Enbedded Pl atform and Met hod for Dynam cally Linking Program on Enbedded
Platform Field of the Invention The present invention relates to
enbedded t echnol ogi es, and nore particularly to an 5enbedded platform and a
met hod for dynamcally linking a programon the enbedded pl atform _
Background of the Invention As well known, programlink include static
link and dynam c |link. When the static |link is adopted, the address of an
application programis determnate in a coqgh%e phase. 1f multiple

appl i cat i onfpnépdaedi Rlatfo rimranddvketinod Drymamidally \Limkinegt | K t he
nunber of function |ibrgtd edi } J a nenory is the sane
as the nunber of the apglrzogzdi}gng%:%gﬁgﬁs@%ﬁt%q%waast e the space of
the nmenory. In the dynamc link, the functions in the function |ibrary are
| ocat ed tHiehligh the linwpotionl i brary. The inport library only stores a
description of an invoking relation between functions, 15does not store
actual codesTheapgsdnhlifet@m SaNG bRebPaCactinoldesMBDnYre particfdly ®RKI Y, 1IN
an enbedde roduct, such as a nohile tel ephone, the dynamc |ink of a

pr ogr am KEcHEdnplphene e aacthyd (i dygamiratx dwlitnan erogiam onrike sobrddedat
(ELF) nn%ﬁﬂbpgferring to Figure 1. Figure 1 is a schematic diagram
of dynanicaﬁ y linking a program by using an ELF 20node in the prior art.
As shown in Figure 1, when the dynamc |ink of the programis inplenented

by usingliﬁggﬁiF EE ﬁ ﬁl!cation programis conpiled into an ELF file
firstly, A g?thé? y&ittio n and variable rel ocation are perfornmed for
the ELF file, by using an ELF DER progr afterwar ds t ELE file for
whi ch the r&%%’éﬁﬁ‘&ﬂgﬂa@oﬁ@&hh“ gﬂ@ﬁ@m@ﬁ’w@gﬁﬁ ) gl _ﬁ?}i-g‘% ' Bédded

Oper at i oninBySi®PrddOBle addfdds b Riahpplichieh pabeddadiansnaid B suapiepilasaks
functions_and variables according to the positions of the functions and
vari abl edl fortipdpispnlieatien rspgreas i inveksalnpeéens iper floratied, liwaryasurtently,nibk enent
the dy“aﬂhl%b!:ﬂ 5'}( ﬁﬂlfcti&befibpa(r%grl%%ing to be copied into a memory is the same as the

number of the application programs, which will waste the space of the memory. In the

dynamic link, the functions in the function library are located through an import library.
The import hibrary only stores a description of an invoking relation between functions,

15 does not store actual codes, and thus can save the space of the memory.

Currently, in an embedded product such as a mobile telephone, the dynamic link of a
program has been implemented by using an Executable and Linking Format (ELF) mode,

referring to Figure 1.

Figure 1 is a schematic diagram of dynamically linking a program by using an ELF

20 mode in the prior art.

As shown in Figure 1, when the dynamic link of the program is implemented by
using the ELF mode, the application program is compiled into an ELF file firstly, then
function relocation and variable relocation are performed for the ELF file by using an
ELI LOADER program, afterwards the ELF file for which the relocation has been

25 performed is loaded into an embedded Operation System (OS), and finally the embedded
operation system links functions and variables according to the positions of the functions
and variables for which the relocation has been performed, so as to implement the

dynamic link of the program.



When the dynamic link of the programis inplenented by using the ELF node,
the ELF LOADER program plays an inportant role, which is used to relocate

t he addresses of functions and variables in the application programwth
addresses in the enbedded operation system Specifically, the ELF LOADER
program extracts available information 5 fromthe ELF file, calculate the
addr esses used ]etﬁer t he reI ocatl on for functions and variables in the ELF
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Summary of the Invention

In view of the above, the present invention provides an embedded platform and a
method for dynamically linking a program on the embedded platform, so as to improve

15 the speed of dynamically linking the program.
The technical solutions of the present invention arc implemented as follows.

An embedded platform includes: a middle layer;
the middle layer comprises at least one class, each class is encapsulated from at least
one function interface of an embedded operation system and corresponds to a virtual
20 function table, and elements of the virtual function table respectively correspond to the at
least one function interface; and
the middle layer is configured to invoke the at least one function interface of the

embedded operation system through the at least one class of the middle layer.

A method of dynamically linking a program on the above embedded platform

25 includes: an application program to be linked includes at least one class, each class is
encapsulated from at least one function interface of the application program and
corresponds to the virtual function table, and elements of the virtual function table
respecttvely correspond to the at least one function interface of the application program;

the method includes:
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25 includes: an application programto be |Iinked includes at |east one
class, each class is encapsulated fromat |east one function interface of
t he application program and corresponds to the virtual function table, and
el ements of the virtual function table respectively correspond to the at

| east one function interface of the application program the nethod
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el ements of the virtual function table corresponding to the class pointer
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Once the class pointer is created, function interfaces which correspond to the

25 elements of the virtual function table corresponding to the class pointer are instantiated,
i.e. the functions are given with actual addresses. At this time, functions corresponding to

the classes of the middle layer and functions corresponding to the application program are
dynamically linked through the virtual function table. And thus, by creating the class
pointer and transferring the class pointer between the class of the middle layer and the

30 class of the application program, the dynamic link of the application program can be

implemented.



5 the positions of conpiling codes in the nenory, so as to decrease the
time of inplementing the dynamc |ink of the program and increase the speed
of dynamcally linking the program Brief Description of the Drawi ngs
Figure 1 is a schematic diagramof dynamically |inking a program by using
an ELF 10node in the prior art. Figure 2 is a schematic diagram
illustrating the structure of an enbedded pl atform according to an exanpl e
of the presefinderbemtiaphc link of ficqupgrag 1}8smalesr@h@démC@ectglgaglnfacrhm;pmntm )
dynam cal t r t he edded ., t f or.m shown
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bet ween appiiclioe ;hag/xefn awitknaie dRPlobeatddoBy ROAGEHRM &@Ce@bﬂtc{ﬂ@ntﬂoglﬂnﬁ}%a”m e
of the pre i nvention. Figure 5 shows a developlng envi ronnent of
dynami cal O%dggﬂﬁﬂeeilﬂq BRUER §rianel lﬁb%ﬁ% BRXEACtIHS EMtonNEYR ditglde (¢ secalaklets gs a
core. sDetigl | f n I rd obj ect,
sol ut |5onslﬁléanljg)qlrtrlelgir%;Sg';Hsf1 g(flh ﬂng ool e 1}6;‘1\@&%&1’8#%% |q %gl vmg{(lléﬁ'c r%{fl m]hp r%ft ed

her ei naf tieplanrentdeg aikd dwanic rimkerfethc¢nd&g}amhe1damcmmauhy|.spg:ck1d5faaﬁ\y1mgﬁcmyd
exanpl e . Figure 2 is a schematic diagramillustrating the structure
of an enﬂ@éH’éﬂ%P’%ﬁ’ﬁ%ﬂ)‘?'m according to an exanple of the present invention.
As shown in Figure 2, the enbedded 25platformincludes a mddle | ayer.

