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DOCUMENT SYNCHRONIZATION OVER STATELESS PROTOCOLS

BACKGROUND

[0001] In typical document systems, documents are accessed at the whole
document level, such that an entire document 1s received by a client computer from a
server for editing. This requires low level data associated with the underlying document
format to be transmitted from the server to the client computer. Also, incremental
document formats have to be garbage collected and defragmented over a network
connection. Furthermore, locks must be controlled across the network. Controlling locks
can be complex and fragile task that requires a significant amount of content to be
exchanged. Transmitting low level data, including garbage collection and
defragmentation information, as well as control locks, unnecessarily ties an application to

1t’s low level file format and can be intlexible and lead to inetficiencies.

SUMMARY

[0002] Example systems and methods described herein relate to file (e.g.
document) synchronization and/or loading over a stateless protocol.

[0003] According to one aspect, a data structure for storing a document on a first
computing device independent of a document format of the document, the data structure
includes: a plurality of cells and a plurality of data objects defining content of the
document. Each of the cells has a cell 1dentifier that uniquely 1dentifies a particular cell
within the document and 1s associated with at least one revision. Each data object 1s
associated with one of the cells and has an object 1dentifier that uniquely 1dentifies the data

object within the associated cell, and 18 configured to communicate with other cells and
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with objects within the associated cell. In addition, each of the cells 1s defined so that each
other cell remains unaffected by changes to data objects of the cell.

[0004] According to another aspect, a revision manifest of a revision 1s stored on a
computer readable medium of a first computing device. The revision manifest defines a
revision representing a state of a cell at a point in time. The revision manifest includes: a
plurality of object groups, each object group comprising at least one data object; anda unit
of consistency comprising the at least one data object, cach unit of consistency being
defined so that editing one of the units of consistency does not affect any other unit of
consistency.

[0005] According to yet another aspect, a method of synchronizing a document on
a first computing device, the document broken into cells, each cell being defined by at
lease one revision manifest, the method includes: receiving a first revision and at least one
cell associated with the document; receiving an update to the first computing device, the
update indicating an updated revision 1dentifier associated with each cell associated with
the document; retaining the first revision of each cell when the first revision 1dentifier of
the cell matches the updated revision 1dentifier of the cell; generating a new revision of
cach cell, wherein generating the new revision comprises assigning the new revision a new
revision 1dentifier when the first revision 1dentifier of the cell does not match the updated
revision identifier of the cell; deleting any cell not referenced by the root objects; and
synchronizing the document by replacing the cells with the new revision of each cell. The
cell 1dentifier includes a globally unique 1dentifier (GUID) and an integer (INT) pair, the
GUID being globally unique a scope defining a set of cells and revisions and including
root objects, wherein cells within the scope are accessible via the root objects. The cell
identifier 1s associated with a first revision having at least one first revision identifier.

Each of the at least one revision 1dentifiers representing a state of the cells at a point 1t
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time. The cell includes a scope defining a set of cells and revisions and the scope includes at

least one root object. Cells within the scope are accessible via the root object.

[0005a] According to one aspect of the present invention, there is provided a method of
synchronizing a document on a first computing device, the document being broken into cells,
and each cell being defined by at least one revision manifest, the method comprising:
recelving a first revision and at least one cell associated with the document, the at least one
cell, comprising a cell identifier comprising a global unique identifier and an integer pair, the
global unique identifier being globally unique, the cell identifier being associated with the
first revision comprising at least one first revision identifier, each of the at least one revision
identifiers representing a state of the cells at a point in time, and a scope defining a set of cells
and revisions and the scope including at least one root object, wherein cells within the scope
are accessible via the at least one root object; receiving an update to the first computing
device, the update indicating an updated revision identifier associated with each cell
associated with the document; retaining the first revision of each cell when the first revision
identifier of the cell matches the updated revision identifier of the cell; generating a new
revision of each cell, wherein generating the new revision comprises assigning the new
revision a new revision identifier when the first revision identifier of the cell does not match
the updated revision identifier .of the cell; deleting any cell not referenced by the root objects;

and synchronizing the document by replacing the cells with the new revision of each cell.

[0005Db] According to another aspect of the present invention, there 1s provided one or
more non-transitory computer-readable storage media having stored thereon computer-
executable instructions that, when executed perform a method for synchronizing a document
on a first computing device, the document being broken into cells, and each cell being defined
by at least one revision manifest, the method comprising: receiving a first revision and at least
one cell associated with the document, the at least one cell comprising a cell identifier
comprising a global unique identifier and an integer pair, the global unique identifier being
globally unique, the cell identifier being associated with the first revision comprising at least

one first revision identifier, each of the at least one revision identifiers representing a state of
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the cells at a point in time, and a scope defining a set of cells and revisions and the scope
including at least one root object, wherein cells within the scope are accessible via the at least
one root object; receiving an update to the first computing device, the update indicating an
updated revision identifier associated with each cell associated with the document; retaining
the first revision of each cell when the first revision identifier of the cell matches the updated
revision identifier of the cell; generating a new revision of each cell, wherein generating the
new revision comprises assigning the new revision a new revision identifier when the first
revision identifier of the cell does not match the updated revision identitier ot the cell;
deleting any cell not referenced by the root objects; and synchronizing the document by

replacing the cells with the new revision ot each cell.

