wo 2011/029986 A1 I 10K 00 OO0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

oo o
1 rld Intellectual Property Organization /) -sady
(19) World Intellectual Property Organization /g5 |1 MIEVAN A1 TP 00 OO0 0 00
International Bureau S,/ )
3 i 10) International Publication Number
(43) International Publication Date \'{:/_?___/ (10)
17 March 2011 (17.03.2011) PCT WO 2011/029986 Al

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
GO6F 17/30 (2006.01) HO04L 29/08 (2006.01) kind of national protection available): AE, AG, AL, AM,
G060 10/00 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
0 T ional Application Number: CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
(21) International Application Number: PCT/F2010/050623 DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT.
C HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
(22) International Filing Date: KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
10 August 2010 (10.08.2010) ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
. . NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
(25) Filing Language: English SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,

(26) Publication Language: English TT,TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data: 84) Designateq States (unle.ss othemise indicated, for every
12/555,584 8 September 2009 (08.09.2009) Us kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
(71) Applicant (for all designated States except US): NOKIA ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
CORPORATION [FI/FI]; Keilalahdentie 4, FI-02150 TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
Espoo (FI). EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,

LV, MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK,

(75) Inventors/Applicants (for US only): BALANDIN, él\\;{, {/I[{L) ﬁﬁpg(ng’l\?J’TgF’Tg)G’ CL CM, GA, GN, GQ,
Sergey [RU/FI]; Kissankellontie 20 B, FI-00930 Helsinki i i T T T ’
(FI). OLIVER, Ian [GB/FI]; Hitavdgen 153, FI-01150 Published:
Sdderkulla (FI). BOLDYREY, Sergey [RU/FI]; Tasbyn-
tie 6 C 12, FI-01180 Soderkulla (FI).

(74) Agent: NOKIA CORPORATION; IPR Department,
Virpi Tognetty, Keilalahdentie 4, FI-02150 Espoo (FI).

(72) Inventors; and

—  with international search report (Art. 21(3))

(54) Title: METHOD AND APPARATUS FOR SELECTIVE SHARING OF SEMANTIC INFORMATION SETS

(57) Abstract: An approach is provided for selective sharing of semantic

FIG. BA information sets in a smart space interoperable across platforms, devices,
and equipment. A personal smart space application creates a personal in-

formation space for a user (501), wherein the personal information space

START includes a plurality of semantic information sets. Thereatter, the personal
smart space application receives a request for selective sharing of the se-
mantic information sets (503), and merges, in response to the request, a
projection of the selected semantic information sets into a shared informa-

pad
pd
L

CREATE A PERSONAL
INFORWATION SPACE FOR A )
USER, WHERE IN THE FERGONAL tion space (505).
INFORMATION SPACE INCLUDES
A PLURALITY OF SEMANTIC
INFCRMATION SETS

}

RECEIVE A REQUEST FOR
SELECTIVE SHARMNG OF THE

st -]

533 SEMANTIC INFORMATION SETS
MERGE, IN RESPONSE T0O THE
REQLEST, A PROJECTION OF
A mEsm FOTED SREMANTIC
i INFORMATION SETS INTO 4

EHARED THF DRMATION SPACE

END



10

15

20

25

30

35

WO 2011/029986 PCT/F12010/050623

METHOD AND APPARATUS FOR
SELECTIVE SHARING OF SEMANTIC INFORMATION SETS

BACKGROUND

Social networking is attracting growing numbers of Internet users and becoming the predominant
service provided over the Internet. At the same time, the number of new users connected to
Internet through mobile devices is growing faster than the number of users connected through
personal computers. This creates a strong demand for a social networking solution that is equally
operable from personal computers and from mobile devices. One area of development involves
emerging smart space technologies. These technologies, for instance, are truly mobile by nature
and enable equally efficient applications for personal computers and mobile devices. A smart
space platform also enables flexible and efficient tools for user account and access management.
However, the introduction of smart space technologies has been slow with respect to social

networking services.

SOME EXAMPLE EMBODIMENTS

Therefore, there is a need for an approach for providing a personal smart space platform to enable
a user to freely integrate social network information with other information stored in the devices
(e.g., mobile devices and/or personal computers) of the user, while maintaining all personal data

under full control of the user.

According to one embodiment, a method comprises creating a personal information space for a
user, wherein the personal information space includes a plurality of semantic information sets.
The method also comprises receiving a request for selective sharing of the semantic information
sets. The method further comprises merging, in response to the request, a projection of the

selected semantic information sets into a shared information space.

According to another embodiment, an apparatus comprising at least one processor, and at least
one memory including computer program code, the at least one memory and the computer
program code configured to, with the at least one processor, cause the apparatus to create a
personal information space for a user, wherein the personal information space includes a plurality
of semantic information sets. The apparatus is also caused to receive a request for selective
sharing of the semantic information sets. The apparatus is further caused to merge, in response to

the request, a projection of the selected semantic information sets into a shared information space.
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According to another embodiment, a computer-readable storage medium carrying one or more
sequences of one or more instructions which, when executed by one or more processors, cause an
apparatus to create a personal information space for a user, wherein the personal information
space includes a plurality of semantic information sets. The apparatus is also caused to receive a
request for sclective sharing of the semantic information sets. The apparatus is further caused to
merge, in response to the request, a projection of the sclected semantic information sets into a

shared information space.

According to another embodiment, an apparatus comprises means for creating a personal
information space for a user, wherein the personal information space includes a plurality of
semantic information sets. The apparatus also comprises means for receiving a request for
selective sharing of the semantic information sets. The apparatus further comprises means for
merging, in response to the request, a projection of the selected semantic information sets into a

shared information space.

According to another embodiment, a method comprises generating a request specifying selective
sharing of semantic information sets corresponding to a personal information space. The method
also comprises initiating transmission of the request to a peer user equipment for merging a

projection of the semantic information sets into a shared information space.

According to another embodiment, an apparatus comprising at least one processor, and at least
one memory including computer program code, the at least one memory and the computer
program code configured to, with the at least one processor, cause the apparatus to gencrate a
request specifying selective sharing of semantic information sets corresponding to a personal
information space. The apparatus is also caused to initiate transmission of the request to a peer
user equipment for merging a projection of the semantic information sets into a shared

information space.

According to another embodiment, a computer-readable storage medium carrying one or more
sequences of one or more instructions which, when executed by one or more processors, cause an
apparatus to generate a request specifying seclective sharing of semantic information sets
corresponding to a personal information space. The apparatus is also caused to initiate
transmission of the request to a peer user equipment for merging a projection of the semantic

information sets into a shared information space.
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According to another embodiment, an apparatus comprises means for gencrating a request
specifying selective sharing of semantic information sets corresponding to a personal information
space. The apparatus also comprises means for initiating transmission of the request to a peer
user equipment for merging a projection of the semantic information sets into a shared

information space.

Still other aspects, features, and advantages of the invention are readily apparent from the
following detailed description, simply by illustrating a number of particular embodiments and
implementations, including the best mode contemplated for carrying out the invention. The
invention is also capable of other and different embodiments, and its several details can be
modified in various obvious respects, all without departing from the spirit and scope of the
invention. Accordingly, the drawings and description are to be regarded as illustrative in nature,

and not as restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

The embodiments of the invention are illustrated by way of example, and not by way of limitation,
in the figures of the accompanying drawings:

FIG. 1 is a diagram of a system capable of sclective sharing of semantic information sets in a
smart space interoperable across platforms, devices, and equipment, according to one
embodiment;

FIG. 2 is a diagram of the layers and components of a smart space interoperability architrave,
according to one embodiment;

FIG. 3 is a diagram of a smart space infrastructure domain model, according to one embodiment;
FIG. 4 is a diagram of the components of a personal smart space application in a user equipment,
according to onc embodiment;

FIGs. 5A and 5B are flowcharts of a process for providing a shared smart space of two users and
a process for requesting a shared smart space of two users, according to one embodiment;

FIG. 6 is a diagram of a personal smart space, according to one embodiment;

FIG. 7 is a diagram of shared smart spaces merged by parts of personal smart spaces, according to
one embodiment;

FIG. 8 is a diagram of an architecture of a social network client application, according to one
embodiment;

FIG. 9 is a flowchart of a process for merging personal smart spaces, according to one

embodiment;
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FIG. 10 is a flowchart of a process for managing personal smart space services, according to one
embodiment;

FIG. 11 is a flowchart of a process for setting a personal smart space user interface for a
computer, according to one embodiment;

FIG. 12 is a flowchart of a process for setting a personal smart space user interface for a user
equipment, according to one embodiment;

FIG. 13 is a flowchart of a process for setting a personal smart space user interface for a social
network service platform, according to one embodiment;

FIG. 14 is a flowchart of a process for setting a personal smart space user interface for a
communications platform, according to one embodiment;

FIG. 15 is a diagram of hardware that can be used to implement an embodiment of the invention;
FIG. 16 is a diagram of a chip set that can be used to implement an embodiment of the invention;
and

FIG. 17 is a diagram of a mobile station (c.g., handset) that can be used to implement an

embodiment of the invention.

