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BRIEF DESCRIPTION OF THE DRAWINGS

[0004] FIG. 1 is a block diagram of a portable communication device.

[0005] FIG. 2 is a block diagram of an arbitration engine.

[0006] FIG. 3 is a flow chart of a method of performing conflict detection.

[0007] FIG. 4 is a block diagram of the relationship between DSP modules and DSP images

[0008] FIG. 5 is a flow chart of a method of identifying a comprehensive DSP image.
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[0012]  The DSP 104 is a high speed processor that performs computationally intensive or
speed sensitive tasks. The DSP 104 and the main processor 102 may be implemented within the
same ASIC. Further, other types of processor, microprocessors, FPGAs, and integrated circuits
may be used in some circumstances to perform the functions described herein without departing
from the scope of the invention. During operation of the portable communication device 100,

applications running on the main processor invoke processes on the DSP 104. For example, a
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criteria are evaluated to determine the appropriate action. As discussed herein, therefore, a new

application is an application that is not currently running on the main processor and may not be

supported by the currently loaded DSP image.

[0016] As discussed below with reference to the exemplary embodiment, an arbitration
engine running on the main processor 102 manages DSP images that are loaded in the DSP 104.
A DSP image qualifier in the arbitration engine identifies a comprehensive DSP image that
includes the modules required for the currently active applications as well as those required for a
new application. The priority evaluator 206 determines if the new application should be loaded
where a hardware conflict or rule conflict exists or where no comprehensive DSP image can be

identified.
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apﬁlcatloerlnrtll{eg/Z 1%0 Il"f)ey a%plications rules 210 dictate which applications can not be run
simultaneously even if the hardware resources 106 are available. An example of an application
rule 210 includes the restriction to running a sound recorder application during a voice call.
Although hardware may support the simultaneous operation of both applications, the application
rule restricts the simultaneous execution of the applications due to legal requirements. In order
to avoid the unauthorized recording of a voice call, the application rule 210 prohibits the
simultaneous operation of the sound recorded application and the voice communication

application.
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can use
embodlment all of the currently active applications are suspended or stopped and the resources

are assigned to the new application. A DSP image having the required modules to support the
new application is loaded and the new application is executed. If the maximum priority of the
currently active applications is higher than the priority of the new application, the new
application is rejected. In some situations, a procedure can be initiated that analyzes the priority
of the applications as well as the DSP images to identify one or more DSP applications that
have a lower priority and should be suspended to allow the new application to run. In such

situations, not all of the currently active applications are suspended.
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application, all of the Ax, Ai pairs have been compared to the prohibited application pairs list,

and the procedure continues at step 316. Otherwise, i is incremented by 1 and the procedure

returns to step 304.

[0028]  Atstep 316, it is determined that no rule conflict or hardware conflict exists in
simultaneously running the new application with the currently active applications. The DSP
image qualifier 204 of the arbitration engine 200 then attempts to identify the comprehensive
DSP image.



Is perfornmed by executing code on the main processor

102. [0024] At step 302, i is set equal to 1. [0025]
WG@R003108334804, it is determ ned whether a rul e PONUB1006/036135

exists. In the exenplary enbodi nent, each pair of

appl i cations containing the new application, Ax and

each currently active application, A is conpared to a

[op2gihi bitGedlisammick @ﬂl?faﬁ{bf g rEl%hcln'sﬁﬁ 4?OT Fwdth ?’%Jdﬁfés 402 and

%Pp|lcatlon pairs i ncl udes al alrs o
pPrEE40t Srrscerfipee with tsestmmiy é@bffdrl@mt efihainyeption. The DSP

m&dul® UOBNEIAESnY nBMbQT8) H'mdRIcE aﬁ&h@&ag&qﬁ&ﬁﬁ' EQ tlymbetr @ of

éyles conflicts are reflected the pro

pPREEA0-orhs 2Pyt @ HIG 4 idpnyify W@MPamgag@rﬂ% ¥R modules

40@&?@&\7&9@9\%6@1 U @Fodal ab$HPiniaPe ﬁ@f@ﬁecﬁhﬁt‘iﬁ%ﬁ&&%@ %tm that image.
the rules to determne if a rules conf
A"égﬁﬁg‘@ By armple g lusheiedadii G Praga i isnee %«mﬂrwé each include