[00035¢] According to still another aspect of the present invention, there is provided a
computer system for updating multiple presence publications the computer system
comprising: at least one processor; and at least one memory, communicatively coupled to the
at least one processor and containing computer-readable instructions that, when executed by
the at least one processor, provide a method for synchronizing a document on a first
computing device, the document being broken into cells, and each cell being defined by at
least one revision manifest, the method comprising: receiving a first revision and at least one
cell associated with the document, the at least one cell comprising a cell identitier comprising
a global unique identifier and an integer pair, the global unique identifier being globally
unique, the cell identifier being associated with the first revision comprising at least one first
revision identifier, each of the at least one revision identifiers representing a state of the cells
at a point in time, and a scope defining a set of cells and revisions and the scope including at
least one root object, wherein cells within the scope are accessible via the at least one root
object; receiving an update to the first computing device, the update indicating an updated
revision identifier associated with each cell associated with the document; retaining the first
revision of each cell when the first revision identifier of the cell matches the updated revision
identifier of the cell; generating a new revision of each cell, wherein generating the new

revision comprises assigning the new revision a new reviston identifier when the first revision

identifier of the cell does not match the updated revision identifier of the cell; deleting any

3a
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cell not referenced by the root objects; and synchronizing the document by replacing the cells

with the new revision of each cell.

[0005d] According to another aspect of the present invention, there 1s provided a
computer implemented method of synchronizing a document on a computing device, the
method comprising: partitioning a document into one or more cells, each cell comprising one
or more objects having similar properties, the document including a first cell associated with a
first revision manifest, wherein the first revision manifest defines a first revision state for the
first cell; receiving an update to one or more objects in the first cell; synchronizing the first
cell with the update from the client such that other cells in the document remain unattected;
and generating a second revision manifest associated with the first cell, the second revision

manifest based on the first revision manifest and retlecting the update.

[0005e] According to yet another aspect of the present invention, there is provided a
computer implemented system comprising: a processor; and a memory communicatively
coupled to the processor, the memory having computer-executable instructions that when
executed by the processor, provide method of synchronizing a document on a computing
device, the method comprising: partitioning a document into one or more cells, each cell
comprising one or more objects having similar properties, the document including a first cell
associated with a first revision manifest, wherein the first revision manifest defines a first
revision state for the first cell; receiving an update to one or more objects in the first cell;
synchronizing the first cell with the update from the client such that other cells 1n the
document remain unaffected; and generating a second revision manifest associated with the

first cell, the second revision manifest based on the first revision manifest and reflecting the

update.

[00051] According to another aspect of the present invention, there 1s provided one or
more non-transitory computer-readable storage media having stored thereon computer-

executable instructions for performing a method of synchronizing a document on a computing
device, the method comprising: partitioning a document into one or more cells, each cell

comprising one or more objects having similar properties, the document including a first cell

3b
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associated with a first revision manifest, wherein the first revision manifest defines a first
revision state for the first cell; receiving an update to one or more objects in the first cell;
synchronizing the first cell with the update from the client such that other cells in the
document remain unatfected; generating a second revision manifest associated with the first

cell, the second revision manifest based on the first revision manifest and reflecting the

update.

[0006] This Summary is provided to introduce a selection of concepts in a simphified
form that are further described below in the Detailed Description. This Summary is not
intended to 1dentify key features or essential features of the claimed subject matter. Nor is this

Summary intended to be used to limit the claimed subject matter's scope.
DESCRIPTION OF THE DRAWINGS

[0007] Non-limiting and non-exhaustive embodiments are described with reference to
the following figures, wherein like reference numerals refer to like parts throughout the

various views unless otherwise specified.

[0008] FIG. 1 is a schematic block diagram illustrating an example authoring system;
10009] FIG. 2 is a schematic block diagram 1llustrating the authoring system ot FIG. 1
in which a document stored on first computing device can include content units ot
consistency;

[0010] FIG. 3 1s a schematic block diagram of unit of consistency;

(0011} FIG. 4 is a schematic block diagram of a scope;

[0012] FIG. 5 is a schematic block diagram of an example client computing system

configured to implement an authoring environment; and

[0013] FIG. 6 is a flowchart illustrating an example synchronizing process

implemented by an authoring application.

3¢
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DETAILED DESCRIPTION

[0014] In the following dectailed description, references are made to the
accompanying drawings that form a part hercof, and in which are shown by way of
illustrations specific embodiments or examples. While the disclosure will be described 1n
the general context of program modules that execute 1n conjunction with an application
program that runs on an operating system on a computer system, those skilled 1n the art
will recognize that the disclosure also may be implemented in combination with other
program modules. The embodiments described herein may be combined and other
embodiments may be utilized without departing from the spirit or scope of the present
disclosure. The following detailed description is therefore not to be taken in a limiting
sense, and the scope of the disclosure 1s defined by the appended claims and therr
cquivalents.