In the exanpl.e, invention, the mddle |ayer is encapsul ated
fromthe 5L AHSATHNIIL OF ENC 401 ¥nd i s conposed of classes, each class

corr esponds t. o one
Figure 1 is a schematic diagram of dynamically linking a program by using an ELF

10 mode in the prior art,

Figure 2 is a schematic diagram illustrating the structure of an embedded platform

according to an example of the present invention.

Figure 3 is a schematic diagram of dynamically linking an application program on

the embedded platform shown in Figure 2.

15 Figure 4 is a schematic diagram illustrating the interaction between a middle layer

and an application program according to an example of the present invention.

Figure 5 shows a developing environment of dynamical application program in

which an [nstant Messenger is taken as a core.

Detailed Description of the Invention

20 In order to make the object, solutions and merits clearer, the present invention wilf
be illustrated hereinafter in detail with reference 1o the accompanying drawings and

examples.

Figure 2 is a schematic diagram illustrating the structure of an embedded platform
according to an example of the present invention. As shown in Figure 2, the embedded

25  platform includes a middle layer.

In the example of the present invention, the middle layer is encapsulated from the

embedded operation system and is composed of classes, each class corresponds to one



virtual function table, and elenents of the virtual function table
respectively correspond to function interfaces of the enbedded operation
system When the middle |ayer is encapsul ated fromthe enbedded
operation system function interfaces which are often used by the
application progranms anong all functions 5 of the enbedded operation
system are encapsulated into the mddle layer. The function interfaces with
rel ated efiftedtiungiondablapand elewents of heovitual] seionrable armeplively edrecspencer f aces
of draw [ e acter editing functions, the
|nterfacggfgyp%g"&gﬁﬁﬁégﬁﬁgcgﬁ%%ﬁ% c?ﬁgﬁgﬁ%ng the interfaces of
information transm ssion functions are encapsulated into the mddle |ayer,
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of conpiling and generating a BIN file, f ase of downl oadi ng and storing
g
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interfaces,of the application program and corresponds to one virtual
functi on “tlféfbm%tm“a‘h‘&ils&lﬁ%h fgictiops; He cosappyiaed flﬁlﬁcét Pgiorfaplags. agipeless vSeI y

correspo ufvaleBth% bl @Ae%t ;ﬂ:ﬂ"ﬂ '19{?!3 cjinfﬁ r @G %ﬁlaﬁg {ﬁ?o?c@p(lf‘ 1891&

program Simlar to th cl dss o ayer ons corre pondlng
to i nterfcaggsndints.t he class of the application programare related with each
other. In the application progran1 each class is equivalent to a conponent.

Ther ef.ore, |ca i,on ram.t hr ou the class is
retuarty g B anE d BhaidRerhBieh 8 4ORReaRt Bbe o ARRiiEs S e
conponenuﬁ;mﬁ&mnagﬁ@ubgnbQMQeﬁgngQ@q that, the follow ng four problens need
to be solved to dynamcally link the programon the enbedded platform a

function inport problem a finmetion export problen1 a sub-ftnction invoking
probl em and 8 Y1o8Han Rgee ablhe nrerediicon dynaplcaliy limkiag therropliesiionmpesgrempr obl em
refers t ed e ystem

t hr ough %@2&%& dcg Ip!lé%ghgcroﬂg 1H1[[LhEl'1cP gelﬁ:l a%ﬂal | Oﬁ»ﬂgﬁggr L h(g(,%ﬁ‘} dogjn'[o%&n 11d

| i nked; ShmmgmM£BU©mHemeRﬁcpfhbhemuheﬂ@ﬂéﬂt@nm@wlm&(Mh%@kmﬁaayﬂmnmglOn of

t he plucatlﬁl‘gr gran1through the m ddl e layer by the enbedded operation
syst ﬁ] LR PRUBURELS B i nvoki ng probl emrefers to how to invoice a
sub-function of the application programby the application programor the

m ddl e | ayergheangliédion Phohah Viach aklygahRe ikedh R §Bration system shown
in Figure 2 is composed of one or more classes, each class is encapsulated from multiple
function interfaces of the application program and corresponds to one virtual function
table, and elements in the virtual function table respectively correspond to the multiple

25 function interfaces of the application program. Similar to the class of the middle layer,
functions corresponding to interfaces in the class of the application program are related
with each other. In the application program, each class is equivalent to a component,
Therefore, implementing the application program through the class is actually equivalent

to dividing the application program into multiple components.

30 It should be described that, the following four problems need to be solved to



10 refers to, if the application programincludes a global variable, howto
rel ocate the global variable of the application programin the embedded
platformafter the application programis |inked to the enbedded platform
The function inport problemand the function export problemmainly relate
to the phase of conpiling and generating the BIN file and the phase of
dynam cally |inking the 15program and the sub-function invoking problem
and t he g‘fY@B’éH‘CaU&rllnéb‘Pé pF%@Fl(@nﬂlbrﬁH@F@(ﬁﬁdnﬁﬁﬁ‘le riefumetéon gnpdve pishbese wof

conpi | i ng,ane 9&;{5‘3& M? 8:[ Q@utﬁhﬁ‘cu volql%é) (ﬁi&ﬂ%ﬂ& Eeg:h&Q?K/ax%})? RRaggiown in

Figure 3 as an rogramon the
enbedded jpbéalefior m shown in Figure 2 is descrlbed accordlng to the
characteristics of an enbedded operation pl atform ARM 201) The phase of

ili t e Firs grammer writes an
SSSF : c:';ttn ?oﬁ”ﬁp%gtﬂfehi’%‘ Iﬁ"% o |Pa%b5°*? dFilﬁ{S BnRPVaLR u‘?“’é’ggt"h@f‘&%‘)fa%lbl‘i“tb&fiii‘éh
progr am l@cpe@l@m@§§@lnqp‘uofa%1@§@%ddﬁea1§§mqué abﬁiuﬁﬂ@ﬁB?&é & &bl fomaganor more
function interfaces of e ap&el catl on program and corresponds to o

virtual fliuvkedi e fltl*&bb@cxmblpte n’emrtesb of havathinypkasualundtiomatfithmappdiohteon

f,f f
et val enfoa REERRTRS ofgfh AL 81t SEPRIRRL R Finaatin: I difeiopron

Conponentlﬁvol@ﬂigipﬁihlﬁm C@"ﬂ’@@@@xﬂw toSineakap hedfunbiich eNgeGhpB&tion ploﬁlhafyv"ar ds,
t he appllcatlon B@ogranlls conplied into Position Independence Co

