SYSTEN[CF PROGRAM OBJECTS AND PROGRAM COVPONENTS W TH

“EXTERNAL " | NTERFACE The present invention rel ates ti?&?ﬁé%a/"/
syst em of program obj ects and program conponents and connunlcailcyk, o)

bet ween program obj ects and program conponents, and to an appar at'us

using this system 5 Recently a pew software technique has been
devel oped, the so-called object oriented technique. The term obj ect
oriented neans that software is organized as a set of discrete nodul es

or program obj ects, that conprise both a data structure and behavi or

(operations), 10 i.e. series of actions. This is contrary to the

conventional progragwinent 68 PROGRAMI OBIRLEE ﬂﬁbapxocﬁmmbxb@u%&%sbehav' or
are only | oosely connect ed. object is a run-tine

entity with his own t hread ofw?ﬁgeﬁﬁgEgﬁgéxgE GERBACKI th his own system

15 resources.  Program objects with the sane data structure and behavi our
(operations) are grouped into a class. Each object is an instance of a
certain class. The operations determ ne the messages to which the object
can respond, The present invention relates to.a system of

program objects and program components and communication
between program objects and program components, and to an

*4

apparatus using this systemn.

5 Recently a new software technique has been
developed, the so-called object oriented Eechnique. The
term object oriented means that software is oxrganized as
a set of discrete modules or program objects, that
comprise both a data structure and behavior (operations),

10 i.e. series of actions. This is contrary to the
conventional proé}amming technique, in which data
structure and behavior are only lodsely connected.

A program object is a run-time entity with his
own thread of threads of execution with his own system

15 resources. Program objecEs with the same data structure
and behaviour (operations) are grouped into a class: Each
object is an instance of a certain class. The operations
determine the messages to which the object can respond,
while the state is hidden from the outside like for

20 example other objects. Variables that represent the
internal state of an object are called instance variables
and the operations thereof are called methods.

Each program object has an execution space that
describes the properties of the object like which wmemory

25 areas the object can access, which threads the object
code execute and which is the run-time environment of the
object. Communication between program objects occurs by
message passing. In the non pre-published Japanese
application No. 09-092446 of applicant a form of message

30 passing is described. To execute message passing each
object has an external interface, also called send

interface, which arranges the receiving of the messages



while the state |s hidden fromthe outside like for 20 éxanpl e other:

:0bj ects. Variables that represent the I nternal state of an object are
call ed i nstance vari abl es and the operations thereof are called nethods.
Each program obj ect has an execution space that descri bes the properties
of the object |ike which nenmory 25 areas thex object can access, which

t hreads t he object code execute and which is the run-tinme environnent of
t he obj ect . @nnmvwmuhﬂmhinhbehmedmfﬁengnanmehhedbsoﬁcchescbrreSpﬁaggﬁge

passing. In thequ§£&§<ﬂﬂgb§sggg g?gggg application No. 09-092446 of

applicant a for messa descri bed. To execute nessage
passi ng each obj ect hainaﬁhéxﬁgﬁﬁutlpnt§pﬂaeepfaasprogramdobgedt a

interface, whic ACEhYI f oD a
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program obj ect’ a&his r¢ipeed thbrahirea 1ﬂﬁr&9{zrfmbleiﬂéneatﬂaﬁefsfsogﬁam >
conponents can by Io dega The gr ranéggng i i‘ $ respect the
shared library % Progre8r e3P bj EctO2 eﬁrbﬂr%ﬂf@%ﬁ%ﬁﬁehﬁ the

| oaded in an obm&m@rwmnbbeponenprbgrahtuaﬁednéntthe ekécatboni sphbe of
execut! on space flis objblt? A°pEShrat S5AYSAELEORRP EELVERY Bf OVhEEAN
10 interface which is an ordered list of functions or
methods that are implemented by the program component and
that can be called by any functlon or method of the
object. .