[0015] Embodiments of the present disclosure provide an environment 1n which a
single client can author a document or multiple clients can collaboratively author a
document while consuming minimal server and transmission resources. In example
embodiments, when a coauthoring capable application 1s editing a document, the
application obtains only pieces of the document. Before the client receives the document
pieces, an application’s data model has been partitioned 1nto explicit units of consistency.

[0016] In example embodiments described herein, a document i1s broken into a
serics of parts, referred to as units of consistency. By default, a document can be
partitioned into a simgle unit of consistency that encompasses the entire document. When
specific knowledge of the document’s structure 1s know, the document can be partitioned
into more than one unit of consistency. For instance, 1n a presentation, such as one created
using the POWERPOINT® presentation graphics program, consisting of more than one

slide can be partitioned into multiple units of consistency where each unit of consistency

4
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includes one slide. For example a presentation consisting of ten slides can be partitioned
into ten units of consistency.

[0017] In the example above, more or less than ten units of consistency are
possible. For instance, each slide may include a footer and each footer can be a unit of
consistency. Therefore, the presentation consisting of ten slides may have 20 units of
consistency. Also, by default the entire document may be one unit of consistency.

[0018] There are two main approaches to implementing deltas. First, deltas can be
computed explicitly by a “diff” algorithm. For example, algorithm used may be the
“Remote Differential Compression” (RDC) library found in the WINDOWS platform.
The algorithmic approach has the advantage that the data can be considered opaque, and
no structure or structural knowledge may be required. This 1s 1deal for scenarios where
the document’s format 18 fixed, unknown or cannot be changed. Non-limiting examples of
file formats that are fixed, unknown, or cannot be changed include text files, bitmap
images and audio files.

[0019] The trade-off for this flexibility, however, 1s high computation cost and
transmission 1nefficiencies caused by changes that cannot be tracked well by the
algorithm. This may occur when the data has not been designed for efficient
synchronization. That 1s, the data has no “explicit” deltas or good change locality.

[0020] Second, deltas can be sub-divided into smaller units of change call
“ogranules” that can align relatively closely with the expected changes. The delta 1s then a
set of granules that can be different between two states. This scheme 15 less
computationally expensive and has the potential to be more efficient when the data can
ctfectively be sub-divided into small units of change that close align with expected

updates.
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[0021] The two approaches can be used independently or in combination. For
example, when both approaches are used 1n combination, a document access model can
provide an arbitrary level of granularity within units of consistency. Through an explicit
delta scheme, synchronization engines can leverage the arbitrary level of granularity to
improve efficiency.

[0022] Turning now to the figures, FIG. 1 illustrates an example authoring system
100 having features that illustrate examples aspects of the disclosure. The authoring
system 100 includes a storage device 120 storing a master copy of a document 150. In one
embodiment, the storage device 120 may include, but not limited to, a server, a client
computer, or other computing device. In another embodiment, the storage device 120 can
include one or more storage devices (€.g., a network of computing devices).

[0023] The authoring system 100 also includes one or more client computing
devices 110A, 110B, 110C, 110D that 1s communicatively coupled to the storage device
120. Each of the client computing devices can edit the document 150 by receiving an
update to one or more units of consistency 155 and editing data objects within the unit of
consistency 155. The units of consistency 155 are synchronized when the client
computing devices periodically send to the storage device 120 updates to be shared with
the other client computing devices.

[0024] As the term 1s used herein, a client computing device includes any
computing device that obtains a unit of consistency to be authored from a master copy of
the document. The client computing device can be different from the storage device 120
or can include a different client account implemented on the storage device 120. In one
embodiment, a computing device that acts as a storage device 120 for one document may

act as a client computing device for a different document and vice versa.
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[0025] In the example shown, four client computing devices 110A, 110B, 110C,
and 110D are communicatively coupled to the storage device 120. In other embodiments,
however, any number of computing devices may be coupled to the storage device 120. In
the example shown, cach client computing device 110A, 110B, 110C, 110D can send to
the storage device 120 updates generated by the client of the client computing device and
can request from the storage device 120 other units of consistency for editing/authoring.
In one embodiment, the storage device 120 can be a server computing device and the
client computing devices 110A, 110B, 110C, 110D can be client computing devices.
Other system configurations are possible. For example, in an alternative embodiment,
multiple server computing devices can be used.

[0026] As shown 1n FIG. 2, the document 150 stored on the storage device 120 can
include content 152A and 152B partitioned into units of consistency 155A, 155B.
Authoring applications 130 on the client computing devices 110 process and manipulate
the content of the units of consistency 155A, 155B of the document 150. In general, the
client computing device 110A can synchronize updates to the content 152A separately
from updates provided by the client computing device 110B. Because updates are being
made to different units of consistency, there will not be a merge conflict between the units
of consistency.

