; 56789: e3e~ |\\]cdh6*|T~|6 ) DATA PROCESSI NG METHOD, RECORDI NG MEDI UM  AND
DATA PROCESSI NG APPARATUS BACKGROUND OF TH |ON 1. Fi29dulpR00%e

| nvention The present invention reIa"@ﬁlmmﬁwmﬁﬁmETproceSS|ng met hod

enpl oyed mhentnessages are exchanged The invention al so
relates to a recording nmedi umon which aréo®feerati ng system i npl enenting the
above data processing nethod is recorded, and to a data processing
apparatus provided with the above recording medium 2. Description of the
Rel ated Art Along with recent advances il -software programm ng _

t echni ques, the devel opnent of software based on the objectoriented
technique is progressing. Wen the object-oriented technique is applied to

sof tware, the fBﬂ '9&6c@%s§h@ ﬁxﬁ&kw eREébﬁBmé RPBIUMA! KRB Baggr ams, can

be fornmed into u es jects. By ‘exchanging the required I nformation

wi th each ot her as nmessages, the pRy@aEsSING IfpdarAfigg r functions as
nodul es. Such nessage exchanges are referred to as "nessage passing”. As a

met hod for inplenenting nessage passing, various techniques have been
pr oposegl and have been put into practical use. O"umwmm"ummmrm ques is
future”- BSEKGROUNDOGF PREE| INVENTEORAasi ¢ oper at i based , 29
July 2003 - 2 nessage passing is shown in Fig. 1. Ingkig 1, a nessage
sendi ng ob} ectFieldhofinthe Eneeénthonobject, while a nmessage
The present invention relates to a data processing
method employed when messages are exchanged between objects.
The invention also relates to a recording medium on which an
operating system implementing the above data processing
method is recorded, and to a data processing apparatus
provided with the above recording medium.
2. Description of the Related Art
Along with recent advances in software programming
techniques. the development of software based on the object-
oriented technique is progressing. When the object-oriented
technique is applied to software, the functions of the
software, such as application programs, can be formed into
modules by objects. By exchanging the required information
with each other as messages, the objects fulfill their
functions as modules. Such message exchanges are referred
to as “message passing".
As a method for implementing message passing, various
techniques have been proposed and have been put into

practical use. One of the techniques is "“future"-based

message passing. The basic operation of future-based



receiving object is shown as a server object. In future-based nessage
passing, a nessage is sent froma client object to a server @2003s
represented by the arrow Bl in Fig. 1, to request the server object to
perform predeterm ned processing. At this tine, a data area for storing the
resuit of the processing executed by the server object is reserved. The
data area is an area for storing the result to be received by the client
object, and is referred to as a "future". The server object executes
processing, as indicated by the solid line B2 in Fig. 1, in accordance with
the request of the nessage sent fromthé client object. Wen the processing
is conpleted, the server object stores the processing result in the future,
as represented by the arrow B3 in Fig. 1. Meanwhile, the client object

cont i nues mis@e@esSpagsiny H8dknakAdiRY Filge 30! i dnl Mg B4 i Fidbsale after
sendi ng the above nessage to the server object. Thereafter, whenthe client
obj ect regeénddagt b®jeetulit ehoWwheapr aceiient p®YetIEdHINd RE neystRfe
object, it reads the data stored in the future, as represented by the arrow
B5 in Fi greteiitinghiobjecteisi Eholvd aesal te@veirhehjerdassi ng executed by the
server object has not yet been stored in the future, 29 July 2003 .. - 3
the client obj&otfuture-basedtmagsagat pasatngepacmensadebyist kent from
single-dot-chain line B6 in Fig. 1. Wien the processing result sent from
the server GBjledt biecstr&¢ ansemnwetuobiectit aiss népriesend®ad ey Héecl i ent
object fromthe future, as represented by the arrow B7 in Fig. 1. That is,
if the redfrevwoBli A8 Filgcedsi §g &rEUEEEdthe spEvesr whiestj da Herfardred in
the future, the client ogLect inwediateléireceives t he processing result.

I, howevBFeIeheImdgH: PEPCPRE1BAocedsi tP1FetiBitned MRt QTES FOT obj ect

h t b d in,the fut . th | i ent j . i in th

taiting LE5PRIRg: BhE FrsulscdR, he bEprEasiRe: ArertbaiL bY [HhY Mer@mhased
g : dim a1 ! .

froquant | OBJeBY, 18 EBBRvRAZ, ORfic! alal BEEEA] ol dreh ALY |\

rﬁg:g;t of thiae rBke§8Stbn .ee?EJéEBE%%@dbgyt tﬂﬁgs %&i%%xto%%%tc@,f teia Sending a
ge to the server object. The abOve-described situation nmay occur not
only whenreferred to as a "future".

The server object executes processing, as indicated by
the solid line B2 in Fig. 1, in accordance with the request
of the message sent from the client object. When the
processing is completed, the server object stores the
processing result in the future, as represented by the arrow
B3 in Fig. 1.

Meanwhile, the client object continues processing., as
indicated by the solid line B4 in Fig. 1, after sending the
above message to the server object. Thereafter, when the
client object requires the result of the processing
performed by the server object, it reads the data stored in
the future, as represented by the arrow B5 in Fig. 1.

At this time, if the result of the processing executed

by the server object has not yet been stored in the future,



the processing of the server object has not yet been conpl eted, but also
wher the server object has hung due to, for exanple, the occu2%Jfc2008 an
error interrupting the normal execution of the server object. The
above-descri bed situation may al so occur when nessage passing is unable to
opertate due to a breakdown of a conmunication channel, such as a network,
requi red for nessage passing. 29 July 2003 Z - 4 |f the object cannot
exit fromthe Waiting state, it appears to the user that a systembuilt
into, for exanple, a set top box, has stopped for an unknown reason.
Accordingly, it is desirable that an ope& ating system providing a function
of future-based nessage passing be able to resune processing of an object
even when the object enters the waiting state due to sonme problem so that

f . . . e _ ]
ohent e IS O (FOReal 10 XS S ad Rt ElentSa B
time-out pQCesisidie ddof el Xead ok ra9aidl ess. ofinidie {ﬁég;gg%gé?%{agg -

occurrence of a Wal ti ng-state 1 n order to disconti nue the a

this met hashsumaaseit i V@id | WP Rt Eb FORE | IEStddd | 14 hend | FREOHE

processing is started, thereby Wasting tine depending on the period set for

starting tite id MeIduted@URS StHY . cALHt isbiddty £ nthd £hEur8) tagg state
is discontinued by the tine-out processing, the reason for the occurrence
of the waireprpssretierl danridie kerspe @ iaad, Fodni ch, nay further cause the
occurrence of another waiting state. SUMMARY OF THE | NVENTION I n vi ew of
t he above back§hetndsof itfhdheomeswlitod] tdwet pricdceissiay Exesnttesd Hihe
present invention to provide a data processing nethod in which even if an
obj ect ent®ds senpan Qhjentatis dikoxnes sonethe diitureni the feliert bobiect

nessage
immediately receives the processing result. If, however,

the result of the processing performed by the server object
has not yet been stored in the future, the client object
remains in the waiting state before the result is stored in
the future.

In future-based message passing, such as the one
illustrated in Fig. 1, a situation frequently arises in
which the client object is required to wait for the result
of the processing executed by the server object after
sending a message to the server object.

The above-described situation may occur not only when
the processing of the server object has not yet been
completed, but also when the server object has hung due to,
for example, the occurrence of an error interrupting the
normal execution of the server object. The above-described
situation may also occur when message passing is unable to
operate due to a breakdown of a communication channel, such

as a network, required for message passing.



29 July 2003 5 passing is being perforned, the object can exit fromthe
waiting state without needing to execute time-out processin@9 Juty 2083anot her
obj ect of the present invention to provide a recording medi umon which an
operating systeminplenmenting the above-descri bed data processing nethod is
reforded, and to provide a data processing apparatus provided with such a
recording medium In order to achieve the above object, according to one
aspect of the present invention, there is provided a data processi ng net hod
wherein a nmessage is sent froma client object to a server object, and the
server object executes a processing rndresponse to a request by the nessage
and returns a result of the processing to the client object. In this data
processi ng net hod, when a nmessage is sent fromthe client object to the

server objectrsarK@icbfeOR e &bit IeRbmf LKty 20t INgbstat8r s$toring
result data indicating the result of the processing executed by the server

obj ect, apgeardats @heauker $hati AJsghébMSbaale hR¥oCalroRd ekafipdlels 20f the
server object are reserved. |If the processing executed by the server object

has beensear tept byxcohpketsedppetiefoesaht utlkhawhsrehgobad i n the data area.
I f the processing executed by the server object has not been correctly
conpl et ed, thkcetrxdinglinl ait sistdestirail¢ hthatht an aoparaByngeagsbgmdat a
stored in the data area, the client object using the identification nunber
recei vesPra¥iddngl & fungtient € fubvresbagedxmegsedebpasisd ngebecrabdlej ect
has been correctly conpl eted. 29 July 2003 6 If the processing executed
by the s&PvELSBBfeProfasshBg BEeancobdest| ¢vennphenegher gdiecitent obj ect

receives the status data.
enters the waiting state due to some problem, so that

software running on the operating system is stably operated.
In the conventional operating system, with the
occurrence of a waiting state, time-out processing is often
executed regardless of the reason of the occurrence of a
waiting-state in order to discontinue the above state. 1In
this method, however, the waiting state continues until the
time-out processing is started, thereby wasting time
depending on the period set for starting the time-out
processing. Additionally, even 1f the waiting state is
discontinued by the time-out processing, the reason for the
occurrence of the walting state cannot be specified, which

may further cause the occurrence of another waiting state.

SUMMARY OF THE INVENTION

In view of the above background of the conventional art,
it is an object of the present invention to provide a data
processing method in which even if an object enters a

waiting state due to some problem while future-based message



According to the aforenenti oned data processing nethod, if the processing
executed by the server object has not been correctly conpl et ed9 Juh@0os at us
data indicating the status of the server object is delivered to the client
obj ect via the above-described data area. Thus, even if the client object
enters the waiting state due to sone probiem while message passing is being
performed, the status of the server object can be inforned to the client

obj ect without needing to execute tine-out processing, thereby enabling the
client objesisén@xié BeéDigyther paihéay chatebjéeeordhngxie @peiheneaspect
of the present invention, there is provided a recordi ng nedi um whereon an
oper ati ng syslteing straaeomdethouthacepengt taogesgstiem tirndtoles pssagd reendi ng
means, as an application programinterface for describing a first object,
for sending to alset®nanobliectohjeetsafetheqonesseény inveotpenf bom a
processing and to return a result of the processing to the first object.
The af or eneR¥PHhde BpbeaPrAgngyBediiBentsWhinksaagereramiadcsyéieiobj ect to
a server object in accordance with the pessage-sendi ng nmeans, and reserves
a data ar ealRBYFRENERNP dBREi RPRUETERSREHBRY ARb2 i REPEEPALNE PEERPI PSPt on

for stori Lt data ipdicatir Lt _of i ted by th
server obj eEPCanded: seldntiopBFPYofer 3 dater PAGCEPATHY ARPATSTH8 July 2008 7

i ndi cating rg&f@g@ Qitﬁh§¥%§rge eé%@é&ﬁqfﬁ%gﬁlggerating system furt her

stores the Tesu ata’in data area e pTocessing executed by the
server object hag, begile £0F8 E5LH Ye $OPhE £80vdNELPREE At hREoSHShEM St BhES the

status data in the data area if the processing executed by the’server

obj ect has aghebeehrCOREEFLEYeROMPhObAGioRNEtABREAL ENProYSHRM hubkhkar

i ncl udes data readi ng neans for reading data stored in the data area using
t he identifpeatessingnhethodswhbeecapphi nassagepiegsanti firemf acelused f or
descri bing an object. The operating systemrecorded on the recordi ng nedi um
stores the gbhpeat tata derdicratobigdthe astdatbs efrvhe skjeet ebeeates mt he
above-described data area if the processing executed by the server object
has not beeRreeefetngylipokpFEPEEe toAdcardMegity bynEheefisRpasheantht a stored
in the data area, the client object is able to receive.the status data.

Thus, even FECERRS cRi BRtUbbj @Ft LRAtRFLCERBINRI EP nghet Gt EeRbeCPdeShe 1N
bl whi | e, i s _bej f d, th t at f th
obj ect can BOLT ridrAERLLSSTRENEI PERECGL) BRERw REP AEearngoTE &XSRutEe

time-out pr(?fféli{', n&b'ég@r_?gytﬁgag{ekggrtgﬁ'gl:i:eng ﬁQLSCErEQ fXLh b Qi the
waiting state. According-to a further aspect ~of “t € present I nvertion,
there is proyidedrsfcdel 8nPhosBES! POrapParahYS re8UREi ahRg i‘nﬁ?%QEthﬂggﬁ‘%d' um

on which an operating systemis recorded. The operating system i ncludes
message- sengk syl teanstha@spadcapplihgatkesupeagbgnmhat eekaee bbhedeschhlli ng a
first object, for sending to a second object a nmessage requesting it to
perform a paodaissiageantbt csteting statesuldatof irvkl qatoioes sa ngtdtous hef fir st
obj ect. 29 July 2003 8 The aforenmenti oned operating system sends a
message fromhea s¢rear object avearseeveedebj &6t the neocedsicd wWxErutas

nmessage- sendi ng nmeans, and reserves a data area having an identification
nunber and Pncth@i pgrEeri PRl epbr PRENPEER SPFEESS e soMP IRfied i ddi®ating a
result of processi second portion for

ng, executed by the, server object and a
storing stato3" BtggFﬁd?ﬁafgﬁﬁéé éPaFB? Geten EﬂﬁVeg%bﬁQ§ﬂPF Op¥t at i ng
system storep. Lhe.fegyl {ndatarkn, togsdatanateq tf bl RLQGeRRI0 executed
by the servér object hasS been correctly conpl eted.
completed, the status data is stored in the data area. By
reading data stored in the data area, the client object using
the identification number receives the result data if the

processing executed by the server object has been correctly

completed.



The operating system stores the status data in the data area if the
processing executed by the server object has not been correctbgJgg@obgt ed.
The operating system further includes data readi ng neans for reading data
stored in the data area using the identification nunber as the application
programinterface used for describing an gbject. The operating system
recorded on the recording nmedium providedwith the data processing
apparatus stores the status data of the server object in the

above- descri HelthIREPIFLENTF HeECUSesk &Ysiths erevareabhycthbager9lrbey ect
has not been correctlg cogglg%ed. Accgrdinglg, b% reading the data stored
in the dat CAFEECTINCARERECh] Bt FE1EBF OboeFRCERPGRIYAE §Pat BE2HEFA.
Thus, even iftthe client object enters the waiting state due to sone
problen1mhi?% %bssage passing is being perfornmed, the status of the server

obj ect can be i NI 10 (NG gl 160t DHEGhaiy HOVL DESOLOGILE FAEGIME

ti meout processing, ereby enabling cl'rent “oDbj 0 exi rom

wai ting stalg. thd bhbSeSPELdTiLLh00d SPT{NAr L Ly LGy 1 016, OX GG A ON
of application prograns is teferred to as "an 29 July 2003 s _ g

operating systesttlp SompPateapnske IhatubsSdatbeipnerating syust gpnedascri bed
in this specification includes not only basic software for managi ng

har dwar e, bof ehsosesvétvwalbbpeopetiat daygiverbdaste shét waientobbhasagivig
har dwar e and nmanagi ng t he execution of application prograns, which is
referred toths,aboverdleserided Rattsherrea.he Thper, aeveg sfstben désentbed in
this specification includes software inplenmenting a virtual conputer
system in Ypiedt cepreral thy waipiograhnbfeduei bn enwer phabhen whéle

i npl enent ed b% a single conputer, and it appears to the user that a

plurality ORSTRAPRRISSIRY el DPRFHIY ST BRIEY DEER PTG (FF THES DRORTNES
g Lol BLEe LBt b OREAoL Ol o E3e0s 82PN el LopTed By
CHIDL o1 o\ BKEUPL OTLRELoLE L D0 B0 PR PRETSBhb YRS OB cfyfnsd,
Fig. 2 object to exit from the waiting state.
According to another aspect of the present invention,
there is provided a recording medium whereon an operating
system is recorded. The operating system includes message
sending means, as an application program interface for
describing a first object, for sending to a second object a
message requesting it to perform a processing and to return a
result of the processing to the first object. The
aforementioned operating system sends a message from a
client object to a server object in accordance with the
message-sending means, and reserves a data area having an
identification number and including a first portion for
storing result data indicating a result of processing

executed by the server object and a second portion for

storing status data



Fig. 4 illustrates an exanple of a scenario of nessage passing perfornmed by
usi ng the nmet hod "SendW t hRBox" when the processing proceeds29 dulp2003 mal

condition; Fig. 5 illustrates an exanple of a scenario of nessage passing
performed by using the nethod "SendWthRBox" when an 29 July 2003 a - 10
exception occurs; Fig. 6 illustrates an gxanple of a scenario of nessage

passing perfornmed in the server object in Wiich a processing request is

recei ved and.a. processi result .is returned b i ffgrent server objects;
Fae 7o e Poft R SR b b BB PP COn Yok s ol MR Ri s For med by

using the g‘f%é%}? £t AW LhGooL T aatian g@‘éaF@LH-tﬁeicﬁ*&gtix%faeﬁfaghéxanp' €

of a scena nmessage passing pertornmed between difterent netaSpaces.

DESCRI PTI G- S SR PREEERRED HHMBRIA M epn ogHBedi RBShdn -ddi1e R ggent

invention is described below in detail with reference to the draw ngs. 1.

Har dwar e Epothg st AReeypsPatiny sys#ahasPopeeSidIGLARMEr dhds in the
i ncorporating the present invention is first described with reference to

Fig. 2. Asdate exdeediifenheoprbbes pires exedutednbiyobhe asé elevidij@rts aétsl oaded
with a data processing function incorporating the present invention is
descri bed. n¢viesasy carirecplys ennpl event i Ure ipegpplingablyeten Haheher ypes of
data processi ng apparatuses. That is, the present invention is wdely used
in data prbeekiden dafsarsading BRamh| EF dHifasiadadplg syered Hunkhe fdita

exanpl e, audi o-vi sual maghi ne
P area using the gdentification number, as the application

program interface used for describing an object.

The operating system recorded on the recording medium
stores the status data indicating the status of the server
object in the above-described data area if the processing
executed by the server object has not been correctly completed.
Accordingly, by reading the data stored in the data area, the
client object is able to receive the status data. Thus, even
if the client object enters the waiting state due to some
problem while message passing is being performed, the status of
the server object can be informed to the client object without
needing to execute time-out processing, thereby enabling the
client object to exit from-the waiting state.

According to a further aspect of the present invention,
there is provided a data processing apparatus comprising a
recording medium on which an operating system is recorded.
The operating system includes message-sending means, as an
application program interface for describing a first object,
for sending to a second object a message requesting it to
perform a processing and to return a result of the

processing to the first object.



29 July 2003 - 11 (what is called, "AV machines") other than the

tel evision set, office machines, and ordinary conputers. The 22UdyR80dn set
shown in Fig. 2, which serves as the data processing apparatus

i ncorporating the present invention, receives a signal froma broadcast
station via an antenna or a cable (neitheg of themis shown), and based on
the signal, displays an image on an image display unit, such as a cathode
ray tube orpga, | fr. a_.speaker.
"2y tube Ormge ke ehal, BABELLIATCAIR QUHIL2 SBM] OReRscP
function, betiérst alksecable tosercer Vcﬁajwcmgrlarracaaddalr&t@ v;hru]wmtam ext er nal
sour ce. The tel evision ,set is forne as |Ilgstrated in E‘Iﬁ’%t 2, a

t el evi si on TFRAIOIFRHNIZMEBRR R ”ce(?eéfvﬁﬁs axdgta arepdiay aBut put (10
bridge 1, aldi%r?&l%%%ﬁ:l@ncﬁﬂﬂﬁéke%& Olﬁél%cﬁ‘r‘x% 2 ¥igsh erg%{r‘?fro\f Q"tbggﬁ?g a

read onIy menory ( ROV and a random access nenory ( 7 connect ed
t he processmsxﬂwlcmtlahentimsahen@ray tersulde of, pandeammg)msmqwmdpbzmetha an

t | st 9 t t 10 d devi
T1. Al of SHE SR onABe: BaTOUTAEBUSCD. Lo COrEH StatPUME R on wni t 3

serves the faicddtamgot EERE@SIUSH Nhel BBYQETr aRs NGB8 OThR HistRal
received by the antenna or the cable (neither of themis shown The

tel evi si on EP’@FPRQEI d?rlileuﬁfﬁﬁuétl dateariedihed dasat psed st the KTORESBLBYI O bri dge
1 so that écf% T%Er{}gfeék‘{ ec,sﬂ g{é%m%l ep 2801]%&@8 l%%edt o or

fromthe ot roce Serves mputati on
unit for cdritas oipemgmlgesyaﬂem sitmtesaltﬂ*rmrsﬂ:ato{s taeatiad axhesmhmasatreal $f

connected to the bus 2 via the bus/ne y bridge 4. The ROM 6 and the RAM 7
are connect@bet%rqq?ésﬁp&%%ﬂlt%g q%‘e%é’ﬁﬁe%?%‘b%%@% PERB ROM 6

stores an opgFaldilg wabsataad 'ﬁ'@'dﬁ%‘t@ﬂg%?%é}ﬁmfdist@l@rf %d&&@%ﬁﬂa@'
performed by the processor 5. The operating systemstored in the ROM6 is

an obj ect or¥eadiay m@nat oy s%qlm |dﬁﬂaeﬁ§nredglrot1}@:tda¢|a| eneatumgm RAM
7 is used as ar.ea faor £r%cesso
C r a

rocessor S 9aHeiat R, ARG SR SR Rat LIl Bro5 AR W% e

in the ROM fobydssirmipihbeaRAdbyeds. a Wrk area, thereby control ling the
i ndi vidual elenments of the television set.

The operating system recorded on the recording medium
provided with the data processing apparatus stores the status
data of the server ébject in the above—describea data area if
the processing executed by the server object has not been
correctly completed. Accordingly, by reading the data stored
in the data area, the client object is able to receive the
status data. Thus, even if the client object enters the
waiting state due to some problem while message passing is
being performed, the status of the server object can be
informed to the client object without needing to execute time-
out processing, thereby enabling the client object to exit from
the waiting state.

