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DESCRI PTI ON | NFORVATI ON PROCESSI NG APPARATUS AND

| NFORMATI ON PROCESSI NG METHOD FI ELD OF THE | NVENTI ON
[ 0001] The present invention relates to an information
processi ng apparatus conprising plural devices for
executing processing nutually independently and an

i nformati on proces and particularly to an
i nformati on procesébﬁgcgggiﬁgw capabl e of
synchroni zi ng and operating plural devices and an

i nformati on processing nethod. BACKGROUND ART [0002]
It beconmes necessary to exchange data between CPUs in
the case of performng processing nutually related to
pl ural - A- 8- [ e a related art.

DI SQ_&SP@WJ&@ ?’ﬁﬁggﬂ*éf ARAENS 48PBE RESOLVED
BY THE INVENTION OO%%?A nmet hod usi ng RAM (random
access T@ﬁ Wsﬁw T&%‘%@ a met hod
for exchanglng dat a between plural CPUs. [0004]
However, in such a nmethod, it is necessary to prepare
the RAM as hardware. Al so, hardware resources such as

an address bus or a data bus are required as an
interface and the interface becones conplicated, so

that failure FIELD OFAHE INYENERIQN

D

The present invention relates to an information processing apparatus

comprising plural devices for executing processing mutually independently and an

information processing method, and particularly to an information processing apparatus

capable of synchronizing and operating plural devices and an information processing

method.

[0002]

BACKGROUND ART

It becomes necessary to exchange data between CPUs in the case of

performing processing mutually related to plural CPUs.

JP-A-8-221290 1s seen as a related art.

DISCLOSURE OF THE INVENTION




 a methqgHis exqhangisg dpiahetiegen plure

Particularly, in the case of wanting to insulate the
portion between the CPUs, an insulating elenent is
required in the interface, and conplication and cost
increase are inevitable. [0005] Fig. 12 shows a
configuration exanple of the case of being configured
so that a shared RAM 203 can be accessed froma
master CPU 201 and a slave CPU 202. For exanple, in
the case of using two CPUs for the purpose of
dupl SROBLEMS ASEBERESOLVER SN VBB IO of
the CPUs is witten into the shared RAM and al so
[0003]i nf or mati on about the other CPU is read fromthe
shared RAM Then, it is checked whether or not the
s afvingbhasousing RAM Gandomagaess wemen) asigdngrallyl doatempjatedas
other information with ny i nformation in each of the
CRUsr mat i on about each of
the CPUs is information generated by asynchronous
[0004] pr ocessing in each of the CPUs, so that a tine |ag
occurs in the collated information and a m smatch
b dilowevertih gugh amethodf it istfegessaryi toprepnusthe RoAMi dshatdvrate.
lag tends to occur. Also, it is necessary to
Also, handpherresduress sactbas aretddosss bunat d data bbis eiragi2dasasssed
fromthe two CPUs by external hardware. Also, it is
interfach @oé teanterthce xatpust complidangl, o6 thae &diurgfatropsmlidincslass. ed
RAM 203 and witing into the shared RAM 203 in order
Particutady, 9y tiehrase b watingae dssuluge thetpoetion idteeddits CPIB, hhat
processi ng overhead increases and processing

insulatipeelemenmin eeuited iredséster (h@) 07 cnplddaties bndtost bR rease are
invention is to provide an information processing

inevitabd@ppar at us capabl e of synchroni zing processing in
pl ural devices w thout reducing a throughput, and an

[0005] i nformati on processing mnethod.

Fig 12 shows a configuration example of the case of being configured so that
a shﬁred RAM 203 can be accessed from a master CPU 201 and a slave CPU 202. For
example, in the case of using two CPUs for the purpose of duplexing of processing,
information about each of the CPUs is written into the shared RAM and also
information about the other CPU is read from the shared RAM. Then, it is checked
whether or not the same processing is normally executed by collating the other
information with my information in each of the CPUs.
[0006]

However, the information about each of the CPUs is information generated by
asynchronous processing in each of the CPUs, so that a time lag occurs in the collated

information and a mismatch between the pieces of information caused by its time lag

tends to occur.  Also, it is necessary to implement an arbitration function of being
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MEANS OF SOLVI NG THE PROBLEMS [0008] The invention
provi des an informati on processi ng appar at us
conprising: a first device and a second devi ce of
whi ch each execute a processing independently; a
communi cating part which executes a conmuni cati on
between the first device and the second device; a

accesseq ifjom thetwe &P schyernternal dapshyare whilsh, i iomgpssaryato adjust

. processing in the first "device by use of the

timing ¢fopading fami tbe skasedRAM goeand writing ide tersdhared RANE203 in
executing part which executes a processing in the

order tosgodndnide piccessing hetweanfthe KB Us osmthai matéssing aserhead
trigger. According to this information processing

increaseappd patcessingpdrforstingrdeceasesexecut i ng  part and a
second process executing part execute processing in

[0007] the first device and the second device using
conmuni cation as a trigger, so that the processing in
t ben bbjectof tieivirarioaligiot previde an fodpatiohgprosessing apparatus
synchroni zed. [0009] In the information processing

capable @p prichtanizing p@ceimginiphail degice@ivithbBred iSO EHrbS@ipud
trigger signal sending part which sends a trigger

and an isfogmatiod frovedsihg héthed. device to the second devi ce;
and a response signal replying part which replies a
response signal fromthe second device to the first
devi ce when the second device receives the trigger
signal. In this case, the first device may synchronize
processing in the first device and the second device
usi ng a r MEANSOFSCINANG THI PROBLERFPONSE si gnal
[0010] In the information processing apparatus, the

[0008] second process executing part may execute the '
processing in the second device by use of the

r 668 RveRfioPprovies bh i %ation processing apparatus comprising: a
first device and a second device of which each execute a processing independently; a
communicating part which executes a communication between the first device énd the
second device; a first process executing part which executes a processing in the first
device by use of the communication as a trigger; and a second process executing part
which executes a processing in the second device by use of the communication as a
trigger.

According to this information processing apparatus, a first process executing
part and 2 second process executing part execute processing in the first device and the
second device using communication as a trigger, so that the processing in the first
device and the second device is synchronized.

[0009]

In the information processing apparatus, the communicating part may




signal in the second device as a trigger. [0011] In
the information processing apparatus, an information
for identifying a processing phase may be included in
the trigger signal, and the second process executing
part may execute a processing of a processing phase

.dentified hy the trigge signal after the second .

comprisged FEsser %‘8@5&%‘%‘1}% patt g’ﬂlffg‘éF“‘isi aieigeer sghal %FQ“% ‘?*P gﬁﬁ%ﬂ"&ﬁ
processi ng apparatus, the communicating part may .

to the s¢cppd deace; #ad agweﬁ%%@g re@@ﬂ%ﬁ% &‘SICBH?PIE%GfQTPOFFFeSIgHaI
i nvention al so provides an i nformatjon processing

from the,prsapd dedce torie fisst dgvice when theseqpavdiderica Fepeiyes gheghgser

) devi ce which send and receive a data each other and of

signal. whi ch each executes a processing independently; a
synchroni zi ng part which synchronizes a processing in
t Ha this ease, @e%ir-‘zc dleyigg may sypdeen raprocessiigdn sheclinstideyiss and
by executing a communication between the first device

the secamd dlevige usiag emeregidon gate etthaf thedespensecugnalini cat i ng part
whi ch execut es sending and receiving of the data by

[0010] executing a conmunication between the first device
and the second device after the processings are 4
s Yinthr iofirmetlom procbsing\appinatsj the secopd procesicaecdingparo
this informati on processi ng apparatus, it is

may execntesbe psmessirtgan thxecotddpimdysse ng tHeaecapyios lof dwi tiiggéron
during sending and receiving of the data since

signal icthenueundalevion as 8 tréggecut ed bet ween the first device and
the second device after processing is synchronized by

[0011] t he synchronizing part. [0013] In the information
processi ng apparatus, the synchronizing part and the
dah the iaforfiioIC Alocagingapparaiy, #xiafitination Earidansifgiagaon
by use of the sane conmuni cati on

processing phase may be included in the trigger signal, and the second process

executing part may execute a processing of a processing phase identified by the trigger
signal after the second device receives the trigger signal.

In the information processing apparatus, the communicating part may ekecute
an asynchronous communication.
[0012]

The invention also provides an information processing apparatus comprising:
a first device and a second device which send and receive a data each other and of
which each executes a processing independently; a synchronizing part which
synchronizes a processing in the first device and a processing in the second device by
executing a communication between the first device and the second device; and a data
communicating part which executes sending and receiving of the data by executing a

communication between the first device and the second device after the processings are




pat h. [0014] The information processing apparatus nay
conprise a determning part which determnm nes whet her
or not the synchronization by the synchronizing part
succeeds, and the data comrunicating part nay execute
sendi ng and receiving of the data when the deternning
part determ nes that the synchronization succeeds. In
synchraniged bydbe synshregizieg pitl r ecei ving of the data may be
st opped when synchronization fails, and in that case,
i t Accondigp éxiha infogmiatiom prospssingtapparatss, it sywalecanirgae i on
and return to a synchroni zed state can be nade easily.
executd protdseing fidraynelirporatpnobhemgisendiog pad sceisingtdiehe data since
synchroni zing part and the data comunicating part
communEgtiexscut@itahbawyeacthe din svico amlithe sedondrlevic®@fitd The
i nvention also provides an informati on processing
processaiasydcheoniapdihyi the sgnchronizingpartlevi ce and a second
devi ce of which executes a processing i ndependently,
[0013]and the first device conprises: a first notifying
part which notifies the second device of the present
priacks BifdrehatibA geoceising wphiahs! thdayndeoniging partfahd e data
nonitoring part which nonitors a processing timng of
commuhREIHLFRNRa g exdcat: DesiatuiiBatdntBGRRF e Amelddthmunication
notification fromthe 5 second device, and the second
path. device conprises: a second notifying part which
notifies the first device of the present processing
[0014] st age of the second device; and a second nonitoring
part which nonitors a processing timng of the first

defteGRIoPASESh MBceBRg apFaaRL nRY chnp?i'E@zﬁ QefethinGf pPwhich

fromthe first device. According to this information
determiREsOGRE ¥ nBPIBR @%dh%oniiart‘i%nfb'[y Iyt sﬁ%ﬂt‘o‘ﬁfii R cectSGAAC

evice can respectively nonitor “mutua ocessi ng
h o B 1) 0 S 1
determining part determines that the synchronization succeeds.

