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15  For example, peer-to-peer (P2P) resource sharing (e.g., content sharing) applications have
emerged as one of the most widely used and popular applications over the global Internet, and
thus have attracted greater interest in deployment within wireless devices. P2P applications,
however, place a heavy demand on energy consumption when actively sharing resources.
Consequently, prolonged use of a P2P application on a wireless device may quickly deplete the

20  device’s energy reserve. Therefore, to be competitive, the manufacturers need to address the

ever growing requirement for more approaches for efficient energy management.
SOME EXEMPLARY EMBODIMENTS

25  Therefore, there is a need for an approach for optimizing energy consumption in support of

resource sharing.

According to one embodiment, a method comprises determining scheduling information relating
to when one or more peer nodes can utilize a predetermined level of communication capacity for
30  sharing a computer resource. The predetermined level of communication capacity is configured
to include a maximum available bandwidth allocated to the one or more peer nodes. The method
also comprises initiating transition into an active state for sharing the computer resource
according to the determined scheduling information. The method further comprises initiating a
transition to an inactive state during periods not specified by the scheduling information.
35
According to another embodiment, an apparatus comprises a processor and a memory storing
executable instructions that if executed cause the apparatus to determine scheduling information

relating to when one or more peer nodes can utilize a predetermined level of network resource
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25  participating in the sharing of the computer resource.

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

and not as restrictive.
35 BRIEF DESCRIPTION OF THE DRAWINGS

The embodiments of the invention are illustrated by way of example, and not by way of

limitation, in the figures of the accompanying drawings:
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20
DESCRIPTION OF PREFERRED EMBODIMENT

A method and apparatus for controlling energy consumption during resource sharing are
disclosed. In the following description, for the purposes of explanation, numerous specific

25  details are set forth in order to provide a thorough understanding of the embodiments of the
invention. It is apparent, however, to one skilled in the art that the embodiments of the invention
may be practiced without these specific details or with an equivalent arrangement. In other
instances, well-known structures and devices are shown in block diagram form in order to avoid
unnecessarily obscuring the embodiments of the invention.

30
Although certain embodiments of the invention are discussed with respect to resource sharing
involving computer resources such as content sharing according to a peer-to-peer (P2P) protocol
(c.g., BitTorrent) on an enecrgy-sensitive device (i.e., a device with a limited energy source), it is
recognized by one of ordinary skill in the art that the exemplary embodiments of the inventions

35  have applicability to any type of resource sharing involving any device capable of sharing the
resource. It is contemplated that resource sharing as discussed herein includes, for example,
sharing of processor time or navigation resources in addition to sharing of content. For instance,

a peer community may share processor time by using a distributed computing application
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alternating resource sharing at maximum bandwidth with inactive periods results in decreased
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shared among the peer nodes 101a-101n according to P2P sharing protocols (e.g., BitTorrent).

In this context, a protocol includes a set of rules defining how the peer nodes 101a-101n interact

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

35 protocols for exchanging information over a network are described in the Open Systems
Interconnection (OSI) Reference Model. The OSI Reference Model is generally described in
more detail in Section 1.1 of the reference book entitled “Interconnections Second Edition,” by
Radia Perlman, published September 1999.
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FIG. 2 is a diagram of components of an energy saving module for optimizing energy

30  consumption during resource sharing, according to an exemplary embodiment. By way of
example, the energy saving module 105 includes several sub-modules to implement an energy
efficient resource sharing protocol. It is contemplated that the functions of the sub-modules may
be combined or performed by other components or logic of the peer node 101. In exemplary
embodiments, the energy saving module 105 includes a peer identification module 201 for

35 identifying and/or signaling other peer nodes 101 that a particular peer node 101 is capable of
energy cfficient resource sharing. The peer identification module 201 may also be used to
identify and/or signal whether a particular peer node 101 is energy sensitive (¢.g., operating with

a limited energy source). Under certain embodiments, the peer identification module 201 may be
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30  such as energy reserve level, number of available peer nodes, and the like.

