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 processi hod, and particularly to an
i nformati on process?ﬂgsggggrg?ﬁé 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
plural CPUs. JP-A-8-221290 is seen as a related art.

DI SCLOIBRORMATION RROGESNING ARRARAVESANBE RESOLVED
BY THE | NVENTION [0003] A nethod usi ng RAM (random
access nemNEORMATON PROCESSINGMEIIHA@Das a net hod
for exchangi ng data 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

FIELD OF THE INVENTION
[0001]

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.

///

BACKGROUND ART
10002]
It becomes necessary to exchange data between CPUs in the case of
performing processing mutually related to plural CPUs.

JP-A-8-221290 is seen as a related art.

DISCLOSURE OF THE INVENTION




interface and the interface beconmes conplicated, so
that failure factors also increase. 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
i nevitable. [0005] Fig. 12 shows a configuration
exanpl e of the case of being configured so that a
shared RAM 203 can be accessed froma master CPU 201
and a PROBLEMEYTEDBE RBSOLYFINBYTHEANVEENTION of
using two CPUs for the purpose of dupl exing of
[0003pr ocessing, information about each of the CPUs is
witten into the shared RAM and al so information
aboAmetlivel whnpeR AVP@andont aavdss mempty) és sdnaratlg cBdfdmpldiedas
it is checked whether or not the sanme processing is
~ a methiud) foRkxohangieg ditadetweea plirall CPIigs.t he ot her i nformation
with my information in each of the CPUs. [0006]
[0004However, the information about each of the CPUs is
I nformati on generated by asynchronous processing in

eadqiiowéver, 18 sediBmetdd} b &lnededshifBo pPpaRTilt RANI s hBRiware.
collated information and a m smatch between the

Also, RAr@68#fe REourfdsQuARAY HaddPdds 8Gs BYa d4t® blhid A8 réqfred bERAS tO
occur. AISO it is necessary to |nplenent an
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y external hardware. Al'so, 1t Is necessary to

Panlcaﬁl‘;{l#% the da8& Bgﬁﬁ’ﬁtlr Aﬁ@ ds'ﬁgité fl@gﬂo% b%?@é&%@é%%% and

ing into t RAM 2 or der
insulaﬁx%glgﬁlgﬂﬂ i§ ?et{i/’l g"ﬁ’? e%’ceﬁ%e‘“@&%érﬁ@w@?hjﬁ and QosE nﬂi‘ease are

cessing o I NCr eadses Focessi
Hmvﬁﬁgéfornance decr eases. [0007] An ObJeCt of the

Invention is to provide an information processing
[o0osfPPar at us )

/

Fig. 12 shows a configuration example of the case of being conﬁgured/s’o/)that
a shared RAM 203 can be accessed from a master CPU 201 and a slave CPU 262. 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




capabl e of synchroni zing processing in plural devices
W t hout reducing a throughput, and an infornmation
processi ng net hod. MEANS OF SOLVI NG THE PROBLEMS
[ 0008] The invention provides an informtion
processi ng apparatus conprising: a first device and a
second devi ce of which each execute a processing
accessed dieopethedwolGPUseby extermaliandwdrag Absos it whnechsseryatoudipst a
conmuni cati on between the first device and the second
timingiefreading frofn the sharecdBAM 26X anditvritigg Ao thendhiared ReAic203d8
a processing in the first device by use of the
order aynthroniat poressingtbdtweaahe CPARMs@thaesobesing ooeahsad
executing part which executes a processing in the

increaSs3 @t rotevsingepdiforiatceddectdagescommuni cati on as a
trigger. According to this information processing

[oo07ppparatus, a first process executing part and a
second process executing part execute processing in

t head bbjedt oFend iaferdidhl i§ Reprovide an %tﬁﬁﬂétf(ﬁl p#8édifing apparatus
communication as a tri gger, so that the ‘procesSing in

capablel s% dh?(;legg ¥t deBsshiptin B aSRIARE WHBBLLRdhEng a throughput,

synchroni ze 0009]" I'n the information processing

andanqgﬁﬁlﬁﬁ{lblﬁ Qﬁ% phcating part may 3 conprise: a
trigger s na endi ng part which sends a trigger

si gnal fron1the first device to the second device;
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

o anal AN RSO THE PR Sy o

Umo&PSIng a reception state etc. of the response signal
The invention provides an information processing apparatus comprising: a

first device and a second device of which each execute a processing independent/ly;/a
communicating part which executes a communication between the first device and 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 a 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




[0010] In the information processing apparatus, the
second process executing part nay execute the
processing in the second device by use of the
reception of the trigger signal in the second device
as a trigger. [0011] In the information processing
apparatus,. an information for identifying_.a .
compriseo HIEEER S AS RGP BhIcH ST rZaer Signal fiogybe first device
signal, .and the second process executing part nmay .
to the gseand; davige; 3nd a ESPPAY %snabre@fﬁeggm W ICélﬂagléeSiaorsmqnﬁff ggnal
by the trigger signal after the second device i
from the saspyd devipretorthe @gsg dewipqywhen theseeand defiice repgivies e trigger
_ processi ng apparatus, the communicating part may
signalexecut e an asynchronous conmuni cation. [0012] The
i nvention al so provides an information processin
apgarthkis oasecthabirstsievige may syn¢hgonidepiocessingdn shesinsbdeyice and
devi ce which send and receive a data each other and of
the secuinil cleviee ubing s eecgption staigreve of tierrgspjonskegigmadent | y; a
synchroni zing part which synchronizes a processing in
[0010} he first device and a processing in the second device
by executing a conmmunication between the first device
andn teeinfiation pricesitg apparatusgihe decond ProuesCadetigng Tt
whi ch execut es sendi ng and receiving of the data by
may efec@feltht PEbodssinpOAihéegatd devideeh R ivf tieretéptivh off € teigger
and the second device after the processings are 4
signal S the RE&UNdZRAicBYs h ey nchroni zi ng part. According to
this informati on processi ng apparatus, it is
[ool1unnecessary to execute processing for synchronization
during sending and receiving of the data since
COMAWN iafirifafio ProR¥RfidlpPatarisVaERAIrifatibh FStidRMYRE aand

t he second device after
processing phase may be included in the trigger signal, and the second process

Y

executing part may execute a processing of a processing phase identified by the t/rig"ger
signal after the second device receives the trigger signal. | |

In the information processing apparatus, the communicating part may execute
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




processing is synchroni zed by the synchronizing part.
[0013] In the information processing apparatus, the
synchroni zing part and the data comrunicating part
may execute a comruni cation by use of the sane
communi cation path. [0014] The information processing
apparatus nmay conprise a determ ning part which
synchd@tizadrtiytbe syiebtdmgingparhot t he synchroni zation by the
synchroni zi ng part succeeds, and the data
c onAcouirdiag it thipafdrnratipn proeessing appaciusyitasehneeessaryitog
of the data when the, determ ning part determ nes
executdprbcdskiag Symwheloohizatioroduringsendidg and receiving afabedata since
sending and receiving of the data nay be stopped when
commhyiivatio iy exadiitehbdtaviebisthe dinst dekick Aad theaseond devizerafter
specialize in an operation of synchronization and
proce§s@igik Byddhréhizad 5 the Bychebrsing pargan be made easily. In
the information processing apparatus, the
[0oo13g$ynchroni zing part and the data communicating part
may execute an asynchronous communi cati on. [0015] The

| NVRthé AfforMatien PEQESSSapardtiN ﬂfer@hélﬁamafngcp%&%naghe data
apparatus conprising a first device and second

commglﬁgzhft?tgge Bir% %Mrﬂg ?Qﬁ@f@& B iR ALE N thd BRREY Ig'é’ation

vice conprises:” a first notifyin
path_part whi ch notifies the second device of the present
processing stage of the first device; and a first
[0014r0nitoring part which nonitors a processing timng of
he second device based on a reception of the

Lo A G R TERIO T B0
st e 5 Dy A B BLOSEEEL A
the data communicating part may execute sending and receiving of the data when the /
determining part determines that the synchronization succeeds. V4

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.