In this specification, software for managing the

execution of application programs is referred to as "an



The operation panel 8 is an input unit for receiving the operation which is
i npyt by the user, and a signal indicating an instruction forggﬁmgg@bgnple,
the switching of the channel or the volunme control of the television set,
is input fromthis operation panel 8. Mre specifically, the operation
paned 8 is fornmed of an input unit provided with a plurality of buttons for
i nputting various signals and a pointing device, i.e., a nouse. The signal

i nput through the operation panel 8 is input into the processor 5 via the
bus 2 and the bus/nenory bridge 4. The processor 5 then 29 July 2003 - 13
execut es predeterm ned conputational prgcessing based on the signal input

t hrough the operation panel 8, thereby controlling the individual elenents.
The external storage device 9, which is forned of, for exanple, a hard disk
drive unit, is used for recording data, such as inmages and sounds, control

dat a reﬁFPPEHaF%ngﬁgﬁFﬁmriﬁﬁ 2nreafeveRFen sERatappri ERei BReBREGRENS
t i i i it. 10 tc. T i ti
ani E "o, #Fg#‘]‘: deserihed; #‘B?F‘Eﬁ%ﬁ;ﬂgﬂ%&Eﬁgg#‘o?ﬂi’ﬁ‘dgﬁgf 80T off %?‘éz't??ng:”
. P . ! ons
WL an s ERlise s LaGTaa BOIRUER, Rulchsiael cagpper SLc T
and data 5§8§%ﬁ§9 f68”b391§X£8£€a£r3056§em¥§§ lH§ ﬁQEHHH#&aéban uni t 10,
ays e 8 h e?ev S e

and di spl orrespondi ng I NEQesS. e Ions not only includes

an or di Nakinhgh Y1 EheNLUBGEION BF OubHETcBY1bRCpLELEMRS] OniuacLLon uni L 3,

but al so receiveS data tfrom an external source Vvia the conmunication unit

10. More speertb@atbyast hemighekatan. sefurénapl ethe bpeLa¥engl 8ysesanl e,
a new software nodule froman external network via the comrunicati on unit

10, thereligsupgphedi i thesvepecoricatibr epelatiesyssgswaseand the

application prograns. In this television set, the processor 5 runs the

oper at i ngimpiémentinged virthal REbiputandspbtemexenuwhichhe plurality
of program execution environments are implemented by a
single computer, and it appears to the user that a plurality

of computers were operating.

BRIEF DESCRIPTION OF THE-DRAWINGS

Fig. 1 illustrates the basic operation of message
passing performed by using a future;

Fig. 2 illustrates the schematic configuration of an
example of a television set incorporating the present
invention;

Fig. 3 illustrates the operating system installed in
the television set shown in Fig. 2;

Fig. 4 illustrates an example of a scenario of message
passing performed by using the method "SendWithRBox" when
the processing proceeds in a normal condition;

Fig. 5 illustrates an example of a scenario of message

passing performed by using the method "SendWithRBox" when an



29 July 2003 - 14 application prograns stored in the ROM6 and in the
external storage device 9 on the operating system thereby 20daly2003 ng t he
i ndi vi dual elenents of the television set. That is, the television set is
provided with the ROM 6, which serves as a conputer-readabl e recording
mgdi um on whi ch the operating systemis recorded. The operating system may
be stored in the RAM 7 or the external storage device 9, particularly when
it is desired that the operating systembe overwitten. 2. Software

Envi ronnent The software environnment of the above-described tel evision set
I's now described. 2-1 Schematic Confdib@urati on of Operating System The
operating systemused in the aforenentioned television set is an

obj ect-oriented operating system In other wrds, software, such as an

appl i catign, Beddfyli ng on the operating systemis forned into nodul es
as objects,egﬁgggﬁjé%t interaction is conducted by nessage passing. This

operating sys¥g.hgs 1310s¢ratke’ Bl ex@mpiBOWE bNsblefiario UFameRis@yedes the
basic function as the operating system thereby nmaking it possiblé to

si mul t anggaesd dhP Bt fiamted| 1 AlHd etfvdlf U RIBIEXEE WNdh e \prcyERitsg on t he
mere request 1s received and a processing result is returned by
different server objects;
Fig. 7 illustrates an example of a scenario of message
passing performed by using the method
"SendWithContinuation"; and

Fig. 8 illustrates an example of a scenario of message

passing performed between different metaSpaces.

DESCRIPTION OF THE PREFERRED EMBODIMENT
An embodiment of -the present invention is described

below in detail with reference to the drawings.

1. Hardware Environment

An example of a data processing apparatus incorporating
the present invention is first described with reference to
Fig. 2. As an embodiment of the present invention, a
television set loaded with a data processing function
incorporating the present invention is described. However,
the present invention is applicable to other types of data
processing apparatuses. That is, the present invention is
widely used in data processing apparatuses on which an

operating system runs, for example, audio-visual machines



29 July 2003 - 15 kernel. In the follow ng description, the program
execution environment provided by the operating systemis ref2rdulyd2003 as a
"met aSpace". More specifically, the operating system provides, as a

met aSpace, an mCOOP net aSpace constructed by a plurality of objects, and an
nDr #ve netaSpace constructed by a plurality of objects. An application
programinterface (hereinafter referred to as an "API") used for descri bing
objects of ari application programis assigned to each netaSpace. In the
foll ow ng description, an object used in a netaSpace is referred to as a
"metaCbj ect”. The nCOOP net aSpace i s -ajet-aSpace primarily for operating an
obj ect-oriented application program (for exanple, an application program
for inplenmenting a graphical user interface for controlling the operation

| 8). T "o taS t S , " COOoP"
E?Qﬁds %oﬁwggﬁcﬁﬁrég}ggg?iggedg?gﬁggﬁéE?ggfﬁgﬁfﬁ8§g$%geﬁ%§i9¥ig8988pace i s
taS f t] devi dri f l.e, devi dri f
Controll | Rete neroRapnpeaiyBefceatd SFaLREEY BmBNRERES: T Controfling the |
1T . . . ! J e
For control |1 i b helfs GRS orfih 16 AG. 12 Al nSsBHUR LS BREMRITTY

i ver (DoateCPEPPyEF nb o agase s AL EPORERIRG, CRBTPRERRAL T Cperati ng
system thfvERPBne+aS88G8s a signal from a broadcast station via an
antenna or a cable (neither of them is shown), and based on
the signal, displays an image on an image display unit, such
as a cathode ray tube or a liquid crystal panel, and also
outputs sound from a speaker.

The television set is not only provided with an
ordinary television function, but is also able to receive
programs and data from an external source. The television
set is formed of, as illustrated in Fig. 2, a television
function unit 3 connected to a bus 2 via a bus/input output
(IO) bridge 1, a processor S5 connected to the bus 2 via a
bus/memory bridge 4, a read only memory (ROM) 6 and a random
access memory (RAM) 7 connected to the processor 5 via the
bus/memory bridge 4, and an operation panel 8, an external
storage device 9, a communication unit 10, and a graphics
device 11, all of which are connected to the bus 2.

The television function unit 3 serves the function of
reproducing images and sounds based on a signal received by
the antenna or the cable (neither of them is shown). The

television function unit 3 is connected to the bus 2 via the

bus/I0 bridge 1 so that it can transmit or receive signals



and the nDrive netaSpace are operated on the mcro-kernel. An application
program fornmed into nodul es as objects is operated in the n@@dPYH5p§Space,
while a device driver formed into nodul es as objects is operated in the
nDrive netaSpace. This operating systemis able to provide not only nCOOP
met aSpace and nDrive netaSpace, as the netaSpace operating on the

m cro-kernel, but also a netaSpace for operating, for exanple, a
procedure-oriented application program (for exanple, an application program
fox causing the television function unit 3 to display noving pictures). The
met aCbj ect formi ng mCOOP met aSpace incl?des, for exanple, an object
"nCOOPMai | er” and an obj ect "nCCCPFauIthndIer". The object "nCOOPMai l er”
is a netaObject used for perform ng nessage passi ng between application

pr ogr ans 4ol Frdm) tHe JHeF dminesxace. The obj ect "nCOOPFaul t Handl er” is
a nmetaCbj ect for executing exception handling. In practice, the nCOOP

nmet aSpace i s fTaenpiocestkodnlsy whiche sebhtves- desar chapuratdoh entit, flowt al so
of other metaCbjects. The nmetaCbject form ng nDrive nmetaSpace includes, for
exanpl e, contoiyldcind riire \daidhlivistialarel emerdly exft tinDrieleaigidiarster . The
object "nDriveMailer"” is a netaObject used for perform ng nessage passing
bet ween i22TquiectaidIo tlwyilns & iwle stharmisramoxyhéritides et netBBpace.
The object "nDriveFaultHandler" is a netaCbject for executing exception
handl i ng.RQM rand ithe RAE hidre cornemnido dhevanogassor 5%0@@3 the

met aSpace, is formed not only of the above-described netaObjects, but also
of otherQHﬁzﬂﬁﬁQRﬁ Prigge bperating system provi des the functlon of future

based h di d d t I I th foll

doscripti on TS ROWP y RoThet B0 RECRIIon SPTE™ AR SRPIAEAAR cands &
t t f d

to as a "G m@rusc’é’% Fhrs i riftod ipd il eccd’ ‘ﬁé”f ﬁ%%%%%erﬁeiééée

fromthe ,g| angi Jgssage is
referred to Sésﬁ "server jegétzwle%dp{% met aSpace APC}KT% order to

per f or m {1 LR SSHsb FEREHHY & PRSEh Nthp Teridipe TKFEb JE¢ £ ALt dHifon

af orenenti oned operating system provides the foll ow ng nethods as the APls
used for descrmhll RAM e 1GHIRGIES &I Adrk] dred FROIEHS pRicesane.5.n this
specification, the APl is indicated according to the description nethod of
the Obj eMorvangmsrietcaIyp the epfecessiet | Hi tumws tlms\gmp\gsatﬂi@ sPEtemsError
SendWt hRBox(in O D desthjID, in Selector

and the application programs stored in the ROM 6 by using

1

the RAM 7 as a work area, thereby controlling the individual
elements of the television set.

The operation panel 8 is an input unit for receiving
the operation which is input by the user, and a signal
indicating an instruction for, for example, the switching of
the channel or the volume control of the television set, is
input from this operation panel 8. More specifically, the
operation panel 8 is formed of an input unit provided with a
plurality of buttons for inputting various signals and a
pointing device, i.e., a mouse. The signal input through
the operation panel 8 is input into the processor 5 via the

bus 2 and the bus/memory bridge 4. The processor 5 then



meth, in any nsg, in size_t sizeOMsg, out RI D rBoxlD) 29 July 2003 - 18
sError Receive(in RIDrBoxID, in any nsg, in size t sizeOf Ms@P Jyd082
Reply(in any resultMsg, in size t sizeOfResul t Msg) sError Delegate~(in QD
destbjID, in Selector neth, in any.nsg, in size t sizeOMg) The above

nmet hods are discussed below in detail. 2-2-1 SendWthRBox() sError
SendVVthRBox(ln O D destjID, in Selector neth, In any nsg, in size_t

si zeOf Msg, out RID rBoxl D) The nethod " SendW t hRBox" is a nmessage- sendi ng
met hod for sending a nmessage froma client object to a server object. That
is, the nethod "SendWthRBox" is enploy Ed When it becones necessary for the
cllent object to obtain the result of the processing executed by the server
object after it has sent a nessage to the server object. The argument
"destQbjID' is an argunent of the "OD' ty which is a data type for

speci fyi ng*ERBLEH] eg@de#ﬁm%@@ec@rp@ewwﬂgaihergseﬁéﬁnpreéfe@ ons&hei n the

ar gunent "desthilD' The argunent "neth" is an ar%unent of the "Selector™
signal input through the operation panel thereby

controlling the individual elements.

The external storage device 9, which is formed of, for
example, a hard disk drive unit, is used for recording data,
such as images and sounds, control data required for
controlling the television set, application programs
externally downloaded via the communication unit 10, etc.

The communication unit 10, which is an input/output
unit for performing data communications with an external
source, is formed of a modem, a terminal adapter, etc.

The graphics device 11 procesées data recorded on the
external storage device 9 and dat; received from an external
source via the communication unit 10, and displays the
corresponding images.

The television set not only includes an ordinary
television function provided by the television function unit
3, but also receives data from an external source via the
communication unit 10. More specifically, the television
set is able to receive, for example, a new software module
from an external network via the communication unit 10,
thereby upgrading the version of the operating system and
the application programs.

In this television set, the processor 5 runs the

operating system stored in the ROM 6, and also executes the



type, which is a data type for designating the nmethod. The val ue
designating the nmethod of the server object for describing tReJuly@0e3si ng
to be requested is set in the 29 July 2003 - 19 argunent "neth". The
argunment "nsg" is an argunent of the "any" type, which is an arbitrary data
type. The pointer to the area for storing the nessage to be delivered to
the server object is set in the argunent "nsg". The argunent "sizeOrMsg" is
an argunment of the "size t" type, which is a data type for specifying the
size of the data. The value indicating the size of the nessage to be
delivered to the server object is set~i¥the argunent "sizeOfMsg" . Wen
the nmethod "SendWthRBox" is issued, the data area "RBox" for storing the
result of the processing executed by the server object is reserved by the

obj ect " mBppilmiltnh, prbigramei bitobeadtsC YRR Ao 6 anal 1 AR 38T naTEOX"
is an area in which the result to be received by the client object i

stored, astorageciiemice ©ooasthe’ bperatingAbygtefENdhRgdcpie Message to the
server object, the nethod "SendWthRBox" obtains the idenfifier "rBoxlD' of

t he "Rl D' COp$&01dANgh the dnddviduppeellemeapecobfyithe o eddisdonl @at RBOX".
The identig%gr "RBoxI D' is an identifier for designating the data area
"RBox" re edShy thee tedprdsioncoseMis| providied wehmehleogoMSendW t hRBox"
has been | ugd. The net hod "SendW t hRBox" acquires the value of the
"sError" W§38 a§erHESr BfuRncoBPUEernApafiabid earggoxdingemedium on

which the operating system is recorded.
The operating system may be stored in the RAM 7 or the
external storage device 9, particularly when it is desired

that the operating system be overwritten.

2. Software Environment

The software environment of the above-described

television set is now described.

2-1 Schematic Configuration of Operating System

The operating system used in the aforementioned
television set is an object-oriented operating system. In
other words, software, such as an application program,
running on the operating system is formed into modules as
objects, and object interaction is conducted by message
passing.

This operating system has a micro-kernel, as shown in
Fig. 3, that provides the basic function as the operating
system, thereby making it possible to simultaneously provide

a plurality of program execution environments on the micro-



representing the error code. That is, if the processing of 29 July 2003 -
20 the "SendWthRBox" is not correctly conpl eted in i ssui né® ¢#y 300t hod,
the error code indicating the error reason is returned as the return val ue.
If the processing is correctly conpleted, the value indicating that the
proocessi ng has been correctly conpleted is returned as the return val ue.
2-2-2 Receive() sError Receive(in RID rBoxID, in any nsg, in sizet
sizeOFMsg ) The nethod "Receive" is a data reading nmethod for reading data
stored in the data area "RBox". That is, the nethod "Receive" is used when
the client object receives the result 18 -the processi ng executed by the
server object after it has issued the nethod "SendWthRBox". The argunent
"rBoxI D' is an argunent of the "RID' type, which is a data type for

desi gnat k@&nb&e dghatfeeeolBR¥ng IQEchE'EELbB' ekhbObreRea' &keauwsndata
area "RBox" which stores the result of e processing perforned by the

server ogph®dirohmede! provibedabgueRat opeBaxiRg. s¥Bdem is Hegerbuetef the
identifier "rHoxl D' acquired upon | ssui ng the nmet hod " SendW t hRBox" is set

i n the asguaemnetaBpskcl®. The argunent "nsg" is an argument of the "any"
type, which is an arbitrary data type. The pointer to the area for storing
t he recei ved Mesesagpecifieally, ttice avperabing system provides, as a
metaSpace, an mCOOP metaSpace constructed by a plurality of
objects, and an mDrive metaSpace constructed by a plurality
of objects. An application program interface (hereinafter
referred to as an "API") used for describing objects of an
application program is assigned to each metaSpace. In the
following description, an object used in a metaSpace is
referred to as a "metaObject".

The mCOOP metaSpace is a metaSpace primarily for
operating an object-oriented application program (for
example, an application program for implementing a graphical
user interface for controlling the operation panel 8). The
"m" in mCOOP metaSpace represents a metaSpace, and “COOP"
stands for Concurrent Object Oriented Programming.

The mDrive metaSpace 1s a metaSpace for operating a
device driver (for example, a device driver for controlling
the graphics device 11 or a device driver for controlling
the communication unit 10 to transmit and receive data via a
network) primarily for controlling hardware. The "m" in
mDrive metaSpace designates a metaSpace, and “Drive"

represents a metaSpace for operating the device driver

{Device Driver).



29 July 2003 - 21 "nBSg". The argunent "sizeO Msg" is an argunent of the
"size t" type, which is a data type for specifying the size 029 §uig2003 a.
The val ue indicating the size of the area for storing the received nessage
is set in the argunent "sizeO Msg". The nethod "Receive" acquires the val ue
of tshe "sError" type as the return value, which is a data type representing
the error code. That is, if the processing of fhe "Receive" is not
correctly conpleted in issuing this nethod, the error code indicating the
error reason is returned as the return value. If the processing is
correctly conpleted, the value indicatiag that the processing has been
correctly conpleted is returned as' the return value. 2-2-3 Reply() sError
Reply(in any resultMsg, in size_t sizeO ResultMsg) The nethod "Reply" is

o et LD IS A eé%%&faé ﬁmé?s%ﬁéc'aqi?
BITERL Saeuthsnabrie Moesobts off ShEaB od /P MOBEE-KEclhe 1o e
sent to théncapphicabjéstiprogram formed into modules as objects is
operated in the mCOOP metaSpace, while a device driver
formed into modules as objects is operated in the mDrive
metaSpace.

This operating system is able to provide not only mCOOP
metaSpace and mDrive metaSpace, as the metaSpacé operating
on the micro-kernel, but also a metaSpace for operating, for
example, a procedure-oriented application program (for
example, an application program for causing the television
function unit 3 to display moving pictures).

The metaObject forming mCOOP metaSpace includes, for
example, an object "mCOOPMailer" and an object
"mCOOPFaultHandler". The object "mCOOPMailer" is a
metaObject used for performing message passing between
application programs running in the mCOOP metaSpace. The
object "mCOOPFaultHandler" is a metaObject for executing
exception handling. 1In practice, the mCOOP metaSpace is
formed, not only of the above-described metaObjects, but
also of other metaObjects.

The metaObject forming mDrive metaSpace includes, for
example, an object "mDriveMailer" and an object
“mDriveFautlHandler". The object "mDriveMailer" is a

metaObject used for performing message passing between



Is set in the argunent "resultMsg". The argunent "sizeO ResultMs~g" is an
argunent of the 29 July 2003 - 22 "size t" type, Wich i 29Julya4093t ype
for designating the size of the data. The value indicating the size of the
nmessage to be sent to the client object is set in the argunent
"swzeOF Resul t Msg". The nethod "Reply" obtains the value of the "sError"
type as the return value, which is a data type representing the error code.
That is, if the processing of the "Reply" is not correctly conpleted in
issuing this nmethod, the error code indicating the error reason is returned
as the return value. |If the processing,is correctly conpleted, the value

I ndi cating that the processing has been correctly conpleted is returned as
the return value. 2-2-4 Delegate() sError Delegate (in OD destOhjID, in
Sel ector neth, in any nsg, in size-t sizeOfMsg) The nmethod "Del egate".is an
aut hor i z@&evbee ddrEeexs ngumingdin ofhe dMighie e tasSpaceor i Phe i dniesng
objects. Mre specifically, the method "Del egate" is used when the

aut hor i ZH’E‘IPE%V?'ZE;E‘FH-%#W%% % (A tNFaQPIe et ofRS s RRCekiRY t RECERLIPR server

ob) oct s BRRTHAS of FRuPHIS TR | DI TPZE e MECRARAER( | 5V Db #or IRt on i s
Al Tt NS SR SR LR R

metaObjects, but also of other metaObjects.

This operating system provides the function of future-

based message passing, which 1s discussed in detail below.

In the following description, in the future-based message

passing, the object that sends a message to another object

to request it to execute processing is referred to as a

“client object”. Conversely, the object that receives the

message from the client object and executes processing based

on the message is referred to as a "server object”.

2-2 mCOOP metaSpace API

In ordexr to perform future-based message passing in the
mCOOP metaSpace, the aforementioned operating system
provides the following methods as the APIs used for
describing the objects operating in the mCOOP metaSpace. In
this specification, the API is indicated according to the
description method of the Object Management Group Interface
Definition Language (OMG IDL).

sError SendWithRBox(in OID destObjID, in Selector

meth, in any msg, in size_t sizeOfMsg, out RID

rBoxID)



- 23 reply authorization is referred to as an "authorizati ondel egati ng
object", while the object that is delegated to receive the redflJuly 2003
authorization is referred to as an "aut hori zati on-del egated object”. The
argunment "destObjI D" is an argunment of the "AO D' type, which is a data type
for sspecifying the object. The value representing the

aut hori zation-del egated object is set in the argunent "destbjID'. The
argurment "neth" is an argunment of the "Selector"” type, which is a data type
for specifying the nethod. The value indicating the nethod of the

aut hori zati on-del egat ed object for desqiibing the required processing is
set in the argunent "neth". The argunent "nmsg" is an argunent of the "any"
type, which is an arbitrary data type. The pointer to the area for storing
the nessage to be sent to the authorization del egated object is set in the
argunent " nsg"SEDFRT Reseive (1 BHOIMRRIR s Hh anyyures gize "%j ze t"
type, Wiich is a data sjze for designating the size of the data. The val ue
representing tFbZ@PEMSP} the message to be sent to the

aut hori zation-del egated object is set jn the argument, "sizeOMsg". The
met hod " Del egatedT t%ﬁ%&Y{Hk %&HLEP%Hl{h&Q" rot%e+Ype as the return

value, which is,a E%a t representing the error code. That is, if the
processi ng of §+ﬁ95l %%#§%%303
sError Delegate.(in OID destObjID, in Selector meth, in
any. msg, in size_t sizeOfMsg)

The above methods are discussed below in detail.

2-2-1 SendwWithRBox()

sError SendWithRBox(in OID destObjID, in Selector meth,
in any msg, in size_t sizeOfMsg, out RID rBoxID)

The method "SendWithRBox" is a message-sending method
for éending a messagé from a client object to é server
object. That is, the method "SendWithRBox" is employed when
it becomes necessary for the client object to obtain the
result of the processing executed by the server object after
it has sent a message to the server object.

The argument "destObjID" is an argument of the “OID"
type. which is a data type for specifying the object. The
value specifying the server object is set in the argument
“destObjID".

