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method for multl tasklng ona medla player. Background of the Inventlon
[0002] Thergiaesrepicdrfopatianteskniquecsie watopss Mediwpiayers, such
as MP3 players, become popular due to its multiple-functionality like
music-playing, picture-browsing, text-displaying, gaming, FM radio, etc.
[0003] However, such deviceSegmprieddnly one function at a time no

mat ndant the functi ns are. Ysers ¢ no readt xt, browse
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paréadirgdtd @G0dfhbifak miatﬂmykim@rbslaomdgi@lmethod of executlng tasks

on a conventional media player. Without the multi-tasking mechanism,

applications of the device WI|| be executed onIy in a single-tasking

manner. A certain task Upadagreag Eepfied all system resources,
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uipments such as internal memory devices and peripherals. Once a

tals e chReRMSPeRBEN I thdleamiBhpdsinaliersids ausioniage
Mﬁﬂ%%mgg%ﬁﬂﬂfﬁﬁ%&?%&&ﬁ@m%@@@mon of the new task.
[0005] The above-mentioned method needs call in and call out execution
codes between an external memory and an internal memory constantly.

Befoteabsl eXecutionr coaas drd wallet gubvéie culioneniiteninteatal time no

ete S ‘Se%?é g g'ent task W|U%be saved tBef rtet %r%@cutg&n COdeSia
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gaprewhﬂslmsavedpdmﬁsg'bhue\d&veimmedn.eimr@awminmental parameters
must be frequently read and written between high-speed equipment and
low-speed one which determines the execution speed of the entire
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new task into a current task, the functions of both the current and
device will be execuied only in a single-tasking manner. A certain task under

execution occupies all system resources, such as control of CPU, access of stacks and
registers, and conirol of equipments such as internal memory devices and peripherals.
Once a new task needs to be executed, the current task must be stopped so as to

release the system resources to ensure the execution of the new task.

[0005] The above-mentioned method needs call in and call out execution
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
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alternately. It seems to a user that two or more tasks are executed
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are putinto a same task and executed by using time slice circling. [0007]

neW @NRYRhnSHecedifferent fmslion cosrsmexecyiedinthertiv@slicqeadskingre
model, without assignin Priority for each function, those high-s eggl are

any
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pucies BnithishieshdEsproiRibyfikiaekeeulinr ofreither of two functions
must wait until the other is executed to a certain level, deadly embrace is
likely to occur. [0008] To this end, a new method which enables
multfa8sihg blowwdia splayelisiisqmtofrideidbin cthlssirwentied. i8 uheniamg efice

. the Invention [0009] The objective of p in on | ravide
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time-slice-circular manner is provided in the present invention. The media
othslerxearsriedscar ety drarlyTeasthdikein #i8ethe steps of.
dividing each of different functions of the media player to a plurality of
tasks_by the controller unit; setting a pyiority to each of the tasks by the
cont@ﬁéﬂnit?&h@&i?@tﬁb L AL a‘fﬁ’é’ﬁcﬁn@}’{%se Rt gyon media
plShaniipgrigtateahn taskndem "READY" to "EXECUTING" according to
the priority of the task by the controller unit; and executing the tasks
alternately by using time slices associated therewith by the controller unit.
[0012] In the method of titeupresentfinvehtiamtiwhen all the tasks are in a

State; B8 AHe hiH R SOIBNSLRAONRLHL RS BXPEHIRE Shdhod for

multi-tasking on media playing devices.

[0010] The objective of the present invention is to provide a method for

multi-tasking on media playing devices.

[0011] A method for multitasking on a media player in a
time-slice-circular manner is provided in the present invention. The media player
comprises a controller unit. The method comprises the steps of:

dividing each of different functions of the media player to a plurality of tasks
by 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 umt.

[0012] In the method of the present invention, when all the tasks are m a

state of “READY™, a task with a higher priority will be executed first.
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step of dividing is realized by the controller unit through creating a
descriptor for said each of the tasks. [0014] According to the present
invention, the plurality of tasks will take resources of a CPU and the
systf@0 13lurinsthasiwhsd eXdbetenseheinsesijoniteleetissl fametiphsaid each

of AECUING A A SRGRHCRIGRRINMAIR 1NG GRRIISTHBL; RiRCsr AN 8AaSKS the
are executed within a short time, from the user's point of view, all the tasks

taskipe Aaxbthiteterinfutitndsadly rarirsdnhyitbasrmgodstveinbapy Hlsertas a

deeHRYG0r BRigtRESOrREQRRE the Drawing [0015] Fig 1 is a flowchart
showing the conventional method for executing tasks on media players;