[0027] Referring to FIG. 3, a unit of consistency 155A (1.e., a data structure) 18
shown including a plurality of revisions for the unit of consistency 155A 305, 310, and
315. Cells are groups of data objects with similar properties. For example, a cell may
contain a grouping of text, a grouping of pictures, ¢tc. Each of the cells 305, 310, and 315
includes a cell identifier 320 (only shown for cell 305) that uniquely 1dentifies a particular
cell within the document 150. Each of the cells 305, 310, and 315 can communicate with

at least one other cell within the document 150 using cell 1dentifiers. Also, each of cells
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305, 310, and 315 arc associated with at least one revision 325 (only shown for cell 305).
Note that a cell’s state 1s described by a revision that contains the state of a group of data
objects.

[0028] Each cell can include a cell 1dentifier including a global unique 1dentifier
(GUID) and integer (INT) pair. Each cell can also be included within a file defining a set
of cells and revisions. The scope can also include at least one root object. Cells within the
scope can be accessible via the root objects. The cell 1dentifier can be associated with a
first revision including at least one first revision identifier. Each of the at least one
revision 1dentifiers can represent a state of the cells at a point 1t time. Not that the term
file 1s being used to represent a named storage “entity” and does not have to be a physical
file such as a text file or jpeg 1mage.

[0029] The unit of consistency 155A includes a plurality of data objects 330, 335,
340, and 345 defining content of the document 150. In general, data objects can be
arbitrary binary data. Non-exclusive examples of data objects include text, a picture, a
table, a hyperlink, a movie file, an audio file, etc. Each data object 330, 335, 340, and 345
1s associated with one of the cells 305, 310, and 315 and has an object 1dentifier that
uniquely i1dentifies the data object within the associated cell. For example, an object
identifier 350 uniquely 1dentifies the data object 330 within the cell 305. The cell
identifiers, object 1dentifiers, and revision identifiers can include a GUID and INT pair.
Furthermore, the GUID can be globally unique within a cell.

[0030] Each data object 330, 335, 340, and 345 1s configured to communicate with
other cells and with objects within the associated cell. For instance, the data object 330
can communicate reference cells 310 and 315 and not the objects contained within cells
310 and 315. This helps ensure consistency even if one cell 1s changed independently

from another. In general, an object can reference any other object within the same cell and
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other cells, but not the objects 1n the other cells. In addition, each of the cells 305, 310,
and 315 1s defined so that cach other cell remains unaffected by changes to data objects of
the cell. Also, each cell 305, 310, and 315 may be able to reference at Ieast one cell within
a scope. A scope can define a set of cells and revisions. See FIG. 4 for a schematic of a
sCope.

[0031] During partitioning, cach of the data objects 330, 335, 340, and 345 can be
orouped 1nto at least one object group. The use of object groups minimizes the overhead
of tracking objects individually. In a scenario where all objects are relatively large, object
oroups would be unnecessary since the overhead 1s small. However, 1n a scenario where
objects can be arbitrarily small, object groups are used to control overhead. Object groups
also allow for taking objects (1.¢. units of change) and grouping them together into larger
units. During portioning there 18 a need to try and maintain the “unmit of change”
characteristic even as groups are created.

[0032] The storage device 120 can sort the data objects 330, 335, 340, and 345 1nto
object groups based on various factors, such as a probability (i.c. a usage based heuristic)
that cach data object will be updated by client computer 110. For example, objects can be
orouped 1nto a number of categories. Non-limiting examples of categories include: 1)
object types that are known to change frequently (e.g. document metadata properties, such
as word count and last modified time); 1) object types that are known to change very
frequently (e.g. pictures) 111) objects that the frequency of change 1s unknown; and 1v)
objects that have been changing frequently (¢.g. the list structure for the list the user has
been frantically modifying).

[0033] In addition, the storage device 120 can sort the data objects 330, 335, 340,
and 345 into the object groups based on a size of cach data object. For example, size can

be a mput to a sorting algorithm. If an object 1s considered large then the overhead of
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tracking the object 1s as single object becomes 1nsignificant. This 18 especially true when
the benefit 18 considered (1.e. this helps prevent fetching or synchronizing the object
unnecessarily). If an object 1s very small with respect to the overhead of an object group,
then the object may be grouped, 1irrespective of how often the object changes.

[0034] As stated above, each cell 305, 310, and 315 may be able to reference at
Ieast one cell within a scope and a scope can define a set of cells and revisions. FIG. 4
shows a schematic block diagram of a scope 400. The scope 400 includes a root cell 403,
a cell 410, and a garbage cell 415. For instance, the root cell 405 includes revisions 420,
425, and 430. An example of a revision may include the last auto-saved mstance of the
unit of consistency 155A, a state of the file before the last change. For instance, a revision
may mnclude the state of a text field before text was added (revision one). If text 1s added
to the text field, a new revision can be created (revision two). Therefore, an “undo”
operation would revert from revision two to revision one. Also, cach cell may mclude
differing number of revisions. For example, the cell 405 includes two revisions (revisions
435 and 440) and the garbage cell includes one revision (revision 445).