In the Article by Erickson C. et al:

15 “SOMOBJECTS DEVELOPER TOOLKIT: SHARING SOM OBJECTS WITH
DSOM" OS/2 DEVELOPER, Vol. 6, No. 1, January 1994, it is
disclosed té load a Dynamic Link Library (DLL)
dynamically which is a standard implementation of a
shared library. The DLL is provided with an external or

20 send interface which enables message passing
communication between the DLL and different program
objects. _

The DLL is however merely used to implement a
given and fixed external interface, i.e. the external

25 interface of the program object remains unchanged by
loading the DILL.

According to an aspect of the present invention
a system is provided, which comprises:
- a program object with one or more functions;

30 - an external interface with a description of
the functions for communication with other program
objects;
wherein upon loading of a program component a description
of one or more functions of the program component is

35 exported to the external interface of the program object.
When a program component is loaded, the send interface of
the program component is autohatically éxported to the
send interface of the host object. This means that the



10 interface which is an ordered list of functions or met hods that are

. I-npl emented by the program conponent and that can be called by any
function or nmethod of the obj ect. In the Article by

Eri ckson C. et al: 15 "SOVOBJECTS DEVELOPER TOOLKI T: SHARI NG SOM OBJECTS

WTH - DSOM' Os/ 2 DEVELOPER, Vol. 6, No. L January 1994, it is

di sclosed to load a Dynam ¢ Link Library (DLL) dynam cally which is a

standard i npl enpiH@tiRRFack of thareBjbibr 25YmodPeidlltosconedidegpyi th an
external or 20 send .nterface gm ﬁh enabl es massatge gas,ghng .
conmuni cat i on dmtarsase okn &g PFRIEAT GoBReRent - tBpbgfere it is

The DLL i s howpysibleelty comtwhdchtpl byenésaage pasgsimgndetwsed external
interface, i.e._the exter i nterf t hes g | ect_renains
unchanged by pqogga@(]éi%{@ghﬁﬁls 8k°h 8£8g££m %%%éguéég]t%@éﬁr aBpR8FaBf t he
present investichjectsa Fperemiesnpr velablionshiphbetwpensghe content of -
a program-obj e%e“é&&&%t%&fggéeaﬁflﬂgﬁ%Oééﬁté”th f the inteffafXternal

interface with a description unctions for comunication with

ot her program intggjfasesof an\REPErANUGRRPPRART nR Jrethpd 0gf arregnponent a

description  QnfdiRen? w9 appehet iANsichet NeiRrOGERNGLEOINOABAL i S 35

exported to the external. interface of the rozqr m obj ect . Wien a program

component is | oaded, the?SERYIATFPRPTEICT ‘F‘ﬁee'ﬁ]i’é‘g?"aﬁ’iﬂéoﬁpﬁﬁﬁﬁ?mlks

automati cal 1§y ewpsrided,t ehelrein upendloadingact ai ad@itbshabbpecgradhi s

reans t hat thecom.ponent the description of one or more functions

thereof is added to the external interface of the program
object for communication with other program objects.
According to a preferred embodiment a system is

15 provided, wherein upon removing a program component the
description thereof in the external interface of the
program object is removed from the external interface.

According to a further preferred. embodiment of
the present invention a system is provided, wherein upon

20 replacing a first program component by a second program
component, the description in the external interface of
one or more functions of the first program component is
replaced by a description of one or more functions of the
second program component.

25 According to a further preferred embodiment a
system is provided, wherein program components are loaded
dynamically at run time.

The present invention provides for dynamic
'loading of program components with an external interface.

30 Because loading a program component with a send interface
will add this interface to the host object, and because
program components can be dynamically added or replaced
program components, the interface of the host objects can
evolve over time. The interface of an object can shrink,

35 such as when one program component is removed, or it can
grow, as when a new program component is linked with (or
an old program component is replaced by) an extended

interface.
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ention provides.for nam ¢ s so s
component provides only a send interface, it is only

accessible by other objects through message passing
mechanisums. .