In the information processing apparatus, the synchronizing part ar_ld 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




~nmonitoring part which nonitors a processing timng of
the first device based on the reception of the
notification fromthe first device. According to this
i nformati on processi ng apparatus, the first device and
the second device can respectively nonitor nutual
processing timng by the notifying parts and the
seconghdeied; 2ne giegﬁsmndadﬁnq%pﬁlpﬂﬁ@: a&eqoad gotifngpart which notifies
synchroni zed. [0016] In the information processing
the firsfyjexicgtofi the prasent prosessingrstagsof Hhy sseend daviret #d a sesesthd
~monitoring part may determ ne whether or not a
monitpriegpast whightmaotiiters progessingdiming ef thedirsicdeyidedasgsk onethe
based on a timng at which a notification indicating a
receptipmeaféhenotifioation fooctbe Sirsiglevicage i s recei ved. [0017] In
the information processing apparatus, the first device
andAddosedisg tothts idfovinaton pmyetsmgappantuscthCfick def 06 48] the
The invention al so provides an information processing
secondrdéicgcantregiectivaty mnitbi matuabiprocessing nhiag b tlenabtifievip parts
of which each executes a processing i ndependently,
and the engaitofihg gart andbeth thd deaXes thn b synchi@iiagd) cat i on
between the first device and the second device; a
[o016pt ep of executing a processing in the first device by
use of the comrunication as a trigger; and a step of

exqqyhd MforthallbR pREssNE dppafass, BREPAUNSNGITHE paltYand $ig: Of
the conmuni cation as a trigger. According to this

second FoRTtOTd Pkt MbP A8SAhME WIRIHP 8r ndtfaQfr8&xking tinding Bedch 0B the
devi ce and the second device is executed using

o R B DR s SR bl PRRRTnkS
processB SR N fetlved
[0017]

In the information processing apparatus, the first device and the secong,/dévice
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 uée of the
communication 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.




[0019] In the information processing nethod, the step
of executing the communication may conprise: a step
of sending a trigger signal fromthe first device to
the second device; and a step of replying a response
signal fromthe second device to the first device
when the second device receives the trigger signal.
[0019] 0020] In the information processing nethod, in the
step of executing the processing in the second
devinghe inforanatipn pearsssing methpcthe siep plexpsvtingtheny be
executed by use of the reception of the trigger
commyiigatidn inay compass: astepdd vensings trigger sigoad fronf et device to
the informati on processing nethod, an information for
the secatdnteivicp] angl asteppoleplysigarespase signgl fhem ithecdeoaratidévicet th¢he
trigger signal, and a processing of a processing
first dpvieswhendthetsedanddiebice réveivies tlpgepggaisignal. nay be execut ed
after the second device receives the trigger signa
[0020] n the step of the executing processing in the second
device. In the information processing nethod, the step
of IaxXkcufori@tibh processipmetbal, ifnhdMsp 6F&xetiitthgahe processing
asynchronous comuni cation. [0022] The invention al so

in the @édéﬁii G@ﬁc@ hé ﬁkfo@ésﬂﬂltgi iR helNeBGREEVIE Bl boskedlncd |By USECOf the
first device and a second devi ce which send and

receptiCSTiNStrdgORdign2 ACthe QbR RO 86 a Wilgeh each executes
a processing I ndependently, conprising: a step of

[o021PYynchroni zing a processing in the first device and a
processing in the second device by executing a

C Oy ﬁg&r{g&ao}g ?Idﬁ@é’s‘ihgt a@thaa,_ra%tinfé,%stg&l ﬂ)?%eg,h?yiﬁ gond

devi ce; a step of "executing sending and receiving
poce g s oA L 00 ST AR i

phase Pd'eﬁﬁﬁécﬂ)y fhe tﬁggéf%fgfﬁ'épﬁi& 69 executed after the second device receivg,sf
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
each 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 apparatus, it is unnecessary to




According to this informati on processing apparatus, it
IS unnecessary to 7 execute processing for
synchroni zati on during sendi ng and receiving of the
data since communication is executed between the
first device and the second device after processing
i's synchroni zed by the synchroni zing step. [0023] In
executelprogasfiog fatsyoshromizaimagiunigg sendiegiand receiviog of e data since
synchroni zing and the step of executing sending and
commuaicetion is gxedutédimtwednethe first daviveamdithe secomd Wetiee efterc ut ed
by use of the sane communi cati on path. [0024] The
processitigds pichmnized byebs synghroridvegstepy conpri se a step of
determ ning whether or not the synchronization
[0023Bucceeds, and, in the step of executing sending and
receiving of the data, the sending and receiving of
t heandid Aferiatibe pRcesiicttethbe n tisste et s5h EhrbhiRigh gSing Bhe
determ nes that the synchronization succeeds. In this

step of &&RutineRANNG afd fedeRGES ¥ HE dt, 4 BSinfahRatiBYmBEDbS baRnrd
when synchronization tfails and in that case, it can

byusesmﬁé S & hfuRBatRRGf A i on of synchronization and
return to a synchronized state can be nmade easily.

Km24L0025] In the information processing nethod, the step
f synchroni zing and the step of executing sending

ShSRRLAA e s Yy SRR B
wheth%rﬁ%éﬁt g{r?Zsk/ﬁ%/hrs ié%&ﬁ)ﬁlgsﬂg%eelﬁg ) (I)lr’:rig ttfl?éoﬁ&g( ofdé)@gﬁtﬂfg’sending and
receiving of the data, the sending and receiving of the data may be executed 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.




processi ng apparatus according to the invention. 8
[Fig. 2] is a block diagramfunctionally show ng the
i nformati on processing apparatus according to the
invention. [Fig. 3] is a block diagram show ng a
configuration of a safety systemto which the
i nformati on processi ng apparatus of one enbodi nent is
applhig®] i #blgck dijagragn funbtionally shayingthe infodinmagion processing
configuration related to processing of
apparstys atuooding &1 thomveetioeen CPUs. [Fig. 5] is a bl ock
di agram showi ng a configuration related to processing
of [Riat3]icobloak diagrami showikg g coffjguration afiasgfetyrsysbamiang
sequence of communi cation processing. [Fig. 7] (a) is
whictatht ifoshaion psocessing appapdtes eBsrergntodina i spplisd.a mast er
CPU and (b) is a flowhart showi ng a processing
Pr ofFeE Ul 6 4 Blodk 8laghitn §H3Wring Ircnfigikat{o) reiafedao ipkauasdas bf
showi ng a processing procedure in the master CPU and
synchtdhizatidon defvie@eiPUst showi ng a processing procedure in
the slave CPU. [Fig. 9] (a) to (c) are diagrans
s hoi 1G] $ONblbe RN $hoWing 2 EOMIYuERIInRlatdd 18 'ﬁ_?éce?é_ﬁ% of
(a) shows configurations of individual comunication
data bligiEsSet@nd (b) shows an operation of the case where a
comruni cation state is normal and (c) shows an
op [ . y.
[ Fle[g?é fgf‘s elpéla%ﬂa& %@E‘ﬁ“&o%&ﬁ&% %ﬁb&ﬁlﬂuﬂ&aﬂ@ﬁ‘?{o@si )

