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techni que’ for supporting an interrupt managi ng function of an operating
system (hereinafter referred to as "0OS") of an information processing

an 06 10 havi ng an i nierr upt managi ng.§uncti on of a &ow r el t: nBNMATNAH]

characteristic or performance so as to enhance a realtinme perfornmnggdgor a
given interrupt process. The OS having the interrupt managi ng function of

the lowrealtinme performnENTERRUPTSCONTROLSSYSTERpUires a

relatively long tine after an occurrence of an Interrupt request until 15
the start of execution of a corresponding interrupt process. For instance,
it represents such an OS that requires ten-odd m croseconds after an
occurrence of an interrupt request until starting the execution of a
corresponding interrupt process while the interrupt process should be
executed within several nm cBARKGRIBUNID QESERERNVENTIONHE RELATED ART In
general, recent OS's have an interrupt managi ng function so that when an

i nterrupt & eqti8kDi QFgFBEUNBIENTEHONa CPU (processor unit), the OS

determ nes an interrupt cause and manages the interrupt processing

accordi ng to a restpe ESentinkandion nalaton to 2otegudntiedar Isppradtingsaes of
an interrupt processing neans, which executes an interrupt process and

ot her processBY¥CrEiRt panagingdunpgtign of ap opesgingosustem Fhﬂr@ma,frécr vect or

area forned in_a fixed nmepy, r t.he like accessible by the CPU The
interrupt protHES t%ﬁngé: gB?@E‘éHﬁ%eraHPBgP%ﬁﬁelséfn%%&ﬁei adal® i nter rupt
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interrupt request to the interrupt processing 1 ans. ter exgcuting a
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information ofhd hm; @Mthﬁé Pezfdrii@ance represents such an OS that requires a
relatively long time after an occurrence of an interrupt requést until
15 the start of execution of a corresponding interrupt process. For
instance, it represents such an OS that requires ten-odd microseconds
after an occurrence of an interrupt request until starting the execution
of a corresponding interrupt process while the interrupt process
should be executed within several microseconds.
20 DESCRIPTION OF THE RELATED ART
In general, recent OS's have an interrupt managing function so
that when an interrupt request is produced from a CPU (processor
unit), the OS determines an interrupt cause and manages the
interrupt processing according to a result of the determination.

25 Specifically, addresses of an interrupt processing means, which

- executes an interrupt process and other processes, are first set in an
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interrupt so that the CPU can restart the processing fromthe %zt'ﬁj%@oéhe
time of “suspension. 15 On the other hand, there are avail able (o

whose reeel time performance of the interrupt nmanagi ng function does not

- reach a standard required by an application. For instance, it is assuned
that an application requires execution of an interrupt process wthin
several m croseconds after an occurrence €@- an interrupt request. In 20
this case, if an OS requires ten-odd m croseconds for executing the
interrupt process, the required interrupt process corresponding to the
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t egt , t ﬁg’r eggéjgégsul}lnﬁ %éﬂirgehu et é%dgé%sfgr?%ggéoé%r?%n%ﬁqﬁm@}% ae'?gr ed,

the reconstrugh@a étmﬁb?éxéé@ﬂibﬂ R8aABdhLE&SH upon every version-up of the
OS. Moreover, when the altered OS is used, the. managi ng manner of the

vect or ar & shoul dI‘lielﬂEPIUﬁdélﬁéﬁdnSi@ltaﬁrdFEﬁ t\tbtthet(’ﬂsclj:bg{"}@féfﬂﬁg topaagi ng
manner adopted by the altered OS. SUMVARY THE | NVENTI Therefore, it is

an obj ect of base pddsess (dmeddressitd bepfimtirdéeraad itb) of thpieploreassl ng

met hod whi ch' can enhance, without altering an 10 GS, a realtine ,

per for mance fbhe &S holds opsrationcesdrommenddnfarenatishaiflthegCPUe sQ8h 48 i s
anot her object of the present invention to provide an OS support system
whi ch can coebhies¢onfeariista{CId8 registers,cbefonatbe intrrrnpalanidntramsféns amnce f or
the interrupt process, 15 It is another object of the present invention to
provi de an irf Wﬁf%htﬁb%%éﬁl??ﬁr‘dﬁﬁ'r%‘éuﬁﬁvﬁ%@q HHEORIPHAreGRSSAER suppor t
system Ib i s_anot hepxégblj ect ({'g the present invention to pﬁovi de a storage
medi um sdt abPEPSe ARNANIh %airr?ﬂélrlmfginﬁ?mggf‘?@%tt gdntETHRta 20
general - pur po i i r,ocessikng. devi ce. , Accqr di t g, ong _aspect of
t he present iﬁ@gﬁg {Slg{ré,%%ag}%ep(?tg&ﬂ;gtilﬁea%%tgﬂfflﬁpé&P&bf ggocgﬂg‘ﬁ ﬁ met hod
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interrupt so that the CPU can restart the processing from the state at
the time of suspension.

15 On the other hand, there are available such OS's whose realtime
performance of the interrupt managing function does not reach a
standard reqﬁired by an application. For instance, it is assumed that
an application requires execution of an interrupt process within
several microseconds after an occurrence of an interrupt request. In

20  this case, if an OS requires ten-odd microseconds for executing the
interrupt process, the required interrupt process corresponding to the
interrupt request can not be accomplished.

As appreciated, it is possible to enhance the realtime
performance by reconstructing the intermpt managing function of the

25 OS8. In this case, however, it is necessary to investigate in advance

the contents of the interrupt managing function of the OS and carry



dinterrupt managing function and an OS support system for executi ngy2fye 2004

gi ven interrupt process which requires a high realtinme performance; causing
the OS stport systemto take an interrupt request produced 2 7 AuG 200°
-4 in the informati on processing device earlier than the OS does and to

j udge whether the interrupt request corresponds to the given interrupt
process; causing the OS support systemto3xecute the given interrupt
process when the interrupt request corresponds to the given interrupt 5
process while transferring a control right on the interrupt request from
the OS support .systemto the OS when the interrupt request does not

cor r espond té)H{tt%%er&t]\?é}? f%tr(ﬁppﬁlﬁ{antmégé tasty ﬁ%e‘f’eg’g’e@(ﬁ%ﬁnﬁé{l 48 a tine
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other, or may execute the int errupt 1 essing cooperati vel)
other in 8 shwyebdREAYO ad fo hetdrAliel tﬁé&ﬁte&uﬁ'&'ﬂ&ﬁ%ﬁﬁdﬂ&mporat ed
in the OS for exchanging information relative to the support system and

the OS and t elopfed Uppthid adipse@Sxecute different interrupt processes in
the sanme hardware in a shared manner via the driver. Wth this arrangenent,

- 20 the high-level interrupt BOVMARYOOTHIS PNVENTION uses can be

i npl emented while maintaining identity of the OS. For enhancing generality,
the OS support syStherefarg, blels astodij¢etdof the peesaritimvenitiom i prexddersn devi ce
after the OS,is installed in the infornmation processing device. 25

Accor di ng t o IRHITHEE PEepessingrmeteod vaeieh: cameadanse, wikkoet alfepingaded an
CS suppoib S em whj ch coexists wwth an OS having an 2 7 AUG ~00~ -5

i nterruptpr %irﬁﬁiqﬂ?}ﬁcﬁ"?r HrAngs fon ey HHEMBHPHPERGESSI iR deVice and i s
activated t.hnou%q .1 ni t‘i a¢ zation of the OS, the system conprising an

i nterrupt r edBy lr\ § EtY8n for recordi ng contents of an interrupt process

eceiving an i ot it Dot PRYICRPREERTEBr ekt RaveRiob e hindids A8 ORLor  upt

request OCCUIS,, ' ' Ea_sj! Vi ' LN ther
the interr uptS%%ﬁégystﬁﬁgﬁng%%’%% e | ﬁ?‘eﬁfeugt%e%cr’ %%gtgsg&g%%g%lgﬁgi n the
interrupt re¢eaRime peafdrmAnc@tsr Me interrupt process. :

15 It is another object of the present invention to provide an

information processing device having the OS and the OS support
system.

It is another object of the present invention to provide a 'storage
medium suitable for realizing the interrupt processing method using a

20 general-purpose information processing device.