In this case, sending and receiving of the data may be stopped when
synchronization fails, and in that cése, it can specialize in an operation of
synchronization and return to a synchronized state can be made easily.

In the information processing apparatus, the synchronizing part ar_1d the data
communicating part may execute an asynchronous communication.

[0015]

The invention also provides an information processing apparatus comprising a
first device and a second device of which executes a processing independently, and the
first device comprises: a first notifying part which notifies the second device of the

present processing stage of the first device; and a first monitoring part which monitors a

processing timing of the second device based on a reception of the notification from the




[0016] In the information processing apparatus, the
first nonitoring part and the second nonitoring part
may det ernm ne whether or not a processing timng of
each of the devices is nornal based on a timng at
which a notification indicating a predeterm ned
rqcessi st a is received. [0017] .Ln the . .
second QRyiGs. FB8 HB pABEIRYS e O MEFNSS 50RO Fhiibns Bt whishgtifipy
t he, second device nmy be separate CPUs. [0018] The
the firs§ gryiaqial O RIPSHT POSHISHBSUags of Hesrernd dsiicsy ardea sseagd
. method which uses a first._ device and a second devi ce
monitogng PRt BlichJePniioxee Diosessug wes of thedirstflexirebgaad onthe
_coqprisiqg:;a step_of executing a comruni cation
receptighehiibe potifiration from e firddeyis®l the second device; a
step of executing a _processing in the first device by
ustccerdipg to thisgpfarmaten PEsewEIs2pparegcthe fissidenice ardhthsf
executing a processing in the second device by use of
second dendce eanrrasnectyalp moatommutuiabpreeessing donag by theonathyieg parts
i nformati on processing nmethod, processing in the first
and the geonitoang part endbetbdbmdevikes icaebé synehmooiredd usi ng
conmuni cation as a trigger, so that the processing in
[0016] the first device and the second device is
synchroni zed. 6 [0019] In the information processing
mdinhosinfarnmtiot ppocessimexappartatusgthe Hiest oormitoning phit and nhey
conprise: a step of sending a trigger signal fromthe
second friongorigeparcmay detetthme sdethed odentiagroceasidg dinsagepf @kch of the
replying a response signal fromthe second device to
devicestiheornfal based da\si towinghewhiche meifiomtbniadicating £preidetemninbé
. trigger signal. [0020]
processing stage is received.

[0017]

In the information processin;g apparatus, the first device énd the second device
may be separate CPUs.
[0018]

The invention also provides an information processing method which uses a
first device and a second device of which each executes a processing independently,
comprising: a step of executing a communication between fhe first device and the
second device; a step of executing a processing in the first device by use of the
cominunication as a trigger; and a step of executing a processing in the second device
by use of the communication as a trigger.

According to this information processing method, processing in the first
device and the second device is executed using communication as a trigger, so that the

processing in the first device and the second device is synchronized.
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In the informati on processing nethod, in the step of
executing the processing in the second device, the
processing in the second devi ce maybe executed by use
of the reception of the trigger signal in the second
device as a trigger. [0021] In the information
processing nmethod, an information for identifying a
processi ng phase may be included in the trigger

[0018] gnal , and a processing of a processing phase
identified by the trigger signal nay be executed after

t hia theinddithat e proeessiag @iedesl, the hRpof bgeatinghenal in the
of the executing processing in_the second device.

ste . .
commwlgﬂgnimﬁyd:pmp% R sfﬁp&f égr.glp}gga HggtGignal fiem dhafiysipdevice to
the s€6RE UbViBY ahd§ stef SITIBREAL JeQfbniBY %r]%)f 66H fie 8ond deviceI tQ (t)he

asynchronous communi catlon. [0022] The i1nvention a

first gevasei velen thgnsecorfdodaviceirensives thedsggengignalt hod whi ch uses a
first device and a second devi ce which send and
recei ve a data each other and of which each executes

[002 processi ng i ndependently, conprising: a step of
@bnchronizing a processing in the first device and a

PrRGRS S hatich %@@esﬁ‘ﬁg aaeh o eithEst O%Q&H&ig [ﬁ%ﬁocessin% q

. conmuni cation between the first device an e Seco
in thejgegprdedevipadthe pricessingfin Siescennidgvice magba gxanictd byaes of the

f X tin communi.cati on between the
rece llmrltgf &leglgéﬁi% ¢ g)é%%ég ﬁﬁ%esecs? eggﬁ‘aced%g\ﬁ WLt ter t he

processing i s synchronized. According to this

i nformati on processing nethod, it is unnecessary to 7
[002Hxecut e processing for synchronization during sending

and receiving of the data since comunication is

exledhn iobrivetioncpncdskieg fiethot, aenformatondfot kientsfgingrd

proo 5L 585 0 BB BTty AU Focssing
phaspidentEfidibyghamigh@dignanmbyiBe Ste@Re®@hlt& \MCREN VR retdfles

the . . . .
the trigger signal in the step of the executing processing in the second device.

In the information processing method, the step of executing the

communication may execute an asynchronous communication.

[0022]

The invention also provides an information processing method which uses a
first device and a second device which send and receive a data each other and of which
cach executes a processing independently, comprising: a step of synchronizing a
processing in the first device and a processing in the second device by executing a
communication between the first device and the second device; and a step of executing
sending and receiving of the data by executing a communication between the first

device and the second device after the processing is synchronized.

According to this information processing method, it is unnecessary to




step of executing sending and receiving of the data,. a
comruni cati on may be executed by use of the sane
comuni cation path. [0024] The information processing
nmet hod may conprise a step of determ ning whether or
not the synchronization succeeds, and, in the step of
executing sending and receiving of the data, the
executequpeisyiag gyRdEenizatiog dufing sending andwggeipagek shadasasiperen
the determning step determnes that the
commugigaiedny 18 gkecatdddretw: efisst deyice #ndsthe geqond dlevige afferand
recei ving of the data may be stopped when
processingris bymshionzeeil by theginshroameng stent. hat case, it can
specialize in an operation of synchronization and
[0023] return to a synchronized state can be nmade easily.
[0025] In the information processing nethod, the step
ofInshyiofuroniian prpcessthgtthethsd, ep theotepeofesynthrngzegreai ige
and receiving of the data may executes asynchronous
step of emoming seadingand BiReRingHIMRI A | bdrfihumichtidDRAMY biESkecuted
[0026] [Fig. 1] (a) and (b) are bl ock diagrans
by use diilcdanen@nyurbaivnmgtian i nf or mati on  processi ng
apparatus according to the invention. 8 [Fig. 2] is a
[0024] bl ock di agram functionally showi ng the information
processing apparatus according to the invention.
[ Aitg inf3lmatfondproteasikg dictigrdainy bmbii@ BstePof degetirdhingn of
a safety systemto which the information processing
whetherd 3t e $nchroinRioarsnosted® ahd, i thaPep Stbxebikting: sefidink Snd
bl ock di agram showi ng a configuration related to

receivingloP @RS itd) Sheddendiny RGH FRIVIRL bQRe BRLWRSHe(dReluted when the
determining step determines that the synchronization succeeds. )

In this case, sending and receiving of the data may be stopped when
synchronization fails, and in that case, it can specialize in an operation of
synchronization and return to a synchronized state can be made easily.

[0025]

In the information processing method, the step of synchronizing and the step

of executing sending and receiving of the data may executes asynchronous -

communication.

BRIEF DESCRIPTION OF THE DRAWINGS
[0026]
[Fig. 1] (a) and (b) are block diagrams functionally showing an information

processing apparatus according to the invention.




[Fig. 5] is a block diagramshow ng a configuration
related to processing of data collation etc. [Fig. 6]
is a diagram showi ng sequence of communi cation
processing. [Fig. 7] (a) is a flowhart show ng a
processi ng procedure in a master CPU and (b) is a
flowchart show ng a processing procedure in a slave
cpiFig] Hiiga bk digram fupctip pwingHbainfgreatiphqrecsssing
procedure in the master CPU and (b) is a flowchart
apparagis@gtording tpthsdeessiting procedure in the slave CPU. [Fig.
9] (a) to (c) are diagranms show ng configurations of
cobrgnilaas blogk diaggane shawidg e apniiguraorcefisf safrly aystemdo of
i ndi vi dual communi cation frames and (b) shows an
which tpenariaiongirotdssing apparathe pEore agbotiinentas apphiedt ate i s
normal and (c) shows an operation of the case of
copfmmioas blook dagomstidviiyg a[cbnfigurdiiin drefatad tolppedessing of
di agram showi ng a configuration of sending a command
synchrémieation betwdearCRURJ t o three slave CPUs. [Fig. 11] is a
di agram showi ng a configuration of conmunicati on
f r fifip.s5]a4 a bldole devgsean sfoveerg dicogfigurattontelked ©© prédessng of
slave CPUs. [Fig. 12] is a block diagram show ng a
data colletie@t] onal configurati on exanple of the case of
synchroni zing a master CPU and a slave CPU. 9
DEFGRI 4718 EXagFaml $iovwiin-Sgghbide oRdbmNiafzaAbRplceiing.
[0027] 101 Asynchronous Communi cating part
( 7)i(€5k b MwBhae kholdng a GRIBELIML ot &@mrSlioL hagdd) CHO2

Fi rst rocess executing part (Synchronization
and () QERSEhAY siRMWihg 4 PlocedPd o6k RILgaTCEYecUting part

(Synchroni zation Processing Part 29) 105
fg (64 79) Thya8h ifRRchat bhowii & PEQRIER h1@Bedti® GRS MiSePaPU
and (b)'is ’a flowchart showing a processing procedure in the slave CPU.

[Fig. 9] {(a) to (c) are diagrams showing configurations of communication
frames and (a) shows configurations of individual communication frames and (b) shows
an operation of the case where a communication state is normal and (c) shows an
operation of the case of communication abnormality.