The argument "meth" is an argument of the "“Selector"
type, which is a data type for designating the method. The
value designating the method of the server object for

describing the processing to be requested is set in the



- 24 "Delegate" is not correctly conpleted in issuing this nethod, the
error code indicating the error reason is returned as the re2QJduly 280e. |f
the processing is correctly conpleted, the value indicating that the
processi ng has been correctly conpleted is returned as the return val ue.
2-3 nDrive netaSpace APl In order to performfuture-based nessage passing
in the nDrive netaSpace, the aforenentioned operating system provides the
foll owi ng nethods as the APlIs used for describing the objects operating in
the nDrive netaSpace. The APl is represented in conpliance with the OMG

| DL. sError SendWthContinuation(in-010 destbjI D, in Selector neth, in any
neg, in size t sizeOFMsg, in Selector contMeth) sError Kick(in ContlD
contID, in any nmsg, in size-t sizeOOMsg ) ' The above nethods are descri bed
i n detai 2-3:dwSendWt hConti nuation() sError

SendVVth%%ﬁ |%ﬁgtig§fﬁn'ClD destbj I D, in Selector nmeth, in any nsg, in

size_ t sizeO , cd < t WS ] 'ahf?g | nuati on"
i's a_rressage-‘g@%dﬁ% netﬁoﬁ%roggerl\lﬁ%r n%lggagg 1rle(?m e c %f object to
the 29wﬁ§bn_290§n-a%51t§3£yeaa991egﬁe.Th@ngﬁbb@ﬁté§e@@W%hacaabhnuat'On"

is used when it becones neceSsary fof "the client object to performa
speci fi craet Bedrihgr Qhaaﬁégéa?éf €6rd BelaFeRedC @Bl Ftﬁ!éable%eﬁfebbﬁé'é): upon

receiving the processing result of the server object after the client
obj ect has semt ihhehsrasggmeh® tieglerver object. The argunent "dest Objl D"
I's an argunent of the "AD
The argument "sizeOfMsg" is an argument of the “size_t"
type, which is a data type for specifying the size of the
data. The value indicating the size of the message to be
delivered to the server object is set in the argument
"sizeOfMsg".
When the method "SendWithRBox" is issued, the data area
"RBox" for storing the result of the processing executed by
the server object is reserved by the object "mCOOPMailer",
which will be discussed later. The data area "RBox" is an
area in which the result to be received by the client object
is stored, and is referred to as a "future".
After sending the message to the server object, the
method "SendWithRBox" obtains the identifier “rBoxID" of the
"RID" type, which is a data type for specifying the data
area "RBox". The identifier "RBoxID" is an identifier for
designating the data area “RBox" reserved by the object
“mCOOPMailer" when the method “SendWithRBox" has been issued.
The method "SendWithRBox" acquires the value of the

"sError" type as the return value, which is a data type

representing the error code. That is, if the processing of



type, which is a data type for specifying the object. The val ue for

speci fying the server object is set in the argunent "dest Obj393uly 3003
argurment "neth" is an argunment of the "Selector"” type, which is a data type
for designating the nethod. The val ue representing the nethod of the server
object for describing the requested processing is set in the argunent
"meth". The argunent "nsg" is an argunent of the "any" type, which is an
arbitrary data type. The pointer to the area for storing the nessage to be
delivered to the server object is set in the argunent "nsg". The argunent
"sizeOFMsg" is an argument of the "si 28 t" type, which is a data type for
specifying the size of the data. The value indicating the size of the
nmessage to be delivered to the server object is set in the argunent

"size( Mpfle "sdhawREARBBRY i§ORLMELIrréStPp BbAPTEREACInt REsuigg July 2003
- 26 "Selgctor" type, which is a dafg tygg fprﬂdes%gna?ings?heanethod. The
val ue fokngpemetibay the €2PbrNH8&LOINAEEALINGSthe error reason is
returned as the return value. If the processing is
correctly completed, the value indicating that the

processing has been correctly completed 1s returned as the

return value.

2-2-2 Receive()

sExrror Receive(in RID rBoxID, in any msg, in size_t
sizeOfMsg)

The method "Receive" is a data reading method for
reading data stored in the data area "RBox". That is, the
method "Receive" is used when the client object reéceives the
result of the processing executed by the server object after
it has issued the method "SendWithRBox".

The argument "rBoxID" is an argument of the "RID" type,
which is a data type for designating the data area "RBox".
The identifier for specifying the data area "RBox" which
stores the result of the processing performed by the server
object is set in the argument "rBoxID". That is, the value
of the identifier "rBoxID" acquired upon issuing the method
“SendWithRBox" is set in the argument “rBoxID".

The argument "“msg" is an argument of the "any" type.
which is an arbitrary data type. The pointer to the area

for storing the received message is set in the argument



set in the argunment "contMeth". Upon issuing the nmethod
"SendW t hConti nuation", the data area "Continuation" is resef@ddyzp03
"nDriveMailer"”, which willl be discussed information concerning the
continuation the data area "Continuation”. The data is an area for storing
t he. conti nuati on executed by the client object, and is r~ "future". the
object later, and the nethod is stored in area "Continuation” nethod to be
eferred to as a The method "SendWt hConti nuati on" acquires the value of the
"skError" type as the return value, which is a data type representing the
error code. That is, if the processing 9% the "SendWthContinuation" is not
correctly conpleted in issuing this nmethod, the error code indicating the
error reason is returned as the~return value. If the processing is
correctly wpagpt eted, the value indicating that the processing has been
correctly conpleted is returned as the return value. 2-3-2 Kick() sError

Ki ck(in Cont | Dygeniadgumieh tamsiFROfMsy "Sii4e an shrgeidediy of the Metiked t'Ki ck”
i s enpl oyed when the server object 29 July 2003 - 27 instructs the -
client objegie} witkelculse 4 hdatontypelatow spedimdind tehe tdikze | o nthebj ect
has issued the nmethod "SendWthContinuation". The argunent "contlD' is an
argunent olatae "Toatvdlue yvirediodtig i the slidea afy pehé arersignattominde
data area "Continuation". The identifier for specifying t he data axes

" Cont i nuat s 'reestredduessage bbjset Imikhe aggurent (pohzeQENSH- t he

met hod "SendWthContinuation" is set in the argunment "contlD'. The argunent
"nsg" is an ar gifemetdod ﬁ'@ec&ﬁ.yre“t @sguires the value of the "sError"

type as the return value, which is a data type representing
the error code. That is, 1f the processing of the "Receive"
is not correctly completed in issuing this method, the error
code indicating the error reason is returned as the return
value. If the processing is correctly completed, the wvalue
indicating that the processing has been correctly completed

is returned as the return value.

2-2-3 Reply()

sError Reply(in any resultMsg, in size_t
sizeOfResultMsqg)

The method "Reply" is used when the server object
returns the processing result to the client object after the
client object has sent the method "SendWithRBox".

The argument "resultMsg" is an argument of the "any"
type, which is an arbitrary data type. The pointer to the
area for storing the message to be sent to the client object
is set in the argument "resultMsg".

The argument "sizeOfResultMsg" is an argument of the



which is an arbitrary data type. The, pointer to the area for storing the
nessage to be delivered to the client object is set in the & ¢pd0R3 Ansg".
The argunent ~sizeOFMsg" is an argunent of the "size t" type, which is a
data type for specifying the size of the data. The val ue representing the
si,ze of the nessage to be delivered to the client object is set in the
argunent ~sizeO'Msg". The nethod "Kick" obtains the value of the "sError"
type as the return value, which is a data type representing the error code.
That is, if the processing of the "Kick™ is not correctly conpleted in
issuing this nethod, the error code-i2®ieating the error reason is returned
as the return value. If the processing is correctly conpl eted, the val ue

i ndi cating that the processing has been correctly conpl eted 29 July 2003
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al so uses the data area " I ver yBoxA" livering information fromthe
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in the nDrive netaSpace, the aforenentioned operating systemuses the data
area "ComgipeofrResiltdsg" future, and also uses the data area "DeliveryBoxB"
for delivering information fromthe client object to the server object. The
above-descri ek opsttaid MRepisterobtesiarsy ahd healded @f the "sError"

type as the return value, which is a data type representing

the error code. That is, if the processing of the "Reply"

is not correctly completed in issuing this method, the error

code indicating the error reason is returned as the return

value. If the processing is correctly completed, the value

indicating that the processing has been correctly completed

is returned as the return wvalue.

2-2-4 Delegate()

sError Delegate (in OID dgstObjID, in Selector meth, in
any msg, in size_t sizeOfMsg)

The method "Delegate" is an authorization delegating
method for delegating an authorization among objects. More
specifically, the method “Delegate" is used when the
authorization to return the reéult of the processing
executed by the server object to the client object is
delegated among a plurality of server objects.

In the following description, the above-mentioned
authorization is referred to as the "reply authorization".

Among the server objects, the object that delegates the



area "Thread" for each object in order to store the information used for
managi ng the execution state of the object. The operati ng~sys2®dulpR8e3
stores the information concerning the future in the data area "Thread". The
object is operating as a single thread in the mCOOP netaSpace and in the
nDrisve netaSpace, one thread corresponding to one object. The information
concerning the thread is stored in the data area "Thread" as the
information for nmanagi ng the execution state of the object. The data areas
"RBox", "DeliveryBoxA", "Continuation", "DeliveryBoxB", and "Thread" are
data areas used by the 29 July 2003 - 220 - operating system for providing
the function of the nessage passing or for managi ng the object. These data
areas are nmanaged by the operating systemso that they cannot be directly
accessed b i i rQQr he devi drivers. Th
above-desc%ﬁggg %gggbgggggiggeggiggﬁggéﬁhiﬁodgﬁagﬁ b&f Préggpioﬁéox The
data area ¢ athSal o b e o FEORNRI Lar LSSy ng the
met hod "Seggg%?ﬁﬁgg%'§%%%F§ épggﬁpgcgpky?b?ﬁe resg?vg igﬁigggfhg Sta area
"RBox" by kbeeakieethe’ a@g@?wau&%hhata%hf 96TRdrBY-reeebl Bg ke instances
of a class (hereinafter referred to as the "class 'RBox'") having

at tri but es “ahahoriaatabhe dblebatéabbbjéctanong the attributes of the class
"RBox", only a mniml nunber of attributes required for inplenmenting the
basic form of nEksagegpmestnfdestobgIDTCOP aktaSpataentr 6f StRen*ofberi but es
other than the attributes shown in Table 1 may be incl uded. 29 July 2003
- 30 Tabl &éYPerByRikhedsl Bcdadpotypel fondgpecdEfydngl thegbbject. The

si zesi zeOF Resul t MsgsErrorstatus Table 1 shows that the class "RBox" has an
attribut e VElugt sPPIgsenkdngThheaanbhoripatinhi-dhlegatedavhiegte isoset

speci fyi ng th% data area "Thread" to be set for each object.
in the argument “destObjID".

The argument “meth" is an argument of the "Selector"
type, which is a data type for specifying the method. The
value indicating the method of the authorization-delegated
object for describing the required processing is set in the
argument "meth". -

The argument “msg" is an argument of the "any" type,
which is an arbitrary data type. The pointer to the area
for storing the message to be sent to the authorization-
delegated object is set in the argument "msg".

The argument "sizeOfMsg" is an argument of the "size_t"
type, which is a data size for designating the size of the
data. The value representing the size of the message to be
sent to the authorization-delegated object is set in the
argument “sizeOfMsg".

The method "Delegate" obtains the value of the "sError"
type as the return value, which is a data type representing

the error code. That is, if the processing of the



The cl ass "RBox" also has an attribute "ready" of the "bool" type, which is
a data type for logical values, an attribute "resultMg" of 2hduly 2003*"
type, Wiich is a data type representing the pointer, and an attribute
"sizeO Resul t Msg" of the "size t" type, which is a data size for specifying
the size of the data. These attributes are used as the area for storing the
result data of the processing executed by the server object. The cl ass
"RBox" further has an attribute "status" of the "sError" type, which is a
data type indicating the error code, as the area for storing the data
representing the status of the server ,pb,j ect The identifier for specifying
the data area "Thread" 29 July 20&? correspondi ng to the object
that has created the data area "RBox" (|. ., the client object that has

i ssued the nmethod "SendWthRBox") is set in the attribute "creator". In the
nCOOP neledegede’t A& @lﬂte&orlr§®é€rm & 18 dgsaing dduls methofbussed
above, and one data area "Thread" is assigned to one object Accordi ngly,

if the %I-‘rré’i ‘Chffee ddrdlica tdng ithee $TBPT I?@aélan iU tEEned @S the

corresp | |ent obj ec det ernm ne e val ue indicati t her the
pr ocessi Eheoﬁ’jrgﬁesﬁ ‘?ﬁr;]d’ ‘%&? ‘?eﬁie

attribu r ttrlbu "read is a.f

i ndi cat }tﬁﬁa_ vvhe edl?tg'él& tth\rgei:sggfe es sr:I'e ?ﬁeesd ‘?efe MR ‘ijv% obj ect

to the ¢ tg%q_cgll tRlde area for storing the

message to |veréﬁufo t e cllent 0 ject as the processing result of
2-3 mDrive metaSpace API
In order to perform future-based message passing in the
mDrive metaSpace, the aforementlioned operating system
provides the following methods as the APIs used for
describing the objects operating in the mDrive metaSpace.
The API is represented in compliance with the OMG IDL.
sError SendWithContinuation(in OID destOb3jID, in
Selector meth, in any msg, in size_t sizeOfMsg, in
Selector contMeth)
sError Kick(in ContID contID, in any msg, in size_t
sizeOfMsg)

The above methods are described in detail below.

2-3-1 SendWithContinuation()

sError SendWithContinuation(in OID destObjID, in
Selector meth, in any msg, in size_t sizeOfMsg, in Selector
contMeth)

The method "SendWithContinuation" is a message-sending

method for sending a message from the client object to the



the server object is set in the attribute "resultMg". The val ue
representing the size of the message to be delivered to the 28uUelp200d) ect
as the processing result of the server object is set in the attribute
"sizeO Resul t Msg”. The code indicating the status of the server object as
therinformation to be reported to the client object is set in the attribute
"status". More specifically, if the processing of the server object is not
correctly conpleted due to the occurrence of an exception interrupting the
normal execution of the server object, the nessage 29 July 2003 - 32
indicating a failure in perform ng nordl-processing is reported to the
obj ect "nCOOPMai l er" fromthe object "nCOOPFaultHandl er", which wll be

di scussed |l ater. Thus, the error code indicating the status of the server

Ob] €01 | %c38ea] Byl | Bt St R RS (OO 1 e

processing is correctly exec the server ect, e 'val ue 1 ndi cating
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"status". en the nmethod "RecelVe" 1s Issue | ect, the

client objsael 1@ flethicd (PR rANEfEe rdRiabed SO & (@ WPt LaRPe vdiet her

the result of the processing executed by the server object has been

ret ur ned methddve RipeHe FRided vigi lthedfprddussiaiy afe U £ £ hétse harvdet ur ned,
the client object refers to the attribute "resultMsg" so as to specify the

area for dijeotn@gfitter rodes agdent lobjadt tmeddnt (1l aessdgebi@ctheas t he
processing result of the server object, thereby reading the data having the
si ze i ndiseavwed lpptemd.attri bute "sizeOf Resul t Msg" fromthe above-nentioned
area. As a result, the nessage to be delivered to the client object is read
and del i ver edThg argumenén{'dgsitobIIDl- 452 apeErgamemdx RKLdde "Ry t he

nmet hod " SendW t hRBox", the data area "DeliveﬂgBoxA" is reserved by the
obj ect " F¥BOPMEHIGH L5 aydatet Ry FomiSRRFPIFHIRYG hehe | PRIeChhj etReto t he

server value for specifying the server object is set in the
argument "“"destObjID".

The argument "meth" is an argument of the “Selector”
type, which is a data type for designating the method. The
value'representing the method of the server object for
describing the regquested processing 1s set in the argument
“meth".

The argument "msg" is an argument of the "any" type,
which is an arbitrary data type. The pointer to the area
for storing the message to be delivered to the server object
is set in the argument "msg".

The argument "sizeOfMsg" is an argument of the "size_t*
type, which is a data type for specifying the size of the
data. The value indicating the size of the message to be
delivered to the server object is set in the argument
"sizeOfMsg".

The argument "contMeth" is an argument of the



29 July 2003 - 33 object. Mre specifically, the reservation of the data
area "DeliveryBoxA" by the object "mCOOPMail er" is performed2gyuly 200®at i ng
thé instances of a class (hereinafter referred to as the "cl ass
‘DeliveryBoxA "' having attributeslshowmn in Table 2. In Table 2, anong the
attributes of the class "DeliveryBoxA", only a mniml nunber of attributes
required for inplenenting the basic formof nessage passing in the nmCOOP
nmet aSpace are shown. Attributes other than the attributes shown in Table 2
may be included. Table 2 DeliveryBoxA RID rBoxID void* nsg t size sizeO Msg
Tabl e 2 shows that the class "DeliveryBgxA"' has an attribute "rBoxl D' of
the "RID'" type, which is a data type for specifying the data area "RBox",
an attribute "nsg" of the "void*" type, which is a data type indicating the
of the "size t" is a data

. 1 b vsi 700k k whi
E?;'ZQLELr J8en 3Ry R e-s.fwi\'aéﬁf 15n8 d3ta. LYRE FAEACFLERREIAS S8 yi ng
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The po'”t%%ttﬁntQﬁﬁg%gguhghtS“BBh@ﬁeEﬂg nmessage to be delivered fromthe

client object to tl rver object Is sét in the attribute "msg". The val ue
representing tg pﬁ'1§sﬁin§h€h89ﬁé€ﬂ8dt@SQﬁdﬂfthésﬁﬁﬂnﬁhgﬂbhhg ghkent obj ect

to the server object is set in the attribute "sizeO Msg
data area "Continuation" is reserved by the object
"mDriveMailer", which will be discussed later, and the
information concerning the continuation method is stored in
the data area "Continuation". The data area "Continuation"
i1s an area for storing the continuation method to be
executed by the client object, and is referred to as a
"future".

The method "SendWithContinuation" acquires the value of
the "sError" type as the return value,-which is a data type
representing the error code. That is, if the processing of
the "SendWithContinuation" is not correctly completed in
issuing this method, the error code indicating the error
reason 1is returned as the return value. If the processing
is correctly completed, the value indicating that the
processing has been correctly completed is réturned as the

return value.

2-3-2 Kick()
sError Kick(in ContID contID, in any msg, in size_t

sizeOfMsqg)

The method "Kick" is employed when the server object



By using the data area "DeliveryBoxA" reserved by creating the instances of
the class "DeliveryBoxA", the operating Systemis able to sen2g diig2003
information concerning _ the data area "RBox" together with the nessage
that is sent fromthe client object to the server object. In other words,
by using the data area "DeliveryBoxA", the operating systemis able to

si mul t aneously handl e the nessage and the future in the nCOOP net aSpace.
2-4-3 Continuation Upon issuing the nethod "SendWthContinuation", the data
area "Continuation"” is reserved by the object "nDriveMailer” in order to
store the information concerning the.centinuati on nethod therein. Mre
specifically, the reservation of the data area "Continuati on" by the object
"nDriveMailer"” is performed by creating the instances of a cl ass

553{ ELPZ‘{ﬁﬁ%t#ﬁ%?%@ﬂef f1ieat "SuigeBone %§%59§t$§”géhﬁaﬁﬁ§%€ﬁsaéi r ?E&:Zs
¢ " . S g Ctribut .

For 1 mpl SERRPAGE e phbPcor PRt or PAERELEE" o HEERRY PherMether ve motaspace
are shomn“§§%ﬁgigﬂégﬁtghgg?iggan the attributes shown in Table 3 nay be

i ncl uded. ntinuation Threadl D creator Sel ector neth Table 3

i ndi cat es thatp{dafddiRent CoBSALHM | 08" allagrGindit ' 6PUERe " CE6REPHH Of the
"Threadl D' type, mﬁf%h ?% a data type for sﬁg%FfY§ng t eedata area "Thread"

set for eggBePbiwREtn 2BJadfadh! Eiput eoi-rraébiﬁﬁa_t&hg thel aatar arkwpe, which
is a data type for designating the nmethod. The identifier for specifying

t he data &aceatinbaeaen"cor Thepodehtgfriert forobpectifiiay Ithe aatat agelhe
data area "Continuation"” (i.e., the client object that has issued the

met hod " SE@dukih@ationfiaresstyedsbygethenobject 'mpriveMadileat®orponl n t he
nDrive netaSpace, the object is operating as a single thread, as di scussed
above, and#isghdndatheameshodhSeddWishConpdnuetiondndsosedciin Abeor di ngly,

when the data area "Thread" is specified by the attribute "creator")
argument "contID".

The argument "msg" is an argument of the "any" type,
which is an arbitrary data type. The pointer to the area
for storing the message to be delivered to the client object
is set in the aréument "msg".

The argument "sizeOfMsg" is an argument of the "size_t*“
type. which is a data type for specifying the size of the
data. The value representing the size of the message.to be
delivered to the client object is set in the argument
"sizeOfMsg".

The method “Kick" obtains the value of the "“sError"
type as the return value, which is a data type representing
the error code. That is, if the processing of the "Kick" is
not correctly completed in issuing this method, the error
code indicating the error reason is returned as the return
value. If the processing is correctly completed, the value

indicating that the processing has been correctly completed



29 July 2003 - 36 the corresponding client object is determ ned. The val ue
representing the continuation nmethod of the client object is 28aluly2003he
attribute "meth". Wien the nethod "Kick" is issued by the server object,
the client object refers to the attribute "neth" so as to specify the
continuation nethod of the client object, thereby starting the specified
continuati on nmethod. 2-4-4 DeliveryBoxB Upon issuing the nethod

"SendWt hContinuation", the data area "DeliveryBoxB" is reserved by the
object "nDriveMailer” in order to deliver information fromthe client

object to the server object. Mre spec2di<ally, the reservation of the data
area "DeliveryBoxB" by the object "nDriveMailer" is conducted by creating
the instances of a class (hereinafter referred to as the "class

" DeliveryBoxB,"' Ingpat U e jcated in Table 4. In Table 4, anong
HBOXR ¢ AYING ! Wl hes ] e

the attr 0 &5l ass iveryBoxXH', only a mninmal nunber of
attributes required for inplenenting the basic form of nessage passing in
the nDrive netaSpace are shown. Attributes other than the attri butes shown

N Tabl e oA g1aYtd piGidba £o0 st Fhesity Table 4 DeliveryBoxB
ContI D contID void* nsg t size sizeO Msg

In performing message passing in the mCOOP metaSpace,
the aforementioned operating system uses the data area
"RBox" as a future, and also uses the data area
"DeliveryBoxA" for delivering information from the client
object to the server object.

Further, in performing message passing in the mDrive
metaSpace, the aforementioned operating system uses the data
area "Continuation" as a future, and also uses the data area
"DeliveryBoxB" for Aelivering information from the client
object to the server object.

The above-described operating system reserves the data
area "Thread" for each object in order to store the
information used for managing the execution state of the
object. The operating system also stores the information
concerning the future in the data area "Thread". The object
is operating as a single thread in the mCOOP metaSpace and
in the mDrive metaSpace, one thread corresponding to one
object. The information concerning the thread is stored in
the data area “Thread" as the information for managing the
execution state of the object.

The data areas “RBox", "DeliveryBoxA", "Continuation”

“DeliveryBoxB", and "Thread" are data areas used by the



Tabl e 4 shows that the class "DeliveryBoxB" has an attribute "contl D" of
the "Cont1 D' type, which is a data type for designating the d283ulp2ees
"Continuation"”, an attribute "nsg" of the "void*" type, which is a data
type indicating the pointer, and an attribute "sizeO'Msg" of the "size t"
type, which is a data type for specifying the size of the data. The
identifier for specifying the data area "Continuation" used for nessage
passi ng enploying the data area "DeliveryBoxB" is set in the attribute
"contlD'. The pointer to the area for storing the nessage to be delivered
fromthe client object to the server _ohjgect is set in the attribute "nsg".
The value indicating the size of the nessage to be delivered fromthe
client object to the server object is set in the attribute "sizeO Msg". By
using the data 3rea "Del i veryBoxB" reserved by creating the instances of

the cl assOPBEREIRPyBESRem fAE Proyigipg thesfunggiop,or,theyMEGESags i s abl e

t d the_inf ti i ng. the. dat "Continuation’ togeth
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drivers. The above-described data areas are discussed in

detail below.