Prior art high-level programs usually are
translated into binary executable code by a compiler. In
the last étage of compilation, a link editor links all
the object executable files together with the start-up
codes and library functions which are referenced in the
program. In static linking, the link editor will
incorporate a copy of the object files into the. ‘
executable at link time. A static library is a collection
of object files which contain library routines and data.
In dynamic linking, the shared libraries are mapped at
fun time. The link editor will only store in the
executable the name of the shared library and some
additional information about the symbols referenced by
the executable. With dynamic loading a routine is loaded
only when it is called, thereby saving memory by not
loading routines that are unused or rarely used. More
specifically, dynamic loading can attach a shared library
to the address space of the process during execution,
look up the address of a function in the library,
activate that function and then detach the shared
library, e.g. remove it from memory, when it is no longer
needed. |

According to another aspect of the invention an

apparatus is provided, comprising:

25



| oadi ng of program conponents with an external interface. 30 Because

. loading a program conponent with a send interface - will add this
interface to the host object, and because program conponents can be
dynam cal | y added or replaced program conponents, the interface of the
host obj ects can evol ve over time. The Pnterface of an obj ect can

shrink, 35 such as when ong 0 ran1co one s re ved'i I t,can

grow, as when a new prografftti8 ﬁgoﬁ%%?s gk@RPVQF{i&kﬁ orl%% %?Eaprogram
conponent is replaced by} pnoegssnnlgdueans nferfgmscessmg data; and

4 | Wien a newg, HBL{SE?H&%&: 51 Bof CAAE i&lf&!rt é}!ﬁgs -

I npl ement a bug fi x, |nplene ron“evolution can e ut
adm ni st ered bwwmmnp4ywpeﬁoanﬂgpaocesaywawn@am$nked progran1conponent and

replaci ng itgswi,a étﬂbfa%eetm@ﬁ@g&@@acgymwr&st&@édl mpl enents the sane
functlonallty in a dLI er-ent rogra .conponent nmay or

may not provide an - mf‘@?ﬂ’éﬂlé‘g %‘érﬁl"-‘?#ﬂ%ﬁ%%e § rof (thg veRt tprvade a
send |nteerﬁ§ﬁK*;Jgﬁprgaiaeaﬁ ¢6m@&&§hﬁ@{ough a function 10 call. In

this case, it can also onl gal | ed f J}} same executjon
space. Sinilarly, if a pfo ?‘8???' %o?'rrﬁ’ﬁ%ﬁ’ﬁa r%%@ vf)’netil P FrLTRRES f ace,
it is only dateaSiddlee bhabt bentaimsca sde¢dcoipthiore sshgngassingre
10 functions of the program object, for communication with
other program objects; '

- loading a program comwponent with one or more
functions; - ) ' .

- exporting a description of one or more

15 functions of the loaded program cowmponent to the external
interface of the program object.

The present invention will now be described by
way of an example with reference to the accdhpanyihg
drawings, throughout which like parts are referred to by

20 like references, and in which: N

Figure 1 gives schgmatically an executionlspace
with a program object and a loaded program component.

Figure 2 gives schematically an execution space
of an program object and a program component, which

25 object is supplied with an external interface.

Figure 3 gives the execution space of figure 2,
wherein an additional prégram component has been added to
the external interface of the program object.

Figure 4 gives the execution space of figure 3,

30 wherein the program component has been substituted by a
different program component.

Figure 5 gives an example of a video cassette
recorder (VCR) wherein the system of the present
invention is implemented.

35 Figure 6 gives schematically the execution
space of the VCR of figure S.
Figure 7 gives schematically the execution
- space of the VCR.



mechani snms. -15 Prior art high-level prograns usually are
translated into binary executable code by a conpiler. In the | ast stage
of conpilation, a link editor Iinks all t he object executable files
together with the start-up codes and library functions which are
referenced in the 20 program In static linkéng, the link editor wll

i ncorporate a copy of the object files into the executable at [ink tine.

A static library is a col | Betfiigmre loﬁlk@bjeéﬁc‘ﬁu@s spFicsh ofo rhig @ﬂqgrraafy
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10 compa. Method mé4 of program component compa calls method
mS. Method m5 is not comprised in the internal iﬁterface
2 of program component compa and therefore this method
can only be called from program component compa and not
from program object A itself.