‘ . ram snow ng a confti guratl on
. . .t '
o S R A I B R
o 5 AL 38 L AGER lprol B EARSR SR, 10 2
g ¢ LR T B9wnSPIASALS BRSO L IHAL ANnEXANR! Epu

and (b) is a flowchart showing a processing procedure in the slave CPU.

s

[Fig. 9] (a) to (c) are diagrams showing configurations of communicatidﬁ
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 CPU and a slave CPU.




the case of synchronizing a master CPU and a sl ave
CPU. 9 DESCRI PTI ON OF THE REFERENCE NUMERALS AND S| GNS
[0027] 101 Asynchronous Communi cating part

(Communi cation Block 13, Conmunication Bl ock 23) 102
First Process executing part (Synchronization
Processing Part 19) 103 Second Process executing part

DESGRIPREONEH THE RIFFERBYECESNUYERALS A0D SIGNS
Synchroni zati on Part (Synchronization Processing Part
[002719, Synchroni zation Processing Part 29) 106
Determ ning part (Synchronization Processing Part 19,
Sy nitHir oAsymhromous Epmemmiiating Pat {(CafnuhlddtidaBick 13,
Comuni cating part (Communication Bl ock 13,

Comnétonicationh Bdddkd@d3) Bl ock 23) 108 Notifying part
(Synchroni zation Processing Part 19) 109 Monitoring

Par 102( Syifgt Preueks éeb@ting P@C@yatHeniEaidn PiB¢essihg Part 19;
Noti fying part (Synchronization Processing Part 29

11110¥bNn$4cohd PERE dxebBRGRAHASY A bt Ta8essting PRa QD}
29), BEST MODE FOR CARRYI NG THE | NVENTI ON [ 0028

Fi 085 1$yhchroh{ZatioR Pert 2SPHcBrdiAGkn StRgEawBPiinet i onal Iy

showi ng ‘an information " processing apparatus according
Synch}&liigg%nlpg(y&ggihgpm[ngzg] In Fig. 1(a), an asynchronous

comruni cati ng part 101 executes asynchronous
106 Determining part (Synchronization Processing Part 19, Synchronization
Processing Part 29)
107 Data Communicating part (Communication Block 13, Communication
Block 23)
108 Notifying part (Synchronization Processing Part 19)
109 Monitoring Part (Synchronization Processing Part 19) 4 '

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




conmuni cati on between a first device and a second
device. A first process executing 10 part 102
executes processing in the first device using the
asynchronous comuni cation as a trigger. A second
process executing part 103 executes processing in the
second device using the asynchronous comunication as
part 182 exqcytps proqessirmnin thefirst deviaq using thetsynydiegnogs germmunication
sendi ng part 10la sends a trigger signal fromthe
as a triggest Alsadond prasessrexeqingpartdd iexecutes prosgssing én thegeind
replying part 101b replies a response signal fromthe
devicsesumthedsyticheonoos térembnicatiordes\d twiggevhen t he second
device receives the trigger signal. [0031] In Fig.
[0030)(b), a synchronization part 105 synchroni zes
processing in the first device and processing in the
s eclarRig. di€¥), 6 erigper sigaglusendige pay M0y nds!s trigyensighsldond the
between the first device and the second device. A data

first devioanothe sédond dpvits. 1A GespoueGiinabrepBiel pat 20Ib replidiavi Ng
of data by executing asynchronous conmmuni cation

respor@ 5WRENFréMend sdcohd deNdetd thdrst B&viSowRAhE a¥done daliter
the processing is synchroni zed by the synchronization

receivB@ihl tA&ber sig@@32] A determ ning part 107 deternines
whet her or not synchroni zation by the synchronization

[oo31part 105 succeeds. The data communicating part 106
executes sending and receiving of data when the

e O B Sy iy e
devicegagxtYl: p%%er%glﬁ%m sbBd devid@bl E¥Eng 3y chRBol®lommunication
between the first device and the second device. A data communicating part 106
executes sending and receiving of data by executing asynchronous communication
between the first device and the second device after the processing is synchronizpd’i;y
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 processing timing of the second device based on

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

11




second device 152 of the present processing stage of
the first device 151, and a nonitoring part 109 for
nonitoring processing timng of the second device
based on receipt of notification fromthe second
devi ce 152. The second device 152 conprises a 11
_notifying part 110 for notifying the first device 151
notifyiig naplel 19rfes eeiifyipedheSest deyies tghe present peecesringiEegecel
152, and a nonitoring part 111 for nonitoring
the sepondlodeyisie 1§21 andi angonitoringpartf § 1 Sor menitaringlBocdssing dining of
recei pt of notification fromthe first device 151.
the firpt0d:31ke 1Ak besddouti neeeipt afinotifieationffoomhe finst gevaeeelsdi ng
apparatus according to the invention will be
[0034Yescri bed below with reference to Fig. 3 to Fig. 9(c).
[0035] Fig. 3 is a block diagramshow ng a
conAn gmbadineat of tha irfafmdtiongrsdessing appadatadaccoiting to the
i nformati on processi ng apparatus of the present
inventistdRill beeddsciilsedetitidw @dth réReensateFig. 3 sy/Bigeofd)s a system
for taking necessary neasures while providing
anspotification of an alarm when abnormality is observed
In a field device in order to ensure safety of a
pl amk. 3 is BiiSckSdhghih o EsnfipBfbhiofl 6F 8 daf stedd fo vlich
t he %Iant contrd?hsysteégy%ooé%? As shown ﬁﬁﬁﬁig. 3,
r

the infoRBatPtoc&SME aBharitis be fReGRERA1 G0 dBmERNS alghie_a. 2nd fety
Integrally managi ng and controlling field devices 1,

systentis a sgséﬁﬁ_?)r@eﬁd nécssafy fMashifes vﬁlil%‘éﬁ’éﬂﬁﬁ%%ﬁ'ﬁ@aﬂ@l of@n
arranged 1 n each part “of the plant, and”i nput-out put
' : : ' r I
slarm 38 iorpraliy s gbserl O BRAE o e B er 0 pSREHIBly o ant.
) . CQl rough a
This s sysEhis SARRERLF R b Pk PEEHIE ShiR) syl ©07
onnected to the input-output devices 3 through .
erm nal boards 5. [0037] N

As shown in Fig. 3, the plant control system comprises a controller 2 for ,

[0036f

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 belqw, 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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As shown in Fig. 3, input-output units 3a, 3b,... for
executing interface processing between the field
devices 1 and the controller 2 are nmounted in the
i nput - output devices 3. As described below, in these
I nput-out put units 3a, 3b,..., the sane processing is
executed in a duplex manner for the purpose of
i npifigy regd Bedré block diagramy ho8$lg 4 parFpiyhe canfigwiationeafdhe
bl ock di agrans showi ng a part of the configuration of
input-diitput uniBat - duthewmbodimheraan dxampheofenipoutfompricessimg an input
exanple of a unit for processing an input value
value inpptiéd fomfthesidé betheifddd dévidehewhicklida dewhsteeain prbtash and
a downstream process and outputting a PV val ue
outputting @ PS5 Galiveadpredess valtid)ao shedsideodf théreorwiler D thich id anhi ch
is an upstream process is shown. [0039] Fig. 4 shows
upstredmRodesOidisBéwRAN rel ated to processing of
synchroni zati on between CPUs, and Fig. 5 shows a
[oozofonfiguration related to processing of data collation
etc., respectively. [0040] As shown in Figs. 4 and 5,

t herih NPIowR WL ddMtigitatibn Afaté@tEPrbER8ing oFBiicBFontzRkon b6
andI% sl ave CPUlggﬁléﬁd theﬁﬁispec?$8e CPU?fO agg Csﬁen