According to one aspect of the present invention, there is
provided an interrupt processing method comprising the steps of
providing in an information processing device an OS having an
interrupt managing function and an OS support system for executing

25 agiven interrupt process which requires a high realtime performance;

causing the OS support system to take an interrupt request produced



+ interrupt executing section for executing the interrupt process when 10
the interrupt request corresponds to the interrupt process, wiel &R e oS
support sttem causes the OS to execute an interrupt process which is not
recorded in the interrupt recording section. It nmay be arranged that the OS
support system coexists with the OS while maintaining identify of the GCS,
and inplenments interrupt 15 processing independently of the OS.
Alternatively, it may be arranged that a control driver is incorporated in
the OS for realizing cooperation with the OS support system and that the OS
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i nformati on processing device conprt$ing a PSSUINg an Pnter rupt

request, an GSrdveekfeheén thBlifitéiddipt teglie5t BbAR PR RNt L8iveHRRREL ISt em
havi ng an extcgrnded i nt errupt'vectt(l))r araea, Merg?n theOCPU gls ca%a ﬁte of

changi ng & basmceddvlsiie efardfertinger comtrol @fdht o kA8 intdrrudt FeduéSird@R4 or
the extended interrupt vector area to be referred to, wherein the interrupt

vector area ithes@S swppbrt systennta the 0 hthérs the dnsdreupedetnesindbed ot upt
process in the OS5, and wherein the OS support system sets contents of the
ext ended i-nt egargpspand torthargiven dntdratiph pronessl right is 5 transferred to
an interrupt process in the OS support system notifies the base address of
the extended i nterlute {aregaingmethed, endnerredwired diyethd O shppetto so as
to receive the interprupt request earlier than the OS_does, executes, when
the inter r'UptSXSéﬁ‘ﬁ’e%{teP fecph pf Ehe IRtarREP Xeargst until statiing vaecetionreh) a

i i nt, , d 10 t f ... Wh the jnt
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support system hol ds the renaining part the operation environne
i nformation gndcexsigi RildgeadintBNof 84&H BRkbr REORRSS 2 te MRk BGupt

interrupt request does not correspond to the given~20 interrupt process,
the OS slpporprogyssiemy cagiaaeivelyhwiftneachiotheeintd §Hafdty OMENt In the

information and transfers the control right to the CS. Wth this
arrangenent , latheecessaryduivar megdbe ancdwporated in the OS for exchanging
information relative to the OS support system, and the OS and the OS
support system execute different interrupt processes in the same
hardware in a shared manner via the driver. With this arrangement,
20  the high-level interrupt processing corresponding to uses can be
implemented while maintaining identity of the OS.
For enhancing generality, the OS support system may be
installed in the information processing device after the OS is installed
in the information processing device.

25 According to another aspect of the present invention, there is

provided an OS support system which coexists with an OS having an



avoi ded. For using the information processing device in communications, 25
it may b% arranged that a transm ssion section is provided for ﬁfbdwﬁi?%?

i nterrupt!/s upon receiving data and upon transmtting data 2 z aua Q04 -7
and that the interrupts are inputted to the OS support system Wen
executing an interrupt process requiring a high realtinme performance and an
interrupt process not requiring it in a shared manner relative to the same
control object, a control driver may be 5 further provided so as to all ow
the OS and the OS support systemto cooperate with each other. According to

.anot her aspecintefripepRi@seitig RNeRbAGA an @ﬁf&ﬁétieﬁgggggg?iggﬁ@agg@sn@edi um

storing digital informtion, such as program codes,

i nformation pivseseated daoueh inthikatisg HHROSS tBeVé;y!%gexﬁq%&phﬁgg{gghnon

processing function, the digital information creating”in

processing deititeenapt fevoedingbectten 6t PecSRihp@bdbrtehts 8¢ ahdintereit ents of
an interrupt process requiring a high realtine performnce; an interrupt

j udgi ng sect i prodess reeertinigreg high reakimeperfeanaateganl ingérridpaiutipm S does
when the interrupt request 15 occurs in the information processing device,
and judgi Bg weet forhredeaiviagraptintearques requesteadietstlian the O$idees upt
process recorded in the interrupt recording section; an interrupt executing
section for ewbem thyintesrupk rmaugst qecvsess theeinfohmatinreprogessirguest
corresponds tg the interrupt process; and a section for transferring a 20
control right 96HcEnadndjndeing shetbgidbe InGeHmPLEsaNEsh coReespensls, topthe
request does {]pﬂ:t correspond to t(ge lntﬁr r.th Ir gcess. , BRI EF PESCRI PTI ON OF
THE DRAW NGS MFHETTHRISRHICESRFERPTdsH ¢ thedn Je68RdIng $EGHAT\ARY 8/ t he
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OS support system causes the OS to execute an interrupt process
which is not recorded in the interrupt recording section.

It may be arranged that the OS support system coexists with the
OS while maintaining identify of the OS, and implements interrupt

15 processing independently of the OS. Alternatively, it may be arranged
that a control driver is incorporated in the OS for realizing cooperation
with the OS support system and that the OS support system
implements interrupt processing cooperatively with the OS in a shared
manner. In the latter case, it is easy to execute an interrupt process

20 requiring a high realtime performance and an interrupt process not
requiring it in a shared manner for the same contro!l object.

Acco'rding to another aspect of the present invention, there is
provided an information processing device comprising a CPU issuing
an interrupt request, an OS having an interrupt vector area and an OS

25 support system having an extended interrupt vector area, wherein the

CPU is capable of changing a base address of the interrupt vector area



Fig.-'2 is an explanatory di agram showi ng a rel ati onshi p between an OS and
an OS sugport systemin the portable term nal shown in Fig. 1; . AUS 2004 5y
expl anat ery di agram showi ng an exanple of the contents set in a vector
area, an extended vector area and a commopn data area in a nmenory shown in
Fig. 2, 10 Fig. 4 is a functional diagramof the OS support system shown in
Fig. 1, Fig. 5is a flowhart of initial i Ration processing carried out in.
the OS support systemshown in Fig: 1; Fig. 6 is an explanatory di agram
showi ng an exanple of the 15 contents recorded in an interrupt managi ng
table; Fig. i ﬂl@eit&mw{ﬁte@fué@b@twl&trehttg%é“geﬂérrfh‘.‘c?%@,i'&}Heﬁélhrﬂlfed out In
the OS support systemshown in Fig. 1; Fig. 8 is a flowhart show ng

oper ati ons ofintémrupirteaitbe ared i 8ot s6hhw a torttire] rikhtdstiassfedfdd/ to an

operations thereof upon initialization and 20 upon occurrence of ‘an

i nterrupt; FiipteSup prodesadhahe ©8, andewhptéiontheOS suppopt sgstesn skeswn i n
Fig. 8 Fig. 10 is a flowhart of a transm ssion interrupt process shown in
Fig. 8; 25 Figpntents of she extended dnierduptvanicrhamtiango thet uiaumtgs] dght is

I nt errupt nmanagenent ; 2 7,AU6 200 -9 Fig. 12 is a diagramshowi ng a

confi gur aPi orfransfaseednip @n frierrapt arogassoinmthe 618 prppesssystedavietfies

according to second preferred enbodi nent of the present invention; and
Fig. 13 is a 'aﬁ%ﬁ@?eﬁﬁf&%ﬁﬁb&&ﬁf& Htesrapbyeetns anepdionths eRsfor
processi ng devifce.sh wn itn Fig. 12. DESCRI PTI ON OF THE PREFERRED EMBCODI MENT

“Now, preferrédd %ﬁﬁﬁﬁi%@?ﬁ 9 35 4% 1Q TRFEE NS I EHURNTeRUSSt saries Eran dhe

her ei nbel ow Vbéhdéeesf, %%%Eﬁ?eé,%&ﬁgg t %Cnom rarn 'tnr%q%re% ié‘ ggéorded in the

extended interrupt vector area, a corresponding interrupt process, and

10 transfers, when the interrupt request is not recorded in the extended
interrupt vector area, a control right on the interrupt request to the OS
according to contents set in the interrupt vector area.

[t may be arranged that the OS support syétem holds a part of
operation environment information of the CPU upon judging whether

15 the interrupt request corresponds to a given interrupt proceés and,
when the interrupt request corresponds to the given interrupt process,
the OS support system holdls the remaining part of the operation
environment information and executes the given interrupt process
and, when the interrupt request does not correspond to the given

20 interrupt process, the OS support system restores the part of
operation environment information and transfers the control right to
the OS. With this arrangement, unnecessary overhead can be
avoided.