15 The internal interface 2 is the only supported
way for communication between the object A and the
component compa. As the code of the program object has no
internal interface, the object cannot be called from the
program component compa. Method m4 of program component

20 compa cannot for example call method ml or method m2 of
program object A. . ._

In figure 2 is shown the situation of figure 1
wherein additionally the external interface 3 of the
execution space 1 is denoted by rectangles. Program

25 objects from other execution spaces can communicate with
the execution space of object A by means of this external
interface 3. By arrows is shown which methods of program
object A are accessible via the external interface 3. In
this example method ml1 and method m3 of program object A

30 are accessible by other objects, that are outside the
present execution space 1. The remaining methods can only
be called from object A and/or from component compa.

During execution of the program new program
components can be loaded in the execution space by

35 dynamic loading. In figure 3 a program component compb is
loaded. The external interface of program component compb
is automatically exported to the external interface of

the host object, in this case program object A. This



- rfermry means for tenporarily storing data; - processing

.means for processing data; and - connecting neans for
connection between the menory means and processing neans, 5 wherein the
above nentioned systemis used. Accordi ng to anot her aspect of
the i'nvention a nmet hod i s provided, conprising: - providing
a program object with an external I nterface, that contains a description
of one or more 1:99_5&30&1199%&& RERIRORRAERE 3 LY chRMBIRAHN W L
ot her program objects; - loading. a progran1conponent W th one
or nore funct$page is adapted to cqmpyySs %ﬁ‘ et agiee 3oofnor e

15 functions of EHS b@agﬁanw&@&iewmwt mﬂdhhmeexisemt thd H@ledce
of the program esent, mxlentl on wi || now be

obj ect .
descri bed by ‘G\gy‘“%ﬁih%‘?ls e%l%a%tﬁ qt?@-r]ﬁdgﬁ’ 8% FE diyHetdace
drawi ngs, thr @Jghﬂdteweshfmrka:mrﬁcs tdnreer afednhiods . tMehc;hoﬁ) w6 k€ program -
references, and in_whi | a
execution space omﬁf?%nt co%racnﬁ%tﬁeecdg’llg%geb%’ 3 ﬁ?%%%g‘??ﬁqlgonﬁé%
Figure 2 gives smeeanal;aimt;elaﬁa@(edcm mog@m\eobne@ﬂ: &n apdogBambsbj ect and
a program COWO”&EEuaE\Q&CﬂSy u%@é&ﬁf&tpés%lwmﬂae‘éh‘@ kit %.rrﬂ:@rface23

I nterface. r I ves the execution space of figure 2,
wherein an addi tbﬁnﬁhepﬁf%‘&’&?ﬁ%rfg&?é'ﬁts thee RYRG¥EH -t 0 t he external
interface of jighe program ob efd .also possible th gubstd.tgitecs Piogpeacution

space of figurep?gtagg mtg%%%tfuﬁrn%g qcrgc%%n'%%l:egt leaezp%een su stltut ed by

a di fferent exarrpl e of
a vi deo casset t eanother gpriegritVCRMparENdi compe .s Thtiemisf shwerrpldes:@rdtly

in figure 4. This means that the implementation of object
A has developed during execution. Because of this it is

15 for example possible to add new functionalities, to
delete bugs in certain program components etcetera
without interrupting the execution of the program or to
restarting the processing unit, on which the program
runs.

20 In figure 5 is shown a video cassette recorder
(VCR-device) for recording/reproducing signals on v1deo
tape of a video cassette. The VCR-device has a
recording/reproducing unit 10 that has the functionality
of recording/reproducing data using the video tape. The

25 motor driver 11 drives the video tape of the video
cassette, i.e. functions like “play®, “fast forward“,.
‘rewind*, *record“ and *stop" are implemented. The data
rééorded/reproduced on the wvideo cassette by the VCR
recording/reproducing unit 10 is received from or sent to

30 a central processing unit 12. Also provided are randou
access memory 13 and read only memory 14 for storing a
program therein. '

The IC-card drive 15 has a slot into which is
inserted an IC-card, as a recording medium having an

35 integrated circuit in a card-shaped casing and an IC-card
driving unit for writing/reading data on or from the
IC-card. Alternatively a floppy disk drive 16 can be

included which is a rotational driving unit for



invention is.inplenented. 35 - Figure 6 gives schematically the

., execution space of the VCR of figure 5. Figure 7 gives
schematically the execution space of the VCR :

