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Description

RELATED APPLICATIONS

[0001] This application claims the priority of U.S. Pro-
visional Patent Application No. 61/289,689, filed Decem-
ber 23, 2009.

FIELD OF THE INVENTION

[0002] The invention relates generally to the field of
peer-to-peer networking; and more particularly, to serv-
ice advertisement and service discovery in a peer-to-peer
networking environment.

BACKGROUND

[0003] Devices such as electronic devices, computing
systems, portable devices, and handheld devices have
software applications such as game applications. Some
of these applications are shared-- for instance, multiple
devices can participate in a game application in a collab-
orative fashion. The shared features of an application
can be referred to as services. Before a device can use
a service offered by another device, the participating de-
vice (the discoverer) has to discover such a service avail-
able on a network. Services are advertised by a remote
device (i.e. the advertiser) on the network.
[0004] Various discovery techniques are available for
electronic devices connected to, or attempting to connect
to a network. These discovery techniques typically in-
volve use of a network protocol to determine what devices
and/or services are available through a network connec-
tion. These discovery techniques are useful for many sit-
uations. However, in certain situations, these discovery
techniques are not optimal.
[0005] Typically, each device in a network is configured
to periodically scan and/or advertise a service in the net-
work according to commonly known scanning and ad-
vertising schedule, such as, for example, in a 100 milli-
second (ms) - 800 ms period range. When there are many
devices in the network closely located, such a scanning
and/or advertising strategy may not be efficient as there
may be heavy communications channel congestion,
which results in devices taking a long period of time to
discover a service of another device and/or to advertise
a service. In such a scenario, additional time would need
to be spent scanning to ensure reliable service discovery.
Spending additional time scanning consumes a larger
amount of power, which is a critical resource on a portable
electronic device. Further, frequent discovery scanning
and advertisement transmission may themselves con-
sume more power, which is important to a portable de-
vice. There has been a lack of efficient way to optimize
the service discovery and/or advertisement for portable
devices.
[0006] US 2007/286136 A1 discloses techniques for a
client node to discover at least one peer provider node

in an ad hoc network. The client node can be configured
to turn on its first ad hoc interface while in a discovery
mode to establish a channel for a first time period. The
client node can then transmit a first beacon to advertise
its presence to other nodes within the transmission range
of the client node to acquire service information from at
least one of a plurality of prospective peer provider nodes
within the transmission range of the client node. At least
one of the prospective peer provider nodes is configured
to turn on its second ad hoc interface for a second period
of time to listen for beacons from other nodes. The sec-
ond period of time is less than or equal to the first period
of time.
[0007] EP 1 022 876 A1 discloses a scheme for adver-
tising service offerings in a communications system com-
prising two devices. A first of the two devices (a) sends
information comprising information about itself and/or
other known devices, (i) chooses a timeout value and (ii)
listens for a up to maximum time as defined by the timeout
value for service information sent by another device. (iii)
If the timeout value timed out, then the scheme continues
with step (a), otherwise a check is made whether the
service information sent by another device comprises in-
formation about itself (local services). If yes, then the
scheme continues with step (i), and if no, then the scheme
continues with step (a).
[0008] Ververidis C N et al: "Service discovery for mo-
bile Ad Hoc networks: a survey of issues and techniques",
IEEE COMMUNICATIONS SURVERYS, IEEE, NEW
YORK, NY, US, vol. 10, no. 3, 1 July 20008, pages 30-45
surveys research in service advertising, discovery, and
selection for mobile ad hoc networks and related issues.
The survey includes a categorization of service discovery
architectures for MANETs and their modes of operation,
presenting their merits and drawbacks. Particular atten-
tion is paid to cross-layer service discovery - a special
class of efficient service discovery approaches for MAN-
ETs. The survey also presents security issues and dis-
cuss service description options, service selection mech-
anisms, and service-state maintenance techniques.

SUMMARY OF THE DESCRIPTION

[0009] According to an aspect of the present invention,
there is provided a machine-implemented method (1000)
for advertising a service in a peer-to-peer networking en-
vironment, the method comprising: monitoring (1001) op-
erating conditions of a local device (800) coupled to a
wireless network; dynamically adjusting (1002) an adver-
tisement period based on the operating conditions of the
local device, wherein the advertisement period of the lo-
cal device comprises an interval time between succes-
sive transmissions of an advertisement by the local de-
vice, and wherein the advertisement period of the local
device and an advertisement period of a remote device
are multiples of a same predetermined base value and
are not equal to each other; and broadcasting (1003), by
the local device, a service advertisement in the wireless
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network according to the adjusted advertisement period,
the service advertisement including one or more service
identifiers for identifying one or more services to be ad-
vertised from the local device.
[0010] Optionally but preferably, the method further
comprises dynamically adjusting (1102) a discovery pe-
riod based on the operating conditions of the local device;
and listening (1103), by the local device, in the wireless
network according to the adjusted discovery period in an
attempt to receive a service advertisement from the re-
mote device over the wireless network. Optionally but
preferably, the discovery period is dynamically adjusted
based on at least one of a battery condition of the local
device, and a type of service to be discovered. Optionally
but preferably, the advertisement period is calculated as
a product of a predetermined base value and a first ad-
justment factor, and wherein the advertisement period is
dynamically adjusted by adjusting the first adjustment
factor. Optionally but preferably, the discovery period is
calculated as a product of the predetermined base value
and a second adjustment factor that is different than the
first adjustment factor, and wherein the discovery period
is dynamically adjusted by adjusting the second adjust-
ment factor. Optionally but preferably, dynamically ad-
justing the advertisement period is further based on at
least one of a battery condition of the local device, a
number of devices on the wireless network, and user
behaviors. Optionally but preferably, the dynamically ad-
justing further comprises dynamically adjusting the ad-
vertisement period based on at least one of a network
traffic condition of the wireless network, a wireless oper-
ating environment of the local device, and a change in
the a wireless operating environment of the local device.
Optionally but preferably, adjusting the advertisement
period does not adjust an availability schedule of the local
device. Optionally but prefereably, the availability sched-
ule is a set of times when the local device will be available
and listening on the network for service requests from
remote devices.
[0011] According to another aspect of the invention,
there is provided a portable device (800), comprising: a
wireless transceiver (207); a monitor (801) coupled to
the wireless transceiver to monitor operating conditions
of the portable device coupled to a wireless network
(104); and a service advertisement unit (802) coupled to
the monitor and the wireless transceiver to dynamically
adjust (1002) an advertisement period based on the op-
erating conditions of the portable device, wherein the ad-
vertisement period of the portable device comprises an
interval time between successive transmissions of an ad-
vertisement by the portable device, wherein the adver-
tisement period of the portable device and an advertise-
ment period of a remote device are multiples of a same
predetermined base value and are not equal to each oth-
er, and wherein the service advertisement unit is config-
ured to broadcast (1003) according to the adjusted ad-
vertisement period, via the wireless transceiver, a service
advertisement in the wireless network, the service ad-

vertisement including one or more service identifiers
identifying one or more services to be advertised..
[0012] Optionally but preferably, the portable device
further comprises a service discovery unit (202) coupled
to the monitor and the wireless transceiver to dynamically
adjust (1102) a discovery period based on the operating
conditions of the portable device, and listen (1103) in the
wireless network via the wireless transceiver, according
to the adjusted discovery period in an attempt to receive
a service advertisement from the remote device over the
wireless network. Optionally but preferably, at least one
of the advertisement period and the discovery period is
dynamically adjusted based on at least one of a battery
condition of the portable device, and a type of service to
be advertised or discovered. Optionally but preferably,
the advertisement period is calculated as a product of a
predetermined base value and a first adjustment factor,
and wherein the advertisement period is dynamically ad-
justed by adjusting the first adjustment factor. Optionally
but preferably, the discovery period is calculated as a
product of the predetermined base value and a second
adjustment factor that is different than the first adjustment
factor, and wherein the discovery period is dynamically
adjusted by adjusting the second adjustment factor.
[0013] According to an additional aspect of the inven-
tion, there is provided a machine-implemented method
(1100) for discovering a service in a peer-to-peer net-
working environment, the method comprising: determin-
ing (1101) operating conditions of a local device coupled
to a wireless network; dynamically adjusting (1102) a dis-
covery period based on the operating conditions of the
local device, wherein the discovery period of the local
device comprises an interval time between successive
service discovery attempts by the local device, wherein
the discovery period of the local device and an adver-
tisement period of a remote device are multiples of a
same predetermined base value and are not equal to
each other; and listening (1103), by the local device, in
the wireless network according to the adjusted discovery
period in an attempt to discover a service advertised by
the remote device over the wireless network. Optionally
but preferably, the method further comprises dynamically
adjusting (1002) an advertisement period based on the
operating conditions of the local device; and broadcast-
ing (1004), by the local device, a service advertisement
in the wireless network according to the adjusted adver-
tisement period, the service advertisement including one
or more service identifiers identifying one or more serv-
ices to be advertised from the local device.
[0014] According to a further aspect of the invention,
there is provided a portable device comprising a wireless
transceiver (207); a monitor (801) coupled to the wireless
transceiver to determine operating conditions of the port-
able device, wherein a discovery period of the portable
device comprises an interval time between successive
service discovery attempts by the portable device,
wherein the discovery period of the portable device and
an advertisement period of a remote device are multiples
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of a same predetermined base value and are not equal
to each other; and a service discovery unit (202) coupled
to the monitor and the wireless transceiver to dynamically
adjust (1102) the discovery period based on the operat-
ing conditions, wherein the service discovery unit is con-
figured to listen (1103) in the wireless network according
to the adjusted discovery period in an attempt to discov-
ery a service advertised by the remote device over a wire-
less network. Optionally but preferably, the portable de-
vice further comprises a service advertisement unit (802)
coupled to the monitor and wireless transceiver to dy-
namically adjust (1002) an advertisement period based
on the operating conditions, and broadcast (1003) a serv-
ice advertisement in the wireless network according to
the adjusted advertisement period, the service advertise-
ment including one or more service identifiers identifying
one or more services to be advertised.
[0015] Other features of the present invention will be
apparent from the accompanying drawings and from the
detailed description which follows.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The invention is illustrated by way of example
and not by limitation in the figures of the accompanying
drawings in which like references indicate similar ele-
ments.

Figure 1 is a network configuration which may be
implemented with the invention.
Figure 2 is a block diagram illustrating an example
of an electronic device according to one example.
Figure 3 is a flow diagram illustrating an example of
a service advertisement transaction flow according
to one example.
Figure 4 is a timeline diagram of a service advertise-
ment according to one example.
Figure 5 is a block diagram illustrating an example
of an advertisement message according to one ex-
ample.
Figure 6 is a flow diagram illustrating an example of
a method for advertising a service according to one
example.
Figure 7 is a flow diagram illustrating an example of
a method for discovering a service according to one
example.
Figure 8 is a block diagram illustrating an electronic
device according to the invention.
Figure 9 is a timeline diagram illustrating an adver-
tisement period and discovery period.
Figure 10 is a flow diagram illustrating a method for
advertising a service according to the invention.
Figure 11 is a flow diagram illustrating a method for
discovering a service according to the invention.
Figure 12 is a block diagram illustrating an electronic
device according to another example.
Figures 13A-13C are transitional diagrams illustrat-
ing examples of transitions of devices among adver-

tising operating states according to some examples.
Figure 14 is a block diagram illustrating a group ad-
vertisement message according to one example.
Figure 15 is a flow diagram illustrating a method for
a device to request that another device act as a group
advertiser and advertise services on its behalf.
Figure 16 is a flow diagram illustrating a method for
a device to become a group advertiser and start ad-
vertising services on behalf of another device.
Figure 17 is a flow diagram illustrating a method for
selecting a group advertiser according to one exam-
ple.
Figure 18 shows an example of a data processing
system which may be used with the present inven-
tion.