mdler2e ¢ DYP afidgh 464 ARPItIGES i Ehﬁmbér of HdgmaRRhh %time thalBL "
%QE ¥$ is . found in the list, the rule conflict I8

inqlugiefl i1 qny gymber 05 {RAges3 08 dispyserden ﬁ%@ﬁfﬂé@ﬂ below;, anj affigient technique

ofdiemeﬂymg AREmPERInkIeE DEP End38 ifdNRESIdERIBRAY ﬁﬁgesleﬂa@ c&ﬁé}ﬁlh hl%éule

currently active appllcatlons overlap wth
thay g*rlﬁﬁﬁgﬁﬁ%“ef“%%w&‘é‘én HegsRlr sy deteraniniagyif afhen requie awdules are

coAeiaed ditndinge. 'Iﬂ"&h& Horddf a DB ifclERE RlEDE §rofvf35s limited
urrent actl application, A, is conpared to the

in ’é’i‘afIB? W IF’é%eo‘M‘nué’é‘?t the frgrrenis! fhewomprghangize DS image.
Ax for each i froml1l to N If the intersection of the

[0838]s IFGZ%isa floiv.oRart sf28ndihdd of SRhifyinB @ chRpréM&RE9e DSPEﬂqd tm
I nues at _step 312. t

sts and the proc re cqpﬁ
s ooR S i e B T A hBen e 1T4F BRRP AP perfopned by
any eom‘tﬁh&ilflbn of }etcﬂv&te Sdf&@ré?élﬁ/or [i86afd. Thithe @AY BBBodMent, the
p g 3#§]% §L4|nmenmn5| froml to
meBiof Ry petipriohy Shsriio P B3 REPRS SR AR H@énet%néaqew@ad with
refemeiidelto EIG 4} merefbfla‘ brio@ided #h eﬂ&h}ﬂ@l@ @éiple@éntatioh iof the DIRAENRS €

u qﬁ*% is found. At step 312, it is determned if
d "the currently active applications (A, i=l to
have been analyzed. If i is equal to N, all of the

[0084] dwavt step éﬁm b tretwn () ofithial the @ireﬁtbﬁozﬁ!dd ESPI lithigeaciiéntiBied as a
Rl ave. be to the hardware |
B NN R RN -
mogdule (0 Hdl)ie sdkﬁ:md beedpafreghehey dffrelusion Riithint P iapgdsic aki on
KIS 1S d the r.oced conti pue step..316.
exe@%aerf Smmf%%cf’im?n%ﬁg the ﬁé g dﬁg} rg gse %gfa tb? LS ﬂp{ %sed modules
{MiA1r.n M Jas Strmpd 15301hmg {Ml, M,, ...Mp} — {M;, M, ...M,}, where {M;, M,
.--Mq} is a set of most frequently used modules. Module M; is randomly picked from the set S.

In some circumstances, M;may be selected randomly from the set of currently loaded modules.

[0032] At step 504, a set of DSP images that includes Mj are identified iSET= {i, iz, 13. . .
ix}). Therefore, the module, Mj is identified in the list of modules 402 and the images

corresponding to the module are grouped into the iSET.
[0033] At step 506, a counter is set to 1.

[0034] At step 508, a union set of modules containing the new application modules and the
currently active application modules is identified (U, = {M,, My, . . Mg} U {M;, M, ... Mp},

where K is the number of new application modules and D is the number of currently active



[0028] At step 316, it is determned that no rule
conflict or hardware conflict exists in sinultaneously

WO 0wios§4¢ he new application with the current| PCHUB10€036135
applications. The DSP i mage qualifier 204 of the
arbitration engine 200 then attenpts to identify the
conpr ehensi ve DSP i nage.[0029] FIG 4 is a bl ock

apﬁhéiﬁétﬁﬁb&fles} h%ez%ﬁak@tﬂ %ﬁﬁb&l%&ﬁ&dﬁﬁ@%qm Myhﬁapphcanon

2 and DSP i mages 484 i n accordance w th
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402 i nclude any nunber (Y) of nodules and the inages
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at, contain a nodul e that

nt f t
1s Og(%ldglgtg Sl}eijgﬁ’ : gegapp cap%@-@g HffIgptly active applications.
determining if ot her required nodul es are contained in
[0036] i Maep fdrmedb&eps\B00, 334, add b I6EaEENEIYC ol 1Ltd exdmtﬂ all the

dul e .pr,ovd [fmte |nfor mtion et h
DY A TR Rt b Bzl B €A e Ve e dgtifid.
AtBEP 51 4yaige det¢rofia whEthés allof the DEPlilnays Ghihé ISBIThade b82h By zed. If