DESCRIPTION OF SOME EMBODIMENTS

A method and apparatus for sclective sharing of semantic information sets in a smart space
interoperable across platforms, devices, and equipment arec disclosed. In the following
description, for the purposes of explanation, numerous specific details are set forth in order to
provide a thorough understanding of the embodiments of the invention. It is apparent, however,
to one skilled in the art that the embodiments of the invention may be practiced without these
specific details or with an equivalent arrangement. In other instances, well-known structures and
devices are shown in block diagram form in order to avoid unnecessarily obscuring the

embodiments of the invention.

Although various embodiments are described with respect to sharing semantic information sets
between social networks, communication platforms, personal computers, and mobile devices, it is

contemplated that the approach described herein may be used with other web services.

FIG. 1 is a diagram of a system capable of sclective sharing of semantic information sets in a
smart space interoperable across platforms, devices, and equipment, according to one
embodiment. Even though the number of mobile Internet users is large and growing, social
networking services have not traditionally been designed specifically for mobile use. When a

mobile user wants to be socially networked, the user either cannot access the social networking



10

15

20

25

30

35

WO 2011/029986 PCT/F12010/050623

service or is forced to use a personal computer application adapted for a mobile device. This

creates problems and inconveniences for the user.

A key problem is an inefficient User Interface (UI) for the mobile device, which is usually a
scaled-down version of a personal computer UI (i.c., eliminating some functions). For example,
the scaled-down UI generally does not support personal preferences and imposes restrictions on
use. As a result, most social networking users rarcly use the mobile version of the corresponding
social networking application and/or use it only when they have no other alternatives.
Accordingly, there is a need to enable the user to casily build a personalized social networking
client UI out of the provided library of blocks and make completely new blocks including blocks
with inherited functionality.

A deeper problem is rooted in the architectural principles of existing social network platforms and
the semantic web. Generally, the existing social network platforms were designed to support
personal computers and follow client-server principles. This results in disadvantages of a
monolithic architecture of the social network application client, platform dependency, lack of
flexibility in selecting data repository, and complicated (sometimes even prevention of) joint use

of information in cooperation with other services.

Another aspect of the problem is built in the semantic web. The semantic web is a universal
medium for data, information, and knowledge exchange. This information exchange inserts
documents with computer-comprehensible meaning (semantics) and makes them available on the
semantic web. Knowledge in the semantic web is structured and organized at a finer level of
granularity than free-text document, and the vocabulary includes not only literal words but also
universal identifiers. The semantic web is designed to share information based upon common
representation formats, ontologies and semantics, such that information would become globally
ubiquitous and interoperable. However much of the information is not desired to ubiquitous, but
remain hidden, private and is interpreted locally, such as personal information. When two

personal smart spaces partially merge, a node object may connect to both smart spaces at a time.

Today, users share a lot of personal information via social networks. However, many users are
concerned about the privacy of the shared personal information because the information is often
controlled by the social network host instead of the users. As a result of these concerns, these
users may limit their activities in social networks. To address to this issue, a smart space

architecture (an entity focused structure) is developed such that a user can encapsulate all of
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personal information and interact with the information in the smart space according to the user’s

individual semantics and needs. The user can be a person, an organization, or other entity.

To address these problems, a system 100 of FIG. 1 introduces the capability to further growth of
social network services by enabling equally efficient use from all type of devices and providing

users with more control over sharing information posted to the social networks.

As shown in FIG. 1, the system 100 comprises a user equipment (UE) 101 having connectivity to
and communication platform 103a and a social networking service platform 103b via a
communication network 105. Each of the platforms 103 has a members and content database
111, and the UE 101 has a content and contacts database 109. By way of example, the
communication network 105 of system 100 includes one or more networks such as a data
network (not shown), a wireless network (not shown), a telephony network (not shown), or any
combination thereof. It is contemplated that the data network may be any local area network
(LAN), metropolitan arca network (MAN), wide arca network (WAN), a public data network
(c.g., the Internet), or any other suitable packet-switched network, such as a commercially owned,
proprictary packet-switched network, ¢.g., a proprictary cable or fiber-optic network. In
addition, the wireless network may be, for example, a cellular network and may employ various
technologies including enhanced data rates for global evolution (EDGE), general packet radio
service (GPRS), global system for mobile communications (GSM), Internet protocol multimedia
subsystem (IMS), universal mobile telecommunications system (UMTS), etc., as well as any other
suitable wircless medium, e¢.g., microwave access (WiMAX), Long Term Evolution (LTE)
networks, code division multiple access (CDMA), wideband code division multiple access
(WCDMA), wireless fidelity (WiFi), satellite, mobile ad-hoc network (MANET), and the like.

The UE 101 is any type of mobile terminal, fixed terminal, or portable terminal including a mobile
handset, station, unit, device, multimedia tablet, Internet node, communicator, desktop computer,
laptop computer, Personal Digital Assistants (PDAs), or any combination thereof. It is also
contemplated that the UE 101 can support any type of interface to the user (such as “wearable”

circuitry, etc.).

By way of example, the UEs 101 and the platforms 103 communicate with each other and other
components of the communication network 105 using well known, new or still developing
protocols. In this context, a protocol includes a set of rules defining how the network nodes
within the communication network 105 interact with each other based on information sent over

the communication links. The protocols are effective at different layers of operation within each
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node, from generating and receiving physical signals of various types, to selecting a link for
transferring those signals, to the format of information indicated by those signals, to identifying
which software application executing on a computer system sends or receives the information.
The conceptually different layers of protocols for exchanging information over a network are

described in the Open Systems Interconnection (OSI) Reference Model.

Communications between the network nodes are typically effected by exchanging discrete packets
of data. Each packet typically comprises (1) header information associated with a particular
protocol, and (2) payload information that follows the header information and contains
information that may be processed independently of that particular protocol. In some protocols,
the packet includes (3) trailer information following the payload and indicating the end of the
payload information. The header includes information such as the source of the packet, its
destination, the length of the payload, and other properties used by the protocol. Often, the data
in the payload for the particular protocol includes a header and payload for a different protocol
associated with a different, higher layer of the OSI Reference Model. The header for a particular
protocol typically indicates a type for the next protocol contained in its payload. The higher layer
protocol is said to be encapsulated in the lower layer protocol. The headers included in a packet
traversing multiple heterogeneous networks, such as the Internet, typically include a physical
(layer 1) header, a data-link (layer 2) header, an internetwork (layer 3) header and a transport
(layer 4) header, and various application headers (layer 5, layer 6 and layer 7) as defined by the
OSI Reference Model.

FIG. 2 is a diagram 200 of the levels and components of a smart space interoperability architrave,
according to one embodiment. A smart space is a named scarch extent of information and offers
interoperability at three different levels: an information world level 210, a service world level 220
and a device world level 230. Each of the smart spaces interoperates over information at the
information world level 210 as authorized, over different service platforms in the service world
level 220, and over different devices and equipment in the device world level 230. Device
interoperability covers technologies for a group of devices to discover and network with each
other. These device technologies can include, for example, transmission control protocol/Internet
protocol (TCP/IP), Unified Protocol (UniPro) created by the Mobile Industry Processor Interface
(MIPI) Alliance, Bluetooth protocol Radio Frequency Communication (RFCOMM), IPv6 over
Low power Wireless Personal Arca Networks (6LoWPAN), ctc. Also, technologies from
antenna or cable connectors to TCP/IP together provide interoperability between the devices.
Service interoperability covers technologies used for discovering and using services, such as

Bluetooth/human interface device (HID) services, web services, services certified by the Digital
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Living Network Alliance (DLNA), the Network on Terminal Architecture (NoTA). As an
example, universal plug and play (UPnP) specifies a service discovery process and means for an
application in a device to command a service in another device to “play” and “pause” content.
The information interoperability covers technologies and processes for making information
available without knowing interfacing methods of the entity creating or consuming the
information. By way of example, there are two key constructs at the information level of
interoperability: (1) an infrastructure that enables scalable producer-consumer transactions for
information, and supports multipart, multidevice and multivendor (M3), and (2) a common
representation of a set of concepts within a domain and the relationships between those concepts,
i.c. ontologies. The smart space as a logical architecture has no dependencies on any network
architecture but it can be implemented on top of practically any connectivity solution. Since there
is no specific service level architecture, the smart space has no limitation in physical distance or

transport.