DETAILED DESCRIPTION

[0017] Various example and aspects of the inventions
will be described with reference to details discussed be-
low, and the accompanying drawings will illustrate the
various examples. The following description and draw-
ings are illustrative of the invention and are not to be
construed as limiting the invention. Numerous specific
details are described to provide a thorough understand-
ing of various examples of the present invention. How-
ever, in certain instances, well-known or conventional
details are not described in order to provide a concise
discussion of examples of the present inventions.
[0018] Reference in the specification to "one example"
or "an example" means that a particular feature, struc-
ture, or characteristic described in conjunction with the
example can be included in at least one example of the
invention. The appearances of the phrase "in one exam-
ple" in various places in the specification do not neces-
sarily all refer to the same example. The processes de-
picted in the figures that follow are performed by process-
ing logic that comprises hardware (e.g. circuitry, dedicat-
ed logic, etc.), software, or a combination of both. Al-
though the processes are described below in terms of
some sequential operations, it should be appreciated that
some of the operations described may be performed in
a different order. Moreover, some operations may be per-
formed in parallel rather than sequentially.

Definitions

[0019]

• Advertiser - a device advertising one or more of its
own services.

• Group advertiser - a device advertising one or more
services on behalf of one or more other devices.
Group advertisers also advertise their own services,
if they have any.

• Advertisee - a device whose services are being ad-
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vertised by another device on the network (i.e. by a
group advertiser, not including itself).

• Discoverer - a device that is trying to discover one
or more services on the network.

• Availability Window - a period of time in which an
device is available and listening on the network, and
is capable of responding to service discovery re-
quests, advertisement requests, and other requests.

• Availability Schedule - the times in which a device
will be available to respond to service requests. In-
cluded in advertisement messages, this indicates
the times and widths of a device’s availability win-
dow(s).

• Advertisement/Advertisement Message - a broad-
cast / multicast frame periodically sent by an adver-
tiser that contains information about services it has
available.

• Group Advertisement/Group Advertisement Mes-
sage - a broadcast / multicast frame periodically sent
by a group advertiser that contains information about
its own services (if any), as well as services available
on other devices on the network.

• Advertisement Request/Advertisement Request
Message - a message sent by a device to another
device requesting that the recipient acts as a group
advertiser and advertise services on behalf of the
sender.

• Advertisement Response/Advertisement Response
Message - a message sent by a device to another
device in response to an advertisement request mes-
sage, indicating whether the sender will honor the
initial request message and act as a group advertis-
er.

• Service Request/Service Request Message - a mes-
sage sent by a discoverer to an advertiser requesting
detailed information about service(s) matching the
supplied ID(s).

• Service Response/Service Response Message - a
message sent by an advertiser / group advertiser to
a discoverer supplying detailed information about
one or more services.

• Advertisement Period - the interval of time between
successive transmissions of an advertisement frame
by an advertiser.

• Discovery Period - the interval of time between suc-
cessive discovery attempts by a discoverer.

[0020] Figure 1 is a network configuration which may
be implemented with an example of the invention. Refer-
ring to Figure 1, network configuration 100 includes mul-
tiple electronic devices 101-103 communicatively cou-
pled to network 104, which may be a wireless network
such as a IEEE 802.11 (e.g., WiFi) or a personal area
network (PAN) compliant network (e.g., Bluetooth). Any
one of devices 101-103 may be any of portable devices,
such as, for example, a portable computing device (e.g.
notebook/netbook computers such as MacBook™ from
Apple Inc. of Cupertino, California), a tablet PC (e.g., an
iPad™ from Apple Inc.), a cellular/smart phone (e.g.,
iPhone™ from Apple Inc.), a media player (e.g., iPod™
from Apple Inc.), a PDA, a copier/printer/scanner/mo-
dem/facsimile device, or a combination thereof. Alterna-
tively, any one of devices 101-103 may be a desktop
computer or other non-portal devices having a wireless
communications interface (e.g., a built-in or plugged-in
transceiver or RF frontend) that is capable of wirelessly
communicating with another device in a wireless net-
work.
[0021] Each of devices 101-103 includes service ad-
vertisement logic (e.g., logic 105-107 respectively) and
service discovery logic (e.g., logic 108-110 respectively),
which may be implemented in hardware, firmware, soft-
ware, or a combination thereof. Service advertisement
logic is responsible for advertising one or more services
of a local device in network 104 while service discovery
logic is responsible for discovering one or more services
available from one or more remote devices in network
104. Devices 101-103 may advertise and/or discover one
or more services in network 104 using a variety of wire-
less communications protocols, such as, for example,
WiFi or Bluetooth compliant protocols. Further detailed
information concerning service discovery using a person-
al area network protocol can be found in a co-pending
U.S. patent application No. 12/405,130, entitled "Service
Discovery Functionality Utilizing Personal Area Network
Protocols", filed March 16, 2009.
[0022] The purpose of an advertisement of a service
from one device (also referred to as an advertiser) is to
inform other devices in a network, or to enable other de-
vices (also referred to as discoverers) in the network to
discover that the particular service is potentially available
from that particular device. Also note that throughout this
application, examples of the present application will be
described in a wireless networking environment; howev-
er, it will be appreciated that such examples can also be
applied in a wired networking environment.
[0023] In one example, when a first device, in this ex-
ample device 101, advertises one or more services avail-
able in a wireless network, the service advertisement log-
ic 105 of the device 101 broadcasts or multicasts an ad-
vertisement message (also simply referred to as an ad-
vertisement, or a service advertisement) in network 104,
where the advertisement includes one or more service
identifiers (IDs), each identifying a particular service po-
tentially available from device 101. A service identifier
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may be represented by a hash value constructed using
a variety of hash algorithms (e.g., SHA-1 or MD5). A hash
value may be generated based on data representing a
signature or certain characteristics of a particular service.
The advertisement further includes availability informa-
tion, such as the availability schedule of device 101, that
device 101 will use to set its availability window, when it
will listen in network 104 for any service inquires for the
advertisement from other devices (e.g., devices
102-103). Thereafter, device 101 may turn off or reduce
the power for a certain portion of device 101, such as,
for example, at least the radio frequency (RF) portion
(e.g., transceiver, antenna) of device 101 until a subse-
quent certain time period according to the availability in-
formation associated with device 101. Alternatively, de-
vice 101 may in turn perform other tasks without trans-
mitting or listening in network 104.
[0024] When a second device, in this example device
102, in the network receives the advertisement broadcast
from device 101, based on the service identifiers in the
advertisement, device 102 can determine whether it is
interested in acquiring further detailed information of the
advertised service from device 101. If so, according to
one example, device 102 can transmit a service request
to device 101 according to the availability schedule of
device 101 (e.g., during one of device 101’s availability
windows when device 101 is listening), where the service
request includes one or more service identifiers of one
or more selected services. In response to the service
request, device 101 can transmit more detailed informa-
tion of the requested services (e.g., device 102). That is,
a service ID may merely indicate a service potentially
available from an advertiser. In order to confirm such a
service, a discoverer has to acquire further detailed in-
formation from the advertiser through a service request
and response protocol.
[0025] According to another example, each of devices
101-103 in the network 104 is configured to monitor op-
erating environment of the respective device, as well as
network traffic in the network. Based on the monitoring
result, a device may adjust its service advertisement pe-
riod (also simply referred to as an advertisement period)
and/or service discovery period (also simply referred to
as a discovery period) dynamically. For example, if the
battery of device 101 is running low, device 101 may
reduce the transmitting and listening frequency of service
advertisement and service discovery (e.g., increase the
service advertisement and/or discovery periods). Anoth-
er example, if it is determined that communications chan-
nel congestion is relatively high, for example, due to a
large number of devices in the network, device 101 may
also adjust the service advertisement and/or discovery
periods accordingly (e.g., increasing the advertisement
and/or discovery periods).
[0026] In one example, a service advertisement period
and/or service discovery period are calculated based on
one or more multiples of a predetermined base value.
However, a service discovery period may not be config-

ured as a multiple of a service advertisement period, or
vice versa. As a result, an advertiser and a discoverer
can calculate their own service advertisement period
and/or service discovery period independently; but an
advertisement from a advertiser (e.g., device 101) will
still capable of being captured by a discoverer (e.g., de-
vice 102) over a period of time. In addition, because of
the fact that a service advertisement period is not a mul-
tiple of a service discovery period or vice versa, each of
the devices in the network can adapt their own period
prior to establishing any communication among them,
based on its own perception of the network conditions
set forth above.
[0027] According to a further example, devices
101-103 may coordinate with each other to select one or
more of devices to advertise the services on behalf of
other devices. For example, device 101 may be selected
as a group advertiser according to a variety of parameters
(e.g., a battery condition, etc.), which are monitored by
a monitoring logic of the device, for advertising services
for device 102 and/or device 103. Device 101 may oper-
ate as a group advertiser that advertises its own services
and services of devices 102-103 in the network. Device
101 may also operate as an advertiser for advertising its
own services, as well as an advertisee having one or
more services to be advertised by another device (e.g.,
devices 102-103). Device 101 may also operate as an
advertisee only that relies on another device (e.g., de-
vices 102-103) for advertising its services.
[0028] Note that throughout this application, the term
of "service" can be a broad range of services including,
but not limited to, printing services, local area network
(LAN) access services, wide area network (WAN) access
services, cellular telephone services, data storage serv-
ices, and/or application services (e.g., media playback,
games, collaborative document creation services, re-
cording services, etc.).

Efficient Service Advertisement and/or Discovery Mech-
anisms

[0029] Figure 2 is a block diagram illustrating an ex-
ample of an electronic device according to one example
of the invention. For example, electronic device 200 may
be implemented as a part of any one of devices 101-103
of Figure 1. Referring to Figure 2, device 200 includes,
but not limited to, service advertisement unit 201, service
discovery unit 202, user interface unit 203, service man-
agement unit 204, storage device 205, one or more proc-
essors or processor cores 206, network interface unit
207, and memory 208 coupled to each other via bus,
interconnect, or mesh 209.
[0030] Processor 206 may be any kind of microproc-
essors, which may be a single processor, multiple proc-
essors, or multiple processor cores. Network interface
unit 207 may be part of an RF frontend including, but is
not limited to a wireless transceiver and an antenna or a
modem, etc. Alternatively, network interface unit 207 may
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also include a wired communications interface, such as
Ethernet port, a universal serial bus (USB) or Firewire™
port. Memory 208 may be any kind of random access
memory (RAM), which is typically implemented as a vol-
atile memory. User interface unit 203 may include a dis-
play device, an input device (e.g., keyboard, a touch pad,
a touch screen, a stylus device, or a combination thereof),
and an audio and/or video interfaces, etc.
[0031] Service advertisement unit 201 is responsible
for advertising one or more services available or provided
by device 200. For example, service advertisement unit
201 may be implemented as a part of any one of service
advertisement logic105-107 of Figure 1. In one example,
service advertisement unit 201 is configured to advertise,
via network interface unit 207, one or more services by
broadcasting or multicasting an advertisement in the net-
work (e.g., network 104 of Figure 1) according to an ad-
vertisement schedule (e.g., advertisement period). An
advertisement may include one or more service identifi-
ers (IDs) identifying a service that is potentially provided
by device 200. A service identifier may be generated by
service manager 204 and stored in storage device 205
as a part of service identifiers 210. In one example, a
service identifier includes a hash value generated by
service manager 204 according to a variety of hash al-
gorithms, such as, for example, SHA-1 or MD5 algo-
rithms.
[0032] Alternatively, a service identifier may be repre-
sented by a particular bit of a bitmask, where a bitmask
includes one or more bits having a predetermined logical
value, each representing a particular service. For exam-
ple, the location of a particular bit of a bitmask is used to
indicate a particular service that is potentially available
from an advertiser, where the bitmask is broadcast in the
network via an advertisement, similar to the techniques
disclosed in co-pending U.S. Patent Application No.
12/687,814, entitled "Efficient Service Discovery for
Peer-to-Peer Networking Device," filed January 14,
2010.
[0033] Again, a service ID may merely indicate a serv-
ice potentially available from an advertiser. In addition,
a hash (service ID) can possibly represent multiple serv-
ices as there may be a collision where multiple services
are hashed to the same value. In order to confirm such
a service, a discoverer has to acquire further detailed
information from the advertiser through a service request
and response protocol. Advertising a potential service by
broadcasting or multicasting a hash value representing
such a potential service, and providing detailed informa-
tion about the service only in response to a specific re-
quest for such a service, greatly reduces the network
traffic involved in service advertisement and discovery.
[0034] The service manager 204 is also responsible
for maintaining or managing service information 211 as-
sociated with services available from device 200, which
may be stored in storage device 205. Storage device 205
may be implemented as any kind of memory devices or
disks and accessed via any kind of file systems. Service

