail herein
below) as well as additional types of visual design systems that are not website building
systems, and may be used to find and retrieve multiple semantically identical alternative visual
data structures based on a hierarchy of components belonging to the pertinent non-website
building system.

[00463] Reference is now made to Fig. 32 which illustrates a system 200 for generating
visually diverse alternatives and visual data structures for a non-website building system
according to an embodiment of the present invention. System 200 may be similar to system 100
as described herein above but may comprise a server 215 as an alternative embodiment to server
15 as is illustrated in Figs. 3A and 3B. Server 215 may comprise a layout sub-system 90 which
may further comprise the main system elements as described herein above, i.e. page spider 41,
page analyzer 44, layout filter and ranker 45, layout adapter and applier 50, layout searcher and
generator 60 and a layout database coordinator 75 as is illustrated in Fig. 33 to which reference
is now made. It will be appreciated that the term visual data structure may also incorporate

layouts as discussed herein above. It will be appreciated that this embodiment, layout adapter
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and applier 50, layout searcher and generator 60 and a layout database coordinator 75 may also
handle visual data structures.

[00464] System 200 may incorporate other types of systems (e.g. generating mobile or other
native application vs. websites). System 200 may also handle different categories of layouts (e.g.
multi-page layouts vs. sub-page layouts). System 200 may also use a different methodology to
define the handled component set (for example user-defined vs. system-defined). System 200
may also utilize different sources of layouts and methods of layout construction (e.g. using
constructed layouts based on extracted business information).

[00465] It will be appreciated that system 200 may also utilize additional data in the
comparison between layouts as described herein above (such as using business-related
information as part of the signature definition) and utilize different methods of performing
matching between layouts. A description of these additional embodiments follows. It will be
appreciated that the additional embodiments described herein below may be implemented
independently or alternatively may be combined.

[00466] Reference is now made to Fig. 34A which illustrates some of the different
embodiments in which system 200 may be implemented. As is illustrated, system 200 may be
incorporated with an experiment system 150, an end-user oriented website or application 300, a
native application building system 400, a dynamic view assignment system 500, an application
generation system 600 and a page analyzing visual editor 700. The functioning of system 200
with these systems is described in more detail herein below.

[00467] Such visual design systems as described herein above, may include visual design
systems used to create stand-alone applications such as desktop application development
environments (e.g. for use with personal computers); mobile application development
environments (e.g. for use with Smartphones and tablets); client-server application development
environments and non-browser web application development environments (for use with
environments such as Adobe’s flash player); plug-in development environments — systems
which create plug-ins and other add-on elements for other systems (web browsers or otherwise)
and shop-builders — systems which focus on the creation of e-shops (or e-commerce sites).
[00468] Such visual design systems may be hosted on a desktop computer or on a device

targeted by system 200 such as a mobile device.
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[00469] It will be appreciated that in this embodiment, the components handled by system
200 may be associated with back-end or server-side elements. In particular, selecting a specific
suggested layout (which represents the front-end view of the application or other entity edited
by the visual design system) may require changes to be made to the back-end or server-side
elements of the pertinent edited application.

[00470] Visual design systems may also include multi-target visual design systems which
may target multiple devices or platforms. An example would be a visual design system which
allows a user to design application which is deployed as a web site, a desktop application and a
mobile application.

[00471] Such a visual design system may employ a central repository (whose content defines
the created application) and convert it to different versions so to support the different platforms.
This conversion may be performed on-line (i.e. as the application is being run) or off-line (i.e.
ahead of the application use).

[00472]  Furthermore, the visual design system may have its own look and feel (which is used
across platforms) and may adapt the created application to the look and feel of each platform
(e.g. creating a website which is different in look and feel from the generated mobile
applications) or use a combination of the two methods. The visual design system may be further
adapted to specific sub-platforms, e.g. producing a different look and feel when run on iOS
(from Apple) or Android (from Google).

[00473] It will be appreciated that as different application variants may have a differing look
and feel, the visual design system may generate layout alternatives which are relevant to
multiple target platforms (e.g. specifying the general layout but not the exact component
visuals), or alternatives specific to a given platform only.

[00474] Thus system 200 may be used in conjunction with various types of application
conversion and site creation systems, such as a visual design system which converts an existing
website into a website building system based website, a visual design system which converts a
website building system based website into a native mobile application and a visual design
system which converts an existing (mobile or other) application into a website building system-
based website.