[Fig. 10] is a block diagram showing a configuration of sending a command
from a master CPU to three slave CPUs.

[Fig. 11]‘is a diagram showing a configuration of communication frames of
the case of sending a command to three slave CPUs.

[Fig. 12] is a block diagram showing a conventional configuration example of

the case of synchronizing a master CPUJ and a slave CPU.




Synchroni zati on Processing Part 29) 106 Determ ning
part (Synchronization Processing Part 19,

Synchroni zation Processing Part 29) 107 Data
Comuni cating part (Communi cation Bl ock 13,

Conmuni cation Block 23) 108 Notifying part

nization Processing Part 19 109 Monitoring
pescRP SRR AR RES R ER B Al Ao s1a85f 110
Notifying part (Synchronization Processing Part 29)
[0027]111 Monitoring Part (Synchronization Processing Part
29) BEST MODE FOR CARRYI NG OUT THE | NVENTI ON [ 0028]
Fi 8. Asgnchronony Capenupicafiag ps (komimagicatien BlasktlBonal |y
showi ng an informati on processi ng apparatus accordi ng
Com‘ffécattﬁé%l@ﬁkeﬁ)i on. [0029] In Fig. 1(a), an asynchronous
conmmuni cating part 101 executes asynchronous
c olfifunFiesttfirereshesoguieng part (Syschrdeivaiem RrodessingPaond)
device. A first ‘process executing 10 part 102
exHBut seropd Boanssy exgcutingtaet Syncdironieationdrosdssigg Phg 29)
asynchronous communi cation as a trigger. A second.
pr B¥e sSynshemigaiinyg Ppei( S ynbbB®nezation PesceprimeBasifg i n t he
second device using the asynchronous communi cation as
Synchrenizatiogdroces§if®Bat 2Ph Fig. 1(a), a trigger signal
sendi ng part 10la sends a trigger signal fromthe
f i1t Determieidgpah@yscrarichtib@iroeessifg PagaonSenchidgivation
replying part 10l b replies a response signal fromthe
Processacitant29evi ce to the first device when the second
device receives the trigger signal.
107 Data Communicating part (Communication Block 13, Communication

Block 23)
108 Notifying part (Synchronization Processing Part 19)
109 Monitoring Part (Synchronization Processing Part 19)
110 Notifying part (Synchronization Processing Part 29)

111 Monitoring Part (Synchronization Processing Part 29)

BEST MODE FOR CARRYING OUT THE INVENTION
[0028]
Figs. 1(a), 1(b) and 2 are block diagrams functionally showing an information
processing apparatus according to the invention.
[0029]
In Fig. 1(a), an asynchronous communicating part 101 executes asynchronous

communication between a first device and a second device. A first process executing

10




[00311 In Fig. 1(b), a synchronization part 105
synchroni zes processing in the first device and
processing in the second device by executing
asynchronous comuni cati on between the first device
and the second device. A data conmunicating part 106
xecut es sendin ng receivin f data by executing,
part 10§§§??8Fﬁscs’ﬁ9ﬁ?§m%ﬁﬁﬁﬁ @agﬁawu SRYRCHEPTONS Sempnypication
.and the second device_after the processing is
as a trgaef c héé?ﬁogé 8ra5pss CREDZRaHY 108 icxedut e Praeassing gotheserpad)
. A determning part 107 determ nes whether or not
device ysing Hie AEYRCREGIOHS BYMIMBICAQISHY IHEEHat | on part 105
succeeds. The data conmuni cating part 106 executes
[0030]sendi ng and receiving of data when the determ ning
part 107 determ nes that the synchronization
suladdadda), poiEsy signalserding pary 1914 sendye trigger signal from the
conprises a notifying part 108 for notifying a second
first devies fcthe s@2nd flevine ph essponse sigpelreplying para tfdl bokplidse
first device 151, and a nonitoring part 109 for
responsesignablirpmdhpsegond dévnes toithd fiegt dfvicehebeetho netodd vieiee
based on receipt of notification fromthe second
receives|theitugget 5ZnalThe second device 152 conprises a 11
notifying part 110 for notifying the first device 151
[0031] of the present processing stage of the second device
152, and-a nonitoring part 111 for nonitoring
priodés sli(by a sywdhnepizdtion phe 105 suichetenzes @rddeisipaatle Gt
recei pt of notification fromthe first device 151.
device 4ridGBddesding anthe decamdtdevite binexdcnfing A8t idnPliRTsufichtion

. apparatus according to the invention will be
betweenlediritaizaich @hd viewet dndrdzh e e Naelata0cdnirBunidating gartdl069( C) .
[ 0035]

executes sending and receiving of data by executing asynchronous communication
between the first device and the-second device after the processing is synchronized by
the synchronization part 105,

[0032]

A determining part 107 determines whether or not synchronization- by the
synchronization part 105 succeeds. The data communicating part 106 executes
sending and receiving of data when the determining part 107 determines that the
synchronization succeeds.

[0033]

In Fig. 2, a first device 151 comprises a notifying part 108 for notifying a
second device 152 of the present processing stage of the first device 151, and a
monitoring part 109 for monitoring procéssing timing of the second device based on

receipt of notification from the second device 152. The second device 152 comprises a

11
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Fig. 3 is a block diagramshow ng a configuration of a
safety systemto which the information processing
apparatus of the present enbodinent is applied. The
safety systemis a system for taking necessary
nmeasures while providing notification of an alarm

.~ . when rmality | s.observed..i field device in
notifyin gt (0GORAatly ikt B8 SGHSET3) ohife profet e sty hpsaterm
e seof RO A R B 1115 BB Sombr Sing Rk

C ri acontraller 2 for jntegrally managi ng and
the fir S'c‘g%?"fec}l%l? i%ﬁ@edf eieEety i“@é‘gcaltfonltj,r om Flg"s%éﬁgeé’éceal Sge n g or or

an electromagnetic valve arranged in each part of the
[0034] pl ant, and input-output devices 3, 3,... interposed
bet ween the controller 2 and the field devices 1. The
i iy embodigient offhg infagnationprocessing apparseccerlingtothe
. .controller 2 through a network 4. Also, the field
inventiggevyilkblesdepcribed belovg mathagigrraee uFigo3 thBigi At - out put
devices 3 through termnal boards S. [0037] As shown
[0035]in Fig. 3, input-output units 3a, 3b,... for executing
interface processing between the field devices 1 and
t Hag.coistardodkediagrany showingn enfignratioe of apafiety systeputo which
devi ces 3. As described below, in these input-output
the informatian [FacesSing apparatub of thapeesepiresdmsishent is appdied c uThelsafety
a dupl ex manner for the purpose of inproving
system tsel dyaleinl for yaking B088hrylRedsings while pnovidingmetifitaiivk of an
di agrans show ng a part of the configuration of the
alarm wihep abrayotaptytis ohservehin alfield Hevienipontiereo ensuan safutgmf b @laof.
a unit for processing an input value inputted from
This safetyesystedeis ebnfifheed aed partef/ihe plaht wdriteh syssera. downst r eam
process and outputting a PV value (process value) to
[0036] the side of the controller 2 which is an upstream
process is shown. [0039] :
As shown in Fig. 3, the plant control system comprises a controfler 2 for

integrally managing and controlling field devices 1, 1,... such as a sensor or an
electromagnétic valve arranged in each part of the plant, and input-output devices 3,
3,... interposed between the controller 2 and the field devices 1. The input-output
devices 3, 3,... are connected to the controller 2 through a network 4.  Also, the field
devices 1, 1,... are connected to the input-output devices 3 through terminal boards 5.
[0037]

As shown in Fig. 3, input-output units 3a, 3b,... for executing interface

processing between the field devices 1 and the controller 2 are mounted in the input-

output devices 3. As described below, in these input-output units 3a, 3b,..., the same

processing is executed in a duplex manner for the purpose of improving reliability.

[0038]
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Fig. 4 shows a configuration related to processing of
synchroni zati on between CPUs, and Fig. 5 shows a
configuration related to processing of data collation
etc., respectively. [0040] As shown in Figs. 4 and 5,
the input-output unit 3a conprises a master CPU 10
and a sl ave U 20, and the . respectiye CPU 10 _and U
>dexdands %rggl%éﬁ@gf%?%%’@%‘?%gﬁ‘m?t’ilﬂcy giraticn of the

. independentl){. Al so, the CPU 10 and the CPU 2Q execute

input-oufpytiisia  Jp theesmbadanent, 2 exampis okt B ProFepiag an input
.respective peri Pheri es. [0041]. (Configuration for

value inppi{eh fraw; the pide AT Predickd deviep 1 paickisadowastpgag prgcess gad
master CPU 10 conprises a _synchronization _processing

outputting atk Vi valuey(prasest vitlneldo pheovdes of the comrolisy A ovreinisAgt i on
between the CPUs, and a conmmunication block 13 for

upstreaguessss ¥ghawynchr onous conmmuni cation (UART) with the
slave CPU 20 The slave CPU 20 conprises a

[0039] synchroni zati on processing part 29 for executing
processing for synchronization between the CPUs, and a
c ditgshshoasiagenfiphretign rdatedio prresssng 0f sywpruigatioo hstween
conmuni cation (UART) with the master CPU 10. [0042]

CPUs, aiddFigrefsshews GRgnfiguration tdlated togprec«SHug 20 datecolidteont die,
respective processing while obtaining synchronization

respectiglyconmmuni cati on. A processing procedure of 13
synchroni zation will be described below. [0043]

[0040] (Configuration for other processing) As shown in Fig.
5, an input value fromthe field device 1 is inputted
t AAd shewniaFigsr 4 QRUS 1tlle inpuc-ogipuaumit Bpedmpadet a ddasendPan
i nput buffer 72. A peripheral circuit 74 )

10 and a slave CPU 20, and the respective CPU 10 and CPU 20 execute the same

processing mutually independently.  Also, the CPU 10 and the CPU 20 execute
diagnosis of peripheral circuits mounted in the respective peripheries.