manager 204 may also generate and maintain a list of
services available in the network, including services ad-
vertised by device 200 and by other devices in the net-
work. The list of services can be periodically updated in
response to a result of a service discovery operation per-
formed by service discovery unit 202.
[0035] Similarly, service discovery unit 202 is respon-
sible for discovering one or more services available from
the network, which may be advertised by one or more
other devices in the network. For example, service dis-
covery unit 202 may be implemented as a part of any
one of service discovery logic108-110 of Figure 1. In re-
sponse to an advertisement from a remote device, serv-
ice discovery unit 202 is configured to communicate, via
network interface unit 207, with the remote device to ac-
quire further detailed information of the services and may
generate or update a list of services that are available
from the network, which may be stored as part of service
information 211.
[0036] Figure 3 is a flow diagram illustrating an exam-
ple of a service advertisement transaction flow according
to one example. For the purpose of illustration, it is as-
sumed that both local device 301 (as an advertiser) and
remote device 302 (as a discoverer) have similar or iden-
tical infrastructure as device 200 of Figure 2. Referring
to Figure 2 and Figure 3, according to one example, after
receiving an advertisement from a service advertisement
unit of device 301 via transaction 303, a service discovery
unit of device 302 compares the service IDs in the ad-
vertisement request with the ones locally generated via
operation 304. If device 302 is interested in the advertised
service or services, the service discovery unit of device
302 transmits a service request to device 301 via trans-
action 305, including one or more service identifiers iden-
tifying one or more services that device 302 is interested
in. In response to the service request, the service adver-
tisement unit of device 301 transmits a service response
to device 302, including detailed information of one or
more services requested via transaction 306. Note that
a service identifier can merely indicate that a service is
potentially available from device 301. In order to obtain
detailed information of the potential service, the discov-
erer has to acquire detailed information by transmitting
a service request based on the service identifier. Device
302 then compares the returned service information
against the local list of desired services via transaction
307. If any of the services match devices 301-302 may
participate in the services (e.g., playing games in a col-
laborated fashion) via transaction 308.
[0037] According to one example, referring back to Fig-
ure 2, when advertising a service, an advertisement gen-
erated by service advertisement unit 201 further includes
an availability schedule of an advertiser, in this example,
of device 200. In one example, the availability schedule
includes the start of the next availability window from the
time of the advertisement was transmitted and the length
of the window (e.g., duration of the availability window).
That is, an advertiser may only listen in the network during
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a specific period of time. When a discoverer receives an
advertisement, the discoverer may schedule a transmit-
ting time slot according to the availability schedule of the
advertiser, during which the discoverer transmits a serv-
ice request to the advertiser during one of the advertisers’
availability windows. Otherwise, either or both of the ad-
vertiser and discoverer can turn off or reduce power to
at least a portion (e.g., wireless transceiver or RF fron-
tend) of the respective device, for example, by a power
management unit of the respective device (not shown).
Note that some or all of the components as shown in
Figure 2 may be implemented in hardware, firmware,
software, or a combination thereof.
[0038] Figure 4 is a timeline diagram of a service ad-
vertisement according to one example. Referring to Fig-
ure 4, when an advertiser (e.g., device 200) advertises
a service, in one example, the advertiser may transmit
an advertisement at time 401, where the advertisement
includes an availability schedule having an interval until
the next availability window start 402 and duration of the
next availability window 403. That is, after transmitting
the advertisement at time 401, the advertiser may turn
off or reduce power to at least a portion of the device,
such as, for example, an RF frontend of the device. The
advertiser then may turn the power back on at the next
availability window for duration 403, during which a dis-
coverer may communicate with the advertiser to acquire
further detailed information of a particular service or serv-
ices. As a result, the power consumption of the advertiser
may be reduced. During the availability window, the ad-
vertiser may receive a service request from a discoverer
and replies with a service response having detailed in-
formation of the requested service or services.
[0039] Similarly, after a discoverer receives an adver-
tisement, the discoverer may also turn off or reduce pow-
er to at least a portion of the device and wake up accord-
ing to the next availability window of the advertiser for
transmitting a service request to the advertiser. As a re-
sult, the power consumption of the discoverer may also
be reduced.
[0040] Figure 5 is a block diagram illustrating an ex-
ample of an advertisement message according to one
example. Referring to Figure 5, advertisement 500 in-
cludes, but not limited to, a header 501, Availability Win-
dow Start 502, Availability Window Length 503, number
of service IDs 504, and one or more service IDs 505. In
one example, a service ID is represented by a hash value,
which represents a possible service to be advertised.
Generally speaking, a hash (service ID) can possibly rep-
resent multiple services as there may be a collision where
multiple services are hashed to the same value. Note
that the format and field arrangement of advertisement
500 is shown for illustration purpose only; other formats
or fields arrangement may also be implemented.
[0041] Figure 6 is a flow diagram illustrating an exam-
ple of a method for advertising a service according to one
example. Note that method 600 may be performed by
processing logic which may include hardware, firmware,

software, or a combination thereof. For example, method
600 may be performed by service advertisement unit 201
of Figure 2. Referring to Figure 6, at block 601, an ad-
vertisement is constructed within a local device (e.g., an
advertiser), including a next availability window start pe-
riod, availability window length, a number of service IDs
(e.g., hashes), and the actual service IDs. Each service
ID represents a service potentially offered by the local
device. At block 602, the advertisement is broadcast or
multicast by the local device in a wireless network.
[0042] At block 603, the local device may optionally
turn off or reduce power to at least a portion of the device
and wakes up at the time according to the next availability
window specified in the advertisement request at block
604. At block 605, during the availability window, the local
device listens and receives a service request from a re-
mote device over the network in response to the adver-
tisement. The service request includes one or more serv-
ice IDs representing one or more services inquired by
the remote device. The one or more service IDs may be
selected from those presented in the advertisement pre-
viously broadcast or multicast from the local device. In
response to the service request, at block 606, the local
device transmits a service response to the remote device,
including detailed information of the services requested
in the service request.
[0043] Figure 7 is a flow diagram illustrating an exam-
ple of a method for discovering a service according to
one example. Note that method 700 may be performed
by processing logic which may include hardware,
firmware, software, or a combination thereof. For exam-
ple, method 700 may be performed by service discovery
unit 202 of Figure 2. Referring to Figure 7, at block 701,
a local device (e.g., a discoverer) receives an advertise-
ment from a remote device over a network. In response
to the advertisement, at block 702, the local device ex-
tracts from the advertisement a next availability window
start, availability window length, and one or more service
IDs (e.g., hashes) identifying one or more services ad-
vertised by the remote device. At block 703, the local
device may optionally turn off or reduce power to at least
a portion of the device and wake up at certain time ac-
cording to the next availability window specified in the
advertisement. At block 704, the local device transmits
a service request to the remote device, where the service
request includes one or more service IDs (e.g., hashes)
identifying one or more services to be inquired. At block
705, a service response is received from the remote de-
vice during the availability window of the remote device,
where the service response includes more detailed in-
formation of the inquired services.

Service Advertisement/Discovery with Dynamic Adver-
tisement/Discovery Periods

[0044] The advertisement period and discovery period
are dynamically adjusted based on the operating condi-
tions and/or user behaviors at the point in time. Each
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device in the network is configured to monitor operating
environment of the respective device, as well as network
traffic in the network. Based on the result of the monitor-
ing, a device adjusts its advertisement period and/or
service discovery period dynamically. For example, if the
battery of a device is running low, the device may reduce
the frequency of the service advertisement and service
discovery (e.g., increase the service advertisement
and/or discovery periods). Another example, if it is de-
termined that communications channel congestion is rel-
atively high, for example, due to a large number of de-
vices in the network, a device may also adjust the service
advertisement and/or discovery periods accordingly
(e.g., increasing the service advertisement and/or dis-
covery periods to avoid congestion collapse of the net-
work).
[0045] A service advertisement period and/or service
discovery period are calculated based on multiples of a
predetermined base value. However, a service discovery
period may not be multiples of a service advertisement
period, or vice versa. As a result, an advertiser and a
discoverer can calculate their own service advertisement
period and/or service discovery period independently;
however, an advertisement request of an advertiser is
still capable of being captured by a discoverer over a
period of time dependent upon the specific calculation of
the service advertisement period and/or service discov-
ery period.
[0046] Figure 8 is a block diagram illustrating an elec-
tronic device according to the invention. For example,
device 800 may be implemented as any one of devices
101-103 of Figure 1. Referring to Figure 8, similar to de-
vice 200 of Figure 2, device 800 includes, but not limited
to, a service advertisement unit 201, service discovery
unit 202, a user interface unit 203, a service management
unit 204, a storage device 205 for storing service identi-
fiers 210 and service information 211, one or more proc-
essors or processor cores 206, a network interface unit
207, a memory 208, and a user interface unit 203 coupled
to each other via a bus, interconnect, or mesh 209. These
components have identical or similar functionalities as
those shown in Figure 2 and thus, certain reference num-
bers are retained from Figure 2.
[0047] In addition, device 800 includes operating en-
vironment monitoring unit 801 and advertisement and/or
discovery period or schedule calculator 802. Operating
environment monitoring unit 801 is configured to monitor
the operating environment of device 800, as well as net-
work traffic in the network. Based on the result of the
monitoring, advertisement/discovery period calculator
802 is configured to adjust the advertisement period
and/or service discovery period dynamically. For exam-
ple, if device 800 has a lesser battery life remaining (mon-
itored by monitoring unit 801), advertisement and/or dis-
covery period or schedule calculator 802 may reduce the
frequency of the service advertisement and service dis-
covery (e.g., increase the service advertisement and/or
discovery periods). Another example, if it is determined

that communications channel congestion is relatively
high, for example, due to a large number of devices in
the network or within a predetermined proximity, adver-
tisement and/or discovery period calculator 802 may also
adjust the service advertisement and/or discovery peri-
ods accordingly. Furthermore, the advertisement and/or
discovery periods may also be adjusted based on the
types of applications to be shared and user behaviors
(e.g., active users), etc.
[0048] A service advertisement period and/or service
discovery period are calculated based on one or more
multiples of a predetermined base value. However, a
service discovery period may not be one or more multi-
ples of a service advertisement period or vice versa. As
a result, an advertiser and a discoverer can independ-
ently calculate and/or adjust the advertisement period
and/or discovery period based on the local environment.
In addition, because of the fact that a service advertise-
ment period is not a multiple of a service discovery period,
or vice versa, each of the devices in the network can
adapt their own period without establishing any commu-
nication among them based on its own perception of the
network conditions set forth above.
[0049] Figure 9 is a timeline diagram illustrating an ad-
vertisement period and discovery period. Referring to
Figure 9, timeline 900 represents an advertisement pe-
riod and timeline 950 represents a discovery period. For
the purpose of illustration, the advertisement period is
calculated based on 3 times of a predetermined base
value while the discovery period is calculated based on
4 times of the predetermined base value. As shown in
Figure 9, although the advertisement messages are
broadcast at a different time and a different rate than the
discovery period, since both the advertisement period
and discovery period are calculated based on a multiple
of an agreed upon predetermined base value, the adver-
tisement transmission and discovery listening eventually
overlap at time slots 901-903.
[0050] As a result, an advertiser and/or a discoverer
may independently adjust the adjustment factor based
on the operating conditions of the individual devices. For
example, if it is determined that the battery of a device
is at a low level, the adjustment factor (N) may be in-
creased to slow the advertisement and/or discovery ac-
tivities, which in turn reduces further power consumption
and channel usage. However, increasing an advertise-
ment period and/or discovery period may also increase
the detection time to catch a particular advertisement
message, which leads to a lower performance.
[0051] According to another example, a discovery pe-
riod is calculated as a multiple of a dwell time (e.g., the
period of time during which the device is listening for ad-
vertisement message), but not a multiple of an advertise-
ment period. In a particular example, an advertisement
period is configured to be a multiple of a predetermined
base value (e.g., 100 ms) * 2^N, where N could be any
integer number; a discovery period is configured to be
the predetermined base value * 3^M or 5^M, where M
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could be any integer number; and a dwell time is config-
ured to be the predetermined base value (e.g., 100 ms)
* (1 + 10%). Adding 10% to the dwell time account for
inefficiency ensures that the dwell time is strictly greater
than the predetermined base value.
[0052] In the table below, the percentage numbers in
bracket represent the percentage of time at least the RF
frontend of a device has to be up for these specific ad-
vertisement/discovery periods. The advertisement
number is based on a 2ms ballpark estimate for the ad-
vertisement message transmission: waking up the radio,
contending for the channel and transmitting a few hun-
dred us frame. The discovery number is based on a 100
ms discovery listen dwell time. The numbers in the main
part of the table indicate how long it will take to discover
a device in the worst case if the advertiser is using the
advertisement period in the relevant column header and
the discoverer is using the discovery period in the rele-
vant row header. All times are in seconds.