CPUs,izérglgg%%;ﬂa’sgl%ﬁs?.eco%ﬁ%gr?ti@ﬁ RERES 11 0B HE OF Hata collation etc.,

the CPU 10 and The CPU 20 execute
ggnosi s of peripheral circuits nounted in the
spective peripheries. [0041] (Configuration for
[0040 ynchroni zati on processing) As shown in Fig. 4, the
ster CPU 10 conprises a synchroni zation processing

park Sk FRACAUAY BOLRTALERRINRPS: SHRSHOR Rl ePU

bet'wee
10 and a slave CPU 20, and the respective CPU 10 and CPU 20 execute the same

respecgjv
re

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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a comuni cation block 13 for executing asynchronous
communi cation (UART) with the slave CPU 20. The sl ave
CPU 20 conprises a synchroni zation processing part 29
for executing processing for synchronization between
the CPUs, and a communication block 23 for executing
asynchronous communi cation (UART) with the naster CPU
synchiddizatibDOAlR be deweribedbbetowCPU 10 and the slave CPU 20
execute the respective processing while obtaining
[0043pynchroni zati on by communi cation. A processing
procedure of 13 synchronization wll be described

(Conffgﬁlra@l\‘yn foﬂ&ﬁ&i’ﬂm&e@ﬁﬁ@ guration for other processing) As
own in Fig. 5 aninput value fromthe field device

|1 g5 dHomitih b 150ak Rput PR ﬁbm@ﬁyﬁélg debice qg?l@ﬁttb&‘%e

part 71 and an [ nput buffer . A peripheral circuit
1Q
onsf iy g bt of e g ST e

of the %Eﬁfgﬂu}fggﬂg@ gtep PP 0 1§ alidghobdi! i Il(i:de%n% Pf?c‘.gf YN 0Ksh G,

the = preserice or normal ity

oA O T Pl Ao T
Pfese“%ﬁ%ﬁnst%@%"o‘%faﬁg& H3%y Rt the SRAREiERlashdectl THERRSAB0r |\
absendfr g horpali. o1 8 peSbRRREEHE T BhEiERrhed GrBuémE of

abnorgfior it nz%?ﬁi%?@%wﬁﬁd A R
cPU s GranddicpRrmaRot b SEenosl Sttt Domostr o bl reni .

77. Al so, a signal outputted fromthe input buffer 73
[0044] 5 inputted to the diagnostic circuit 77 and the

Similarly, the same input value from the field device 1 is inputted to the slaye
CPU 20 through the input part 71 and an input buffer 73. A peripheral circuit 76 ;f 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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presence or absence of abnormality of the signal is
di agnosed. The presence or absence of abnormality of
the peripheral circuit 76 and the presence or absence
of abnormality of the signal outputted fromthe input
buffer 73 are inputted to the slave CPU 20 as
. diagnostic informfion tr_o;n the diagnostjic circuit, 77.
diagnpstig pa1t 120k Feseiving fliggngstiainfqrating &Ry thediasnesticgigit Jas
a PV value processing part 11 for executing o
and exgepiingghnogmalrdstection apd detemmipatigneand geperating o platusygigleis a
_ inputted via the input buffer 72 and maki ng
diagnessisvesuli on into a PV val ue (process value) of a fornat
capabl e of processing in an upstream process which is
[0046] he side of the controller 2, and a 14 diagnostic part
12 for receiving diagnostic information fromthe
di afylsosthe master CRI 107&mpaisds the@ommunicagion blaekl13 for
detection and determ nati on and generating a status
executihg cémmanigatich wigh gt slaver@0 R0, anld AlcddE géhesatjont faet aforer
CPU 10 conprises the communication bl ock 13 for
adding 1 €RQA (Cy@lic Reduindanay Check)icble fddeamsipaate GBhte?fh a BWdahue
code generation part 14 for adding a CRC (Cyclic
and a Raflgndancy Check) code and an update counter to a PV
value and a status. [0047] Also, the slave CPU 20

[0047F0nprises a PV val ue processing part 21 for executing
arithnmetic processing with respect to an input val ue

| NPAtsb. Bfe Made EPE J0dUniprides 4 BV vaRiedt6cessTRE ?ﬂﬁ 21 for executing

conversion into a PV value (process value) of a format

arithnfefiP ?Rlc%ssﬂff wiR F&Eé&t RS ath thput PudRPhit &PHL REOEFSHuMEE 88 and
is the side of the controller 2, and a diagnhostic part

i 25 o RIS il AQLAS ) PSR G b
the upstream process which is the side of the controller 2, and a diagnostic part 22 fo/r/
receiving diagnostic information from the diagnostic circuit 77 and executing abpoﬁnal
detection and determination and generating a status which is a diagnostic result'./

[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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detection and determ nati on and generating a status
which is a diagnostic result. [0048] Also, the slave
CPU 20 conprises the communication bl ock 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
13 arev@mperedrad ®qsdlezed $n an ¢q@H4tioNeett, 1 San Eopalizationis mbcedshiag
present unit will be described. [0050] In the master
for eqGtidinkOa status haddial gethe nadsted GPU 1 hendla sigtve hitndledBy thekPave
and a status which is generated by the diagnostic
CPU 21ar tIn 2k jualizatios paita 5 ODR infdrantbn $boR€ theistabskes Ishfeaergted.
comuni cation by the communication bl ock 23 and the

That i§, WHSARitB &t dtAs PdRGles dBnckmalifySinGRORRARREtRAGaadSalt zed
i'n an equalization part 15. "Equalization is processing

abnorﬁlaﬁty@g : a?éd f0the cﬁﬂtaﬂea%tahfmh@dpmect tBQh@&%e%’enQBﬁbtlQart

and"a s us handl'ed by the slave . I'n the
14, ROHSHBET bAEwRAE Etatgcées lgﬁdleafbgfrtﬁ@ﬁ"ﬂaﬁgr @PUUFO dnl€he slave CPU
statuses 1S generat ed. i's, when either status
20 are sggﬂeﬁ g;/g?) Mﬁé ﬂatr r(‘)désstl al?tgﬁlatjhé allepupalt 15, its
normalfity 1s ang d to e captured status and is

KmSlEassed to the code generatlon part 14. As descri bed
el ow, the statuses handl ed by the nmaster CPU 10 and

or 2V Bl b%ﬁz??ﬁé@% RbePR9hE U 8\ e e
generat%gnfpﬁﬁt %d %v&}evgr ﬁ/ %n%?mg{lt?/c i‘c’as h)lgs R {ectv\,é ba§‘ed% ve n

code genera i on | 1

pocegde il el v e GiFEF Lo S P genesttion
pmtl%&%g gaw$w_ﬂ§gé?giggde generation part 14 is broken
[0052] V.