[00475] System 200 may also be used in conjunction with visual design systems which

extract information from various sources and integrate it to create a website building system
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based website. Such information sources may include any combination of information provided
by the user (e.g. through pop-up dialogs and questionnaires), information gathered on-line about
the user (e.g. from on-line databases and information web services) based on seed information
provided by the user (such as existing business name) or on previously collected information,
information similarly gathered from off-line sources about the user, e.g. by forwarding an
information request to relevant information providing agency and receiving their reply and
integrating it into the knowledge gathered about the user and information collected from online
web presence(s) of the user (such as Facebook pages, a Yelp description or a LinkedIn profile)
to generate a website building system based website.

[00476] It will be appreciated that such visual design systems may require the collection and
use of extended semantic information as described in more detail herein below.

[00477] As discussed herein above, system 100 focuses on handled component sets which
may include a full page or a subset of the components in the page. It will be appreciated that in
an alternative embodiment, system 200 may be configured to handle larger-than-page handled
component sets.

[00478] Larger-than-page handled component sets may include (or a combination thereof) a
set of (possibly related) pages, such as an e-commerce site section which includes a product list
page, a single product page and a checkout page. Larger-than-page handled component sets may
also include a set of sub-page entities spread over multiple pages, such as a set of per-page
navigation menus having a common style.

[00479] System 200 may suggest alternative layouts for each of the pages/page sections
separately (using separate semantic signature comparison for each), or use a combined search
which offers alternative layouts for the entire set of pages/page sections simultaneously. It will
be appreciated that the semantic signatures for such larger-than-page handled component sets
may be extracted using the same methodology as described herein above.

[00480] It will be appreciated that the basic purpose of system 200 is to present a user with a
number of alternative layouts to his current design based on a criteria of at least quality and
diversity. This may allow the user to explicitly select his preferred layout from a selection of
presented layouts.

[00481] It will also be appreciated that a user may base his decision not only on the visual

quality of the page but also on one or more specific metrics which may test the effectiveness of

72



WO 2017/017663 PCT/IB2016/054602

the pertinent page. Such a metric may be based on (for example) on an explicit user action
metric e.g. the percentage of users completing the registration process in a designed registration
form. It may also be based on an implicit user metric such as the length of time the user spends
in the page, or on a metric measured over other parts of the system (different from the one for
which alternative layouts are being evaluated). For example, the percentage of users completing
a form dialog X which is explained in the tutorial page Y for which multiple layouts Y1/Y2/...
are being evaluated.

[00482] Thus in an embodiment of the present invention, system 200 may include A/B testing
or multivariate testing capabilities. This testing may allow the user of the website building
system to define multiple variants of a given page, provide these different variants to his
different end-users (automatically), and measure the resulting metrics value, providing statistical
information on the effectiveness level of each variant based on the relevant metrics. Thus the
user of the website building system may design his website accordingly.

[00483] Reference is now made to Fig. 34B which illustrates the embodiment of system 200
comprising an experiment management system 150 in accordance with an embodiment of the
present invention. Experiment management system 150 may further comprise an experiment
creator 151 which may setup the desired requirements of the experiment and an experiment
analyzer 153 to receive and analyze the test results and an experiment manager 152 to
coordinate and run the experiments. It will be appreciated that the functioning of experiment
system 150 may be similar to that as described in US Patent Publication US 2016/0124839
entitled “A SYSTEM AND METHOD OF HANDLING COMPLEX EXPERIMENTS IN A
DISTRIBUTED SYSTEM” published 5 May 2016, incorporated herein by reference and
assigned to the common assignee of the current invention. It will be further appreciated that in
this embodiment, layout filter and ranker 45 and layout adapter and applier 50 may be connected
to both experiment creator 151 and experiment analyzer 153 as is illustrated.

[00484] It will also be appreciated that is this scenario, experiment creator 151 may create
such an experiment automatically, using the suggested layouts as the multiple page variants, and
automatically building an experiment to be deployed and to provide the result to the user. It will
be appreciated that experiment creator 151 may also use the top X suggested variants, or a
subset of such variants (e.g. by allowing the user to select which of the variants will participate

in the experiment).

73



WO 2017/017663 PCT/IB2016/054602

[00485] It will be appreciated that the above mentioned discussion has focused on the use of
systems 200 in website building systems, visual design systems and other website/application
editing or generation systems. However, system 200 may also be implemented inside end-user
oriented websites and applications 300 whether they are automatically generated or explicitly
edited, rather than the designer-oriented editing or generation system.