[0053] A device that is in a static environment or that
wishes to drastically reduce the battery usage can inde-
pendently increase its discovery period and advertise-
ment period, for example, 24.3 seconds and 200ms re-
spectively. In this example, based on the table above,
this ensures that the airtime (e.g. time during which the
radio is listening and at full power) for such a device is
below 1.5% at the cost of increased detection time (48.6
seconds in order to detect another device optionally im-
plementing the same value). "Static environment" refers
to, for example, the case of a user staying home for a
long period of time, and hence will not encounter change
in the wireless operating environment. Similarly, a device
with a large battery or which is in a dynamic environment
(or which detect that it is moving) can also independently
decrease its discovery period, for example, to 2.5 sec-
onds, which can lead to a fast discovery time. This would
be the case of a plugged device with an AC power. De-
vices that detect they are in a crowded environment, for
example, if they detect more than 15 other advertisers

Adv. Period 0.1 0.2 0.4 0.8
Disc. Period (2%) (1%) (.5%) (.25%)

0.1 (100%) 0.1 0.2 0.4 0.8

0.3 (33.3%) 0.3 0.6 1.2 2.4

0.9 (11.1%) 0.9 1.8 3.6 7.2

2.5 (4%) 2.5 5 10 20

2.7 (3.7%) 2.7 5.4 10.4 20.8

8.1 (1.24%) 8.1 16.2 32.4 64.8

12.5 (.8%) 12.5 25 50 100

24.3 (.41%) 24.3 48.6 97.2 194.4

62.5 
(0.0016%)

62.5 125 250 500

or access points (APs), can independently increase their
advertisement periods, which increases the detection
time but reduces network congestion. Increasing adver-
tisement period, for example, to 400ms, could cause de-
tection time to be in the 50 second range for a device
that is discovering with 12.5 second period, and the air
time in this case is 1.3%. This would be the case in which
a user may be sitting in a conference room or an open
space work environment with many cubicles.
[0054] Detection of the fact that a user is moving can
be done by recording the presence of a few access points
with a reasonably high received signal strength indicator
(RSSI) across multiple discovery periods. This requires
a device to cache the basic service set identifiers
(BSSIDs) of the certain highest RSSI APs that are de-
tected during a discovery period. If there is no high RSSI
AP detected, this means that the user is moving fast or
is in a WiFi free environment. Advertisement period and
discovery period should be adjusted lower in order to
decrease detection time. If one or more of those high
RSSI APs are constantly detected across several dis-
covery periods (e.g., associated or not associated, and
not roaming), then the user may be sitting at home or in
a known place. The discovery period can be set to 200
ms and advertisement period can be increased to a large
value (e.g., 24.3 seconds or 62.5 seconds). This user will
not take a long time to detect other devices, but will be
detected less easily by moving devices. If the environ-
ment is crowded, then adjustments have to be made in
order to reduce potential congestion, and the advertise-
ment period needs to be increased. As a result, devices
can detect each other by discovering more often (e.g.,
consuming more power) or waiting longer.
[0055] Figure 10 is a flow diagram illustrating a method
for advertising a service according to the invention. Note
that method 1000 may be performed by processing logic
which may include hardware, firmware, software, or a
combination thereof. For example, method 1000 may be
performed by service advertisement unit 201 of Figure
8. Referring to Figure 10, at block 1001, current operating
conditions are monitored by a local device (e.g., adver-
tiser), including battery status, network traffic congestion,
user behaviors, and types of services to be advertised,
etc. Based on the operating conditions, at block 1002,
an advertisement period is dynamically adjusted accord-
ingly. The advertisement period is a configured as a mul-
tiple of a predetermined base value as set forth above.
At block 1003, an advertisement is broadcast or multicast
in a network according to the adjusted advertisement pe-
riod, including one or more services being advertised us-
ing the service advertisement and discovery techniques
set forth above. At block 1004, a service request is re-
ceived from a remote device in response to the adver-
tisement request, including a service identifier or indica-
tor that identifies a service to be inquired. In response to
the service request, at block 1005, detailed information
of the requested service is provided via a service re-
sponse to the remote device over the network.
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[0056] Figure 11 is a flow diagram illustrating a method
for discovering a service according to the invention. Note
that method 1100 may be performed by processing logic
which may include hardware, firmware, software, or a
combination thereof. For example, method 1100 may be
performed by service discovery unit 202 of Figure 8. Re-
ferring to Figure 11, at block 1101, current operating con-
ditions are monitored by a local device (e.g., discoverer),
including battery status, network traffic congestion, user
behaviors, and types of services to be advertised, etc.
Based on the operating conditions, at block 1102, a dis-
covery period is dynamically adjusted accordingly. In one
embodiment, the discovery period is a configured as a
multiple of a predetermined base value as set forth
above. At block 1103, processing logic periodically lis-
tens in the network according to the adjusted discovery
period in an attempt to discover a service available in the
network. In response to an advertisement received from
a remote device during the discovery, at block 1104, a
service request is transmitted to the remote device for
inquiring a service advertised in the advertisement. At
block 1105, a service response is received from the re-
mote device in response to the service request including
certain detailed information of the requested service or
services.

Coordinated Service Advertisements Examples

[0057] According to some examples, multiple devices
that are capable of advertising one or more services may
coordinate with each other to select one or more of de-
vices to advertise the services on behalf of other devices.
A device may be selected as a group advertiser according
to a variety of parameters (e.g., a battery condition, etc.),
which is monitored by monitoring logic of the device. A
device may operate as a group advertiser that advertises
its own services and services of other devices in the net-
work. A device may also operate as an advertiser for
advertising its own services, as well as an advertisee
having one or more its services advertised by another
device. A device may operate as an advertisee only that
relies on another device for advertising its services.
[0058] Figure 12 is a block diagram illustrating an elec-
tronic device according to another example of the inven-
tion. For example, device 1200 may be implemented as
any one of devices 101-103 of Figure 1. Referring to Fig-
ure 12, similar to device 200 of Figure 2 or device 800 of
Figure 8, device 1200 includes, but not limited to, service
advertisement unit 201, service discovery unit 202, user
interface unit 203, service management unit 204, storage
device 205 for storing service identifiers 210 and service
information 211, one or more processors or processor
cores 206, network interface unit 207, memory 208, user
interface unit 203 coupled to each other via bus, inter-
connect, or mesh 209, and an operating environment
monitoring unit 801. These components may have iden-
tical or similar functionalities as those shown in Figures
2 and 8 and thus, certain reference numbers are retained

from Figures 2 and 8 for the purpose of illustration.
[0059] In addition, according to one example, device
1200 further includes advertiser selection unit 1201 con-
figured to coordinate with other devices within a proximity
of the network to select one or more devices as group
advertisers that advertise services on behalf of others.
For example, advertiser selection unit 1201 communi-
cates with advertiser selection units of other devices with-
in a predetermined proximity of the network to select or
negotiate one or more devices among them to be group
advertisers. The one or more devices may be determined
and selected based on one or more parameters or at-
tributes, such as, for example, operating conditions
and/or user behaviors, which may be monitored or col-
lected by monitoring unit 801.
[0060] For example, when advertiser selection unit
1201 determines that a remote device should be selected
as an group advertiser, advertiser selection unit 1201
may instruct service advertisement unit 201 to transmit
a service advertisement request message (also simply
referred to as an advertisement request) to the selected
remote device, such that the remote device can advertise
the services for device 1200. Unlike an advertisement
which is broadcast or multicast in the network, an adver-
tisement request may a unicast (e.g., point-to-point) mes-
sage requesting a specific remote device for advertise-
ment. Alternatively, an advertisement request may be
multicast or broadcast in the network requesting one or
more remote advertisers. In one example, the service
advertisement request sent to the remote advertiser in-
cludes an address of device 1200 (e.g., media access
address or MAC of device 1200), a number of service
identifiers, actual service identifiers (e.g., hashes), and
availability information such as the availability schedule
of device 1200. As a result, when the services are ad-
vertised by the remote group advertiser, a remote dis-
coverer can directly communicate with device 1200 to
inquire one or more services that are advertised by a
remote group advertiser, without having to contact the
remote group advertiser. Device 1200 may continue ad-
vertising its own services while a remote group advertiser
advertises at least some of the services on behalf of de-
vice 1200.
[0061] Alternatively, once a remote advertiser is se-
lected to advertise services for device 1200, advertise-
ment selection unit 1201 may instruct service advertise-
ment unit 201 to stop advertising its own services and to
transition device 1200 into an advertisee. Furthermore,
advertiser selection unit 1201 may simply receive a serv-
ice advertisement request from a remote device and in-
struct the service advertisement unit 201 to carry out the
advertisement on behalf of the remote device, as well as
its own services. In this situation, an advertisement re-
quest is a unicast or multicast message (e.g., specifically
directed to one or more specific devices), rather than a
broadcast message (e.g., sent to all devices in the net-
work).
[0062] Examples of the present application can be ap-
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plied in a situation where many devices are in range of
each other and participating in proximity detection (e.g.,
in a crowded conference room). In this situation, scala-
bility is achieved by having devices sharing their adver-
tisements in which only a few devices advertise for all
others. When two devices see each other (via proximity
detection set forth above) and regardless of the fact that
they may share a common service identifier (e.g., hash),
one of the devices may request the other to carry its own
advertisement payload, for example, by transmitting a
directed advertisement request frame to the other device.
The advertisement request frame needs not be an-
swered; as long as the requested device is observed to
carry the advertisement payload of the requesting device,
the requested device is considered to be a group adver-
tiser for the requesting device, and the requesting devic-
es then considered as an advertisee.
[0063] In one example, a device may operate in one
of four states:

• State 0: advertiser (e.g., advertising only for itself).
• State 1: group advertiser (e.g., advertise for itself

and advertise for some other peers)
• State 2: advertiser and advertisee (e.g., advertised

by at least one other peer, advertising for itself, and
not advertising for other peers)

• State 3: advertisee (e.g., advertised by some other
peers)

[0064] Devices start initially in state 0, in which they
are advertising only their own services. This state is de-
fault state, and shares the same basic behavior as de-
scribed in previous sections. Via participation in the co-
operative advertising algorithm, devices in state 0 may
be promoted to one of the additional cooperative adver-
tising states 1 - 3.
[0065] The algorithm uses only one frame (i.e., the ad-
vertisement request), which is a directed frame and can
be sent by a device in state 0, state 2 or state 3 to a
device in state 0, state 1 or state 2. Whenever multiple
devices are in a range of a high number of other devices
participating in the proximity detection, they may enter
cooperative advertisement. In one example, each device
implementing cooperative advertisement attempts to find
a given number of advertisers that are capable of carrying
its own advertisement payloads, such as, for example,
two or three advertisers. When an advertisee is adver-
tised by enough peers, it may stop transmitting its own
advertisement frames and is then only discoverable
through its remote group advertisers. A request for ad-
vertisement may be valid for a fixed period of time (e.g.,
several minutes) and may then be required to renew.
[0066] According to one example, cooperative adver-
tisement takes place only when two devices are able to
see each others, i.e. they are both operating in state 0,
state 1 or state 2. In one example, a device may be elect-
ed as an group advertiser for another device based on
at least some of the following considerations:

1. A device may be selected as a group advertiser
if the device is not advertising for more than a pre-
determined number of peers (e.g., 16 peers);