(PI Cs), ahlapplicappodropran guribe aiddieilpyes ped theoglobalBranapiel Iecatrpnanpim@gl refer
toc es S € g on a
speciti ¢ ‘%Eﬁggﬁﬁ%o%%@ﬁmf%d‘@ﬂ@@?ﬁ%g PSRRI e EIRT B ogr am
i's conpi Ivvaddlbiy ofstlmgam:rknchRl‘vi AdSrdn An cihepirhiesdded h%lﬁﬁﬁeaﬂ@f thiehgpiipgioncat i on

program into the Pl.Cs through an acps/ropi conpiling
option, ‘érjémtlf’] ‘q%df‘% {c ‘B’Fb"fiﬁ‘éﬁ’lé‘&““bptl on indicates that the positions of

generated read-only codes are independent. 5Since the application program

is conpiled Y Aunkiéh Phiets pldBlddgndhRs@nSiod 8&%’11“&061'3{% by J !cllcﬁe tngl% BIN

file may be | oaded into any storage position of a nmenory o edded
pl at f or mphase OfSIOnwlltg}mida;ﬁpbnabag IJIS\‘-nBI&L B@ramh the paseiod dglna:mcdi}rﬂmhkmgp the
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mainly relate to the phase of compiling and generating the BIN file.

Taking the four phases shown in Figure 3 as an order, the method of dynamically
linking the program on the embedded platform shown in Figure 2 is described according

to the characteristics of an embedded operation platform ARM.
20 1) The phase of compiling and generating the BIN file

Firstly, a programmer writes an application program in a class form, and ensures that
the application program is composed of classes, each class is encapsulated from one or
more function interfaces of the application program and corresponds to one virtual
function table, and elements of each virtual function table respectively correspond

25 different function interfaces, which is equivalent to that the application program is

divided into multiple components, and each component is compiled into one class.

Afterwards, the application program is complied into Position Independence Codes
(P1Cs), and the PICs are generated in a form of a BIN file. The PICs refer to codes which

can be operated in any storage space without depending on a specific storage position.
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10 m ddl e layer may inplenent the inport and export of functions through
the interaction between conponents or through the classes. It wll be
described in detail in the phase of dynam cally |linking the programhow to
inplenent the inport and export of functions through the classes by the
application programand the mddle |ayer. For the sub-function invoking
problem the fungtlons of the application programmay 15 be operated

i ndependent | YRSt BathrroRePplisition grosenph |cptﬁgll@<hby fging tth o HEMoA DB

appl i cat i Qp, PEOY ibﬁ&ﬂhe é@hcdﬁ?ﬂ\@foghdn Hﬂ ﬁ&? nlt(p@ﬁ%ﬁ?@g ﬁn{» @nd% the

storage position of the co sec corr s on er en uncti ons
do not owepd/api wirttpiliegohtiat, vererd the telfectadnip dopn@tamdn@emacr tahi ihg pphiase of the
BINfile, so as o facillt te t.o invoke each function and not to influence

ot her fuﬁgﬁfﬁﬂg 54001 Fadeapieyndsradtfhe application programis conpil ed
by using the ARM ADS 1.2 conpiler, the functions of the application program

are canpi | edsingd QetaBBidAlioR phdlrAHIH cAnFRIGAIPLE PG, @R THhasd S8Rl LS RN €
i ndependent and do not overlap with each other. For exanp1e suppose t hat

there is HN afgp@|[h<bé3tINoﬂic,pmlggrh§;nhoa@(,df oitd ewy tpragenposition of a memory of the

appMai n( | _ i d**ppobj) 25 funl(); return O0; void fun I (void)
5Suppose ?ﬂ%h%ﬁﬁh@ﬁgﬁ of appMain is always conpiled at the initial address

0x00000000 of the BIN file and the application programis conpiled through
acps/ropi caiptd ihegipplitation ogta@Qsativiged (g naptiple Ronm@oRaid Adigthe esidliles are
shown in Table.l. functl?n addr ess
layer is implemented through multiple components, the application program and the
10 middle layer may implement the import and export of functions through the interaction
between components or through the classes. It will be described in detail in the phase of
dynamically linking the program how to implement the import and export of functions

through the classes by the application program and the middle layer.

For the sub-function invoking problem, the functions of the application program may

15 be operated independently with cach other through compiling the functions of the
application program into PICs in which functions are independent and the storage
position of the code sections corresponding to different functions do not overlap with
gach other in the compiling and generating phase of the BIN file, so as to facilitate to

imvoke each function and not to influence other functions.

20 Specifically, when the application program is compiled by using the ARM ADS1.2
compiler, the functions of the application program are compiled into the PICs through a

Z0O compiling option, the PICs are independent and do not overlap with each other.
For example, suppose that there is an application program as following:

int appMain(Ishell*ptr,void**ppobj)

funl(};

return 0;



appMai n PC+ 0x00 fun! PC+OxOA Table 1 In Table 1, PCis the
initial address of the BIN file, and OxOA represents an offset 10address of
the function funl. As can be seen from Table 1, after the application
programare conpiled into PICs in which the functions are independent and
the storage positions of code sections corresponding to different functions
do not overlap with each other, the junp between the functions is relative
junp, the posltlon after the junp is determined by the shift address. 15In
this way, each function of the application programcan be invoked by the
functions ingjidamtpei@ppl i cation programand the functions outside the
application program For the gl obal variable |ocation problem two
processing nodes may be adopted. In one processing node, the gl obal
variable is placed in the struct of the application program and thus the
gl obal variable in the struct is also conpiled into the PICs when the
struct is 20 conpiled into the PICs. In the other processing node, the

gl obal varidble is conpiled into the Position |ndependence Data (PID). In
the former processing node, nultiple application prograns can be | oaded on
t he enbeddedSyipatd ahen fahaiwm iofi dppyiuie 2 alvayhecosaiedt itmic Shinge atidessgl gbgl
vari abl e | red in tru t of the applicatjon p ram it is neede
to obt ai Qxﬁﬂ@&@pﬁlﬁ?glﬂ“’vgm a{'ﬁ‘i’ &ng thsnan éatg)c‘"‘rlﬂ@%laﬁh@rf“oﬁh’ékgI“éiBa%h pariapl e i s
used, an i I i ng node,
since t gogbgg%(kgg??ggzghkgﬁ%%%ﬁﬁﬁﬂm ?ﬁ?%ig%gﬁgu%ﬁéh éwgwgggﬁ%varlable nay
be stored outside the struct, and general ly stored follow ng the storage
space of_the RAM in whifghetiohe PICs are | ocated, to avoi daddtss cross-donain

access. |5Wien the application programis conpiled by using the ARM ADS 1.2
conpilen, data appMain PC+ 0x00

funt PC+Ox0A

Table 1

[n Table I, PC is the initial address of the BIN file, and 0x0A represents an offset

10 address of the function funt.

As can be seen from Table 1, after the application program are compiled into PICs in
which the functions are independent and the storage positions of code sections
corresponding to different functions do not overlap with each other, the jump between the
functions is relative jump, the position after the jump is determined by the shift address.

15 In this way, each function of the application program can be invoked by the functions

inside the application program and the functions outside the application program.

