Met hod for Dynam cally Linking Program on Enbedded Pl atform and Enbedded
Platform Field of the Invention The present invention relates to
enbedded t echnol ogi es, and nore particularly to a nmethod for dynamcally
i nking a program on an enbedded pl atform and an enbedded platform
Background of the Invention As well known, programlink include static
link and dynam c |ink. When the static |link is adopted, the address of an
application programis determnate in a conpile phase. 10 If multiple
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(ELF) nod St 1Ieferrlng to Figure 1. Figure 1 is a schematic diagram
of dynamp ?ﬁy | i nking a program by using an ELF 20nbde in the prior art.

As shown in Figure 1, when the dynam c link of the programis inplenented
by using4he ELF m | i cation programis conpiled into an ELF file
firstly, ;.ékgqqﬂ. Dfiheﬁnxﬁ ﬂh and variable relocation are perforned for
the ELF file by H an ELF &OADER rogram. afterwards the ELF file for
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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
ELF 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.



A method of dynamcally linking a programon an enbedded pl atform i ncl udes:
wherein the enbedded platformincludes a mddle |ayer, the mddle | ayer

i ncludes at | east one class, each class is encapsulated |liom at |east one
function interface of an enbedded 20 operation system and corresponds to a
virtual function table, and elenents of the virtual function table
respectively correspond to the at |east one function interface of the
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i npl ementing the dynamic |ink of the program and increase the speed of
dynam cally linking the program Brief Desert ion of the Draw ngs




Figure | is a schematic diagramof dynam cally |inking a program by using
an ELF 10node in the prior art. Figure 2 is a schematic di agram
illustrating the structure of an enbedded platform according to an exanple
of the present invention. Figure 3 is a schematic di agram of

dynam cally |inking an application programon the enbedded pl atform shown
in Figure 2. 15Figure 4 is a schematic diagramillustrating the interaction
bet ween a nicQairdinghe ppplivdtiempragpsin tue Povitipn bigepandancediaien PICs), avhesstanpl e
of the pr iavent i-ofe.. . Fi qur hoy devel.opi ng. environnent. of
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In the exanple of the present invention, the mddle | ayer is encapsul ated
fromt he "BH0&%ded operation systemand is conposed of classes, each class
corresponds to one virtual function table, and el enents of the virtual
function tabla delspaed pMEbim GRIV@SROAMddIOafanction interfaces of the
enbedded operation system Wien the mddle |ayer is encapsul ated from
t he embeddedthepiiddieildisr sgmpises of lpasitangslashieaelf elasss's adapsilated fioft deassed by
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character editing functions are encapsul ated into a docunent processing
class, and t W Gant g pesnesheomidde lasr o rdacapsniatedt from tharmmbiedded apdatitre
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program correspongs % ?lger \?irrrt]'ual function table. Elements of the virtual function
table respectively correspond to the multiple function interfaces of the application
program. The application program is compiled into Position Independence Codes (PICs),
the 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,
25 so that the application program can be operated in any storage space, and functions of the
application program can be invoked independently. All the PICs are copied into a memory
of the embedded operation system; a class pointer is created, and the class pointer is
transferred between the class of the middle layer and the class of the application program

to dynamically link the application program.

30 Once the class pointer is created, function interfaces which correspond to the

elements of the virtual function table corresponding to the class pointer are instantiated,



The application programwhich is dynamcally linked in the operation system
shown in Figure 2 is conposed of one or nore classes, each class is
encapsul ated frommnultiple function interfaces of the application program
and corresponds to one virtual function table, and elenents in the virtual
function table respectively correspond to the nmultiple 25 function
interfaces of the application program Sinilar to the class of the mddle

| ayer, fusethedhrctions prespuridivith aetoal asdeassesc As thintimpelun¢tipns cofresprading to