2-4-1 RBox

The data area "RBox" is reserved by the object
"mCOOPMailer" upon issuing the method "“SendWithRBox". More
specifically, the reservation of the data area "RBox" by the
object "mCOOPMailer" is performed by creating the instances
of a class (hereinafter referred to as the "class 'RBox'")
having attributes shown in Table 1. In Table 1, among the
attributes of the class "RBox", only a minimal number of
attributes required for implementing the basic form of
message passing in the mCOOP metaSpace are shown.
Attributes other than the attributes shown in Table 1 may be

included.



not ed above, the object is operating as a single thread, and one thread is
assigned to one object. The informati on concerning each thr@8duly2088ored in
the data area "Thread" _as the information for managi ng the execution state
of the _ object. That is, the operating systemreserves the data area
"Thread" for each object in order to store the information for managi ng the
execution state of the object therein. As the information for managi ng the
execution state of the object, for exanple, the information indicating

whet her the object is in the waiting state or in the execution state, is
stored in the data area "Thread". |na pertorm ng futurebased nessage
passing, the information concerning the future is also stored in the data
area "Thread". Mre specifically, it is now assunmed that the object is
operating in the nfxxrﬁgﬁigsyace. In perform ng future 29 July 2003 - 39
based nessage passi ng, e identifier "rBoxlI D' for specifying the data area
"RBox" used for nessage passing is stored by the object "nmCOOPMiler", as

t he i nf or mat ifer—eonrcernt-Rrg—the—Future—-A~t he data area " Thread"”
correspondi ng gyt he object. It is now assunmed that the object is operating
in the nDriv et aSpa\,c. Hr—eonRductt LLI®) paSSi ng, the identifier "contlD"

area "Conti naiHy¥ngised k@atees; the object "nDriveMailer"” in the
corresponding to the object. future-based |message for specifying' the data
sage passing |isost or ed byeady

vold* resultMsg
t_size sizeOfResultMsg
sError status

Table 1 shows that the class "RBox" has an attribute
"creator" of the "ThreadlD" type, which is a data type for
specifying the data area “Thread" to be set for each object.

The class "RBox" also has an attribute “reaﬁy“ of the
"bool" type, which is a data type for logical values, an
attribute "resultMsg" of the "void*" type, which is a data
type representing the pointer, and an attribute
"slzeOfResultMsg" of the "size_t" type, which is a data size
for specifying the size of the data. These attributes are
used as the area for storing the result data of the
processing executed by the server object.

The class "RBox" further has an attribute "status" of
the "sError" type, which is a data type indicating the error
code, as the area for storing the data representing the
status of the server object.

The identifier for specifying the data area "Thread"



data area "Thread" 2-5 Message Passing A detailed description is given
bel pw by taking specific scenarios, as exanples, of nessage Rehiiyn2003
performed by using the aforenentioned nethods and data areas. Figs. 4
through 8 illustrate a shift of processing and nmessage exchange perforned
I n Aessage passing. In Figs. 4 through 8, the single-dot-chain arrows
designate a shift of processing and nessage exchange within the operating
system while the solid arrows indicate a shift of processing and nessage
exchange fromthe point of view of the application program 2-5-1 Message
Passi ng Usi ng SendW t hRBox() 29 July 330Q3 - 40 A description is given
bel ow of nmessage passing perforned by using the nmethod "SendWthRBox" in
t he nCOOP net aSpace when the processing proceeds in a normal condition and
when an excepti on curs. Wien Processing iis Executed in a Nornma

Condi t i on©RTYESEPP PgntPstPPr QPJSF\‘}eﬁh% ASr ErepdRde the dafa Areg:
essage pﬂﬁgbgﬂ Qierﬁn%gebglgent oBgect %Ra% has issued the method

“SendWithRBox") is set in the attribute "creator". 1In the
mCOOP metaSpace, the object is operating as a single thread,
as discussed above, and one data area "Thread" is assigned
to one object. Accordingly, if the data area "Thread" is
specified by the attribute "creator", the corresponding
client object is determined.

The value indicating whether the processing result of
the server object has been returned is set in the attribute
"ready". In other words, the attribute "ready" is a flag
indicating whether the result message to be returned from

' the server object to the élient object is ready.

The pointer to the area for storing the message to be
delivered to the client object as the processing result of
the server object is set in the attribute "resultMsg".

The value represénting the size of the message to be
delivered to the client object as the processing result of
the server object is set in the attribute "sizeOfResultMsg".

The code indicating the status of the server object as
the information to be reported to the client object is set
in the attribute "status". More specifically, if the
processing of the server object is not correctly completed
due to the occurrence of an exception interrupting the

normal execution of the server object, the message



"SendW t hRBox" in the mCOOP netaSpace when the processing is executed in a
normal condition wthout the occurrence of an exception. Fi g294ulyl2008t r at es
a basic scenario of nessage passing performed by using the method
"SendW t hRBox" - bet ween an obj ect A operating as an application programin

t he, nCOOP net aSpace and an object B operating as an application programin
the mCOOP netaSpace. That is, in this exanple, the object Ais a client
object, while the object B is a server object. Wen the object A issues the
met hod "SendW t hRBox", as indicated by ST1-1, the processing is shifted to
the object "mOOOPMailer", as represented by the single-dot-chain arrow
ST1-2, and the processing in accordance with the nethod "SendWthRBox" is
executed by the object "mCOOPMail er”, as designated by ST1-3. The object

" mCOOPMai | #a1d1ddtiislg ree Feiefrd e QirFoinfag ndimill Yori¥essingl 1s RBox" for
storing the result of processing executed by the server object (in this
exanpl e, tepodfjeatttdB)theartsb jeeits "rtOOMRIlidd "erffom tIpewjeaty t he data
area "Thread" corresponding to the object Ain the attribute "creator" of

t he data dmEOOHEBuxX tHandlles “abjwidicH’ m300PMs |ddis'cusssd rlestmwes Bhas dat a
area "DeliveryBoxA", and stores the identifier "rBoxlD'" for specifying the
data ar ea TIRBECTAmMEadee Iindbiaulng heh s tatmsrath dihe Stervgx rEtect tiger ei n.
The identifier "rBoxlID' for de5|gnat|n9 the data area "RBox" is stored in

the data aﬁ%ta impdihe, @ttsbbute dirtatie” Pedife @iget + HRCARENALIAT T he
|dent|f|er "rBox| D' for eci fying the data area-"RBox" is set in the
attri but o M5 EBA BrOfeandigics, Srteotl BB DY RS ity 1 he

met hod " SendW.t Box stare the data areg . Deliyer BoxA" nor e
Cpeci T call VG Aot RIS kil ‘S SIS 1 = QS nRBow
is set in ty l% Eﬁ “Del i ver yBoxA", and al so,

t he val ue gt%&t"ﬂ% asl'rlggugrrtgnjt 'Sl zg%‘ '&a% c‘ﬁ{a et hod " SendW t hRBox" i s set
in the attribuyg n§%§@§ﬁ@§% dthh@%iﬁéﬁa 1@ 83 suad] RO 1enkher eaf ter
the object " rrCOOg'I\/al ! elol vers to the object B, \asﬁ I ndi cat end by the

si ngl e- dotofwdth, a&u@va:ﬁ@mfl o j¥rtaterstHrs the té\@cﬁﬂs@t@reﬁeady" so

"DeliveryBoxA", i.e., the

as to determine whether the result of the processing
executed by the server object has been returned. If the
processing result of -the server object has been returned,
the client object refers to the attribute "resultMsg" so as
to specify the area for storing the message to be delivered
to the client object as the processing result of the server
object, thereby reading the data having the size indicated
by the attribute "sizeOfResultMsg" from the above-mentioned

area. As a result, the message to be delivered to the

client object i1is read and delivered to the client object.

2-4-2 DeliveryBoxA
Upon issuing the method "SendWithRBox", the data area
"DeliveryBoxA" is reserved by the object “mCOOPMailer" to

deliver information from the client object to the server



nessage sent by the nethod "SendWthRBox", and the 29 July 2003 - 42
identifier "rBoxl D' for specifying the reserved data area " RBRYJuly 2063 eby
starting the nethod of the object B. In this case, only the nessage is
delivered to the nethod of the object B, and the identifier "rBoxID" is
stored in the data area "Thread" corresponding to the object B. In other
words, the identifier "rBoxI D' to be delivered to the object B is under the
managenent of the operating system and a.t is only the nessage that has
sent to the object B, fromthe point of view of the application program In
starting the nethod of the object B by ?elrverrng the data stored in the
data area "DeliveryBoxA" fromthe Obje% "nmMCOOPMai l er" to the object B, the
object Bis specified by the argunent "destObjlI D' of the method
"SendW t hRBox", and the nethod of the object B is designated by the
argunent Owiedt . ofMerre smRGILCBSIW thRBosEe T Upblor 0vh| the ndptacarea

af orenenti oned processing, as represented b the srn | e-dot -chain arrow
ST1-5, theD%b}‘é%HBmm@ "ohieglk nnEPE Nl ciS APeRECTHRGAt PY i er
"rBoxl D' for specifying the reserved data abga "RBox" and also_returns to

the obj ectreetRg Vi& INSHARCRT RE thF1252 %E%%%?ﬁbeﬁaEGQ%Eﬁe@oF?ectIy

| et ed th t tQ.t th " Se Th bj t
" MOOOPVRI #8165 e %%Br%@ffﬁeﬂﬁﬁﬁ*@ce' ”‘Z\h?ﬁf?%seﬁgﬂ%?? REhAP e obj ect A

¥ .

br ocess! i Hhe? on; fi AT € F 5 g e aekeftgees SEVShFIBLEREY.
A di NQw w d h d f
he_obj oo DAL PErTRONE: Ry RE i BRES T ef ﬁ%%ﬁffgﬁaﬁ%wf%ﬁfﬁgganéom
IS as i1 +bp DRhPChedt AN {KE OOt ErieoE ﬁ@ggagéeﬂaggiﬁaeiﬁt kna, from

the point of view of the application prograns. Subsequently, Wen the

obj ect A hGOUESmébESPRES e RSNy " Aeﬁrﬂeﬁtegabeﬂebytﬁzﬁ thet he
processing is shifted to the object " TOOOPMAi | e as represented by the

si ngl edotattaibutes oshd&dd - Hn Paisllé hz mapcbesingludedesponse to the nethod
"Receive" is executed by the object "nmCOOPMail er"”, as indicated by ST1-09.
More specifically, the object "nCOOPMailer" refers to the data area "RBox" .
designated by the argunment "rBoxl D' of the nethod "Receive". If the result
of the processing execufaBley2the object Bis stored in the data area
"RBox", the object "mCOOPMailer" delivers the result to the object A If

t he resuIt of e processing perfornmed by the object Bis not stored in the
data area "RBd t he ject "mCOOPMai l er" shiftg the-state of the object A
fromthe exec @‘?‘;rfh@rﬁ %% the Wi ting state

RID rBoxID
void# msg
t_size sizeOfMsg

Table 2 shows that the class "DeliveryBoxA®" has an
attribute "rBoxID" of the "RID" type, which is a data type
for specifying the data area “"RBox", an attribute "msg" of
the "void*" type, which is a data type indicating the
pointer, and an attribute "sizeOfMsg" of the "size_t" type,
which is a data size for designating the size of the data.

The identifier for specifying the data area "RBox" used

for performing message passing using the data area



In this exanple, when the object A has issued the nethod "Receive", the
object B has not issued the nethod "Reply", and thus, the regaluly@008he
processi ng executed by the object Bis not yet stored in the data area
"RBox". Accordingly, the object "mCOOPMail er"” infornms the object A as
represented by the single-dot-chain arrow ST1-10, that 29 July 2003 - 44
the processing result of the object Bis not yet stored in the data area
"RBox", and shifts the state of the object A fromthe execution state to
the Witing state. Thereafter, when the object B issues the nmethod "Reply",
as indicated by ST1-11, the processipg%'s_shifted to the object
"nCOOPMai | er”, as designated by the single-dot-chain arrow ST1-12, and the
processing in accordance with the nethod "Reply" is executed by the object
"mMCOOPI ~lailer"”, as indicated by ST1-13. Mre specifically, if the object A
has al r ed®elilyeryBoxdd' st et "iReddies @t tnifbaiteh | "aBoxXTRCGOPMai | er " del i vers
the result of the processing executed by the object B to the object A If

t he object A Whe Beinteyeto thgearene fost KEarirgc Ehecmesspgeohpebe
"nCOOPMai | er” stores the processing result of the object B in the data area

"RBox". MGeldfieres fmam thhsliant ahiaqt dnddhe sapexn PIRghdS Sl vy,

the object A_has .alrea issugd the nethod "Receive". Accordingly, the
obj ect "ﬁﬁbéﬁﬁmqﬁ;riaﬁggunﬂiﬂckﬂivers the processing result of the object

o) el e EREIIARAGH S RO S WA )
com o1 B LRAPEH Whd LA gt b a0 Ifinide dddesedetre

returns 4¢ thR Ri1sCSibte s IAAREPLed by the s~. ngle-dot-chain 29 July
2003 - 45

By using the data area "DeliveryBoxA" reserved by
creating the instances of the class "DeliveryBoxA", the
operatling system is able to send the information concerning
the data area "RBox" together with the message that is sent
from the client object to the server object. In other words,
by using £he data area “"DeliveryBoxA", the operating systém
is able to simultaneously handle the message and the future

in the mCOOP metaSpace.

2-4-3 Continuation

Upon issuing the method "SendWithContinuation", the
data area "Continuation" is reserved by the object
"mDriveMailer" in order to store the information concerning
the continuation method therein. More specifically, the
reservation of the data area "Continuation" by the object
“mDriveMailer"” is performed by creating the instances of a
class (hereinafter referred to as the "class

'Continuation'") having attributes indicated in Table 3. 1In



arrow ST1-15, the value indicating that the processing has been correctly
conpl eted as the return value to the nethod "Reply". The obj ggtiuly 2003
"nmCOOPMai | er” then enables the object B to restart processing. The object B
is now ready to performprocessing, and if there is any remaining
processing, the object B restarts the processing. According to the

af orenenti oned processing, the result of the processing perforned by the
object Bis delivered to the object A as indicated by the solid arrow
ST1-16, and it is as if the object A and the object B were concurrently
operating, fromthe point of view of_ application prograns. In the
exanple shown in Fig. 4, the nethod "Receive" has been issued before the
met hod "Reply" is issued. Alternatively, the nmethod "Receive" may be issued
after the nethod "Reply" has been issued. In this case, the object Ais

abl e to Takd& 3uecrpongc&hecathzibusest off thiee %ﬁ‘i@esﬁwm Dby the

object B wiithout entering the waiting state. If the object A issues the
net hod " REAS PemiRimal Pﬁ@b65|BgtaBtﬁé§u¢§§u6@QH%§9ﬂﬂéﬂﬁj"Reply , the

obj ect Mai | Xxec the fol | ow ng processin The obj ect
; nCOCPMam nepiing e Brg sﬁpm PESeEta0e RARTHIE: (1T 1P (R a ar e
"RBox" u sui ng_t he, net hod "Re e ohj.ect T en the
obj ect A é’sactang ﬁetgHSHn"Reégt€ ¥1tPﬁ\e/ %@&%&ﬂ '5“5 %ﬁmbﬁ r eads
t he 29 0 6 cessi |t of the object B fron1the dat a
area"RlBéi-‘l‘&'M'l %Héppgérs [ 9i§%t je%t A. The result of the processing
executed by the object Bis stored |n the data area "RBox". More
specifically, the value indicating that the processing result of the object
B has been returned isgeffid B the attribute "ready” of the data area
"RHox", and the pointer to the area for storing the nessage to be delivered
to the object A as the processing result of the object B, i.e., the pointer
represented by the argument “resuftivsg*—of the nethod "Reply", is set in
the attri but e} Coasihtidsgonof the data area "RBox", and al so, the val ue
indicating th¢g Stze of the nessage 1o be del|{vered to the object ~r as the
processi ng reslhreafiIDhe obj ectcieator., the|value represented by the
argunent "siz¢Of Resul t Msg" of the nethod "Reply", is set in the attribute
"si zeOf Resul t VBglegtorhe data aneth"RBox". |h reading the processing result
of the object B fromthe data area "RBox" and delivering it to the object

A, the object "nCOOPMailer" first reads the attribute "resultMg" and the
attri bute "sizeCfRESuItNB " of the data area "RBox" fromthe data area

"RBox" which P& %ﬁe@i f‘-PQa%WeFhéhSFgGH@nFLatsﬁoflcﬁnto‘fm{%%'t AP "dRecei ve",
dth ta.,h t ted b b

s e e S o o i S atbast by el pug,

The read (i {0 \ERAFA dF T 941 R dif! "’i’l‘f‘f@gdﬁ rO8tB6r eadnJuly 2003

object, and an attribute "meth" of the "“Selector" type,

which is a data type for designating the method.

The identifier for specifying the data area “Thread"
corresponding to the object that has created the data area
"Continuation" (i.e., the client object that has issued the
method “"SendWithContinuation") 1s set in the attribute
“creator". In the mDrive metaSpace, the object is operating
as a single thread, as discussed above, and one data area
“"Thread" corresponds to one object. Accordingly, when the

data area "Thread" is specified by the attribute "creator",



- 47 object B to the object A The object "mCOOPMail er"” then stores the
read data in the area indicated by the argunment "nsg" of thezggmpggoa
"Receive". The size of the area designated by the argunent "nsg" o he
met hod "Recei ve" has been set by the argunent "sizeO'Msg" of the nethod
"Receive". According to the above-described processing, when the nethod
"Receive" is issued after the nethod "Reply" has been issued, as well as
when the nethod "Receive" ha s been issued before the nmethod "Reply"” is

i ssued, the result of the processing executed by the object B is delivered
to the object A, and it is as if the 36 ect A and the object B were
concurrently operating. 2-5-1-2 When an Exception OGccurs A description is
now gi ven below, with reference to Fig. 5, of nessage passing perforned by

using ¢ heyethad . SERAWLNBERKL ! B8 TE0CRREEASRRGS when an exceptfon.

whi ch i nterrup processfng of the server object, occurs. Fig. 5

i1lustrates W{Qﬁ;&@ﬁ&fﬁéﬁ%eﬁtm§seﬂé P35 61 RaPEHHOMERACAY o¥StRE the

nmet hod " Send 0 net aSpace between an object A operating

as an apghijealti 9B jecediamsert ihe tReORtFabateacmedh* .an obj ect B operating
as an application programin the nCOOP netaSpace. That is, in this exanple,

the object A wWhefi theeméthbietKickhi L& 15sued?Bylthy 2e@¥er 4Bjeoliject B is
a server object. It is now assumed in this scenario that an exception
occur s t aheheldiejngciob§eaftt eefielrs et hhe ‘aRccdibnte Haetidersd ssudd by t he
object A and the object B beconmes inoperable.

specify the continuation method of the client object,

thereby starting the specified continuation method.

2-4-4 DeliveryBoxB

Upon'issuing the method "SendWithContinuation", the
data area "DeliveryBoxB" is reserved by the object
“mDriveMailer" in order to deliver information from the
client object to the server object. More specifically., the
reservation of the data area "DeliveryBoxB" by the object
"mDriveMailer" is conducted by creating the instances of a
class (hereinafter referred to as the "class
'DeliveryBoxB'") having attributes indicated in Table 4. In
Table 4, among the attributes of the class "DeliveryBoxB",
only a minimal number of attributes required for
implementing the basic form of message passing in the mDrive
metaSpace are shown. Attributes other than the attributes

shown in Table 4 may be included.



In this scenario, steps ST2-1, ST2-2, ST2-3, ST2-4, ST2-5, ST2-6, ST2-7,
ST2-8, ST2-9, and ST2-10 shown in Flg 5 are respectlvely S|g§hqr bQ?steps
STi-1, ST1-2, ST1-3, ST1-4, ST1-5, ST1-6, ST1-7, ST1-8, ST1 W40 1 10
shown in Fig. 4, and an expl anation thereof wlll thus be omtted. In this
scenario, after processing proceeds to step ST2-10, when the object Ais in
the waiting state, and when the object B is executing processing, an
exception, which interrupts normal processing of the object B, occurs. Wen
an exception, which interrupts the normal processing of the object B,
occurs, as indicated by ST2-11, the prggessing is shifted to the object
"nmCOOPFaul t Handl er”, as represented by the single-dot-chain arrow ST2-12,
and predeterm ned exception handling is performed by the object
"nCOOPFaul t Handl er™, as_.i.ndi cated by ST2-13. Then, the object

" nCOOPFaul t Handl er ™ reg‘éﬁt{}s& g t he object "nCOOPMiiler", as indicated by
the single-dot-chain arrow ST2-14, that the object B has becone inoperable
due to the occuw+renceof an-exception—At-this tinme, the object Ais in the

waiting state L&g LRy the nethod "Receive".] Then, the object 29
July 2003 - 4Q———#zgtgéékEGF——FGLH¥HS—$£F%he—Gb+€Ct A, as represented by

t he single-do%cgggﬁg arrow ST2-15, Lhaigpror code indicating that the

obj ect B has Ipecone i noperable due to the occurrdnce of an exception as the
return val ue fgoliae nethod "Recei vepgqgand al so ernabl es the object Ato
restart procegsing. The object Ais now ready tolexecute processing, and if
there is any ﬂQﬁ&u&eng proceSS|ng EheeOfMRgt A rlestarts the processing.
Accordi ng to theaforenmentiomed processi g, afttiough the object A is unable
to receive a result nessage, which would be expected to be obtained from
the object B, it receives the error code, as the return value, indicating

t hat t he obj edabBehds sheesniharto fivealdlassaftDe lsivedxtyBaxB 'Y dearart he
execution of processing. The object A then perforns the processing in

r esponse attxiutr clgontidy’ off dtheer't@entID" type, which is a data

type for designating the data area "Continuation", an

attribute "msg" of the "void*" type, which is a data type
indicating the pointer, and an attribute "sizeOfMsg" of the
"size_t" type., which is a data type for spécifying the size
of the data.

The identifier for specifying the data area
"Continuation" used for message passing employing the data
area "DeliveryBoxB" is set in the attribute "contID".

The pointer to the area for storing the message to be
delivered from the client object to the server object is set
in the attribute "msg".

The value indicating the size of the message to be
delivered from the client object to the server object is set
in the attribute "sizeOfMsg".

By using the data area "DeliveryBoxB" reserved by

creating the instances of the class "DeliveryBoxB", the



For exanple, the message indicating that an exception has occurred to the
object B may be displayed on an image display unit, and the usejuyaopdoe
instructed to resefi the processing. Alternatively, an object as an
alternative to the object B may be downl oaded from an external source via a
networ k, and nessage passing may be perforned again. In the scenario shown
in Fig. 5 an exception occurs to the object B after the nmethod "Receive"
has been issued by the object A However, an exception nay occur to the
obj ect 29 July 2003 - 50 B before t nmet hod "Receive"” is issued by the
object A If an exception has occurred 10 the object B before the nethod
"Receive" is issued by the object A the object "nCOOPMailer" sets in the
attribute "status" of the data area "RBox" the error code indicating that
t he obj ectomeuslise cGHRtam dgerattiee tquseand e davigreiiconfcencesmiag i on.
Then, when the object A jssues the nethod "Receive";, the object

" MCOOPMai | tde 4%@%% "Garinuaidondt togathen it jthe ‘uessage Hhat he

data area " RBox" nd returns, the eryor code to the objec A as fhe return
val ue to the sr?éifhofg‘: ‘@b?\élhi nl*hé’%’[ﬁ%tc TSR Y &Y O enaBT‘es t he

cenar i o, THIER UG A 1 Yoipe s ﬂ%f&% Eﬂp%c“” "aﬁd W here is
dovor | bod S Fri¥en {4 To A4 4‘%}%“@?‘%‘?’? 8. Becons

i noper abl ég;_% 4 45 ,{g;ﬁ? qﬁgﬁeﬁ; ein the attribute
"status"” g? t eédaéta area% ox'.ﬂ{l'hé}{sé prevenétgﬁbt% %ﬁj ect A from

wastefully entering the waiting state upon issuing the nethod "Receive",
and the object A imediately recognizes that the object B has becone

i noper abl e2-dis t oridwadccurrence of an exception. In the foregoing
scenari os, an exception has occurred

In the mCOOP metaSpace and in the mDrive metaSpace, as
noted above, the object is operating as a single thread, and
one thread is assigned to one object. The information
concerning each thread is stored in the data area "Thread"
.as the information for managing the execution state of the
object. That is, the operating system reserves the data
area "Thread" for each object in order to store the
information for managing the execution state of the object
therein.

