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technol ogy, and particularly to a nethod for
mul ti-tasking on a nedia player. Background of the
| nvermMEGRIDOBOR WA TEHBASKBNGON MEDHaPLAYRR hni que
devel ops. Medi a players, such as MP3 players, becone
popul ar due to its multiple-functionality |ike
nmusi c- pl ayi ng, pi ct gleghdieAWSEAg, text-di spl ayi ng,

' FM radi o, etc. [0003]. However, such devices
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browse picture, or me while nusic is
playing or FMradio is bel ng recel ved. [0004] Fig. 1
is a flowhart SE&' a hP executl ng tasks on
a conventi onal Jut t he
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i sters control of equi pnents such as
internal nenory devices and peripherals. Once a new
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mattei rhswr@uh&mt meeﬁmtm@m apd. Uders oaanottram:‘l«ex{ basEE pTd’me or play
boye- nenti gned ne d nee% call . and cal | out

gamee‘k’ gl 1S RBYES °h e S?eﬁ‘éﬁ nmenory and an

internal nenory constantly. Before the execution
codes are called qut, executjion envi ro nt al.
pali0804] ez ot is Weflewehashshawing a fiethodpe! exeutng fasks 08 2

convérlﬂ'ﬁm%%éﬁta ef}re? OffeRoR tBe GRS %kidg 'mEHBRIN, Ypblications of the

nvi ronnen araneters w | restored as the
dewqerwwlii dlstsb)yecstcdednlwnmsa Shgls-tasking exeapen jreertain task under

envi r onnent ar anet ers
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codes between an external memory and an internal memory constantly. Before the
execution codes are called out, execution environmental parameters of the current task
will be saved. Before the execution codes are called in, execution environmental
parameters will be restored as the previously saved ones. Thus, the execution
environmental parameters must be frequently read and written between high-speed
equipment and low-speed one which determines the execution speed of the entire

system, resulting in a low-speed execution of the system.

[0006] Fig. 2 is a solution to the above problem in the art. By adding

function codes of a new task into a current task, the functions of both the current and




executed simultaneously. In fact, all the function
.codes of the tasks to be executed are put into a
same task and executed by using tine slice circling.
[0007] However, since different function codes
executed in the tinme slice circling nodel, w thout
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"R @ccordance with an aspect o
exepute@m carigindaydl.ofeadlygabeace ¢s likshoigioged- a net hod f or
nmul ti-tasking on a nmedia player including a -
controller unit, . conprising the ste of : dividin .
CockOgh G ¢ F et BB rselbed Fhih sBaS el Erdied By media
plapdréitsrovigedah thiaadsntinpn. the controller unit; setting a

priority to each of the tasks by the controller unit;
checking the priority of said each of the tasks, and

changing a state ofSummargjef thednyanti®EADY" t o
I NG' %Iql%dq'h&gs 5 Eﬁstﬁﬁ 'uﬂf%hﬁ Qfk foﬁﬁ’o@ﬁ@g midYhod for
the controlle unit; xecutlng e tasks

mum-&aéﬂmmremydw ﬂ)’é‘l&f&"tqeﬁe slices associated therewith
by the controller unit. [0012] In enbodi nents of the
present invention, when all the tasks are in a state
of t DY", a task with-a higher priority wll be
executed first. 2 [0013] In enbodi nents of the

Efgkls nverté %E‘ord&ﬁ‘a%%{%ﬁ QR z{ F&‘? oq’fthg’ %'ré%ﬁnteﬁgghtﬂ% there is
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rough, creating,_ a scriptor for Sﬁld eachh&);l1 oFHmksb :
t as ngdmg each of 1fferent ctions of the media playerto a p ty y
the controller unit;

setting a priority to each of the tasks by the controller unit;

checking the priority of said each of the tasks, and changing a state of a task
from “READY” to “EXECUTING” according to the priority of the task by the controlier
unit; and '

executing the tasks alternately by using time slices associated therewith by the

controller unit.

[0012] In embodiments of the present invention, when all the tasks are in
a state of “READY”, a task with a higher priority will be executed first.