[0041]

(Configuration for synchronization processing)

As shown in Fig. 4, the master CPU 10 comprises a synchronization
processing part 19 for executing processing for synchronization between the CPUs, and
a communication block 13 for executing asynchronous communication {UART) with
the slave CPU 20. The slave CPU 20 comprises a synchronization processing part 29
for executing processing for synchronization between the CPUs, and a communication
block 23 for executing asynchronous communication {UART) with the master CPU 10. .
[0042]

The master CPU 10 and the slave CPU 20 execute the respective processing

while obtaining synchronization by communication. A processing procedure of
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of the periphery of the master CPU 10 is di agnosed by
a diagnostic circuit 75. Also, a signal outputted
fromthe input buffer 72 is inputted to the diagnostic
circuit 75 and the presence or absence of abnormality
of the signal is diagnosed. The presence or absence
of abnormality of the peripheral circuit 74 and the
synchrefrizationall e dagpsibad below. abnornmal ity of the signal
outputted fromthe input buffer 72 are inputted to the
[0043]master CPU 10 as di agnostic information fromthe
diagnostic circuit 75. [0044] Simlarly, the sane
(Configurgtiam foapther proogssinge fiel d device 1 is inputted to the
slave CPU 20 through the input part 71 and an i nput
bufs ehovit8in Fig pe an piext sthlue iftoouthe fighl defvideHels iggartied hethe
of the slave CPU 20 is diagnosed by a di agnostic
master €IPELD thraligh aAlisput partSil gndlan input buffére@. f rAoperipheral tipadit 74
buffer 73 is inputted to the diagnostic circuit 77 and
of the fefipherp o€ tenuestarCRD 3 e icdiagiosablyos dakndsyic@irckings5si 4kal a
i s diagnosed. The presence or absence of abnormality
signal witputted fjpet the hepuabuffer Tis inplited ot He e op b & EAIIRAIt NS and the
absence of abnormality of the signal outputted from
presendelve abseptd obdbinbamalidP ofite sighalislie@nbsed! hahs lhadéencelrU 20
as diagnostic information fromthe diagnostic circuit

absence/df abnBBddlity A5thepemphdral duicPit 72 and bR preehed or@skrd® of
conprises a PV value processing part 11 for executing

abnormalifyl dTRS 4inad 6OGRARSEd AEMWhé thphESUIRE 1721afe APultdPidithy BlabRr
inputted via the 1input buffer 72 and maki ng

CPU 1@%@%@@@51&&&%@11 B¥nvakddghiRceeait vel ue) of a format
capabl e of processing in an upstream process which is

[0044]t he side of the controller 2, and a 14 diagnostic part
12 for receiving diagnostic information fromthe

di sgmaad ithe SnCibht vaue ROE tRXGQEUERLe @wﬁg%d to the slave

detection and determ nation and generating a status
CPU 20¥Btdu3h tRe RpuidlAONOstd dn ihGi&Sukrer 79048 beripheral circuit 76 of the
periphery of the slave CPU 20 is diagnosed by a diagnostic circuit 77. Also, a signal
outputted from the input buffer 73 is inputted to the diagnostic circuit 77 and the
- presence or absence of abnormality of the signal is diagnosed. The presence or
absence of abnormality of the peripheral circuit 76 and the presence or absence of
abnormality of the signal outputted from the input buffer 73 are inputted to the slave
CPU 20 as diagnostic information from the diagnostic circuit 77.
[0045]

As shown in Fig. 5, the master CPU 10 comprises a PV value processing part

11 for executing arithmetic processing with respect to an input value inputted via the

input buffer 72 and making conversion into a PV value (process value) of a format

capable of processing in an upstream process which is the side of the controller 2, and a
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Al so, the master CPU 10 conprises the comruni cation
bl ock 13 for executing comrunication with the sl ave
CPU 20, and a code generation part 14 for adding a
CRC (Cyclic Redundancy Check) code and an update
counter to a PV value and a status. [0047] Al so, the

. sl ave 20 conpr.ises.a RV valu rocessi ng. part.
dingnogti Dogh T [ B HaTRRds Iimsaad Bl Aapnp Rt 73
an_.input value inputted vi.a the input huffer 73 and.
and exww%ftogﬁglecfe&%ﬂ PRt SetrBhaten Ad SCRPTEHR% & SRS Echys a3
. for rmt] capabl e of processing in the upstream process
diagnogfiGireslt s t he side of the controller 2, and a
di agnostic part 22 for receiving diagnostic
[0046]i nf or mati on from the di agnostic circuit 77 and
executing abnornal detection and determ nation and
genbpaihe mgster GPE} camnrisgs the camaupigagen blockd3Jpr .
[0048] Also, the slave CPU 20 conprises the
executipg porRuaseiohwih siqclave GRY 26 aad @t qodg seraspiiamnasiald BA
- with the master CPU 10, and a code generation part 24
adding p §RGfeichg Reduiaacy Bfesk) coteandranamsipteGountey tcr;zaﬁ‘é valyg
an update counter to a PV value and a status. [0049]
and a sig@sst | an operation of the present unit will be
described. [0050] In the master CPU 10, a status
[0047] generat ed by the diagnostic part 12 and a status
which is generated by the diagnostic part 24 of the
sl Alse, tEPElagCBHE0 eompeiges 2 BY vatusrpwogpssiog parti Bl Ceart dxocuting
t he conmuni cati on bl ock 23 and the conmuni cati on bl ock
arithmetib processing with respd@ taneinpohyducidpandl wa tied ingecbuifier Zhand
equal i zation part 15. Equalization is processing for
makingequedrsien ngo a P3f etlus{phasesd wdud) pf b Hermm shpableCHpralessing ira
status handl ed by the sl ave
the upstream process which is the side of the controller 2, and a diagnostic part 22 for

receiving diagnostic information from the diagnostic circuit 77 and executing abnormal
detection and determination and generating a status which is a diagnostic resuit.

[0048]

Also, the slave CPU 20 comprises the communication block 23 for executing

communication with the master CPU 10, and a code generation part 24 for adding a

CRC (Cyclic Redundancy Check) code and an update counter to a PV value and a status.

[0049]

Next, an operation of the present unit will be described.

[0050]

In the master CPU 10, a status generated by the diagnostic part 12 and a status
which is generated by the diagnostic part 24 of the slave CPU 20 and is acquired

through communication by the communication block 23 and the communication block
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CPU 20. In the equalization part 15, OR information
about the statuses is generated. That is, when either
status indicates abnormality in the equalization part
15, its abnormality is changed to the captured status
and is passed to the code generation part 14. As
descri bed bel ow, the statuses handl ed by the naster

13 are gmparl apdeapplized lim g eqrlizatizm partel 5 héiq@ag@ﬁopé&mr@pwimg
simlar processing also in the slave CPU 20. [0051] A

for equplizingak sletugdnedled bylthsymastes GAY V& hudba pietis dissdled)by thetslae
is given to the code generation part 14. However,

CPU 2Gvhdn thibemmahzdtionyagfl SaO8t infanmaiion gheue teasthtines eozenarated.
processing in the equalization part 15, an input of

That istwigenRythendtates indicates abuatenaljgnietix equlizgamtpadidl 5, &s br oken
by a breaking part 16. [0052] In the code generation

abnormphiytis thangad €RBe caplered stapermdads padsdabioabe oodet deacation pat
generated by the equalization part 15 and the inputted

14. AP¥escabebbeldivsthe smuseshanidied byahe mRMen@PUE Gaand thé slbwssCPU
are inputted, a count nunber is updated and a code

20 are shadd dytperfarfing simitd @rocesgenasainatie slane CPE T0de
generation part 14, a frane made of the PV val ue, the

foos1]status, the CRC code and the count nunber is generated
by addi ng the code generated thus to the PV val ue and
t heP¥talluisgendidteddSURé PRUBRRS proessifg paRe N i LEvay & the code
update of the PV value and the status. [0053] A frame

generatfonlattdld. t PldwSed HABE alSoRRbBE JTW st i§ AR cE8 BEEALInON
part 14 is simlarly generated by the code generation

processRi@lih thtleq@bilizafien phavs, RN AGFAIP Y SaRE 4 iHeQD de tggﬂie%t%

comuni cation by the commrunication bl ock 23 and the

part 14%%@&@45@&'1%?5&'616_13- The frame created by the code
generation part 14 and the franme created by the 16

[0052] code generation part 24 are collated in a conparison
part 17. The conparison part 17

In the code generation part 14, a CRC code is generated based on the status
generated by the equalization part 15 and the inputted PV value. Also, every time new
PV value and status are inputted, a count number is updated and a code added to a CRC
code is generated. In the code generation part 14, a frame made of the PV value, the
status, the CRC code and the count number is generated by adding the code generated
thus to the PV value and the status. The count number is incremented every update of
the PV value and the status.