[0035] The cell revisions are achieved by partitioning a document into units of
consistency that allow a unit of replication (or update) to be significantly smaller than the
entire document. Using cell revisions allows changes to be seen quicker. In the case of a
partial synchronization (1.¢. synchronizing units of consistency vs. the entire document),
partitioning allows the updates to be seen that would not otherwise be seen. Effective
partitioning also allows merging applications to run less. For instance, conflicts, by
definition, can only occur when changes occur in the same unit of consistency, and any
other changes 1n different units of consistency cannot create conflicts and a
synchronization application can run without requiring a merge. In addition, units of

consistency can form an effective basis for incremental load/save operations. When fully
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integrated with an application, load and synchronization scenarios are more responsive
and new sharing/collaboration features can be created.

[0036] In order to maintain consistency within units of consistency all updates
need to be guaranteed consistent. This entails potentially mconsistent updates be batched
together to form a consistent update, a transaction. A sub-file access application
programming 1nterface (API) can perform updates, through transactions, with no
uncontrolled range level byte access.

[0037] For ctfective synchronization and replication sub-file versioning may be
used and performed at the unit of consistency level (1.e. the partitions). In 1ts simplest
form this can involve nothing more than assigning a GUID to cach partition that changes
whenever an update to that partition 1s made.

[0038] Updates can be made at the unit of consistency level trough new versions in
the form of transitions. Synchronizations can mvolve transferring new version (1.¢. states)
between a client and a server. Updates, however, are usually small and based on some
previous state that both the client and server may already possess. This can be leveraged
by transferring the differences, or deltas, to make the synchronization more efficient.

[0039] Each revision can include any number of data objects. For instance,
revision 425 has three data objects (data objects 450, 455, and 460). For each revision of a
cell a revision manifest 470 can be created. The revision manifest 470 can indicate the
root set for objects contained 1n the revision, any dependency/references to other revision
manifests, and object groups (1.€. how the objects are arranged 1nto object groups). Each
revision manifest 470 can point to other object groups defined in a previous revision
manifest.

[0040] The revision manifest 470 can define a revision representing a state of the

document 150 at a point in time. The revision manifest 470 includes at least one object

11



10

15

20

25

CA 02720235 2010-09-30
WO 2009/134596 PCT/US2009/039796

oroup and each object group includes at least one data object. The revision manifest 470
also describes a single revision, which by definition can only be used to describe the state
of objects within a single cell (which 1s a unit of consistency).

[0041] A second computing device (e.g. storage device 120) can partially or fully
determine which data objects are arranged into which object group. The second
computing device can also define each object group based on how frequently each object
1s updated. In addition, the second computing device can define each object group based
on a size of the object. Also, first computing device (e.g. client computer 110) can
influence which data objects are arranged into which object groups.

[0042] Referring now to Figure 5, the client device 110A 1s shown 1n more detail.
The client device 110A can be a personal computer, a server computer, a notebook
computer, a PDA, a Smartphone, or any other such computing device.

[0043] In FIG. 5, the example client computing device 110A typically includes at
lcast one processing unit 515 for executing applications and programs stored 1n system
memory 520. Depending on the exact configuration and type of computing device 110A,
the system memory 520 may include, but 1s not limited to, RAM, ROM, EEPROM, flash
memory, CD-ROM, digital versatile disks (DVD) or other optical storage devices,
magnetic cassettes, magnetic tape, magnetic disk storage or other magnetic storage
devices, or other memory technology.

[0044] System memory 520 typically stores an operating system 522, such as the
WINDOWS® operating systems from Microsoft Corporation of Redmond, Washington,
suitable for controlling the operation of the computing device 110A. System memory 520
also may 1nclude a document cache 526 1n which a unit of consistency 527 of a document

can be stored. Metadata 529 of the document also can be stored within the client cache

526.
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[0045] The system memory 520 also may store one or more software applications,
such as the authoring applications 130 that are used for creating and editing documents.
One non-limiting example of the authoring applications 130 suitable for authoring
documents 1 accordance with the principles of the present disclosure 1s WORD® word
processing software from Microsoft Corporation.  Other non-limiting examples of
authoring applications include POWERPOINT® presentation software, VISIO® drawing
and diagramming software, and INTERNET EXPLORER® internet browser, all from
Microsoft Corporation. Other software applications can also be used.

[0046] Computing device 110A also may have mput device(s) 530, such as a
keyboard, mouse, pen, voice mput device, touch mput device, etc., for entering and
manipulating data. Output device(s) 535, such as a display screen, speakers, printer, etc.,
also may be included. These output devices 535 are well known 1n the art and need not be
discussed at length herein.

[0047] The computing device 110A also may contain communication connections
540 that allow the device 110A to communicate with other computing devices, for
example, the storage device 120 of FIG. 1, over a network 1n a distributed computing
environment (€.g., an intranct or the Internet). By way of example, and not limitation,
communication device media 540 mcludes wired media such as a wired network or direct-
wired connection, and wireless media, such as acoustic, RF, infrared and other wireless
media.