6 In figure 1 the execution space of the program obj ect
I's shown. Object Ain execution space 1 congrises t hree net hods, nethod
1 (mM), method 2 (nR) and nethod 3 (nB). In execution space 1 a program
conponent conparkasiohal bgdédiviniy ch Elopmr ”RE dhvanetzhated reiivdEdy (M) and

method 5 (nb). B krcl he.l | nterf 2 of rogr onponent
conpa is ghozfvn. r%@?ﬁgéaﬁ(g%ér%%‘}l%{cfg Ar}f)al ed CQ);} Iosra%%%l}ﬁz f&f%p | g‘ets%ﬁx.np

Met hod n2 of obfbet If-carfisdrive ks tdre the dileppyt ek sod vieetiléo d akk Of
program COWO“eeéﬁ%goEOFEéoréﬁél%% aﬁféi &rx&%ﬂme%%"w'%@?%ggg%gggla' s

met hod nb. Met nb 1's_not Conprised in the 1nternal 2 of
progr am conpénefeLEWARE - MER HRerag ik A dct ke 2 wodterodidy fea cal | ed

f rom program coyR@BaBhuE P N tprovildedl FoRd MR 1A 1aflfanlD
The internal interface o

2 is the only supparted way for .co ni catl
bet ween t he obj EEFPRNGRES 11 to ]c‘gr%ﬂ’d'@r%l@&ﬁpé.g A€ RFOYFFE%DT the program
obj ect has no i nt er nal Thet W aice desiemeld ¢ot rearive Bdddtlibedif romthe

applicatioﬁ functions in addition to the usual

10 VCR-functions. For examplé, if a user intends to upgrade
the version of the application software, that is for
example to add new functions to the VCR-device,
additional functional units can be installed via the IC-
card drive 15. It is also possible to use the Internet to

15 download through modem 18 and serial port 17 additional
application software. This permits the user to upgrade
the device function without repurchasing the VCR-device.

In figure 6 is shown the execution space for

operating the play, rewind, fast forward and stop

20 function of the VCR. The object “VCR* contains four
methods (play). (rew), (££), (stop) to implement the
function play, rewind, fast forward and stop. These
methods perform actions to play the video cassette, to
rewind the video cassette, to wind the video cassette and

25 to stop the video cassette respectively. One of the
actions is for example the controlling of the motor
driver 11 that drives the video tape. This is
accomplished by calling program component compmd via this
interface, which interface takes care of further

30 treatment, for exawple by having the electric motor of
the VCR spin with a certain speed. Via message passing
with the external interface of the object "VCRY, for
example by pushing the buttons play, rewind, fast forward
or stop on the remote control of the VCR or the VCR

35 itself, the relevant method of the object “VCR* is
initiated. _

By for example an IC-card or an external data

connection with the modem 18 and serial port 17 new



.program conponent conpa. Method m4 of program conponent 20 conpa cannot for
exanple call nmethod mM or method n2 of program obj ect A In.
“figure 2. is shown the situation of figure 1 wherein additionally the
external interface 3 of the execution space 1 is denoted by rectangl es.
Program 25 objects from other execution spages can conmunicate with t he
execution space of object A by neans of this external interface 3. By
arrows i s shown pMicpfaneeichadbeolopdedr imto tlodj Baddn aaccess assidtye v4 a t he

external interfage 3. 'ngleé 6%%?%5@ | BoPBL G ){@ aﬁ%g%ﬁér@d%“ﬁ%ggt program

obj ect A 30 are accessi er objects, t |
present executi ePusgcdas, bepe &é‘ﬁﬁﬁnﬁ'—ljh@t ed%® dehe afungtion “sskoe aplage f r om

obj ect A and/or dd4 QRS YIRRAY! iffTBRented functions DV i ik AXEEUtdRY) of the
program new pr ogram onents can be | oaded in the execution space by