For using the information processing device in communications,

25 it may be arranged that a transmission section is provided for

producing interrupts upon receiving data and upon transmitting data



(First Enbodinment) 10 In this enbodi nent, the present invention g? iﬁﬂgbﬁg
to a por%able term nal designed for serial comunications. In th 5 -
termnal ‘installing an OS of a low realtine perfornmance, the interrupt
processi ng upon receiving or transmtting data is so delayed as to generate
comuni cation errors in case of high-speed transm ssion. 15 Thus, in this
embodi nent, an OS support system.s furthér installed in the portable
terminal installing the OS so as to enhance a realtine performance for .the
i nterrupt processing upon inplenenting the serial comunications. Fig. 1is

a di agram shoyhdghat ¢R8fih e 'Q'&rel‘:iré#{rlgtg@g{%t}%?fjs Qﬁggo?ﬁsyglre%b le

termnal according to the first pre odi mrent €’ present

invention. The showheRoOekehhtenp Arintalrist BrodedkYciRiHng LH ' evi ce
i ncorporating a CPU which i ssu%s i nt erru%ttﬁr equesteg%'llhg po?@ggﬁ%ﬁ%}g?m nal

conprises an penfortmeavketd AnsibrafptafroRRes indlrreg‘@ﬁ'ﬁh lit BR& Shafdy Out put

devi ce 20 such as a display, a 25 serial device 30 including comruni cation

ports and a amahner rehative bethé samepohtiliobjest, pUto@dl Helvesaaiby e 40
whi ch includes a storage 2 Z AUG 2pp~ -10 nedium such as a hard di sk,

storing vari dustheroprendeddm as doclovhene @Y ana thenOS sappont systenhiteh i s
created through execution of a given programby the CPU, an OS5 50 and an OS
support syst é@operate witlscapbothgent, the OS support system 1l is forned in
the portable 5 termnal by installing digital information stored in a
portabl e storage -MRFURMNBLL Aatheraspert af thie presempinyention thepeds out put

control section_ 4 re provided,a reception data puffer for storing data .
recei ved vi a ¥ -§I‘ﬁ§\?)ﬁaﬁ%mﬁu€’aﬁtﬁangi SltﬁLé‘P'gFﬁ%ﬁtﬂ@F: sueREsed to 10 as

1 anem tred VEEFRE eBibReletah o: 42 et i iBbobefbe Gy e Tty
vector aila o O Bevile s el LopRR s AR Bouh R Ba T ERaH0n S o
| ati onshi _ t - ' .por t abl
formnal 15 sacahagn 4R forfhetth ppfccRiabRLde A TR I drk g By | o
S with a |OWebﬁi@htfdf&elégf&%fg%ég‘i&n@Qﬂan?r?t%?f'uﬂ) nggﬁér%nﬁeﬁgir‘@%he% hot

limted to such an OS. The conpri ses a nan- ), a

20 graphi cal realtimienpefbanancelbh innermigtgu seetloheat irgt&igirgd apent s (X)
whi ch are used by various OS-side applications (AP). The OS 50 further ,
conpri ses an intdrenphptquestgarijerstivdn che §IS woles hwh enl tbeEnitergiptaRquiser r upt
managenent by referring to a vector area 61 provided in a fixed nenory 60,
and an i hber ogpurssindine imjosmatiompiesking d2bicet anidsjudgingdvhedmut ke a
corresponding interrupt handler. Upon initialization of the GS, the

i nterrupt naABERHEYPSseHLSAt sSorsesponidsstosthe interpd process negoedediin ébs of
the vector area 61 to the, CPU and calls an initialization programof the OS
support syst éRfSITUPfdecarding sRctions an ipigreept P&ﬁcmngtsﬁﬂt@mgﬁand execut es

i nterrupt handl er%.in the OS 50. The fungctions of the OS 50 other than the
function of AECHUNE G PSRN RER TR SSERE PR eGP WRE TEQURSti ni ti al i zat i on

program of t IE%rresponds to the interrupt process; and a section for transferring a
20  control right on the interrupt request to the OS when the intérrupt
request dées not correspond to the interrupt process.
BRIEF DESCRIPTION OF THE DRAWINGS
The present invention will be understood more fully from the
detailed description given hereinbelow, taken in conjunction with the
25 accompanying drawings.

In the drawings:



'0S support system 1 can be realized by the known OS. In addition to the
vector- area 61 nmanaged by the OS 50, the fixed nenory 60 furthe? 71 Agd Qghes
an extended vector area 62 nanaged | by the OS support system 1, and a
common data area 63 commonly 10 used by the OS 50 and the OS support system
1. The extended vector area 62 and the co n data area 63 are arranged
outside the area nmanaged by. the OS 50 for®avoiding the overhead of nenory
managenent. The contents of data set in the vector area 61, the extended 15
vector area 62 and the commopn data area 63 are as shown in Fig. 3. In the
vector area 61, adpigssksa(diagfd@r ShowindaJoM it aRicIb6ATh&heaitthaRess
interrupt cause so that a control right 1s transferred to a correspond?ng

i nterrupt handoembiletérmind ddtontng the finstasretdriredreanBsdirment of ¢a&r i ed out
at the side of the OS 50. On the other hand, 20 in the extended vector area
62, addr essespigssnitinventioh;vari ous startup prograns at the side of the OS
support system 1, such as a programfor realizing a function of a

| at er - descri bed i g st aneaxadangtorysdicgram sRowing asedlatidhshifabatweean ed
in the conmon data area 63 are those data which nedi ate between the OS 50
and the O8 supp&? anden @B suBPert systemeithtiue pentabladareminaksbowanin
initializati ogié)rqgram for the OS support system 1l which is referred to
upon initiali ilon of the OS 50, z z Auc ~o~ -12 addresses of various
interrupt information,, addresses of an.information witing routine,
addresses of i nf or]'!ri;’&ig’o’r? 3 eﬁ‘éﬁ?ﬁ”fﬁqr@rﬂim&ﬂﬂ?ﬁg@%‘é’lﬁ aFCXHPEIGRE to® reading -
routine and t information to be read are set in _the common data
fren 65 b TrCONERIESein AVENIRARR, bR OfehaRA ot Ated ARtE PRLERD. of

t he interruptgif é%fd. res f the information witing
routine are s%%&afgft e ?ﬁnn%%%&qg?g‘g’glgﬁng@% common data area 63; while

t he addr es of t L | L i 1) S t he

i nf or mat ?gﬁ to be ﬂ:%égn%?%q‘gg'{ﬁgggﬁﬁ% t aﬁf}?}(&?ﬁ%&ﬁ#%tﬁ%&%@ %S(.)‘Q’bl g. 4
is a functiongl Fig. agram of the OS support system 1. The OS support system1
conprises functional blocks of an initializing section 11, an interrupt

managi ng section IRig. &nis aflwdehrt of initialization processing carried out in the
OS support system shown in Fig. 1; |
F1g 6 is an explanatory diagram showing an example of the
15 contents recorded in an interrupt managing table;
Fig. 7 is a flowchart of inferrupt judging processing carried out
in the OS support system shown in Fig. 1;
Fig. 8 is a flowchart showing operations of the portable terminal
shown in Fig. 1, particularly operations thereof upon initialization and
20 upon occurrence of an interrupt;
Fig. 9 is a flowchart of a reception interrupt process shown in
Fig. 8;
Fig. 10 is a flowchart of a transmission interrupt process shown
in Fig. 8;
25 Fig. 11 is an explanatory diagram showing the timings of

_interrupt management;



Judging section 13 and an interrupt executing section 14. 15 The :
initialiaing section 11 is created through execution of the i ni t#dl A&
programi’'n the common data area 63 by the CPU upon initialization of the 08
50. Inthe initializing section 1 |; the initialization processing is

i npl emented according to a flowhart shown in Fig. 5. 20 First, the
initializing section 11 refers to a base agldress of the vector area 61
which is set through notification thereof to the CPU by the OS 50 upon
initialization of the OS 50, and holds it in the extended vector area 62 as
data of the OS support stem 1 (Yes at,step S101; step 5102). .

Subsequent | y; the ﬁﬁ't]iéﬁ pa lf*‘Sﬁa@eé?‘P‘HW&i"%%fﬁ%liaﬁ%ogt%%a@dﬁ@&%f of

th t ended 62 to th U (st 103). Si the, CPU h
funceronof chBBRse fnios bk eviol UtPraing Bhs SPrancherdptcthanges

h i ch i fir f , f h 6
t he base addr%gl%od e%I% dfsﬂ,ltegpzrbel ﬁn:tééﬁ%15§8gg rge to romthe vector area 61

to the extend VECTt OF area e notification fromthe

initializing secti : I . SYS 1. can take an
nterrupt request TRsrad ot GREER br el RRRHORY YR iniRn R,
initializisng Skidels8ihdl detitel 41504 hgidware to be controlled by the 05
support ,syste?n 1, Si .eg‘ '?he séé}?(%‘gﬁqgeﬁgcgzgo in this enbodi nent (step S104).