[0048] FIG. 6 1s a flow chart setting forth the general stages involved 1n a method
600 consistent with an embodiment of the disclosure for synchronizing a document after
changes have been made to a unit of consistency. Method 600 may be implemented using
a computing device 110A as described in above with respect to FIG. 5. Ways to

implement the stages of method 600 will be described in greater detail below.
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[0049] Mcthod 600 begins at starting block 605 and proceeds to stage 610 where
computing device 110A may receive a revision and any cells to which the revision applies.
For example, a set of revisions can be recerved with corresponding instructions as to
which cells should have their state set to which revision. In other words, when
synchronizing the following 1s received: 1) {Revision} — Set of revisions; 11) {(cell,
revision)} - Set of cell 1d’s, revision 1d tuples which describe the cells that are “modified”
and what their new state 1s 1n terms of the received revisions. “Modified” means that
some piece of information within the revision 1s changed. For instance a client using
computing device 110A (e.g. a client computer) may receive a slide from a presentation or
the header/footer information from a word processing document. Once the changes have
been applied, the store may dispense with any cells and/or revisions that cannot be
“discovered” by starting at the root cells and traversing the object/cell references.
“Discovering” refers to an optimization that stores can make to get rid of extrancous data
that 1s no longer used by clients because the clients have no way of accessing the data. For
example, once changes have been applied, the store may dispense with any cells and/or
revisions that are no longer referenced directly or indirectly, from the root cells.

[0050] From stage 610, where computing device 110A receive a revision and any
cells to which the revision applies, method 600 may advance to stage 620 where
computing device 110A may receive updates to the unit of consistency 527. The updates
can 1ndicate an updated revision i1dentifier associated with each cell associated with unit of
consistency 527 or the document 150. For example, computing device 110A may be
running the POWERPOINT® presentation graphics program, and the unit of consistency
527 may be a slide. Updates to the slide may be received as a user edits the slide.

[0051] Once computing device 110A recerves updates to the unit of consistency

527 1n stage 620, method 600 may continue to stage 680 where computing device 110A
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decides 1f the first revision 1s to be retained or a new revision 1s to be generated. When
computing device 110A determines the first revision 1s to be retammed, method 600
continues to stage 630 where computing device 110A may retain the first revision. The
first revision may be retained when the first revision identifier of the cell matches the
updated revision identifier of the cell. An example of when the first revision 1dentifier
may match the updated revision 1dentifier 18 when a revision 18 made and then the revision
1s undone. For instance, the user may type a word on the slide and then delete the newly
typed word. Since the slide has not changed there 1s no need to generate a new revision.

[0052] When computing device 110A determines a new revision 1S to be created,
method 600 continues to stage from stage 680, to stage 640 where computing device 110A
generates a new revision.  Generating the new revision can include assigning the new
revision a new revision identifier when the first revision identifier of the cell does not
match the updated revision identifier of the cell. Generating the new revision can also
include determining for cach cell whether an object identifier of each object within the cell
matches an updated object 1dentifier. The updated object 1dentifier can define a revision
manifest. The revision manifest can define a revision of the unit of consistency 527 or the
document and may include at least a first object group that contains at least a first data
object. The revision manifest may also point to a previous revision manifest. For
example, during a user edit, an application tracks the set of objects that are modified as
part of the user edit. A new revision ID 1s then created using a standard GUID generation
algorithm. The set of objects are then packaged into object groups (as discussed above)
and then the object groups and the previous revision’s manifest are referenced from a new
revision manifest that represents the new revision.

[0053] Once computing device 110A generates a new revision 1n stage 640,

method 600 may continue to stage 650 where computing device 110A may garbage collect
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any cell not referenced by the root objects. Garbage collecting includes determining
objects that cannot be “discoverer” by traversing the object/cell references starting at root
cells. Since the garbage collected cells cannot be accessed, they will never be needed and
disk space/resourced can freed up by deleting them.

[0054] Once computing device 110A delete any cell not referenced by the root
objects 1n stage 650, method 600 may continue to stage 660 where computing device
110A may synchronize the document 150 or the unit of consistency 527. For example,
computing device 110A may synchronize the document by replacing the existing cells
with the new revision of cach cell. Once computing device 110A has synced the
document 150 or the unit of consistency 527 in stage 660, method 600 may then end at
stage 670.

4

[0055] Reference may be made throughout this specification to “one

2% &6 2% &6 2% 66

embodiment,” “an embodiment,” “embodiments,” “an aspect,” or “aspects” meaning that a

particular described feature, structure, or characteristic may be included 1n at least one

embodiment of the present disclosure. Thus, usage of such phrases may refer to more than

just onec embodiment or aspect. In addition, the described features, structures, or

characteristics may be combined 1n any suitable manner in one or more embodiments or
aspects. Furthermore, reference to a single item may mean a single item or a plurality of
items, just as reference to a plurality of items may mean a single item. Morecover, use of
the term “and” when incorporated into a list 1s intended to 1imply that all the elements of
the list, a single item of the list, or any combination of items in the list has been
contemplated.