appl icati, . L. 1. Jn the. licatiaon.
o ogr am "SagRrEPLEM B84E ENEL R b o SR el 1 Do BEHERRN b B ng
t he appl idyatun@allpriogednibbglotghvirtial Ginaden itsbl@acAndkiivg, B9 uirasdingnhe thiss
dividing the applicatiqn programinto rmultiple components. 30lt should be
descri bedOf g a1 FRISFEING ficncas RN EE BEeRs tifedesstd he yeflgdayargnd the
dynanical |l t.he: REQY . , f, a.f 1. OR.J fport
probrgnlCg%$éﬁgg?ggﬁg§gg§ p#%gig%fdgﬁgﬁgﬁgﬁﬁgpggﬁgpﬁ%g%Pﬁggg%gbﬁnggnd a
gl obal vampkiemtddocati on probl em The function inport problemrefers to how
to invoke a function of the enbedded 5 operation systemthrough the mddle
| ayer by the application programto be dynam cally |inked; the function
export problemrefers to how to invokes a function of the application
program t hrough the mddle | ayer by the enbedded operation system the
sub-function invoking problemrefers to howto invoke a sub-function of the
application programby the application programor the mddle |layer; and the
gl obal variable | ocation problem 10 refers to, if the application program
i ncludes a global variable, howto relocate the global variable of the
application programin the enbedded platformafter the application program
is linked to the enbedded pl atform The function inport problemand the
function export problemminly relate to the phase of conpiling and
generating the BIN file and the phase of dynamically linking the 15program
and the sub-function invoking problemand the gl obal variable |ocation
problemmainly relate to the phase of conpiling and generating the BIN
file. Taki ng the four phases shown in Figure 3 as an order, the nethod
of dynami cally linking the programon the enbedded pl atform shown in Figure
2 is described according to the characteristics of an enbedded operation
platform ARM 201) The phase of conpiling and generating the BINfile
Firstly, a programmer wites an application programin a class form and
ensures that the application programis conposed of classes, each class is
encapsul ated fromone or nore function interfaces of the application
program and corresponds to one virtual function table, and el enents of each
virtual function table respectively correspond 25different function
interfaces, which is equivalent to that the application programis divided
into multiple conponents, and each conponent is conpiled into one cl ass.
Afterwards, the application programis conplied into Position |Independence
Codes (PICs), and the PICs are generated in a formof a BIN file. The PICs
refer to codes which can be operated in any storage space w thout depending
on a specific storage position. Specifically, when the application
programis conpiled by using an ARM ADS 1.2 conpiler, the codes of the
application program my be conpiled into the PICs through an acps/rop
conpiling option, where the effect of the ropi option indicates that the
positions of generated read-only codes are independent. 5Since the
application programis conpiled into the PICs, in the phase of |oading the
BINfile, the BINfile may be | oaded into any storage position of a nenory
of the enbedded platform
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Since the application programis divided into nultiple conponents and the
mddle layer is inplemented through multiple components, the application
program and the 10 mddle |ayer 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 011: dynam cal Ihy i Rklt Rg
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function flueneothr functions. 20Specifica , when the
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f unct i ondinkfngtthep@pgpini.cati on program are conpiled into the PICs through a
ZO conpiling option, the PICs are independent and do not overlap with each
other. For exanple, suppose that there is an application programas

fol |l ow nrlefIDe@@im( bﬁhﬁbr})ﬁ{wl i d ppobj) 25 fun 10; return O; void
fun 1 (void) 5Supposeé t| anctron of appMain is al vvays conpil ed at the
initial addrg &e@@@%ﬁ@gﬁ Odiiagif H Ynhinl@n#nd BRah {1 ﬁggf,am s
conpi |l ed thro% h acps/ropi lcorr%l I ngdygptl on§lan%§}n%%”2r grplq I%} | on,
conpil?i ngnqdgdwtheprigr artshown in Table |. function address appl\/al n PC+ Ox00

ftm PC+Ox0A Table 1

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 Instant 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 will
be illustrated hereinafter in detail with reference to 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