Otherwise, if the one or more peer nodes containing the requested content include an energy
saving module 105 (e.g., peer node 101c), the content transfer can proceed using the energy
efficient resource sharing protocol according to the steps discussed with respect to FIG. 3 (step
35  407). Under this protocol, the peer node 101a in conjunction with the peer node 101lc (e.g.,
operating in single-layered resource sharing mode) determines a schedule of time intervals to
enable the content transfer to occur at a predetermined communication capacity (c.g., at a

maximum available bandwidth). The step of determining a schedule of time intervals may include
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%o the bus 810. One or nore processors 802

FIG. 8 illustrates a computer system 800 upon which an embodiment of the invention may be
implemented. Computer system 800 is programmed to carry out the inventive functions
described herein and includes a communication mechanism such as a bus 810 for passing
30  information between other internal and external components of the computer system 800.
Information (also called data) is represented as a physical expression of a measurable
phenomenon, typically electric voltages, but including, in other embodiments, such phenomena as
magnetic, clectromagnetic, pressure, chemical, biological, molecular, atomic, sub-atomic and
quantum interactions. For example, north and south magnetic fields, or a zero and non-zero
35  clectric voltage, represent two states (0, 1) of a binary digit (bit). Other phenomena can
represent digits of a higher base. A superposition of multiple simultancous quantum states
before measurement represents a quantum bit (qubit). A sequence of one or more digits

constitutes digital data that is used to represent a number or code for a character. In some
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35  signals, including infrared and optical signals, that carry information streams, such as digital data.
For example, in wireless handheld devices, such as mobile telephones like cell phones, the
communications interface 870 includes a radio band electromagnetic transmitter and receiver

called a radio transceiver.



I n one enbodi nent, the chip set 900 includes a comuni cati on nechani sm such
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i nstructions and process information slt30red in, for exanple, a nenory 905.
The processor 903 may include one or ndore processing cores with 30 each
core configured to performindependently. A nulti-core processor enables
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one or more microprocessors configured in tandem via the bus 901 to enable independent
execution of instructions, pipelining, and multithreading. The processor 903 may also be
35  accompanied with one or more specialized components to perform certain processing functions
and tasks such as one or more digital signal processors (DSP) 907, or one or more application-
specific integrated circuits (ASIC) 909. A DSP 907 typically is configured to process real-word
signals (e.g., sound) in real time independently of the processor 903. Similarly, an ASIC 909 can



In use, a user of nobile station 1001 speaks into the m crophone 1011 and
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signal through the Analog to Digital Ggnverter (ADC) 1023. The 35 control
unit 1003 routes the digital signal into the DSP 1005 for processing
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In use, a user of mobile station 1001 speaks into the microphone 1011 and his or her voice along

with any detected background noise is converted into an analog voltage. The analog voltage is
then converted into a digital signal through the Analog to Digital Converter (ADC) 1023. The
35  control unit 1003 routes the digital signal into the DSP 1005 for processing therein, such as
speech encoding, channel encoding, encrypting, and interleaving. In the exemplary embodiment,
the processed voice signals are encoded, by units not separately shown, using a cellular

transmission protocol such as global evolution (EDGE), general packet radio service (GPRS),



35 1051. In addition, the MCU 1003 executes various control functions
required of the station. The DSP 1005 may, dependi ng upon the

I mpl enmentwoi20nyo8p@sf or m any of a variety of conventi onalpcairgot@bsopisocessi ng
functions on the voice signals. Additignally, DSP 1005 deternines the
background noi se |l evel of the local environnment fromthe signals detected
by WO 2010/ 086493PCT/ F12010/ 050008 16 m crophone 1011 and sets the gain of
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maximum power transfer. Finally, the signal is transmitted via antenna 1017 to a local base
station. An automatic gain control (AGC) can be supplied to control the gain of the final stages
of the receiver. The signals may be forwarded from there to a remote telephone which may be
20  another cellular telephone, other mobile phone or a land-line connected to a Public Switched

Telephone Network (PSTN), or other telephony networks.

Voice signals transmitted to the mobile station 1001 are received via antenna 1017 and
immediately amplified by a low noise amplifier (LNA) 1037. A down-converter 1039 lowers the

25  carrier frequency while the demodulator 1041 strips away the RF leaving only a digital bit
stream. The signal then goes through the equalizer 1025 and is processed by the DSP 1005. A
Digital to Analog Converter (DAC) 1043 converts the signal and the resulting output is
transmitted to the user through the speaker 1045, all under control of a Main Control Unit
(MCU) 1003—which can be implemented as a Central Processing Unit (CPU) (not shown).

30
The MCU 1003 receives various signals including input signals from the keyboard 1047. The
MCU 1003 delivers a display command and a switch command to the display 1007 and to the
speech output switching controller, respectively. Further, the MCU 1003 exchanges information
with the DSP 1005 and can access an optionally incorporated SIM card 1049 and a memory

35 1051. In addition, the MCU 1003 execcutes various control functions required of the station.
The DSP 1005 may, depending upon the implementation, perform any of a variety of
conventional digital processing functions on the voice signals. Additionally, DSP 1005

determines the background noise level of the local environment from the signals detected by



CLAIMS WHAT IS CLAIMED | S: 1. A nethod conprising: determ ning
scheduling information relating to when one or nore peer nodes can utilize
a 5predetworradedosvel of conmuni cation capacity for shacTmrpoa/eomsut er
resource; and initiating a transition.mnto an active state for sharing the
conput er resource according to the determ ned scheduling information.