In the code generation part 14, a CRC code is generated based on the §tatds
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 toa 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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[0052] In the code generation part 14, a CRC code is
generated based on the status generated by the
equal i zation part 15 and the inputted PV value. Al so,
every time new PV value and status are inputted, a
count nunber is updated and a code added to a CRC
code is generated. In the code generation part 14, a
code genermtiompatt: 24 aretdollatpy/invatereparison pag tldt udhe corapazion padd 7
and the count nunber is generated by adding the code
decideg ¢lrad itdis eohormaliwherpa trienash betiveen botll thehammesais dstectEle As
count nunber is increnented every update of the PV
describveal hedovarby penformingtsimilar{ppo&33ingako amtheslave ICRU 2@ thémmaster
frame created by the code generation part 14 is
CPU 19 diidIthe $lyveg€PE R2atmstudlly doliatecthe etige pricadsingresdtr witR dyof
the slave CPU 20 and is acquired through
processidpFesuiltGat idecidb yhat hés staisrmal widn DmisiabekoctdrsanWihdneall the
comuni cation block 13. The frane created by the code

proces@ﬁlg% el RAstATRU 16 andthetshe (CPANRO Gridind bbth thOEaméd
code generation part 24 are collated in a conparison

match R& treshi -of EORatioATR #e Ripalidéd pakv17.deci des that it is
abnormal when a mi smatch between both the franmes is
[0054}get ected. As described below, by performng simlar
rocessing also in the slave CPU 20, the nmaster CPU
10 18R %o chbAYE tyFiHe €9ddBHnAkbY p&R 1143 Suthitfeddbhf butput
The gg ﬁﬁ}\iﬁ-}?h ny ) egsi ng resh‘FtFe and outpd

processi ng- resu proc

Ty BB S B YR SIS

B, 0 e ML R P i
T . . i OF i

outpu 5 £ < 5BELA PR 5 982 ARBSLAALOR Ml Gl o

ed to an . r 'S an upstream
mismalteh betwaen th@%&%g is d’j‘eterptesc’ir{%tacc%m%%}i%epnartbﬁ (I;]f thg S a\f/e[ éﬁﬁszg,
an output of the frame is broken in a fail-safe part 79. / /'
[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. Inthe
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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is detected in the conparison part 17 and in the case
of deciding that it is abnormal, an output of the
frame is broken by a breaking part 18. Al so, as
descri bed bel ow, when a m smatch between the franes
is detected in a conparison part 27 of the slave CPU
20; an output of the franme is broken in a fail-safe
processmgtin #@. equalizaspn Eart 2heanonpgrof lzekly valuettdthesiode ger@rution
20, a status generated by the diagnostic part 22 and
part 24isdtreltandyvdbredking pgeér at ed by t he di agnostic part 14
of the master CPU 10 and is acquired through
[0057Fommuni cati on by the communi cation bl ock 13 and the
conmuni cati on bl ock 23 are conpared and equalized in
an Ig ghuadode gehapaxigragdrt 265 a GRC tbde is gemethied dhded dn[ihe §tatdS,
OR information about the statuses is generated. That
generdt&d by A8 RquAizhth@ pdit 23 st the thpuiate@ P Vol Medlkd, ¥véry tinfenew
equal i zation part 25, its abnormality is changed to

PV vahld@né 8fiudlaeslinpliddi s Bf futbRARIPdated 2h#1€ c6@IRIded to 2 CRC
generation part 24. [0056] A PV value generated by the

code i€¥entltste Flh%‘ee&ﬁie%%&@ﬁdn pakt 28 aGtaveimh@e bthRe PYURIue, the
géneration part 24. However, when abnormality of a

status,scflé‘q{@ dodie 4Rd BfelRUnPRR R r MbehdrafldfERRIHEANE Boddl nerated

equal 1 zat1 on part 25, an I nput of the PV value To the
[ rteR4. i j
s SIS YORRY B R0 aPBL TR s B, B St o

j eney. ased on the status generated by the
thep\é‘?qa&'%%h?gplégt%u}%art 25 and the inputted PV value. Al so,

[Oosgﬁvery time new PV value and status are inputted, a
ount nunber is updated and a code added to a CRC

¢35 uo0ga] Aok Bt AR LB

which Sggﬁ@fllgﬁ% égrlljerr]ztlte(li] gy %rcoidg g eeggt{o%tp%gt P4y otatﬁg |mr,‘11 e1t EﬁUCl%da%q | is
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 both 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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thus to the PV value and the status. The count nunber
is incremented every update of the PV value and the
status. [0058] The frame created by the code
generation part 24 is collated with a frame which is
simlarly generated by the code generation part 14 of
the master CPU 10 and is acquired through

outputpatiifhi cati on by the conmmuni cation block 13 and the
conmuni cation block 23 in a conparison part 27. It is

[0061feci ded that it is abnormal when a m smatch between
both the franes is detected in the conparison part 27.

(Procqseing ploodihene of sgnoliramztioh) bet ween the franmes is
detected in the conparison part 27, a reset signal is
out¥extf £protessimgtpnecedorepdisisdhnomzation bétweeed thes mgstee@PUd 0
the master CPU 10. In this case, the master CPU 10 is

and thkglave AP 2@ st badekcabedd utAnudesaibedrmbovd, riathe rhastertCRU 10
output part 78 is inhibited. [0060] Wen the output to

and the RRive MPRLIZO, Pafatis éSchafgddiRir&l tiath andpb@tgta & collagedc 0Rta
nunber is stopped, so that it can be recogni zed that

result @Rt iieh tigfing B{T%bﬁ@dsing fin b6thsh®CPEH iH¥ff WapatateRb&ssing1g
to the count nu in an upstream process of a

result SUBBRAVRIY timb agiS dabbRin drGorhFared bl nR@hitcl 8f collatE 1]

(Processing procedure of synchronization) Next, a

occur®! OEES Risilf oPThRC ﬁqyﬁé’ceﬁarysﬁ)? $bihané C?USQG aﬁ@a&%%buwkﬁe
master CPU 10 "and the slave CPU 2 bé descri bed.

same &Fer'ﬂﬁ)?ﬁB ‘tﬁée%)p%%’seof th@etﬁﬁ@dlﬂﬁﬁtt e F[hg%%réocon%ﬂlsw&ﬁ”{)ﬂ%ed

ave CPU 20, data is exchanged in real tine a
so thafREAnininE R sbA £ thiSside of the master CPU 10 in a constant cycle using

asynchronous communication (UART) and the slave CPU 20 can execute processing in
the same sequence in synchronization.
[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.
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result of this, when timng of processing in both the
CPUs is off, separate processing results different in
atime axis direction are conpared and a m smatch of
collation occurs. As aresult of this, it is
necessary for both the CPUs to al ways execute the
sane operation in the apparatus of the enbodi nent.
[0064Therefore, control is perforned so that a conmand is
sent fromthe side of the master CPU 10 in a constant
cycligs.uga)end 7¢ls)yshotw procedares off synvhoaization prddeSsingindhd he
slave CPU 20 can execute processing in the sane
mastes EQUEITgnd the Sive OPUL (X atThese probédards aré gxectited Haged on
di agram showi ng sequence of comruni cati on processi ng,
contralid@tiel @ﬁchroxﬁ(zét)or?rdce%éiﬁ péait @ 9folf eheGhast érSCRD QBiafid the
processi ng procedures of the master CPU 10, and Fi gs.
synchfdriatiah r&@mnga%a?t 39 erebaki s CPUOMW. Ng processing
procedures of the slave CPU 20. [0063] As shown in
[0065f' g. 6, the master CPU 10 having a control right sends
command to which phase information indicating a