[0056] Embodiments of the disclosure may be implemented as a computer process
(method), a computing system, or as an article of manufacture, such as a computer

program product or computer readable media. The processes (programs) can be
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implemented 1n any number of ways, including the structures described in this document.
One such way 1s by machine operations, of devices of the type described 1n this document.
Another optional way 1s for one or more of the individual operations of the methods to be
performed on a computing device in conjunction with one or more human operators
performing some of the operations. These human operators need not be collocated with
cach other, but cach can be only with a machine that performs a portion of the program.

[0057] The computer program product may be a computer storage media readable
by a computer system and encoding a computer program of instructions for executing a
computer process. The computer program product may also be a propagated signal on a
carrier readable by a computing system and encoding a computer program of instructions
for executing a computer process. The term computer readable media as used herein
includes both storage media and communication media.

[0058] Those skilled 1n the art will appreciate that the disclosure may be practiced
with other computer system configurations, including hand-held devices, multiprocessor
systems, microprocessor-based or programmable consumer electronics, minicomputers,
mainframe computers, and the like. The disclosure may also be practiced in distributed
computing environments where tasks are performed by remote processing devices that are
linked through a communications network. In a distributed computing environment,
program modules may be located in both local and remote memory storage devices.
Generally, program modules include routines, programs, components, data structures, and

other types of structures that perform particular tasks or implement particular abstract data

types.
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CLAIMS:

1. A method of synchronizing a document on a first computing device, the
document being broken into cells, and each cell being defined by at least one revision

manifest, the method comprising:

receiving a first revision and at least one cell associated with the document, the
at least one cell, comprising a cell identifier comprising a global unique 1dentifier and an
integer pair, the global unique identifier being globally unique, the cell identifier being
associated with the first revision comprising at least one first revision identifier, each of the at
least one revision identifiers representing a state of the cells at a point in time, and a scope
defining a set of cells and revisions and the scope including at least one root object, wherein

cells within the scope are accessible via the at least one root object;

receiving an update to the first computing device, the update indicating an

updated revision identifier associated with each cell associated with the document;

retaining the first revision of each cell when the first revision identifier of the

cell matches the updated revision identifier of the cell;

generating a new revision of each cell, wherein generating the new revision
comprises assigning the new revision a new revision i1dentifier when the first revision

identifier of the cell does not match the updated revision identifier of the cell;
deleting any cell not referenced by the root objects; and

synchronizing the document by replacing the cells with the new revision of

each cell.

2. The method of claim 1, wherein generating the new revision comprises

determining for each cell whether an object identifier of each object within the cell matches an

updated object identifier.
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3. The method of claim 2, wherein the updated object identifier defines a revision
manifest defining a revision of the document and including at least a first object group that

contains at least a first data object.

4, The method of claim 3, wherein the revision manifest points to an object group

defined in a previous revision mantfest.

. One or more non-transitory computer-readable storage media having stored
thereon computer-executable instructions that, when executed perform a method for
synchronizing a document on a first computing device, the document being broken into cells,

and each cell being defined by at least one revision manifest, the method comprising;:

receiving a first revision and at least one cell associated with the document, the
at least one cell comprising a cell identifier comprising a global unique 1dentifier and an
integer pair, the global unique identifier being globally unique, the cell 1dentifier being
associated with the first revision comprising at least one first revision identifier, each of the at
least one revision identifiers répresenting a state of the cells at a point in time, and a scope
defining a set of cells and revisions and the scope including at least one root object, wherein

cells within the scope are accessible via the at least one root object;

receiving an update to the first computing device, the update indicating an

updated revision identifier associated with each cell associated with the document;

retaining the first revision of each cell when the first revision i1dentifier of the

cell matches the updated revision identifier of the cell;

generating a new revision of each cell, wherein generating the new revision
comprises assigning the new revision a new revision identifier when the first revision

identifier of the cell does not match the updated revision identtfier of the cell;
deleting any cell not referenced by the root objects; and

synchronizing the document by replacing the cells with the new revision of

each cell.
19
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6. The one or more non-transitory computer-readable storage media of claim 3,
wherein generating the new revision comprises determining for each cell whether an object

identifier of each object within the cell matches an updated object identifier.

7. The one or more non-transitory computer-readable storage media of claim 3,
wherein the updated object identifier defines a revision manifest defining a revision of the

document and including at least a first object group that contains at least a first data object.

8. The one or more non-transitory computer-readable storage media of claim 5,
wherein the revision manifest points to an object group defined in a previous revision

manifest.