C vl i LR e OB SRR oo toRb e ate e

congtubod siep § 1 Otipew ke Criethciejneed byt DT thegrb@dur@ keturns to step 510.
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on the main processor 102. The met hod described with
[003¥] er exicep 518, Al iSdet&rmirtch ﬂmeﬁcmfomprqhbmWedm imAgesi¥ eviilhislé. The

on o ifier
priglB PR 0 Winibieh et (Rt b b dittiops Pkt
su@&ﬁedmg@peélndmmrﬁméﬂmapplﬁ:etmnch nmodul e. Al t hough a
variety of criteria and techniques nay be used to

[Oﬁéﬁnt 'Tf}%rei"oqg 11?’ gLk D &Lb%d% ’the%ﬁ,ﬁe%orsl %lléggg tﬁ)(atdgtgrsn%nes if
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arbjffedion efgitie 200 pttempts to identify a comprehensive DSP image that includes all of the

modules necessary to run the new application and the currently active application. If no
comprehensive DSP image is identified or if a conflict is detected, the priority evaluator 206
determines if the new application should be rejected or if it should be run based on the priorities

of the new application and the currently active applications.

[0039]  Clearly, other embodiments and modifications of this invention will occur readily to
those of ordinary skill in the art in view of these teachings. The above description is illustrative
and not restrictive. This invention is to be limited only by the following claims, which include
all such embodiments and modifications when viewed in conjunction with the above

specification and accompanying drawings. The scope of the invention should, therefore, be



.. .My} is a set of nost frequently used nodul es.
Module M is randomly picked fromthe set S. In sone

wa@Roocossstances, M may be sel ected random y frpoT/UR®06/036135
set of currently | oaded nodul es. [0032] At step 504, a
set of DSP inmages that includes M are identified
(1SET= (i 12, i3 . . . ix}). Therefore, the nodule, M

ddteSminde H@t'v&ﬂhergfefeﬁcet £ BhelabsVle d@JchutL@ $nsfOL IR0 bgla@terrmned with
I mages corresponding to the nodul e are groupe

refeFracy igithe apperyisdlains alpng itk their il weprfequivalentet to 1.
[0034] At step 508, a union set of nodul es contai ning
the new application nodul es and the currently active
application nodules is identified (Un, = (Mg, Mo, . .
MK U (MI , M, . . .M}, where Kis the nunber of
new application nodules and D is the nunber of
currently activeapplication nodul es). Therefore, Um
i ncludes all of the nodules required for the new
application and all of the nodules required for the
currently active applications. [0035] At step 510, it
is determined if the DSP i mage i ncludes the union set
of nodules, Un If the DSP i mage does not include at
| east the nodul es required for the new application and
the nodules required for the currently active
application, the procedure continues at step 514. |If
the DSP image includes at | east the nodul es required
for the new application and the nodul es required for
the currently active application, the procedure
continues at step 512 where the currently anal yzed DSP
image (ic) is qualified as the conprehensive DSP
I mge. Therefore, if ic includes Un ic is qualified
as the conprehensive DSP i mage. The conprehensi ve DSP
image is |oaded into the DSP run to support the new
application and the currently active applications.
[0036] A |oop fornmed by steps 510, 514, and 516
increments Cfroml1l to Xuntil all the DSP i mages in
the i SET have been anal yzed or until a conprehensive
DSP image is identified. At step 514, it is determ ned
whet her all of the DSP images in the i SET have been
analyzed. If Cis equal toX all of the DSP i mages in
the i SET have been anal yzed and the procedure
continues at step 518. O herwise, Cis increnented by
1 and the procedure returns to step 510. Accordingly,
the set of DSP i mages are evaluated to identify the
conprehensi ve DSP i mage. [0037] At step 518, it is
determ ned that no conprehensive DSP inmage is
avai | abl e. The priority evaluator 202 is invoked to
determne if the currently active applications should
be