[0053]

A frame similar to the frame created by the code generation part 14 is
similarly generated by the code generation part 24 of the slave CPU 20 and is acquired
through communication by the communication block 23 and the communication block

13. The frame created by the code generation part 14 and the frame created by the
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decides that it is abnormal when a m smatch between
both the franes is detected. As described bel ow, by
performng simlar processing also in the slave CPU
20, the master CPU 10 and the slave CPU 20 nutually
collate the other processing result wth ny
rocessi ng result and decide that it |s abnorpal whe
code seriGhRT 11 Brcated e RORPRROR Gart o e PP rop R 17
. ster CPU 1 nd the slave CPU 20 js_normal, both the
decidesihatieis ab%fr@ﬁwggn 3 nHRaLeh bwe%b@'gttﬂwofﬁmp?ﬁ if Hgtected.  As
. conmparison part 17..[0054] The frane generated by the
descrlb%@@Mﬂ&l@%ﬁgptlarﬁw%ﬂa& elspdn the s?aae AR LH2R, (shg master
art 78 which is an upstream process. However, a
CPU 1053ngithe AV USrmualy ealiaiq fog REsT prosessinderliavith mohe
conparison part 17 and in the case of deciding that it
processing ragandelecidg ghat gus ghnorwel when # mismathsogsarsk e 23} the
breaking part 18. Al so, as described bel ow, when a
processipggrthecnassert (BRI A 0 apd thersiaye £ R 20 i nogmaly bpth the frames
conparison part 27 of the slave CPU 20, an output of
match ag hgesultaypgollaionrip keercompagsémpart 8&4f e part 79. [ 0055] On
the other hand, in the slave CPU 20, a status
[0054] generated by the diagnostic part 22 and a status
which is generated by the diagnostic part 14 of the
madedran@Rignttitedgdryothe sodecgpmieragidn phrt dd ghowtputtadrid @abirpot
by the conmunication block 13 and the comunication
part 78 hizbks 2Bupsteangmased Howevequahisaatthibetwesendgtiathi fiatiesn
part 25. In the equalization part 25, OR information
is detectal dnithetdoenpatisinysaeis1 1 andge mier aise df débiding that it Whabmormalf mer
status indicates abnormality in the equalization part
output cZ'Bhe frirse alinokendlyi 4 hrealdng panded Also, dshdescritpdd bekdy, sthah us
and is passed to the code generation part 24. [0056] A
mismatdA\bevatancthg fnekaisatitdeiedtiha cBMpuasdrepapr ICEhé §1gvepa@PU 2]
is given to the code generation part- 24. However,
an outputeE theofibaine ¥Erbken ifh fail-sifatpus 70s det ect ed based on 17

[0055]

On the other hand, in the slave CPU 20, a status generated by the diagnostic
part 22 and a status which is generated by the diagnostic part 14 of the master CPU 10
and is acquired through communication by the communication block 13 and the
communication block 23 are compared and equalized in an equalization part 25. In the
equalization part 25, OR information about the statuses is generated. - That is, when
either status indicates abnormality in the equalization part 25, its abnormality is changed
to the captured status and is passed to the code generation part 24.
[0056]

APV value generated by the PV value processing part 21 is given to the code

generation part 24. However, when abnormality of a status is detected based on
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processing in the equalization part 25, an input of
the PV value to the code generation part 24 is broken
by a breaking part 26. [0057] In the code generation
part 24, a CRC code is generated based on the status
generated by the equalization part 25 and the inputted
PV value. Also, every tine new_PV value and status
processipgdn thengnplization pad it aninpiE e thesP'Y yale deo ther@dg gersgation
added to a CRC code is generated. In the code
part 24 gehweleethyonbrpaking part 26 frane made of the PV val ue, the
status, the CRC code and the count nunber is generated
[0057]} by adding the code generated thus to the PV value and
the status. The count nunber is increnmented every
ugd gheecade genaretiam\payildy @ (G cedeois gerarated bped 3@ thaptatus
frame created by the code generation part 24 is
generatgohy the equalizetiorapdrt 2hvand thh inptted PY valuear |Alsg emenydineingy
the code generation part 14 of the master CPU 10 and
PV valuesind statpsiaregiputed) a ghu gwomber saipideted layd & lvede added to a CRC
communi cation block 13 and the conmmunication bl ock 23
code is genestab niathesaxle gandratih, part 24, s fohaod wede offthe PM vaihee, the
abnormal when a mismatch between both the franes is.
status, theCRCteade and theeoonnpmities Grgepamtedby. addifpn8 cofecgentiaged
m smat ch between the franes is detected in the
thus to ihe RVavralsmdphs $tadd, The tasehusbgrifincianaitédavietyeapdateons
the conparison part 27 and is given to the master CPU
the PV dlue dnd théktatvease, the master CPU 10 is forcedly reset
and an output of a new frame to the output part 78 is
[0058] i nhi bited. [0060] Wien the output to the output part
78 is inhibited, update of the count nunber is
StIpRPRehe cFéatéd R thielco8@ FerRatiof GAATI4ZE dollfAed wiRh aTtinfaut
of information is stopped by only referring to the

which iCMIThrly gﬁ’&?z[ted By e JeRe EERAMAAAGEESofThe haStePEPUUB YN is
stage after the

acquired through communication by the communication block 13 and the
communication block 23 in a comparison part 27. It is decided that it is abnormal
when a mismatch between bofh the frames is detected in the comparison part 27.
[0059]

When the mismatch between the frames is detected in the comparison part 27,
a reset signal is outputted from the comparison part 27 and is given to the master CPU
10. In this case, the master CPU 10 is forcedly reset and an output of a new frame to
the output part 78 is inhibited. |
[0060]

When the output to the output part 78 is inhibited, update of the count number

is stopped, so that it can be recognized that an output of information is stopped by only

referring to the count number in an upstream process of a subsequent stage after the
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18 output part 78. [0061] (Processing procedure of
synchroni zati on) Next, a processing procedure of
synchroni zati on between the master CPU 10 and the
slave CPU 20 will be described. As described above, in
the master CPU 10 and the slave CPU 20, data is
exchanged in real tine and the data is collated. As a
output pEL{§-t of this, when timng of processing in both the
CPUs is off, separate processing results different in
[0061]3 time axis direction are conpared and a mi smatch of
collation occurs. As a result of this, it is
(Procesgiag psecgiyrefod synsbranizafien)CPUs t o al ways execute the
same operation in the apparatus of the enbodi ment.
Thidexas bprecessugtprencdire gf syncbronsentios detwren the wastar@Uile
sent fromthe side of the master CPU 10 in a const ant
and theslagk EPUE2hyill besgescribash o s deserthediabare, amthewer G190 he
sl ave CPU 20 can execute processing in the sane
and theskbyea €FEE20, dakyin etnhangedan ireah tinfeGDE 2he @ity is @llaeda Asa
di agram showi ng sequence of communi cati on processi ng,
result ofithis, Fihgs timiiTg aff prancksidg ) bethahd CBUs fraoft, ssepdvataipnogessing
processi ng procedures of the master CPU 10, and Figs.
results diffegentimch B0 pxiadeefticovard evmparehand agupnaciesBSeaiigtion
procedures of the slave CPU 20. [0063] As shown in
occurs. Fi Ax a fesult bfthisp g tieneceiarylfor henhithe CRUs ombivalys exaghte thends
a command to which phase information indicating a
same o A@ds itlkgapphaas oitiecehgdidyntt h&herfst sdon@bls ipsrfadakeid
to the slave CPU 20 in a constant cycle. As described
so that Dedhivand Reentft@an ¢heGRi¢ AGhé pRGEVCRY t0ha acRrFmIRtycle using
executes the processing phase specified by the phase
asynchrofh\/ ddBinh (Hicatidh (U ARG apd tienslat CGHE 20 eanetdu@$récessing in
trigger. Also, the slave CPU 20 replies a response to
the saméBédilenédia sphasénikaifoar mation included in the command is
added

[0062]

Fig. 6 is a diagram showing sequence of communication processing, and Figs.
7(a) and 8(a) are flowcharts showing processing procedures of the master CPU 10, and
Figs. 7(b) and 8(b) are flowcharts showing processing procedures of the slave CPU 20.
[0063]

As shown in Fig. 6, the master CPU 10 having a control right sends a
command to which phase information indicating a processing phase executed by the
master CPU is added to the slave CPU 20 in a constant cycle. As described below, the
slave CPU 20 receiving the command executes the processing phase specified by the
phase information using reception of the command as a trigger.  Also, the slave CPU
20 replies a response to which the phase information included in the command is added

to the master CPU 10.

19




Al AT T LA LS T fal S TR e s s

to the master CPU 10. 19 [0064] Figs. 7(a) and 7(b)
show procedures of synchronization processing in the
master CPU 10 and the slave CPU 20. These procedures
are executed based on control of the synchronization
processing part 19 of the master CPU 10 and the
synchroni zati on processing part 29 of the slave CPU
[0064]120. [0065] In the master CPU 10, a conmand is sent to
the slave CPU 20 in step Si of Fig. 7(a). Here, the
c obga.nt(a) andsih showr proegdurdsef snehronizntion prodeksrginitBe i n
a constant cycle by asynchronous communi cation
master (HART) andrthe slave GPbY 2t ildwese prodéduats angexecpred basst ang
phase i nedi ately executed by the master CPU i s added
controltof thehsyncloomieatibn pro0SG6i8E pattidftof thet repstGICRIA 1 O sndi theepl y
of response fromthe slave CPU 20 and when the
synchromezamon peodessimepdri 29 of thhslafé ORUgllbceeds to step S3. In
step S3, a processing phase of the slave CPU 20 is
[0065]monitored. That is, it is decided whether or not the
phase information indicates a correct phase shown in
t hiz the Maeted CPY 1k evminagd issenhie thé slaee CRU@OMRAsteprs1 of
included in the response. Wien this decision is
Fig. 7(f f Hefeg the doendrlddwsgt gaeagstht eombrpicedon Blodk Whemat hi s
decision is denied, the flowreturns to step Sl.
constank @R8¢ by bsynshepofcomhotdegionWARTY Nn@hade ihfdemsfieve CPU
20 is nonitored. That is, it is decided whether or
indicatii®h pR6REABS piGe ifimlebatet) axtuel by 26k maftePEPENELdHE to Be
proper timng based on a reception interval (interval
commahom a point in time of the previous reception to a
point in time of this reception) of the responses in
fooss] step S2. VWen the decision of step

Next, step S2 waits a reply of response from the slave CPU 20 and when the
response is replied, the flow proceeds to step S3. In step $3, a processing phase of the
slave CPU 20 is monitored. That is, it is decided whether or not the phase information
indicates a correct phase shown in the command by referring to the phase information
included in the response. When this decision 1s affirmed, the flow proceeds to step S4
and when this decision is denied, the flow returns to step S1.