[00486] One example of suitable end-user oriented websites and applications 300 are websites
and applications which support generated user content. Such websites and applications may
include, for example log creation systems, systems and websites which allow users comments
and responses and end-user systems which allow a user to design an on-line presence page
including the Facebook social network, Yelp, e-Bay and others.

[00487] Another type of end-user oriented websites and applications 300, are systems which
provide multiple display options such as websites and applications which support multiple
display options for some or all of displayed views in the system. An example is an e-commerce
website or application which allows end-users to switch between different views of (for
example) the product page during run-time (i.e. while shopping), and configure which elements
of the product page to display (e.g. product image, description, price, reviews, link to similar
products etc.).

[00488] Thus once the user has configured which elements to include in a given product page,
system 200 may select semantically equivalent and visually diverse views (as described herein
above). Such views may include views with fields that do not exactly match the ones defined by
the user, but are semantically matched and possibly modified or extended to provide an
appropriate semantic equivalent.

[00489] In yet another embodiment of the present invention, system 200 may be used in
conjunction with systems that are used to build and edit native applications (mobile, desktop,
client-server or otherwise) herein referred to as native application building systems 400. Native
application building systems 400 are described in US Provisional Patent Application No.
62/198,725 entitled “SYSTEM INTEGRATING A MOBILE DEVICE APPLICATION
CREATION, EDITING AND DISTRIBUTION SYSTEM WITH A WEBSITE DESIGN
SYSTEM?” filed 31 July 2015 and its utility application to be filed on the same day herewith

having patent attorney docket P-14334-US and both assigned to the common assignee of the
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present invention It will be appreciated that such embodiments may include some specific
characteristics as detailed below.

[00490] It will be appreciated that native application building systems 400 are often built
based on code components which do not directly correspond to visual screen components, but
rather to real-world or business related components. For example, a shopping cart component
can be “spread” over multiple visual screens, and co-exist with additional components in the
same screens.

[00491] Furthermore, native application building system 400 components may have
additional “background” attributes which are related to the computing environment, underlying
hardware or other non-display factors. For example, a map display component may require GPS
location ability, which may only be available on mobile devices but not on desktop devices.
System 200 may use such information to determine which layouts should be offered to the user,
offering (for example) layouts which include a map component in some cases, and not offering
them in other cases.

[00492] Thus, the selection of semantically equivalent alternative layouts (which will
typically include alternative components) by system 200, may require a matching process that is
more complex than the signature comparison process noted above. This may affect multiple
parts of the system, including page analyzer 44, layout searcher and generator 60 and signature
comparer 77.

[00493] It will be appreciated that system 200 may extract, store and compare extended
signatures that include additional information regarding the attributes and constraints of the
component in the layout as described above.

[00494] System 200 may analyze and compare such extended signatures by extending the
algorithms described above (e.g. semantic comparison based on component type tree) to use
additional non-visual elements and attributes to the compared multi-dimensional signatures. For
example, system 200 may perform signature comparison using a component semantic tree
which contains includes business-world semantic information. For example, system 200 may
combine together various types of text components which are related to the “business
description” in one semantic sub-tree, and the various text components related to “team

description” in a separate semantic sub-tree.
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[00495] System 200 may analyze and compare extended signatures based on graph matching.
In this embodiment, layout subsystem 90 may comprise a component searcher as is illustrated in
Fig. 35 to which reference is now made.

[00496] Signature extractor 147 may represent layouts as graphs of components which may be
searched by component searcher 95 using algorithms for graph similarity or subgraph matching
such as described by Danai Koutra, Ankur Parikh, Aaditya Ramdas, Jing Xiang, Machine
Learning Department, Carnegie Mellon University 2011 “Algorithms for Graph Similarity and

Subgraph Matching” htips:/fwww.cs.comu.edu/~pngs/docs/DBreport.pdl. It will be appreciated

that component searcher 95 may focus on similarity rather than precise match.

[00497] Reference is now made to Figs. 36 and 37A and 37B which illustrate such
component graphs. Fig. 36 illustrates a graph describing an E-commerce application at the page
level and Figs. 37A and 37B illustrate a graph detailed at the component level. It will be
appreciated that in this scenario, matcher 66 may match between sections of such graphs,
typically at the component level.