[0014] According to enbodi nents of the present

invention, the plurality of tasks wll take

resources of a CPU and the systemin turn so as to be

executed alternately within a certain tinme according

to a specific algorithmin the controller unit. :
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deseripioelbt $aihadch wEtHeaskkkor executing tasks on nedi a
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the conventional nethod for executing tasks on nedi a
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show ng execution of the task of audio playing and

the idle process _according to.th resent invention;

[0020] Fig 6 is Bref] %ﬂﬂﬂ?&%&,ﬁﬁ%ﬂé&ecuti ng the

prqeesy of sefedulikng AdvitRai Ubvidie tBS Kcoaoeaiodhingndiltod for

the present invention; and [0021] Fig. 7 is a
amﬁﬁ@ﬁéﬁﬁ???gﬁéﬁﬂ%@mg%ecuting the process of the clock
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Detai | éd Description [0022] A nedia player is

exeptingdasky opmediaddayet® t h a controller unit, an input
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an igitaabraion umescs ins thefmethed frdnaltighskinesr on Bieyy@ players according to
the ﬁl(ggeﬁ?l%% PCT/ CN2006/ 002521 -'.. [0023] This

nvention provides a nmethod for executing multiple
t adR8I8)n t he Firdiina flosvgbart shoveng apeoshd efecledkr sshéduling in the
er. . This. nmethod.c ri roce . dividing

me G ERT e B AR o B ey

t af8@l9]a pr oFess isof flswthartrsfjo@ing execution of the task of audio playing

and the idle process according to the present invention;

[0020] Fig 6 is a flowchart showing executing the process of scheduling
the hung up task according to the present invention; and

[0021] Fig. 7 is a flowchart showing executing the process of the clock

interrupting according to the present invention.

Detailed Description

[0022] A media player is normally provided with a controller unit, an
input unit, a displayer unit, and an audio output unit. The controller unit is provided with

a firmware to enable functions of the media player.



priority for each task, a process of creating a
descriptor for each task, a initialization process,

wo 26763:06K schedul i ng process, a process of executimge002521
the tasks,a process of rdling a task, a process of
scheduling a task at "HANG NG UP" state, and a
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are executed within a short tine, fromthe user's
Oflnﬁguﬁ?n%?loﬁ%'few all the tasks are executed

si mul taneously. Thus, nulti-tasking on the nedia

pl ayer is achieved. [0025] According to the
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care about a delay of picture- dlsplaylng
unit. Bamedélsthe sokeark eretutahwithinkeeshor3ime [fepyn thy wserys peinieledew,

often an her t
ol eifahsiny ERecylrdnflulolety {fie’ Riha kel B motia player s
achievBEADY", a higher-priority task should be executed

first. Alower-priority task will never be executed
until the higher-priority task is term nated and hung
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the CPU resource and system resources. In this way, time slices can be properly
allocated to different tasks so as to improve the efficiency and avoid waste of the

system resources.

[0026] According to the invention, dividing each function to tasks and
setting the priority are performed by creating the descriptor for each task by the
controller unit. The controller unit creates the descriptor, sets the priority and

clock-tick for ecach task with a specific algorithm. All tasks are initially set “READY”



"READY" to "EXECUTING' so that the highest-priority
task is executed according to the clock-tick as set
wo 200f0hie descriptor of the task. [0027] Accor dChgNIgs/002521

The invention, execution tinme of one task 1Is
determined by the clock-tick as set in the
state JERC Edrptolier ahit rBEiet@sk highostiphititaldsk taheé chaisdes itsastath drom
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A [ 6 tiignd 'SQmﬁ it can b
exe"ﬁ hff §r1mit§.. 1E%’rls ttﬁg’kf&ﬂ sppglaé\’%ﬂg%gthedm Eh Son. and the .
exechﬁwesﬁumﬁﬂjr.ority is set to atask in a state of
"I DLE". After the nedia player is turn on and
~initialized, the controller unit checks the priority
of sk th t ChunchiBSK &S audio-pl
R%gi %ﬁde’é@g 1éhs (;%rl]%ﬁat(@llﬁe!’%s ?%e s 10ms for gapcahymg’
plctdra-bibwsﬁig,lsnexminlsp]lapmg gammg shad é“stmeg,pemh w€| which is

lelC% rtéreals t}{,\%fe{gé ! lﬂg gl}a,t ik?s ﬁ}{ﬁ%@g Irvgl Eg]rgd%r muﬁlple tasks The

first kﬁM&Q@f d=15*e O44C ke CiRE RNt SlayingN thes Sacoad eplnomgs k‘14” for
pl ayi ng-audj 0" is executed accor

pwtqm Sootn: glah?qrﬁggwn%d P Tor kPRI IR s st the lovest

prloﬁﬂdfyt Fﬁe o tasRlih :RQtQQanQDLEWEAﬁH ﬁl%améMl V\ﬁ@% veh & af@bA and

er tas i s "READY". t he user
1n1t1ahzsd11elhe tcomeodét;um dlenles/\meamontsg ha@staSk sets the state of each
| G [0 nt [
task B? gﬁ@\?’ faﬂﬁ sﬁ?# st,e EOIHE] f(?rI %@ﬁ%ﬁ‘o;ﬂﬁ?ﬁ multiple

timeNdited B3 rb@ebﬂlﬂehy? rcotrhqmntl hatmldflp]‘eheskswccendmg tstoe friveity.
new task wl |