2. A device may be selected as a group advertiser
if the device is currently advertising for the highest
number of other peers;

3. A device may be selected as a group advertiser
if the device is currently advertised by the smallest
number of peers;

4a. A device may be selected as a group advertiser
if the device advertises the highest number of serv-
ices in total; and/or

4b. A device may be selected as a group advertiser
if the device has the longest battery life remained;

5. A device may be selected as a group advertiser
if the device has the highest number of service IDs;
and

6. A device may be selected as a group advertiser
if the device has the highest MAC address.

[0067] In order to elect one device the above clauses
are evaluated in a sequential order and/or in parallel. For
example, clauses 4a and 4b may be evaluated concur-
rently. That is, a device that has an abnormally high
number of service IDs would most likely be selected as
a group advertiser. If the number of service IDs is about
the same, then battery usage becomes a prime factor. If
on the other hand, a devices has an infinite battery life
(e.g., plugged into an AC outlet), then it would also likely
be elected as a group advertiser. In one example, battery
usage may be coded with two numbers representing the
class of device and the amount of up time remaining on
the battery. Optimizing the topological distribution of the
cooperative advertisements is one of the goals of the
algorithm. This goal is to converge to a situation where
a small number of group advertisers are carrying extra
advertisement payloads for other advertisees, which will
then stop advertising themselves (i.e. entering state 3).
The advertisers of an advertisee may be spatially distrib-
uted around and/or close to the advertisee (e.g., uniform
spatial distribution of advertisers).
[0068] The uniformity of spatial distribution is achieved
because multiple group advertisers sharing a common
advertisee should not be able to see each other or may
see each other only with a very low RSSI, i.e. they are
not close to each other. Whenever they are able to see
each other with a certain level of RSSI (e.g., more than
a half range RSSI) and they share a common advertisee,
according to one example, one of the group advertisers
may drop the additional payload for that common adver-
tisee and stop being an advertiser for that advertisee. In
addition, amongst its surrounding peers matching claus-
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es 1-6 above, a device is free to choose the closest one
(e.g., based on RSSI) as its potential group advertiser.
[0069] According to some examples, advertisements
are finite in time and need to be renewed periodically, for
example, every few minutes or so. They are renewed
when the corresponding advertisee transmits a new re-
quest to a group advertiser. Requests cannot be retrans-
mitted to a given peer within a minimum amount of time,
for example, within less than a few minutes. A device
may ask (e.g., sending an advertisement request) to be
advertised by another peer whenever the RSSI of frames
it receives from the peer falls between a halfway and a
maximum ranges, i.e. advertiser and advertisee are rel-
atively close to each other. This helps avoid situations
when third party devices are in range of the advertiser
but not in range of the advertisee.
[0070] In one example, a device may ask multiple
peers to act as group advertisers, provided those peers
meet clauses 1-6 above. Clauses 1-6 are designed so
as within any pair of devices in range of each other, only
one of the devices can potentially be elected as group
advertiser for the pair. Group advertisers in state 3 in a
half RSSI range of each other may compare their addi-
tional payloads and drop the redundant additional adver-
tisement payloads. That is, if two group advertisers in a
half RSSI range of each other share a common adverti-
see, then one of the advertisers should drop the adver-
tisement for the advertisee. The election of a device drop-
ping as an advertiser may also follow clauses 1-6 above.
That is, a group advertiser that carries the highest number
of peers (e.g., up to 16) will keep the common advertisee
whereas the group advertiser that carries the lowest
number of peers will drop the advertisee. Note that this
does not require any frame exchanged. That is, the elect-
ed group advertiser will keep the shared advertisee and
do nothing; the other one will silently drop the advertisee.
Both advertisers stay in state 3.
[0071] In one example, group advertisers in state 1 in
a half RSSI range of each other that do not share a com-
mon advertisee may also choose to cooperate, i.e., one
of the group advertisers is elected as a group advertiser
and one is elected as advertisee for the pair. The adver-
tisee enters state 2 (e.g., dropping its own advertisees)
and if the advertisee reaches three peers, it will then drop
its own payload and enters state 3 (e.g., it stops adver-
tising altogether). The advertiser of the pair may start
carrying the advertisee’s advertisement payload, but not
the advertisee’s additional payload. This requirement en-
sures that an advertisee’s additional payload is not trans-
ferred from a group advertiser originally located close to
it to a group advertiser that might be located far from it.
The third party peers that have been dropped now need
to find a new advertiser or become advertisers them-
selves. Note that this also does not require any frame
exchanged. Dropped peers in state 2 may find another
group advertiser and remain in their current state, or they
may transition to state 0 and operate without a group
advertiser. A device in state 3 that finds itself in a situation

where it cannot find at least 2 group advertisers carrying
its advertisement payload may enter state 2 and resume
broadcasting its own advertisements. A device in state
3 that can’t find any group advertisers carrying its adver-
tisement payload may enter state 0 and resume broad-
casting its own advertisements. These two transitions
can occur when a group advertiser goes out of range, is
disabled, and/or when the advertisement request times
out, and all group advertisers around it are at maximum
capacity and/or when there are not many advertisers sur-
rounding it. Alternatively, a device in state 3 may that
cannot find sufficient group advertisers carrying its ad-
vertisement payload may select new group advertisers
using the rules above, and if successful may remain in
state 3.
[0072] For example, a "good" situation is when one
group advertiser carries up to 16 additional payloads and
an advertisee’s payload is carried by 2 surrounding group
advertisers. The number of advertisement frames trans-
mitted on the channel is then globally divided by 16;
hence there will be a much smaller probability of colli-
sions. The total transmitted payload (i.e. byte per second)
is divided by 8.
[0073] Figures 13A-13C are transitional diagrams il-
lustrating examples of transitions of devices among op-
erating states according to some examples of the inven-
tion. Referring to Figure 13A, it is assumed that devices
1301-1308 are operating within a predetermined proxim-
ity, which is detected using certain techniques described
above. In this example, devices 1301-1302 are operating
as group advertisers in state 1; devices 1303-1307 are
operating as advertisees in state 3; and device 1308 is
operating as an advertiser & advertisee in state 2. As can
be seen in Figure 13A, device 1301 is selected as a group
advertiser for device 1308, as well as devices 1303 and
1305. Device 1302 is selected as a group advertiser for
devices 1304 and 1305-1307. It is also assumed that
devices 1301-1302, which are operating in state 1, are
close to each other and are able to see each other (e.g.,
above certain RSSI level).
[0074] Based on the above advertiser election algo-
rithm, since device 1302 has a higher number of adver-
tisees (e.g., devices 1304 and 1305-1307) than device
1301 (e.g., devices 1303, 1305, and 1308), between de-
vices 1301-1302, device 1302 is selected as a group ad-
vertiser for device 1301. As a result, as shown in Figure
13B, device 1301 transitions from state 1 to state 2, and
it no longer operates as an advertiser for device 1308.
Subsequently, in Figure 13C device 1308 becomes a
group advertiser in state 1 and device 1301 becomes an
advertisee advertised by devices 1302 and 1308 due to
clause 3 above (e.g., the smallest number of adverti-
sees).
[0075] When an advertiser carries an advertisement
for an advertisee, a group advertisement message is cre-
ated that includes an advertisement for its own services
and the services of the advertisee. Figure 14 is a block
diagram illustrating a group advertisement message ac-

23 24 



EP 2 517 441 B1

14

5

10

15

20

25

30

35

40

45

50

55

cording to one example of the invention. Referring to Fig-
ure 14, group advertisement message 1400 includes ad-
vertisement message 1401 for the advertiser itself (e.g.,
advertisement message for its own services), which is
identical or similar to advertisement message 500 of Fig-
ure 5. In addition, compound advertisement message
1400 includes additional advertisement messages
1402-1404, each corresponding to an advertisee. In one
example, advertisement message 1410 for an advertisee
(e.g., messages 1402-1404) includes address (e.g.,
MAC address) of the advertisee 1411, number of service
identifiers 1412 and actual service identifiers (e.g., hash-
es) 1413, and the availability schedule 1414 of the ad-
vertisee. As a result, although advertisement message
1410 is advertised by an advertiser, other devices may
respond to the advertisement by directly communicating
with the advertisee. Note that the formats of advertise-
ment messages as shown in Figure 14 are described for
illustration purposes only; other formats may also be ap-
plied.
[0076] Also note that although a local device may se-
lect a remote device to be its group advertiser based on
the operating condition of the local device in view of the
operating condition of the remote device, according to
one example, the remote device may reject or ignore the
advertisement request based on its own determination
or assessment of the operating condition of the remote
device. In this situation, unless an acknowledgement is
received from the remote device, the local device may
have to monitor traffic (e.g., service advertisements) in
the network to determine whether the selected remote
device actually carries out the advertisement on behalf
of the local device. The local device may have to select
another remote device if the remote device rejects or
ignores the advertisement request.
[0077] Figure 15 is a flow diagram illustrating a method
for advertising a service according to another example
of the invention. Note that method 1500 may be per-
formed by processing logic which may include hardware,
firmware, software, or a combination thereof. For exam-
ple, method 1500 may be performed by advertisement
unit 201 and/or advertiser selection unit 1201 of Figure
12. Referring to Figure 15, at block 1501, a local device
listens in a wireless network to determine one or more
remote devices that are capable of advertising one or
more services in the network. At block 1502, the local
device compares certain predetermined operating sta-
tistics and/or configurations of the local and remote de-
vices. At block 1503, the local device selects one or more
remote devices based on the comparison to advertise
one or more services of the local device. At block 1504,
the local device transmits an advertisement request to
the selected remote devices requesting advertisement
on behalf of the local device, including identifiers (e.g.,
hashes) of one or more services to be advertised. The
device then waits to see whether the request was ac-
cepted by listening for its services in the remote device’s
next group advertisement message, or by waiting for a