[00498] The graph vertices may represent sub-components of the complex native component,
and the graph arcs may represent sub-component relationships.

[00499] In yet another embodiment, system 200 may be used with a dynamic view assignment
system 500. It will be appreciated that some visual design systems may include one or more
repositories of data items (consisting of fields) and data views (consisting of components, some
of which serve as placeholders for field’s values). In this embodiment, matcher 66 may match
between views and items based on pre-defined assignment, user input or dynamically at run
time and system 200 may use the views to display the content of the item. Matcher 66 may also
“horizontally” match match between views (associated with data items) and additional possible
alternate views which may be offered to the user, thus extending the set of possible views based
on additional sources.

[00500] It will be appreciated that system 200 may display similar items with different views,
and that system 200 may use different views for the same item at different times.

[00501] It will also be appreciated that system 200 may include data types and template
information, which may be used to define items and/or views. System 200 may also support

inheritance (e.g. between multiple such types, templates, items and views).
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[00502] One such system is described in US Patent Publication No. 2014/0282218 entitled
“Device, System, and Method of Website Building by Utilizing Data Lists” published 18
September 2014, incorporated herein by reference and assigned to the common assignee of the
current invention. However, additional such system designs may be implemented, including in
particular as part of end-user systems, rather than a web-site or application design system.
[00503] Thus system 200 may be used in conjunction with such a dynamic view assignment
system 500. It will be appreciated that in this embodiment, the semantic information (and
semantic signature) may be extended to include additional information from the item (for which
a view is being searched), other items of the same repository as well as the type definitions (of
both items and views) and objects related through inheritance relationships (e.g. taking
information from parent objects).

[00504] It will also be appreciated that such additional information may include content and
design related information, as well as business information, e.g. if the item repository is a
database of goods for sale, a given field may have a business data type (e.g. item price) in
additional to having a visual/editing related data type (e.g. a numeric field).

[00505] Furthermore, in some situations, system 200 may have to operate automatically (e.g.
just pick the top priority view when displaying a given item) or semi automatically.

[00506] It will be appreciated that the views generated by system 200 and selected for use
with items may vary on the screen, i.e. a given list of items may be presented by generating a
display of multiple items simultaneously in an item gallery using multiple views. Some items
(having a given set of attributes) may be associated with a given view, and other items may be
associated with a different view. However, system 200 may take into account the fact that the
multiple items are visible, and perform its view selection so as to provide a uniform (or
identical) view for similar items viewed in the same gallery window.

[00507] It will also be appreciated that system 200 may also use externally provided
information from higher-level containers or component sets. For example, a set of product
views may be designated as “offers of the day”. System 200 may then use this attribute (as an
additional parameter) when searching for matching views to these product views. In particular
(and as noted above), system 200 may force an identical choice of view for all “offers of the

day” product views.
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[00508] In yet another alternate embodiment to the present invention, system 200 may also be
used in conjunction with application generation systems 600 which generates websites, native
applications (including mobile, desktop and client server application) or other application types.
Application generation systems 600 may differ from typical editing and design_systems in that
application generation systems 600 may generate a complete website or application or even
application sub sections directly based on various sources of information (as detailed below),
rather than providing a platform for the user to manually edit and design the application step by
step.

[00509] It will be appreciated that application generation systems 600 may be coupled with a
visual design system so that once an application is generated it may be edited in the visual
design system. Likewise, some visual design systems may allow a template application to be
selected based on given user input (e.g. business type and sub-type), and the user may use such
selected template application as a foundation so he will not be required to build his website or
application from the beginning.

[00510] One type of application generation system 600 that may be used with system 200 is a
website/application importer. A website/application importer allows the user to specify an
existing website (or application) to be imported. The website/application importer may then
review (“grab/craw]”) such website and extract information from it. The extracted information
may include content information, such as data records representing team members, contact
information, opening hours, events etc., general application/site structure information and
specific page and area layout information. The extracted information may also include
additional semantic information such as information related to the business / real world aspects
of the extracted information, e.g. distinguishing between an “address” text field and a “team
member name” text field, information describing the original website or application as well as
information related to the hierarchical (or other) structure of the extracted information. For
example, additional semantic information may distinguish between an “address” text field from
a “contact information™ record and an “address” text field from a “client shipping address”
record.