The initializing sectDBECHIPTIONSF TRl PREFERRED FEVIBGHINENAGI g Sect i on

12 to record the contents of the 10 interrupt processing, 1.e. addresses of
an interrupt handl Nowp@referred empbodatiests bDthapireserthiveingivr a4l e
performance is required, in an interrupt managing table MI (step S105). In
practice, thedésdribhed hereinbsdowiwithikfemrice antlaatéanipaalying drawihge. of
the hardware and a programfor creating a function of the interrupt
nmanagi ng 15 s@érstdambwdimengkecutes them After finishing the foregoing
initialization processing, the initializing section 11 transfers the
control APght to tiwetlds spbodimens, thapsesantdnyepltiorois applieditoent s

In the shown exanple, six

ded i he i i bl .
ecorded 10 e LRLeUR Topagng, Lab € AT Lo e Show‘exarple iy
whiTe the i nisrrape BioreliRg s O3 ola Mwrenbindpedtrmans) theinimaupt
i L.ring:d: i.gh |t f . JThe, |
InLerUD < b RTINS ) LSRR BT LR e ot
fromthe CPU irﬁ@ké@%i&&ﬁoh@r%ﬂ"fﬁ ch¥A9F AR RRESI A8 ARSI N9 to a

fl omchart sho
15 Thus, in this embodiment, an OS support system is further installed in

the portable terminal installing the OS so as to enhance a realtime
performance for the interrupt processing upon implementing the serial
communications.
Fig. 1 is'a diagram showing a configuration of the main part of a
20 portable terminal according to the first preferred embodiment of the
present invention. The shown portable terminal is an inforfnation
processing device incorporatihg a CPU which-issues interrupt
requests. The portable terminal comprises an input device 10 such as
an operator control board, an output device 20 such as a disi)lay, a
25  serial device 30 including communication ports and a control unit

therefor, an input/output control section 40 which includes a storage



2.7 AUG 200w -14 First, only a. part of operation environment infornmation
of the U, such as only the contents of CPU. registers used for2 7iAuGepggypt
judgnment,” is tenporarily stored in a non-shown stack for avoi di ng excess
overhead (step S201). Thereafter, the interrupt judging section 5 13

.obtains an interrupt request and judges whether the contents of _ , the
.interrupt (interrupt cause correspondi nglbe the interrupt request) are
recorded in the interrupt nmanaging table MI, i.e. whether it is the

interrupt requiring the high realtime performance (step S202; step S203).

As seen from Bk o IStk € Q. _,"0" "in
t he int'erruptlﬁlﬁgﬂ?ﬂlgll’ r%fctﬁagsead%ﬁ‘,?dt %k’l %‘{%??%B?%%gﬁ%%‘é@%ﬁ:?n% j udges
that the int ; [ [ Whabh , :

nterrupt | uaar e e e A eI Tl B
registers (Yegveh progpamPhpthe!EPUSAD S0 s bt .
executing se?i onF?L‘4gi n tﬁg CS support systée{nﬁﬁ%aﬁo(t)?t%l??p?lg Sﬁfﬁu%%a%]d In
execute a corthis paitsbdignérnt, aheuds swpgbersystens dde formelsin tHepbrable

managi ng table MI (step 5205). After the control right is returned fromthe
i nt errupt Sexeenhingl bydhstallihg digital éaforndatignistbesd ipia ebiy $torbpe
interrupt judging section 13 restores. the contents of all the CPU

'regi sters (smedn®P06) and returns fromthe 20 interrupt (step S207). On
the other hand, if the data is represented by "0" in the interrupt managi ng
.table Ml at ' step Betyaen Hee isaried depicq aa@n%thecnpuh/qatgmmrohat t he
interrupt doe's not require the high realtinme performance. Then, the
interrupt j udRfickigrsdREarsPreyided poress ptigan Qét%ghltf@ﬁt@r Gtoning deapte regi sters
stored in the . st aﬁk .at_step S201 (step S208 aT.c?iGg(ansj ers the control -
right on the SCREEPRUNE § BRHESEOVE ¢ uﬁ‘lcﬁt}ﬁﬁel heyeingdtesrefenred t3209) .-

:.E.eii L%:ZP%%%*}%F%%%?I#%%?’} LY, Sfﬁﬁéﬁﬁalf%%ﬁhgf "ECHGEGE ARG e d
| e it Pt n
Cransters theoharea ke P8 cRtudyesiioh g Miehafr R Rad flat ) noa

addr esses. NoYaidif y%f[ 1taNS dhd APTPN Egﬁéget &f %Qﬁ%ﬁr%cg YLl d sk S

enbodi ment, parti cu’[ ar e operations t upon i al1zatmon and

upon occur r ensge, 9écta drehr ARlextéhlibd RRCESSSFDAMILR Wit Bé lelttiBedef erence
to a flowhart shown in Fig. 8 10 For brevity of description, 1t 1Is

assuned that. Jateri nt errupt process upon data reception (hereinafter referred
to as "reception interrupt process") and an interrupt process upon data
transm s$bon (her &\ nelbttemshipdvatetenotlias O3 Borsmmd she dS isuippory gl stermcess”)
are only recorded in the interrupt managi ng section 12 as interrupt
processes 15 intthehporgble termhindliiglas shadwinne Big. f2r nknties ethbodithents
initialization proqsram is started to initialize the OS
the OS50 is a simple OS with a low realtime performance. The
present invention, however, is not limited to such an OS.
The OS 50 comprises a man-machine interface (MMI), a
20 graphical user interface (GUI) and other function realizing elements (X)
which are used by various OS-side applications (AP). The OS 50
further comprises an interrupt managing section 51 which implements
given interrupt management by referring to a vector area 61 provided
in a fixed memory 60, and an interrupt executing section 52 which
25 starts up and executes a corresponding interrupt handler. Upon

initialization of the OS, the interrupt managing section 51 notifies a



50, the base address of the vector area 61 is notified to the CPU (step
S301). Then, the initialization programof the OS support systemY hgg 04
started éo that the initialization is inplenented according to the 20
flomchart shown in Fig. 5 wherein the serial device 30 is initialized (step
S302). Then, the reception interrupt process and the transm ssion interrupt
process fromthe serial device 30 are recdrdded in the interrupt managi ng
table MI (step S303). After finishing the initialization as described
above, the OS support system 1l transfers a 25 control right to the OGS 50

d its f f ' t 04) . 2 1 AUG 2t10 -16
Wen\N:In ?nt g;P%g?%oa?gééggfg?grvggg?ﬂv%egé#&t%rtg%sﬁﬁ‘fgﬂé)%lsaaﬂy t he serial
devi 30, theu . , _ .

Eransm as) on arerzeBoH3 Rlahl of KRER)S STANER sRbterlt | *FAEInGELShr
| nterrupt T equesduteag soetioh 39 SthAR 4 AriBeROARSIntSER TR B9 1300) -
Then, the OS support system 1 makes a judgnment on the interrupt request

(step S307). 63186. oThy fulieticiedf 196 OSBEr Stk tP@CESS AFAtOHDS the
transm ssion interrupt process are recorded in the OS support system 1, the

OS suppor t5.syittermipt marsfging sebeionoB1 rtolcall gy irdtialation! pFdgtain beghest to
the OS 50 if an interrupt cause corresponding to the interrupt request is
not one of thOM suppartrsysibm ltdeen OB re@lidedltsy ihd Rnblwen 0B.errupt request at
this tine (No at step S307; step S312). On the other hand, if the interrupt
request correspondd! additien 18 the vesteparem 6ilnmeamaged by dbe3S 3Metheecept i on
interrupt progcess is inplenmented according to a flowchart shown in Fig. 9
(Yes at step B8ed memorg6Gfurhspancludasasrxgndsl vector grea 62thenaged

i nterrupt rque[sté corresponds to the transm ssion jnterrupt process, the
transm ssi on Ph F’r@%ts RATE SYSEED; hyRRHehEQUIRLR SHHRRY 98003 CONmORdY t

h in&g.. . 10.¢Y S30.7; t st S308; . st S310 ft
axeout | of i VARG DYt PSSOt i OF ebinstet Bytam 1, ahbnesdbied Heiorupt