suspended or stopped in order to run the new

application. [0038] Therefore, in the exenplary
weedvoasisest , the arbitrati on engi ne 200 det er nPEEES1006/036135

there are any hardware or rule conflicts in

si mul taneously running the new application and the

currently active applications. If no conflicts are

identified, the DSP i ual Lfier 204 in the

arbitration engi ne Zogalgﬁg’@npté{‘?@ﬁdent ify a

conprehensi ve DSP i mage that includes all of the

nmodul bs nesesgwadygorprisingn t he new application and the

currently ' ion. J.f .no. conprehensi ve P, .

Cmge | Ahys RRRsL B7E bR sl B HIRGEY SRRl Foep ovice

aydi ority eval uator 206 deternmines if the new

applicati ' or df 1t sho be run
based on the %ﬁ%%ﬁﬁe@%ﬁ%ﬁgg ﬁ%&%%BW%S% rilﬁggp)alﬁnagetshae
eompresensivg DEPtimege capptisiogsll wagred iIGIRY toGlugmrtlthe neptdpplication and
SRadi . ifications of this invention wll

occur ggag%‘f%l@ﬂ?cg those of ordinary skill in the art in

vi ew of these teachings. The above description is

" . ' ey e - )
bo 15 ot BeftE koL bk bk, obllch hOWENA SR el
al | such dfdtntifiimgnsesrch mypdute Gohiacetdf owrsentif éraded eedatts; n

conj uncti I . b | ' . .
acconpany ﬁﬁ%ﬂwﬂg}&%&iﬂgﬁ &Q@%ghtg g’ gggﬁ gg&%% ggictzr%’@ gﬁ F {7g7pes containing
threparcll modideramfior e, bedetermined not with reference to

t he above o> g - I e . .

dot er m nod et ey Bfof TR iph B8 RGBS Bhenge DSE fyeec
with their full scope of equival ents.[0040] CLAI M5 1.

A MeLNOd. COMRLS i Weorl G Dins, [GHUP R Bhed NEW
application in a portable conmuni’cation devi fe: and

i denti fyi readifertbeamppthensineiRSP inkgadintyite BISPsi gnal
processor (DSP) inmages, a conprehensive DSP i mage
conprising all required nodul es to support the new
appl i‘at i chmgthad &l dccardancewnith glaine?, ifwthengpiprisiagi ons. 2.

A met hod i . it Pl it oL i "
A 100 RuEE SRSk MOBDEIO, L1 i

dae npr ] ent1fylng searc
mroni o theaew @pplisationapletive th o auteedt privdity efshe qudrenttyi dciivarpgplications to

defeRfiint nﬁhﬂewagi,ﬁaauo@%o%ge {nma.s, a set of DSP inmges
noaul e

contal ning the searc ; and eval uating the set
of DSP imges to identify the conprehensive DSP i nage.
5. A method in accordance with claim 4, wherein the evaluating comprises:

invoking the new application if the new application priority is greater than or

equal to a maximum priority of the currently active application.
6. A method in accordance claim 5, further comprising:
suspending all currently active applications if the new application priority is

greater than or equal to a maximum priority of the currently active application.

7. A method in accordance with claim 5, further comprising:

loading, into the DSP, a DSP image adequate to support the new application.

8. A method in accordance with claim 1, further comprising:

10



3. A nethod in accordance with claim2, further
conprising: |oading the conprehensive DSP i nage into

WO 0000885548, A nmet hod i n accordance with clai mPCT/US2006/036135
further conprising: evaluating, if no conprehensive
DSP image is identified, a new application priority of
the new application relative to a current priority of

the curren active applications to determpne if _.th

new appl i é%jte\ﬁ'ﬁlﬂl%ﬂlﬁl&?jg%éop oistsdor %mulkenﬁ%lﬁgrﬁaeﬁuwg thie new
a@pmﬁ&aﬁmecweﬁﬁyk@ﬁaé dﬁﬁﬁcaﬁ&ﬁb@ﬁrﬁi {1 the eval }Jat ihng

conpri ses:, j nvoki t ew application if the new .
appl | cat | SReBPPBiE Ry e Burgyase fae R BF simyliaeoysly eouting the
HERaipplibatigH 4nd thetcyirredilytabigve@yplictidnsy active applicati on.