pr %%ﬁéhﬁ&epbﬁﬁeloeé esMhfafld Wseht® th&RatEEPEH 1h§te? Heot

to the slave U 20 1n a constant cycle. As de

Fig. 7@12' OfYerd fifR coﬁln?a\ﬁﬁ ik @o&ﬁéﬁ‘ﬁb %blﬁglu%l?gg&ggfo?ﬁ‘h HE) Rase

ecute$ the processing phase specl

ConStJtanﬁﬁg% h%g ?ﬁs %ﬁg%&%%ﬂ%w ep?lﬂg%qgf r es ponse to
T S e A

com ﬁ%) shOM/procedures of synchroni zati on processing in
g master CPU 10 and the slave CPU 20. These

rocedures are executed based on control of the

ynchroni zati on processing part 19 of the master CPU

[0066§
10 1@&% sttQpeSZ waits a reply of reSponse from the slave CPU 20 and when the
response is replied, the flow proceeds to step S3. In step S3, a processing phase*d%the
slave CPU 20 is monitored. That 1s, it is decided whether or not the phase information
indicates a correct phase shown in the command by referring to the phaSé information
included in the response. When this decision is 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 slave CPU 20 is 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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synchroni zati on processing part 29 of the slave CPU
20. [0065] In the master CPU 10, a conmand is sent to
the slave CPU 20 in step Si of Fig. 7(a). Here, the
command is sent through the comrunication block 13 in
a constant cycle by asynchronous conmuni cation
(UART) . Phase information indicating a processing
[0068phase i nmedi atel y executed by the master CPU is added
to the commuand. [0066] Next, step S2 waits a reply of
I eshhasigess, raqmdelﬁ@nﬁﬂeﬂ\mo@?&ilng Phaye proloessingtphase indioped b¢
is replied, the flow proceeds to step S3. Instep S3, a

phaseRAfRERESI ¥boRh e Rofimaint entSh 8i¢p STPId eBciitéd. MimMitebOidof furll-
That is, it is decided whether or not the phase

dupleklﬁg‘ébﬂﬁ{dn%uoh RdhElaleBin@xeQUToORDF RS 8essing \Phaden tTAE full-
command by referring to the phase information

dupleiél?lg 'cHHl%ﬂmiJ&tlBﬁ‘ ?s PreSRARS for sHiERarBhsty Q&Ydu%h%tvb&-wa hi s

i rmed |'ow proCeeds to step S4 an

comrﬁ?lﬁ&'él@ﬁn?ﬂeﬂv%ergﬁfé'lﬁﬁtertdﬁ] 10 QWM fSHLE TP P26 Eﬁﬁ’% ggn apops

In step 44 processmgtlmn of t

comm%glc'aﬁoygﬁ‘)\k?%e%ro &ﬁltélg of the! ﬁl&g%plfgﬁlg c%?rgm}(w&tnlaﬁt eg{ At

essing i1nt ave execu

maste? rbgﬁfo ﬁlkl@d?@ﬁ)ropf%ﬁlﬁlg f&nse 1}}1n§ e ﬁérﬁg zﬂﬁg fn\é?é oﬁé ?Walﬁ%l a

eVIOU rece

s R Sl B 50 S0 PR
cru AP EESHOIR 0 T 00 0 RIS Bal
and 1355 PR SIS L LRSSERLD RIGRR APLISRIRL
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 S5is
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 received, the
flow proceeds to step S12. This command corresponds to the command sent from the
master CPU 10 in step SI.

[0071]

Next, it 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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phase i nformation about the command sent instep Si) is

executed. Execution of full- duplexing communication
is included in execution of the processi ng phase. The
full - dupl exi ng comuni cation is processing for

si mul t aneously conducti ng two-way comruni cation
bet ween the master CPU 10 and the slave CPU 20 using
returngdg e r’'dh 6od whew thisidecisen isrdepigdRy flomr proessds trgstef Sthe
full -dupl exi ng conmuni cation in the nmaster CPU 10
[0072]ncl udes processing for sending the frame (frame nade
of a PV value, a status, a CRC code and a count
nuninestgp Q13 atphhecessiag phase of trei thaster IRV @0 isomoitored. avEhat is,
CPU 20 through the communication bl ock 13 and
it is dpeidbwhether drawot please infongatidndndicatera camett phase dyatfeaing to
descri bed above sent fromthe slave CPU 20 through the

the plassiiifioringdioh dicludddds kheledbmmmAHI6 O ]WKH tfs deoRioarislafifrmelthe
processing phase including the full-duplexing

flow Sr0688dB ke atp S addWhéd DY deisignis dbsled HBOASW rétfhs to steﬁ S11.
processing fromstep Sl to step S5 IS repeated wt

[0073]espect to the next processing phase. [0070] On the
ot her hand, in the slave CPU 20, step S 1I of Fig.

7( by s\e@;j $84, ?Rﬁ:@&ﬁﬂgoﬂi}mn%fofﬁ‘h&&m@qmls ﬁfoﬁﬁbﬁeaet That is, it

mast er 0 and when the command is receil ved

is decfde@‘%lféﬂfé? %,eﬂét drceitifp nﬁ;:hg mabt¥r & PELTOBRCh CREb RS dpgﬂ%ﬁpéro

he command sent fromthe nmaster CPU 10 I n ste

tlmlné HRéd bn Iﬁ'%ééegtlbﬁ ldtévglbquo% i?l’%tag)?)‘int% #iRRLof the or vious

conmmuni cat | data a the Trecel

receptfGH % L&rm%wmg %deﬁ{]or@%?ﬁé-@n%&%cﬁqﬁ ';tesl%lPafw%ﬁhe

or overru occurstinste

decméﬁq1 Spstgf; S§4 ?seﬁ’ﬁﬁﬁ&ﬂ tﬁ ﬂo% E}orc@?dl 'to tst%s S IIS%YYd W%en the decision is

denied, the flow returns to step S11.

[0074]

In step S15, aresponse 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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returns to step S11 and when this decision is denied,
the flow proceeds to step 513. [0072] Instep S13, a
processi ng phase of the nmaster CPU 10 i s nonitored.
That is, it is decided whether or not phase
information indicates a correct phase by referring to
the phase information included in the command. Wen
statustdescsibeé abmiedo thesmadtén CREg d 0 thrioegh fhe camprmiaéds biask 2B epd
S14 and when this decision is denied, the flow returns
proceésingsfoe pecéiliing th¢ 683 ]Jand st sequSdeberilpsdoaboss seiy ftomnihegnaster
the master CPU 10 is nonitored. That is, it is
CPU Ueghrslgh thdhedrhaiiniostiohtlogk Z8zessing in the master CPU 10
can be executed at proper timng based on a reception
[oo7éjnterval (interval froma point in time of the
previous reception to a point intime of this

r eCEAEA 188 indPbf thd Brocesiii hasd McRidRR the filll-dyi&dng he

decision of step 'S 14 is affirmed, the fl ow proceeds

commhﬁwﬁﬁ@tp the flow MRS Re S‘S Re1 Qﬁ& I%b&@m Srom! @t@ﬁ%@l td §8p S16is

low réturns to step Instep

ESRANS b dx® BrdcQsst ter CPU 10. The response
repeat{es sentéape oﬁﬁ% gg csoS ni catl on bl ock 23 by
[0077§synchr onous cormuni cation, (CART). Phase information

bout a processing phase irmedi ately executed by the

e e L e
full- dlgg%ﬁg%g%%aﬁlﬁsé& e B P ERRR) e BT YRk B PR

i ndi cated by phase i nformati on about the command
‘received instep S11 is executed. Execution of
[OO78LU| | - dupl exi ng comunication is included in execution
f the processing phase. Processing of the

f glcl{'lgg é@)gﬁ)’( Ig{jcg ggqotlln{gg £ e at g%*n:ggco%lﬁ%ura ions of comn%u%lcatlon /

frames, and Fig. 9(a) shows configurations of individual communication ﬁames,/and

units

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 Valﬁe, a status, a CRC code and a count number) and the
status described above, respectively.