For the global variable focation problem, two processing modes may be adopted. In
one processing mode, the global variable is placed in the struct of the application program,
and thus the global variable in the struct is also compiled into the PICs when the struct is

20 compiled into the PICs. In the other processing mode, the global variable is compiled into
the Position Independence Data (PID). In the former processing mode, multiple
application programs can be loaded on the embedded platform shown in Figure 2 at the
same time; since the global variable is stored in the siruct of the application program, it is

needed to obtain the global variable from the struct when the global variable is used, and



sections of the application programis conpiled into PID through an
acps/rWii conpiling option. The PID refers to data sections which can be
copied into any storage space of RAM and operated. Through the acps/r Wi
conpiling option, the data sections of the application programare conpiled
into the PID, and the PIDis stored in a storage space 10 [R9]-(OFFSEL
[RO] represents the value of a register R9, and OFFSET is the value of the
of f set adiHseils OPIRLQ} Betompba il laHe riagcssios owsleduined the adehabsariabheisval ue

of the register: RO n bg .cont i gur ed Lyal Wi, ch 1S equal to the

i tial | SOPLELEPERpRRe RN RS B3y B YEHAUCIE st a0
vari abl e sicsecsfodloedhd okl sawhgegsiiabe oBkN RiAM irohhRhngd PDYs e@npidied) o bhed
application Er‘o ram 15Since the register R9 is needed when the gl obal

vari abl e 4@ CSHPOMEY 454¢5S the PID, the application programs can only be

| oaded separately when the latter global variable |ocation node is adopted,
I.e. kt Is i1\WRasEkRbSidaBoh PR dRFlABP LIRS HIOAR RI RA it BaF 2me
time. In addition, !Dﬁh tdh(él gﬁ%ée Q}’f‘“ copﬁﬁlal iprillg[ and generat’i %cﬁg’é&gﬁﬁﬁfi | e,
it is needdigns of theepploepoh eroghen prrdomuiilet énth AR tthronglodn tdps/rAfypkompilingn
program at .t he.i ni.ty al. address of the BN file, i.e. conpile the entry
poi nt of °F %%n aldlﬁlqiI a{"’.ﬁéhq%%ér%‘r >l ‘Evhlgfl i“Af Pfﬁpﬁadf‘@s@%@ﬂdﬁ% SECRI O} | e,
ensure | Goaing derLat h"EﬁMghoﬁ‘l@Q{cgngbh_@o@lthg Q}?ﬁbl@,nﬂ]@rdaglr SUUIEST the
dynam cal 'y _linking the program Specifica I}/, he entry point of the
appl i cat PR IBHYYPWRIANS aoreriR)ied datoabe PIP; aush thotPéa is Merabhipl 4 gamigonpase ogr am
is C ik 5 Ntk i.catlon. brodram g comiled.by, using the ARM
AL D ot e T PR s B R RS SRR PR SR S N 11
t hr ough affsdhadtrestteordthie dvoiicihe dataadsisdsmanf acc@debe ganebatirdedibieorgh t he

t hunb node ener?lly shifts for, 32bits Sﬁi]'e' 4 byt es) conBare with the

to

funct i on"HYdEeealigrred 3 dsvagenpish dy cay infial addresrodeBUNER pivsethenbedded
oper at i 05;,S¥BHRMINARKES. HBSIARPLASAL RNy ihMHRUSIN Gie Rk agl e Tayer
for the fi7r st tineg, lt he “ent poi %I?%%%%t&g%@g(;l%%gg%pﬁﬁ\égﬁ %%%g}f(gg%am

poi nt s t compitieg gesipplicmioofpredrami niti al address of the buffer in which the
BINtile is |ocated after shifting for 4 bytes and the application program
is executedg.e.qg, if.the,initial address of the BINfile is 0x8000  the

entr 3 pot nt SiGeTre FadBoRY Robied B b Ta08baERD e camBisEi B Pogr am i s
conpi | edpmmp@uga_tniohgapgdammamw beascH REJAMEI When el 1BitdNBoRPRLESAL T on
programis conpiled into 2 bytes (each instruction is conpiled into 4 bytes
i f the apstivanhpdnisglerfedrhe 8 isbmpsiskible to headughitiplvepalivntivo dedgrambitiche can
decreasegthe;slze of the BINfile, increase the operation speed of the

appl i cation program and save power consunption. |Ib sumup, in the phase of
conpiling and generating the BINfile, the application 10 programis

conpi | ed i nfo addigoBliN the phgsetdfecoantiling pei pincofiing hike 8PN fileak iOned@e®gs am i s

I ocaé ed in t.ge. i ni.t |%I§ addr essf_, of the BINfile; the applicatiaon prﬁ\?r amis
comptd ed®4PRE PHETBHPE pgliongl shagpphsyimasogam 4 dhepngtial gifress oAile BBY ai ned
by conpi fiienge didfiglcant hePGhiRRT B b IRARPHIGAN ANRTALAT A0 mover | ap
W th eacﬁ cot her ;l Itﬁ‘k(ie glbgbgﬁg \}ari abl gﬁé}nm?(ﬁgblggp%? ggﬁgéﬁg%?(%tﬁgﬁmﬁgh(éonpi | ed
i nto t heBP Djleptto teneurgl lobalingy & icath eongostnor ed tlien appleaton yoogram when

dynamically linking the program. Specifically, the entry point of the application program

is configured as —~first when the application program is compiled.

25 When the application program is compiled by using the ARM ADS1.2 compiler, the
application program may be compiled into the BIN file through a thumb mode. The
function address of codes generated through the thumb mode generally shifts for 32bits
(i.e. 4 bytes) compared with the function address of codes generated through the arm
mode. When the embedded operation system invokes the application program through the

30 middle layer for the first time, the entry point pointer of the application program points fo

9



150f the application program 2) The phase of downl oadi ng and storing the
BINfile In the phase of downl oading and storing the BINfile, the BIN
file is copied into a file systemdirectly. 3) The phase of |oading the BIN
file 20When the BINfile is |loaded, the BINfile is copied into the nenory
fromthe file systemdirectly w thout needing to parse the BIN file or

cal cul ate according to.the information in the BINfile. 4) The phase of
dynanlcaﬂhprWHR?ﬁgtb%é“b?dﬁﬁ&ﬁf(ﬁth@buﬂﬁ ﬂh@hﬁﬁd§@[HN'HVh&MP@&Wi?ﬁﬂlnklng

the pr ngs,ﬁmm %@@Bﬁ?ﬁdﬁd 389 a@%ﬁgn%ﬁ%@l &thdzg’%g & @ﬁu%i%ﬁ&m?p%fm er is

transferred tmeen ayer a ass 0
applicatanBﬁﬁé@raﬁkBﬂ@anphmmgnhupbmunmb@Mﬂpamduﬁ%@dﬁi of the functions.
For the function inport problem by creating the class pointer of the

m ddl e | ayery,,, the application cl ass poi nter

oi nt to-t neWiehdfe GRRER i B RGN TRk % RumR bt ot TRt
enbedded igpes @;&p[i@[ﬂu&]\/ ?fli‘ni 8 dRgAl8dntol Z‘ﬁfxt@mta@lﬁ %ﬁuﬁ&ﬁd:ﬁﬁ&%mﬂﬁ B9 ifiyncti ons
t hr ough correspon |ng el'enents in the virtual function table corresponding

to the clbats ibthetapeliertigalpeodrapds compilgdnihekghttheahunotle)o mdidf canhigcreatvedded
Soperati e SYSLER: BIN file, increase the operation speed of the application program and save

power consumption.