When a user’s command 1s input via, e.g. keyboard, touch screen, etc., an associated

task like “playing-audio” is executed according to previous settings, and its state is

“EXECUTING” within the corresponding time slice, while the state of the other tasks

is “READY™.

[0029] When the user wishes to execute a new task, such as
picture-browsing, the controller unit checks the priority of this new task. If the
priority of the new task is higher than that of the current task, the new task will be
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i mredi ately according to the tine slice correspondi ng
wo20090khe new task, and the state of the new trasknawdido2s2i
bechanged to "EXECUITNG™. [T the priority of the new
task is lower than that of the current task, the new
exechtdd lfrniﬂeﬂiatdﬂyﬁhqd@?diﬁg@@ﬂie&ﬁgu sliidel cotrfeeporativariot tho newftaskhend
current task is_termnate , is.a.
the stafeidhapew b wiiHdgerchangsdde é‘@%%m’? Ffﬁbe Rriprify|of the new
task AASGES MhR that 3REhd BB renPdsk Ahb 28%itAR WIDEATR cx6EAEANY the
to the present Invention. At step S 11, a descriptor
executiororfabe adrdndtaskaciermmeted- The descriptor i ncl udes
data necessary to describe characters of each task,

such as ID, priority, state, clock-tick, an initial
adpb039} dfig @xes Woiwahart stoeeing dre prndess af cradiirgssigslodesctiptor
tack,..and si ze of taﬁ taﬁti(. Steg. Sl?t.is to create a
and the duHglizaden BIOFSEF ARFATERSI0 MCATRE WP es of
desgGrjptgnrs J : ata
ac Tt Qe Bblor PG r Salf LR EGORIRALs d
necel@8)4o dei@indi hraferd BEcdRERESAIH as SDasHorBn kAt eclock-tick, an
pricority are set, the space of the stack and the ID
initid hédrpssafiedediiohedat at mitidl address alghe READWN sivh ef dicdark
is reset, and the initial address of the executjon
cofitep &42 iselid crsatehe daseripter amgdr whicha fentams cadgrespere of
stack are reconged. All the tasks are initialized in

descrpfpEs Q] taske fai b eae 03 mAnAgeRiHress is switched to
£ mo?ﬁ ﬁgfﬁA}a%léso%rﬁ iRyl Fglg?ac%f%%%k’élhsec 1% d(?ﬁ ﬂlh?] éxécessary

e process o

' oAgri i ' t §3ded. ke da
stacl?%{siﬁﬁ-l? ?ngé{yg"’ﬁg Ret, B{eeszﬁ&; of tAY QALK aRd tHRIIDPAe {ZUT od. ¢ Sate

mnéed to be in a state of "EX ,
is sel RERTABYE, BE cldeR if ASK, ikl thb arifsicdimss BEADYkecution codes as
O herwi se the process proceeds to step S22. At step
well S22thet initiallesldrdsptand sire @y the staskrme deedidedigfB uthe ttasks are
. find a task with the highest priority and in the
initialized & this WREADY". At step S23, if there i's any task

t hat nee the above regui nts, th .
or tistae o msioay s o He B8 piessd sl Bk e Rng. o
to step S26. At step S24, if the task that neets the
requirements is the current task, the state of the
cu[oest] tEigk4iis &hlngerrtt shovENECHE piGess ooft blerk tdgbeduling
current task i.s executed. For exanple, if the

mmo&ﬂ?% € PLESROLIRVENEOBY ay audi o, the process of

"é‘“%"s‘téﬂ Y| N9 ol sl PAKIRRL& o ROIPPShd HE-IOXNEUTINGK; the
state of the task is changed to “READY”. Otherwise the process proceeds to step S22.
At step 822, the descriptor array is scanned throughout to find a task with the
highest priority and in the state of “READY™.
At step S23, if there is any task that meets the above requirernents, the
process proceeds to step S24. Otherwise the process proceeds to step 526.
At step S24, if the task that meets the requirements is the current task, the
state of the current task is changed to “EXECUTING” so that the current task is
executed. For example, if the current task is to play audio, the process of

audio-playing is hnplémented. So does the other task.