In Table 1, PCis the initial address of the BIN file, and OxOA represents
an of fset 10address of the function runt. As can be seen from Table 1,
after the application programare conpiled into PICs in which the functions
are i ndependent and the storage positions of code sections corresponding to
different functions do not overlap wth each other, the junp between the
functi onsyiitgalr @hétdnv@bleU ithd Ol f8Li ' | L by
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copi ed i GEWVAKH O b FagBoRgh canddhuRim midlcolsserais e uatin congosedhe multipler Wi
conpi | i “90&%&@%&. the data sections of the application programare conpiled
into the PID, and the PIDis stored in a storage space 10 [R91+011TSET.
[RO] represents the value of a register RO, and OFFSET is the value of the
of f sé§ addr dggure|3nisor sibematic diagian phidyotatiaalty bsldngamappliatce psogriienval ue

of the reqjster be configured as a value which is equal to the
initial g%ae?}ét’segd%?p%%ﬁ%‘%%@fg%‘&egize of the BINfile, i.e. the global
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hrougn SOPhanE tealia® B Rk PR B BB e iodh ehilGRlgh ¢ he

t hunts noffecgenaraticys shitet spplivdtich2Rol &l iSiMiladtdoit @%ks 6P ARAHEHIM A, t he
function_, address of codes generated through the arm node. Wen thé enbedded

oper at i oNSYABSHICHRABKEE toHatesipensi iadhe elispehieapplitation ghogrive @omilddde | ayer
for the §j i . . i i h | i cation program

poi nt s &l SRy Inohe SPbliRA fHbolft Bl s brSuBRi i o SWRIRRER ™ ne
BI N fi | elhegefore anpldmahting thehipblication fposgrdmbitioagh ardclidiés appdliycajuialenpr ogr am
is execu&)gﬁl,. e.ﬂ. if the initial. address of the BINfile is 0x8000, the
entry polftVigiethesrrlisdifnpragiam infomplkiplsrpmponenten t he appl i cat i on
programis conpiled through the thunb node, each instruction in the
appljocat i onltpshRArEBE | des&El hat t g ( ' 00, npi | ed
into 4 bytes if the applicat %hgﬂ %?ofglrlg%&fésﬁyg%r‘%??gﬂb ?ﬁ%%gghget Eoel'vgdr ?r?node) ,
whi ch can decrease the size of the BINfile, increase the operation speed
of the application programand save power consunption. To sumup, in the
phase of conpiling and generating the’BIN file, the application



10 programis conpiled into the BINtile, the entry point of the
application programis located in the initial address of the BINtile; the
application programis conpiled into the Pl (Js, the storage spaces of the
PI Cs which are obtained by conpiling different functions of the application
program do not overlap with each other; the global variable in the

applicati i J i P ) obhal variable is
Fored i ot any o e SO R PRI bl | MR Bk B,
downl oadifractindxprdmreldemhe sBi-Nntiidreinvoking [prébiemphaseyledal danvbloRdhmg and
storing the BIN tile, the BINfile is copied into a file systemdirectly.

3) The pﬁjase of loading the BIN file 20Wen the BIN file is |oaded, the BIN
file is copied into the nmenory fromthe file systemdirectly w thout

needi ng to pahséuictien Bhpoif ipkeblan relscld! @ (@GaRkEian@nt Rt Semb RhALARL on in
the BIN file. 4) The phase of dynam cally |inking the program In the

phase’of CBGHER sx3iery tuongh Hy middlegppurte) ?ahpla@tiglapragrm?) p@aylrnamicau? .
: : : i | .S .t ory e etween the class o e
i ol o1 AERERANt WeBbR B2, ROLPbER LRt IS RERT RS Gr R RN ho

i mport  amdograpahtough théenifldia¢yieons .thd-embb@lcliuspetdtdn dyNBQF thePf®bhEMonPY
creating.th .clasg ointer of the mddle Iayer, the application program
makes th&MérE% BE ](?F)Ih ci9 dp HPWriogayoke & bt actimelsthefappliatien @md%aﬂldxler in
which th i . . rat | 18 | t ed,. _