To sum up, in the phase of compiling and generating the BIN file, the application

10 program is compiled into the BIN file, the enfry point of the application program is
located in the initial address of the BIN file; the application program is compiled into the
PICs, the storage spaces of the PICs which are obtained by compiling different functions

of the application program do not overlap with each other; the global variable in the
application program is compiled into the PID, or the global variable is stored in the struct

15 of the application program,
2) The phase of downloading and storing the BIN file

In the phase of downloading and storing the BIN file, the BIN file is copied into a

file system directly.
3) The phase of loading the BIN file

20 When the BIN file is loaded, the BIN file is copied into the memory from the file
system directly without needing to parse the BIN file or calculate according to the

information in the BiN file.
4) The phase of dynamically linking the program

In the phase of dynamically linking the program, an actual class pointer is created,
25  and the class pointer is transferred between the class of the middle layer and the class of

the application program, to implement the import and export of the functions.

For the function import problem, by creating the class pointer of the middle layer,

10



For exanple, the mddle |ayer includes a class WastString, the class

Wast String contains a pointer of the virtual function table (pvt), and the
virtual function table contains three sub-functions Wast String_Real ase,
WastringString GetlLength and | fastString_Find. Table 2 shows a schematic
structure of the class WastString. | Fast Stringvtb | *pvt. char

*m p Strlnﬂal nt I n Len wvirtual functjon table | FastS tring R ease s-

| Fast Stri deglfqgg%plrpgf angjpakes e (‘rli,zﬁbd gagrgpointer point to the class of e middle

layer in which the functions of the embedded operation system is located, instantiates
corresponding functions through corresponding elements in the virtual function table
corresponding o the class of the middle layer, to invoke the functions of the embedded

5 operation system.

For example, the middle layer includes a class [FastString, the class IFastString
contains a pointer of the virtual function table (pvt), and the virtual function table
contains three sub-functions 1lFastString_Realase, [FastringString GetLength and

IfastString_Find.

10 Table 2 shows a schematic structure of the class [FastString,

virtval function table

[FastString
[FastStringVtb1 *pvt + o LFastString_Rlease
char *m_pString [FastString_ Getl.ength
Intm_nLen {FastString_Find
T

When the application program invokes the functions of the class IFastString, a class

pointer  FastString is  created, and three members IFastString Realase,

15 IFastringString_GetLength and IfastString Find in the virtual function table to which the
class pointer points are given with actual function addresses. In this way, the application
program may locate to three functions IFastString_Realase, [FastringString_GetLength

and [fastString_Find in the embedded operation system.

Thus, when the application program invokes the functions of the embedded
20 operation system, various classes pointers pointing to the classes in the middle layer are

created through a management class e.g. a Shell class, the class is created according to the



Table 2 When the application programinvokes the functions of the class
Wast String, a class

poi nt er Fast Stri ngi scr eat ed, andt hr eenenber sl Fast Stri ng_Real ase, 15

| FastringString_CGetLength and IfastString_yind in the virtual function
table to which the class pointer points are given with actual function
addresses. In this way, the application programnmay |ocate to three

functi onsf%gthgt%ﬁ@_gz@anag@, layggsthe ifwepSoniinigrfmss cemgphnding ta frasi@heitng_Yi nd
in the enhe ton, Sy.stem. . us, . whe he appli.cation program
i nvokes Pﬁeﬁ? 5\%?&?3{?\@&%@ tta % ltél Eecﬁ%laesél aﬁ%l;%g%gfl t}é?)’ngnscilg’t%edr#)ﬂ\?‘gﬁnoﬂg glc?ﬁhsses
poi nt er s lpoiter fongetfondtioas dhtasaes comedpbading ddlie: tiayerts i ehcvie@akedmtidough a
managenment 1(_:I‘assl.ﬁ. ﬂ g, Shel.l class, the class is created according to the
ID of the2RF48Mith fifeclissniniey Bgiat thiongh fhmeierish clast epiniseeShe 8P édhondi ng
to the el gment Shedhiddelayil ik Ualerh 08 WIRR th@RtId RyvENE o§ ln@ﬁ?d %1? when the
instantiated, and the application program | ocat eg to th anctions

i nt er f acewpbortoaspogdinngntaies ke elassrext the i middhee layer, tthalappliiohoprop@bl e t o

whi ch the cl ass., poj.nt. oints through the created class pointer. The ID of
the 5 clSusRrotP il e e ety &ef iy ﬁ%ﬁ%‘&t%& ﬁfatsﬁémﬁii%@dmén%’éwt is
conpi | ed,clapdreatte Rotrbgoa@nl ckdd pARcPLABFARY (TWOTOSS (HeN8asE 1S Brafic ks i i ddl e
| ayer, the application programtransfers tlﬁe ID of the class to %e I nvoi ced
to the neckisyERBi te hgseplicalign pigrsmnagenent cl ass creates correspondi ng
cl ass pointer according to the ID of the class and transfers the class

poi ntigr to tRe i C ALl Q. ram.  JOAccordi ngly. the entry point of the
appl i cation pr%g‘?iggyh% (g]rél[ yﬁgeoglge@e]{h? é‘éﬁ ?C%%P ﬁé’ “g’(l)%{lP 6Wyn%e }fcé)?%lcﬁfﬁtm the
appMai n( $hiébwingtfornvoi d ppobj) return O; Through creating the class

pointers and the classes, the application program nmakes the class pointer

point to the virtual. funetion table, i.e. point to the class of the mddle
| ayer, and ilﬁgo S@?Wéé{}eﬁn@f’l"%‘ﬂ d8PPEspondi ng to function interface which

corresponds to the elenment in the virtual function table.

¥
T

return 0;

Through creating the class pointers and the classes, the application program makes
the class pointer point to the virtual function table, i.c. point to the class of the middle
layer, and invokes the function corresponding to function interface which corresponds to

the element in the virtual function table.

20 For the function export problem, since the application program is compiled in a class
form, i.e. the application program is composed of classes, each class corresponds to one
virtual function table, and elements in the virtual function table respectively correspond to
function interfaces. The application program instantiates the elements in the virtual
function table corresponding to the class through creating the class pointer of the

25 application program, and transfers the created class pointer to the middle layer to be
stored. The middle layer directly invokes the function interface of the class of the
application program when needing to invoke the functions of the application program, so

as to implement the function export procedure.