For instance, when implemented using NoTA, information sharing via the smart space becomes
transport independent, and the smart space can utilize service discovery, security and access
policies of a particular resource manager (RM) and billboard (BB) of a NoTA network. The
smart space allows cross domain search and provides a uniform, use case independent service
application programming interface (API) for sharing information. As an example, the smart space
allows an application programmer who programs for a mobile platform to access contextual
information in, ¢.g., a car, home, office, football stadium, etc., in a uniform way and to improve
the user experience, without compromising real-time requirements of the embedded system. The
smart space uses an ontology governance process as the alternative to use case specific service
API standardization. The ontology governance process agrees and adopts new vocabularies using
Resource Description Language format (RDF) and RDFS (RDF schema). If RDFS is not
sufficient for defining and instantiating the ontologies, web ontology language (OWL) or the like

can be used.

The smart space stores information in RDF, for at least two reasons. First, RDF provides the
ability to join data from vocabularies from different business domains, without having to negotiate
structural differences between the vocabularies. Second, the smart space can merge the
information of the embedded domains with the information in web, as well as make the vast
reasoning and ontology theory, practice and tools developed by the semantic web community
available for smart space application developers. The smart space makes the heterogeneous
information in embedded domains available for the semantic web tools. Each smart space can be

constructed by physically distributed RDF stores. This allows implementations where the personal
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information of a family is stored at home while it is augmented by non-personal information at a
website (c.g., a social networking website). For example, an operator may prefer to augment

rather than merge information because of, for instance, copyright and/or privacy concerns.

FIG. 3 is a diagram 300 of a smart space 310 infrastructure domain model, according to one
embodiment. The domain model consists of smart space node objects 330 and semantic
information brokers (SIB) 320 which form the nucleus of the information world layer 210 defined
in FIG. 2. In the smart space, a user can use one or more node objects 330 (e.g., mobile
telephones, computers, and similar terminals) to perform tasks without knowing anything about
the nodes 330, and the nodes 330 interoperate anonymously by communicating implicitly through
smart spaces of different users. Such anonymity simplifies control, communication and
coordination in the smart space, thereby reducing hardware and software operation time and
costs. Node objects 330 are personal/individual in that they perform tasks either directly decided
by the user or autonomously for or on behalf of the user. For example, the nodes 330 can
monitor predetermined situations or reason/data-mine information available in the smart space
310.

Each SIB 320 is an entity performing triple governance in possible co-operation with other SIBs
320 for one smart space 310. An SIB 320 may be a concrete or virtual entity. Each SIB 320 also
supports the smart space node objects 330 interacting with other SIBs 320 through information
transaction operations. By way of example, a triple is a subject—predicate—object expression in
RDF. The subject denotes the resource, and the predicate denotes traits or aspects of the
resource and expresses a relationship between the subject and the object. For example, one way
to represent the notion "the manager went to Finland for a business negotiation” in RDF as the
triple is: a subject denoting "the manager," a predicate denoting "went to," and an object denoting
"Finland for a business negotiation." RDF is an abstract model with several serialization formats
(ic., file formats), and so the particular way in which a resource or triple is encoded varies from
format to format. The triple governance transactions using a smart space Access Protocol
(SSAP) to, e.g., join, leave, insert, remove, update, query, subscribe, unsubscribe information
(c.g., in a unit of a triple). Physical distribution protocol of a smart space 310 allows a formation
of a smart space 310 using multiple SIBs 320. With transactional operations, a node object 330
produces/inserts and consumes/queries information in the smart space 310. Because distributed
SIBs 320 can belong to the same smart space 310, query and subscription operations relating to
the SIBs 320 can cover the whole information extent of the smart space 310. In this example, a
subscription is a special query that is used to trigger reactions to persistent queries for

information.
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FIG. 4 is a diagram of the components of a personal smart space application 107 in the UE 101
according to onc embodiment. In one embodiment, the personal smart space application 107 is
implemented as a widget. By way of example, widgets are light-weight applications, and provide
a convenient means for presenting information and accessing services. It is contemplated that the
functions of these components may be combined in one or more components or performed by
other components of equivalent functionality. By way of example, the personal smart space
application 107 includes one or more components for providing selective sharing of semantic
information sets in a smart space interoperable across platforms, devices, and equipment. A
semantic information set is a unit of semantic information. For example, the triple mentioned
previously (e.g., “the manager went to Finland for a business negotiation”) can be a semantic
information set. An example of sharing the semantic information set between two smart spaces
may be that as the manager enters her rental car carrying her personal device, the information in
her calendar about the address of the business negotiation is made available for her rental car
smart space and the rental car navigation system enhances her user experience by automatically
proposing guidance to the location mentioned in the calendar entry. The navigation system does
not need to know who provides the information nor does the calendar application have to know
who uses the information and the related APIs. It is contemplated that the functions of these
components may be combined in one or more components or performed by other components of

equivalent functionality.

In this embodiment, the personal smart space application 107 includes at least a control logic 401
which executes at least one algorithm for executing functions of the personal smart space
application 107, a smart space creating module 403 for creating a personal smart space for the
user, and a semantic information set selecting module 405 for selecting semantic information sets
to be shared with another user. The personal smart space application 107 also includes a merging
module 407 for merging projections of the selected semantic information sets into a shared smart
space, and a semantic information sets database 409 for storing semantic information sets. To
avoid data transmission costs as well as save time and battery life, the control logic 401 can fetch
data cached or stored in the database 409, without requesting data from any servers or external
platforms, such as the communications platform 103a or the social network service platforms
103b. Usually, if the UE 101 is online, data queries are made to online search server backends,

and once the device is off-line, searches are made to off-line indexes stored locally.

Persons or groups of persons, ctc. can place, share, interact, and manipulate webs of information

with their own locally agreed semantics without necessarily conforming to a uniform or global
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semantics. In one embodiment, smart spaces 310 are projections of a global information space in
which one can apply semantics and reasoning at a local level. The nature of projection is such
that a tree of projected spaces 310 can be formed thus avoiding circularity among the projected
spaces 310 and the global information space. In one embodiment, the contents of a projected
space 310 can be returned to the global information space by injecting (e.g., merging) information
of the projected space 310 back into the global information space. The injection also induces a
merger of information over any other projected spaces 310 that depend from the global
information space. In this way, any changes within a projected space 310 can be sent back to the
global information space and propagated to other projected spaces 310. To facilitate the
propagation of information among projected spaces 310 and protect information security and
integrity, users or owners of the projected spaces 310 can, for instance, agree to or reject an
information merger through trust or authentication mechanisms and/or through the shared

semantics of the information.

Alternatively, the functions of the personal smart space application 107 can be implemented via

the communications platform 103a or the social network service platform 103b.

FIG. 5A is a flowchart of a process for providing a shared smart space of two users (e.g., the
manager and her secretary), according to one embodiment. In one embodiment, the personal
smart space application 107 of the UE 101a (e.g., of the manager) performs the process 500 and
is implemented in, for instance, a chip set including a processor and a memory as shown FIG. 16.
In step 501, the personal smart space application 107 creates a personal information space for a
user (e.g., the manager), wherein the personal information space includes a plurality of semantic
information sets (e.g., the manager’s business calendar including “the manager went to Finland for
a business negotiation”). Thereafter, the personal smart space application 107 receives a request
for sclective sharing of the semantic information sets (Step 503), for example, sharing with the
manager’s secretary, and merges, in response to the request, a projection of the selected semantic
information sets (e.g., the manager’s calendar including the entry of her business negotiation in
Finland) into a shared information space (Step 505) (such that her secretary can share the
manager’s business calendar). The projection of the selected semantic information sets to the
shared information space allows copying and synchronizing the selected semantic information sets
in a real time manner when the manager or her secretary make changes to the calendar. As
mentioned, the smart space is accessible via any device or equipment (e.g., the manager’s personal
devices, the rental car’s navigation system, the secretary’s desktop computer, a web cafe PC in
Finland, etc) connected to the SIBs.
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FIG. 5B is a flowchart of a process for requesting a shared smart space of two users, according to
onc embodiment. In one embodiment, the personal smart space application 107 of the UE 101b
performs the process 520 and is implemented in, for instance, a chip set including a processor and
a memory as shown FIG. 16. In step 521, the personal smart space application 107 (e.g., running
on the secretary’s PC) generates a request specifying selective sharing of semantic information
sets corresponding to a personal information space (e.g., the manager’s business calendar). The
personal smart space application 107 then initiates transmission of the request to a peer user
equipment (c.g., the manager’s personal device) for merging a projection of the semantic

information sets into a shared information space (Step 523).