6. A nmethod in accordance claimb5, further conprising:
suspending all currently active applications if the

new appl i cRtdethod pf hmataginy applicgiofsin@rpottitdicodimerpaddn dedics, the
n'%(i mapriority of the currently active application.

Bk SBPHIYE i n accordance with claim5, further

conpri si nQetekriathigith rulerdonflittRisidTPsimaltdaBehsiynexg@iting a new

ad ate to.support the new application. 8 A method
PRIARTLFYAREE RS2 m 1, fur ¢ her

conpri si ngletehidinglifNd gdwanadonfliot ¢xidtein Gidmiflthhedtislpeiesitihig the new
for sinmultaneogusly . executing the new application wth
a@ﬁﬁ‘faﬁ?ﬁ ‘Wlt%cﬁc \’Feapélbcﬁfl?rbsati ons; and deternining that no

har dwar e ciffid tulecdonfixi xists ahdho Birdwidre asrflint skiyts,@xacating A glurality

t new appl.ication and th rrently activ .
e el + Sonel et R R b motules seering
simiil Gihtab kxccatinmsi the ta iapplicatiniaad the cleeniig hétivel applications; and
conpri si ng, det er.m ni |f arule,. |l i.ct .exists in

ST ¢ anodns PR Y Rl el ek o SPbrBenfe poP
iajapd intathd DSR; determning if a hardware conflict

exi sts in sinmultaneously executing the new application
and the active applications; if no rule conflict

exi stH). andA aethod irthwedréancowith tleim & Xirftescongwiaingat i ng a

I it f. DSP | to Jdentify. [ o
F[J)Sllir Iarr;a g)(; egfg%%qgsfif H%%ﬁ%gaﬁrsléeng}g%ggﬁmq%é YR ?me:cﬂ 2 new application

priority of the new application relative to a current priority of the currently active applications to

(@)

determine if the new application should be invoked.

11. A method in accordance with claim 10, wherein the evaluating comprises:
invoking the new application if the new application priority is greater than or

equal to a maximum priority of the currently active application.
12. A method in accordance claim 11, further comprising:
suspending all currently active applications if the new application priority is

greater than or equal to a maximum priority of the currently active application.

13. A method in accordance with claim 11, further comprising:

loading, into the DSP, a DSP image adequate to support the new application.

14. An arbitration engine for managing applications running on a main processor in

a portable communication device, the arbitration engine comprising:

11



si mul t aneous execution of the new application and the
currently active applications; and if a conprehensive

w@3sW7iossage i s identified, |oading the conprehePci/Us20D8636135
image into the DSP. 10. A nethod in accordance with

claim9, further conprising: evaluating, if the no
conpr ehensi ve DSP image is identified, a new

appl i cation | Qri of the new appli catl on r
to a curr s H@Pﬁ f{ryceawrmgkwemlr 1T SE ES to%aéntf, oma
Blity 6EDEP ﬁﬁag&spa d@h}ﬁé}[ﬁhﬁﬁe DEP tnkh@e BEMprRpiR réguatd @plication modules

shoul d be oked 41]%1 t haod i n_accordance with
iR puppAst i‘@?w Eoﬂa? BEr aal"PYFgapBB?’f‘B?’? ses: i nvoki ng

t he new appllcatlon |f the new application priority is

greater th to a maxi nu riorjity of .t .
curremtly ‘gl?:?r}%\%t‘ g‘ln‘f: H’talc‘é‘?’inganﬁwml\aﬁ’é‘{ Lioﬁ%?rﬁm e e 1mage
@lalliﬁﬁrdﬂaﬁl&rleérﬁigﬁaedﬂg furlther conpr i fsi ng: suspendi ng
all current activ ications i ew
2ppl | oat | oReTBL GieRE ) oG Ftheatt & rrenty Rettrodlsss
maxi mum prideitift, fromfthd flarakityiof PP lindagds hisstdf DYP iRt tddihining the
13. A mit_ho in accordance with claim 11, further
SE'i‘fﬁ]bF‘Pg‘f?rg".“ | oading, into the DSP, a DSP i nage
adequat e t&valaitp pRisét of DSP Maygea itidnift the fompltéhensive DSP image.
arbitration engine for nmanagi ng applications running
on a main processor in a portable conmunication
devi cw. t h&n abinbtidradnging 1mgdra@ce®np tlaidi 16Q fidthek (@h‘lpﬁhmg