As the information fof managing the execution state of
the object, for example, the information indicating whether
the object is in the waiting state or in the execution state,
is stored in the data area “Thread". In performing future-
based message passing, the information concerning the future
is also stored in the data area "Thread".

More specifically, it is now assumed that the object is

operating in the mCOOP metaSpace. In performing future-



to the object B. In other cases, if a result nessage cannot be returned to
the object A for sone reason, the error code 29 July 200329J@%%0@§
attribute "status" of the data area "RBox". is set in t arrangenent, even
if a result nmessage cannot be Wth this he object A for sone reason, the
error code is returned tot o the object A so that and the object A can be
returned t he o erable state fromthe waiting state, which resuned tot P
herwi se cause the object Ato enter the waiting would of state and woul d
stop the system 2 5 2 Message Passing Using Delegate() tion is given
below. Wth reference to Flg. 6, A dest®ip erforned by using the nethod
"Del egate" of nessage Passing P ed when a processing request is received
and a enploy result is returned by different server bbjects. - _ processing

Fi 6 illusdded %@a&_ﬁewésqﬁ, RS AGR AT 1Y "$BIHTS! iford he mCOoP
nmet aSpace anong an object A an perf o
specifying the data area "RBox" used for message passing is
stored by the object "mCOOPMailer", as the information
concerning the future, in the data area "Thread"
corresponding to the object.

It is now assumed that the object is operating in the
mDrive metaSpace. In conducting future-based message
passing, the identifier “contID" for specifying the data
area "Continuation" used for message passing is stored by

the object "mDriveMailer" in the data area "Thread"

corresponding to the object.

2-5 Message Passing
A detailed description is given below by taking
specific scenarios, as examples, of message passing
performed by using the aforementioned methods and data areas.
Figs. 4 through 8 illustrate a shift of processing and
message exéhange performea in message passing. In Figs. 4
through 8, the single-dot-chain arrows designate a shift of
processing and message exchange within the operating system,
while the solid arrows indicate a shift of processing and
message exchange from the point of view of the application

program.

2-5-1 Message Passing Using SendWithRBox()



g and an object C, all of which are operating as object tion prograns in
the nCOOP netaSpace. In this applica the reply authorizationg &Ag?‘b@at ed
fromthe scenar'~-o , object Bto the object C. is, in this exanple. the
object Ais a client That while the object B and the object C are server
object, b ect B delegates the object Cto return the objects. The o ult to
the object A That is, the object B processing res s a Server object and
al so as an authorizationserves a ect. The object C serves as a server

obj ect del egati ng obj 29 July 2003 - 52 and also as an

aut hori zat i on- del egat ed obj ect. Wherr th¥e -obj ect A issues the nethod
"SendWt hRBox", as indicated by ST3-1, the processing is shifted to the
obj ect "nCOOPMail er", as represented by the single-dot-chain arrow ST3-2,

and the proceastsgcicip8E6fr §aNgevehtbelbe @ft:h@@lséi%sngﬂéb@ow‘ i's executed
by the object "mCOOPMailer"”, as designated by ST3- The obj ect

" MCOOPMaipeaif oxriieds by esdngethehmetthbd dseadWRBARBokOr iat ehenmCODP resul t of
t he processi ng executed by
metaSpace when the processing proceeds in a normal condition

and when an exception occurs.

2-5-1-1 When Processing is Executed in a Normal Condition

A description is first given, with reference to Fig. 4,
of message passing performed by using the method
"SendWithRBox" in the mCOOP metaSpace when the processing is
executed in a normal condition without the occurrence of an
exception.

Fig. 4 illustrates a basic scenario of message passing
performed by using the method "SendWithRBox"  between an
object A operating as an application program in the mCOOP
metaSpace and an object B operating as an application
program in the mCOOP metaSpace. That is, in this example,
the object A is a client object, while the object B is a
server object.

When the object A issues the method "SendWithRBox", as
indicated by ST1-1, the processing is shifted to the object
"mCOOPMailer", as represented by the single-dot-chain arrow
ST1-2, and the processing in accordance with the method
"SendWithRBox" is executed by the object "mCOOPMailer", as
designated by ST1i-3.

The object "mCOOPMailer" first reserves the data area



the server object, and then sets the identifier for specifying the data

2054700 ¢

area "Thread" corresponding to the object Ain the attribute
the data area "RBox". Subsequently; the object "nCOOPMiler"
data area "DeliveryBoxA", and stores the identifier "rBoxlD'

for

designating the data area "RBox" and the nessage sent by the nethod
"SendWt hRBox" therein. The identifier "rBoxlID' for specifying the data
area "RBox" is stored in the data area "DeliveryBoxA"'. Mre specifically,
the value of the identifier "rBoxlD' for designating the data area "RBox"

is set in the attribute "rBoxI D' of thel data area "DeliveryBo

XA".

The

nmessage sent by the nethod "SendWthRBox" is stored in the data ar ea

"Del i veryBoxA". More specifically, the value of the argunent

" nmsg”

met hod " Sqpd\t EEB@% Hn@ekhle” rel@ 13! 0 Qﬂi‘cﬁ: JBihg Uxddift iy ARA

"Del i ver yBoxA", - 53 and also, the value of the~ argunent

"si zeOX Mg@grvelr blbgelaa‘tt ttqet ﬁq%d\éktah&@" tife YYjddt BE, alid iduds the

"sizeOFMsg" of the data area "DeliveryBoxA".
identifier for specifying the data area "“Thread"

of the

corresponding to the object A in the attribute “creator" of

the data area “RBox"

- The object "mCOOPMailer" then reserves the data area

"DeliveryBoxA", and stores the identifier "rBoxID" for

specifying the data area "RBox" and the message’ sent by the

method "SendWithRBox" therein.

The identifier "rBoxID" for designating the data area

"RBox" is stored in the data area "DeliveryBoxA", and more

specifically, the value of the identifier "rBoxID" for

specifying the data area "RBox" is set in the attribute

“rBoxID" of the data area "DeliveryBoxA".

The message sent by the method "SendWithRBox" is stored

in the data area "DeliveryBoxA", and more specifically, the

value of the argument "msg" of the method “SendWithRBox" is

set in the attribute "msg" of the data area "DeliveryBoxA",

and also, the value of the argument "sizeOfMsg" of the

method "“SendWithRBox" is set in the attribute "“sizeOfMsg" of

the data area "DeliveryBoxA".

Thereafter, the object "mCOOPMailer" delivers to the

object B, as indicated by the single-dot-chain arrow ST1-4,

the data stored in the data area "DeliveryBoxA", i.e.

message sent by the method "SendWithRBox", and the

, the



Thereafter, the object "nCOOPMuiler" delivers to the object B, as indicated
by the single-dot-chain arrow ST3-4, the data stored in the d%%glgﬁﬁag

"Del i veryBoxA", i.e., the nessage sent by the method "SendWt 2 = and
the identifier "rBoxlD' for designating the reserved data area "RBox",
thereby starting the nethod of the object B. In this case, only the nessage
is sent to the nethod of the object B, and the identifier "rBoxID' is
stored in the data area "Thread" corresponding to the object B. In other
words, the identifier "rBoxID' to be delivered to the object B is under the
managenent of the operating system angzit is only the nessage that has
been sent to the object B, fromthe point of view of the application
program In starting the nethod of the object B by delivering the data

obj oot B, 1ARRCLEIEE - EovkTy HFF VO Gy Al S ERbCFhme TRRFR R fe” '
h d n 3 h " i i i d b h
A guent TREPE: - oFReRe ot FeHC Lo (RRERIE SPLERS BegPetiRiofne™ Y 1

af or ement i oned,praceSSiikh . AP HEsLdye 11 dDSverdel tshena arrow
ST3-5, the obdeeIgt SR . ThiP Ul ke | dbvérd@itename o

speci fyi ngetnd@ ¥l ¥nd08BjechiB, t far £AET Y&EnHatRear eaBORBON" 160 the obj ect
A, and also returns to the object A the value indicating that the

processi ngtBasdabeaNtRer aeeh! ¥yreanvrrieda” asorhespendingy outhieo obljectet hod
"SendW t hRBox". The object "nmCOOPMailer" then enables the object Ato
restart pBoce3fi oghefhwoplifecthéd identifiezadrBoxIRdcdoe ber deddyiemgd and i f
there is any remaini ng processing, the object A restarts the processing.
Accor di ngtbothkeohtievt- Bedsr thddrpthecmenngemens s fhge operaid®@y sent from
the object Ato the object B, as represented by the solid arrow ST3-6, and
it is as Bysthm.oBpécitAlgnenivetbp| messpapetbatohds s&Y o ¥eating, from

t he point of view of the application prograns. Subsequently,-upon issuing
the nmet ho@PIREteByvetrR) the peppicpfavig PﬁdF@&t@@ﬁ%}Q§ﬁ§9ﬂ d%ﬂ?ram‘

[ [ hifted to t bj ect . " MVai " [ th
TS LA i el RSy POMEED 1
ecei ve" (i u he ; i -9.
More specit chﬁ%%, %ﬁﬁﬁbﬁgcfwn%wéﬁ% Wree &S % 0 ’?ﬁg at aqglrée)g " RBoX"
speci f1ed fytfe « 4 180X LDtnel obie B HIOdnd P ek B Ifs the result

of the processing perforned by the servér object Is stored in the data area

“"RBOX", t hg,eoiEAQBMEYy @he delguiRng MaRsteBITDY f nhieiod |f the

processing result of 'the server object is not stored in the data area

"RBox", thgeaawadhrRBECOPMNd @he &eaAh@es dihalind dlejadt thelobjestigratedm
by the argument "meth" of the method "SendWithRBox".

Upon completing the aforementioned processing, as
represented bf the single-dot-chain arrow ST1-5, the object
"mCOOPMailer" returns to the object A the identifier
"rBoxID" for specifying the reserved data area "RBox", and
also returns to the object A the value indicating that the
processing has been correctly completed as the return value
to the method "SendWithRBox". The object "mCOOPMailer" then
enables the object A to restart processing. The object A is

now ready to execute processing, and if there is any

remaining processing, the object A restarts the processing.



29 July 2003 - 55 the execution state to the waiting state. In this
exanpl e, when the object A has issued the nethod "Receive", ?@ Uf%g%

obj ect has not issued the nmethod "Reply". Accordingly, the r d y t he
processi ng executed by the server object is not yet stored in the data area
"RBox". Thus, the_object "nmCOOPMailer"” reports to the object A as

I ndi cated by the single-dot-chain arrow ST3-10, that the processing result
of the server object is not stored in the data area "RBox", and changes the
state of the object A fromthe execution state to the waiting state.
Thereafter, when the object B issues #he-nethod "Del egate”, as indicated by
ST3-11, the processing is shifted to the object "nCOOPMailer", as
represented by the single-dot-chain arrom/STS 12, and the processing in

"roo0PN | or -ACEQREUTE L e RaR éﬁ#“?é)ec. SPATS B o) cct
" mCOOPMa| t d | ¥ h t
OO g8l 531 aLEIFEHEA Hienohs O698cLOH LEERIENeckl oot

" Thr ead” 1ﬁa&ea%ean9ynqhéosbmgaoahes{v Briapd aghsikhesvakugrotnkhe
identifier "rBoxID'"in the attribute "rBoxi D' of the data area

"Del i ver yBgubt. AShfitl tBaeebgkyt BhRerdesbhbuerentBgxbberatengd Frofmhe data
area "Thread" corresponding to the object B is erased, thereby depriving
t he obj etheBpofinthefr epky afit hhei applacatiod9ptogyad803

Subsequently, when the object A issues the method
"Recelve", as designated by ST1-7, the processing 1s shifted
to the object "mCOOPMailer", as represented by the single-
dot~chain arrow ST1-8, and the processing in response to the
method "Receive" is executed by the object "mCOOPMailer", as
indicated by ST1-9. More specifiéally, the object
"mCOOPMailer" refers to the data area "RBox" designated by
the argument "rBoxID" of the method "Receive". If the
result of the processing executed by the object B is stored
in the data area "RBox", the object "mCOOPMailler" delivers
the result to the object A. If the result of the processing
performed by the object B is not stored in the data area
"RBox", the object "mCOOPMailer" shifts the state of the
object A from the execution state to the waiting state.

In this example, when the object A has issued the
method "Receive", the object B has not issued the method
“Reply", and thus, the result of the processing executed by
the object B is not yet stored in the data area "RBox".

Accordingly, the object "mCOOPMailer" informs the object A,

as represented by the single-dot-chain arrow ST1-10, that



- 56 That is, the object B loses the reply authorization by issuing the
met hod "Del egate”, and del egates the reply authori zatl on to Egg |21%P6§t C.
Si nce the object B has | ost the reply authorization, is ufabl 0 issue
the method "Reply"”. In other words, the object B has |ssued t he met hod
"Del egate” instead of the nethod " Repl y". The object "mCOOPMailer"” also
stores the nessage sent by the nmethod "Del egate” in the data ar ea
"DeliveryBoxA". Mre specifically, the value of the argument "nsg" of the
met hod "Del egate” is set in the attribute "nsg" of the data area

"Del i veryBoxA", and al so, the val ue of44he argunent "sizeOf Msg" of the

nmet hod "Del egate" is set |n the attribute "sizeOi~isg" of the data area
"Del i veryBoxA". The object "nmCOOPMuiler” then delivers to the object C as
i ndi cat edtHy griceiSIgE 1&¥uIdh I tHd @Bfebt B id fbtlatex 41yl ish the data
area "DeliveryBoxA", i.e., the nmessage sent by the nethod "Del egate", and
t he i dentid @atd BaddD ™ HBox 'speqid WHIF i atiatsfttiec f RERX "objdtad @by
starting the nethod of the object C. In this case, only the nmessage has
been sentfxtom tithe retdrortieh tdtmtebjtecttie waniddirye sterg i fier "rBoxI D' is
stored in the data area "Thread" corresponding to the object C. In other
wor ds, the i d@hereagitery, BwheD' the bbjeclti Bedesdues ithe olgtdod CReplyrider the
managenent of the operati system and it is only the nessage that has
been sentag g-ndiecaterh bmlﬁﬂgl 3 -they pragessim ¥g cthifkepointthd vi ew of
t he appllcatlon pro ram. In startlng t he nmet hod of the object C by

del i veri P 5" n G defiangted "%I"’r%r%’ﬁlﬂl@ 491611?1%4?‘@ obj ect

" mCOOPMai | er" t bj e t h b t C d t t

" dest Obj 'ﬁfe & %Wrﬁdﬁf 638 aipheess i Ihaartiine vt et °C o
desi " hod ," Qel " |

the of or Seed ndAR ol o é"th‘n ba% e AR @?‘%‘?%m’ﬁﬁnt%ofﬁee“ "

obj ect B, xﬁiﬁl v_the e; r
i ndi cating that tﬁaﬁygr (;I?eslsjlqng as b en orrectf‘y conﬁ%t%@jeép% he return
val ue to diedmt afbudee! aaahte tha o Hdidiwhebl @se tdejabi ect B to restart

processing: The object B is nowready to execute processing, and if there

IS any r enfioORMAINACe T et L) ¥sdu . 5 Spide HDEG S dGuted
According to the aforenenti oned processing, the reply authorization is

del egat eyt dheheoljyectB @d ridm tdigjadd ¢t B £ aishe gy pseht2dhdy nde sol i d
arrow ST3-16, and it is as if the object B and the object C were

concur r ertelty dopaured ithe retdmd HReuegine'dbi thiewhieche" n@POPMatlen” progr ans.

Subsequently, when the object C issues the nethod
stores the processing result of the object B in the data

area "RBox".

In this example, when the object B has issued the
method “Reply", the object A has already issued the method
"Recelve". Accordingly, the object "mCOOPMailer" directly
delivers the processing result of the object B to the object
A, as represented by the single-dot-chain arrow ST1-14,
without storing the processing result in the data area
"RBox". Upon completing the processing in a normal
condition for the delivery of the processing result of the
object B to the object A, the object "mCOOPMailer" returns

to the object B, as represented by the single-dot-chain



"Reply", as indicated by ST3-17, the processing is shifted to the object
"nCOOPMai | er”, as designated by the singledot-chain arrow S Gmp t he
processing in response to the nmethod "Reply" is executed by e o%ject

" mCOOPMai | er ™, 29 July 2003 - 58 as represented by ST3-19. Mre
specifically, if the object A has already issued the nmethod "Receive", the
obj ect "nCOOPMai l er" immedi ately delivers the processing result of the
object Cto the object A |If the object A has not yet issued the nethod
"Recei ve", the object "nmCOOPMiler" §t1ﬁ§e_s t he processing result of the
object Cin the data area "RBOX'. In this exanple, when the object C has
i ssued the nethod "Reply", the object A has already issued the nethod
"Receive". Accordingly, the object "nCOOPMailer" imrediately delivers to
t he obj ecAATTOW ET1 1k c el Rlueh dndigatdngo tthatythea mrageSELngD hashe
processing result of the object Cwthout storing it in the data area
"RBox".- R$ffh cUMctihFmRliehet asithe metwd ivadada Hdremaddad ng
result of_ the objecgt Cto the obje in.a normal caondition, the object

b t
 roocPve TREBLT o e (Pt e ad 1 S emaklaR, i object
i | e- dot - chai ST3-21, t | i i ti that.t i h
beos cor be FERA SIS Gy, e Tifedt i 6 ol Hhbaw, o RS Tp "2
bij t " i " i t 1 i . Th
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processi ngyydde ®bF&EStaitd f&ﬁ%ﬁ;ﬁﬁ%ﬁﬂg{cessi ng. According to the

above- descri bed processi ng t he processi ng executed by the

obj ect C has beejbragig t® thed aldremédtd oned? prideR sAinRCt the 3esiAR esented
by the solid arrow ST3-22, and it is as if the object and the object C

Wer e CONcCoHf remd | propessindg peffxdd b PaiE sHjedEeVB ofs tdel ppptedaga on
progranms. In the exanple shown in Fig. 6, the nethod "Receive" has been

i ssued betlhe eoth Jectred hoaks "Replgdted by stlesl. sdlidramatow 351 - 162 ared hiod
"Receive" may be issued after the nethod "Reply" has been issued. In this
case, thelsRecif Ahe chiect A iambdike cdbyjec B werdcorsuprently he
processi ng executed by the object C without entering the Waiting state. |f
t he obj ec?PeratiR@s FFRM fEheRpineef velefaferthe carplati®mas i ssued the
met hod " Re]pl ", the object "nCOOPMiler" executes the foll ow ng processing.
The obj ecR*® iler" stores the processing result of the object Cin
the data area

iy x" when the.nethaod "Reply" i, iss qﬁgy, he .obj,.ect C.
Then, when t helrgﬁj%eecte’%’!fps]s%é?ot"ﬁbqﬁe 3 4Reé%ﬁ/é“"‘q:%t 'I{ﬁfﬁ'ﬂi‘f\%ﬂ er"
| medi at eﬂcxf)(sf A5 ié‘%@é%ﬁéﬁé‘%ﬁg%ﬁ%hﬁ -‘&‘%fﬁ*e # %éﬁ&irlthe data area
RBox" and delTvers i o the object A er t o e processing
execut ed Py¥tdRCaPVELY, Gthe method "Receive" may be issued after the
method "Reply" has been issued. In this case, the object A
is able to immediately receive the result of the processing
executed by the object B without entering the waiting state.
If the object A lssues the method "Receive" after the
object B has issued the method "Reply", the object
"mCOOPMailer” executes the following processing. The object
"mCOOPMailer" stores the processing result of the object B
in the data area "RBox" upon issuing the method "Reply" by
the object B. Then, when the object A issues the method

"Receive", the "“mCOOPMailer" immediately reads the



is stored in the data area "RBox". Mre specifically, the value indicating

that the processing result of the object C has been returnegg gin the

attribute "ready"” of the data area "RBox", and the pointer to the area for

storing the nessage to be delivered to the object A as the 29 July 2003 -
60 processing result of the object C, i.e., the pointer represented by the
argunent "resultMsg" of the nethod "Reply", is set in the attribute

"result Msg" of the data area "RBox". Further, the value indicating the size
of the nmessage to be delivered to theﬁgbject A as the processing result of

the object C, i.e., the value repreSeitted by the argunment "sizeO Result Msg"
of the nmethod "Reply", is set in the attribute "sizeO Result Msg" of the
data area "RBox". In reading the processing result of the object C fromthe

dat a ar eproEBssingndedalltvefi thei bbjecthB fbprcthd, dalte aebpect'RBox"
"nCOOPMai | er” first reads the attribute "resultMsg" and the attribute

"si zeOf Randl de8dvers tlhetdatheaobjeCRBBXx" - fromthe data area "RBox" Wi ch
is specified by the argunment "rBoxlI D' of the nmethod "Receive", and then
reads the dat Bheavesylthef sthe pregessing Bxegrtedtbybthe objeetyResul t Msg”

fromthe area represented b¥ the attribute "resultwtg'. The_read_ data
serves adsasteredydn $hgedaini aEead "RBeH ¢ heMBELeSPeClfdcafdYohtB8t A The

bj ect " iler" th th data ing.th i ndi db
OBl ect R e ChSOLES. MIScoSRdoke-u0 L by e i enhed Y
by th t " "_of .t hod Lye.. h o} t h t
Py, e oS o 08, TBR"E HECRARAGUED PRBRARRL o, mrgur
i ng., t b t«h LRecei yel LS " Repl y"
P oSS! ke ighal RS o0 RES. Keiph el S8UEeThLSL W WRbbedy PRl

July 2003 Gbss@leOt® bHRCadRil8EeaReB! ¥hel 3bHRBHER alsh@neesult of the

processing executed by the object Cis deliveifed to the object A and it is
as if therRied®ing Fedulite ogbite! objeBEEBCOACE. T, eRtley p@tald Ng. Accordi ng

to the foregoing description, by introducing
represented by the argument "resultMsg" of the method
"Reply", is set in the attribute "resultMsg" of the data
area "RBox", and also, the value indicating the size of the
message to be delivered to the object A as the processing
result of the object B, i.e., the value represented by the
argument "sizeOfResultMsg" of the method "Reply", is set in
the attribute "sizeOfResultMsg" of the data area "RBox".