[0016] Fig. 2 is another flowchart showing the conventional method for

execgimffa%k\%&ﬁ 8 RIRYSIRRALL S B fowehars shRMNGA take

process of creating a descriptor and an initialization process in the

resplEgesPfor ritili 2Bd iy S FHE Hla PIAPEraSak L BFdRIG g cthal sragisht within a
ce VR REQNEOOBL i 4 dpR RwehAHHEhoNIRG eoRfRARS AT CKIAKe all the tasks
scheduling in the method, for multi-tasking gn media players according to
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extrgleokrudioRaying Tand, thelidiegiogessibcencding oy thésprésentd.
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 flowdbief Srowipg exetitindrtheimrocess of the clock

Interidgfiag agering (0e e SRaLINARLAD, DallRd RRFRURYANdAagh,
A media player 15 normally provided with a controller unit, an input unit, a
taghisptayediamiagend;an audio output unit. The controller unit is provided with

a firwq@ toﬁ@@@'%sf%ﬁwsﬁ%ﬁa@eﬂ%@é’%ﬁe conventional method for

executing tasks on media players;

[0017] Fig 3 is a flowchart showing a process of creating a descriptor and
an initialization process in the method for multi-tasking on media players according to
the present invention;

[00618] Fig 4 is a flowchart showing a process of clock scheduling in the
method for multi-tasking on media players according to the present invention;

[0018] Fig 5 is a flowchart showing 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] TFig. 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 controlier unit is provided with a

firmware to enable functions of the media player.
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each function of the media player to a plurality of tasks, a process of
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task, a initialization process, a clock schedulinrgg rggcess, a process of
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.As known in the art, the medija player typically has multiple functions,.. ..
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of imetewphiegodntiol of the controller unit. Since all the tasks are executed

within a short time, from the user's point of view, all the tasks are

executed simultaneously. Thus, multi-tasking on the media player is

achi§9®a4]0025] kewerding thetharinvbatimedeaghapsk ispgpeln dhpsiontjtiple

according to a specific algorithm. Different tasks require gl 0LCPU
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_pause of MP3-playing, but may not care about a delay of
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are in a state of "READY", a high

I r-priority task should be executed first. .
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ackegmmated and hung up to release 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
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tasks and . ) . . _
a specific algorithm. Different tasks require different CPU resource and system
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resource. For example, decoding MP3 needs more calculation ability than that for
decoding a picture. Some tasks must run in a real time but others do not. For example,
the user may be aware of a pause of MP3-playing, but may not care about a delay of
picture-displaying, Besides, some functions like MP3-playing may be used more often
than others like text-displaying. Therefore, when all the tasks are in a state of
“READY", a higher-priority task should be executed first. A lower-priority task will
never be executed until the higher-priority task is terminated and hung up to release
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 each task with a specific algorithm. All tasks are initially set “READY”



setting the priority are performed by creating the descriptor for each task
Wog\é()%e%cigntroller unit. The cotroIIr unit creates the descrlptlggwgg%og}%%m
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determined by the clock-tick as set in the descriptor of the task, so that all

the tasks can be executed alternately and repeatedly according to the
time[dDEﬁ] femﬁmlg llpedtegnito)etasksoV\then dnmiaskliss determined

tin state is."EXECUTING", while the state pfth her tasks is
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eases the CPU resource and is hung up during its execution, the
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audio-playing, picture-browsing, text displaying, gami
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audio-pl the second ri 4" for plcture the third
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exacias cvsigtafidyof ' IDLE After the media player is turn on and

initialized, the controller unit checks the priority of each task, sets the state

of each task as "READY", and assigns one time slice as 10ms for each

task.[pbag] muitiplex simsislicesody respectivaly contezpondfoaniilipleying,
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divided to a plurality of tasks so that the player can work under multiple tasks. The

first priority “15” is set for audio-playing; the second priority “14” for
picture-browsing; the third priority “13” for text-displaying; and so on, and the lowest
priority is set to a task in a state of “IDLE”. After the media player is tum on and
initialized, the controller unit checks the priority of each task, sets the state of each
task as “READY™, and assigns one time slice as 10ms for each task. Thus, multiple
time slices may respectively correspond to multiple tasks according to the priority.
When a user’s command is 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



task like "playing-audio” is executed according to previous settings, and its
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new task, such as picture-browsing, the controller unit checks the priority