i nst ant i g}tlé;gﬂg%??gg Bgfngé%’ﬂg” 1Si E?\???‘ggs}%{éﬁr %%Jdgﬁ{éc@ﬁéelg‘éggﬁgfrllg_gaglp B HERRIEY 1 the
virt 4@l tefaesttpoid thesdsiplicatmresgromdinelgdesa glhbalolasigble ofovt eretticald tiee blapgr, to

i nvoke the. ctd @ns of. t he enbedded operation. system ~ For exanpl e, t he
middl e | gjg/lel%ﬁ?nozf: tgl e%ppifc%foﬁlsgrolgl@é%t‘%ttg?r?&} e@ﬁ%d &Yaéﬁ%m 53t Be raPRYcERt ai ns a
poi nter efogrig iviidltedad tHelbntici@n fladd:th. (Pvt), and the virtual function table
contains three sub-functions 1lFastStringReal ase, |FastringString_GetlLength

and | fast St rl'L nngi nd. 10Table 2 shows a schematic structure of the class
| Fast String. he™function import problem and the function export problem mainly relate to the

phase of compiling and generating the BIN file and the phase of dynamically linking the
15 program, and the sub-function invoking problem and the global variable location problem

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 F igure 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
(PICs), 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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Specifically, when the application program is compiled by using an ARM ADSI.2
compiler, the codes of the application program may be compiled into the PICs through an
acps/ropi compiling option, where the effect of the ropi option indicates that the positions

of generated read-only codes are independent.

Since the application program is compiled into the PICs, in the phase of loading the
BIN file, the BIN file may be loaded into any storage position of a memory of the
embedded platform.

Since the application program is divided into multiple components and the middle
layer is implemented through multiple components, the application program and the
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
be operated independently with each 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
each other in the compiling and generating phase of the BIN file, so as to facilitate to

invoke each function and not to influence other functions.

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

20 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)
{
fun1();

return 0;



virtual function table | Fast String | FastStringVvtbl *pvt
lFast String_Rl ease

void funl(void)

5 Suppose the function of appMain is always compiled at the initial address
0x00000000 of the BIN file and the application program is compiled through acps/ropi

compiling option and ZO compiling option, compiling results are shown in Table 1.

function address
appMain PC+ 0x00
funl PC+0x0A
Table 1

In Table 1, PC is the initial address of the BIN file, and 0x0A represents an offset

10 address of the function funl.

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 afier 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 location 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 struct of the application program, it is

needed to obtain the global variable from the struct when the global variable is used, and
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thus the operation is complex. In the latter processing mode, since the global variable is
compiled into the PID, the global variable may be stored outside the struct, and generally
stored following the storage space of the RAM in which the PICs are located, to avoid

data cross-domain access.

When the application program is compiled by using the ARM ADS1.2 compiler, data
sections of the application program is compiled into PID through an acps/rWpi compiling
option. The PID refers to data sections which can be copied into any storage space of
RAM and operated. Through the acps/rWpi compiling option, the data sections of the
application program are compiled into the PID, and the PID is stored in a storage space
[RI]+OFFSET. [R9] represents the value of a register R9, and OFFSET is the value of the
offset address. In order to avoid the data cross-domain access, the value of the register R9
may be configured as a value which is equal to the initial address of BUFFER plus the
size of the BIN file, i.e. the global variable is stored following the BIN file obtained by

compiling the application program.

Since the register R9 is needed when the global variable is compiled into the PID,
the application programs can only be loaded separately when the latter global variable
location mode is adopted, i.e. it is impossible to load multiple application programs at the

same time.

In addition, in the phase of compiling and generating the BIN file, it is needed to
compile the principle function of the application program at the initial address of the BIN
file, i.e. compile the entry point of the application program at the initial address of the
BIN file, to ensure locating to each component of the application program when
dynamically linking the program. Specifically, the entry point of the application program

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

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

middle layer for the first time, the entry point pointer of the application program points to
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the position of the initial address of the buffer in which the BIN file is located after
shifting for 4 bytes and the application program is executed, e.g. if the initial address of

the BIN file is 0x8000, the entry point pointer should point to 0x8004.