2. The rret hod according to claim1l, wherein the scheduling information

i ncl ude of diq dﬁﬁrs&sttﬁ ird S'Frﬁfcod}h%nef Rﬁﬁ@%ﬁ&{%ﬁsa&%‘edqem &lsatt §RAHE C€,

t he met urt er conp ne ating wt e one or re peer nodes
to obt ap%urﬁhtén%e@%@ﬁﬂ“? H@frlomhérn?ﬁé’ﬂllié‘ﬁtlonlo 3. The nethod according to any of
clainms 1-2, further conprising: |n|tiatingatransitioninto an

i nactiv St riod ec t-he sched
15i nf or ?}}ée[ ?tD%dj%B 1%C]"Fljl_ees tr%r%?% %%orddf)ﬁgd% (g%anﬂ “of “CP] dslil%t(ges YAiPher
conpY i silaig includingi catl iimrgmitkgetosh éata ryd of caphde 0b ﬂtpungpthme@m: imghidingtrewse dnta he
shari ngre’c&vé’cpﬁgréjg NGe tgﬂ)bﬁl IB?e@ﬁe‘tt TRE @6&%&9%@% could r651de in RA'iV[ nldMorEiabipd
according to any of clal \ﬁ/ﬂ a% esce g ﬁlﬁ i on i ncludes
one or &% feﬁ@tqf?\t"éﬁ@%%eﬁ‘ fgpm o & Yoase VELY AL one
or nor edpicecldSs oty et duCaudiddtctiao pesihgle mmtcﬁmscmuDNEeIR(ﬁmnﬁAMi EHPROM,
negoti a t ul i ng

't or mad o 85, 5P iy e o TRl e R L R AR iR ETRR P2,

comptising: initiating a transition into an inactive state during periods

not Speﬁhfolpﬁéinzﬂly lﬁdaq)om&eglmdagi 1 (foodaiiRds] R -ins@Mée, lﬂib@rtmtimg@l@ﬁogudh Rg to

any of ‘&1 celﬁslar pﬁbne n glern t}geh%ar%lgra rs{qg] 1r(1)g%c sterr\lllececgu slélgll)e‘tgonr géalg, and security
information. The SIM card 1049 serves primarily to identify the mobile station 1001 on a radio
network. The card 1049 also contains a memory for storing a personal telephone number

15 registry, text messages, and user specific mobile station settings.

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

contemplated that these features can be arranged in any combination and order.



is over a communication network that includes a wreless network. 8.
The met hod according to any of clains 1-7, wherein the predeterm ned | evel
of communwoavicmss@apaci ty includes a nmaxi mum avai |l abl e lpemdudodd/ésoedsl ocat ed
to the one or nore 35peer nodes. WO %910/086493PCT/F12010/050008 18 9. A
conput er -r eadabl e storage nmedi um carrying one or nore sequences of one or
nore instructions which, when executed by one or nore processors, cause the
one or nore processors to at |east pgnfigigm the follow ng steps:

determ ning scheduling information ref%tlng to when one or nore peer nodes
can utiVﬂ%ng;gb i ned | evel of communication capacity for sharing a
conputer resource; storing the scheduling information; and initiating a
transitioq DpﬁpﬂpgcactLYe,state for sharing the conputer resource according
to the deternmned sgﬁgﬁﬂﬁ?ng information. 1010. The conputer readable

st or age neldictmmnmgcokadivheg indorolagipmr@atinghierwlian ariseorgnereareennedss srocEbzor s are

caused t o pepb@idindi@ns cf S oRBRunFANPY Ephélg; fol Matih@h chdplbereshidict gy of the
conputer resource, wherein the.sharlggébs.ac ord to a peer-topee

rdin r
prot ocol . HYNS ATFASUGRIRIP &P AFRLALBF LT Spheginggle SRR ey GRsgrdins Qe of
cl ai rs 9- 10, dadrmieidnclicdeligahf@eduationg i nf or mati on i ncl udes one or nore tine
intervals for sharing the conputer resource, and the one or nore processors
are caused to performsteps further conprising: negotiating with the one or
nmore peer 2nobesmedodmeeqrAng He cim eld oyhern ither shedipg mforppiion inghedes gRp At er
r eag@bl gofd tah@BeriRdiol SRaAs € tHelbo RuiePradiitc® thChath§® fiRthddeonttimgi N t he

negotiating with the one or more peer nodes to obtain the scheduling information.