20For the function export problem since the application programis
conpiled in a class form i.e. the application programis conposed of

cl asses, each class corresponds to one virtual function table, and el enents
in the virtual function table respectively correspond to function
interfaces. The application programinstantiates the elenents in the

vi rtual funct‘i on tabl e corresponding to the class through creating the

cl ass poi nt efolgfie fipetion smpeyb pracgd e nilp epeitcakipn argram sreefes ke ¢lnss norer ed
class poi Rt @ P& IH EidatYBhed BB HSHLT EH: .. d NG M ddl 8 | ayer directly
i nvokes tfﬁ)tél fntffnct i1on I nt erI tace gi%mt ﬁé(g%hatilg ng ngﬂggg%%gbg } ?ﬁré ll|¢r:L)1P%C5Lg°rnam when
needi ng taxpprvokecdune fachctlons! ohe t dppliagphi eatgron Pr ogramicsovias tie

i mpl enent_ the function export procedure. For the function jnport

pr ocedur éPP Fﬁ’é{oaﬁ’;s?%*&a’t %0 “B?%gr é‘?n?%%é’éit e BRE f’@‘? SETHEH W etonyBiing ikg t o
the clsassipgficaiiof r8ghay Biio WY alg@he 1Ry @Q%@ﬁ‘fﬁgttl1@ |BE}§ISHIGF 9f chGaltnGL i on
export procedure, each class of the ‘application programis instantiated
when t he capphi ¢het ingianiiehelas dishe gmpichier, prograoiadti thg nikiéleBiNr tirtelygéeher at ed

by conmpi l.jng 1t he application ograminto the nmddle |ayer (i.e. |oading
the BIN 1118 1%?“?0%3 ARl B 16 e e FaitR b Brogrdi e cot qife

appl i cat itonmpleaghannctidiocife:, Mddhe dranehpslidast bibgrdrh Vi _rbgfdeagio.
operation systeminvokes the class of the application program 1.e. in
order to hedpidepeyqaneypkyd dsesdyt, the class of the application program
which is copied into the mddle player is invoked directly. 10To sumup, in

t he esent - t . Ja.. ) er..1S.:aRG ul at romithe ephedded
oper g'? ion syg{gﬁlﬂ Lgﬁgntlhg%éép%ﬂ?%gf !1@(%1, pﬁrl%gl?lgﬁgﬁgﬁﬁi f\%i Cglgalgs’lundt%odt ?rlﬂrlt | e
conponentesibetidadugheratien clysismesndsheaspilioationplpesenh isntlieiddt inoh Hhetipeen t he
m ddl e | ayer a_ng _tlhe ?pgl i.cation programthrough t h§ conponents. referring
to Fi gur&pponcnts throughpheplagses, spas 4o Spplemart inteichgn Satveen dsvpiidialgyarne

i nt er act i (R&pHPREMoh P A Bub BN ohBaNG L Ree2PRké FRLLLD Program
according to gltr]?ngarrpli&e of thieu%r esent Ei nver’l?(iq%ln. B Ftltu?l&gi gure 4, when the
application programneeds to invoke the functions of the enbedded operation

system the ldpas¢ ipsisphamatisalisgramg!lusrating thel iassactibn bhievemn del reiddiyleyeri s
created t0:in e onponent i.nteraction, when needing t.o invoke the
appl ilgat i‘@%”&%@@%“ g’ R devosding agn TW@[%é@%f H@“dgﬁ‘?‘%&ﬁ?‘?‘on pr ogr am

t hrough the stored class 20pointer of the application program and the
cl ass poi nt dn Gfuthe apgl ilcatiptivatpmogiogarint Sic&dseat gdolky Hehgma@ilsi et kon
program i t%eé% and stored in the mddle |ayer. After the mddle |ayer
i s encapSUPSd WFBHPE RS IERDEEEEES BpdrearPEing y iherglassioddke widsdle hveriact i on
bet ween tAGq ABPAHRthé AondidGedl Ak Kb Y GhedNMdediRe ¢ RERL SypBficAild
application Lpr ogr% ca]n t())g IJF’rr(fnll elmeriu ellg Tﬁvﬁ%ﬁgm%u%lﬁg tgﬁggog{é’s{%élpgiécr#lggpondi ng
appl i cat pwgraspthogmnaldlc daycbenddeeltbpedplontivherogdadl thrd@pethe stored class

20 pointer of the application program, and the class pointer of the application program is

created by the application program itself and stored in the middle layer.

After the middle layer is encapsulated from the embedded operation system, since
the interaction between the components of the middle layer and the components of the
application program can be implemented through the classes, a corresponding application

25  program can be developed on the middle layer.

Figure 5 shows a developing environment of radio dynamical application program

in which an Instant Messenger is taken as a core.

As shown in Figure 5, the developing environment includes an embedded operation

system, a dynamical application program middle platform (SDK) and a dynamical



Figure 5 shows a devel opi ng environnent of radi o dynam cal application
programin which an I nstant Messenger is taken as a core. As shown in
Figure 5, the devel opi ng environment includes an enbedded operati on system
a dynam cal application program m ddle platform (SDK) and a dynam cal
application program The SDK is the above-nentioned m ddl e | ayer

encapsul at efi fromthe enbedded ,oFerati on system and the dynam cal

appl i cat i BRI AP tiRe Hdove lvethoremeatiangs! midils bwcipensgpaatebfipil ed in
t he formy The..dypam.c | i,cat g I shown.in Figure 5

i ncl udes 13@ c(g{rlr%gﬁg%t&%%%d} rggﬁ?drlrpIadg@r\=zlr[1]ft| rffgy %RR) gg{pgn@%g uﬁlc:olgfac%, %a the
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| M pet function, a conponent D for inplenmenting an | Mvideo function, a

conponent E for.inmpl.enenting an 1M nmusic function.and conponents F and G
for inpl erren_!?cn%ylglﬁll%%gﬂféﬁdgiﬁ“é?b?ﬁ‘?"éé’ PRI '}'H%“"‘cgrlr‘b‘g?‘f@ﬁta MROFEFONEN F and
conpoBsentimGlantn€ih@ahShasict IM g idhddl @ndpdu&te B BOHMehbRi! 45 $8Seantdle, 10
components B to E are | oaded and operated after the conponent A’Is’ |l oaded,
that is temayentfufarippemcstne rehyispedfiencoiper atedpaint Rdosamdementing anhe

conponent : C I C W ih.the classes of the.c anent
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procedur eomipotdnes appid Catforompengiam al Rxichgos epplicdibe. PRK congoidie gnbedded
operation system are conpiled and 15 downloaded to a chip at the sane
time. ThEOXPPIGIE &t FBherngeanttiscrmety whkdee myddenlavar fyoush theidasess, e a form
of cligss y At Clif G appld.catl on f tions,, and i.s. conpil ed
separ at oy by T He Pk RadRea e Ao Al BT § B §AuaS 3T T
syst em ofnultigle chringronamd ars empite ai nho samgenmey tef céhsorerkedded Pperat i on