[0067]

In step S4, processing timing of the sléve CPU 201s monitored. That is, it is
decided whether or not processing in the slave CPU 20 can be executed at proper timing
based on a reception interval (interval from a point in time of the previous reception to a
point in time of this reception) of the responses- in step S2. When the decision of step
S4 is affirmed, the flow proceeds to step S5 and when the decision is denied, the flow

returns to step S1.
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S4 is affirmed, the flow proceeds to step S5 and when
the decision is denied, the flow returns to step S 1.
20 11 Z- [0068] In step S5, a predeternm ned processing
phase (processing phase indicated by phase
infornmation about the command sent instep S 1) is

executed. Execution of f ill- duplexing comunication
[0068]i s included in execution of the processing phase. The
full - dupl exi ng communi cation is processing for

si Instepadie austdetermingd progegsing\phasa (processimg iphgstindicated by
bet ween the naster CPU 10 and the slave CPU 20 using
phase isfdymativnorbousthe commani serttin step SRRE exedrtat e Bieogtiofoftthl-
full -dupl exi ng conmuni cation in the master CPU 10
duplexing cbmdemiqatior sascinded iorexemiigh ofj thelpeodassing phdsean®heridk
of a PV value, a status, a CRC code and a count
duplexing ebrijunaation kreteating fataisulidnesushbamlutiing twe-shave
CPU 20 through the comrunication bl ock 13 and

commupicatias bétwged the nidteiCPULN Y0 adikthé slan@ CPANIh Gdivg sdyathidnous
descri bed above sent fromthe slave CPU 20 through the

commuaRATIIN{ICARTNN Proteasikg dBihe[MNApleAbf ebminigicNion @f thehe
processi ng phase including the full-duplexing

master COUNMWin€lalésOptocdskifg fordehdiag tHefankO(fin@Pmele PV value, 2
processing fromstep Si to step S5 is repeated wth

status, 4 ERPERIde bid & BEuMeXinbEY) A6€ T8 FGuPBRESed D010 @8 shhe
ot her hand, in the slave CPU 20, step S 11 of Fig.

CPU 20/fhkdugh@hd SorhRERRAIA bl 1Parfd BRSNS et rebdrAfy fﬂteeﬁame

master CPU 10 and when the command is received, the
and the fs{aﬂw REQ1REABotOsent ﬁ%%ﬁ@slampufa@rfmgh %Jo%ﬁﬂ&ﬁé’a‘hoho

he command sent fromthe master Oinstep S1
block 13.
[0069]

After the end of the processing phase including the full-duplexing
communication, the flow returns to step S1 and processing from step S1 to step S5 is
repeated with respect to the next processing phase.

[0070]

On the other hand, in the slave CPU 20, step S11 of Fig. 7(b) waits reception
of a command sent from the master CPU 10 and when the command is recéived, the
flow proceeds to step S12. This command corresponds to the command sent from the
master CPU 10 in step SL
[0071]

Next, 1t is decided whether or not communication data abnormality of the

received command or communication abnormality such as parity abnormality or

overrun abnormality occurs in step S12.  When this decision is affirmed, the flow
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[0071] Next, it is decided whether or not
comruni cati on data abnormality of the received
command or communi cation abnormality such as parity
abnormality or overrun abnormality occurs instep 512.
When this decision is affirmed, the flow 21 returns
to st S1 nd when this decision is denied, the flow

returns o gep 33% a{’%wg?‘éﬂn%‘i@.‘m‘{ 5@tepipd. the flepy pagsedgiogtereklsi ng
phase of the master CPU 10 is nonitored. That is, it

[0072]j s deci ded whether or not phase i nformation indicates
a correct phase by referring to the phase information
" NSRRI, A PrORes TR PhATeIOF YW aveston P bY isgneitored.  That is,

. affirmed, the flow proceeds to step S 14 and when

it is deqidgdswhietherir at phase eﬁg@mnon Hediggtes@ pasast plase by sefeping to
11. [0073] Instep S14, processing timng of the -

the phaggrigfarmagpuinptided imthei copmeand. TN¥heni this detisiongs affirindd dhe
whet her or not processing in the master CPU 10 can be

flow presegdsitedtemd 1) hen thisrdenigiopas dehied; tie flaw egrtuins o step S11.
interval (interval froma point in tinme of the

[0073] previ ous reception to a point in tine of this
reception) of the conmands instep SI 1. Wen the
ddoistgpoSil 4o prosesmgSimig iof thef hastersCBU t1h és imbaivorpd ocEled $s, it
to step S 15 and when the decision is denied, the

is decidtd sabethet or me pracestirginShd inasfeOOPYW) 10 candeapedt&d atgproper
response is replied to the master CPU 10. The response

timing based ent redeptiauitertfldintavahfrom atpoan iblime lof &2 gayvious
asynchronous communi cation (UART). Phase information

recepticalio utpadnt i darsEithig reubpisen) ioftitioatrednds @xaepiSerl bwhbhehe
slave CPU 20, that is, a processing phase instructed

decisiobyf dtéye S1eBeaiffvecds thiefowlpicsecid @@ step S15 had HRSPHRSRCisiDRAIiS
response corresponds to the response received in step

denied, 82 f1dv0@otbins to step S11.

[0074]

In step S15, a response is replied to the rﬁaster CPU 10. The response is sent
through the communication block 23 by asynchronous communication (UART). Phase
information about a processing phase immediately executed by the slave CPU 20, that is,
- a processing phase instructed by the received command is added to the response. This
response corresponds to the response received in step S2.

[0075]

Then, in step S16, a processing phase indicated by phase information about
the command received in step S11 is executed. Execution of full-duplexing
communication is included in execution of the processing phase. Processing of the
full-duplexing communication in the slave CPU 20 includes processing for sending the

frame (frame made of a PV value, a status, a CRC code and a count number) and the
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Then, in step S16, a processing phase indicated by
phase i nformati on about the command received in step
S 11 is executed. Execution of full-duplexing
conmuni cation is included in execution of the
processi ng phase. Processing of the full-duplexing
conmmuni cation in the_slave CPU 20 incl udes processin
status degsribed alpvedo theanaster LRl 40 thypuch the sommugiqayoy hlagk 23 an
status, a CRC code and a count nunber) and the 22
processigdpsecesiethhEama goad therstatuhdeserilzadaborpeent fromhthe wegster
the communi cati on bl ock 23 and processing for
CPU 1 themighithrcanmutieaiion ek 33he st at us descri bed above
sent fromthe master CPU 10 through the conmuni cati on
[0076] bl ock 23 [0076] After the end of the processing phase
i ncluding the full-duplexing comunication, the flow
r eAfierribe ¢mol oftthepi®céssingrphapr wcledmigribe fullbdnpdeanpg S 11 to
step S 16 is repeated with respect to the next
commupicattes efipwpienses td G§v3]1 8y prheessing fmnpsteg 835 tangep S16 is
procedure, the synchronization processing and the
repeated with rekppétan thegnegpprvoessmgtphase. pr ocessi ng are repeatedly
executed in processing phase units. [0078] Figs. 9(a)
[00677]to 9(c) are tinme charts show ng configurations of
communi cation frames, and Fig. 9(a) shows
C B thg ubéitel jaBessihg pruticthird ht spbraniitiah pedstekdiggmsal thand
Fig. 9(b) shows an operation of the case where a
full-dupbARRIt nerah hioaticht prbEeshifig B réPdatedy Execlried in Blatkssilpopitasan
operation of the case of communication abnormality.
units. [ 0079] For a conmand trigger period shown in Fig.
9(a), a series of processing from sending of a
[0078] command (step S1 of Fig. 7(a)) to a reply of response
(step S15 of Fig.

Figs. 9(a) to 9(c) are time charts showing configurations of communication
frames, and Fig. 9(a) shows configurations of individual communication frames, and
Fig. 9(b) shows an operation of the case where a communication state is normal, and
Fig. 9(c) shows an operation of the case of communication abnormality.

[0079]

For a command trigger period shown in Fig. 9(a}, a series of processing from
sending of a command {step S1 of Fig. 7(a)) to a reply of response (step S15 of Fig.
7(b)) is executed. Thereafter, for a full-duplexing communication period, data MA is
sent and received from the master CPU 10 and data SL is sent and received from the
slave CPU 20, respectively. As described above, the data MA and the data SL include
the frame (frame made of a PV value, a status, a CRC code and a count number) and the
status described above, respectively.

[0080]
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7(b)) is executed. Thereafter, for a full-duplexing
comruni cation period, data MAis sent and received
fromthe master CPU 10 and data SL is sent and
received fromthe slave CPU 20, respectively. As
descri bed above, the data MA and the data SL include
the frame (frane nade of a PV value, a status, a CRC
c d¥beram dorampoigatiomssats és Horaal provsssisg of exshahgedetwren the
above, respectively. [0080] 23 Wen a conmuni cati on

response had thei ommomdedr, syprivorigsiiomdisgosed ohprogessingtphesenits end
response and the command for synchroni zati on di sposed

processing gfisoleqsinh Juplbrdsg comimigicanch arprattemslynppedted as shown in
subsequent dupl exi ng conmuni cation are alternately

Fig. 9(b). e pPa sapieatial jhepeating sudh ghasOptoressitg, thegama pradeksyng is
repeati ng such phase processing, the sane processing

executetl $n syexReunizaton withyachstherd inahd mastei CAUaRnd ahdislave OPTIIDO.
master CPU 10 and the slave CPU 20. [0081] When

[0081] abnormal ity (conmmuni cation abnornality) occurs in.
sendi ng and receiving of the conmand and response, a
dewhéed sbhobhaltl €eonimildicatidneddn&rmalitPy ocetiSin Senktdngdind Fi g.
7(b) is denied, or a decision of step S12 is affirned.

receivin%zﬂ theSothrharff addibsponéd) @ detigivs of Siep) S0, RELOIES: stepSS BE 6F

tep S 11) of waiting the next conmand w t hout

Fig. 7(b§¥SSetddN6r a M RGASSH 0p D2 1 RfFirHeaC e ASiaesud \FIBis ke sRve
feply of response. Al'so in this case, a decision of

CPU 20%4e¢88me¥a stﬁfeQ&eﬁgégofﬁa@ﬂﬂl e AbxtFdothmatldaithont €@uBifly SO
‘ that the master U 10 also sends the next conmand

A ki F thaidar; | phase
proces B M A Qb GAF 8 Pl 18 et

decisio%?fﬁ%ﬁ?% ?fép?gpcﬁ‘g{)}i%rmﬂﬁr%u’?(@ it QN4 38 R mh ReFtBET 10

. . ng confruni‘cation’is not executed and
o s T o BRR Shl OeBFE Bpca ey
(step S1).
[0082]
| As a result of this, while communication abnormality is found as shown in Fig.
9(c), full-duplexing communication is not executed and it shifts to synchronization
processing of the next processing phase. Fig. 9(c) shows the case where the
communication abnormality is found in phase 2 and phase 3 and the communicatton

state returns in phase 4.