si gnal process. ual.ifier confi

i dentify, 3 iRy evé D§P‘)a‘f°PF§‘-g8‘} t% a[t%éfrdlé)scomgre enswe D%Q image is

identified; laelesnamﬂlcaﬁa pridEgef e Rpw Iaﬁplﬂgldh&élblﬂl\feeda current pnonty of the
| on

a oI uI 0 su rt an i.on
b ST e A P e el
engi ne in accordance with claim 14, wherein the DSP

I mage . gua .S further confi dto: identify. a
sear ol oabi wbHelich ok Fisecioes St Fint B abGeRuli sl
dvlRiot & Yurther @nfigiel o) ural ity of DSP inmages, a set of
DSP i mages, cont ai.ni n

the searc dul.e; and eval.uate . .
Dhe St or desamng HiayBd sbulpdrannpety BT RE e AP cargl i Ebroriy s
SHerithn@e equibo aAtax A pricdity cfithedfiendy dctiveeapplivadem c e
with claim15, further conprising:

18. An arbitration engine in accordance with claim 14, further comprising:

a conflict detector configured to:

identify a conflict in simultaneously running the new application

and the currently active applications.

19. An arbitration engine in accordance with claim 18, wherein the conflict is a

hardware conflict.

20. An arbitration engine in accordance with claim 18, wherein the conflict is a rule
conflict.

21. An arbitration engine for managing applications running on a main processor in

a portable communication device, the arbitration engine comprising:

a conflict detector configured to identify a conflict in simultaneously running

the new application and the currently active applications;
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a priority evaluator configured to evaluate, if no

conprehensive DSP inage is identified, a new
w@ppiioassts on priority of the new application rRCHUB2006/036135

to a current priority of the currently active

applications to determne if the new application

shoul d be invoked 17. An arbitration engine in

accor dance r.ein
eval uator 1% é\ng'% Aig PEN Prog%sﬁqr éﬁlageoquaﬁ%$ S?rﬁ:irgHIéX {ridentifyy from 2
lﬂmalmy@ﬁDSB umagbs:) a chnjnehmsme DEP irhl@e raampvamgl requirtd application modules
rSlllorrtta ew gc aotnea¥1d 'élli]an 91{ C vea AT mim
prl%’rl ty otap K curren‘f‘frﬁf é%? ek f)a\hl afin. 18. An
arbitrati ommmmg{ gveluhtar camﬁgtlrdfamceealmtft hif thd @ q‘mﬂ)#;henswe DSP image
llfsgf[ Elte f‘Td of 1 cont? 10t 19<%etecte% a ne e%pg%cgghgcr%o%i ﬁtﬁﬂ] BT L 9P gfjcatuon relative
mpphrrempnmty afitle ttmenﬂ:)umtlemﬂpycmnsi to deteyppihd i€ e new spplit&ion
@ﬁmﬁ%@h&ﬁﬁ% on engine in accordance with claim 18,
ere conflict is a hardware conflict. 20. An
arbitration engine in accordance with claim 18,
wherein the conflict is a rule conflict. 21. An
~arbitration engine for managi ng applications running
on a mmin processor in a portable comunication
device, the arbitration engine conprising: a conflict
detector configured to identify a conflict in
si mul taneously running the new application and the
currently active applications;a digital signa
processor (DSP) image qualifier configured to
identity, froma plurality of DSP inages, a
conpr ehensi ve DSP i mage conprising required
appl i cation nodules to support a new application and
all currently active applications; and a priority
eval uator configured to evaluate, if the no
conprehensive DSP image is identified or if a conflict
Is detected, a new application priority of the new
application relative to a current priority of the
currently active applications to deternmne if the new
appl i cation shoul d be invoked.
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