co I _
35 dynani ¢ | oBdiRRPITAR COFRPREBE ACOTRTR AT AP oI RSBt arface d. The
external interfagddd «iN0gupohchoRGhRgtin otipd exedwt Poii Wpideadt yelexported -
to the external interf f e.host, object. in this case ram
obj ect A. This object AGerRY be a&&ed 05 thejextérnarh. ln%xéac%(ﬁgof Hhe t he
ext ernal interf gpreogranf objecExt¥Rf orflerelgpaame addiegnald funaoign, sin t he

external interf3iqed dile cnbNPuREORSA™ LR PEL« WP bl AL IBALF, t hal
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10 which by message passing with the external interface of
the program-object is actuated. This wmeans that it is
possibl‘e during run time of the programs on the VCR and
without restarting or initializing the VCR, to add a new
function- to a video recorder VCR.



of methods that can be called via the external interface 5 increases from
two to three nethods. Method n6 of program conponent conpb can be called

by a function call via the - internal interface 4 by program object A and
can be actuated by nessage passing via the external interface 3 by
the renai ning obj ects of the program 10 10 It is also possible to

substitute ogram  conmponent conpb during execution of the program by
anot her pro?‘ﬂ“ﬁ,‘w’mﬂl pc. This is shown directly in figure 4.
Thi s means gt ”mfgtion of obj ect A has devel oped during
execution. Because of"tHis*t is 15 for e% possi bl e to add new
functionalities, to del et-e bugs in cert ogram conponents etcetera
wi thout interrupting the execution of the programor to restarting the
processing unit, on which the program runs. 20 In figure 5 1is
shown a video cassette recorder (VCR-devj ce) for.recording/reproduci ng

signal s on video t ape ol- aSYSERID AYYELFINT The VCR- devi ce has a

recordi ng/ reproducing unit.1§ rdSoB{red WdH W IdY mordfE : ]
recordi ng/ reproduci ng data usil%"li:@ﬁ:tE he vij The .25 t or (ﬁrll?/telrorﬁ'

eq tape. ari;
drives the video tape of the®¥i ft?ma]ca?s‘%te?rta%‘:‘? with i dessrintian \qf ay",
"fast forward", the"fancodidns"facarahimaniddtsiicnp witite i Pdfthn The data
recorded/reprqﬁugg&! apt he video cassette by the VCR
recordi ng/reproduc'ﬁg uhit 10 is received fromor sent to 30 a central
processi ng unit wReraizoupen\ieRiing @f #nguegramaesponetnry dEbaripyicnd

only nenmory 14 f ri ? -84 e.Ccard
8¢ she bp\%vlql(i?%% x?tgfé%ﬂcﬁ'm g Qﬁ)rlog_rgénr (fouaoone-m: i

drive 15 has a slot Into inserted a S & recordi ng

medi um havi ng ane3Borheggrattde @Ry dnterfagss fpHdde pyograandhgect .
| C-card _ driving unit fo;g, vg}}gﬁdig/g@ﬁjiid]glgda;toacq@iw if,r Q}ﬂetllég_n uplog-card.
Alternativel lea RLQQEngJ)E kar(fI ra'é’(ﬁt]i%n%in pg%gram component the
description of one or more functions thereof is added to
the external interface of the program object for
communication with other program objects.
3. System according to claim 1 and/or 2,

15 wherein upon removing the program component the . .
description thereof in the external interface of the
program object is removed from the external interface.

4. System according to claim 1, 2 and/or 3,
wherein upon replacing a first program component by a

20 second program component, the description in the external
interface of one or wmore functions of the first prograﬁ
component is replaced by a description of one or more
functions of the second program component.

5. System according to one or more of claims 1-

25 4, wherein program components are loaded dynamically at
run time.

6. System comprising:
- a program object with one or more functions;
- an external interface with a description of
30 the functions of the program object for communication
"with other program objects; and .
- at least one program component with one or

more functions wherein for each program component the



i.ncl uded whi-eh—s—a Totational driving unit for rational ly
dri.ving E“ﬁﬂm d a head unit for recordi ng/ reproduci ng data on
“or from ﬂ “mmm The 1 Ccard drive 15 or the floppy disk drive
16 akes + ¢ chre"of® recqr ding data and instal ment of application 5

software. Also a serial port 17 and a nodem 18 for I n/output of data is
provi ded. For conmuni cati on between c]o]rrponents 10 to 18 connections 19

are provided. _
appl [ cati on T urGEPEREPFIOR i TsRAone 15 HERY Che B
exampl e, if a ubeterfreadf tthaRpogan okjeetrer si on of the application

software, that is for -pxagggg@e,a G2 GO EC WA drfyy e £ devi ce,
addi ti onal functional units can 8 i NSt al%‘ed via the | G card drive 15.