system when needjng. tq be |oaded, and the SDK and the application program
i nteract C%“PW“&&L"H%(SIE ﬂErS%‘tﬁh&ﬁg‘@ Foppnegt 4darough thedassesrplihe s@BPPIRREM t he

above 1 eEiIcab a5 @l iilanS ik BiGdaRRI TRk tp@ieat%%g@ﬂhi s conpiled into

the BIN file and downl oaded, en the application progfam needs to be
operated, it is only needed to directly copy the application programinto
the nenory, lantigiifeSs ds Sdtfenndf thecembeldedpenrcratmndseseporare pootplledsndr e
aut oqmt i gal Ly hopLement ed, . 2o through creating actual  cl.ass, poi nter and

tr anrgi er ??‘ﬁg%td %Jemg Ida%;n %t(c)llmrlf‘lellrw ot ‘vvegn“ptpﬁé‘mrﬁngjd?*éml“i?}@? h&ﬁﬁi ‘E}H’émé‘ﬁ‘ﬂl‘/i cation
progr am isMatitontin pafainn@f @lase dbe ihplehgrth epdii Elk%@ati(ﬁp f@&bRs,iMArgve the
speed of dynamcally linking the program Lo reover, the storage
space ocEUBPEY BRPAFRAY BIYNHiRg drcomedioAedony iadripiuei hgs tdewnkpged cati b
program k& Qner hiidi q the, s (o] Cupi.ed, by ”2 ELF fil e obtained
30by corrp)f%l LI ng the ﬂoppflcll csjat&lp ocr?q%%o‘glrng%%%g?lﬁ&fq %E{g@?%g <t g‘ﬁ%éy%‘ﬁ%é’gm%n be
saved i f neddeng to be loaded, and the SDK and the application program interact with each other

20 through the class.

As can be seen from the above technical solutions, after the application program is
compiled into the BIN file and downloaded, when the application program needs to be
operated, it is only needed to directly copy the application program into the memory, and
the subsequent function import and export problems are automatically implemented

25 through creating actual class pointer and transferring the class pointer between the middle
layer and the application program, without parsing or calculating the BIN file, so as to

improve the speed of dynamically linking the program.

Moreover, the storage space occupied by the BIN file obtained by compiling the
application program is one third of the storage space occupied by the ELF file obtained

30 by compiling the application program, and thus the storage space can be saved if the



application programis conpiled into the BINfile. In addition, the
interaction between the mddle | ayer and the application programis

i npl enented through the class, and the interaction is based on conponents,
so as to facilitate the conponent update of the application program the
conponent update of the 5 mddle |ayer, or the conponent synchronization
updat e of t{]e application programand the mddle | ayer, even the conponents
of the mAHBIGUPRYEIIBY it gowlsplinte dig BN Bkogr am may be used to construct a
new application, so as to inplenent the plug-in of the application program
Thr ough consgr gt iRlPRE ol [ ) atdy T \ ..of the
application %r%gfllé’ﬂqghhg;}&ﬁgﬁg?’hgmc?lgg‘% & id(F:&I hla?éslo‘@?r%lé(g ?ﬁpl?gﬂr{(ﬁ{ ﬁ’g’gﬁg{/@ opnent
of the 10apphicogdi Broughage atasef adhtheoperativons $ysideon ebmaoimas; isntal doi gent

mobi | e tel ephone. The foregoing are .only preferred enbodi nents of the
present  TRUGAL Bh CamBAE PSP Gealicaon iRyt rampPBTe P th o Wepe. of
the presemitidicny@ntor &k cofPonsMAkhdealihfRn u%gét{b\é@{h%rhbpﬁ@a@ibﬁ%ﬁféﬁﬂﬁ aﬁd‘g)e
i mprovenent made within the scope of the present invention shoul e
covered undéle layee entheconpangspplthomitdle laycegettc apphation orogrd® ma@bai ms 1.

An embeddes | atform, conprising a mddle |ayer: wherein .. the mddle

| ayer co?rlg% gﬂeg&]asﬁ{l{pedag &Hgﬁ%\t%g’s?o %%g%“}%ﬁ’ lg'éé’mi %“’enﬁ%ﬁ’s% H]fea(?pﬁ?déwpat

| east ongrdgemat Tanvuphtenfiactngfa poparedidethnoprRIfain Ofhe SKSEIBAMBAdo the
corresponds . to a virtual 5function table, and el enments of the virtual

funct i on 2PRIAZEOR FEQEAN WaY pecumPBEpbndhich it Henefit fasabe dsrelopment ofothe

i ntenface; ] ok 1 i | Qur 0k nyok e at | east
one f]{)mc'(tgl P %Er?]é}ﬂ%? glrof’g%gog%gg hgla{én%%gggog%ggrlg :t%ﬁge é‘ggkogﬂmgfcﬁcﬁ’gég% t he at

| east one class of the mddle layer. 102. A nethod of dynami cally |inking
an appl i cat i'ldr fpraggmamrooniyheeenbe ddbddipleats df the prabmedvintos laad arelyotwher ei n

an application. programto be |inked conprises at, |east one class, .each
class i s?%nﬁ%?pgﬁﬁlﬁﬁté% fl?c‘omoé‘fCt‘PEa?Ppeoﬁg%lr’%ﬁé‘??'&nllﬁvﬁ‘fté’ﬁ dey BTO%EI%@“OIL

appl i cat bQilvRERGEAIRANG: GA [IBSBOAESt ioadeREMA TidRbpd Hf‘f}:tegf?&eﬁﬁmr@fﬂio nd
el ements of the virtual function table respectively correspond to the at
| east onéhdulghbe togrddnmdes e era¢ctivhscope of the present invention.
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15application program the nethod conpri ses: conpi ling the application
programinto Position |Independence Codes (PICs), wherein storage positions
of different code sections in the PICs which are obtai ned by conpiling
different functions of the application programdo not overlap with each
other; copying all the PICs into a nenory of the enbedded operation system
20creating a class pointer, and transferring the class pointer between a
class of a mddle layer and the class of the application programto _
dynamically link the application prdgtsms 3. The nethod of claim 2,
wherein the application programconprises a global 25variable, the nethod

further conptisesnbedded punfpirhi dgnpriRéedl @liale Mpdi ahbeinof the application

programinto Positian |Independence Data (PID), and storing the PID

fol l'owi ng t hBeprigdle lgxer comppesst legsiomarciayacpebelassrie prrepgulaed angagéeaat .
rocedur f o dynam cak. ol PKLENQ. ik < .00 Rrogr.a | e net ho

gf cl ai m‘%znta mgg}gﬁmﬁﬁ‘?ﬁ?g%pﬁ %g??(%jggﬁ?glg Pg%%g%t%r?q}g e%lgkg%qnggi? av"z’al‘r%iuﬁ]bl e and

a struct ,fundienrtetlhacdfaimbdnes othapirisefnction tablesiesyecigely barghobbdo thand abl e
of the a Qllcatﬁonkgno&%ﬁnkﬁnto the struct of the application program
conpiliné*ﬁh%“%.ﬁ?? LRSS EB8r am i nto Position | ndependence Codes (Pl Cs)

conpri ses: COBRhidURIal e s ohHSlred RS GvoR€ (! &8teast one. funéiog-riggerﬁgv\%_lnpﬂwm
claim 2, wherein conpiling the application programinto PIGs, erein
st or age poyictiahepeitiodisystendhouglnthe as bastionnsldsnof the nfddls laphi. ch ar e obt ai ned
by conpiling different functions of the application programdo not overlap
with each other conprises: 10conpiling the application program by using
ACPS/ ROPI conpi ling option and ZO