, th t h trol right,.to the OS 50
Bnd wai t s 1 or < SR (RY BOEMb AR0F RS on I Plbbeh et e 1o
Fig. 9, th j ' s WM iefl | ai ned. |
[he rocept i on ERE PU Tpy raeo RERHRaRile the DEeMLq of ety @ (70007 15
obt ai ned fromdshrosaid@l. . device 30 (step S401 ) and stored .in the

reception data buffer (step S402). Since a pointer in the reception data

buffer changes whiTige chatéraeoradtalatain she GauH ald 8151196 edidinddre
reception data buffer, the pointer is updated correspondingly (step 5 S403;

step S404p. Afdctor ared 62gantl|thieheometsn deda data 63 Bee bacshows idabig, BS
anal yzed to prepare response data thereto (Yes at step S404; step 5405) and’
the response dat a lrsthe veetriareai] t addsedsesi(poimtars) obafstartupspegerasno) .
Referring to Fig. 10, the transmi ssion interrupt process wll be
are set per interrupt cause so that a control right is transferred to a
corresponding interrupt handler in the OS 50 when the interrupt
processing is carried out at the side of the OS 50. On the other hand,
20  in the extended vector area 62, addresses (pointers) of various startup
programs at the side of the OS support system 1, such as a program -
for realizing a function of a later-described interrupt managing section
12, are set. The data stored in the common data area 63 are those
data which mediate between the OS 50 and the OS support system 1.
25 In this embodiment, addresses of an initialization program for the OS

support system 1 which is referred to upon initialization of the OS 50,



10 briefly explained. .In the transm ssion interrupt process, if thereis a
data transm ssion command froman application and there is trangm agg Qg
dat a, inél udi ng the foregoi ng response data, in the transm ssion data
buffer, the transm ssion data is obtained fromthe transm ssion data 15
buffer and outputted to the serial device 30 (Yes at step S501; step S502).
Since a pointer in the transnission data-Bdffer changes while the

transm ssion data is outputted, the pointer is updated correspondingly
(step S503). The execution of steps 5502 and S503 is repeated with respect
to all the trafgrdssst ﬁﬁ&é I he.

“transm ssion dat asi%gbggtv%ﬁ%ﬁ%“%\?géug% iE‘rgtoep ?&4@%%%?5&?‘% ssi on

i nterrupt proggsmasion wirkhesd robiheh al if & naﬁp LGatiiep via the
OS 50. As described above, hﬁ t he gb??glgiélée&!tsedr)%gﬁgﬁngg%or |h5%tt§ﬁfs
enbodi ment, vdddrdsisesioftaat infotnizainie séadie@URRiEn % hiafeestdte 25
reception interrupt process or the transmssion interrupt process requiring
t he hi gh realinfoemptiohotarhaceadtdre dottiartheptonnese Sathareatsd, AUG 200 - 18

i medi ately executed in the OS support system 1 without being applied to.
the OS 509 Accor difge pddeesses 6f theirtifiadization prograeal tHeeddssdsesemee i S
used, the connunication errors can be avoided so that the high-speed serial
transni ssi on 4ETRRE ipdernption andiberaskireasehof Ebé infdrimdorwatitihged Wit h
reference to a tinme chart shown in Fig. 11, In the tine chart, the upper
part shows tHOUHIGAFEsEt 8kdbatting afianrageing the sonimonl datehere@t80 bei ng

avai l able, the,_mddle rt sho the_interrupt execution timng in case the
OS support Sy‘glpg{]ﬁ&gxej %fg“gfe?és% Cﬁiﬁ? pfRr r%@'aﬂnrr@aﬂmgrﬁowaémp@m%g@ i's
required, an [ r.t .sho the .interrupt execution timng in case
the OS subpo%&&ﬁg%gﬁf tﬁgdﬂg%”{l%ﬁ 1 ﬂebenfﬁ‘?‘fi F’ES\ISFF PP PeINGRlgAbANn &f not
required;y Inc%lge%gﬁl@ chart, (1) to (7) represent processes executed at the
side of the 5 ile (10) to (13) represent processes executed at the 15

side of the OS Stﬂquﬁti_ssé’?’&ﬁ&i%%?ﬁ?gagrrgh?%#ltP{e d§ %gp%o?g][sﬁgiﬁ%%_hol ding of

the contents of CPUregisters, esents sw PPocess

executi on mode t o THADS 6UPpoPY f&H 19CompbriscsGRARIRMA1 1980k, GFBK on of an
e ol an I n

i nterrupt cause, (4) represents confirmation of existenc errupt

handl er and (hjtidlesingseetidonTeIPaY: FRAAYGTERRNREINE sbotibAe 20k MR FUpE
processing. Further, (6) represents preparation of receiving
judging section 13 and an interrupt executing section 14.

15 The initializing section 11 is created through execution of the
initialization_program in the common data area 63 by the CPU upon
initialization of the OS 50.

In the initializing section 11, the initialization processing is
implemented according to a flowchart shown in Fig. 5.

20 First, the initializing section 11 refers to a base address of the
vector area 61 which is set through notification thereof to the CPU by
the OS 50 upon initialization of the OS 50, and holds it in the
extended vector area 62 as data of the OS support system 1 (Yes at
step S101; step S102). Subsequently, the initialization section 11

25 notifies a base address of the extended vector area 62 to the CPU (step

S103). Since the CPU has a function of changing the base address,



a next interrupt request after execution of the interrupt procesg g .and
(7) represents restoration of the contents of the CPU registers. BnAEH Q004
ot her hand, ( 10) represents holding of the contents of CPU registers, ( 11
) represents confirmation of an interrupt cause, ( 12) represents 25
confirmation of existence of an interrupt handler and ( 13) represents
restoration of the contents of the CPU redBsters. In each of the upper, 2
7 AUG 20p4' -19 mddle and | ower parts, the axis of abscissa represents a
time and a length of each segnment corresponds to a Iength of -time. As seen

af tor the roctit oo SRAGReT ARERs addi B iR 60 00 e eefd Brecut on
of a COfreSpOﬁ‘?ﬁfe‘&lé DEEfdrieaNB] %%e{ MehAgh: véctégﬁﬁfé’é%%eﬁas y for

confirm ng whe ran-Int errup request corresponds 10 an in errup andl er

whi ch can be m&eﬁahﬁeauantﬂ?sn% BRRE mﬁg%%eﬁbﬁ 11 hepghy r&&AYi fideenly a

short tine. As a result, atinme fromt ecepti on ‘of an |nterrupt request

to the start @f ﬁ&@&%‘téfd Preedf tak& Qb BRBARTING JUMseTFMBL tHY CPeFsafiignd! er)
in the CS support system 1 can be shorter than a time fromthe reception

t hereof t@§ thhesi ehié O Sexdees.i on thereof in the OS 50, thereby ensuring
the high realtinme performance. Further, in this enbodi nent, since the

i nterrupt processiTgenstis initizlziegsedtion I hénitRleppohardwatrertolbe a | oad
in the OS 50 can be reduced correspondingly so that an influence to
execution of euteollegiy the Ohsupporbeystenaxed.e. Ehetserial devied 39 in this
enbodi nent, since a control ht on- an interrupt request--corresponding-to
an interrupt gRbedsmendst( Smﬁﬂgéh 20he nnitializieg sgspiont 13 furdmwricentrols
transferred tq(i‘@?he 0OS 50, such an interrupt process can be i nPI enment in-the
OS50 as if t @WW%@BS&?PP%%@(%&WCOM the contents pf the possi bl e

e B AT B A
T o B gpeRL W, N SRR S g
b T a0 SR T e 1

support system aré oper
initializing section 11 calls an initialization routine of the hardware

and a program for creating a function of the interrupt managing
15 section 12 and executes them. After finishing the foregoing
initialization processing, the initializing section 11 transfers the
control right to the OS 50.
Fig. 6 shows an example of the contents recorded in the
interrupt managing table MT. In the shown example, six interrupt
20 causes #0 to #5 are recordable, wherein the interrupt causes #1 and
#3 are interrupt causes requiring the high realtime performance, while
the int.errupt causes #0, #2, #4 and #5 represented by "0" are interrupt
causes not requiring the high realtime performance.
The interrupt judging section 13 is activated upon issuance of
25 an interrupt request from the CPU and implements the interrupt

judging processing according to a flowchart shown in Fig. 7.



present invention, however, is not limted thereto but also applicable to 5
a case erein the OS5 and the OS support system cooperatively ipgl g@a%é.an
[ i€

interrupt/ control. In this enbodinent, the present ,invention is app to
an information processing device incorporated in a control nmechanismof a
machi ne tool for a |inbless wooden doll. 3Q_Fig. 12 is a diagramshowi ng a

configuration 'of the main part of an information processing device
according to the second preferred enbodinent of the present invention,
wherei n the: same cgnponents as.thgse of .the portable termnal in the first
preferred ehbodi mehirShr@Ys3RaTE Q! OMETaHAR Greformeatdnfprnatignidfithe