It is al so possPBEEeEng Fains P8 IEad BHSHRT RRiast18 and
serial port k7 ageidhewsl- acc@}aplbl@.tlon software. This permts the user to

upgr ade the device fu t hout Si Vi | ce.
In figure 6 i s shown the ésgylﬁti\@é“nqglpgég%%oﬁ;a% wrlq;rhat %r}@c%rfﬁbq ay, rew nd,
fast forward anprstedi® dlaists owhsfreime ﬁmtmm@ dlj ectpreg@Rm cont ai ns
f our met hods é@ﬂ)@@n ardfé'v)maﬂﬂéw adcdledlbilo | npl ement the function
or war

pl ay, rew nd, £33 These
9. System :Ln accordance with any of the

10 preceding claims, wherein a program component comprises
~an internal interface with the description of the
functions of the program component that are accessible by
the corresponding program object.

10. System in accordance with any of the

15 preceding claims, wherein functions of a prcgram
| component are accessible via the external interface by
other program objects. '
"11. System according to any of the preceding
claims, wherein communication via the external interface
20 occurs by message passing.

12. Apparatus comprising: )

- memory means for temporarily storing data,

- processing wmeans for processing data; and

- connecting means for connection between the

25 memory means and processing means,

- wherein a system according to any of claims
1-11 are used.

13. Apparatus-according to claim 12, wherein a
program component upon execution of the corresponding

30 program object is transferred to the wmemory means.

14. Apparatus according to claims 12 or 13,
wherein program component is removable from the memory
means directly after execution thereof.

15. Method for communication in and between

35 program objects and/or program components, comprising:

- providing a program object with an external

interface, that contains a description of one or more



met ho perfor o play the video cassette, to rewi nd the video
..cassett(““‘\“\\mm ‘““‘tﬂeo cassette and 25 to stop the video cassette
respecti sthe . actions is for exanple the controlling of the
not or Hriver 11 that drives the video tape. This is acconpl i shed by
cal ling program conponent conpnd via thisi2 interface, which interface
takes care of further 30 treatnent, for exanple by having the electric .
mot or of t he fu@Rtipne oft bha Pregnan chpedt, ier nesmagel qEsEOm Gwity W t h
the external mbghgg.cgrg&rg,?eogf)ég@g "VCR', for exanpl e by pushing the
buttons play, rew nd orward or stop on the renote control of the
VCR or the VCR 35 itsel f, =t Hedd RS\ A PToRF b CAHPNRNo i ONECRIT iBore
initiated. functlonsBy for exarrpl e an | C-card or an external data
connection with the nodem 18 and seri aI ort, 17, new progr ans
can be |oaded® into the randofRACTHEE %%‘i/r’i%tlon S e VeRMA%e i gure 7

for exanpl e proguastiéonpontnthe loaded piwgrdneeomtent W wddettnal
function "sl ow EBEX cetgftmegg%gildg 6@ nt ed functions of the VCR
i an e i

This 5 program corrponent co efnhal interface 20, whi ch
wi Il upon loading in the execution space of the object "VCR' be added to
the external interface 20 of the




program object "VCR'. Hereby an additional function, in this case the
function "slow play" has been realized, 10 which by nessage passing with
the external interface of t he program object is actuated. Thi-s neans
that it is . possible during run tinme of t prograns on the VCR and

wi thout restarting or initializing the VCR to-add a new function to a

vi deo recorder VCR y

CLAI VB | SYSTEM OBy EREARANABIE Ry COM%?’NéE NPt ogr am

obj ect ‘with one or nore function&H = - an external interface
with a description of the functions for conmmunication with other program
5 objects; wher ei n upon | oadi ng of a pmegr®RmcIONPonent a description

of one or nore functions of the program conponent is exported to the
external interface of the program object. 2. System accordi ng

to claim1, wherein upon
The present invention relates to a'éystem of

program objects and program cowmponents and com@unication
between program objects and program componehts. The
present invention provides a program component with an