In reading the processing result of the object B from
the data area "RBox" and delivering it to the object A, the
object "mCOOPMailer" first reads the attribute “resultMsg"
and the attribute "sizeOfResultMsg" of the data area "RBox"
from the data area "RBox" which is specified by the argument
“rBoxID" of the method "Receive", and then reads the data
having the size indicated by the attribute “sizeOfResultMsg"

from the area represented by the attribute "resultMsg". The

read data serves as a message to be delivered from the



the nethod "Del egate” as'an APl used for describing an object, even if
there are a plurality of server objects, the reply authorizag%gr C be
del egat ed anong the Server objects. In other words, by intro clwﬂﬂﬂﬁb
met hod "Del egate”, even if there are a plurality of server objects, and
even if a server object that receives a processing request is different
froma server object that returns a processing result, nessage passing can
be suitably perforned. Additionally, with the introduction of the method
"Del egate”, in delegating the reply authorization anong a plurality of
server objects, the data area "RBox"-a4m 4+ he identifier "rBoxlID' for
specifying the data area "RBox" are transparent ,to the application
prograns. This enhances the sinplicity of the devel opnent of application
prograns. .lf th j ect I ted t 0 red ion by the
sitesh & Y8 Fhl, BREHE AT TR UG "R n e

met hod " i's “examl’e corres 1 noper abl e due

to, for @%segﬁte{:g:ﬁ%;&:l&art%n%l ?{xl()e?n%e]%ar a1t d t}g&flﬁlﬁ-]léa &fgxﬁﬁ‘eﬁﬂ re a

resul t, exceptl Ing 1s pe In a nmanner ar to the scenario

shown in dgghe Bf 19 MR 208 ce 8" MiheSRAGd gl the dred he exanple
shown in Fig. 6, if the object C delegated to possess the reply

aut hor i zgd Ayratdd Sy Rt Ardiiatat s e P ihd e | Relssive” axeacut i on
due to the occurrence of an error and is unable to obtain a result, the
processi ngedrs st fHyedtheo drvminadyte C'ts {'260FBRFepU | dfHarkid ané thad d" Reeestixtest 1 ned
exception handling is performed by the object "nCOOPFaul t Handl er”. The

obj ect " nmCOOPBacbirddngl ¢o" thiee abomesdes crd belde paigjcests IngCO®bIen [tdhe' t hat

t he obj ect C has becone inoperable due to the occurrence of an error. In
thi s casduetifod HResigla" Ashaksanedaften sthel nefhott TRRPI¥edeag cbeemd a. s
in the waiting state, the object "nCOOPMuiler" returns to the object A the
error codeSSUnRflcAs Mpkhas ifhengthe methd RecREVS hopRs bren ¥d+t he

occurrence of an error, n value_to the nethod "Receive", and

h
t hen enak}?%‘%olf%et%j"é"cﬁhqagst'om?e%g%?{s PRy nbbeﬁ%%‘?ffh‘éfo Bct Ais
dy t te i d.f th i L Qi ing, th
obj ect A PERTERT [RRGFH B othey O TSt B o Yokt VbPed e BAE T P

Occu”ed&@jémaﬁ% H& gfé% A€ {Pebi @%@tiﬁsg&a the g§5§ﬁ9 BReegive”,

the obje s 1inthe attribute "status e data area

"RBoxX" t heogduFetOe dpsiLRindg that the object C has becone inoperable
due to the occurrence of an error. Then, when the object A issues the

nmet hod " Recei ve", 29 July 2003 - 63 the object "nCOOPMil er" reads the
error code set in the attribute "status" of the data area "RBox", and
returns thes€r+r Wivsie 41 EbeepbientOdcasst he return value to the nethod
"Recei ve". The object "nCOOPMailer" then enables the object Ato restart
processi ng. Adcdlegigmiptiamembjactgiven bekaly. twithkeceferppeeectai hyg- and
if there is any renaining processing, the object A restarts _the processing.
5, of message passing performed by using the method
"SendWithRBox" in the mCOOP metaSpace when an exception,
which interrupts the normal processing of the server object,
occurs.

Fig. 5 illustrates a basic scenario of message passing
performed by using the method "SendWithRBox" in the mCOOP
metaSpace between an object A operating as an application
program in the mCOOP metaSpace and an object B operating as
an application program in the mCOOP metaSpace. That is, in

this example, the object A is a client object, while the




According to the aforenenti oned processing,' even if the object C del egated
to. possess the reply authorization is unable to return a resigj I”Eﬂifge to
the object A for sone reason, the object A can resune the execil 6175t at e
fromthe waiting state, which would otherw se cause the object Ato enter
the waiting state and woul d stop the system 2-5-3 Message Passing Using
SendWt hConti nuation() A description is now given below, with reference to
Fig. 7, of nessage passing perforned by using the nethod

"SendWt hContinuation” in the nDrive netaSpace. Fig. 7 illustrates a basic
scenari o of nessage passing perfornedggn.the nDrive netaSpace between an
obj ect A operating as a device driver in the nDrive netaSpace and an obj ect
B operating as a device driver in the nDrive netabSpace. That is, in this

exanple, the object Ais a client .objegt,, while t i i S a server
obj ggt. qilesty B 1s @, SeryEetofrdeq eJ %&'} e %f%§%%%£ﬁttﬁ%i§ 29 July
2003 - 64 nethod."SendW t hCont.i nuatiqn.. i,s. i,ndi "By A1 ile the
met hod o?cetwié’ojqcé’&% B I‘Fﬁ‘tceipsq:js a%{ée X %eaﬁéémﬁh gdﬁ?ﬁ%oﬁléfmnuati on"
and al so i,ssues.d he tdn "Kick! r ~B: 4 Blan over, the
met hod &et[srhogoﬁfeecceti% s?%r elﬂfq%]y jt%e&érlreétﬁ)gmiﬁ:k e,c?.Ae'. ,lartl%g@l?:%nti nuati on

met hod, J,s;d0di "Wodidabiden the object A issues the nethod
" Senth%té)énwrﬁjg%%r@smt c‘l'n t%e met hod "A:: Al", as indicated by ST4-1,
the processi g it iShisded@ri® ! R ephi &ut2-MDrgMBMhj 19923 asST2pt esent ed by

the single-dot-chain arrow ST4-2, and the processing in accordance with the
net hod "SendN tdand j sed i pn"sTa-perémered aydt$E2ebPeshown in Fig.

5 are respectively similar to steps ST1l-1, ST1l-2, ST1-3,

ST1-4, ST1-5, ST1-6, ST1-7, ST1-8, ST1-9, and ST1-10 shown

in Fig. 4, and an explanation thereof will thus be omitted.

In this scenario, after processing proceeds to step
ST2-10, when the object A is in tﬁe waiting state, and when
the object B is executing processing, an exception, which
interrupts normal processing of the object B, occurs.

When an exception, which interrupts the normal
processing of the object B, occurs, as indicated by ST2-11,
the processing is shifted to the object "mCOOPFaultHandler",
as represented by the single-dot-chain arrow sST2-12, and
predeterminpd exception handling is performed by the object
"mCOOPFaultHandler", as indicated by ST2-13. Then, the
object "mCOOPFaultHandler" reports to the object
"mCOOPMailer", as indicated by the single-dot-chain arrow
ST2-14, that the object B has become inoperable due to the
occurrence of an exception.

At this time, the object A is in the waiting state

after issuing the method "Receive". Then, the object



"nflriveMailer", as designated by ST4-3. The object "nDriveMailer" first
reserves the data area "Continuation", and stores the informazbi‘{alﬁl2
concerning the continuation nmethod therein. Mre specifically, e(vglue of
the identifier for specifying the data area "Thread" corresponding to the
object Ais set in the attribute "creator” of the data area "Continuation",
and al so, the value of the argunent "cont Meth" of the nethod
"SendWthContinuation" is set in the attribute "nmeth" of the data area
"Continuation”. The object "nDriveMiiler"” also reserves the data area
"Del i veryBoxB", and stores the identd f4%r- "cont|l D' for designating the data
area "Continuation", and the nessage 29 July 2003 - 65 sent by the
met hod "SendWt hContinuation” therein. The identifier "contlD' for

speci fyi m&g@%rﬂiﬁ A 3 £nrat %:B“%Hag,gﬁlji t}tf;é?r gd | egﬁeg%tneﬁ ?’&g%hecont | D"

"Del ivery , and nore specifica ue o

for specighyigig -3¢ -¢aad ndagdowCathl-14al kR eh$offloddd UMiiddtidyt €

"contl D' of "the data area "DeliveryBoxB". Moreover, the nessage sent by the

met hod " $aREVHRCIB iek4aB PRs bacdhe’ Qdoperableddud &d ahdel i ver yBoxB",

and nore specifically, the value of the argunent "nsg" of the nethod

" SendW t bceirirendlel @F' ains eXceptdonn ashaha! ireititne valie' 1o the naiiodr ea
"Del i veryBoxB", and al so, the value of the argunent "sizeOfMsg" of the

met hod " SRedédfivieCqntandu @lison'enablest tihe obgeattt A Md ere'ssiaastOf Msg” of t he
data area "DeliveryBoxB". Thereafter, the object "nDriveMiler" delivers to
t he obj epro@essdniondi Theedbijeathd disngiosr deadyhdion eweanteSprrokessinglat a
stored in the data area "DeliveryBoxB", i.e., the nessage sent~by the

met hod " S&SIWE HDeRe dia@nyn remada ing oreaesisling. tdwnhtqdedtord speci fyi ng
the data area "Continuation", thereby starting the nethod "B::B1" of the
obj ect BTrestagits (they RIRCERSIMGH "B: : B1" of the object B by delivering the

o o R qiRn Bl e RECbEBRETAeg, SO g e
the nEth%%e object A is unable to receive a result message, which

would be expected to be obtained from the object B, it

receives the error code, as the return value, indicating

that the object B has become lnoperable, and is able to

resume the execution of processing. The object A then

performs the processing in response to the occurrence of an

error.

For example, the message indicating that an exception
has occurred to the object B may be displayed on an image
display unit, and the user may be instructed to reset the
processing. Alternatively, an object as an alternative to
the object B may be downloaded from an external source via a
network, and message passing may be performed again.

In the scenario shown in Fig. 5, an exception occurs to
the object B after the method "Receive" has been issued by

the object A. However, an exception may occur to the object



29 July 2003 - 66 "SendWthContinuation", and the nethod "B::Bl" of the
object B is designated by the argunent "neth" of the method

"SendWt hConti nuation". Upon conpleting the above-descri bed p?gééyﬁoﬁa, t he
object "nDriveMailer” returns to the object A as indicated by the

si ngl e-dot-chain arrow ST4-5, the value indicating that the processing has
been correctly conpleted, as the return value to the nethod
"SendW t hConti nuati oh”, and then enables the object Ato restart

processi ng. Accordingly, the object Ais ready to execute processing, and
if there is any renmining processing, ghe-object A restarts the processing.
According to the aforenenti oned processing, the nes-sage has been sent from
the object Ato the object B, as indicated by the solid arrow ST4-6, and it
is as if the object A and the object B were concurrently operating, from

the poi ntB defA%sy e MRERRY | RecpivRr sis T:h%?‘é%@t‘é}’,tlﬂﬁé SktB B execut es
the nmethod "B..Bl", and on conpleting t rQcessing r est ed t he
obf ect A the bja&ctexgqufﬁﬁ@i" D e e e a°§>h1_"%ﬂ%ﬁ gﬂﬂiﬁee?w %}é‘_&- 2

on iss € " 0L€eSS i e objec
Ironi)rl vewa{ll#]%}&? alg@é‘l’;%?%sg\ eif%@gfh%sfﬁéléégg%%ghgr n’t'ltégr%%’/\f%érg-& Jand t he

rocessi } MEsPpdse oge f Kicky |1 & h t bj ect
anrl v_el\/an%r%émf as |_ndi%:%%éegﬁb;rﬁgll_ﬂf%?ﬁﬁégeJuf{;g{égg_sn&%&{e l\%%eg J
speci fi cadtea 1REoPD) Bd cFFS) VEHEE | Bhd1EatShgSPRELT tRE bPSedRiB R4&a
"Continuation"” based on the argunent "contl D' of the nmethod "Kick", and

then readseddife i IMOpePADDE Gidr €8 thet b€cdii8naeear” &AnekBeption. . As the
attribute "creator", the value of the identifier

Then, when the object A issues the method "Receive",

L€

the object "mCOOPMailer" reads the error code sét in the
attribute "status" of the data area "RBox", and returns the
error code to the object A as the return value to the method
"Receive". The object “mCOOPMailér“ then enables the object
A to resume processing. In a manner similar to the pfevious
scenario, the object A is now ready to perform processing,
and if there is any remaining processing, the object A
restarts the processing.

As described above, the error code indicating that the
object B has become inoperable due to the occurrence of an
exception is set in the attribute "status" of the data area
"RBox". This prevents the object A from wastefully entering
the waiting state upon issuing the method "Receive"”, and the
object A immediately recognizes that the object B has become
inoperable due to the occurrence of an exception.

In the foregoing scenarios, an exception has occurred
to the object B. 1In other cases, if a result message cannot

be returned to the object A for some reason, the error code



designating the data area "Thread" corresponding to the ob&ﬁcﬁi¢?is stored
in the data area "Continuation”. According to the i dent 129 &}y 9 e obj ect
"nDriveMail er" designates the object A as the object to be started in
response to the nethod "Kick". The value of the argunment "contMeth" of the
met hod "SendWt hContinuation”, i.e., the value specifying the continuation
method "A:: A2", is set in the attribute "meth" of the data area
-"Continuation". According to the argunent "contMeth", the object
"nDriveMailer"” specifies the method "A:: A2" as the continuation nmethod to
be started in response to the nethogh "Ki ck". The object "nDriveMailer" then
starts, as designated by the single-dot-chain arrow ST4-10, the nethod of
t he object specified by the information stored in the data arga
"Continuation", i.e., the method "A:: A2"_afyp4hgathjacea RBAE the
conti nuati on tQBQ.atmrabateihgt?ﬁﬁsco fihuation method A A2 t he
messagds §%5e “Jdelivered to the con&%nga#hgﬁlﬁehbeSagﬁ:9A2n°is esi gnat ed by
o]

t he ar %%t&i'mg@ymwﬂzeevﬁ&g e met hod "Kick". o%l% J&'y 2003 -

68 Up rrectly conpleting tg? St Q@d&mnxxhhﬁrﬁﬁﬁﬂ?n?rmnhod A A2
of the Ob{‘gﬁgeﬁ{:,té hehe pteiact Qe er" returns to t}ge Sbigst B, as
i ndi cat®8-py t $%di cati ng t hat

e single-dotchajn_ar Shda Hhe tord &Y
t he procgiﬁkﬁgdo{;otbhenebh%t%(i %‘E"{lﬁ%g been correctly Egggl efgfehas the
return V&l ue to the method "gic tatdNeronj the wabEiDEMEFTEr® then enabl es

t he objggguﬁeaotbeSh&rPPSFGB §sPrig.” Accordingly, th? abj 84t iBgi s ready’' to
execute processing, and if th@g@ bbjasy Aeﬁ&iﬁﬁﬁ&rb gbe35|ng; the object B
restart sydudmed m‘tdreés@isr?g.‘:%gor ing to the aforenenti oned processing, the
continuation nethod "A::A2" gigmect A is started by the object B, as
desi gnat gglatbe amﬂeﬂﬂﬂﬁaléﬁﬁ%aﬁg%gﬁaz, and it is as if the object A and the
obj ect B were concurrently operating, fromthe point of view of the device
drivers. 2-5-4 Message Passing between [Xff&éﬁgt nmet aSpaces A description
is given below, wth Ee%gggmﬁg tusirggPededd ssage passing er;gﬁned by
usi ng t he-se2hodfeSBEPSgate” between the nCQOP el-afepercantiot L9nP 1 ve

nmet aSpace. As aGSC%E?PkQ0ﬁf1§EgiugE Bﬁ%%Vng performed between dinkgrent

nmet aSpaces, Fﬁg.eg ifTTustrates nessa Yp SS ﬁﬂgnnpthpdﬂnQQﬁeQE'operating
as an applicatiégggﬂﬁgggﬁngrp&ﬂﬁ?ﬂﬁﬁégg nmet aSpace, an object B operating as
an appl i ciBH Programin the mCOOP rre&@e'i_p@o_@s, rocetvediett3 C operating as
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29 July 2003 - 69 a device driver in the nDrive netaSpace. In this
scenario, the object B delegates the reply authorization to the object C
That is, in this exanple, the object Ais a client object, mh??émVﬁgo%bject
B and the object C are server objects. The object B del egates the object C
to return the processing result to the object A That is, the object B
serves as a server object and also as an authori zati ondel egati ng object.
The object C serves as a server object and also as an

aut hori zati on-del egated object. In this scenario, steps ST5-1, ST5-2,

ST5-3, ST5-4, ST5-5, ST5-6, ST5-7, ST5%#8,- ST5-9, and ST5-10 shown in Fig. 8
are respectively simlar to ST3-1, ST3-2, ST3-3, ST3-4,ST3-5, ST3-6, ST3-7,
ST3-8, ST3-9, and ST3-10 shown in Fig. 2, and an expl anation thereof wll

thus be omtted. In this engriq,, after. prqcessi oceeds to step
ST5-10, W%h &l58 &5 &% aﬂ%?‘?r' at%é"\/ﬁet]ier%gaq:s%;toéﬁaéﬂ\{d when the object Bis
executing pro i | ec LSS t aalehealos T @

del egati ng th@ﬁggpﬁgeaépﬁgg?zgt?ggpb%hgﬁgth%%ggﬁécgggdﬁgéues ?hé %gthod

" Del egat §; i hy ST Nt ea Stb el dwydde obj ect
" nCOODNaiglngrj'?:,%ﬁae‘rs&jP&Strsg?eﬁt'ei%yjptﬁoséﬁsnﬁ%ﬁt-chai n arrow STSI?le, and the

processi g ddbEMitNIse e tepraidiitd Y g Siislex@sticitaty deowbj ect
"nmCOOPMai |'er”, as designated by ST5-13. 29 July 2003 - 70 In this case,
t he obj eqir3 MCOGARItIRY prdfieRysililtfin accordance with the method
"SendWithRBox" is executed by .the object "mCOOPMailer", as
designated by ST3-3.
The object “mCOOPMailer" first reserves the data area
“RBox" for storing the result of the processing executed by
the server object, and then sets the identifier for
specifying the data area “Thread“-corresponding to the
object A in the attribute "creator" of the data area "RBox".
Subsequently, the object “mCOOPMailer" reserves the
data area "DeliveryBoxA", and stores the identifier "rBoxID"
for designating the data area "RBox" and the message sent by
the method "SendWithRBox" therein.
The identifier "rBoxID" for specifying the data area
"RBox" is stored in the data area “DeliveryBoxA". More
specifically., the value of the identifier "rBoxID" for
designating the data area "RBox" is set in the attribute
“rBoxID" of the data area "DeliveryBoxA".
The message sent by the method "SendWithRBox" is stored
in the data area "DeliveryBoxA". More specifically, the

value of the argument "msg"“ of the method "SendWithRBox" is

set in the attribute "msg" of the data area "DeliveryBoxA",



whet her the authorization-del egated object is an object operating in the
nCOOP netaSpace. If it is found that the authorization-delegﬂ%@g%gggect i's
an object operating in the nmCOOP netaSpace, the processing 3n
accordance with the scenario shown in Fig. 6. In this exanple, however, the
aut hori zati on-del egated object is not an object operating in the nCOOP

net aSpace, but is the object C operating in the nDrive netaSpace.
Accordingly, the processing is shifted fromthe object "mCOOPMailer"” to the
object "nDriveMailer”, as represented by the single-dot-chain arrow ST5-14.
A shift of the processing fromthe obggct "nCOOPMuiler" to the object
"mDriveMailer" is perfornmed via a mcro-kernel. Mire specifically, the

obj ect "nCOOPMailer" first determ nes based on the argunent "destObjl D' of

;Btihg'rsit 2%?‘? ;??l-e‘l‘g‘g?et i e‘%f"l i :é{;fte ﬁr{g ‘%ﬁ%ﬁlﬁ‘f‘?’jﬁ? fgz?ﬂrbégq"veoﬁe?b%pace.

S . . : ' Y
Pncocvart oa  etRapE G 4 O R SRS e AR S et for
per for M%r@§§gg§r€gsﬁéﬁ &« he objects operating in the nDrive

nmet aSpace, to execute € required processing. Thus, the processing is

shifted from.ltl.t{féggteég "HHOIRMRId e "m0 PMA 18 e e 110 drsV &MRIdHRI - I n this

manner, after the processing IS shifted fromthe object "nmCOOPMailer" to

the obj egbjesPrByeddi 1 Rdicatd® by 26he Winglé3ot /dha P OSLEGH NST3 N4,
accordance wth the nethod "Del egate" is executed by the object

“nDri veMahé edata asto£pd ebentivsl dytdTarda. "DoIEvepgBoXAtal iye. | hehebj ect
"nDriveMailer"” first reserves the data area "DeliveryBoxB". The object

"nDr i veNaessaget Sent repdshé heetiiedt ' SedWitiRBOL" , samdethen t he data area
"Thread" corresponding to the object B and sets the identifier "rBoxID' in
the attri@entifient !'fBowiD! hfodadestoratine| theryesspved Satat aneadusly, the
identifier "rHoxI D' stored in the data area "Thread" corresponding to the
obj ect B"RBoOX[ asthereh¥rebareibng| theguethodppEcthe gbiesE Beply

aut hori zation, Thai is, the object B | oses the reply authori za}t%i(?n%ﬁy

i ssui ng t he~mE} RS (KA LY Jhe desspdesls renepty the e Badith to the

bj C,..Si bj h I he. I hor. i i R bl
o | ssuctPReORIeHBa: aflythe | RAgPhEF 14D, dEROFIR  obf cBEoBoRatt thsea the

t h d n n " “ n n . b' t n r].gi H IVB.' | n
ngoOstogégggﬁggﬁegggggggeg%o%ggfﬁgﬁﬁggﬂog@Ptgfeggpgpeiﬁgfhéndatgggre; °!