9. A computer system for updating multiple presence publications, the computer

system comprising:
at least one processor; and

at least one memory, communicatively coupled to the at least one processor
and containing computer-readable instructions that, when executed by the at least one
processor, provide a method for synchronizing a document on a first computing device, the

document being broken into cells, and each cell being defined by at least one revision

manifest, the method comprising:

receiving a first revision and at least one cell associated with the document, the
at least one cell comprising a cell identifier comprising a global unique identifier and an
integer pair, the global unique identifier being globally unique, the cell identifier being
associated with the first revision comprising at least one first revision identifier, each of the at
least one revision identifiers representing a state of the cells at a point in time, and a scope

defining a set of cells and revisions and the scope including at least one root object, wherein

cells within the scope are accessible via the at least one root object;

receiving an update to the first computing device, the update indicating an

updated revision identifier associated with each cell associated with the document;
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retaining the first revision of each cell when the first revision identifier of the

cell matches the updated revision identifier of the cell;

generating a new revision of each cell, wherein generating the new revision
comprises assigning the new revision a new revision identifier when the first revision

identifier of the cell does not match the updated revision identifier of the cell;
deleting any cell not referenced by the root objects; and

synchronizing the document by replacing the cells with the new revision of

each cell.

10. The computer system of claim 9, wherein generating the new revision

comprises determining for each cell whether an object identifier of each object within the cell

matches an updated object identifier.

11. The computer system of claim 9, wherein the updated object identifier defines
a revision manifest defining a revision of the document and including at least a first object

group that contains at least a first data object.

12. The computer system of claim 9, wherein the revision manifest points to an

object group defined in a previous revision manifest.

13. A computer implemented method of synchronizing a document on a computing

device, the method comprising:

partitioning a document into one or more cells, each cell comprising one or
more objects having similar properties, the document including a first cell associated with a

first revision manifest, wherein the first revision manifest defines a first revision state for the

first cell;

receiving an update to one or more objects in the first cell;

21



10

15

20

CA 02720235 2016-03-01

51028-160

synchronizing the first cell with the update from the client such that other cells

in the document remain unaffected: and

generating a second revision manifest associated with the first cell, the second

revision manifest based on the first revision manifest and reflecting the update.

14. The computer implemented method of claim 13, wherein the one or more
objects 1n each cell are grouped based on a probability that the one or more objects will be

updated.

15. The computer implemented method of claim 13, wherein the one or more

objects 1n each cell are grouped based on object size.

16. The computer implemented method of claim 13, wherein each object of the one

or more objects 1s associated with an object identitier.

17. The computer implemented method of claim 13, wherein recerving the update

further comprising receiving an updated object identifier.
18. The computer implemented method of claim 17, turther comprising:

determining whether the updated object identifier matches an object 1dentifier

for an object in the first cell.
19, The computer implemented method of claim 17, further comprising:

upon determining that the updated object 1dentifier does not match the object

identifier, using the updated object 1dentifier to reference the first revision manifest.
20. A computer implemented system comprising:

a processor; and
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a memory communicatively coupled to the processor, the memory having
computer-executable instructions that when executed by the processor, provide method of

synchronizing a document on a computing device, the method comprising:

partitioning a document into one or more cells, each cell comprising one or
more objects having similar properties, the document including a first cell associated with a
first revision mantfest, wherein the first revision manifest defines a first revision state for the

first cell;
receiving an update to one or more objects in the first cell;

synchronizing the first cell with the update from the client such that other cells

in the document remain unaffected; and

generating a second revision manifest associated with the first cell, the second

revision manifest based on the first revision manifest and reflecting the update.

21. The computer implemented system of claim 20, wherein the one or more
objects in each cell are grouped based on a probability that the one or more objects will be

updated.

22. The computer implemented system of claim 20, wherein the one or more

objects in each cell are grouped based on object size.

23. The computer implemented system of claim 20, wherein each object of the one

or more objects is associated with an object identifier.

24, The computer implemented system of claim 20, wherein receiving the update

further comprising receiving an updated object identifier.

23. The computer implemented system of claim 24, further comprising:

determining whether the updated object identifier matches an object identifier

for an object in the first cell.
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26. The computer implemented system of claim 24, further comprising:

upon determining that the updated object identifier does not match the object

identifier, using the updated object identifier to reference the first revision manifest.

27. One or more non-transitory computer-readable storage media having stored
thereon computer-executable instructions for performing a method of synchronizing a

document on a computing device, the method comprising:

partitioning a document into one or more cells, each cell comprising one or
more objects having similar properties, the document including a first cell associated with a

first revision manifest, wherein the first revision manifest defines a first revision state for the

first cell;
receiving an update to one or more objects in the first cell;

synchronizing the first cell with the update from the client such that other cells

in the document remain unaffected;

generating a second revision manifest associated with the first cell, the second

revision manifest based on the first revision mantfest and reflecting the update.

28. The one or more non-transitory computer-readable storage media of claim 27,
wherein the one or more objects in each cell are grouped based on a probability that the one or

more objects will be updated.

29. The one or more non-transitory computer-readable storage media of claim 27,

wherein the one or more objects in each cell are grouped based on object size.

30. The one or more non-transitory computer-readable storage media of claim 27,

wherein each object of the one or more objects is associated with an object 1dentifier.

31. The one or more non-transitory computer-readable storage media of claim 27,

wherein receiving the update further comprising receiving an updated object i1dentifier.
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32. The one or more non-transitory computer-readable storage media of claim 31,

further comprising:

determining whether the updated object identifier matches an object identifier

for an object 1n the first cell.
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