3. The method according to any of claims 1-2, further comprising:
initiating a transition into an inactive state during periods not specified by the scheduling

15 information.

4. The method according to any of claims 1-3, further comprising:
initiating the sharing of the computer resource, wherein the sharing is according to a peer-to-
peer protocol.
20
5. The method according to any of claims 1-4, wherein the scheduling information includes
one or more time intervals for sharing the computer resource, and the one or more processors
are caused to perform steps further comprising:
negotiating with the one or more peer nodes to obtain the scheduling information.
25
6. The method according to any of claims 1-5, further comprising:
initiating a transition into an inactive state during periods not specified by the scheduling

information.

30 7. The method according to any of claims 1-6, wherein the sharing of the computer resource

is over a communication network that includes a wireless network.

8. The method according to any of claims 1-7, wherein the predetermined level of
communication capacity includes a maximum available bandwidth allocated to the one or more

35  peer nodes.



one or nore processors are caused to performsteps further conprising:
initiating a transition into an inactive state during periods not specified
by the sclheduloosgiosnf or mati on. 2513. The conput er readalplce/Fsiooe/emeosnedi um
according to any of clains 9-12, wheregign the sharing of the conputer
resource i s over a comruni cation network that includes a wireless network.
14. The conputer readabl e storage medium according to any of clains 9-13,

wherein the %a%) g%%?%?dﬁ%}@%%r%gl%vrﬁédi cﬁm Bhe 3t hRfe g&ﬁl@ﬁée& YrlofC loH s @

ﬁBXIﬁUﬁlaval th allocate e one or eer noades.
15 An BBSEISELShEBABRNSRAGICA by oA MOTs BroCeRsPBr UM e 08¢ BRI INgeessors

|nforna&nﬁmmmqkabnﬂgmubuMM@@s@p@ or nore peer nodes can 35utilize a
predeternlned

cap 1t or.__sharing, a_conputer
Pesour cer emLT Qb I Ao AR RRAGh o o a5k "efeRAIREL o
i nityating apredeiersiindddevel @ﬁ@rrmruna@tlmeaps@mfer fharing h gepyfer goueasnput er

resour ce aeprab HNGndRiihdBiHERLESITLAS schedullng information. WO
2010/ 086493PCI/ F12010/ 050008 19 % The apparatus according.to claim 15,
toe ToianenPae

means for PTG IO MBI HLRGINGS RNPYLESISEIEE HEUBIG TG 0 a
peer - t 0- peerdgerolimedethedbling. infoheatappar at us accordi ng to any of clains 15-16,
wherein the scheduling information includes one or nore tinme intervals for
sharing the conputer resource, and neans for otiating with the one or
nmor ¥ peer 1Rodé&s cwmp%mraadﬁbkw@rggﬁﬁé%mmﬁgcorfmg)wg imgh wherein the ong gr mquge

appar atH@c@@&@bed&ﬂseﬁQo gayorﬁfst@ﬂs%mr&&nﬁr&mgmans for ini tl ating a

transition 10i n ive state durln S .not s |f|ed

schedul | nd TP R o he duihdyEsoliss. PE R it hgRETh bR s
15-18, mherammrphﬁxapparatus is included in a handset configured to
communi cate over a conmnuni cati on network that includes a w reless network.

15 11. The computer readable storage medium according to any of claims 9-10, wherein the
scheduling information includes one or more time intervals for sharing the computer resource,
and the one or more processors are caused to perform steps further comprising:

negotiating with the one or more peer nodes to obtain the scheduling information.

20 12. The computer readable storage medium according to any of claims 9-11, wherein the
one or more processors are caused to perform steps further comprising:
initiating a transition into an inactive state during periods not specified by the scheduling

information.

25 13. The computer readable storage medium according to any of claims 9-12, wherein the
sharing of the computer resource is over a communication network that includes a wireless

network.

14. The computer readable storage medium according to any of claims 9-13, wherein the
30  predetermined level of communication capacity includes a maximum available bandwidth

allocated to the one or more peer nodes.

15. An apparatus comprising:

means for determining scheduling information relating to when one or more peer nodes can
35 utilize a predetermined level of communication capacity for sharing a computer resource;

means for storing the scheduling information; and

means for initiating a transition into an active state for sharing the computer resource

according to the determined scheduling information.