FIG. 6 is a diagram of a personal smart space 600, according to onec embodiment. A social
networking space or a shared smart space within the personal smart space 600 is organized based
on a peer-to-peer principle. It is noted that “peer-to-peer” refers to the general architectural
principle, as oppose to client-server architecture. All personal data is stored in the personal smart
space 600 under the control of the user. Every peer node 330 (FIG. 3) in the information world
level 210 (FIG. 2) may obtain access to a personal space of the user that is physically distributed
over a number of devices of different types, ¢.g. personal computers, mobile devices, public and
personal data storages, routers, network servers, web service servers, social network servers, ctc.
in the device world level 230, and access to the services in the service world level 220, via the
SIBs. As such, the user has the same access to all personal data from any device when entering to

the personal smart space 600.

FIG. 7 is a diagram of shared smart spaces 700 merged by parts of personal smart spaces 600,
according to one embodiment. The proposed social networking solution is implemented via the
Semantic Information Brokers (SIB) 320, which integrate themselves with other services in the
service world level 220 and information in the information world level 210, and makes them
available and equally efficient for use from personal computers and mobile devices. Each smart
space entity can be considered as an information set aggregated from different sources. For
example, the user’s personal smart space contains information of the user’s personal information,
family information, work information, social network information, etc. which came from all
sources such as the government, the user’s doctors, employers, classmates, families and friends,
business contacts, associations, etc. This multisourcing consideration is flexible since it accounts
that the same piece of information can come from different sources. Every user has the user’s
space, called a personal smart space 600, as shown in FIG. 6. The smart spaces 600 themselves
can interact through merging and projection thereby enabling larger smart spaces to be

constructed either on a permanent or temporary basis. Moreover, a smart space may be a
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personal space, a share/social space of at least two users, a group space, a public space of a
community, a county, a state, or a county, etc., and the like. The aggregation of all smart spaces
600 constitutes the world of information (including the semantic web) which is also referred to as

a smart space.

When two users decide to become friends in a social network, they allow sharing of some part of
their respective personal spaces 600a and 600b with the new peer. The shared/social smart space
700 of these two users is created by merging a part of their personal smart spaces 600a-600b, as
shown in FIG. 7.

Merging is a process of (1) identifying information sets to be shared (e.g., the information set
projected in SIB N of the personal smart space 600a of a user 1, and the information set projected
in SIB 1 of the personal smart space 600b of a user 2); and (2) merging the SIB N and SIB 1
within the boundary of the shared smart space 700a (shown by dashed lined ovals). Fig. 7 also
shows a shared space 700b made of the information set projected in SIB 2 of the personal smart
space 600a of a user 1, and the information set projected in SIB 1 of the personal smart space
600k of a user K. Such boundaries are determined by the depth of the particular information set
and rules applied during the transition period. When one user modifies a shared information item
in the shared smart space 700, the user can inject the modified information item back into the
shared smart space 700 and the relevant SIB tracks the history of modification. If later the users
decide to discontinue the sharing, a process of splitting (i.e., a reverse process of merging) is
executed to dissolve the shared smart space 700a. The splitting may consider the modification
history of the shared smart space 700 to recover the information items prior to the merger of the
personal smart spaces 600 to form the shared smart space 700. During any of the processes of
either splitting or merging, the most important part is to identify and to guarantee sustained

boundaries of the process.

Within the smart space, the shared smart space 700 is created as a merger of projections of the
information sets that the users have decided to share with a given peer. The processes 500 and
520 enable the user to differentiate information sets shared with different friends as much as
desired, without restrictions by the rules of the social networking platform 103b. The user is free
to share personal data with personal friends, work related materials with colleagues, and the sets
of shared information can be completely isolated from each other, or partially or fully overlap.
Also the social/shared space 700 can be expanded to as many users as desired to create a group

social/shared smart space. In addition, a peer-to-peer social/shared space of a sub-group within
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the group can enter into a group social/shared space by its entirety and preserve its autonomy and

integrity.

FIG. 8 is a diagram of an architecture of a social/shared network client application 800, according
to one embodiment, which provides great flexibility in defining the shared smart space 700. The
client application 800 includes a group of knowledge processors (KPs), which are smart space
applications and can be seen as blocks for providing users with exact functions as demanded. In
one embodiment, a KP is also an entity contributing to insert/remove and/or query/subscribe
content/information according to ontology relevant to its own defined functionality. A KP works
with one or more partner KPs to share the content/information. The KPs are, for instance,
physically located at any devices or equipment, and connected to the shared smart space 700a.
Such an architecture allows a user to personalize, for example, functions and Ul of the social
network client 800. The architecture in FIG. 8 exposes a smart space as a service. The service is
accessed by a KP acting as a client of the service. KPs running in different social network clients

are able to access the shared/social smart space 700.

By way of example, the personal smart space application 107 defines a set of basic definitions of
the social networking client application 800. Each of the personal smart space applications 107a,
107b further set KPs that customize functionality to be displayed on their respective UI 109. The
visible KPs are illustrated in FIG. 8, ¢.g., KPs that implement a “Calendar/Reminder” function and
a “BBC News RSS” function are displayed in a Ul 109a (e.g., of the manager) and a “List of
friends on line” function and a “switch to another active chat” function are displayed in a UI 109 b
(c.g., of the secretary). Other KPs are invisible on the Uls 109 but still perform functions with the
collected data. For example, the user can install a KP that performs reasoning over information
extracted from a Short Message Service (SMS) and a chat engine of the social network, to
determine/define what social events in the town might be of a mutual interest for the user and the
peer. In another example, the user can install another KP that determines all user preferences
(including the peer’s preferences), especially those that have not been explicitly specified, but
obtained from reasoning of the peer’s behaviors using all devices and applications connected to
the smart space), and then delivers a message including all or part of the user preferences to the

peer.

In a sample use case, the personal smart space application 107 and the social network client
application 800 are applied to establish a professional social network for supporting cooperation
in joint projects. The existing solutions to facilitate joint work in multi-site project do not support

interoperable social network sharing services across platforms, devices, and equipment. Existing
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solutions like Voice over Internet Protocol (VolP) and shared data repositories, social networks
like LinkedIn® and Facebook® do not create an interoperable framework for sharing information,
and it takes significant work to for the users to bridge these solutions and some automated
solutions to provide the same professional social network. The applications 107 and 800 make
the shared information sets accessible from personal computers and mobile devices, and the
activity status follows user’s migration between the devices. In addition, additional services, such
as short voice messages, shared touch-screen whiteboard for participants of teleconference and so
on, are introduced via the appellations 107 and 800. By introducing additional KPs, the
applications 107 and 800 link accounts and services from other social networks into the existing
social network clients (similar to the example illustrated in FIG. 8 for BBC News RRS), so that
the user can use one application and smoothly move the user’s social life in Internet to the smart

space.

Since the shared smart spaces are created as a merger of projections of the information sets in
SIBs that the users have decided to share with the given peer, it is unnecessary to define separate
data ontology for the social network, as every user stays within the scope of the personal smart

space ontology definitions.

As mentioned, the social network client 800 is defined as a smart space application and includes a
number of knowledge processors that perform operations over information in the shared smart
space 700, and allows services via personal computers as well as from mobile devices. The
personal smart space application 107 defines a basic set of KPs for the sharing service. The
personal smart space application 1107 also enables personalization of the social network client

800 according to user preferences including the number and variety of the related KPs.

Examples of KPs available to the social network client are described below.