WD 2007/ 033615 PCT/ CN2006/ 002521 At step S25, if the
task that neets the requirenents is not the current
wo 20088%s15al | current systemfield data are savedriwioes/002521
the Stack of the current task. The content of the
stack of a READY task with the highest priority is
thap g@ﬁdiﬁﬁe {R 1M TfeRR the FireMbAts @ Aot tAE Burkdie task, all
state of the task wth the highest priority is
currefih 893896 fibldodata AREANY iiito thEXRGUGT H6'cusontt taskt. Elei content of
task is executed. For exanple, if the READY task
the swickofth 8&FiYYiastk pithahe thjghest préory dy tamdeapicd ppthe current
process of audio-playing is tart. |f the READY task
syt fich e HhGIRRSE riplrtriy itk 6 Hiahstb BriprBt by RS Tom
. ess.. ' 2- browsing. i.s .l npl ted.
READY® s Tspr RS WAL RPeR e SRRRE R el he
ATRE i fohed nPBKSERE Pialia08iol #ERR0dRs bHRIARAPRORS is
RE of tggﬁméﬁ?%ggealpﬁgﬁﬁt hegl gLaE l_togsk is execut eg. vRE
start [IPOR2RERDY fask Svith tht avhbBarHriosino i 0 Grexeoptiues) thef probess of
audi o- pl ayi ng task an the idle task according to
pictukdBropvsedn implerentedon. At step S3 1, an operation
rel evant to the task of audjo-playing is_execyted. At
e

st ép 8IS26G if pelteskothabamgpts the HAVHEIPRS &k egpiegess of

and the execution of the rele rati .
clock SR RS 4G 11 5 9SS e (DLES VG e NadPI g Ak i
task which is hung up is inplenented by junping to

execinﬁé' address of the program codes of scheduling the
task which is hung wup. [0033] Fig 6 is a flowchart
showi ng execution of the process of scheduling  the
t af0032i dfigisss hiflogvehprt sbewing iekerution ohthemudioeplayng task and
.Lnvention.. At step S41. state of the current task

the ‘?“§¥%sﬁé’ﬁﬁ°§8m1grt%ﬁ%e"%§<ﬁ8bﬁvkﬁ?°nto "HANG NG UP", and t he
cu %%&% SHSLEBpdrh@drefiha B8 G EThudi-plal g iSE:reiteof
the ~current task. At step S42, the descriptor array

i S /ACspI83D, taheyelgbidatidid-plalyingds axéasdd mickhartdhide execution of

hi ghest priority and in the state of "READY". At step
the r848ant ioperahen wringagasy t ask that neets the above

requi renents, the process. proceeds. o step S44.
Ot HErSiPSE 3% HE p5pesse 9@5%933@&%& %W@PEE iRy up7 ffpplemented
by ]uzrg;gllgé 9(? 816613%(11%%”0 eopqgér%zgo%%s of scheduling the task which is hung

up.

[0033] Fig 6 is a flowchart showing execution of the process of scheduling
the task which is hung up according to the present invention.

At step S41, the state of the current task is changed from “EXECUTING” to
“HANGING-UP”, and the current system field data are saved into the stack of the
current task.

At step $42, the descriptor array is scanned throughout to find a task with the
highest priority and in the state of “READY™.

At step S43, if there is any task that meets the above requirements, the

process proceeds to step S44. Otherwise the process proceeds to step S46.



At step S44, the content of the stack of the READY
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[0036] In the present invention, since the system field data of different tasks
are saved into different stacks, the coupling of the entire system is simplified and the

system reliability is enhanced accordingly.

[0037] In practice, users may modify programs in the firmware of the
controller to set priority and clock-tick for each task. The priority of each task may be
set from zero to up, or flom a certain pumber to zero. In both scenarios, the
implementation of executing multiple tasks on the audio playing device can be

achieved.
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4, A method for multi-tasking on a media player of claim 1, wherein the step
of dividing is realized by the controller unit through creating a descriptor for said each

- of the tasks.

5. A method for multi-tasking on a media player of claim 4, wherein the step
of creating a descriptor for said each of tasks mcludes

1) creating the descriptor for said each of the tasks, the descriptor including
data necessary to describe characters of said each of the tasks;

2) creating a descrip_tor array;

3) initializing said each of the tasks, setting the priority for said each of the
tasks; and ' J

4) setting the state of said each of the tasks as “READY™.
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