successful advertisement response at block 1505. If the
request fails, the local device checks whether there are
other remote devices that could serve as a group adver-
tiser. If so, it goes to block 1501 and retries the procedure
with a different device. If not, it stops the procedure. If
the request succeeds, it continues to block 1505. At block
1505, optionally the local device terminates advertise-
ment of its own services and relies on the selected remote
devices for advertising its services.
[0078] Figure 16 is a flow diagram illustrating a method
for advertising a service according to another example
of the invention. Note that method 1600 may be per-
formed by processing logic which may include hardware,
firmware, software, or a combination thereof. For exam-
ple, method 1600 may be performed by advertisement
unit 201 and/or advertiser selection unit 1201 of Figure
12. Referring to Figure 16, at block 1601, an advertise-
ment request is received from a remote device, including
service IDs for one or more services to be advertised. At
block 1602, the device compares certain predetermined
operating statistics and/or configurations of the current
and requesting device to see if the request was valid. If
not, it may transmit an advertisement response indicating
failure at block 1606 and then goes to block 1602. If so,
it may transmit an advertisement response indicating
success and then continues to block 1604. At block 1604,
processing logic constructs a group advertisement mes-
sage having advertisement of a local service and adver-
tisement of the requested one or more services of the
remote device. At block 1605, the local device periodi-
cally broadcasts the compound advertisement frame in
the network.
[0079] Figure 17 is a flow diagram illustrating a method
for selecting a device as a group advertiser according to
one example of the invention. Referring to Figure 17, at
block 1701, a device may be selected as a group adver-
tiser if the device is not currently advertising for more
than a predetermined number of other peers. At block
1702, a device may be selected as a group advertiser if
the device is currently advertising for the highest number
of other peers. At block 1703, a device may be selected
as a group advertiser if the device is currently being ad-
vertised (e.g., as an advertisee) by the fewest number of
other peers. At block 1704, a device may be selected as
a group advertiser if the device currently advertises the
highest number of services in total or alternatively, if the
device has the longest remaining battery life. At block
1705, a device may be selected as a group advertiser if
the device currently has the highest number of services
IDs. At block 1706, a device may be selected as a group
advertiser if the device currently has the highest MAC
(media access control) address. Note that operations in-
volved in blocks 1701-1706 may be performed in se-
quence and/or in parallel, with no particular order. Other
factors may also be considered herein.
[0080] Techniques described throughout this applica-
tion can be applied to various scenarios or situations.
Services can be advertised and/or discovered based on
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proximity detection of the portable devices using some
of the techniques described above. This feature allows
users of portable devices to advertise one or more serv-
ices permanently through a wireless network protocol
and to detect whether the portable devices move within
a range of another portable device that is advertising one
of those services. The term of "permanently" is referred
to the fact that the advertisement can be open or available
for a period of time without further interaction from the
local user of the device (e.g., the advertiser).
[0081] For example, a gamer (e.g., chess or poker
player, etc.) can easily connect to whatever internet site
or gaming social network and play against any available
opponent. Such a user may never meet the opponent in
person, but knows (discovers) through the network. In
this scenario, a user of a portable device looking for op-
ponents would broadcast an advertisement for a specific
game in the network. The advertisement may be gener-
ated by a gaming application and can include additional
information such as ranking of the user as a player, de-
sired ranking of an opponent, desired type of game, etc.
As soon as users walk into a range of another person
who is advertising the same game, both users may be
alerted (e.g., by an alarm, vibration, etc.) and can connect
with each other for playing. Proximity also means that
users play with other users they will actually be able to
meet in person vs. playing against random opponents
across the network.
[0082] The techniques described above can also be
applied in sharing content or files permanently (e.g.,
available for a period of time). This is similar to exporting
certain content (e.g., pictures) from a portable device,
but it is done in an ad-hoc fashion over a peer-to-peer
link. For example, a user participating in a conference
(or a party or present in a university campus) can share
a picture or a document, and can keep this sharing "open"
for a period of time (e.g., a day or the entire duration of
the conference or party). Any colleague or friend that can
be authenticated/paired with the user’s device can walk
by (e.g., within the proximity) and access (e.g., download)
the picture or document.
[0083] If the owner of the shared content allows it, and
dependent upon certain configuration of the correspond-
ing device (e.g., advertiser), the content can be shared
without requiring the owner’s interaction (e.g., alerting or
asking a permission, etc.) to create a peer-to-peer con-
nection. For the user point of view, this means that one
can snap a picture of an event and walk by all day con-
tinuously broadcasting the picture.
[0084] When two or more devices are coupled to each
other via a network and within a predetermined proximity,
devices can discover each other over the network as well
as the services available to each other. If devices can
determine that they support a common multi-device ca-
pable application (e.g., by a matching the corresponding
service ID), such as a multi-player game, each of the
devices may be configured to perform one or more dis-
tributed functionalities of the multi-device capable appli-

cation. A distributed functionality is a functionality of the
multi-device capable application that is assigned to one
or more different devices, which may be perform the dis-
tributed functionality substantially simultaneously. The
distributed functionalities may include input, output, and
computing, etc. Each device may collaborate with other
devices to perform its distributed functionalities. Moreo-
ver, some of the devices may collaborate with each other
to perform the same distributed functionalities. In other
words, each device may take up a specific role in per-
forming the multi-device capable application, and has a
relationship with other devices based on its role. Further-
more, such roles and relationships may be dynamically
modified in response to addition of a device to the net-
work, removal of devices from the network, current status
of the execution of the application, and/or user inputs, etc.
[0085] In this example, at least part of a multi-device
capable application is shared among multiple devices
over a network. To share the multi-device capable appli-
cation, all or part of the multi-device capable application
may be previously installed on some or all devices in the
network, where the multi-device capable application may
be identified by a service ID set forth above. Alternatively,
one or more devices may transmit all or part of the multi-
device capable application to the other devices in the
network in order to share the multi-device capable appli-
cation. As a result, the distributed functionalities are per-
formed in a collaborated fashion. Further detailed infor-
mation concerning techniques for collaborated distribut-
ed functionalities by multiple devices can be found in co-
pending U.S. Patent Application No. 12/479,586, entitled
"Multifunctional Devices as Virtual Accessories," filed
June 5, 2009.

Example of Data Processing System

[0086] Figure 18 shows an example of a data process-
ing system which may be used with one example of the
present invention. For example, system 1800 may be
implemented as any one of devices 101-103 as shown
in Figure 1. The data processing system 1800 shown in
Figure 18 includes a processing system 1811, which may
be one or more microprocessors, or which may be a sys-
tem on a chip of integrated circuit, and the system also
includes memory 1801 for storing data and programs for
execution by the processing system. The system 1800
also includes an audio input/output subsystem 1805
which may include a microphone and a speaker for, for
example, playing back music or providing telephone
functionality through the speaker and microphone.
[0087] A display controller and display device 1807
provide a visual user interface for the user; this digital
interface may include a graphical user interface which is
similar to that shown on an iPhone® phone device, an
iPad device, or on a Macintosh computer when running
operating system software. The system 1800 also in-
cludes one or more wireless transceivers 1803 to com-
municate with another data processing system. A wire-
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less transceiver may be a WiFi transceiver, an infrared
transceiver, a Bluetooth transceiver, and/or a wireless
cellular telephony transceiver. It will be appreciated that
additional components, not shown, may also be part of
the system 1800 in certain examples, and in certain ex-
amples fewer components than shown in Figure 18 may
also be used in a data processing system.
[0088] The data processing system 1800 also includes
one or more input devices 1813 which are provided to
allow a user to provide input to the system. These input
devices may be a keypad, a keyboard, a touch panel, or
a multi touch panel. The data processing system 1800
also includes an optional input/output device 1815 which
may be a connector for a dock. It will be appreciated that
one or more buses, not shown, may be used to intercon-
nect the various components as is well known in the art.
The data processing system shown in Figure 18 may be
a handheld computer or a personal digital assistant
(PDA), or a cellular telephone with PDA like functionality,
or a handheld computer which includes a cellular tele-
phone, or a media player, such as an iPod, or devices
which combine aspects or functions of these devices,
such as a media player combined with a PDA and a cel-
lular telephone in one device. In other examples, the data
processing system 1800 may be a network computer or
an embedded processing device within another device,
or other types of data processing systems which have
fewer components or perhaps more components than
that shown in Figure 18.
[0089] At least certain examples of the inventions may
be part of a digital media player, such as a portable music
and/or video media player, which may include a media
processing system to present the media, a storage de-
vice to store the media and may further include a radio
frequency (RF) transceiver (e.g., an RF transceiver for a
cellular telephone) coupled with an antenna system and
the media processing system. In certain examples, me-
dia stored on a remote storage device may be transmitted
to the media player through the RF transceiver. The me-
dia may be, for example, one or more of music or other
audio, still pictures, or motion pictures.
[0090] The portable media player may include a media
selection device, such as a click wheel input device on
an iPod®, or iPod Nano® media player from Apple Inc.
of Cupertino, CA, a touch screen or multi-touch input de-
vice, pushbutton device, movable pointing input device
or other input device. The media selection device may
be used to select the media stored on the storage device
and/or a remote storage device. The portable media play-
er may, in at least certain examples, include a display
device which is coupled to the media processing system
to display titles or other indicators of media being selected
through the input device and being presented, either
through a speaker or earphone(s), or on the display de-
vice, or on both display device and a speaker or ear-
phone(s).
[0091] Some portions of the preceding detailed de-
scriptions have been presented in terms of algorithms

and symbolic representations of operations on data bits
within a computer memory. These algorithmic descrip-
tions and representations are the ways used by those
skilled in the data processing arts to most effectively con-
vey the substance of their work to others skilled in the
art. An algorithm is here, and generally, conceived to be
a self-consistent sequence of operations leading to a de-
sired result. The operations are those requiring physical
manipulations of physical quantities. Usually, though not
necessarily, these quantities take the form of electrical
or magnetic signals capable of being stored, transferred,
combined, compared, and otherwise manipulated. It has
proven convenient at times, principally for reasons of
common usage, to refer to these signals as bits, values,
elements, symbols, characters, terms, numbers, or the
like.
[0092] It should be borne in mind, however, that all of
these and similar terms are to be associated with the
appropriate physical quantities and are merely conven-
ient labels applied to these quantities. Unless specifically
stated otherwise as apparent from the above discussion,
it is appreciated that throughout the description, discus-
sions utilizing terms such as those set forth in the claims
below, refer to the action and processes of a computer
system, or similar electronic computing device, that ma-
nipulates and transforms data represented as physical
(electronic) quantities within the computer system’s reg-
isters and memories into other data similarly represented
as physical quantities within the computer system mem-
ories or registers or other such information storage, trans-
mission or display devices.
[0093] Examples of the invention also relate to an ap-
paratus for performing the operations herein. This appa-
ratus may be specially constructed for the required pur-
poses, or it may comprise a general-purpose computer
selectively activated or reconfigured by a computer pro-
gram stored in the computer. Such a computer program
may be stored in a computer readable medium. A ma-
chine-readable medium includes any mechanism for
storing information in a form readable by a machine (e.g.,
a computer). For example, a machine-readable (e.g.,
computer-readable) medium includes a machine (e.g., a
computer) readable storage medium (e.g., read only
memory ("ROM"), random access memory ("RAM"),
magnetic disk storage media, optical storage media,
flash memory devices, etc.), etc.
[0094] The algorithms and displays presented herein
are not inherently related to any particular computer or
other apparatus. Various general-purpose systems may
be used with programs in accordance with the teachings
herein, or it may prove convenient to construct more spe-
cialized apparatus to perform the required method oper-
ations. The required structure for a variety of these sys-
tems will appear from the description above. In addition,
examples of the present invention are not described with
reference to any particular programming language. It will
be appreciated that a variety of programming languages
may be used to implement the teachings of examples of
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the invention as described herein.
[0095] In the foregoing specification, examples of the
invention have been described with reference to specific
exemplary examples thereof. It will be evident that vari-
ous modifications may be made thereto without departing
from the scope of the invention as set forth in the following
claims. The specification and drawings are, accordingly,
to be regarded in an illustrative sense rather than a re-
strictive sense.

Claims

1. A machine-implemented method (1000) for adver-
tising a service in a peer-to-peer networking envi-
ronment, the method comprising:

monitoring (1001) operating conditions of a local
device (800) coupled to a wireless network;
dynamically adjusting (1002) an advertisement
period based on the operating conditions of the
local device, wherein the advertisement period
of the local device comprises an interval time
between successive transmissions of an adver-
tisement by the local device, and wherein the
advertisement period of the local device and an
advertisement period of a remote device are
multiples of a same predetermined base value
and are not equal to each other; and
broadcasting (1003), by the local device, a serv-
ice advertisement in the wireless network ac-
cording to the adjusted advertisement period,
the service advertisement including one or more
service identifiers for identifying one or more
services to be advertised from the local device.

2. The method of claim 1, wherein the advertisement
transmission period is further dynamically adjusted
based on at least one of a battery condition of the
local device, and a type of service to be advertised.

3. The method of claim 1, further comprising:

dynamically adjusting (1102) a discovery period
based on the operating conditions of the local
device; and
listening (1103), by the local device, in the wire-
less network according to the adjusted discov-
ery period in an attempt to receive a service ad-
vertisement from the remote device over the
wireless network.

4. The method of claim 3, wherein the discovery period
is dynamically adjusted based on at least one of a
battery condition of the local device, and a type of
service to be discovered.

5. The method of claim 3, wherein the advertisement

period is calculated as a product of a predetermined
base value and a first adjustment factor, and wherein
the advertisement period is dynamically adjusted by
adjusting the first adjustment factor.

6. The method of claim 5, wherein the discovery period
is calculated as a product of the predetermined base
value and a second adjustment factor that is different
than the first adjustment factor, and wherein the dis-
covery period is dynamically adjusted by adjusting
the second adjustment factor.

7. The machine-implemented method of claim 1,
wherein dynamically adjusting the advertisement pe-
riod is further based on at least one of a battery con-
dition of the local device, a number of devices on the
wireless network, and user behaviors.

8. The method of claim 1, the dynamically adjusting
further comprising:
dynamically adjusting the advertisement period
based on at least one of a network traffic condition
of the wireless network, a wireless operating envi-
ronment of the local device, and a change in the a
wireless operating environment of the local device.

9. The method of claim 1, wherein adjusting the adver-
tisement period does not adjust an availability sched-
ule of the local device.

10. The method of claim 9, wherein the availability
schedule is a set of times when the local device will
be available and listening on the network for service
requests from remote devices.