"Del i'ver yBoyB’ . tiBr ¢asReeribfakoxiPe ¥8! Y& 8b1408ra8A0¢BERhe" BbJecl the
net hod "Del egate” is set in the attribute "nsg” of the data area

"Del i ver gB9¥BunaapdtAbSRanhfem¥atus£Othbhepai-auingt sysiceptl Whg" 1ef ishe
nmet hod "Del egate” is set in the attribute "sizeOMg" of the data area
"Del i ver pBayBthe message that has been sent to the object B, from
the point of view of the application program.
In starping the method of the object B by delivering
the data stored in the data area “DeliveryBoxA" from the
object "mCOOPMailer" to the object B, the object B is
specified by the argument "destObjID" of the method
"SendWithRBox", and the method of the object B is designated
by the argument "meth" of the method "SendWithRBox".
Upon completing the aforementioned processing, as

designated by the single-dot-chain arrow ST3-5, the object

"mCOOPMailer" returns the identifier "rBoxID" for specifying



29 July 2003 - 72 The object "nDriveMailer" then delivers to the object C
as indicated by the single-dot-chain arrow ST5-16, the data.éégﬁgg Q t he
data area "DeliveryBoxB", i.e., the nessage sent by the nethod P %ate",
and the identifier "rBoxlI D' for specifying the data area "RBox", thereby
starting the nethod of the object C. In this case, only the nessage has
been sent to the nethod of the object C, and the identifier "rBoxID" is
stored in the data area "Thread" corresponding to the object C. 1In other
words, the identifier "rBoxID' to be delivered to the object Cis under the
managenent of the operating system anB4it is only the nessage that has
been sent to the object C, fromthe point of view of the application
program In starting the nethod of the object C by delivering the data

sLored | nehherdal e i PeLIue IR o4 Obeck R g o1 (0
net hod " Dpbeqehe” t8Nthé Neo§&tH0d Ble VL1 0D] Bed1bat SngephapatRd by the

argurmrent "neth" of the nethod "Del egate”. Upon conpleting the

af or enent ppHE8s H1AEG 58S NBeert NEoPREEELY "EoNPVEDNEE | €4S tRE UF8ButR TABuED) ect
B via the object "nCOOPMailer", as indicated by the single-dot-chain arrows

ST5- 17 antlo Sthe Iifethdd VSendWitiRBak! Ng ThatobHiecpr bmeooPrgibes" beren
correctly conpleted, as the return value to the nmethod "Del egate”, and then
enabl es tépabbescth® objeestmrto rédtdot ypPOO8ssing. pTbeesbjagt Xhksobj ect
B is nowready to execute processing, and if there is any remaining

processi ngowt heady| tet e crete apreceseingocerndi hf. therer #6ngnyo t he

af orenent i oned frocessing, the reply authorization has been del egated form
t he obj ecFerRinlngcPERPeEsing. sthe nebiactdA pyestarss| theaPreGessingg, and
it isas if the object B and th Qﬁ% C were concurrently operating, from

bj ect
the point of ASKPTHHRKELING CRIGT IRFrhRS PIRERSFIRI: "thon conpl eti ng

e P OCoREL At oS 5t b e 2B oFhe phee oL BRL oo B4Ry B B! Mo
D ofebhefih b o AUSOECh R LS BRG, (6o EelEeTanta] by L1
"Kick" isop¥eett £0akYd thE OBjE6E BMALYCMBhLEErently BRbrateghY £50R- 22.
the point of view of the application programs.
Subsequently, -upon issuing the method "Receive" by the
object A, as indicated by ST3-7, the processing i1s shifted
to the object "mCOOPMailer", as designated by the single-
dot-chain arrow ST3-8, and the processing in response to the
method "Receive" is executed by the object “mCOOPMailer®, as
designated ﬁy ST3-9. More specifically, the object
"mCOOPMailer®" refers to the data area "RBox" specified by
the argument “rBoxID" of the method "Receive". If the
result of the processing performed by the server object is
stored in the data area "RBox", the "mCOOPMailer" delivers
the result to the object A. If the processing result of the

server object is not stored in the data area "“RBox", the

object "mCOOPMailer" changes the state of the object A from



Si mul t aneously, the object "nDriveMailer" reads the information stored in
the data area "Thread" corresponding to the object C |If thezégﬁgahé'er
"contl D' specifying the data area "Continuation” is stored in a area
"Thread", the processing for starting the continuation method proceeds in
accordance with the scenario shown in Fig. 7. In this exanple, however, not
the identifier "contl D' designating the data area "Continuation", but the
identifier "rHoxl D' specifying the data area "RBox" is stored in the data
area 29 July 2003 - 74 "Thread". Since the identifier "rBoxlD"
specifying the data area "RBox" is stosed-in the data area "Thread", as

not ed above, the processing is shifted fromthe object "nDriveMailer" to

t he object "nCOOPMiler", as indicated by the single-dotchain arrow ST5-23,

WShiTt Qfﬂ?ﬁé%%%ﬁggé ROk B LA, fs%@ﬁi Cer o'f' [”'“ﬁel lXﬁ,-”i‘Llh o
obj et v | vekki PEre PRERRIS i i Ui la IR ASRRL AR, V) tne

data areapefhb§adReEQIVEEPOLRE Seerfh§b9QE€Cﬁa§:hétt%gsﬁgﬁpfﬁéier ‘contlD

for specitying the data area "Continuation” used In e nDrive netaSpace.

n this cxaupbe *héphy"detResbrethiiip! the 8SALL ber tAbObEGcesihg data
area "Thread" corresponding to the object Cis not the identifier "contlD"

desi gnat i agetlitedabg 8heasefpsti obgécenis Rb6€ yetosevreanihothdedgtai ni ng
t he netaSpace in which the object to be comuni cated by nessage passing is
oper at i ngareaal'BBoxt or ethus, t tlke dabjeat e&mCOOPHadleedr reppobdi g theeach
object. The identifier stored in the data area "Thread" corresponding to

t he obj ecoblert Aot ashénddieatedi by thensinygléodotpebalpi AgroweSHAtd0ar ea
"Continuation". Thus, the data area "Thread" corresgondin to the object C
i s furt heFhakatthfeBregeasingnrasulheof bhejgeyvegogbieet igepabtpace in

whi ch t he ob%ect t o be conmuni cated by nessag is O As a

rgsult, i £tp eGe?BrﬁPﬁeﬂaFE fFpe eRBAY( e ?ﬁQtgpggg%%?géﬁaéég§%a§%?ghethe
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per f orm ng nessage passihg ween j ects ope rng~n the nmCOOP

Airveit: SN AL T
shifted to the object "mCOOPMailer", as represented by the
single-dot-chain arrow ST3-12, and the processing in
accordance with the method "Delegate" is performed by the
object "mCOOPMailer", as designated by ST3-13.

More specifically, the object "mCOOPMailer" first
reserves the data area "DeliveryBoxA". The object
"mCOOPMailer" then reads the identifier "rBoxID" stored in
the data area "Thread" corresponding to the object B, and
sets the value of the identifier "rBoxID" in the attribute
"rBoxID" of the data area “DeliveryBoxA".

Simultaneously, the identifier "rBoxID" stored in the

data area "Thread" corresponding to the object B is erased,

thereby depriving the object B of the reply authorization.



In this manner, after the processing has been shifted fromthe object
“nDriveMailer" to the object "nmCOOPMailer") the processing géﬁﬁfgd&ance
Wth the method "Kick"™ is executed by the object "nCOOPMil €1 a

i ndi cated by ST5-24. More specifically, if the object A has already issued
the nethod "Receive", the object "nCOOPMuiler" delivers the result of the
processi ng executed by the object Cto the object A |If the object A has
not yet issued the method "Receive", the object "nCOOPMailer" stores the
processing result of the object Cin the data area "RBox". In this exanple,
when the object Cissues the nethod “Kbék=, the object A has already issued
the nmet hod "Receive". Accordingly, the object "nCOOPMailer" imediately
delivers to the object A as designated by the single-dot-chain arrow 29

July 200 64 STHr 25 i 0, | i t hout
storing i hlaﬁ ;t"ﬁé gﬁa%aogﬁggt pé?%gg;g& E%é%?:%éir%c{?éﬁg%% gfll}\g)wt he
processin h ! oC i #ﬁgect Cto the
obj ect A, gtsl%{eiig%j g%tg%%%%wg{)?%?&a?éet h?%za[%eit:ﬁﬁeé% ?gét[xégfe a the object

"”f*iVeNh&h@hériﬁéti@ﬁr@é?ﬁﬁ@doﬁﬁéé@ac§in@i&céoﬁh&VBE{Fé%rﬁwﬁaéﬂibgé and
ST5-27, the value indicating that the processing has been correctly

conpl et edth@srépeyr &hithorygateon p iteigvahaple KiskissddethaGrétivbal er” then
enabl es the object Cto restart processing. The object Cis nowready to
execut e prFRepisl'ng, Iandthérthereés| sthayobdeat NB ngapr bessed nthe tihetlhbjiect C
restarts the processing. According to_the above-described processing, the
resul t of "Phéegatelsinateadeofit the byethedobReplyC. has been sent to the
object A as indicated by the solid arrow ST5-28, and it is as if the

obj ect A and tTee odhiret C'nRORPNakkar't entsy e ithe MesFAdh e nt  of
view of the application prograns. In the exanple shown in Fig. 8, the

met hod "FBXngé"mﬁ§§°Bee efegaty” bhokhet fatartRed "ReLAVer¥BPXA(ed.

Al t tively, th t hod "Recei ve’ be. i d aftef th t hod "Ki ck"
nas been MEEhBPSPEHAL T ackher KELUE; GF: Che | SETBREREo PRAGAPE ERG rocel ve
the resul b.0hokNepR18GERE""YsCEEE IRILRY LPErPBLEE! wfrsih t BRUERENGEELNY Lhe

wai ting state. ]
area "DeliveryBoxA", and also, the value of the argument

"sizeOfMsg" of the method "Delegate” is set in the attribute
"sizeOfMsg" of the data area "DeliveryBoxA".

The object “mCOOPMailer" then delivers to the object C,
as indicated by the single-dot-chain arrow ST3-14, the data
stored in the data area "DeliveryBoxA", i.e., the message
sent by the method "Delegate", and the identifier "rBoxID"
for specifying the data area "RBox", thereby starting the
method of the object C.

In this case, only the message has been sent to the
method of the object C, and the identifier “rBoxID" is
stored in the data area “Thread" corresponding to the object
C. In other words, the identifier "rBoxID" to be delivered
to the object C is under the management of the operating

system, and it is only the message that has been sent to the



If the object A issues the nethod "Receive" after the 29 July 2003 _ 77 _
obj ect C has issued the method "Kick", the object "mCOOPMail gy, géﬁﬁytes
the foll owi ng processing. The object " TOOOPMai | er* stores thé processi ng
result of the object Cin the data area "RBox" when the nethod "Kick" is

i ssued by the object C. Then, when the object A issues the nmethod
"Receive", the "nCOOPMailer"” immedi ately reads the processing result of the
object C fromthe data area "RBox" and delivers it to the object A The
result of the processing executed by the object Cis stored in the data
area "RBox". Mre specifically, the walSde-i ndicating that the processing
result of the object C has been returned is set in the attribute "ready" of
the data area "RBox", and the pointer to the area for storing the nessage

to be del gy ?r%q &0 tf%mOlehSC REhGiQ&roﬁfS%thabﬁi?lbat%n PﬁOQPﬁ*ﬁ. ck" .

i.e., the pointer represente e argument "nsg he e

is set in the ghtEihbteng rmhﬁéﬁ%aoéftﬂeed@sfeéfe@ boesi svdbraguer the

val ue indicating the S|ze of the message to be delivered to the object A as

the procesgiendaiteshtoretl Lhetnbj 8dtaCarkac Dellioeyrgborarepremethed by the
argunent "sizeO'Msg" of the nethod "Kick"™, is set 1n the attribute

"si zeOf Resltljieldty " maOPRaidard abe8heRBbject! C,r ehdi opijkebe praeessi ng result
of the object C fromthe data area "RBox" and delivering it to the object
A, the objspetcifiie0OPyhither axrgumentr EddstObdIbf't pifbdhe Medboldt Msg" i 29
July 2003 78 and the attribute "sizeO Result Msg" of the data area "RBox"
fromthe d®edegede™ RBod" thei mathgdspcitheeg@bdgcthé dsgdesAgnatBéxbp’ of
t he net hod "Receive", and then reads the data having the size indicated by
the attri Biee argumentRigethis gt thenimekbodr SRedegadeint ed by the attribute

"resul t Msg". The read data serves as a ness p?éo be delivered fromthe

object Cto thQPBBJEBTP eting BB?e% or PrefeRsingr ethehe read
dat th . " h t.had "R

et a0 e AR oY WRRLRRAUTEN ol G1E 1P el Ve
"Recei ve" ' . . "
Accor di ng ‘Jﬁﬁ ‘% Yl gt BhgdnIdTElle sTa295\4he Harut® h%gtﬁ%gcgs\?gel s

i ssued af tgfatt KGRI seMngkh a@a%egﬁe@o#%%qy 2ompfldteds Waerphe net nod

"Recei ve" has been |ssued béf ore the nmet hod "Kick" |s i ssued, the result of

t he processtig-rexeaues dob ¥ hehtietBioaC ™ Deleyadel",vainRd thern @i’xa@ﬂe%cﬁthé, and
it is as if the object A and the object C were concurrently operating. |If

t he obj ectotdpicig® ad trespastiepsolcdesstinp.y Aleh@bjzaid @ iky nidwe reaidyod-
"Del egate” (in this exanple, the object C) becones inoperable due to, for
exanpl e, tiwe egtsmbreepu@ogfssdmger @od, ifndhegeudablanyt ccegragmimg a resul t,
exception handling is performed in a manner substantially simlar to the
scenari o FHRGLSHLNG.g. the obests Feaiestaasy then nupcesaifs-e shown in Fig.

8, if
According to the aforementioned processing, the reply

authorization is delegated to the object C from the object B,
as represented by the solid arrow ST3-16, and it is as if
the object B and the object C were concurrently operating,
from the point of view of the application programs.
Subsequently, when the object C issues the method
“Reply", as indicated by ST3-17, the processing is shifted
to the object "mCOOPMailer", as designated by the single-
dot-chain arrow ST3-18, and the processing in response to

the method "Reply" is executed by the object “mCOOPMailer",



29 July 2003 - 79 the object C delegated to possess the reply

aut hori zation by the nmethod "Del egate" becones inoperable duEbggyggﬁgution
due to, for exanple, the occurrence of an error and is unable to°obtain a
result, the processing is shifted to the object "nDriveFaul t Handl er”, and
predet ermi ned exception handling is perforned by the object
"nDriveFaul t Handl er". The object "nDriveFaul t Handl er" then reports to the
obj ect "nCOOPMailer"” via the object "nDriveMailer" that the object C has
becone i noperabl e due to the occurrence of an error. In this case, if the
obj ect A has already issued the nethed58Receive" and is in the waiting
state, the object "nCOOPMailer"” returns to the object A the error code

i ndi cating that the object C has becone inoperable due to the occurrence of

an error a@sriPPokhtll ¥p! sfslrel NAEl Nofbolrsay ey, 2PUADGLENAD! S the

object Ato restart processing. , | ect ready ecute

processi ng, n88daife A8 Bss8e@MWhé CHBLNG A" RECELPS* NOthE hebPOEECt A restarts
the processing. On the other hand, 1f an exception has occurred to the

obj ect C bgtoveMbiteph] SahedibdBSLSdé NEveRS holle "RE666¥61ngt PEs@DE 6
"mMCOOPMai |l er” sets in the attribute "status" of the data area "RBox" the

error codehéndbgettng tbathéhebpdsech. C hasthecobpettopehadl gotivget 0 t he
occurrence of an error. Then, when the object A issues the nethod

"Recei ve"lsshedobhecheth@XDOPREceétve" | etls ¢bjeet r bmCQOEMasker! nsthees 29
Jufy 2003 - 80 attribute "status" of the data area "RBox", and returns the
error codtheoprhecespirgtresutttof theuebjeatue in the dethodre®ecei ve". The
obj ect "nCOOPMail er” then enables the object Ato restart processing.
Accordingr§P°¥He object Ais ready to execute processing, and if there is

oY ST 00 P OGS R e, SLSELA TSIt S, PLOSERE I, Aecord g
th I hqr ,zat i i I t Lt t h bj ect
e el BhAY LEBLLOD | Bl OREc) o0 BLAT BB LES L UESSEHE hechls o0 oot
th iti o« Whj th i Is anAt t th
Lhe e sgosLaLge VOAER MR 0L NERK 36 168YSenblBRAL SEL-A L0 o et (he

detai | ed degcakiRLLOP. abNevELESER! thavER LeR Rff8ES1hBEchebhoWy Ene

advant ages.
single-dot-chain arrow ST3-20, the processing result of the
object C without storing it in the data area "RBox". Upon
completing the processing for delivering the processing
result of the object C to the object A in a normal condition,
the object "mCOOPMailer" returns to the object C, as
represented by the single-dot-chain arrow ST3-21, the value
indicating that the processing has been correctly completed,
as the return value to the method "Reply". The object
"mCOOPMailer" then enables the object C to restart
processing. The object C is now ready to execute processing,
and if there is any remaining processing, the object C
restarts the processing.

According to the above-described processing, the result

of the processing executed by the object C has been sent to



When a nessage is sent froma client object to a server object, a data area
is reserved. |f processing executed by the server object is2qgily2o03ect!y
conpleted, the data indicating the status of the server object 1s delivered
to the client object via the above data area. Consequently, according to
the present invention, even if the client object enters the waiting state
due to sone problemwhile future-based nessage passing is being perforned,
the status of the server object can be informed to the client object

wi t hout needing to execute time-out 29 July 2003 _ 81 pr ocessi ng,

t hereby enabling the client object r058xit fromthe maltlng state.
Additionally, in the present invention, if the processing executed by the
server object is not correctly conpleted the data indicating the status of

the ser veheOBbgéatl a daélf@faﬁéséﬂtéaebyl trat sebiiachryb@ &08-2bovgdascri bed
data area, which would otherwi se waste tinme, as in the case in which

time-out 1pr egeasi Mg tRec¥BgEtEdA dh@Sthéhebgetent wbectoaearspaediyl y exit
fromthe waiting state. The data indicating the status of the server object
i s del i vepestatdanghefrbmetheoppint wvliewmieweofr thesappdieneédoned by the
server object is not correctly conpleted, thereby nmaking it possible to
speci fy pmwegramse for the occurrence of a waiting state. Accordingly, the
processi ng can be perfornmed to suitably overconme the cause, thereby
preventing th&notherexaprlesheidd hbp tifg thetmethpdt hRegaiEe! eason.

29 July 2003 -82 CLAIMS 1. A data proce55|n% nmet hod wherein a nessage i s
has been issued before the method eply" is issued.

Alternatively, the method "Receive" may be issued after the
method "Reply" has been issued. 1In this case, the object a
is able to immediately receive the result of the processing
executed by the object C without entering the waiting state.

If the object A issues the méthod “Receive" after the
object C has issued the method "Reply", the object
"mCOOPMailer" executes the following processing. The object
"mCOOPMailer" stores the processing result of the object C
in the data area "RBox" when the method "Reply" is issued by
the object C. Then, when the object A issues the method
"Recelve", the "mCOOPMailer" immediately reads the
processing résult of the object C from the data area "“RBox"
and delivers it to the object A.

The result of the processing executed by the object C
is stored in the data area “"RBox". More specifically, the
value indicating that the processing result of the object C
has been returned is set in the attribute "ready" of the
data area "RBox", and the pointer to the area for storing

the message to be delivered to the object A as the



sent froma client object to a server object, said server object executes a
processing in response to a request by said nessage and retggngy2opgsul t of
said processing to said client object, said data processing netﬁ
conprising the steps of: reserving a data area having an identification
nunber for storing result data indicating said result of said processing
executed by said server object, and said data area for storing status data
indicating a status of said server object, upon sending said nessage from
said client object to said server object storing said result data in said
data area when sai d processing execut & by said server object has been
correctly conpleted storing said status data in said data area when said
processi ng executed by said server object has not been correctly conpl eted

per f or M pgessing eRulitNS£S &hd bsgebtt @ata_ @y ,r eadl pRindes result data
stored in said data area by said client object u5|ng Said identification
nunber wWiglpredethted by the argument “resultMsg" of the method
"Reply", is set in the attribute "resultMsg" of the data
area "RBox". Further, the value indicating the size of the
message to be delivered to the object A as the processing
result of the object C, i.e., the value represented by the
argument "sizeOfResultMsg" of the method "Reply", is set in
the attribute “sizeOfResultMsg" of the data area "“RBox"“.

In reading the processing result of the object C from
the data area "RBox" and delivering it to the object A, the
object "mCOOPMailer" first reads-the attfibute "resultMsg"
and the attribute "sizeOfResultMsg" of the data area "RBox"
from the data area "RBox" which is specified by the argument
"rBoxID" of the method "Receive", and then reads the data
having the size indicated by the attribute "sizeOfResultMsg"
from the area represented by the attribute "resultMsg". The
read data serves as a message to be delivered from the
object C to fhe object A. The object "mCOOPMailer" then
stores the read data in the area indicated by the argument
"msg" of the method "Receive". The size of the area
designated by the argument "msg" of the method "Receilve" has
been set by the argument "sizeOfMsg" of the method "Receive".

According to the above-described processing, when the
method "Receive" is issued after the method "Reply" has been

issued, as well as when the method "Receive" has been issued



processing executed by said server object has been correctly conpleted, and
29 July 2003 - 82a receiving said status data by reading ;ggd ﬁt@bgs dat a
stored in said data area by said client object using said i nP f tion
nunber when said processing executed by said server object has not been
carrectly conpl et ed. 29 July 2003 -33 2. The data processing nethod
according to claim1, further conprising the steps of: controlling said
client object for continuing processing after said client object has sent
said nessage to said server object, and for reading data stored in said
data area when said client object regfi¥es said result of

before the method "Reply" is issued, the result of the
processing executed by the object C is delivered to the
object A, and it is as if the object A and the object C were
concurrently operating.

According to the foregoing description, by introducing
the method "Delegate" as an API used for describing an
object, even if there are a plurality of server objects, the
reply authorization can be delegated among the sServer
objects. In other words, by introducing the method
“Delegate", even if there are a plurality of server objects,
and even if a server object that-receives a processing
request is different from a server object that returns a
processing result, message passing can be suitably performed.

Additionally, with the introduction of the method
“Delegate", in delegating the reply authorization among a
plurality of server objects, the data area "RBox" and the
identifier "rBoxID" for specifying the data area "RBox" are
transparent fo the application programs. This enhances the
simplicity of the development of application programs.

If the object delegated to possess the reply
authorization by the method "Delegate" (in this example, the
object C) becomes inoperable due to, for example, the
occurrence of an error, and is unable to acquire a result,
exception handling is performed in a manner similar to the

scenario shown in Fig. 5.




the processing executed by said server object; controlling said client
object for entering a waiting state when neither said resul todgjegear said
status data is stored in said data area upon reading said data stored in
said data area: and controlling said client object for remaining in said
wai ting state before one of said result data and said status data is stored
In said data area. 3. A recordi ng nmedi um whereon an operating systemis
recorded, wherein said operating systemincludes nessage-sendi ng nmeans, as
an application programinterface for describing a first object, for sending
to a second object a nessage requestii6® said second object to performa
processing and to return a result of said processing to said first object:
and wherein 29 July 2003 - 83a said operation system sends a nessage

froma CIienE‘Iore specifically, in the example shown in Fig. 6, if
the object C delegated to possess the reply authorization by
the method "Delegate" becomes inoperable during execution
due to the occurrence of an error and is unable to obtain a
result, the processing is shifted to the object
"mCOOPFaultHandler", and predetermined exception handling is
performed by the object "mCOOPFaultHandler®. The object
"mCOOPFaultHandler" then reports to the object "mCOOPMailer"
that the object C has become inoperable due to the
occurrence of an error.

In this case, if the object A has already issued the
method "Receive" and is in the waiting state, the object
“mCOOPMailer" returns to the object A the error code
indicating that the object C has become inoperable due to
the occurrence of an error, as the return value to the
method “Receive®, and then enables the object A to restart
processing. Thus, the object A is ready to execute
processing, and if there is any remaining processing, the
object A restarts the processing.