When the application program is compiled through the thumb mode, each instruction
in the application program is compiled into 2 bytes (each instruction is compiled into 4
bytes if the application program is compiled through the arm mode), which can decrease
the size of the 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
program is compiled into the BIN file, the entry 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

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

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,
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
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the application program makes the created class pointer point to the class of the 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 to the class of the middle layer, to invoke the functions of the embedded

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 IFastString Realase, IFastringString GetLength and

IfastString_Find.

Table 2 shows a schematic structure of the class [FastString.

virtual function table
[FastString
IFastStringVtb1 *pvt p [FastString Rlease
char *m_pString IFastString GetLength
Int m_nLen [FastString_Find
|
[able 2

When the application program invokes the functions of the class IFastString, a class
pointer  FastString is created, and three members I[FastString Realase,
[FastringString_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 IfastString_Find in the embedded operation system.

Thus, when the application program invokes the functions of the embedded
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

3
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ID of the class in the middle layer, the function interfaces corresponding to the elements
of the virtual function table in the class are instantiated, and the application program
locates to the functions interfaces corresponding to the elements in the virtual function
table to which the class pointer points through the created class pointer. The ID of the
class in the middle layer is determined when the middle layer is compiled, and when the
application program invokes the class of the middle layer, the application program
transfers the ID of the class to be invoked to the management class, and the management
class creates corresponding class pointer according to the ID of the class and transfers the

class pointer to the application program.

Accordingly, the entry point of the application program may be represented in the

following form:

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

return 0;

Through creating the class pointers and the classes, the application program makes
the class pointer point to the virtual function table, i.e. 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.

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
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.

12
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For the function import procedure, the application program creates the class pointer
pointing to the class of middle layer through the management class. For the function
export procedure, each class of the application program is instantiated when the
application program is compiled, so loading the BIN file generated by compiling the
application program into the middle layer (i.e. loading the BIN file) is equivalent to
copying the instantiated class of the application program into the middle layer directly; if
the embedded operation system invokes the class of the application program, i.e. in order
to implement function export, the class of the application program which is copied into

the middle player is invoked directly.

To sum up, in the present invention, the middle layer is encapsulated from the
embedded operation system, and the application program is divided into multiple
components through the classes, so as to implement interaction between the middle layer

and the application program through the components, referring to Figure 4.

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

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

In Figure 4, when the application program needs to invoke the functions of the
embedded operation system, the class pointer pointing to the class of the middle layer is
created to implement component interaction; when needing to invoke the application
program, the middle layer invokes the application program through the stored class
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

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

13



Table 2 When the application programinvokes the functions of the class

| Fast String, a class .

poi nt er Fast St ri ngi scr eat ed, andt hr eenmenber sWast St ri ng_Real ase, 15
WastringString_GetLength and [fastString_Find in the virtual function table
to which the class pointer points are given with actual function addresses.

In this ot | Catl I | ocate to,three functions

| Fast St r 1 op RS (R0RapE Ty AP oG uid PAg el Fam n ¢ ne
enbedded tapesmaltddded syst@ion  system, Tands thewkignarhlegl appliéLidhi pRoRMPIIsamd nvokes
t he functions of .thg enpeaﬂided.ZQo er at j]%{} svgséog[rgafvarl ous classes pointers
poi nt i ng P8 ¢ WENE e LRRIGANOP REpeiary gpapllef apihe nfgliged through a
managenent class e.g. a Shell class, the class is created according to the