11. A portable device (800), comprising:

a wireless transceiver (207);
a monitor (801) coupled to the wireless trans-
ceiver to monitor operating conditions of the
portable device coupled to a wireless network
(104); and
a service advertisement unit (802) coupled to
the monitor and the wireless transceiver to dy-
namically adjust (1002) an advertisement period
based on the operating conditions of the porta-
ble device, wherein the advertisement period of
the portable device comprises an interval time
between successive transmissions of an adver-
tisement by the portable device, wherein the ad-
vertisement period of the portable device and
an advertisement period of a remote device are
multiples of a same predetermined base value
and are not equal to each other, and
wherein the service advertisement unit is con-
figured to broadcast (1003) according to the ad-
justed advertisement period, via the wireless
transceiver, a service advertisement in the wire-
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less network, the service advertisement includ-
ing one or more service identifiers identifying
one or more services to be advertised.

12. The portable device of claim 11, further comprising
a service discovery unit (202) coupled to the monitor
and the wireless transceiver to
dynamically adjust (1102) a discovery period based
on the operating conditions of the portable device,
and
listen (1103) in the wireless network via the wireless
transceiver, according to the adjusted discovery pe-
riod in an attempt to receive a service advertisement
from the remote device over the wireless network.

13. The portable device of claim 12, wherein at least one
of the advertisement period and the discovery period
is dynamically adjusted based on at least one of a
battery condition of the portable device, and a type
of service to be advertised or discovered.

14. The portable device of claim 12, wherein the adver-
tisement period is calculated as a product of a pre-
determined base value and a first adjustment factor,
and wherein the advertisement period is dynamically
adjusted by adjusting the first adjustment factor.

15. The portable device of claim 14, wherein the discov-
ery period is calculated as a product of the predeter-
mined base value and a second adjustment factor
that is different than the first adjustment factor, and
wherein the discovery period is dynamically adjusted
by adjusting the second adjustment factor.

16. A machine-implemented method (1100) for discov-
ering a service in a peer-to-peer networking environ-
ment, the method comprising:

determining (1101) operating conditions of a lo-
cal device coupled to a wireless network;
dynamically adjusting (1102) a discovery period
based on the operating conditions of the local
device, wherein the discovery period of the local
device comprises an interval time between suc-
cessive service discovery attempts by the local
device, wherein the discovery period of the local
device and an advertisement period of a remote
device are multiples of a same predetermined
base value and are not equal to each other; and
listening (1103), by the local device, in the wire-
less network according to the adjusted discov-
ery period in an attempt to discover a service
advertised by the remote device over the wire-
less network.

17. The method of claim 16, further comprising:

dynamically adjusting (1002) an advertisement

period based on the operating conditions of the
local device; and
broadcasting (1004), by the local device, a serv-
ice advertisement in the wireless network ac-
cording to the adjusted advertisement period,
the service advertisement including one or more
service identifiers identifying one or more serv-
ices to be advertised from the local device.

18. A portable device (800), comprising:

a wireless transceiver (207);
a monitor (801) coupled to the wireless trans-
ceiver to determine operating conditions of the
portable device, wherein a discovery period of
the portable device comprises an interval time
between successive service discovery attempts
by the portable device, wherein the discovery
period of the portable device and an advertise-
ment period of a remote device are multiples of
a same predetermined base value and are not
equal to each other; and
a service discovery unit (202) coupled to the
monitor and the wireless transceiver to dynam-
ically adjust (1102) the discovery period based
on the operating conditions, wherein the service
discovery unit is configured to listen (1103) in
the wireless network according to the adjusted
discovery period in an attempt to discovery a
service advertised by the remote device over a
wireless network.

19. The portable device of claim 18, further comprising
a service advertisement unit (802) coupled to the
monitor and wireless transceiver to
dynamically adjust (1002) an advertisement period
based on the operating conditions, and
broadcast (1003) a service advertisement in the
wireless network according to the adjusted adver-
tisement period, the service advertisement including
one or more service identifiers identifying one or
more services to be advertised.

Patentansprüche

1. Ein maschinenimplementiertes Verfahren (1000)
zum Werben für einen Dienst in einer Peer-to-Peer-
Netzwerkumgebung, wobei das Verfahren umfasst:

Überwachen (1001) von Betriebsbedingungen
einer lokalen Vorrichtung (800), die an ein draht-
loses Netzwerk gekoppelt ist;
dynamisches Anpassen (1002) eines Werbe-
zeitraums basierend auf den Betriebsbedingun-
gen der lokalen Vorrichtung, wobei der Werbe-
zeitraum der lokalen Vorrichtung eine Intervall-
zeit zwischen aufeinanderfolgenden Übertra-
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gungen einer Werbung durch die lokale Vorrich-
tung umfasst, und wobei der Werbezeitraum der
lokalen Vorrichtung und ein Werbezeitraum ei-
ner entfernten Vorrichtung Vielfache eines sel-
ben vorbestimmten Basiswertes sind und nicht
gleich zueinander sind; und
Ausstrahlen (1003), durch die lokale Vorrich-
tung, einer Dienstwerbung in dem drahtlosen
Netzwerk gemäß dem eingestellten Werbezeit-
raum, wobei die Dienstwerbung eine oder meh-
rere Dienstkennungen zur Identifizierung eines
oder mehrerer Dienste enthält, die von der lo-
kalen Vorrichtung aus beworben werden sollen.

2. Verfahren nach Anspruch 1, wobei der Werbeüber-
tragungszeitraum weiterhin dynamisch angepasst
wird, basierend auf mindestens von einem Batterie-
bedingung der lokalen Vorrichtung und einer Art des
zu bewerbenden Dienstes.

3. Verfahren nach Anspruch 1, ferner umfassend:

dynamisches Anpassen (1102) eines Entde-
ckungszeitraums basierend auf den Betriebsbe-
dingungen der lokalen Vorrichtung; und
Abhören (1103) durch die lokale Vorrichtung in
dem drahtlosen Netzwerk gemäß des einge-
stellten Entdeckungszeitraums in einem Ver-
such, eine Dienstwerbung von der entfernten
Vorrichtung über das drahtlose Netzwerk zu
empfangen.

4. Verfahren nach Anspruch 3, wobei der Entde-
ckungszeitraum dynamisch basierend auf dem Bat-
teriezustand der lokalen Vorrichtung und der Art des
zu entdeckenden Dienstes angepasst wird.

5. Verfahren nach Anspruch 3, wobei der Werbezeit-
raum als ein Produkt aus einem vorgegebenen Ba-
siswert und einem ersten Anpassungsfaktor berech-
net wird und wobei der Werbezeitraum durch Anpas-
sen des ersten Anpassungsfaktors dynamisch an-
gepasst wird.

6. Verfahren nach Anspruch 5, wobei der Entde-
ckungszeitraum als ein Produkt aus dem vorbe-
stimmten Basiswert und einem zweiten Anpas-
sungsfaktor, der sich von dem ersten Anpassungs-
faktor unterscheidet, berechnet wird, und wobei der
Entdeckungszeitraum durch Anpassen des zweiten
Anpassungsfaktors dynamisch angepasst wird.

7. Maschinenimplementiertes Verfahren nach An-
spruch 1, wobei das dynamische Anpassen des
Werbezeitraums ferner auf mindestens einem der
Folgenden basiert: einem Batteriezustand der loka-
len Vorrichtung, einer Anzahl von Vorrichtungen im
drahtlosen Netzwerk und einem Benutzerverhalten.

8. Verfahren nach Anspruch 1, wobei das dynamische
Anpassen ferner umfasst:
dynamisches Anpassen des Werbezeitraums basie-
rend auf mindestens einem von: einem Netzwerk-
verkehrsbedingung des drahtlosen Netzwerks, einer
drahtlosen Betriebsumgebung der lokalen Vorrich-
tung und einer Änderung in der einen drahtlosen Be-
triebsumgebung der lokalen Vorrichtung.

9. Verfahren nach Anspruch 1, wobei das Anpassen
des Werbezeitraums einen Verfügbarkeitsplan der
lokalen Vorrichtung nicht anpasst.

10. Verfahren nach Anspruch 9, wobei der Verfügbar-
keitsplan ein Satz von Zeiten ist, wann die lokale
Vorrichtung verfügbar sein wird und im Netzwerk auf
Service-Anforderungen von entfernten Vorrichtun-
gen hören wird.

11. Tragbare Vorrichtung (800), umfassend:

einen drahtlosen Sende-Empfänger (207);
einen Monitor (801), der mit dem drahtlosen
Sender-Empfänger gekoppelt ist, um die Be-
triebsbedingungen der tragbaren Vorrichtung
zu überwachen, die mit einem drahtlosen Netz-
werk (104) gekoppelt ist; und
eine Dienst-Werbeeinheit (802), die mit dem
Monitor und dem drahtlosen Sende-Empfänger
gekoppelt ist, um einen Werbezeitraum basie-
rend auf den Betriebsbedingungen der tragba-
ren Vorrichtung dynamisch anzupassen (1002),
wobei der Werbezeitraum der tragbaren Vor-
richtung eine Intervallzeit zwischen aufeinan-
derfolgenden Übertragungen einer Werbung
durch die tragbare Vorrichtung umfasst, wobei
der Werbezeitraum der tragbaren Vorrichtung
und ein Werbezeitraum einer entfernten Vor-
richtung Vielfache eines selben vorbestimmten
Basiswertes sind und nicht gleich zueinander
sind, und
wobei die Dienst-Werbeeinheit zum Senden
(1003) konfiguriert ist
gemäß des angepassten Werbezeitraums über
den drahtlosen Sende-Empfänger, einer
Dienstwerbung im drahtlosen Netzwerk, wobei
die Dienstwerbung eine oder mehrere Dienst-
kennungen enthält, die einen oder mehrere zu
bewerbende Dienste identifizieren.

12. Tragbare Vorrichtung nach Anspruch 11, ferner um-
fassend eine Dienst-Entdeckungseinheit (202), die
an den Monitor und den drahtlosen Sende-Empfän-
ger gekoppelt ist, um
einen Entdeckungszeitraum basierend auf den Be-
triebsbedingungen der tragbaren Vorrichtung dyna-
misch anzupassen (1102), und
Abhören (1103) im drahtlosen Netzwerk über den
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drahtlosen Sende-Empfänger, gemäß des ange-
passten Entdeckungszeitraums in einem Versuch,
eine Dienstwerbung von der entfernten Vorrichtung
über das drahtlose Netzwerk zu empfangen.

13. Tragbare Vorrichtung nach Anspruch 12, wobei min-
destens einer der Werbezeiträume und der Entde-
ckungszeiträume dynamisch angepasst wird, basie-
rend auf mindestens einem von einem Batteriebe-
dingung der tragbaren Vorrichtung und einer Art von
Dienst, der beworben oder entdeckt werden soll.

14. Tragbare Vorrichtung nach Anspruch 12, wobei der
Werbezeitraum als ein Produkt aus einem vorbe-
stimmten Basiswert und einem ersten Anpassungs-
faktor berechnet wird und wobei der Werbezeitraum
dynamisch durch Anpassen des ersten Anpas-
sungsfaktors angepasst wird.

15. Tragbare Vorrichtung nach Anspruch 14, wobei der
Entdeckungszeitraum als ein Produkt aus dem vor-
bestimmten Basiswert und einem zweiten Anpas-
sungsfaktor berechnet wird, der sich von dem ersten
Anpassungsfaktor unterscheidet, und wobei der Ent-
deckungszeitraum durch Anpassen des zweiten An-
passungsfaktors dynamisch angepasst wird.