On the other hand, if an exception has occurred to the
object C before the object A issues the method "Receive",
the object "mCOOPMailer" sets in the attribute *status" of
the data area "RBox" the error code indicating that the
object C has become inoperable due to the occurrence of an

error. Then, when the object A issues the method “Receive",



object to a server object in accordance with said nessage sendi ng neans,
and reserves a data area having an identification number andpg hgy bge519 a
first portion for storing result data indicating a result of processing
executed by said server object and a second portion for storing status data
I ndicating a status of said server object; said operating system stores
said result data in said data area when said processing executed by said
server object has been correctly conpleted, or 29 July 2003 g4 said
operating systemstores said status data in said data area when said
processi ng executed by said server obj@3t-has not been correctly conpl eted,
and wherein said operating systemfurther includes data readi ng neans for
readi ng data stored in said data area using said identification nunber, as

sai d applilato®fedt CYCO0PMaller® reads the error code set in the
attribute "status" of the data area "RBox", and returns the
error code to the object A as the return value to the method
"Receive". The object "mCOOPMailer" then enables the object
A to restart processing. Accordingly, the object A 1is ready
to execute processing, and if there is any remaining
processing, the object A restarts the processing.

According to the aforementioned processing,” even if the
object C delegated to possess the reply authorization is
unable to return a result message to the object A for some
reason, the object A can resume the executlion state from the
waiting state, which would otherwise cause the object A to

enter the waiting state and would stop the systen.

2-5-3 Message Passing Using SendWithContinuation()

A description is now given below, with reference to Fig.
7., of message passing performed by using the method
“SendWithContinuation" in the mDrive metaSpace.

Fig. 7 illustrates a basic scenario of message passing
performed in the mDrive metaSpace between an object A
operating as a device driver in the mDrive metaSpace and an
object B operating as a device driver in the mDrive
metaSpace. That is, in this example, the object A is a
client object, while the object B is a server object.

In Fig. 7, the method of the object A that issues the



I nterface used for describing an object. 4. The recordi ng nmedi um accordi ng
to.claim 3, wherein said operating systemcontrols said ClieQbéB@éﬁisfor
entering a waiting state when neither said result data nor sail t'atls data
is stored in said data area upon reading said data stored in said data area
by -said client object by using said data readi ng neans, and controls said
client object for remaining in said waiting state before one of said result
data and said status data is stored in said data area. 5. A data processing
apparatus conprising: an operating system a recordi ng nmedi um whereon said
operating systemis recorded, said opeddting systemincluding

nmessage- sendi ng neans, as an application programinterface  for describing a
first: object, for sending to a second object a nmessage requesting said

second ORjeRtod @ AR ITiIARTon® akd indd%atidd RPOR: :A1", while
the method of the object B that is started by the method
*SendWithContinuation" and also issues the method "Kick" is
represented by "B::B1". Moreover, the method of the object
A started by the method "Kick", i.e., the continuation
method, is indicated by "A::A2".

When the object A issues the method
"SendWithContinuation"™ within the method "A::Al", as
indicated by ST4-1, the processing is shifted to the object
"mDriveMailer", as represented by the single-dot-chain arrow
ST4-2, and the processing in accdfdance with the method
"SendWithContinuation" is performed by the object
"mDriveMailer", as designated by ST4-3.

The object "mDriveMailler" first reserves the data area
“Continuation", and stores the information concerning the
continuation method therein. More specifically, the value
of the identifier for specifying the data area "Thread"
correspondiﬂg to the object A is set in the attribute
“"creator" of the data area “Continuation", and also, the
value of the argument “"contMeth" of the method
“SendWithContinuation" is set in the attribute "meth" of the
data area "Continuation".

The object "mDriveMailer" also reserves the data area
"DeliveryBoxB", and stores the identifier "contID" for

designating the data area "Continuation", and the message



-85 to return a result of said processing to said first object, and wherein
sai d operating systemsends a nessage froma client object JeP)dly SE03 er

obj ect in accordance with said nmessage sendi ng neans, and reserves a data
area having an identification nunber and including a first portion for
storing result data indicating a result of processing executed by said
server object and a second portion for storing status data indicating a
status of said server object; said operating systemstores said result data
in said data area when said processing executed by said server object has
been correctly conpleted, or said opérating systemstores said status data
In said data area when said processing executed by said server object has
not been correctly conpleted, and wherein said operating system further

is gicgudesséiﬁﬁ Dy THE e IR SeddWithdions 18dad 1900 @hdreisal d df a area using

identifier "contID" for specifying the data area
*Continuation" is stored in the data area "DeliveryBoxB",
and more specifically, the value of the identifier “contID"
for specifying the data area “Continuation" is set in the
attribute "contID" of the data area "DeliveryBoxB".
Moreover, the message sent by the method
"SendWithContinuation" i1s stored in the data aréa
"DeliveryBoxB", and more specifically, the value of the
argument "msg" of the method "SendWithContinuation®" is
stored in the attribute "msg" of fhe data area
“DeliveryBoxB", and also, the value of the argument
"sizeOfMsg" of the method "SendWithContinuation" is set in
the attribute "sizeOfMsg" of the data area "DeliveryBoxB".

Thereafter, the object "mDriveMailer" delivers to the
object B, as indicated by the single-dot-chain arrow ST4-4,
the data stored in the data area "“DeliveryBoxB", i.e., the
message sent'by the method "SendWithContinuation', and the
identifier “contID" for specifying the data area
“Continuation", thereby starting the method "B::B1" of the
object B.

In starting the method "B::B1" of the object B by
delivering the data stored in the data area "DeliveryBoxB"

from the object “mDriveMailer" to the object B, the object B

is specified by the argument "destObjID" of the method



29 July 2003 -86 identification nunber, as said application program

I nterface used for describing an object. 6. The data processbgglg5§¢$atus
according to claim5, wherein said operating systemcontrol s™S f ent
object for entering a waiting state when neither said result data nor said
status data is stored in said data area upon reading said data stored in
said data area by said client object by using said data readi ng neans, and
controls said client object fox remaining in said waiting state before one
of said result data and said status data is stored in said data area.
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"SendWithContinuation".

Upon completing the above-described processing, the
object "mDriveMailer" returns to the object A, as indicated
by the single-dot-chain arrow ST4-5, the value indicating
that the processing has been correctly completed, as the
return value to the method "SendWithContinuation®, and then
enables the object A to restart processing. Accordingly,
the object A 1s ready to execute processing, and if there is
any remaining processing, the object A restarts the
processing.

According to the aforementioned processing, the message
has been sent from the object A to the object B, as
indicated by the solid arrow ST4-6, and it is as if the
object A and the object B were concurrently operating, from
the point of view of the device drivers.

Thereafter, the object B executes the method "B::B1",
and upon completing the processing requested by the object A,
the object B issues the method "Kick", as indicated by ST4-7.
Upon issuing the method "Kick", the processing is shifted to
the object "mDriveMailer", as represented by the single-dot-
chain arrow ST4-8, and the processing in response to the
method "Kick" is performed by the object "mDriveMailer", as

indicated by ST4-9.
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returns to the object B, as indicated by the single-dot-

chain arrow ST4-11, the value indicatlng that the processing

of the method “"Kick" has been correctly completed, as the

return  value to the method "Kick". The object

“mDriveMailer" then enables the object B to restart

processing. Accordingly, the object B is ready to execute

processing, and if there is any remaining processing, the

object B restarts the processing.

According to the aforementiohed processing, the
continuation method "A::A2" of the object A is started by
the object B, as designated by the solid arrow ST4-12, and

it is as if the object A and the object B were concurrently

operating, from the point of view of the device drivers.

2-5-4 Message Passing between Different metaSpaces

A description is given below, with reference to Fig. 8,
of message passing performed by using the method "Delegate"
between the mCOOP metaSpace and the mDrive metaSpace.

As a scenario of message passing performed between
different metaSpaces, Fig. 8 illustrates message passing
among an object A operating as an application program in the
mCOOP metaSpace, an object B operating as an application

program in the mCOOP metaSpace, and an object C operating as
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a device driver in the mDrive metaSpace. In this scenario,
the object B delegates the reply authorization to the object
cC.

That is, in this example, the object A is a client
object, while the object B and the object C are server
objects. The object B delegates the object C to return the
processing result to the object A. That is, the object B
serves as a server object and also as an authorization-
delegating object. The object C serves as a server object
and also as an authorization-delegated object.

In this scenario, steps ST5-1, ST5-2, ST5-3, ST5-4,
ST5-5, ST5-6, ST5-7, ST5-8, ST5-9, and ST5-10 shown in Fig.
8 are respectively similar to ST3-1, ST3-2, ST3-3, ST3-4,
ST3-5, ST3-6, ST3-7, ST3-8, ST3-9, and ST3-10 shown in Fig.
2, and an explanation thereof will thus be omitted.

In this scenario, after processing proceeds to step
ST5-10, when the object A is in the waiting state, and when
the object B is executing processing, the object B issues
the method "Delegate" for delegating the reply authorization.

When the object B issues the method "Delegate", as
indicated by ST5-11, the processing is shifted to the object
“mCOOPMailer", as represented by the single-dot-chain arrow
ST5-12, and the processing in response to the method
"Delegate" is executed by the object "mCOOPMailer", as

designated by ST5-13.
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In this case, the object "mCOOPMailer" determines
whether the authorization-delegated object is an object
operating in the mCOOP metaSpace. If it is found that the
authorization-delegated object 1s an object operating in the
mCOOP metaSpace, the processing proceeds in accordance with
the scenario shown in Fig. 6. In this example, however, the
authorization-delegated object is not an object operating in
the mCOOP metaSpace, but is the object C operating in the
mDrive metaSpace. Accordingly, the processing is shifted
from the object "mCOOPMailer" to the object "mDriveMailer",
as represented by the single-dot;chain arrow ST5-14.
A shift of the processing from the object "mCOOPMailer"
to the object "mDriveMailer" is performed via a micro-kernel.
More specifically, the object "mCOOPMailer" first determines
based on the argument "destObjID" of the method "Delegate"
that the metaSpace in which the authorization-delegated
object is operating is an mDrive metaSpace. Subsequently,
by using thé function of the micro-kernel, the object
"mCOOPMailer" requests the object “mDriveMailer", which is a
metaObject for performing message passing between the
objects operating in the mDrive metaSpace, to execute the
required processing. Thus, the processing is shifted from
the object "mCOOPMailer" to the object "mDriveMailer®.

In this manner, after the processing is shifted from

the object "mCOOPMailer" to the object "mDriveMailer", the
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More specifically, the oblject "mDriveMailer" first
reserves the data area "DeliveryBoxB". The object
"mDriveMailer" then reads the identifier "rBoxID" stored in
the data area "Thread" corresponding to the object B and
sets the identifier "rBoxID" in the attribute "contID" of
the data area "DeliveryBoxB".
Simultaneously, the ldentifier "rBoxID" stored in the
data area "Thread" corresponding to the object B is erased,
thereby depriving the object B of the reply authorization.
That is, the object B loses the reply authorization by
issuing the method "Delegate", and delegétes the reply
authorization to the object C. Since the object B has lost
the reply authorization, it is unable to issue the method
"Reply". In other words, the object B has issued the method
"Delegate" instead of the method "Reply".
The object "mDriveMailer" also stores the message sent
by the method "Delegate" in the data area "DeliveryBoxB".
More specifically, the value of the argument "msg" of the
method "Delegate" is set in the attribute "msg" of the data
area “DeliveryBoxB", and also, the value of the argument

"sizeOfMsg" of the method "Delegate" is set in the attribute

"sizeOfMsg" of the data area "DeliveryBoxB".
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stored in the data area "DeliveryBoxB", i.e., the message

sent by the method "Delegate", and the identifier "rBoxID"
for specifying the data area "RBox", thereby starting the
method of the object C.

In this case, only the message has been sent to the
method of the object C, and the identifier "rBoxID" is
stored in the data area "Thread" corresponding to the object
C. In other words, the identifier "rBoxID" to be delivered
to the object C is under the manégement of the operating
system, and it is only the message that has been sent to the
object C, from the point of view of the application program.

In starting the method of the object C by delivering
the data stored in the data area "DeliveryBoxB" from the
object "mDriveMailer" to the object C, the object C is
specified by the argument "destObjID" of the method
"Delegate",'and the method of the object C is designated by
the argument "meth" of the method "Delegate".

Upon completing the aforementioned processing, the
object "mDriveMailer" returns to the object B via the object
“mCOOPMailer", as indicated by the single-dot-chain arrows
ST5-17 and ST5-18, the value indicating that the processing
has been correctly completed, as the return value to the

method "Delegate", and then enables the object B to restart
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(10% ()and& ]El.f there is any( )remaining( )processing, the object B
restarts the processing.

According to the aforementioned processing, the reply
authorization has been delegated form the object B to the
object C, as indicated by the so0lid arrow ST5-19, and it is
as 1f the object B and the object C were concurrently
operating, from the point of view of the application
programs.

Thereafter, upon completing the processing requested by
the object A, the object C issues the method "Kick", as
designated by ST5-20. Upon issuing the method "Kick", the
processing is shifted to the object "mDriveMailexr", as
represented by the single-dot-chain arrow ST5-21, and the
processing in response to the method "Kick" is executed by
the object "mDriveMailer", as indicated by ST5-22.

Simultaneously, the object "mDriveMailer" reads the
information stored in the data area "Thread" corresponding
to the object C. If the identifier "contID" specifying the
data area "Continuation" is stored in the data area "Thread",
the processing for starting the continuation method proceeds
in accordance with the scenario shown in Fig. 7. 1In this
example, however, not the identifier "contID" designating

the data area "Continuation", but the identifier "rBoxID"

specifying the data area "RBox" is stored in the data area
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“Thread" .

Since the identifier "rBoxID" specifying the data area
"RBox" is stored in the data area "Thread", as noted above,
the processing is shifted from the object "mDriveMailler" to
the object "mCOOPMailer", as indicated by the single-dot-
chain arrow ST5-23, rather than starting the continuation
method by the object "mDriveMailer".

A shift of the processing from the object
"mDriveMailer" to the object "mCOOPMailer" is performed via
the micro-kernel. More specifically, the object
"mDriveMailer" first checks whether the identifier stored in
the data area "Thread" corresponding to the object C is the
identifier "contID" for specifying the data area
"Continuation" used in the mbrive metaSpace. In this
example, it 1s determined that the ldentifier stored in the
data area "Thread" corresponding to the object C is not the
identifier "contID" designating the data area "Continuation®.

The information for determining the metaSpace in which
the object to be communicated by message passing is
operating is also stored in the data area "“Thread"
corresponding to each object. The identifier stored in the
data area "Thread" corresponding to the object C is not the
identifier "contID" for specifying the data area

"Continuation". Thus, the data area "Thread" corresponding

to the object C is further examined to determine the



}}dENDC 10@10%&' ()-Z &10%.& ()-s 10%& ()-&

10%4& () - 3" 10%4& () - SL: 10%4& ()-}}} ~B~~~~dEnbC July 2003
10@610%4& () - 934s! 10944& () - S2: 10%4& ()-9° 0 109%4& () - #109& %% My 0% ()-Z
~~~~~~ | bC 10@ 10%& ()-3 9: 10%& ()-#, 10%& ()- 10H 10H

10H&Q! 109%44& () - 710%4& () - | ~8dEbC

10@! g#10% & ()-: LFgl0% & ()-f10%& ()-10%& ()-1 10%& ()-

9910% & ()-"[adEbC 10@y 10%& ()- 0310%& ()- 3. F10%& ()-@"10% & ()-s*z
10%& () - (f 10%& ()-abC 10@ MO & ()-#, 10%& ()- 10z 10z

10zs910% & () - 710% & ()-5&10%¢& ()-$'7° -

metaSpace in which the object to be communicated by message
passing is operating. As a result, it is determined in this
example that the metaSpace in which the object to be
communicated by message passing 1s operating is a mCOOP
metaSpace.

Then, by using the function of the micro-kernel, the
object "mDriveMailer" requests the object "mCOOPMailer",
which.is a metaObject for performing message passing between
the objects operating.in the mCOOP metaSpace, to execute the
required processing. Thus, the processing is shifted from
the object "mDriveMailer" to the object "mCOOPMailer".

In this manner, after the processing has been shifted
from the object "mDriveMailer" to the object "mCOOPMailer",
the processing in accordance with the method "Kick" is
executed by the object "mCOOPMailer", as indicated by ST5-24.

More specifically, if the object A has already issued
the method "Receive", the object "mCOOPMailer" delivers the
result of the processing executed by the object C to the
object A. If the object A has not yet issued the method
“"Receive", the objgct *mCOOPMailer" stores the processing
result of the object C in the data area "“RBox".

In this example, when the object C issues the method
“Kick", the object A has already issued the method “Receive".
Accordingly, the object "mCOOPMailer" immediately delivers

to the object A, as designated by the single-dot-chain arrow
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ST5-25, the processing result of the object C without

storing it in the data area "RBox". Upon correctly

completing the processing for the delivery of the processing

result of the object C to the object A, the object

"mCOOPMailer" returns to the object C via the object

"mDriveMailer", as represented by the single-dot-chain

arrows ST5-26 and ST5-27, the value indicating that the

processing has been correctly completed, as the-return value

to the method "Kick". The "mCOOPMailer*®" then enables the

object C to restart processing. The object C is now ready

to execute processing, and if there is any remaining

processing, the object C restarts the processing.

According to. the above-described processing, the result.

of the processing executed by the object C has been sent to

the object A, as indicated by the solid arrow ST5-28, and it

is as if the object A and the object C were concurrently

operating, from the point of view of the application

progranms.

In the example shown in Fig. 8, the method "Receive"

has been issued before the method "Kick" is issued.

Alternatively, the method "Receive" may be issued after the

method "Kick" has been issued. In this case, the object A

is able to immediately receive the result of the processing

executed by the object C without entering the waiting state.

If the object A issues the method "Receive" after the
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%&e nessage to be delivered to the object A as the
processing result of the object C, i.e., the pointer
represented by the argument "msg" of the method "Kick", is
set in the attribute "resultMsg" of the data area "RBox".
Moreover, the value indicating the size of the message to be
delivered to the object A as the processing result of the
object C, i.e., the value represented by the argument
"sizeOfMsg" of the method "Kick", 1s set in the attribute
“sizeOfResultMsg" of the data area "RBox".
In reading the processing result of the object C from

the data area “RBox" and delivering it to the object A, the

object "mCOOPMailer" first reads the attribute "resultMsg"
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processing executed by the object C is delivered to the

object A, and it is as if the object A and the object C were
concurrently'operating.

If the object delegated to possess the reply
authorization by the method “Delegate" (in this example, the
object C) becomes inoperable due to, for example, the
occurrence of an error, and is unable to acquire a result,
exception handling is performed in a manner substantially

similar to the scenario shown in Fig. 5.

More specifically, in the example shown in Fig. 8, if
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the object C delegated to possess the reply authorization by
the method “Delegate" becomes inoperable during execution
due to, for example, the occurrence of an error and is
unable to obtain a result, the processing is shifted to the
object "mDriveFaultHandler", and predetermined exception
handling is performed by the object "mDriveFaultHandler".
The object "mDriveFaultHandler" then reports to the object
"mCOOPMailer" via the object "mDriveMailer" that the object
C has become inoperable due to the occurrence of an error.

In this case, if the object A has already issued the
method "Receive" and is in the wéiting state, the object
"mCOOPMailer" returns to the object A the error code
indicating that the object C has become inoperable due to
the occurrence of an error, as the return value to the
method "Receive", and then enables the object A to restart
processing. Thus, the object A is ready to execute
processing, and if there is any remaining processing, the
object A restarts the processing.

On the other hand, if an exception has occurred to the
object C before the object A issues the method "Receive",
the object "mCOOPMailer" sets in the attribute “status" of
the data area "RBox" the error code indicating that the
object C has become inoperable due to the occurrence of an
error. Then, when the object A issues the method "Receive",

the object "mCOOPMailer" reads the error code set in the
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reason, the object A can be resumed to the execution state
from the walting state, which would otherwise cause the
object A to enter the waiting state and would stop the
system.

As is seen from the foregoing detailed description, the
present invention offers the following advantages.

When a message is sent from a client object to a server
object, a data area is reserved. If processing executed by
the server object is not correctly completed, the data
indicating the status of the server object is delivered to
the client object via the above data area.

Consequently, according to the present invention, even
if the client object enters the waiting state due to some
problem while future-based message passing 1is being

performed, the status of the server object can be informed

to the client object without needing to execute time-out
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of a waiting state. Accordingly, the processing can be

performed to suitably overcome the cause, thereby preventing

the occurrence of another wailiting state for the same reason.
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1. A data processing method wherein a message is
sent from a client object to a server object, said server
object executes a processing in response to a request by
said message and returns a result of said processing to
said client object, said data processing method comprising
the steps of:
reserving a data area having an identification number
for storing result data indicating said result of said
processing executed by said server object, and said data
area for storing status data indicating a status of said
server object, upon sending said message from said client
object to said server object;
storing said result data in said data area when said
processing executed by said server object has been
correctly completed;
storing said status data in said data area when said
processing executed by said server object has not been
correctly completed;
performing one of receiving said result data by
reading said result data stored in said data area by said
client object using said identification number when said

processing executed by said server object has been

correctly completed, and
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controlling said client object for remaining in said
waiting state before one of said result data and said
status data is stored in said data area.
3. A recording medium whereon an operating system is
recorded, wherein
said operating system includes message-sending means,
as an application program interface for describing a first
object, for sending to a second object a message requesting

said second object to perform a processing and to return a

result of said processing to said first object; and wherein
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salid operation system sends a message from a client
object to a server object in accordance with said message-
sending means, and reserves a data area having an
identification number and including a first portion for
storing result data indicating a result of processing
executed by said server object and a second portion for
storing status data indicating a status of said server
object;

said operating system stores said result data in said
data area when said processing executed by said server

object has been correctly completed, or
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said operating system stores said status data in said
data area when said processing executed by said server
object has not been correctly completed, and wherein
said operating system further includes data reading
means for reading data stored in said data area using said
identification number, as said application program

interface used for describing an object.

4. The recording medium according to claim 3,
wherein said operating system controls said client object
for entering a waiting state when neither said result data
nor said status data is stored in said data area upon
reading said data stored in said data area by said client
object by using said data reading means, and controls said
client object for remaining in said waiting state before
one of said result data and said status data is stored in
said data area.

5. A data processing apparatus comprising:

an operating system;

a recording medium whereon said operating system is
recorded, said operating system including message-sending
means, as an application program interface for describing a
first object, for sending to a second object a message

requesting said second object to perform a processing and
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to return a result of said processing to said first object,
and wherein

said operating system sends a message from a client
object to a server object in accordance with said message-
sending means, and reserves a data area having an
identification number and including a first portion for
storing result data indicating a result of processing
executed by said server object and a second portion for
storing status data indicating a status of said server
object;

said operating system stores said result data in said
data area when said processing executed by said server
object has been correctly completed, or

said-operating system stores said status data in said
data area when said processing executed by said server
object has not been correctly completed, and wherein

said operating system further includes data reading

means for reading data stored in said data area using said
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identification number, as said application program interface

used for describing an object.

6. The data processing apparatus according to claim

5, wherein said operating system controls said client
object for entering a waiting state when neither said
result data nor said status data is stored in said data
area upon reading said data stored in said data area by
said client object by using said data reading means, and
controls said client object for remaining in said waiting
state before one of said result data and said status data

is stored in said data area.