Functi ons. t henEbh-ActoRS By Bheionicats g6 CalEoRE e RSseRior RieesiBb i n t he
first f d, embodi. t. In Eig., 12,.the infarnati i-ng .devi
has an i nput /SHHEIHFREdR PGP YT GHORA B SWRPBFS LONErSRCRIOT caeiiBEand 80
for 20 t i ki f ML 1 d. M) 81 .f i . t
of the mach namohéaliRidh SR SrhEilarten AE elnlh jhelng Refubh

r ot ati ng & m?ﬁ%t?ﬁ'}seéh _%}eréq& lst%?m?f_ﬁ%cf#b%% lll\lg ﬂie,éf% The control
device 70 1 nplenments an cont cﬁ 0 Stor { 'Se 8%6%50 ces an
i nt t whe : At d f « \Y/%
81 1o o ot or oAl et cd i, ER-Bp RIS MABERIREraThely | oo
80 produces:.afird fécoirae@tin i iritReript ﬂfad&@hg&ablélvﬂtﬁpé%ﬁét}%ﬁqs Fpgunt

on novi ng coordinates designated by an operafor via an input device 10.
Based on a dintetreiptafequiieingodtehighatedlitthe edfornsdnee 8ﬂépt$2®2;5s&fp t he
dol | .designated by the operator via the input device 10, an OS side

appl i-cation (3PP3ral kzbatedrom: Big. rif the ddasds frepréswmteddyt bethelotHan . i e.
a displacing direction and a displacing anount of the notor. (M2) 81, and
produces 18 $t'1Q"rig tfe itosaphamanagingitable MiB thepinteatipryudhe sechions an
interrupt request for a rotation command and- an interrupt 10 request for a
rotation stopl3dedsenthabthe iaterstpt reguires thedpigharealtime paplormemasst f or
an operation gtart. _command for the notor (M2). 81, to the notor control
driver 2. The'ﬁil?l‘?em%’ﬁ’ttefﬁﬂp’fﬁé‘&%‘ﬁ’&%qth dBeldsdhsasenteats widbgot or (M2)

8l is carri ?dfe%éin%hg%w IIeréisttré?'s gg a %geﬂ%tz%rs;cs‘%%ré)ioﬂaér?d requests
the intei‘rupt executing section 14 in the OS support system 1 to start
15 up and eiééute a corresponding interrupt handler lx"ecorded in the
| interrupt managing taBle MT (step S205). After the control right is
returned from the interrupt executing section 14 (corresponding
interfupt handler), the interrupt judging section 13 restores the
contents of all the CPU registers (step S206) and returns from the
20 interfupt (step 8207)". | '
On the other hand, if the data is represented by "0" in the
- interrupt managing table MT at étep S203, the interrupt judging
section 13 judges that the interrupt does not require the high realtime
. performance. Then, the interrupt judging sectién 13 restores the
| 25 | contents of the CPU registers stored in the stack at sfep S201 (step
S 8208) and transfers the control right on the interrupt réquest to tﬁé



15 The notor control driver 2 is a control driver for realizing cooperatj (Bn
bet ween the OS 50 and an OS support system 1. The notor control d2i7véltleé'b0
recei ves )t he foregoing interrupt requests fromthe application (AP) and has
a function of allowing the OS 50 to inplenent a control of the notor (M)
71 and conmmandi ng a control of 20 the notor (M2) 81 to the OS support
system 1. Upon commandi ng the control of 1% notor (M2) 81, the notor
control driver 2 copies, when there exist n notor control data fromthe
application (AP), the second and subsequent data and information that there

i st n-1 datgg kft [ ' Af t.h t
System 1, 25 OuoPHGELaPORTs CReCTIERLY, SHE oAk Rafingbeciih 3 20. when
detecti [ ' _ : - - 22=
cach of The maors Foiedos oF IS A skt W okPemtcormefpdndil Bhhe 70

driver 2 notifitesrugt teenidie fAopl 160 bheB MY Mle YebSICAHANG 2 dIA%H0S 50
Wth respect to the OS support system 1l, addresses of an 5 initialization

program | i ke theinitializheg pectioh! el beidiradlsférs tHecdhtrdl righefterahed

enbodi mrent and the head address of the foregoing buffer storing the notor
control d&t a pragraimcedrespotriiagito the cbtdiaddmdddess€s 50. Further, an
interrupt handler of the notor (M2) 81 is recorded in an interrupt nanagi ng
tabl e. This interrNpw, thadiparatinss 6ftHd pextdile itermivalt scdos digeteithist he OS
support system 1l outputs the notor control data to the control device 80 in
sequence and, CHbediment; partisularly she aperdtioasithecedfeaponinjializdiornand
control right is transferred_to the interrupt contents of the control

devi ce 80 setUPRANLSFAETERCHPEaNGInteraris Wil badsacribed inedetpidevish the OS 50

havi 15 i dth t | i ght, | nt t i ti i
activated to SHEHNGEE EARRATSHOWRAPINE Fandl er of the motor cont rol
dri 2 f i . Nt .upt i nt t t t th
cont rol 42 e a0y TAEPEEVRY of eREERRinst 3 3§ rbb i i AR30Ngt 3 [ o
tual di . } ‘ t he,.infor.mati
r0cens! ng debacass Lipdit Herh B6651i08 IBLEPRA. 3 rdtelito E A EBHRR 4T de o
the G5 50, wWhinterriiptesceSe") B %?Piﬁt%rﬁ?p@éf*@é&%ql%fﬁg&rtaa&gﬂygﬁséigﬁ si de
of t € an

of the OS support system 1. ‘Interrupts e contr Vi ces 80 are

set in each ohetbigFfetaeférredntd @@!'tﬂa@ls'ﬂl&siélz?’inﬁe?ﬁlﬁ@bf@céés“ﬁaf@@{xﬁéem S a

notification route of 25 an interrupt fromthe control device 70,
broken |ine aregordéd ¢attherint tohadiaging @ettiph 12 a®ihherrepitgokedsed ce

80, and the alternate |ong 2 AUG 200 -23 and short dash’line a
noti fi caflbon whidlerequirbehedmigheteadtinod perforirance.
When the OS initialization program is started to initialize the OS
50, the base address of the vector area 61 is notified to the CPU (step
S301). Then, the initialization program of the OS support system 1 is
started so that the initialization is implemented according to the
20 flowchart shown in Fig. 5 wherein the serial device 30 is initialized

(step S302). Then, the reception interrupt process and the
transmission interrupt process from the serial device 30 are recorded
in the interrupt managing table MT (step S303). After finishing the
initialization as described above, the OS support system 1 transfers a

25 control right to the OS 50 and waits for an occurrence of an interrupt

(step S304).



control. For brevity of description, a comopn data area is omtted in Fi
13. In the information processing device according to this 5 enbog@imaué, )
since the notor (ML) 71 is controlled by the OS 50 while the notor (M2) 81
is controlled by the OS support system 1, an interrupt process requiring a
high realtine performance and an interrupt process not requiring it can be
executed in a shared manner. In the presefitbd nvention, it is sufficient
that an interrupt request 10 addressed to an OGS is received by an OS
support systemearlier than the OS so as to be judged whether it is handled
by the OGS or the i naly,. ere s _no.particuylar
i tation to an i nyacRaet in@RStbeliEPtdl Aelyik ) foh AR dard by
appreci ated f RH0 it PL.d : j resent
hvent on. the e SET ) SRVRIPSIIUREERY Bheuathe BRI LR EIE ol R

wi t hout alter ké&ﬁmr%ritﬂéﬁﬁdiﬁohqrﬁ&w%mgﬂ processing device. Wile
[

the present invention has been described”in terns of the preferred
enbodi ments, the Ifl‘h%rtDS%pp’oﬂ(ﬁysﬁ:@rrbf_ﬂebgivfegcthfer]i%rt@ﬁﬁpt,t}‘éhu@% et i&e
e

enbodi ed in various ways w thout departing fromthe principlie o

i nvention &s tiednnhe 08 S0eoapistepe83063istep S306)7 Men?kRe OS4updFt! S
CLAIMED I'S: 1. An interrupt processing nethod conprising the steps of

provi ding in aystemt dr metkesna pudgessitran dheiinteranpOsequbsy{stgp 8807t er r upt
managi ng function and an OS support system having an extended interrupt
vector area, SHIeE onbt the reegntion intasrupd proeess andstheotransmissight on t he
interrupt request to the OS support systemwhen an interrupt request is
produced, andiCEBHRPERTOTSSALErECPrdedin, the©Sosupper syatem detfae &% a hi gh
realtime perfornmance is reciorded in the OS support syste causing said OS
i nf or mat i on pPUPBSL: PYSIERYilcwansisrsitdie eontgl i t%%’é@l Intarevpt pequest o