& external or send interface which enables message passing
communication between a program component and different
program objects. When a program component is ioaded, the
send interface of the program component is automatically
exported to the send interface of the host object. This

10 means that the send interface of the object is modified
to contain the send interface of the program componént.
Therefore it is-possible to communicate by message
passing between program components of a program object
and other program objects. ’

FIGURE 2



10'Ioading of an additional progranlconponent t he description of one or

.more functions thereof is added to- the external interface of the program
obj ect for comuni cation with other program obj ect s. . 3.
System according to claim1l and/or 2, 15 wherein upon renoving the program
conponent the description thereof in _the external interface of the

program obj ect is renovedATomthe external I

System according to clai

1, K2 Qg/or 3, whergin "upon replacing a first
program conponent by a 2 5894 ..brogramjiconponents ption in the
ext er nal I nterface of {gne

i Or mAoLg flundt i ﬂns-{#——9h9—444459-pr
conponent is replaced by |3 deSfEbgtlor of{ one @im e functilons of the

second program conmponent . 5.1 Sylst praccording tlo gne or nore
of clainms 1- 25 4, whereil] prlogmdm=o onents‘F?e madad| dyrfanjcal | y at
run tinme. 6./ |Sysi mﬂ@onpi?sing: ? ﬁns} - |a fprogram
object with one or nore f{Unct fomns; ——amexterngl- {i nterface

rfage. 173 4.

with a description of 30}tlhe fufgti ong off the progrﬁgrobject ffor
-+ at | east

conmuni cati on wi th ot hgr puggranrobjects; and

one program conponent w §H one or norg functions wherein
program conponent the :
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m2—>

{m4}
m3




description of the functions is added to the external i nt-erface of the

_program obj ect . 7. Systemin accordance with any of the
precedi ng cl ains, wherein functions in a programobject 5 are

mut ual - accessi bl e. . 8. Systemin accordance wth any of the
precedi ng clains, wherein functions in a program conponent are nutual

accessi bl e. 9. System in accordance 2 3n any of the 10
precedi ng cl ai ns, wherein-z I snpri-ses - an internal
interface with the descyi giion of_the unctions of the p ogﬂm corrponent
that are accessible by roéueairA espondl ng program obj ect . .

10. Systemin adgcordancg \Mt' an tihe |15 preceding clai nx, erein
functions of a p.uﬁalc-am Mru_iél-ﬂﬁéi_re CCESS'C%hff]N' a the gxtgrnal
interface by agthrer 11. Systjemjaccording to
any of the preceding i s, mdhepeiln omurlf-,at nfin-xi a] tHe dxternal
interface 20 occurs by i ngd. {m5i12 Aprar 4t us

conpri si ng: )s flor |t enpe+rar+y—si or]i ng

- processing ne 4, gnd :

for connection D en anis and pr ocglési ng| ngank,

- wherein a systemaccgrding to any of cljai - I-IT are uged|

13. Apparatus according t¢ claim12, whereing a program cqnponent upon

executdi on of the corregpondi ng 30 program object 15 transferrgd to the

menory neans. 14 _Apparatus according to claimws”12 or 13,
wher ei n program conpongnt llE @mgt{\/abl e fjomthe-meEnDry - neans directly
after execution3t her eof . 1
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15. Met hod for connunlcatlon in and. betmeen 35 program obj ects and/ or

.program conponents, conprising: ° - providing a program object
wi th an external interface, that contains a description of one or nore
12 functions of the program object, for communication with ot her
program obj ect s; - loading a program conponent with one or nore
functions; 5 - exporting a description of one or nore functions
of the | oaded progran1conponent to the external interface of the program
obj ect.
3/3
object VLR . ‘comp md
| 9
m"play“ m md
o m"“rew"
m“ff"
m“stop"| I:I 6

2 ohject VIR - | conp nd
m"play“ ' .m umdu
m" rew'l
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