[0080]
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frame (frame made of a PV value, a status, a CRC code
and a count nunber) and the 22 status described above
to the master CPU 10 through the comruni cation bl ock
23 and processing for receiving the frame and the
status descri bed above sent fromthe master CPU 10

t hrough the communi cati on bl ock 23. [0076] After the
endyaén 4 BEMMLAIRRSE figte iuisenal, Peddeeding of éxehange between the
full -dupl exing comunication, the flowreturns to

resporisk 8Rd ﬁe%nﬁﬁ%dﬂbﬁ%&&oﬁﬁaﬁér@dﬁhﬁés@@ irSprocéssing phh&unit@nd
is repeated with respect to the next processing

proceSMBIT subddlent dieking caRRNRAICRTIOE AR REARIPEPOAES as §HdWn in

synchroni zation processing and the full-duplexing
; [ [
Fi S TCBISASHEILACAAERE 1 i Rt Srepribins
execu#eh s neﬁkﬁlrotn Qﬁ)Wl %aftp&ﬁblglﬂrtﬁé §}§r @f’UCfUHHthé:ﬁH/@@PU 20.

ows configurations o
nglgnd|V|dual connunlcatlon frames,; and Fig. 9(b) shows
n operation of the case where a conmuni cation state

ca BT Raprhlty i ReRlorhiLaN i Ol PEYE i il P
recelvwgoﬁlges?%n%ﬁf em rg%qggg%é dgfls%)n rsrérrg r§cﬁ( &%p sfy 8€srté&e§lé%f
s 9 b Pt S SRS, R, o
i i g @?@a@z\xﬁhﬁgxecuﬁng

received fromth ve U_20, resp tiv

e
proces§ig A ithsaRfosssspe pﬁe%?@nggtrsp VR SO RGN A e
decision of step S2, step S3 or step S4 of Fig. 7(a) is denied, so that the master CPU 10

also sends the next command without shifting to processing of the processing phase -
(step S1). /
[0082]

As a result of this, while communication abnormality is found 'aé 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 communication
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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the frame (frame nmade of a PV value, a status, a CRC
code and a count nunber) and the status descri bed
above, respectively. [0080] 23 Wen a contmuni cati on
state is normal, processing of exchange between the
response and the command for synchronization di sposed
i n processing phase units and processing of
made safilgequent dupl exi ng communi cation are alternately
repeated as shown in Fig. 9(b). By sequentially
[0084] epeati ng such phase processing, the same processing
Is executed in synchronization with each other in the
masKiett, $okbstidg i cthel dage Whaoflundtion hBRSHhliM e@mtinues will
abnormal ity (comuni cation abnormality) occurs in
be desefiBéi.Nng and receiving of the command and response, a
decision of step S 11, step S 13 or step S 14 of Fig.
[oogs](b) is denied, or a decision of step S12 is affirmed.
aresult of this, the slave CPU 20 becones a state
(st hil falpav::t '
exggg%ﬁgé%hg?g?gggﬁvggg%ﬁﬁ%gﬁﬁgggessiEgc%%gﬂgﬁénd a
_ . ! _  deel sl ¢
commitadolbr BERRYSEudcs i WAghiShPaiaR frooBindc R S e

case &Vé%f‘z{]% %(%}ﬁlélgl&? {u?cf a fdspbrid catlof Be §7?&?ﬁ%€#1&/ep S@Eed% 2

Ing tO processing o e processing phase

t 0] As a result of this, while
numb%ro%%oﬁlggggl gﬁssg glr%lnegl ity is found as shown in Fig.

(c), full-duplexing communication is not executed and
t shifts to synchronization processing of the next

' o Fi g hows., t.h wher e t
Confitmiti G B dering vhgof AR s ih B CE O fgoation
abnorlglgl?t?r?n gteg1 %glt h%h%%%&éc?s%nl i% rallﬁ‘irsr’r}e E ’Sler oW;grrc])geeldg t Islcgf? §22

and when the decision is denied, the processing of step S21 is repeated. It is decided

[0086

whether or not the communication abnormality continues for a predetermined ti/m/e;or
longer in step S22. 'When this decision is affirmed, the flow proceeds to step S23 and
when the decision is denied, the flow returns to step S21.

[0087]

In step S23, 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 S21. When the decision is affirmed, the flow
proceeds to step S22 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 S22. When this decision is affirmed, the flow
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[0083] Thus, the present enbodi nent is constructed so
t hat when synchroni zati on processi ng does not succeed
due to communi cation abnormality, exchange of data by
ful | -dupl exi ng conmuni cation is stopped and
synchroni zati on processing of the processing phase is
prepared. As a result of this, return froman abnor nmal
proceedsdp step 533 laad ahenghiedesisinn iy denipdobaflowagtumspe stepsilng
of the case where communi cation abnormality conti nues
[0089Wi I | be described. [0085] Figs. 8(a) and 8(b) show
processi ng procedures of the case where conmmunication
abnimrsoapl $23y ax opdtieangmocess synutified of thetaboornpdioe e SBiengg reset
for exanple, the case where a command and a response

signaldgoaiptittébinestep BMAgE L. @Y etid the miascke (IGPUTL isdorcediylreset.or
nore of processing phases. [0086] The master CPU 10

There8ft€ the prodesdifieis eadedrot it is in a state of
conmuni cation abnormality instep S21. \Wen the

[oogofleci sion is affirmed, the flow proceeds to step S22
and when the deC|S|on i s denied, the processing of

St eRs Sekbrib&d ARRE,h ekb predent éms&ﬁhﬂﬁpl the M ECP U and tHe slave
t he comuni cati on abnornallty continues for a

CPU ﬁ 4L RIS év'e%r@f:esmhg ‘ﬂ)ﬁ&‘sre §%hat @R sahe profBRihgt éma§e can
decision is affirned, th | ow proceeds to step

alway@BE xR Hef\’?eeﬂ%é ﬁ:l;cPOPU§ d?ﬁute;sd th L}S}scéskl ph&deUs BRechiRd
step S2 1. [0087] In step S23, trea process is

in the @ﬁ% Creth Phsidd BRI IR coindn sgnt fflam MLAE CPU 10in a

constant cycle as a trigger, so that the slave CPU 20 can be made to execute the
processing phase in the constant cycle. Also, synchronization is obtained by
conducting communication using asynchronous communication (UART), so that 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 communication state becomes normal. Further, at the time of communication
abnormality, it shifts to a processing state specialized in receiving 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.