area, wh an,n pt. regyest is produced in said. informtion processing
device, 1 sot}?%gé Fr;#eltf@&nﬁ}%ﬁrql?tgﬂ%)uﬁ?l CQ&TE'&H%C@?SG& i"1“"e‘&‘ttj%"srluﬂtsrequeSt
transferred t j rt,sys a at_the interr.upt request is
t aken by the %Sﬁgtggﬁfﬁﬁeg?'empxgaar *%eglt’t ﬁgenﬁ)gsalgg ‘%?lac%léf,? t@ﬁd&'@ id 08
SUPPOT t_ SySt efidede uluhiWAEBINON SepsbieLigpidieguest corresponds to
said given interrupt process; ‘causing-sal o8 upport systemto execute

said given interruph oS WARA, $RIHE {eBFhPP e RS 6&&&%?@1%&0

- said given interrupt process while transferrihg a 25 contr right on said
interrupt requesiptiorointeandptObredaiethe ek ptibhdntéirthfoHroess sqi d

i nterrupt request does not correspond to said given interrupt process.
15 implemented according to a flowchart shown in Fig. 9 (Yes at step
S307; Yes at step S308; step S309). Similarly, if the interrupt request
corresponds to the transmission interrupt process, the transmission
interrupt process is implemented acébrding to a flowchart shown in
Fig. 10 (Yes at step S307; No at step S308; step S310). After
20 execution of the reception interrupt process or the transmission
interrupt process, the OS support system 1 transfers the control right
to the OS 50 and waits for an occurrence of a next interrupt (step
S311).
Referring to Fig. 9, the reception interrupt process will be briefly

25 explained.

In the reception interrupt process, serial received data is



2 7 AUG Z1~ -24a 2. The interrupt processing nethod according to,¢laim1,
wherein % time required by said OS support system after receipt o1 AUG 3004
interrupt’ request until starting execution of said given interrupt process
is shorter than a tine required by said OS after receipt of said interrupt
request until starting execution of a corresponding interrupt process. 3.
The interrupt processing nethod accordi nglt’e claim 1, wherein a driver is
incorporated in said OS for exchanging infornation relative to said OS
support system and wherein said OS and said OS support . |0 system execute

different int esses _i.n, t.he. s har d in.a. shar manner Vi a
said driver. gf){#ﬁ%"d&’ﬁ&g} ﬁ%?eg%-ggglgfzn &%ﬁeﬁ’oﬁ%ibap& %r?‘g‘%l?gfam |
wherein 15 saj : t | SRSt a in said inf.ornmatiaqn
processing det?%e?% 5%?@?9%%"13%%%@5}% ?#??21 I eggg%h;éﬁlﬁt?rn%ﬁ%{f%er&b%cessi ng
device. S. Andeka BhitRe'dhaiRAIhINIHR CRBIICH Sath 1480 RBRY PO iy

i nterrupt processing function in an 1 nformation processing vice and 2 0
i's_activated th¢ ee@ptidd idata!basdd, A S! iffd ' | (§tepP:

2 7 AUG 2004 -25 are extended int-errﬁ tmvectlosr_ gégé(ggtéyﬁ%gﬁg%@g%?é?téy
control right S403; keep HUO4) UPAfieedtesing A1l the rebbRietUPl taPtRE §eseivBdldiiaCS
support system an initializing section for causing said OS 5 information
processi ng deis analyabdrtogprepaire respbnse @eraithiesetty (MbsCeOstep S04, step
i-nformation processing device, to refer to said extended interrupt vector
area so-t hat. BH05} amdr tie réspunsendateeis storedipt theetiuesimissicn dasd euffegd t o
said OS support system 10 an interrupt recording section for recording.
contents of atsteRttQQlpt process requiring a high realtine performance; an

interrupt judging section for receiving an interrupt request earlier than
sai d OS does when ¥§ W%%B}thatli?»eﬁwegrwmsson intearapt precsssavilbhe

. processi devi ce, and., j udgi ng whet her said interrupt 15 request -
correspor}g)g t nFﬁqurHl%ﬁ%]gt process recorded in said interrupt recording
section; and an in}eryupt executin ection for ex ting sajd interrupt
process when said h#l%? E{ﬁﬁsrpgﬁjggﬁn ‘HFP&’E&{H&SS% ?EEFBC ?%ﬁ?@‘iapt process,
wherein said = es. sal d.0%.t0 _exegut e .an_interrupt
process whi chélégl%nogg{oé}:gér‘é@gg%lﬁﬁggﬁldapn%&?%o?@&f "?{6 1§35:«l11i'181ﬁ1_1s 'BnThe

OS support sy ; ] j ﬁggfge' ' :
coexists wt haég%pdﬁ%g%%%én%rﬁégﬂﬁ 1n%gS ! ent é|1$tyas’ g*‘dtggc 53@95%18§¥%%mm s
interrupt propager hd AELReMESH Nald i$Bbfainedl froMeha tradéniRion data

15 buffer and outputted to the serial device 30 (Yes at step S501; step

S502). Since a pointer in the transmission data buffer changes while
the transmission data is outputted, the pointer is updated
correspondingly (step S503). The execution of steps S502 and S503 is
repeated with respect to all the transmission data (No at step 3504).
20 When all the transmission data is outputted (Yes at step S504), the
transmission interrupt process is finished, which is notified to the
application via the OS 50.
As described above, in the portable terminal according to this
embodiment, when the interrupt request requests execution of the
25 reception interrupt process or the transmission interrupt process

requiring the high realtime performance, the interrupt process is



7. The OS support system according to claim5, wherein a control driver is
incorporated in said OS for realizing cooperation with said OS 52sumnuar 2004
system and wherein said OS support systeminplenments interrupt processing
cooperatively with said OS in a shared manner. 8. An information processing
device conprising a CPU issuing an interrupt request, an OS having an
interrupt vector area and. an OS 10 suppei8-system havi ng an extended
interrupt vector area, wherein said CPU is capable of changing a base
address of said interrupt vector area or said extended interrupt vector
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interrupt vector area to sa Ufor referring thereto 0 receive

sai d i nterrupthe RipHespe8dlderRil tHAREMIiOnGS 88 pousisl €S, when said
interrupt request 1s recorded in said extended interrupt vector area, a

correspon@i ng i nt eThelptapstRefcofatill be arplanhed whthrdfaichddteatuBk equest
is not recorded in said extended interrupt vector area, a control right on
sai d interrupthaglestntin Bigi 4125 OS according to contents set in said

i nterrupt vector area. 2 ? AUG 2(i ()4 _27_ 9. The information processing
devi ce accordi ng tlm thatima chahgrthienupped p@tt shpwsr thesirgeampioéxkcietiqrar t - of
operation environnent information of the CPU upon judging whether said

i nterrupt redi@sngdorqasspeinerlyttheaOf S rbtilngavmllpbl@rgtﬁegéddtﬁjpavmdnowai d
interrupt 5 r %sft corresponds to said given interrupt process, said OS
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said OS support system wherein said and said support 20 system

execute dbff @iae_tofithteemsmidpmmcs@%wm f or Speelivally, (Opr&siesenePBORIingE! ¥
wi th each other in a shared manner. 12. A storage nmedium storing digital

i nfornmation rafatebtententanfiCROmegisters, {2 cessisen td awitchingsdiod progessn OS
having an interrupt 25 processing function, said digital information
creating i n ssdegutighommats tm"ipteoeyyi prpcdesing’; (3) prespigPeEnfirmation
of an interrupt cause, (4) represents confirmation of existence of an
interrupt handler and (5) represents memory management prior to the
20 interrupt procéssing. Further, (6) represents preparation of receiving
a next interrupt request after execution of the interrupt processing and
(7) represents restoration of the contents of the CPU registers. On the
other hand, (10) represents holding of the contents of CPU registers, |
(11) represents confirmation of an interrupt cause, (12) represents

25 confirmation of existence of an interrupt handler and (13) represents

restoration of the contents of the CPU registers. In each of the upper,
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| . In this.embodiment, the .present invention is applied to an -

information Iﬁrocessing device incorporated in a control mechanism of

a machine tool for a limbless wooden doll.

10 Fig. 12 is a diagram showing a configuration of the main part of
an information processing device according to the second preferred
embodiment of the present invention, wherein the same components
as those of the portable terminal in the first preferred embodiment are
assigned the same reference signs. In this embodiment, a motor

15 control driver 2 is incorporated in an OS 50, but functions themselves
of the OS 50 are the same as those of the OS 50 in the first i)referred
embodiment.