FIG. 9 is a flowchart of a process 900 for merging personal smart spaces executed by a KP named
Manager of Shared/social Smart Spaces, according to one embodiment. This KP creates new
share smart spaces, maintains the list of available shared/social smart spaces, and allows searching
in the available spaces using a peer-to-peer principle and using registration servers (which contain
user IDs and details of how to contact a user). In Step 901, the KP prompts the user to input an
ID of a peer for social interaction. The KP then searches over the user’s personal smart space
600 to see if the peer is known to the user (Step 303). If the peer is known to the user, the KP
searches among existing shared/social smart spaces to sce if there is an existing shared/social

smart space for the user and the peer (Step 905). If such a shared/social smart space alrcady
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defined (Step 909), the KP determines that a SIB value of the existing/active shared/social smart
space 700 of the user and the peer is set (Step 915), and proceeds to the next peer. If such a
shared/social smart space has not defined (Step 909), the KP asks questions to the user for a set
of shared/social smart space rules to set a shared/social smart space (Step 911), creates a new
shared/social smart space for the user and the peer, adds the new shared/social smart space to a
shared/social smart space list of the user (Step 913), sets a SIB value for the new shared/social

smart space 700 of the user and the peer (Step 915), and proceeds to the next peer.

If the peer is not known to the user, the KP searches over the smart space to find a personal smart
space of the peer (Step 907) so as to create a new shared/social smart space for the user and the
peer. After finding the peer’s personal smart space, the KP asks questions to the user for
generating a set of shared/social smart space rules to set a shared/social smart space (Step 911),
creates a new shared/social smart space for the user and the peer, adds the new social sauce to a
shared/social smart space list of the user (Step 913), sets a SIB value for the new shared/social
smart space 700 of the user and the peer (Step 915), and proceeds to the next peer. For example,
the information or questions to be answered for generating the set of shared/social smart space
rules includes the peer’s user ID, name, e-mail address, the scope/category/content of the share

semantic information sets, ctc.

FIG. 10 is a flowchart of a process 1000 for managing personal smart space services executed by
a KP named Shared/social Smart Space Communicator, according to one embodiment. This KP
defines all basic queries, subscriptions, handling of collisions and information access rights in the
shared/social smart space 700, and provides the user with a set of basic services, i.¢. chat, sharable
calendar and organizer, file exchange, image sharing, white board which are already defined and
available for the user to activate. In Step 1001, the KP prompts the user to input what basic
service is requested. The KP determines whether the user requests a service or a basic primitive.
A basic primitive can be a mechanism for random sampling the traffic, a mechanism for saving
headers of dropped packets, a mechanism for tagging packets with the ingress interface, a
mechanism to access to routing tables, a mechanism for rate-limiting an aggregate before the
output queue, etc. If is the user requests a basic primitive (Step 1003), the KP executes it. If the
user requests a service, such as “Search in the space”, “Chat”, “Calendar/Organizer”, “Image
exchange”, “File exchange”, or “White board” (Step 1005). The KP then builds a consequence of
basic primitives for execution based upon the requested service (Step 1007), and executes the
consequence of basic primitives (Step 1009), such as “Subscribe to info”, “Delete info”, “Add

info”, or “Query shared/social smart space” (Step 1011). After the consequence of basic
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primitives are done (Step 1013), the KP updates Ul status information (Step 1015) and proceeds

to next requested basic primitive or service.

FIG. 11 is a flowchart of a process 1100 for setting a personal smart space user interface for a
computer executed by a KP named Shared/social Smart Space Client Ul for PC, according to one
embodiment. This KP defines a default user interface of the developed social network client 800
for a personal computer. In Step 1101, the KP redraws the PC client UI based upon an Ul status.
Thereafter, the KP determines if a subscription to use the Ul is active (Step 1103). When the Ul
subscription status is active, the KP waits for the use to select a (Step 1107), starts PC Ul clients
for the selected service while allowing parallel execution (Step 1109) of the services of “Search in
the space”, “Chat”, “Calendar/Organizer”, “Image exchange”, “File exchange”, “White board”
and “UI configuration” (Step 1111), and then updates Ul subscription status information (Step
1113) and proceeds to the next requested service. When the Ul subscription status is not active
(c.g., automatic expiration after non-use for over a month), the KP subscribes to monitoring
changes of the UI subscription status information (Step 1105), and then proceed to Steps 1107-
1113 accordingly.

FIG. 12 is a flowchart of a process 1200 for setting a personal smart space user interface for a
user equipment executed by a KP named Shared/social Smart Space Client UI for Mobile Device,
according to one embodiment. This KP also supports any smart phone operating system (c.g.,
Symbian®), and defines a default user interface of the developed social network client for mobile
devices. In Step 1101, the KP redraws the Symbian® client Ul based upon the UI status. The
steps 1203-1213 mirror the steps 1103-1113 of FIG. 11.

FIG. 13 is a flowchart of a process 1300 for sctting a personal smart space user interface for a
social networking service platform executed by a KP named Social Network Gateway, according
to one embodiment. This KP provides a basic interface to a user’s account in a social network
(e.g., Facebook®) and saves in the SIB structure all information flows coming through the
Gateway and authorized by the user. In Step 1301, the KP calls the Facebook® service for the
user. The KP then determines if the user’s Facebook® subscription is active (Step 1303). When
the subscription is active, the KP redraws the client UI to a Facebook® style (Step 1307), and
prompts the user to select standard HTTP-accessible Facebook® services (Step 1309).
Thereafter, the KP updates shared/social smart space information (Step 1311) and Ul status
information (Step 1313) and proceeds to next requested Facebook® service. When the
subscription is not active, the KP prompts the user to subscribe to Facebook® (Step 1305), and
then proceed to Steps 1307-1313 accordingly.
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FIG. 14 is a flowchart of a process 1400 for sctting a personal smart space user interface for a
communications platform or an on-line store (e.g., OVI®) executed by a KP named
Communications Network Gateway, according to one embodiment. This KP provides a basic
interface to access a communications network repository which provides a basic set of pre-
provided services in the smart space. In Step 1101, the KP calls the OVI® service for the user.
The steps 1403-1413 mirror the steps 1303-1313 of FIG. 13.

The described social networking approach, in certain embodiments, is equally efficient for
personal computers and all types of mobile devices, while guaranteeing access to the same pool of
data and preserving successive user experience. In addition, the user has the flexibility to select
services as desired for each client application and a toolkit for casy development of new
personalized modules. The solution also maximizes Ul efficiency and decreases use of all
resources, including energy and network traffic since its application does not contain redundant
modules. On top of the smart space, the social networking solution provides efficient reasoning
over collected data and easy information exchange with other services available for the user at all
user’s devices. The solution further allows parallel/integrated use of the social network and

existing social networks.

The processes described herein for selective sharing of semantic information sets in a smart space
interoperable across platforms, devices, and equipment may be advantageously implemented via
software, hardware (e.g., general processor, Digital Signal Processing (DSP) chip, an Application
Specific Integrated Circuit (ASIC), Ficld Programmable Gate Arrays (FPGAs), etc.), firmware or
a combination thercof. Such exemplary hardware for performing the described functions is
detailed below.

FIG. 15 illustrates a computer system 1500 upon which an embodiment of the invention may be
implemented. Computer system 1500 is programmed (e.g., via computer program code or
instructions) to selectively share semantic information sets in a smart space interoperable across
platforms, devices, and equipment as described herein and includes a communication mechanism
such as a bus 1510 for passing information between other internal and external components of the
computer system 1500. Information (also called data) is represented as a physical expression of a
measurable phenomenon, typically electric voltages, but including, in other embodiments, such
phenomena as magnetic, clectromagnetic, pressure, chemical, biological, molecular, atomic, sub-
atomic and quantum interactions. For example, north and south magnetic fields, or a zero and

non-zero electric voltage, represent two states (0, 1) of a binary digit (bit). Other phenomena can
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represent digits of a higher base. A superposition of multiple simultancous quantum states before
measurement represents a quantum bit (qubit). A sequence of one or more digits constitutes
digital data that is used to represent a number or code for a character. In some embodiments,
information called analog data is represented by a near continuum of measurable values within a
particular range. Computer system 1500, or a portion thercof, constitutes a means for performing
one or more steps of selective sharing of semantic information sets in a smart space interoperable

across platforms, devices, and equipment.