[00511] Another type of application generation system 600 that may be used with system 200

is a system that imports online presences. It will be appreciated that a person or organization
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may have one or more on-line presences hosted by multiple providers, such as Facebook, Yelp,
and LinkedIn etc. A regular website may also be regarded as such a presence.

[00512] An application generation system 600 that imports such existing on line presences
based on such information may be similar to the website/application importer described herein
above and may extract information from the multiple on-line presences, and unite it in a data
repository. The data repository may then be used (together with provided templates) to generate
the website or application.

[00513] It will be appreciated that a system for importing existing online presences, may have
multiple sources from the same data, and may thus assign origin-based priorities (to different
versions of the same data) so to locate the most reliable source for any required data. Such
systems may use website grabbing / crawling as discussed herein above, as well as specific data
access services provided by the various presence providers.

[00514] A system for importing existing online presences may also include additional
semantic information based on the origin of the data elements (what was the original presence),
e.g. providing field semantic types or attributes such as: “Text value from Facebook™, “Business
address from about-page from Facebook”, “Business logo from LinkedIn” etc. Semantic
information may also be based on additional information available about the online presence
that is not part of the regular data (e.g. from which type of Facebook page the data was
imported).

[00515] Thus in yet another embodiment to the present invention, system 200 may be used in
conjunction with a system for importing existing online presences and may use the additional
semantic information for its semantic search, with the located layouts used for specific records.
[00516] It will be appreciated that another type of application generation system 600 that may
be used with system 200 is a system that imports data from various data sources based on seed
information, such as internet dictionaries, business data providers etc. Such data may be
extracted based on the seed information, such as the business name, or based on more detailed
information, such as provided URLs for various on-line presences. The data importing system
may search multiple sources, possibly including off-line sources, and merge the information to
create the underlying data repository used to generate the website / application. Such as system
is described in US Provisional Application 62/342,955 titled "SYSTEM AND METHOD FOR
THE CREATION AND UPDATE OF HIERARCHICAL WEBSITES BASED ON
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COLLECTED BUSINESS KNOWLEDGE” filed 29 May 2016, incorporated herein by
reference and assigned to the common assignee of the current invention.

[00517] It will be appreciated that another type of application generation system 600 that may
be used with system 200 is a system that generates a website or application based on user
interaction. The system may interact with the user, asking him to supply various details about
the site and build a repository of content records.

[00518] This could be done, for example, using a series of interactive questionnaires or forms
which cover different parts and aspects of the user’s business. Examples may include: what is
the business type, what is the business location, who are the team members, what are the
services offered etc. The gathered information may be stored (for example) as a series of content
elements (records), arranged in a hierarchical or network structure. These content elements may
then be mapped to layout elements, each of which is a template for a specific page area. These
layout elements are assembled to form the complete website or application pages. It will be
appreciated that in this scenario, the mapping above is many-to-many, i.e. each layout elements
may include data from multiple content elements (and vice versa) — which is different from the
typical association of views with items described above.

[00519] It will be further appreciated that in this scenario, the user interaction website
generation system may offer multiple possible layout elements for each page area at the layout
element level and multiple possible arrangements / layouts for the created layout elements at the
page assembly level. It will also be appreciated that the extended semantic information may
include information from the content elements.

[00520] In an alternative embodiment to the present invention, system 200 may be used as
part of a system supporting sophisticated editing based on page analysis, from herein known as
a page-analyzing visual editor system 700. Such a page-analyzing visual editor system 700 may
be used inside a website building system or a native application building system as described
herein above as well as other types of systems and technologies.

[00521] Page-analyzing visual editor system 700 may work by decomposing pages into a
hierarchy (or multiple hierarchies) of smart box elements based on semantic knowledge
extracted from the page components as well as other sources (e.g. inter-component anchors,
component editing history and more). Smart box elements are described in US Provisional

Patent Application No. 62/367,151 entitled “SYSTEM AND METHOD FOR
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IMPLEMENTING CONTAINERS WHICH EXTRACT AND APPLY SEMANTIC PAGE
KNOWLEDGE” filed 27 July 2016 and assigned to the common assignee of the present
invention.

[00522] Such smart box elements may be either user or system generated and may conform to
predefined semantic-based data types (semantic composites), e.g. a “picture + associated
caption” data type, a “list of team members” data type etc. Thus, page-analyzing visual editor
system 700 may analyze the page being edited (according to a database of semantic-based data
types), and automatically classify sets of elements as semantic composites based on this
component analysis and matching. Some semantic composites are repeaters (such as lists,
galleries and grids) and some are non-repeating (such as the “picture + caption” semantic
composites above). Some smart boxes, however, do not conform to any specific pre-defined
semantic composite data types.