In Fig. 12, the information processing device has an
input/output control section 40 to which control devices 70 and 80 for

20 controlling two kinds of motors (M1) 71 and (M2) 81 forming a part of
the machine tool are connected.

The motor (M1) 71 is a motor for rotating a wooden material of
the doll about an axis thereof. The control device 70 implements an
ON/OFF control of the motor (M1) 71 and produces an interrupt when

25 the rotation of the motor becomes stable.

The motor (M2) 81 is a motor for driving a cutter. The control
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109 () - 10%gb§ b 2R304 Hrotinkledbriiifiatds adGEatda by df o%e{"a)ttor via an

input device 10.
Based on a diameter of the wooden material and a shape pattern
S5 of the doll designated by the operator via the input device 10, an OS-
side application (AP) calculates motor control data for forming the doll,
i,e. a:displacing direction and a d1sp1ac1ng amount of the motor (M2)
81, and produces a string of those data. Further, the application (AP)
~outputs an interrupt request for a rotation command and an interrupt

10  request for a rotation stop command for the motor (M1) 71 and an
interrupt request for an operation staft command for the motor (M2)
81, to the motor control driver 2. The interrupt for the operation start
command for the motor (M2) 81 is carried out along with the produced
motor control data.

15 The motor control driver 2 is a control driver for realizing
cooperation between the OS 50 and an OS support system 1. The .
motor control driver 2 receives the foregoing interrupt requests from
the application (AP) and has a function of allowing the OS 50 to
implement a control of the motor (M1) 71 and commanding a control of

20 the motor M2) 81 to the OS support system 1. Upon commanding
the control of the motor (M2) 81, the motor control driver 2 copies,
when there exist n motor control data from the application (AP), the
second and subsequent data and information that there exist n-1 data,
into an internal memory such as a buffer of the OS support system 1,

25 and then outputs the first data to the control device 80.

When detection is made from an interrupt that the control of
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the OS 50.
With respect to the OS support system 1, addresses of an
S initialization program like that in the portable terminal in the first
preferred embodiment and the head address of the foregoing buffer
v stofing the motor control data.are stored as data to be called by the OS
50. Further, an interrupt handler of the motor (M2) 81 is recorded in
an interrupt managing table. - This interrupt handler has the
10  execution contents wherein the OS support system 1 outputs the
motor control data to the control device 80 in sequence and, when all
the motor control data have been outputted, a control right is
transferred to the interrupt contenﬁs of the control device 80 setin a
vector area of the OS 50. Then, at the side of the OS 50 having
15 received the control right, an interrupt managing section is activated to
start and execute an interrupt handler of the motor control driver 2 by
referring to an interrupt cause (interrupt contents from the control
device 80) held in an interrupt register of the CPU.
Fig. 13 is a conceptual diagram of the processing implemented
20 Dby the information processing device, wherein numeral 61 denotes a
vector area at the side of the OS 50, while numeral 62 represents an
extended vector area at the side of the OS support system 1. .
Interrupts of the control devices 70 and 80 are set in each of the areas
61 and 62. In Fig. 13, the solid line represents a notification route of
25 an interrupt from the control device 70, the broken line a notification

route of an interrupt from the control device 80, and the alternate long
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S embodiment, since the motor (M1) 71 is controlled by the OS 50 while
the motor (M2) 81 is cbntrolled by the OS support system 1, an
interrupt process requiring a h:igh realtime performance and an
interrupt process not requiring it can be executed in a shared manner.

- In the present invention, it is sufficient that an interrupt request
10  addressed to an OS is received by an OS support system earlier than
the OS so as to be judged whether it is handled by the OS or the OS
support system. Accordingly, there is no particular limitation to an
interrupt managing manner adopted by the OS.
As appreciated from the foregoing description, according to the
15 present invention, the realtime performance for an interrupt can be
enhanced without altering an OS installed in an information
processing device.
While the present invention has been described in terms of the
preferred embodiments, the invention is not to be limited thereto, but
20  can be embodied in various ways without departing from the principle

of the invention as defined in the appended claims.
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5 having an interrupt managing function and an OS support
system having an extended interrupt vector area, said
vector region is set to transfer a control right on the
interrupt request to the OS support system when an
interrupt request is produced, and a content of given
10 interrupt process which requires a high realtime
performance is recorded in the OS support system;
causing said 0S information processing device to refer
to said extended interrupt vector area, when an interrupt
request is produced in said information processing device,
15 so that the control right on said interrupt request is
transferred to said OS support system, and so that the
interrupt request is taken by the OS support system earlier
than said OS does;
causing said OS support system to judge whether said
20 interrupt request corresponds to said given interrupt
process;
causing said OS support system to execute said given
interrupt process when said interrupt request corresponds
to said given interrupt process while transferring a
25 control right on said interrupt request from said OS
support system to said OS when said interrupt request does

not correspond to said given interrupt process.
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2. The interrupt processing method according to claim 1, wherein a
time required by said OS support system after receipt of said interrupt |
request until starting execution of said given interrupt process is
shorter than a time required by said OS after receipt of said interrupt

5 request until starting execution of a corresponding interrupt process.

3.  The interrupt processing method according to claim 1, wherein a
driver is incorporated in said OS for exchanging information relative to

said OS support system, and wherein said OS and said OS support

.10 system execute different interrupt processes in the same hardware in a .
shared manner via said driver. '
4.  The interrupt processing method according to claim 1, wherein-
15 said OS support system is installed in said information processing

device after said OS is installed in said information processing device.

5. An OS support system which coexists with an OS having an
interrupt processing function in an information processing device and

20 is activated through initialization of said OS, said system comprising;
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an initializing section for causing said 0S
5 informatiqn,p:qcessing‘device,‘when an interrupt request is
produced in said information processing device, to refer to
said extended interrupt vector area so that the control
right on the interrupt request is transferred to said 0S
support system;

10 an interrupt recording section for recording contents of an

interrupt process requiring a high realtime performance;
an interrupt judging section for receiving an interrupt request
earlier than said OS does when said interrupt request occurs in said.
information processing device, and judging whether said interrupt
15 request corresponds to the interrupt process reéorded in said interrupt
recording section; and
an interrupt executing section for executing said interrupt
process when said interrupt request corresponds to said interrupt
proéess, |
20 wherein said OS support system causes said OS to execute an
interrupt process which is not recorded in said interrupt recording

section. -

6. The OS support system according to claim S, wherein said OS
support system coexists with said OS while maintaining identify of

said O3, and implements interrupt processing independently of said
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driver is incorporated in said OS for realizing cooperation with said OS
5 support system, and wherein said OS support system implements

interrupt processing cooperatively with said OS in a shared manner.

8. An information processing device comprising a CPU issuing an
interrupt request, an OS having an interrupt vector area and an OS
10 support system having an extended interrupt vector area,
wherein said CPU is capable of changing a base address of said
interrupt vector area or said extended interrupt vector area to be
referred to,
wherein said interrupt vector area is set so that a control right is
15 transferred to an interrupt process in said OS, and
wherein said OS support system sets contents of said extended
interrupt vector area so that a control right is transferred to an
interrupt process in said OS support system, notifies the base address
of said extended interrupt vector area to said CPU for referring thereto
20 so as to receive said interrupt request earliér than said OS does,
executes, when said interrupt request is recorded in said extended
interrupt vector area, a corresponding interrupt process, and
transfers, when said interrupt request is not recorded in said extended
interrupt vector area, a control right on said interrupt request to said

25 OS according to contents set in said interrupt vector area.
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T YL0%DE () -ir8¥n{KBonlOf the CPU upon judging whether said interrupt request
corresponds to a given interrupt process and, when said interrupt

5 request corresponds to said given interrupt process, said OS support

system holds the remaining part of said operation environment
i'nformation and executes said given interrupt process and, when said
interrupt request does not correspond to said given interrupt process,
-said OS support system restores said part of operation environment -

10  information and transfers the control right to said OS.

10. The information processing device according to claim 8, further
comprising a transmission section for producing interrupts upon
receiving data and upon transmitting data, and wherein said

15 interrupts are inputted to said OS support system.

11. The information processing device according to claim 8, further

comprising a control driver for realizing cooperation between said OS

and said OS support system, wherein said OS and said OS support
20 system execute different interrupt processes for a control object

cooperatively with each other in a shared manner.

12. A storage medium storing digital information readable by an
information processing device installing an OS having an interrupt
25 processing function, said digital information creating in said

information processing device:
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” an interrupt executing section for executing said interrupt
process when said interrupt request corresponds to said interrupt
10  process; and |
a section for transferring a control right on said interrupt

request to said OS when said interrupt request does not correspond to

said interrupt process.