ex&hiis Renetaskl b& Bty ektispandaskdsdpananthanibaiof the, and
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chan%ed tggLEXECUT NG". If thegg iority of the new task is lower than
exgHU ST NS PPERTIARRE R EHBIHEEK will not be executed until the

execution of the current task is terminated. [0030] Fig 3 is a flowchart
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descriptors of all tasks for the ease of management. At step S12, the
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?ce of,the stgck and the,ID,are B{ovided
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deSX@FlionreargsiaTomel assther intial@ddress and size of the stack are
recorded. All the tasks are initialized in this Wa}/. At step S12, the process
1

is swifehgents tRethrdesls ¢ stk sese donrmgclidedd kgiag0h Bty

showing the process of clock scheduling .according to.the prese ‘
S SO AU RS G301 STahs BeALRoSnct 1 it BEUFEta. e st
is Serds CRANYE”; the gtrieiokiba. task ibCinnged decsREAREx dtiionisges as

the process proceeds to step S22. At step S22, the descriptor array is
w@éaarﬁ;ngytmg%m@@ﬁﬁ@iaqiggkqﬁiﬂhqhgack are recorded. All the tasks are

initialized in this way.

At step S12, the process is switched to the process of clock scheduling.

[0031] Fig 4 is a flowchart showing the process of clock scheduling

according to the present invention.

At step $21, if a task is determined to be in a state of “EXECUTING”, the
state of the task is changed to “READY”. Otherwise the process proceeds to step S22,

At step S22, 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 requirements, the
process proceeds to step S24. Otherwise the process proceeds to step S26.

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 implemented. So does the other task.



highest priority and in the state of "READY". At step S23, if there is any
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that meets the requirements is the current task, the state of the current

task i, <angss 19 Rk IR ANALIS GHURD AR (he VAResk, a

For example, if the current task is to play audio, the process o
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PCT/CN2006/002521 At step S25, if the task that meets the requirements
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est priority is then copie e current system fiéld, and the
“R§tateof the tasKECHTING Tighe gigrididytisicHangedra FREARYSI0 if the
"EXECUTING" so that this task is executed. For example, if the. READY
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the process of picture-browsing is implemented. At step S26, if no task
pidhat-meetsitiadyagpleanetets is found, the process of clock scheduling

jumps to the address of an IDLE task, i.e., the IDLE tagk is executed.
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operation rel the task of audio-playing is executed. At step S32, a

exey@ledof audio-playing is executed once, and the execution of the relevant
operation terminates. At step S33, the process of scheduling a task which
is hung up is implemented by jumping to the address of the program.
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At step S31, an operation relevant to the task of audio-playing is executed.

At step 832, a cycle of audio-playing is executed once, and the execution of
the relevant operation terminates.

At step S33, the process of scheduling a task which is hung up is implemented
by jumping to the address of the program codes 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 842, 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 S41, the state of the current task is changed from "EXECUTING"

to "HANGING-UP", and the current system field data are saved into the
WO2007{0336 e . PCT/CN2006/002521
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throughout to find a task with the higr;est priority and in the state of
"READY". Atstep.S43. if there is an tSkh% t the hichest
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544, the content of the stack of the READY task with the highest priority is

priggpide ehengedfinentRYABN o dEareCHd Bilie o asdaaesiith i task. For

highest,. priority isshanged from "READY" to "EXECUTING” sq a
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thduagess of ainteTIPERY, tlockadtarBinglidstbeespresent invention. At step
551, a request for interrupting clock is made. At step 552, the process of
the clock scheduling is implemented by jumping to the address of the

clockgwsgruling. Program cadeeniPO3HAGEOrdHRECIRiItIE BWaRHOBrocess of
different tasks are viewed as different modules. One single scheduling

IntErARENG el oRdeRrto ARG (R eI BT dRE W98 1o eliminate the failure
possifiity. b eRlisasy HEMMapRRYEsodRGe AaNgle function is

executed in the multiple modules, the complexity of application software
and rostates 33 réduupetets isfahsyclorkdestaioping te prodearensiddey gumping

plurality of complicated tasks are treated as one task by task. [0036] In
to e éﬁ?%@rﬂfb‘i"\t‘, %‘ih%iulﬁh%%{:’ém’ff@ %ata of different tasks are

saved into different stacks, the coupling of the entire system is simplified
and the
[0035}] According to the invention, different tasks are viewed as different

modules. One single scheduling process is used to schedule all of tasks so as to
eliminate the failure possibility of the entire system. Moreover, since a single function
is executed in the multiple modules, the complexity of application software and
modules is reduced. It is easy for developers to program since a plurality of

complicated tasks are treated as one task by task.