[00523] Thus page-analyzing visual editor system 700 may then suggest alternative layouts
for a specific smart box or a group of related smart boxes. Such a suggestion can be made based
on semantic searching provided by system 200.

[00524] It will be appreciated that in this embodiment, layout system 90 may be activated
based on handled component sets automatically defined through the page analysis process.
Therefore matcher 66 may match using the predefined semantic types or through the regular
semantic matching process, extended through the use of additional business-related component
information as discussed herein above.

[00525] While certain features of the invention have been illustrated and described herein,
many modifications, substitutions, changes, and equivalents will now occur to those of ordinary
skill in the art. It is, therefore, to be understood that the appended claims are intended to cover
all such modifications and changes as fall within the true spirit of the invention.

[00526] Unless specifically stated otherwise, as apparent from the preceding discussions, it is
appreciated that, throughout the specification, discussions utilizing terms such as "processing,"

"

"computing,” "calculating,” "determining," or the like, refer to the action and/or processes of a
general purpose computer of any type such as a client/server system, mobile computing devices,
smart appliances or similar electronic computing device that manipulates and/or transforms data
represented as physical, such as electronic, quantities within the computing system’s registers

and/or memories into other data similarly represented as physical quantities within the
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computing system’s memories, registers or other such information storage, transmission or
display devices.

[00527] Embodiments of the present invention may include apparatus for performing the
operations herein. This apparatus may be specially constructed for the desired purposes, or it
may comprise a general-purpose computer selectively activated or reconfigured by a computer
program stored in the computer. The resultant apparatus when instructed by software may turn
the general purpose computer into inventive elements as discussed herein. The instructions may
define the inventive device in operation with the computer platform for which it is desired. Such
a computer program may be stored in a computer readable storage medium, such as, but not
limited to, any type of disk, including optical disks, magnetic-optical disks, read-only memories
(ROMs), volatile and non-volatile memories, random access memories (RAMs), electrically
programmable read-only memories (EPROMs), electrically erasable and programmable read
only memories (EEPROMs), magnetic or optical cards, Flash memory, disk-on-key or any other
type of media suitable for storing electronic instructions and capable of being coupled to a
computer system bus.

[00528] The processes and displays presented herein are not inherently related to any
particular computer or other apparatus. Various general-purpose systems may be used with
programs in accordance with the teachings herein, or it may prove convenient to construct a
more specialized apparatus to perform the desired method. The desired structure for a variety of
these systems will appear from the description below. In addition, embodiments of the present
invention are not described with reference to any particular programming language. It will be
appreciated that a variety of programming languages may be used to implement the teachings of

the invention as described herein.
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CLAIMS

What is claimed is:
1. A system, said system implementable on a computing device having a processor and a
memory, comprising:

a visual design system to generate a single visual data structure based on a

hierarchy of components;

a database to store at least one visual data structure and an associated
signature wherein said signature represents at least a semantic composition of said

at least one visual data structure;

a signature comparer to match a signature of said single visual data structure
to an associated signature of at least one visual data structure stored in said
database and to present multiple versions of alternate visual data structures for

said hierarchy of components for selection by a user; and

wherein said alternate visual data structures are visually different and

semantically similar to each other.

2. The system according to claim 1 and also comprising visual data structure adapter and
applier to adapt said hierarchy of components to a selected visual data structure.

3. The system according to claim 1 and wherein said hierarchy of components comprises a
subset of components of an entire page of said visual design system.

4. The system according to claim 1 and wherein said hierarchy of components comprises a set
sub-page entities spread over multiple pages of an application edited by said visual design
system.

5. The system according to claim 1 and wherein said visual design system is at least one of: a
desk top application development environment, a mobile application development
environment, a client server application development environment, a non browser web
application development environment, a plug-in development environment and a shop-
builder.

6. The system according to claim 1 and also comprising a previewer to present said alternate

visual data structures on multiple target platforms.
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7. The system according to claim 1 and also comprising a previewer to present said alternate
visual data structures on single target platform.

8. The system according to claim 6 and wherein said multiple platforms are at least one of: a
website, a desktop application and a mobile application.