A bus 1510 includes one or more parallel conductors of information so that information is
transferred quickly among devices coupled to the bus 1510. One or more processors 1502 for

processing information are coupled with the bus 1510.

A processor 1502 performs a set of operations on information as specified by computer program
code related to sclectively share semantic information sets in a smart space interoperable across
platforms, devices, and equipment. The computer program code is a set of instructions or
statements providing instructions for the operation of the processor and/or the computer system
to perform specified functions. The code, for example, may be written in a computer
programming language that is compiled into a native instruction set of the processor. The code
may also be written directly using the native instruction set (e.g., machine language). The set of
operations include bringing information in from the bus 1510 and placing information on the bus
1510. The set of operations also typically include comparing two or more units of information,
shifting positions of units of information, and combining two or more units of information, such as
by addition or multiplication or logical operations like OR, exclusive OR (XOR), and AND. Each
operation of the set of operations that can be performed by the processor is represented to the
processor by information called instructions, such as an operation code of one or more digits. A
sequence of operations to be executed by the processor 1502, such as a sequence of operation
codes, constitute processor instructions, also called computer system instructions or, simply,
computer instructions. Processors may be implemented as mechanical, electrical, magnetic,

optical, chemical or quantum components, among others, alone or in combination.

Computer system 1500 also includes a memory 1504 coupled to bus 1510. The memory 1504,
such as a random access memory (RAM) or other dynamic storage device, stores information
including processor instructions for selective sharing of semantic information sets in a smart space
interoperable across platforms, devices, and equipment. Dynamic memory allows information
stored therein to be changed by the computer system 1500. RAM allows a unit of information

stored at a location called a memory address to be stored and retrieved independently of
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information at neighboring addresses. The memory 1504 is also used by the processor 1502 to
store temporary values during execution of processor instructions. The computer system 1500
also includes a read only memory (ROM) 1506 or other static storage device coupled to the bus
1510 for storing static information, including instructions, that is not changed by the computer
system 1500. Some memory is composed of volatile storage that loses the information stored
thereon when power is lost. Also coupled to bus 1510 is a non-volatile (persistent) storage device
1508, such as a magnetic disk, optical disk or flash card, for storing information, including
instructions, that persists even when the computer system 1500 is turned off or otherwise loses

power.

Information, including instructions for selective sharing of semantic information sets in a smart
space interoperable across platforms, devices, and equipment, is provided to the bus 1510 for use
by the processor from an external input device 1512, such as a keyboard containing alphanumeric
keys operated by a human user, or a sensor. A sensor detects conditions in its vicinity and
transforms those detections into physical expression compatible with the measurable phenomenon
used to represent information in computer system 1500. Other external devices coupled to bus
1510, used primarily for interacting with humans, include a display device 1514, such as a cathode
ray tube (CRT) or a liquid crystal display (LCD), or plasma screen or printer for presenting text
or images, and a pointing device 1516, such as a mouse or a trackball or cursor direction keys, or
motion sensor, for controlling a position of a small cursor image presented on the display 1514
and issuing commands associated with graphical elements presented on the display 1514. In some
embodiments, for example, in embodiments in which the computer system 1500 performs all
functions automatically without human input, one or more of external input device 1512, display

device 1514 and pointing device 1516 is omitted.

In the illustrated embodiment, special purpose hardware, such as an application specific integrated
circuit (ASIC) 1520, is coupled to bus 1510. The special purpose hardware is configured to
perform operations not performed by processor 1502 quickly enough for special purposes.
Examples of application specific ICs include graphics accelerator cards for generating images for
display 1514, cryptographic boards for encrypting and decrypting messages sent over a network,
speech recognition, and interfaces to special external devices, such as robotic arms and medical
scanning equipment that repeatedly perform some complex sequence of operations that are more

efficiently implemented in hardware.

Computer system 1500 also includes one or more instances of a communications interface 1570

coupled to bus 1510. Communication interface 1570 provides a one-way or two-way
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communication coupling to a variety of external devices that operate with their own processors,
such as printers, scanners and external disks. In general the coupling is with a network link 1578
that is connected to a local network 1580 to which a variety of external devices with their own
processors are connected. For example, communication interface 1570 may be a parallel port or a
serial port or a universal serial bus (USB) port on a personal computer. In some embodiments,
communications interface 1570 is an integrated services digital network (ISDN) card or a digital
subscriber line (DSL) card or a telephone modem that provides an information communication
connection to a corresponding type of telephone line. In some embodiments, a communication
interface 1570 is a cable modem that converts signals on bus 1510 into signals for a
communication connection over a coaxial cable or into optical signals for a communication
connection over a fiber optic cable. As another example, communications interface 1570 may be
a local area network (LAN) card to provide a data communication connection to a compatible
LAN, such as Ethernet. Wireless links may also be implemented. For wireless links, the
communications interface 1570 sends or receives or both sends and receives electrical, acoustic or
electromagnetic signals, including infrared and optical signals, that carry information streams,
such as digital data. For example, in wireless handheld devices, such as mobile telephones like
cell phones, the communications interface 1570 includes a radio band electromagnetic transmitter
and receiver called a radio transceiver. In certain embodiments, the communications interface
1570 enables connection from the UE 101 to the communication network 105 for selective
sharing of semantic information sets in a smart space interoperable across platforms, devices, and

equipment.

The term computer-readable medium is used herein to refer to any medium that participates in
providing information to processor 1502, including instructions for execution. Such a medium
may take many forms, including, but not limited to, non-volatile media, volatile media and
transmission media. Non-volatile media include, for example, optical or magnetic disks, such as
storage device 1508. Volatile media include, for example, dynamic memory 1504. Transmission
media include, for example, coaxial cables, copper wire, fiber optic cables, and carrier waves that
travel through space without wires or cables, such as acoustic waves and electromagnetic waves,
including radio, optical and infrared waves. Signals include man-made transient variations in
amplitude, frequency, phase, polarization or other physical properties transmitted through the
transmission media. Common forms of computer-readable media include, for example, a floppy
disk, a flexible disk, hard disk, magnetic tape, any other magnetic medium, a CD-ROM, CDRW,
DVD, any other optical medium, punch cards, paper tape, optical mark sheets, any other physical
medium with patterns of holes or other optically recognizable indicia, a RAM, a PROM, an
EPROM, a FLASH-EPROM, any other memory chip or cartridge, a carrier wave, or any other
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medium from which a computer can read. The term computer-readable storage medium is used

herein to refer to any computer-readable medium except transmission media.

Logic encoded in one or more tangible media includes one or both of processor instructions on a

computer-readable storage media and special purpose hardware, such as ASIC 1520.

Network link 1578 typically provides information communication using transmission media
through one or more networks to other devices that use or process the information. For example,
network link 1578 may provide a connection through local network 1580 to a host computer
1582 or to equipment 1584 operated by an Internet Service Provider (ISP). ISP equipment 1584
in turn provides data communication services through the public, world-wide packet-switching
communication network of networks now commonly referred to as the Internet 1590. A
computer called a server host 1592 connected to the Internet hosts a process that provides a
service in response to information received over the Internet. For example, server host 1592

hosts a process that provides information representing video data for presentation at display 1514.

At least some embodiments of the invention are related to the use of computer system 1500 for
implementing some or all of the techniques described herein. According to one embodiment of
the invention, those techniques are performed by computer system 1500 in response to processor
1502 executing one or more sequences of one or more processor instructions contained in
memory 1504. Such instructions, also called computer instructions, software and program code,
may be read into memory 1504 from another computer-readable medium such as storage device
1508 or network link 1578. Execution of the sequences of instructions contained in memory
1504 causes processor 1502 to perform one or more of the method steps described herein. In
alternative embodiments, hardware, such as ASIC 1520, may be used in place of or in
combination with software to implement the invention. Thus, embodiments of the invention are
not limited to any specific combination of hardware and software, unless otherwise explicitly

stated herein.

The signals transmitted over network link 1578 and other networks through communications
interface 1570, carry information to and from computer system 1500. Computer system 1500 can
send and receive information, including program code, through the networks 1580, 1590 among
others, through network link 1578 and communications interface 1570. In an example using the
Internet 1590, a server host 1592 transmits program code for a particular application, requested
by a message sent from computer 1500, through Internet 1590, ISP equipment 1584, local

network 1580 and communications interface 1570. The received code may be executed by
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processor 1502 as it is received, or may be stored in memory 1504 or in storage device 1508 or
other non-volatile storage for later execution, or both. In this manner, computer system 1500

may obtain application program code in the form of signals on a carrier wave.