10 2. A method of dynamically linking an application program on the embedded

platform claimed in claim 1, wherein an application program to be linked comprises at
least one class, each class is encapsulated from at least one function interface of the
application program and corresponds to the virtual function table, and elements of the
virtual function table respectively correspond to the at least one function interface of the
1S application program; the method comprises:
compiling the application program into Position Independence Codes (PICs),
wherein storage positions of different code sections in the PICs which are obtained by
compiling different functions of the application program do not overlap with each other;
copying all the PICs into a memory of the embedded operation system;
20 creating a class pointer, and transferring the class pointer between a class of a middle
layer and the class of the application program to dynamically link the application

program.,

3. The method of claim 2, wherein the application program comprises a global

25 variable, the method further comprises:
compiling the global variable of the application program into Position Independence
Data (PID), and storing the PID following the PICs, to implement global variable

relocation during a procedure of dynamically linking the application program.

30 4. The method of claim 2, wherein the application program comprises a global

variable and a struct, the method further comprises:

&



conpiling option in an ARM ADS 1.2 conpiler of the enbedded operation
system 6. The nethod of claim3, wherein conpiling the gl obal

vari able of the application programinto PID conprises: 15conpiling the
application program by using an ACPS/ RWPI conpiling option in a ARM ADS 1.2

conpi | er of the embedded oper ati on system 7. The nethod of claim 2,
wherei n creatin a class poin and transferring the class pointer
bet ween a cl S84 %fm‘a ﬁ?%l B E?ef’f dhel aPREcatiogsBrogfant Hatoa gt isEet| oh U ogr am

20conpri | s&ahi ng, by the application program a class pointer of
the m ddlség)% wa‘;ygpp?hg? ou]gh a managenent class when invoking a function of the

enbedded opet@atpiong sthst gmlicaifver Q]l@‘gl‘tllhelrﬂd) aBssigpoi nhdpepdunog sCodest [ECE] ass of
the mddl e | a nsferrlng G ass pointer to the class of the

appl i cat i(’gﬁipb%ébsgf%fﬂf” 9B g ‘tn @’ I!)@ ‘the application program a class

poi nter of the application program instantiating the elements of the
virtual function table correspondl ng to the class of the application
program and3t Flhsreod; digelel ‘e%%sm:mmmsméng ttkm ti}brémﬁii@idb@gleasyemtotla(“be

t d; ke.a functio i on
Isn\?{)EI ng% cxelp%?oq%?g%(%sﬂxqm VK CFH?I sl %ngssgab Srﬂl éﬁ g? EIL gbf IOB %Sﬁ’ypr ogr am
which is cﬂh@ﬁlﬁ@ dhﬁctehe{mﬂﬁl{seoﬂ tﬂ&@?pho’iﬁon prograh ddnRt BRENRA A c&diAbild 2,
wherein the PICs are a binary BINTfile 9. The nethod of claim 8,

wher ei n tREWPESTPI | i ng conprises: 17 conpiling the application program by
usi nggpa _thU”EfbnE)B? &the agpﬁfa?i%h'ﬂ??g&n%yggﬁnp M8 op Al ihéflag? éfgfe tgl}rjlfu?c?ﬁé)h

cl ass pointer ass o ayer and 1
appl i cat icompginggrpainm froarXRMADE] [ 2ycompikr e apptddeatoporntipn Sgtaum conpri ses:

6. The method of claim 3, wherein compiling the global variable of the application
program into PID comprises:
15 compiling the application program by using an ACPS/RWPI compiling option in a
ARM ADS1.2 compiler of the embedded operation system.

7. The method of claim 2, wherein creating a class pointer, and transferring the class
pointer between a class of a middle layer and the class of the application program
20 comprises:
creating, by the application program, a class pointer of the middle layer through a
management class when invoking a function of the embedded operation system, wherein
the class pointer points to the class of the middle layer; transferring the class pointer to
the class of the application program; or
25 creating, by the application program, a class pointer of the application program,
instantiating the elements of the virtual function table corresponding to the class of the
application program, and transferring the class pointer to the middle layer to be stored;
when needing to invoke a function of the application program, invoking, by the middle
layer, the class pointer of the application program which is stored by the middle layer.
30

8. The method of claim 2, wherein the PICs are a binary BIN file.

9. The method of claim 8, wherein the compiling comprises:



Swhen the enmbedded operation systeminvoices the application program
through the mddle layer for the first time, creating an entry point

poi nter of the application programwhich points to a position obtained by
shifting an initial address of a buffer in which the BINfile of the
application programis |located for 4 bytes, and operating an entry point.
1010. The method .of claim?2, wherein creating a class pointer, and
transferringC@H@hﬁg§§§K%G%%@éP“H%@%é@h“@géﬂﬁ§§bdeﬁ m ddl e | ayer and the
cl ass of the, i WeTpEN e dlo] ‘ i e i miae WOLEAL by _
application B?%g?ﬁ%?&?ﬁg”@%a%gpg%ﬁﬁggéé%%?H??R%“Féb%ﬁgaiﬁ§§§5@¥”§ ekhiddle
| ayer whédnyateadilrglase of thealpliatbupeigran toflyitanecdlyhiaddreagpentatn pogayst em
15t hr ough_t he. m ddl e | ayer; or i nvoking, by the mddle |ayer, the
appl i cat i CHHPBYr am t hrough the stored class pointer of the application

pr ogr am whenyhge ticngnicadéN¥pkeidhsysapphiverls @B aBﬁl%Eiﬁﬂgl'yg?ﬁ{l%inr(‘)ulgibﬂ}ccl ass
pointer of the application programis created by the application”program
and st or ediddls lews fad dha|fast) tayarcregi@g an entry point pointer of the application program

which points to a position obtained by shifting an initial address of a buffer in which the

BIN file of the application program is located for 4 bytes, and operating an entry point.

10 10. The method of claim 2, wherein creating a class pointer, and transferring the
class pointer between a class of a middle layer and the class of the application program
Comprises:

creating, by the application program, the class pointer pointing to the class of the
middle layer when needing to invoke a function of the embedded operation system

15 through the middle layer; or

invoking, by the middle layer, the application program through the stored class
pointer of the application program when needing to invoke the application program,
wherein the class pointer of the application program is created by the application program
and stored in the middle layer.

20