15 20. A nethod conprising: initiating negotiation with one or nore
peer nodes for one or nore tinme intervals during which a predeterm ned

| evel of wormnomisedsi on capacity for sharing a conputer PETEFIIICH050808

achi evabl e; 20generating a control nesgage to specify the tine intervals;
and initiating transm ssion of the confrol nessage to the one or nore peer
nodes, wherein the tine intervals correspond to active states of the one or
nore peer nodes for participating in the conmputer resource sharing. 2521.
The net hod according to claim20, wherein the shari of the conmputer
esour ce 16 GPEAPRIBIEGATINEP SRR bf vIBRS fardHti MG RRDETBE 9f heFIBRISTat wor k.

22. ThergapidRordirgadaljeer-oteag®tdtli um carryi ng one or nore sequences of
one or nore instructions which, when executed by one or nore processors,
cause the one or nore processors 30to at | east performthe foll ow ng steps:

i nit3 ati ng7nept hatan Mﬁcbﬁn{ﬁ) &y Mﬁm@a@rmnw@ﬁeﬂ e OR&Iubfg MBsrenatibhre

interval s, durin conmmuni.cati o for
shar i ng"8" @%Sn%%é R A b S N
35gener with fig ane comoraopeeneada treotitan ¢pechddplingmferimaton.nt er val s; and VO
2010/ 086493PCT/ F12010/ 050008 20 initiating transm ssion of the control
nmessage to the one or nore peer nodes, the tine intervals corresponding to
active st dBedhefappdretup aeoohngroray pé elaimmotie §7, frgranpor tnigdt pgtai tregsikinn e an

conpyit eﬁla(gtﬁégfﬁec&rﬁﬁg%re}i&g no?%)%clﬁwﬁy ARAPILBEnTiFRAAR B, St orage medi um

according to claim wherein the sharing o# t he conputer resource is over
a communi cati on network that includes a w rel ess network.

19. The apparatus according to any of claims 15-18, wherein the apparatus is included in a
handset configured to communicate over a communication network that includes a wireless

network.
15

20. A method comprising:
initiating negotiation with one or more peer nodes for one or more time intervals during
which a predetermined level of communication capacity for sharing a computer resource
18 achievable;
20 generating a control message to specify the time intervals; and
initiating transmission of the control message to the one or more peer nodes,
wherein the time intervals correspond to active states of the one or more peer nodes for

participating in the computer resource sharing.

25 21. The method according to claim 20, wherein the sharing of the computer resource is over

a communication network that includes a wireless network.

22. The computer-readable storage medium carrying one or more sequences of one or more
instructions which, when executed by one or more processors, cause the one or more processors
30  to at least perform the following steps:
initiating negotiation with one or more peer nodes for one or more time intervals during
which a predetermined level of communication capacity for sharing a computer resource
18 achievable;
storing the time intervals;

35 generating a control message to specify the time intervals; and



24. An apparatus conpri sing: means for initiating negotiation with one or
nore peer nodes for one or nore tinme intervals 10during which a

pr edet er mvoedidisy@B of comruni cati on capacity for shari rgT&FIIHONFRO@Y
resource i s achi evabl e; means for storlng the tine intervals; neans for
generating a control nessage to speci y the tine intervals; and means for
initiating transm ssion of the control nessage to the one or nore peer

nodes, th h or
%&ﬁﬁlg”{‘{’aéfrsﬁﬁs% }{aclfsthgocrohﬁr‘ap&@é%h%bgt& hAGhd YE n%&ré‘ﬁa%ér Ridek N AfHe

nore peer participating in nput er resou ce S arln%

25. The appafi&fiis @eesndinig te actyﬁéraﬁﬁszﬁ thevm@r%inwr% ResT Apfrarfat RAELSIRIE uded

i n a handsettheonhp@ir @cbui@ shlvdge t he conputer resource over a conmunication
network that includes a 20w rel ess network. 26. A conputer program
conprising program code neans configured to cause an apparatus to perform

t he Jret hod3ofThapgmpitert thadableatonege m@lium @ccophn@td alhier?2t Weerpindlyg sharingobxecut ed
by a preessehiter 20wk is over a communication network that includes a wireless network.

24. An apparatus comprising:

means for initiating negotiation with one or more peer nodes for one or more time intervals
10 during which a predetermined level of communication capacity for sharing a computer

resource 18 achievable;

means for storing the time intervals;

means for generating a control message to specify the time intervals; and

means for initiating transmission of the control message to the one or more peer nodes, the
15 time intervals corresponding to active states of the one or more peer nodes for

participating in the computer resource sharing.

25. The apparatus according to claim 24, wherein the apparatus is included in a handset
configured to share the computer resource over a communication network that includes a

20  wireless network.
26. A computer program comprising program code means configured to cause an apparatus to
perform the method of any of the claims 1-8, 20, or 21 when the program is executed by a

processor.
25

30

35