Various forms of computer readable media may be involved in carrying one or more sequence of
instructions or data or both to processor 1502 for execution. For example, instructions and data
may initially be carried on a magnetic disk of a remote computer such as host 1582. The remote
computer loads the instructions and data into its dynamic memory and sends the instructions and
data over a telephone line using a modem. A modem local to the computer system 1500 receives
the instructions and data on a telephone line and uses an infra-red transmitter to convert the
instructions and data to a signal on an infra-red carrier wave serving as the network link 1578. An
infrared detector serving as communications interface 1570 receives the instructions and data
carried in the infrared signal and places information representing the instructions and data onto
bus 1510. Bus 1510 carries the information to memory 1504 from which processor 1502
retrieves and executes the instructions using some of the data sent with the instructions. The
instructions and data received in memory 1504 may optionally be stored on storage device 1508,

cither before or after execution by the processor 1502.

FIG. 16 illustrates a chip set 1600 upon which an embodiment of the invention may be
implemented. Chip set 1600 is programmed to sclectively share semantic information sets in a
smart space interoperable across platforms, devices, and equipment as described herein and
includes, for instance, the processor and memory components described with respect to FIG. 15
incorporated in one or more physical packages (e.g., chips). By way of example, a physical
package includes an arrangement of onc or more materials, components, and/or wires on a
structural assembly (e.g., a baseboard) to provide one or more characteristics such as physical
strength, conservation of size, and/or limitation of clectrical interaction. It is contemplated that in
certain embodiments the chip set can be implemented in a single chip. Chip set 1600, or a portion
thereof, constitutes a means for performing one or more steps of selective sharing of semantic

information sets in a smart space interoperable across platforms, devices, and equipment.

In one embodiment, the chip set 1600 includes a communication mechanism such as a bus 1601
for passing information among the components of the chip set 1600. A processor 1603 has
connectivity to the bus 1601 to execcute instructions and process information stored in, for
example, a memory 1605. The processor 1603 may include one or more processing cores with
cach core configured to perform independently. A multi-core processor enables multiprocessing

within a single physical package. Examples of a multi-core processor include two, four, eight, or
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greater numbers of processing cores. Alternatively or in addition, the processor 1603 may include
one or more microprocessors configured in tandem via the bus 1601 to enable independent
execution of instructions, pipelining, and multithreading. The processor 1603 may also be
accompanicd with one or more specialized components to perform certain processing functions
and tasks such as one or more digital signal processors (DSP) 1607, or one or more application-
specific integrated circuits (ASIC) 1609. A DSP 1607 typically is configured to process real-
world signals (e.g., sound) in real time independently of the processor 1603. Similarly, an ASIC
1609 can be configured to performed specialized functions not easily performed by a general
purposed processor. Other specialized components to aid in performing the inventive functions
described herein include one or more field programmable gate arrays (FPGA) (not shown), one or

more controllers (not shown), or one or more other special-purpose computer chips.

The processor 1603 and accompanying components have connectivity to the memory 1605 via the
bus 1601. The memory 1605 includes both dynamic memory (e.g., RAM, magnetic disk, writable
optical disk, ctc.) and static memory (e.g., ROM, CD-ROM, ectc.) for storing executable
instructions that when executed perform the inventive steps described herein to selectively share
semantic information sets in a smart space interoperable across platforms, devices, and equipment.
The memory 1605 also stores the data associated with or generated by the execution of the

inventive steps.

FIG. 17 is a diagram of exemplary components of a mobile terminal (c.g., handset) for
communications, which is capable of operating in the system of FIG. I, according to one
embodiment. In some embodiments, mobile terminal 1700, or a portion thereof, constitutes a
means for performing one or more steps of selective sharing of semantic information sets in a
smart space interoperable across platforms, devices, and equipment. Generally, a radio receiver is
often defined in terms of front-end and back-end characteristics. The front-end of the receiver
encompasses all of the Radio Frequency (RF) circuitry whereas the back-end encompasses all of
the base-band processing circuitry. As used in this application, the term “circuitry” refers to both:
(1) hardwarc-only implementations (such as implementations in only analog and/or digital
circuitry), and (2) to combinations of circuitry and software (and/or firmware) (such as to a
combination of processor(s), including digital signal processor(s), software, and memory(ies) that
work together to cause an apparatus, such as a mobile phone or server, to perform various
functions). This definition of “circuitry” applies to all uses of this term in this application,
including in any claims. As a further example, as used in this application, the term “circuitry”
would also cover an implementation of merely a processor (or multiple processors) and its (or

their) accompanying software/or firmware. The term “circuitry” would also cover, for example, a
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basecband integrated circuit or applications processor integrated circuit in a mobile phone or a

similar integrated circuit in a cellular network device or other network devices.

Pertinent internal components of the telephone include a Main Control Unit (MCU) 1703, a
Digital Signal Processor (DSP) 1705, and a receiver/transmitter unit including a microphone gain
control unit and a speaker gain control unit. A main display unit 1707 provides a display to the
user in support of various applications and mobile terminal functions that perform or support the
steps of sclective sharing of semantic information sets in a smart space interoperable across
platforms, devices, and equipment. The display unit 1707 includes display circuitry configured to
display at least a portion of a user interface of the mobile terminal (c.g., mobile telephone).
Additionally, the display unit 1707 and display circuitry are configured to facilitate user control of
at least some functions of the mobile terminal. An audio function circuitry 1709 includes a
microphone 1711 and microphone amplifier that amplifies the speech signal output from the
microphone 1711. The amplified speech signal output from the microphone 1711 is fed to a
coder/decoder (CODEC) 1713.

A radio section 1715 amplifies power and converts frequency in order to communicate with a
base station, which is included in a mobile communication system, via antenna 1717. The power
amplifier (PA) 1719 and the transmitter/modulation circuitry are operationally responsive to the
MCU 1703, with an output from the PA 1719 coupled to the duplexer 1721 or circulator or
antenna switch, as known in the art. The PA 1719 also couples to a battery interface and power
control unit 1720.

In use, a user of mobile terminal 1701 speaks into the microphone 1711 and his or her voice along
with any detected background noise is converted into an analog voltage. The analog voltage is
then converted into a digital signal through the Analog to Digital Converter (ADC) 1723. The
control unit 1703 routes the digital signal into the DSP 1705 for processing therein, such as
speech encoding, channel encoding, encrypting, and interleaving. In one embodiment, the
processed voice signals are encoded, by units not separately shown, using a cellular transmission
protocol such as global evolution (EDGE), general packet radio service (GPRS), global system
for mobile communications (GSM), Internet protocol multimedia subsystem (IMS), universal
mobile telecommunications system (UMTS), ctc., as well as any other suitable wireless medium,
¢.g., microwave access (WiIMAX), Long Term Evolution (LTE) networks, code division multiple
access (CDMA), wideband code division multiple access (WCDMA), wireless fidelity (WiFi),
satellite, and the like.
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The encoded signals are then routed to an equalizer 1725 for compensation of any frequency-
dependent impairments that occur during transmission though the air such as phase and amplitude
distortion. After equalizing the bit strecam, the modulator 1727 combines the signal with a RF
signal generated in the RF interface 1729. The modulator 1727 generates a sine wave by way of
frequency or phase modulation. In order to prepare the signal for transmission, an up-converter
1731 combines the sine wave output from the modulator 1727 with another sine wave generated
by a synthesizer 1733 to achieve the desired frequency of transmission. The signal is then sent
through a PA 1719 to increase the signal to an appropriate power level. In practical systems, the
PA 1719 acts as a variable gain amplifier whose gain is controlled by the DSP 1705 from
information received from a network base station. The signal is then filtered within the duplexer
1721 and optionally sent to an antenna coupler 1735 to match impedances to provide maximum
power transfer. Finally, the signal is transmitted via antenna 1717 to a local base station. An
automatic gain control (AGC) can be supplied to control the gain of the final stages of the
receiver. The signals may be forwarded from there to a remote telephone which may be another
cellular telephone, other mobile phone or a land-line connected to a Public Switched Telephone
Network (PSTN), or other telephony networks.