I D of the clHssdymantiéte applehhion lppop@im sh&®n i PElkOR ihdMEE fa%ﬂi)oﬁ&{tr/?%(ﬂondi ng
to the el.enents of the virtual function table in the class re
i nst ant i delgmeafne epdagispiM dardtion. preogwaneri gt doresntlemtiimgf am Bl gns:, a

i ) ' . I ts.n the virtual. function. table to
whi oh ¢ neoepaiaPEEREBRASNIS T b0 o Sipeneti e’ BTt eRintRe 1 b of
the cl as$Mi widebefuncddh.eal eyeponcst detier ﬁﬁlﬂ@ﬁleﬁﬁ@% dnhevimhfdice flRYER 4

oke

conpi l ed, and when the application programinv s the class of the mddle
I a;/rgr .t RRMBYHNC gt yh Go FE graispendings & xtepsion ppplicatipe Eheasempeondse A,nvoked

to the MRAAGGRRNG FASTupdRR ENAIRIAIRTHL yELASR Sl ARLES GOf.S3Ropd o

cl ass pointer according to the | ass an ran _ SS
poi ni@r temperentidpld Eatd londgurandoponatciCiec tie domgbyent e ldéd, Yhfr@d totsa@f t he

i ion. epresented in the
appl i cat 'rn%'ﬂtl;% oc%gnap@nre’rr%g at%g orpepateds at the same time, the components B to E may
communicate with the classes of the component A through the classes of the components

B to E, so as to implement a plug-in procedure of the application program.

In Figure 5, the SDK and the embedded operation system are compiled and

15 downloaded to a chip at the same time. The application program to be linked dynamically
is written in a form of class for implementing specific application functions, and is
compiled separately by using the method shown in Figure 3, is downloaded to a file
system of the chip, and is copied into a memory of the embedded operation system when
needing 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



following form int appMai n(Shell*ptr,void ppobj) return O; Thr ough
creating the class pointers and the classes, the application program nmakes
the class pointer point to the virtual function table, i.e. point to the
class of the mddle |ayer, and i nvokes the function corresponding to
function interface which corresponds to the element in the virtual function
table. 20For the function export problem since the application programis
conpi | ed ppplisadompogfast imcompded irie thegpN Gt i on programis conposed of

cl asses, each class corresponds to one virtual function table, and el enents
inthe virtu iopn.table r tvel. rrespond to.function .
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when the application programis conpiled, so loading the BIN file generated
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operation systeminvokes the class of the application program Le, in order
to i nmpl enent function export, the class of the application programwhich is
copied into the mddle player is invoked directly. 10To sumup, in the
present invention, the mddle |layer is encapsul ated fromthe enbedded
operation system and the application programis divided into nmultiple
conponents through the classes, so as to inplenent interaction between the
m ddl e | ayer and the application programthrough the conponents, referring

to Figure 4. Figure 4 is a schematic diagramillustrating the
interaction between the mddle | ayer 15and the application program
according to an exanple of the present invention. In Figure 4, when the

application programneeds to invoke the functions of the enbedded operation
system the class pointer pointing to the class of the mddle |ayer is
created to i nplenment conponent interaction; when needing to invoke the
application program the mddle | ayer invokes the application program

t hrough the stored class 20poi nter of the application program and the

cl ass pointer of the application programis created by the application
programitself and stored in the mddle |ayer. After the mddle |ayer is
encapsul ated fromthe enbedded operation system since the interaction

bet ween the conponents of the mddle | ayer and the conponents of the
application programcan be inplenented through the classes, a correspondi ng

appl i cation 25program can be devel oped on die mddle |ayer. Figure 5
shows a devel opi ng environnment of radio dynam cal application programin
whi ch an instant Messenger is taken as a core. As shown in Figure 5,

t he devel opi ng environnment includes an enbedded operation 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 ated fromthe enbedded operation system and the dynam cal
application programis the above-nentioned application program conpiled in
the formof class. The dynam cal application program shown in Figure 5
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15copying all the PICs into a nenory of the enbedded operation system
creating a class pointer, and transferring the class pointer between a
class of a mddle |ayer and the class of the application programto
dynami cally link the application program 202. The method of claiml,
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program 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
20 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.
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7. The method of claim 1, wherein the PICs are a binary BIN file.
8. The method of claim 7, wherein the compiling comprises:
compiling the application program by using a thumb mode;
30 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
comprises:

when the embedded operation system invokes the application program through the



instantiating the elenents of the virtual function table corresponding to
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