16. Ein maschinenimplementiertes Verfahren (1100)
zum Entdecken eines Dienstes in einer Peer-to-
Peer-Netzwerkumgebung, wobei das Verfahren um-
fasst:

Bestimmen (1101) von Betriebsbedingungen ei-
ner lokalen Vorrichtung, die an ein drahtloses
Netzwerk gekoppelt ist;
dynamisches Anpassen (1102) eines Entde-
ckungszeitraums basierend auf den Betriebsbe-
dingungen der lokalen Vorrichtung, wobei der
Entdeckungszeitraum der lokalen Vorrichtung
eine Intervallzeit zwischen aufeinanderfolgen-
den Dienstentdeckungsversuchen durch die lo-
kale Vorrichtung umfasst, wobei der Entde-
ckungszeitraum der lokalen Vorrichtung und ein
Werbezeitraum einer entfernten Vorrichtung
Vielfache eines selben vorbestimmten Basis-
werts sind und nicht gleich zueinander sind; und
Abhören (1103) durch die lokale Vorrichtung in
dem drahtlosen Netzwerk gemäß dem einge-
stellten Entdeckungszeitraum bei dem Versuch,
einen von der entfernten Vorrichtung über das
drahtlose Netzwerk beworbenen Dienst zu ent-
decken.

17. Verfahren nach Anspruch 16, ferner umfassend:

dynamisches Anpassen (1002) eines Werbe-
zeitraums basierend auf den Betriebsbedingun-
gen der lokalen Vorrichtung; und

Ausstahlen (1004), durch die lokale Vorrichtung,
einer Dienstwerbung in dem drahtlosen Netz-
werk gemäß dem eingestellten Werbezeitraum,
wobei die Dienstwerbung eine oder mehrere
Dienstkennungen enthält, die einen oder meh-
rere Dienste identifizieren, die von der lokalen
Vorrichtung aus beworben werden sollen.

18. Eine tragbare Vorrichtung (800), umfassend:

einen drahtlosen Sende-Empfänger (207);
einen Monitor (801), der mit dem drahtlosen
Sende-Empfänger gekoppelt ist, um Betriebs-
bedingungen der tragbaren Vorrichtung zu be-
stimmen, wobei ein Entdeckungszeitraum der
tragbaren Vorrichtung umfasst
eine Intervallzeit zwischen aufeinanderfolgen-
den Dienstentdeckungsversuchen durch die
tragbare Vorrichtung, wobei der Entdeckungs-
zeitraum der tragbaren Vorrichtung und ein
Werbezeitraum einer entfernten Vorrichtung
Vielfache eines selben vorbestimmten Basis-
wertes sind und nicht gleich zueinander sind;
und
eine Dienst-Entdeckungseinheit (202), die mit
dem Monitor und dem drahtlosen Sende-Emp-
fänger gekoppelt ist, um den Entdeckungszeit-
raum basierend auf den Betriebsbedingungen
dynamisch anzupassen (1102), wobei die
Dienst-Entdeckungseinheit so konfiguriert ist,
dass sie in dem drahtlosen Netzwerk gemäß
dem angepassten Entdeckungszeitraum in ei-
nem Versuch, einen von der entfernten Vorrich-
tung über ein drahtloses Netzwerk beworbenen
Dienst zu entdecken, abhört (1103).

19. Tragbare Vorrichtung nach Anspruch 18, ferner um-
fassend eine Dienst-Werbeeinheit (802), die an den
Monitor und drahtlosen Sende-Empfänger gekop-
pelt ist, zum
dynamischen Anpassen (1002) des Werbezeitraum
basierend auf den Betriebsbedingungen, und
Ausstrahlen (1003) einer Dienstwerbung in dem
drahtlosen Netzwerk gemäß des angepassten Wer-
bezeitraums, wobei die Dienstwerbung eine oder
mehrere Dienstkennungen enthält, die einen oder
mehrere zu bewerbende Dienste identifizieren.

Revendications

1. Un procédé mis en œuvre par machine (1000) pour
la publication d’un service dans un environnement
de mise en réseau pair-à-pair, le procédé
comprenant :

la surveillance (1001) de conditions de fonction-
nement d’un dispositif local (800) couplé à un
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réseau sans fil ;
l’ajustement dynamique (1002) d’une période
de publication sur la base des conditions de
fonctionnement du dispositif local, la période de
publication du dispositif local comprenant un in-
tervalle de temps entre émissions successives
d’une publication par le dispositif local, et la pé-
riode de publication du dispositif local et une pé-
riode de publication d’un dispositif distant étant
des multiples d’une même valeur de base pré-
déterminée et n’étant pas égales entre elles ; et
la diffusion (1003), par le dispositif local, d’une
publication de service dans le réseau local en
fonction de la période de publication ajustée, la
publication de service comprenant un ou plu-
sieurs identifiants de service pour l’identification
d’un ou plusieurs services à publier à partir du
dispositif local.

2. Le procédé de la revendication 1, dans lequel la pé-
riode d’émission de publication est en outre ajustée
dynamiquement sur la base d’au moins l’une d’une
condition de batterie du dispositif local et d’un type
de service à publier.

3. Le procédé de la revendication 1, comprenant en
outre :

l’ajustement dynamique (1102) d’une période
de découverte sur la base des conditions de
fonctionnement du dispositif local ; et
l’écoute (1103), par le dispositif local, dans le
réseau sans fil en fonction de la période de dé-
couverte ajustée pour tenter de recevoir une pu-
blication de service en provenance du dispositif
distant sur le réseau sans fil.

4. Le procédé de la revendication 3, dans lequel la pé-
riode de découverte est ajustée dynamiquement sur
la base d’au moins l’une d’une condition de batterie
du dispositif local et d’un type de service à découvrir.

5. Le procédé de la revendication 3, dans lequel la pé-
riode de publication est calculée sous la forme d’un
produit d’une valeur de base prédéterminée et d’un
premier facteur d’ajustement, et dans lequel la pé-
riode de publication est ajustée dynamiquement par
ajustement du premier facteur d’ajustement.

6. Le procédé de la revendication 5, dans lequel la pé-
riode de découverte est calculée sous la forme d’un
produit de la valeur de base prédéterminée et d’un
second facteur d’ajustement qui est différent du pre-
mier facteur d’ajustement, et dans lequel la période
de découverte est ajustée dynamiquement par ajus-
tement du second facteur d’ajustement.

7. Le procédé mis en œuvre par machine de la reven-

dication 1, dans lequel l’ajustement dynamique de
la période de publication est en outre basé sur au
moins l’une d’une condition de batterie du dispositif
local, d’un nombre de dispositif sur le réseau sans
fil, et de comportements de l’utilisateur.

8. Le procédé de la revendication 1, dans lequel l’ajus-
tement dynamique comprend en outre :
l’ajustement dynamique de la période de publication
sur la base d’au moins l’une d’une condition de trafic
réseau du réseau sans fil, d’un environnement de
fonctionnement sans fil du dispositif local, et d’une
modification de l’environnement de fonctionnement
sans fil du dispositif local.

9. Le procédé de la revendication 1, dans lequel l’ajus-
tement de la période de publication n’ajuste pas de
plan de disponibilité du dispositif local.

10. Le procédé de la revendication 9, dans lequel le plan
de disponibilité est un ensemble de moments aux-
quels le dispositif local sera disponible et sera sur le
réseau à l’écoute de requêtes de service provenant
de dispositifs distants.

11. Un dispositif portable (800), comprenant :

un émetteur-récepteur sans fil (207) ;
un moniteur (801) couplé à l’émetteur-récepteur
sans fil pour suivre les conditions de fonction-
nement du dispositif portable couplé à un réseau
sans fil (104) ; et
une unité de publication de service (802) cou-
plée au moniteur et à l’émetteur-récepteur sans
fil pour ajuster dynamiquement (1002) une pé-
riode de publication sur la base des conditions
de fonctionnement du dispositif portable, la pé-
riode de publication du dispositif portable com-
prenant un intervalle de temps entre émissions
successives d’une publication par le dispositif
portable, la période de publication du dispositif
portable et une période de publication d’un dis-
positif distant étant des multiples d’une même
valeur de base prédéterminée et n’étant pas
égales entre elles, et
dans lequel l’unité de publication de service est
configurée pour diffuser (1003) en fonction de
la période de publication ajustée, via l’émetteur-
récepteur sans fil, une publication de service
dans le réseau sans fil, la publication de service
comprenant un ou plusieurs identifiants de ser-
vice identifiant un ou plusieurs services à pu-
blier.

12. Le dispositif portable de la revendication 11, com-
prenant en outre une unité de découverte de service
(202) couplée au moniteur et à l’émetteur-récepteur
sans fil pour
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ajuster dynamiquement (1102) une période de dé-
couverte sur la base des conditions de fonctionne-
ment du dispositif portable, et
écouter (1103) dans le réseau sans fil via l’émetteur-
récepteur sans fil, en fonction de la période de dé-
couverte ajustée pour tenter de recevoir une publi-
cation de service provenant du dispositif distant sur
le réseau sans fil.

13. Le dispositif portable de la revendication 12, dans
lequel au moins l’une de la période de publication et
de la période de découverte est ajustée dynamique-
ment sur la base d’au moins l’une d’une condition
de batterie du dispositif portable et d’un type de ser-
vice à publier ou découvrir.

14. Le dispositif portable de la revendication 12, dans
lequel la période de publication est calculée sous la
forme d’un produit d’une valeur de base prédétermi-
née et d’un premier facteur d’ajustement, et dans
lequel la période de publication est ajustée dynami-
quement par ajustement du premier facteur d’ajus-
tement.

15. Le dispositif portable de la revendication 14, dans
lequel la période de découverte est calculée sous la
forme d’un produit de la valeur de base prédétermi-
née et d’un second facteur d’ajustement qui est dif-
férent du premier facteur d’ajustement, et dans le-
quel la période de découverte est ajustée dynami-
quement par ajustement du second facteur d’ajus-
tement.

16. Un procédé mis en œuvre par machine (1100) pour
la découverte d’un service dans un environnement
de mise en réseau pair-à-pair, le procédé
comprenant :

la détermination (1101) de conditions de fonc-
tionnement d’un dispositif local couplé à un ré-
seau sans fil ;
l’ajustement dynamique (1102) d’une période
de découverte sur la base des conditions de
fonctionnement du dispositif local, la période de
découverte du dispositif local comprenant un in-
tervalle de temps entre tentatives de découverte
de service successives par le dispositif local, la
période de découverte du dispositif local et une
période de publication d’un dispositif distant
étant des multiples d’une même valeur de base
prédéterminée et n’étant pas égales entre elles ;
et
l’écoute (1103), par le dispositif local, dans le
réseau sans fil en fonction de la période de dé-
couverte ajustée pour tenter de découvrir un ser-
vice publié par le dispositif distant sur le réseau
sans fil.

17. Le procédé de la revendication 16, comprenant en
outre :

l’ajustement dynamique (1002) d’une période
de publication sur la base des conditions de
fonctionnement du dispositif local ; et
la diffusion (1004), par le dispositif local, d’une
publication de service dans le réseau sans fil en
fonction de la période de publication ajustée, la
publication de service comprenant un ou plu-
sieurs identifiants de service identifiant un ou
plusieurs services à publier à partir du dispositif
local.

18. Un dispositif portable (800) comprenant :

un émetteur-récepteur sans fil (207) ;
un moniteur (801) couplé à l’émetteur-récepteur
sans fil pour déterminer des conditions de fonc-
tionnement du dispositif portable, une période
de découverte du dispositif portable comprenant
un intervalle de temps entre tentatives de dé-
couverte de service successives par le dispositif
portable, la période de découverte du dispositif
portable et une période de publication d’un dis-
positif distant étant des multiples d’une même
valeur de base prédéterminée et n’étant pas
égales entre elles ; et
une unité de découverte de service (202) cou-
plée au moniteur et à l’émetteur-récepteur sans
fil pour ajuster dynamiquement (1102) la pério-
de de découverte sur la base des conditions de
fonctionnement, l’unité de découverte de servi-
ce étant configurée pour écouter (1103) dans le
réseau sans fil en fonction de la période de dé-
couverte ajustée pour tenter de découvrir un ser-
vice publié par le dispositif distant sur un réseau
sans fil.

19. Le dispositif portable de la revendication 18, com-
prenant en outre une unité de publication de service
(802) couplée au moniteur et à l’émetteur-récepteur
sans fil pour :

ajuster dynamiquement (1002) une période de
publication sur la base des conditions de fonc-
tionnement, et
diffuser (1003) une publication de service dans
le réseau sans fil en fonction de la période de
publication ajustée, la publication de service
comprenant un ou plusieurs identifiants de ser-
vice identifiant un ou plusieurs services à pu-
blier.
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