Voice signals transmitted to the mobile terminal 1701 are received via antenna 1717 and
immediately amplified by a low noise amplifier (LNA) 1737. A down-converter 1739 lowers the
carrier frequency while the demodulator 1741 strips away the RF leaving only a digital bit stream.
The signal then goes through the equalizer 1725 and is processed by the DSP 1705. A Digital to
Analog Converter (DAC) 1743 converts the signal and the resulting output is transmitted to the
user through the speaker 1745, all under control of a Main Control Unit (MCU) 1703—which can
be implemented as a Central Processing Unit (CPU) (not shown).

The MCU 1703 receives various signals including input signals from the keyboard 1747. The
keyboard 1747 and/or the MCU 1703 in combination with other user input components (c.g., the
microphone 1711) comprise a user interface circuitry for managing user input. The MCU 1703
runs a user interface software to facilitate user control of at least some functions of the mobile
terminal 1701 to selectively share semantic information sets in a smart space interoperable across
platforms, devices, and equipment. The MCU 1703 also delivers a display command and a switch
command to the display 1707 and to the speech output switching controller, respectively.
Further, the MCU 1703 exchanges information with the DSP 1705 and can access an optionally
incorporated SIM card 1749 and a memory 1751. In addition, the MCU 1703 executes various
control functions required of the terminal. The DSP 1705 may, depending upon the

implementation, perform any of a variety of conventional digital processing functions on the voice
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signals. Additionally, DSP 1705 determines the background noise level of the local environment
from the signals detected by microphone 1711 and sets the gain of microphone 1711 to a level

selected to compensate for the natural tendency of the user of the mobile terminal 1701.

The CODEC 1713 includes the ADC 1723 and DAC 1743. The memory 1751 stores various
data including call incoming tone data and is capable of storing other data including music data
received via, e.g., the global Internet. The software module could reside in RAM memory, flash
memory, registers, or any other form of writable storage medium known in the art. The memory
device 1751 may be, but not limited to, a single memory, CD, DVD, ROM, RAM, EEPROM,

optical storage, or any other non-volatile storage medium capable of storing digital data.

An optionally incorporated SIM card 1749 carries, for instance, important information, such as
the cellular phone number, the carrier supplying service, subscription details, and security
information. The SIM card 1749 serves primarily to identify the mobile terminal 1701 on a radio
network. The card 1749 also contains a memory for storing a personal telephone number

registry, text messages, and user specific mobile terminal settings.

While the invention has been described in connection with a number of embodiments and
implementations, the invention is not so limited but covers various obvious modifications and
equivalent arrangements, which fall within the purview of the appended claims. Although features
of the invention are expressed in certain combinations among the claims, it is contemplated that

these features can be arranged in any combination and order.
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CLAIMS

WHAT IS CLAIMED IS:

1. A method comprising:

determining to create a personal information space for a user, wherein the personal
information space includes one or more semantic information sets;

receiving a request for selective sharing of the one or more semantic information sets; and

determining to merge, in response to the request, a projection of the one or more selected

semantic information sets into a shared information space.

2. A method of claim 1, wherein the personal information space and the shared information
space are created in a smart space having a logical architecture that specifies interoperability
across one or more of platforms composed by different devices and equipments, and the devices

and equipments include a user equipment.

3. A method of claim 2, wherein the smart space comprises one or more semantic
information brokers that reside on the different devices and equipments and process queries,

subscriptions, handling of collisions, and information access rights.

4. A method of any of claims 2- 3, wherein the one more semantic information sets are stored
on the different devices and equipments and projected into the one or more semantic information
brokers.

5. A method of any of claim 2-4, further comprising:

determining to provide a knowledge processor application running on at the one or more of
the devices and equipments, and connected to the shared information space; and

determining to customize and execute at least one function on a user interface of the user

equipment via the knowledge processor application.

6. A method of any of claims1-5, further comprising:
determining to synchronize the one or more semantic information sets in the personal
information space and the shared information space with one or more semantic

information sets on a social networking platform or a communication platform.

7. A method of any of claims 1-6, further comprising:
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determining to create a group shared information space shared by a group of users;
determining to initiate entry of a subgroup shared information space of a subgroup of the
users into the group shared information space while preserving autonomy and integrity of

the subgroup shared information space.

8. A method of any of claims 5-7, wherein the knowledge processor application performs
reasoning over information extracted from a Short Message Service (SMS) and a chat engine of a
social network platform, and defines social events of a mutual interest for the user and a peer

based on the reasoning.

9. A method of any of claims 5-8, wherein the knowledge processor application determines
user preferences obtained from reasoning of behaviors of a peer user using the devices and
equipments connected to the smart space, and sends a message including the user preferences to

the user equipment of the peer user.

10. An apparatus comprising:
at least one processor; and
at least one memory including computer program code for one or more programs,
the at least one memory and the computer program code configured to, with the at least one
processor, cause the apparatus to perform at least the following,
determine to create a personal information space for a user, wherein the personal
information space includes one or more semantic information sets,
receive a request for selective sharing of the one or more semantic information sets,
and
determine to merge, in response to the request, a projection of the one or more

selected semantic information sets into a shared information space.

11. An apparatus of claim 10, wherein the personal information space and the shared
information space are created in a smart space having a logical architecture that specifies
interoperability across one or more platforms composed by different devices and equipments, and

the devices and equipment include a user equipment.

12. An apparatus of claim 11, wherein the smart space comprises one or more semantic
information brokers that reside on the different devices and equipments and process queries,

subscriptions, handling of collisions, and information access rights.
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13. An apparatus of any of claims 11-12, wherein the one or more semantic information sets
are stored on the different devices and equipments and projected into the one or more semantic

information brokers.

14. An apparatus of any of claims 11-13, wherein the apparatus is further caused to:

provide a knowledge processor application running on at the one or more of the devices and
equipments, and connected to the shared information space; and

customize and execute at least one function on a user interface of the user equipment via the

knowledge processor application.

15. An apparatus of any of claims 10-14, wherein the apparatus is further caused to:
synchronize the semantic information sets in the personal information space and the shared
information space one or more semantic information sets on a social networking platform or a

communication platform.

16. An apparatus of any of claims 10-15, wherein the apparatus is further caused to:

create a group shared information space shared a group of users;

initiate entry of a subgroup shared information space of a subgroup of the users into the group
shared information space while preserving autonomy and integrity of the subgroup shared

information space.

17. An apparatus of any of claims 14-16, wherein the knowledge processor application
performs reasoning over information extracted from a Short Message Service (SMS) and a chat
engine of a social network platform, and extracts social events of a mutual interest for the user

and a peer.

18. An apparatus of any of claims 14-17, wherein the knowledge processor application
determines user preferences obtained from reasoning of behaviors of the peer user using the
devices and equipments connected to the smart space, and sends a message including the user

preferences to the user equipment of the peer user.

19. A method comprising:

determining to generate a request specifying selective sharing of one or more semantic
information sets corresponding to a personal information space; and

determining to initiate transmission of the request to a peer user equipment for merging a

projection of the one or more semantic information sets into a shared information space.
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20. A method of claim 19, further comprising:
determining to synchronize the one or more semantic information sets in the personal
information space and the shared information space with one or more semantic

information sets on a social networking platform or a communication platform.

21. An apparatus comprising:
at least one processor; and
at least one memory including computer program code for one or more programs,
the at least one memory and the computer program code configured to, with the at least one
processor, cause the apparatus to perform at least the following,
determine to generate a request specifying selective sharing of one or more semantic
information sets corresponding to a personal information space, and
determine to initiate transmission of the request to a peer user equipment for merging
a projection of the one or more semantic information sets into a shared information

space.

22. An apparatus of claim 21, wherein the apparatus is further caused to:
synchronize the semantic information sets in the personal information space and the shared
information space with one or more related semantic information sets on a social

networking platform or a communication platform.

23. An apparatus comprising means for performing the method of any of claims 1-9.

24. An apparatus comprising means for performing the method of any of claims 19-20.

25. A computer program product comprising computer code instructions, when executed by
at least one processor, cause an apparatus to perform at least the method of any of claims
1-9.

26. A computer program product comprising computer code instructions, when executed by
at least one processor, cause an apparatus to perform at least the method of any of claims
19-20.

27. A computer-readable storage medium carrying one or more sequences of one or more
instructions which, when executed by one or more processors, cause an apparatus to

perform at least the method of any of claims 1-9.
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28. A computer-readable storage medium carrying one or more sequences of one or more
instructions which, when executed by one or more processors, cause an apparatus to

perform at least the method of any of claims 19 - 20.
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