[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 from a certain number to zero. In both scenarios, the
implementation of executing multiple tasks on the audio playing device can be

achieved.



system reliability is enhanced accordingly. [0037] In practice, users may

Womo%(_ijlf;/ ‘Programs in the flrmware of the controllerto set prlorg T?é?xgoowoozszl

up, or from a certaln number to zero. In both scenarios, the
implementation of executing multipigitasks on the audio playing device

can be achieved. s WO 2007/033615 PCT/CN2006/002521 Claims 1. A
method for multi-tasking on a media player including a controller unit,
comptisngnthkest€ps atilk)-dislidtinoreachafidifierent iodimg s afotiteotivediait,
COI%Ia erto guralltg of tasks by the controller unit; 2) setting a priority to
{He a8Kks y the controller unit; 3) checking the priority of said
each bf theidasksaanaChiiging aistatensfcd faskfrdin pREFEADY A tolurality of

taslg??%gy)%%@g glng to the priority of the task by the controller unit;
executing the tasks alternately by using time slices associated

therewitsetinghetontioteeashioAha trksHodthsropRireESE KNG on a media

playes pteiajm . m@ﬁfﬁaﬂtyv&em'&mﬁ (AR U HARURRLBEARK of 2
task with a hi I%her priorit will be executed _first. 3. A method for

tasky faaskiglon atfeb ERP clacrordinghindhe Bsettnioh hndadk bxighe
coR@6iepfithe Lagks is determlned by setting a clock-tick in a descriptor of

said each of the tas method r multi-taski na medl f

i D SHRALITEOLS Bk QIR OB LTy 18 EOMIFAIE) Ui with by
thdReatu@ilareating a descrlptor 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 includes
2. A method for multi-tasking on a media player of claim 1, wherein, when

all the tasks are in a state of “READY™, a task with a higher priority will be executed
first,

3. A method for multi-tasking on a media player of claim 1, wherein
execution time of said each of the tasks is determined by setting a clock-tick in a

descriptor of said each of the tasks.

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 includes

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 descriptor array;

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

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



1) creating the descriptor for said each of the tasks, the descriptor
including data necessary to describe characters of said each of the tasks:;
WORPOIIRTS o itor Do 9) it coid anch of tha thQICNZ006D02521
the priority for said each of the tasks; and 4) setting the state of said each
of thedagha asaREARYt- 4R, 20071A3R6 1R HICHRAOR Q853 16 Ay
method for multi-tasking on a media player of claim 1, wherein the step 2)
2) furtherinedngges 2-1) setting the state of said each of the tasks with the
different pgiarity ake "REABIYsaky dhencontrellerkiniianth2-BRettinghotineas
., Slice for said each of the tasks, wherein each time slice is corresponding
REyUAE dpiriBes@redltdttih 18 an order of the priority of the tasks. 7. A
methQdfpsemiulii-iaikingles fomadiepthydrtat chaky Wwhatvbneincthtrstegicd)is
further jncludes 3-1) checking if there exists a current task.in a.stat
coRE R oL T T S O DU o ks,
"EXEXUTING" to "READY"; 3-2) scanning a descriptor array throughout to
find airst fask with, e, highest prgrity.and A SIYeARFARY cid Beitic
the firg‘g %ﬁ&é %ﬁg& Cﬁlﬂfﬁ%}rﬁ%%&’ ghanging thélgg s%ate of%he chrentlialsk to P
3) fExeciuTides’, and jumping to an address of codes of the current task to
execuiex)”eﬁe%%&m%”%ﬁﬁfé&!fem@csf LSS AR NG SURept taskreavinmG™, if
current system field data into a stack of the current task, copy a content
vepfostidyivstinstaieoibe surmpt Girdmrsy s hreldNGEtoc RG] the
state gt shedishiask EHREBARN AFOMIEXEHOH TN Gidandritsmpisg toidnthe

address of codes of the first k xecute the first task. 10
highest priority and lsn a state 0? “@A]BQY%; .

3-3) if the first task is the current task, changing the state of the current task
to “EXECUTING”, and jumping to an address of codes of the current task to execute
the current task; if the first task is not the current task, saving current system field data
into a stack of the current task, copy a content of a stack of the first task as the current
system field data, changing the state of the first task from “READY” to
“EXECUTING”, and jumping to an address of codes of the first task to execute the
first task. |