[0083]

Thus, the present embodiment is constructed so that when synchronization
processing does not succeed due to communication abnormality, exchange of data by
full-duplexing communication is stopped and synchronization processing of the

processing phase is prepared.  As a result of this, return from an abnormal state can be
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conmuni cation abnormality is found in phase 2 and
phase 3 and the communi cation state returns in phase
4. [0083] Thus, the present enbodi nent is constructed
so that when synchronization processing does not
succeed due to comuni cation abnormality, exchange of
data by full-duplexing communication is stopped and
synchroni zati on processing of the processing phase is
madpesgared. As a result of this, return froman abnorma
state can be 24 made easily. [0084] Next, processing
of the case where communi cati on abnornmality conti nues
[oogwj Il be described. [0085] Figs. 8(a) and 8(b) show
processi ng procedures of the case where comunication
abNeFnRIores§ing ghthe sarsvhiore eommawiention abhamaitysoatimien gill
be ddsPfib&xanpl e, the case where a command and a response
cannot be exchanged over a predeterm ned nunber or
nore of processing phases. [0086] The master CPU 10
[008g§0ides whether or not it is in a state of
mmuni cati on abnornmality in step 521. Wen the
deEiigs.i30d) and 36) khdvipebeedsing prdRWuBS OCBE e twbent €p S22
and when the decision is denied, the processing of
comigppgatisn pbparmaliyeraniinpes i synghigaizaiipaprosiseing der examplst the
I. .
o R bl A P B eRioh Y o A e ermined,
numbps ©F Biotrofipsocesding phedes. t he 1 ow proceeds to step S23
and when the decision is denied, the flowreturns to
step S2 1. [0087]
[0086]

The master CPU 10 decides whether or not it is in a state of communication
abnormality in step S21. When the decision is affirmed, the flow proceeds to step $22
and when the decision is denied, the processing of step S21 is repeated. It is decided
whether or not the communication abnormality continues for a predetermined time or
longer in step $22. When this decision is affirmed, the flow proceeds to step S$23 and
when the decision is denied, the flow returns to step S21.

[0087]
In step 523, an upstream process is notified of the abnormality (Fig. 4) and the

processing is ended.

[0088]

On the other hand, the slave CPU 20 decides whether or not it is in a state of
communication abnormality in step S31. When the decision is affirmed, the flow
proceeds to step 832 and when the decision is denied, the processing of step S31 is
repeated. It is decided whether or not the communication abnormality continues for a

predetermined time or longer in step $32. When this decision is affirmed, the flow
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In step 523, an upstream process is notified of the
abnormality (Fig. 4) and the processing is ended.
[0088] On the other hand, the slave CPU 20 deci des
whether or not it is in a state of comunication
abnormality in step 831. Wen the decision is
affirnmed, the flow proceeds to step S32 and when the
decision is denied, the processing of step S31 is
proceedp éadteiS33 dndivehet elod dbetkiontietidigdd, de o rebdifs to step S31.
comuni cation abnormality continues for a
predeterm ned tine or longer in step 532. Wen this
[ooggeci sion is affirmed, the flow 25 proceeds to step S33
and when the decision is denied, the flowreturns to

st @FtepPH33, an yptenn prasessieptdeg of the abpermalitiniThemeesst i s
_ P o Rt
signdd 8 A ERAR b L RS TRl ey RO\ RTGRe PR 1 °

Thergaftef,chepdtassing satnded. Ther eaft er, the processing is
ended. [0090] As described above, in the present
enbodi nent, the master CPU and the slave CPU 20 are
[0098ynchroni zed every processing phase, so that the sane
proc%%sLn%?ﬁhase can al ways be executed between the
t woS esserbedahgye, insthe prrsery epbadigienl thermasteriPlbsasthe dave n
t : ' : [ f -
O A o PERL B A AR A lasc con
alwayy begreputedslestvbratt the tveo SPHw&h@Hs) the proacssing phasdds executed

: . DI ' hase,i n t.he constan | e.
T o e R A e
constanmyﬁhi as atrdigyer, 46 itng trsiave mPomugag% mf:]ade it(}i?] ate'g@te tifUART) ,
o that it is unnecessary to add qther hardware etc.
proceREipe BH5E HY 5 POREANS RY°1q. OO P IRMBIZat L SP ARSI EBU 20
cond MRS mENA LU G BustndUsORB GOt BRAmBRICARRIUPR BN at it is

unnecessary to add other hardware etc. for synchronization.

[0091]

Also, the slave CPU 20 always executes a predetermined processing phase
according to a command sent from the master CPU 10, so that, for example, even in the
case where abnormal data is temporarily sent from the master CPU 10 or execution
timing of the processing phase in the slave CPU 20 is off, return can be made speedily
when a commumication state becomes normal. Further, at the time of communication
abnormality, it shifts to a processing state specialized in recetving of a command in the
slave CPU and sending a command from the master CPU 10, so that return from an

abnormal state can be made easily.

[0002]

In addition, processing phases may be executed continuously before deciding
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T A Falnt e SR R TR R LA A S L et et e

according to a command sent fromthe master CPU 10, so
that, for exanple, even in the case where abnor nal
data is tenporarily sent fromthe naster CPU 10 or
execution timng of the processing phase in the slave
CPU 20 is off, return can be nmade speedily when a
communi cation state becones normal. Further, at the
the presencepondbserseod odmatuinmationironmalityt yIn this wisé, fekscuttion may be
processing state specialized in receiving of a conmand
stopped finorh ltise nesdt proeeShilg @incde waadihegomnaminatiog abiicamatityes not
master CPU 10, so that return froman abnormal state
solved.can ‘be nmade easily. [0092] In addition, processing
phases nmay be executed continuously before deciding
[0093] 26 the presence or absence of comunication
abnormality. In this case, execution nay be stopped
f riafhd presci® ¥inbpdiateas saddoRMaitcalds ReédiSar) BHPHAEE At i on
abnormality is not solved. [0093] In the present
processRIFO Bk dvRtHd. in € Bast@TRINI10 ahd e sDRETTAADY ubif s&ﬁﬁﬁ%md
processing is executed in the master CPU 10 and the
receivin®! cPa&oeithhndtind S 186 onSd b BehcARhizatiBh 85 ¥ ifighepl As £ RETRLRE
and a response for synchronization as a trigger. As a

this, the Rl fér Rbcesbifk for syhenrBSieHidnQuriRk RES2h BSmbnBhication is
synchroni zati on during the data comuni cation Is

elimina®@tiil ¥elaSdnARchitMod IR R YD nfNuditton FeR b8 Xbithcted.

conmuni cati on can be“conducted:” Al so, synchronization

Also, syaBRrotBhaos a4 e&ﬂnin‘aﬁic?ﬁ& aala 95 ih 3 tiind defls RahA&E Sso

manner, so that the full-duplexihg comuni cation can
hat the RQ1-A0NEMEE COmMliniGribT b 1, CBldn2h Path.
that the A1 AANEHEE ER ok By Ao PSR O TTHE B T

cmnmuﬁﬁﬁﬁﬂh%ﬁLUSing asynchronous conmuni cation (UART), so
that 1t can be inplenented by serial conmunication of

roo94] onl'y

In the present embodiment, synchronization is executed using asynchronous
communication (UART), so that it can be implemented by serial communication of only
two signal lines in a hardware manner and complicated mounting is not supplied.
Particularly, even for a system in which two CPUs are mutually insulated, the number of
connection lines is small, so that cost is low and there is no difficulty in mounting. For
example, a situation in which two CPUs are distributed to the side of a controller and
the side of field devices mutually insulated in a plant control system can also be
implemented easily.
[0095]

Iﬁ the embodiment described above, the example of executing the same
processing 1n two CPUs has been shown, but the synchronization processing described

above can similarly be applied to the case of synchronizing plural CPUs and executing.
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two signal lines in a hardware manner and conpli cated
mounting is not supplied. Particularly, even for a
systemin which two CPUs are nmutual ly insulated, the
nunber of connection lines is small, so that cost is
low and there is no difficulty in nounting. For
exanple, a situation in which two CPUs are distributed
to the side of a controller and the side of field
sepaxdlm/pm%singlww, synchrsidatiome clan be axefltanitlc fiRpdcoto Hwdrem
Z#ﬁgh i npl enented easily. [0095] In the
moreg Wf t described above, the exanple of executing
the sane processing in two CPUs has been shown, but
the synchroni zati on processi ng descri bed above can
HM9§ﬁn1larly be applied to the case of synchronizing
pl @t a rpces
e o B o S R B P bE SRR S
the CtRMs hyrsending ecahmwme! BRs. m{s@0 AP HBithyee dlGvé SPEs. bI ock
di agram showi ng an exanpl e of the case of
synchroni zing all the CPUs by sending a command from
[0097] master CPU to three slave CPUB. [0097] In this
exa as shomn in qu one _slave CPU is
al II“EE‘%F BIRG @F shaweind i 1aorﬁr%’§§§’[h’§ afpepies ayety ayalea
of a (TOFBIURAL %P L 9y ﬁ?@ccﬁﬂrﬂ&h&ﬁﬁh%ﬁfl hﬂﬁl%’i&?ﬁﬂag?slsﬁg
mast er are sequentla execut
mast%méﬂ%:m Sam@ntlhiéf e}f@@:tccébgwmh thg meikstay EPTRLS thel n t h e
n tion processin
corregé;)?la g}??ﬁ% n& (t:%t Inél%e %{%}eﬁp ree% pe%t ﬁv WERIRTRYO Sflﬂg fand
data cempetitation age kespestiveby aneeutCiPhtl l&pb(ﬂ to & Yiedt €lale CRUDEL id

a 22 ycle 1 an third slave CPU 23A in
cycle %ﬁ%"f’ﬁd aﬁ@ﬁb%%e RYSRil g 248 2 GHANBEELY RN Hheyoleat a
Thencgmamehﬁatdn%@gﬁngaﬁﬂl dataeeb%ﬂ&rﬁ&’aﬁ%tafe %ﬁ%ﬁ@&.{te& i he

first slave CPU 2 in the next cycle
respectipdlee Grstslave GRUE 21@;1@ the next cycle 3. Thus, the three slave CPUs are

repeatedly accessed.