9. The system according to claim 1 and wherein said visual design system is at least one of:
end user oriented website and application.

10. The system according to claim 1 and wherein said visual design system is a native
application building system.

11. The system according to claim 10 and wherein said semantic composition is at least one
of extracted business information from external sources and component information.

12. The system according to claim 10 and wherein said semantic composition is derived from
at least one of: computing environment, underlying hardware and non-display factors.

13. The system according to claim 10 and also comprising a component searcher to search for
and generate components based on graph matching.

14. The system according to claim 1 and wherein said visual design system is a dynamic view
assignment system.

15. The system according to claim 14 and wherein said alternate visual data structures are at
least one of: views associated with data items and views based on additional sources.

16. The system according to claim 14 and wherein said signature is based on information for
at least one of: data items, type definitions and objects related through inheritance
relationships.

17. The system according to claim 14 and wherein said information is at least one: content
and design related information and business information.

18. The system according to claim 1 and wherein said visual design system is an application
generation system.

19. The system according to claim 18 and wherein said alternate visual data structures are at
least one of: applications or application sub sections.

20. The system according to claim 19 and wherein said applications and said application sub-
sections are based on at least on of: an existing on-line presence, retrieved external data based

on seed information and user entered data.
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21. The system according to claim 19 and wherein said applications and said application sub-
sections are based on at least one of: content information, general application site structure
information and specific page and area information.
22. The system according to claim 1 and wherein said visual design system is a page
analyzing visual editor.
23. The system according to claim 22 and wherein said alternate visual data structures are a
visual design structure consisting of a hierarchy of smart box elements.
24. The system according to claim 23 and wherein said hierarchy of smart box elements is
based on semantic information extracted from at least one of: said hierarchy of components,
inter component anchors and component editing history.
25. The system according to claim23 and wherein said hierarchy of smart box elements is at
least one of: user created or system generated.
26. The system according to claim 1 and also comprising an experiment system.
27. The system according to claim 26 and wherein said experiment system comprises:
a database to store at least one visual data structure and an associated
signature wherein said signature represents the semantic composition of said at

least one visual data structure based on a hierarchy of components;

a signature comparer to match an associated signature of a visual data
structure of said visual design system to an associated signature of said at least
one visual data structure stored in said database and to retrieve multiple alternate
visual data structures for said visual data structure from said database, wherein
said alternate visual data structure are visually different and semantically similar

to said hierarchy of components;

an experiment creator to receive said alternate visual data structure and to

present them to a user as part of a controlled experiment; and

an experiment analyzer to analyze results of said selection of a visual data
structure by said user to provide statistical information on preferred visual data

structures for said visual design system.
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28. The system according to claim 27 and wherein said controlled experiment is based on at
least one of: a visual quality of said visual data structure, an explicit user metric, an implicit
user metric and a system use metric.
29. The system according to claim 27 and wherein said controlled experiment uses at least
one of: A/B and multivariate testing.
30. A website building system implementable on a computing device having a processor and
a memory, comprising:
a database to store at least one layout and an associated signature wherein said
signature represents the semantic composition of said at least one layout based on

at least one of: a user supplied and a system generated handled component set;

a signature comparer to match an associated signature of a layout of said
website building system to an associated signature of said at least one layout
stored in said database and to retrieve multiple alternate layouts for said layout
from said database, wherein said alternate layouts are visually different and

semantically similar to said handled component set;

an experiment creator to receive said alternate layouts and to present them to a

user as part of a controlled experiment; and

an experiment analyzer to analyze results of said selection of said layout by
said user to provide statistical information on preferred layouts for said website

building system.

31. The system according to claim 30 and wherein said controlled experiment is based on at
least one of: a visual quality of said layout, an explicit user metric, an implicit user metric and
a system use metric.

32. The system according to claim 30 and wherein said controlled experiment uses at least
one of: A/B and multivariate testing.

33. A method, said method implementable on a computing device having a processor and a
memory, comprising:

generating a single visual data structure based on a hierarchy of components;
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storing at least one visual data structure and an associated signature wherein
said signature represents at least a semantic composition of said at least one visual

data structure;

matching a signature of said single visual data structure to an associated
signature of at least one visual data structure stored in said database and
presenting multiple versions of alternate visual data structures for said hierarchy

of components for selection by a user; and

wherein said alternate visual data structures are visually different and

semantically similar to each other.
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