[0098]

In this case, synchronization between the stave CPUs is also achieved by
obtaining synchronization between the master CPU 10A and the respective slave CPUs.
Therefore, the need for processing of synchronization between the stave CPUs is
eliminated and synchronization between all the CPUs can be implemented easily by the

minimum hardware.

[0099]
Real time port-based input-output processing synchronously executed by

plural CPUs can be performed by the synchronization between all the CPUs.

[0100]
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repeatedly accessed. [0098] In this case,
synchroni zati on between the slave CPUs is al so
achi eved by obtaining synchronization between the
master CPU 1 OA and the respective slave CPUs.
Therefore, the need for processing of synchronization
bet ween the slave CPUs is elimnated and
sy hoppepe pdepplication wetha inventions roPlimited o He embodiment
i npl enented easily by the  mni mum hardware. [0099]
describRd abotd. mAlpmithe imaremtibn qaplve-vadelp applrdooendnfogmation
synchronously executed by plural CPUs can be
- procesging fstene ripandlives warivok infoirzaionas wWetitasaesafay bystdne CPUs.
[0100] 28 The scope of application of the invention is
not limted to the enbodi nent described above. Al so,
the invention can be widely applied to an infornmation
f0101]pr ocessi ng system for handling various information as’
well as a safety system [0101] In addition, in the
expl atditionpin the 2eplahsibnalesstibed ab6ve; Brecasé of HYIOABIINN]
communi cation executed between the first device and-

communbeatiss exndtedeicteeentilie fitks Mo SHOME seRAEURIIGabYON has
been illustrated, but a formof communication is not

asynchidnBlui 8sninOnicAeorPlss b NRBH St YUY ToaRbf AmmbfitH7dn i B6t
present application is based on Japanese Patent

limitedA® e HhdneshdublRorRfRicalér945) filed on January 31,
2005, the contents of which are incorporated herein by

[oro2]r ef erence. 29

The present application is based on Japanese Patent Application (No.2005-
022945) filed on January 31, 2005, the contenis of which are incorporated herein by

reference.

29




CLAIMS 1. An information processing apparatus
conprising a first device and a second devi ce, each
sequentially executing plural processing phases

i ndependently, wherein the first device conprises:
sendi ng neans whi ch sends phase information for

speci fying a processi ng phase to be next executed in
the first device anong the plural processing phases
toward the second deviggnriigr st determ ning nmeans
whi ch det erm nes whether or not phase information

L R AT bo e R AEY Liplit PRS, FBICER B {Hond
sl BERSENFAEEY ORI Wyl PR,
“m&ﬂgyﬂﬁéggﬁkgﬁﬁggﬁ}rS§5e55|ng phase to be next

execu St "devi ce, and the second device

SR 0ER B SRR I8 e S e

devi,ce i ndicates a pro hase to, be next

filst essin
to be ek brepted ity frsE A By B Phuc) pheosin BREC e the
replies the phase information toward the first device
seconhdeNic®at er m nati on of the second deternining means is

ffi d; .and secon rocess executing nmeans which .
Gt et Tasits qieR NS BOEUAG or (B Gy ipgrmation
) gns &P be affirmed and then executes the processin
fepheﬁnﬁ o e rseRndetrviee ngiGEes e BYICRY I Base pegided dyt the phase
executed in the second device. 2. The information

inforgaliRtb 88d ng apparat us according to claim1, wherein the

first process executing neans and the second process
fég@écmppqg@ e ReNg gpeans which waits for determination of the first

determining means to be affirmed and then executes the processing phase to be next
executed in the first device, and
the second device comprises:

second determining means which determines whether or not the phase
information sent from the first device indicates a processing phase to be next executed
in the second device;

replying means which replies the phase information toward the first device when
determination of the second determining means is affirmed; and

second process executing means which waits for determination of the second
determining means to be affirmed and then executes the processing phase scheduled as

a processing phase to be next executed in the second device.

2. The information processing apparatus according to claim 1,

wherein the first process executing means and the second process executing means
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respectively execute the sanme information processing
and execute data collation between the first device
and the second device. 3. The information processing
apparatus according to claim1l or 2, wherein the
sendi ng neans sequentially advances a processing phase
by sending phase information for specifying the next
processi ng phase after execution of a processing
respeRBS9 H%chiieinb! fadle Eﬁfgﬁﬁaﬁmegﬁﬁ%ﬁ aﬂg%(%c & d-I‘EQ.eCOI]gtion
i nformati on processing apparatus actording to e ai m ,
betwihthe it MAG0e A6 BB RRiQ! the Tirst determi ning
nmeans 1s denied, the first process executing nmeans
does not execute the processi ng phase and then the
sendi ng neans sends phase information for specifying
3. ‘I"H@id?&ﬁatﬂ%gy?&seﬁi{ﬂ% a;%&?asrﬁs 3 brd-gltg]%tolcﬁt%ior g% on

processi ng apparatus ‘accor di ng T 4,
' > i nhat J. t h d .det I Ni .
v e s BEREY RABBOEN Al S5 R b RS Buriencineg
phas TSN EET Mok Bl Selap PERER Bl piFt Pesvbis of o

fi.rst, devi si.n hase information for specifying
Procesfias Hgﬁl&e\{’ (r:tE% gg% PHYHHESE1HE BeSdul ed phase
information. 6. The information processing apparatus
according to any one of clainms 3 to 5, wherein the
i rst. device further conprises first deciding neans
4. 1ps piormatiog @gocesiing muarays srsprdingtoclaishd process
executing nmeans properly executes a processing _ phase
WheEEdR, Vs detPuBiqro AT thi dirstadletermining mRanseisi Aenedvathicofirst
replied by the replying neans. 31 7. The information
Procesy S¥EYENS foappdeest 1Y cxecne danproeessgyphepeawt thenghersemling
to 6, _wherein the second device further conprises
meang sk phaedpiirmgtion i spomiiéte de aegarrowdssingehasy not t he
first process executing neans properly executes a
processi ng phase based on a reception interval of the
phase i nformati on sent by the sendi ng neans.
5. The information processing apparatus according to claim 3 or 4,

wherein when determination of the second determining means is denied, the second
process executing means does not execute the processing phase and then the second
determining means waits for sending from the first device using phase information for

specifying the next processing phase as scheduled phase information.

6. The information processing apparatus according to any one of claims 3 to 5,

wherein the first device further comprises first deciding means which decides
whether or not the second process executing means properly executes a processing -
phase based on a reception interval of the phase information replied by the replying

means.
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8. The information processi ng apparatus according to
any one of clains 3 to 7, further conprising:

comuni cation abnormality detecting neans which
detects occurrence of conmunication abnornmality,
wher ei n when the occurrence of conmunication
abnormality is detected by the abnornmality detecting
nmeans, the first process executing neans and the

7. PRE ARG PO Ppctes a%ﬁ%ﬂhlgs i@ﬁgﬁ%&’%@ DR O Llais §I%% 8.

processi ng phase, ns sends p

Wﬂef%ﬁ) 'ﬂg@s[eb&ﬂi §&icSREfmbL é‘érﬂﬁngeg Sellist de@{d(ﬁ?%e ﬁl%hﬂkgwgﬁﬁ%cides
and the second determning nmeans walts Tor sending
fd [ ' i.nf ion for.
e oY S Ml B35 0ROl fne s
[ : j . e._i-nf or.nat | ocessi n
base o R A Dy R OO L MBS .
wherein the first device and the second device are
constructed as separate CPUs. 10. The information
ocessing nethod.conprising a first device and.a
8. BhR G RE AT Lt it s hah S et e of i 3 to 7.
furth%rocessing phases i ndependently, wherein the first
SMEPEW8npri ses: a sending step of sending phase

i nformation for ecjfying a processing phase to be
CcompRmca %‘&u?‘%@r{nﬁﬁg’h e‘ielt%/q@g dRiAnE e “aiﬁihgd?tﬁ‘és pPggugrence  of
pr QCEeSSi hases toward the second device; 32 a
commqqlga[tioaéyggqrﬁ}aﬁ%g step of determ ning whether or not
phase information replied fromthe second device
whegsi odieasthy grcugessi ¢igcpnaveicafier isbnemalyy dhdepsutgdeby the
information; and a fjirst process executing step of
abnorrality defesting means, the Alattinseress exagating msangandeheiserond process
step to be affirmed and executing the processing phase
cxecytiggyaeHxitoR eEeTNtiag 4 praagesing phase, deditge,seaﬁUg means sends

phase information for specifying the next processing phase, and the second
determining means waits for sending from the first device using phase information for

specifying the next processing phase as scheduled phase information.

9. The information processing apparatus according to any one of claims 1 to 8,

wherein the first device and the second device are constructed as separate CPUs.

10. The information processing method comprising a first device and a second
device, each sequentially executing plural processing phases independently,
wherein the first device comprises:
a sending step of sending phase information for specifying a processing phase to
be next executed in the first device among the plural processing phases toward the

second device;
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the second device conprises: a second determ ning step
of determ ning whether or not the phase information
sent fromthe first device indicates a processing
phase to be next executed in the second device; a
replying step of replying the phase information toward
the first device when determ nation of the second
determining step is affirned; and a second process

axReUdiachithg Ry offdQGHIihRE v&ﬁbﬂl&foﬁl%‘? $hiQ iRRZSGton replied

schedul ed as”a "processing phase to be next execute
o fod 3OS hebr B e bl s
information; and

a first process executing step of waiting for determination of the first determining
step to be affirmed and executing the processing phase to be next executed in the first
device, and

the second device comprises:

a second determining step of determining whether or not the phase information
sent from the first device indicates a processing phase to be next executed in the
second device;

a replying step of replying the phase information toward the first device when
determination of the second determining step is affirmed; and

a second process executing step of executing the processing phase scheduled as a

processing phase to be next cxecuted in the second device after waiting for

determination of the second determining step to be affirmed.
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