[0092]

In addition, processing phases may be executed continuously before deciding
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processing is ended. [0088] On the other hand, the
sl ave CPU 20 deci des whether or not it is in a state
of comunication abnormality instep S21. Wen the
decision is affirmed, the flow proceeds to step S22
and when the decision is denied, the processing of
step S21 is repeated. It is decided whether or not

the prédafc£ QAP JF E&ﬁnﬁﬁfb@?é@ﬁﬂﬂoﬁfmﬁlﬁm | NS da8¢, eRecution may be

predeterm ned tine or longer in Step S22. Wen this
Lo . , 3
stopp&EEb R el R st We L ahm M ARBE dondraf a8 nce
solvePt €p S21. [0089] In step S23, an upstream process is
notified of the abnormality. Then, a reset signal is
Rxp3futputted in step S24 (Fig. 4) and the master CPU 10
s forcedly reset. Thereafter, the processing is

e e 0 o,
o SRS B BT RO BB T b

.two CPUs. That .is, the processing phase i.s exeguted
receivig QAASCBITAAL K3 BEPSs B ST BRLASRN G5 & 4S8t SOl of
. fromthe master .CPU %g i.n a onst@na cycle as a .
this, the need £or progessing for syachrpnizat rgg the,fiatp copiyaicption 1s
. .execute the prqcessing. phase in the canstant cycle
elimingfed pnd doia aamypymicatiop by, fgﬂa&@lpﬁ%ﬁ@&%&iﬂ%ﬁ%&ﬂﬁ%@ conducted.
conmuni cati on, usi ng asynchronous connuni cati on ( DART),
Also, sychrogizatipn pad dafp semBEREICATIOR 3re 3HANgRA{82 tHAG SRRISE Maape, SO
for synchroni zation. [0091] Also, the slave CPU 20
that thg|falrduplexiag oBanuniation spbhrondyctsd sdile sising aneayaon

communication path.
[0094] (/
In the present embodiment, synchronization is executed using asynchroh;us
communication (UART), so that it can be implemented by serial communication of only
two signal lines in a hardware manner and complicated mounting is notvsﬁpplied.
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 in 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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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 beconmes normal. Further, at the
separdté PRCENSInG O MAUKY, §Richfohizatibn @inhe exteguted twithriebiest totwad or
processing state specialized in receiving of a conmand
more silvd RUs S| ave CPU and sending a command fromthe
master CPU 10, so that return froman abnormal state
[0096FaN be made easily. [0092] In addition, processing
phases may be executed continuously before deciding

26 Iiig.el a5 %%%%F(ﬁii%?ﬁk%ﬁ%ﬁl% A exGRAPIEYH RALdsE BF synchronizing

abnormal ity. S case, execution may be “stopped

f t c feat i
G B BABGEREAE SPRIG IFT, I, ATt o1

[0097 nmbodi ment, data conmmuni cati on necessary for phase
grocessi ng i s executed in the master CPU 10 and the

Z!,] g\ﬂghlgggaﬁ%% e uassi sﬂ?wﬁ %‘ﬂ & abrﬁg sla& %@U’f rﬁ???%c%cg?&e?mg

Sef'or "synchr orii zati on as a

pro

o s GRS RSBl orn o by
RO e s
e ST L O P ATPS LR LS SELL 8 o
data cpREBRICENTR SREOTOESE MG MBHEPecy R ISHIStR  BH A4 1o
cycle g,xaes%géfddslgvsei (E] aZE}&r;g 2§c°12 (i)bell?ld a first slave CPU 23A in cycle 2.

Then, synchronization processing and data communication are again executed with pa
respect to the first slave CPU 21A in the next cycle 3. Thus, the three slave Cl/?Us(,are
repeatedly accessed. |

[0098]

In this case, synchronization between the slave 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 slave 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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communi cation (UART), so that it can be inplenented by
serial comrunication of only two signal lines in a
har dwar e manner and conplicated nmounting i s not
supplied. Particularly, even for a systemin which
two CPUs are nutually insul ated, the nunber of
connection lines is small, so that cost is |ow and

t hetge icdpBef ng;flifchﬁéﬁ b65thi FrvRNGH iSRGt libREd tEHhS réﬁlbedmtbnt
S|tuat|on in which two CPUs are distributed to the

descrﬁb&i Qb&fe a AGQY) EHeCEth&{tlo‘ﬁ Q:gn BQ Sridhdl§! %ﬂfedftb &h ShrgRYdtfmS

mut ual I nsul ated I n p ant con system can al so

e L ARSI

processing in two CPUs has been shown, but the

synchroni zati on processi ng descri bed above can
[0101 imlarly be applied to the case of synchronizing
glural CPUs and executing 27 separate processing.

P e
oAy TS e 1 om

asyncg;pgx‘@ ggm%ﬁfgéf&éﬁqrs%g ustieit%gﬁga E Org\gl ce:g'[]gmltug}:gﬁon 1s not
|l ocated every cycle. of a processing phase and data
hmlteg AR ASERALTIOUR GEMEPRIGRHONI zat i on processing led by a
master CPU 1 OA are sequentially executed between the
[0102}mst er CPU and the corresponding slave CPUs. In the
exanpl e of Fig. 11, synchronization processing an
dat Bhapresanh ppplicaben ﬁrb@sqde@p@eﬁw@Pgltee&émltceaomﬂ‘WOOS-
respect to a first slave CPU 21 Ain cycle 0, a
0229459 nsTagyary G R00sA thercostentseof whighyarg indorparatefl hewsindpu

23A in cycle 2. /
reference. /
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Then, synchroni zati on processi ng and data
communi cation are again executed with , respect to
the first slave CPU 21A in the next cycle 3. Thus, the
three slave CPUs are repeatedly accessed. [0098] In
this case, synchronization between the slave CPUs is
al so achi eved by obtaining synchronization between
the master CPU 10A and €bAIMSspective sl ave CPUs.
Therefore, the need for processing of synchronization
between the slave CPUs is elimnated and
synchroni zati on between all the CPUs can be
i pi en_AiERdrmaionl prokassihg epparatns sampisigivar e. [ 0099]
Real tinme port-based input-output processing
synghrspaevisd index &ebh@®deide ofthhtRbadhRdsciian phstessing
perfornmed by the synchroni zati on between all the CPUs.
indepbRiLRly; 28 The scope of application of the invention is
not limted to the enbodi nent described above. Al so,

the, b&ﬁiﬁﬁhic%hgtcﬁ‘ﬁ“c RRicHWeded¥esBPRInMBGhiL Ao bet A AR E PN

processing systemfor handling various informtion as

devicwc?ﬁci th8Se@dni AkGLy system [0101] In addition, in the
expl anation descri bed above, the case of inplenmenting

f gg&‘g@i{: g%k%%xgéﬁ&gbﬁﬂ WL ouEeQﬁ p]i'é.creﬁ'gin %lvt. £ 8@ 3vice

evi ce asyncnronous -conmu at1on has

by us%’l‘gﬁ]ﬂﬂ? Eyﬂﬁﬁﬁ{ﬁ%{i&gas? a..f,ggm of communi cation is not

he asynchtornous communi cation. [0102] The
P o fbof BRIk Gl $aR 33 6h BRIAPEEREER Sithe sccond

device by use of the communication as a trigger.

2. An information processing apparatus according to claim 1,

wherein the communicating part comprises:

a trigger signal sending part which sends a trigger signal from fhe first device
to the second device; and

a response signal replying part which replies a response signal from the

second device to the first device when the second device receives the trigger signal.

3. An information processing apparatus according to claim 2,
wherein the second process executing part executes the processing in the
second device by use of the reception of the trigger signal in the second device as a

trigger.
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022945) filed on January 31, 2005, the contents of
which are incorporated herein by reference. 29 CLAI M
1. An information. processing apparatus conprising: a
first device and a second device of which each execute
a processing independently; a communicating part

whi ch executes a communi cati on between the first

devi ce and 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

exe&“ﬁﬁlﬁoﬁﬁﬁﬁﬁl bé&mh%‘ %S atﬁ?E&BijdmgfoV#lﬁ% Py use of

t he communication as a gger or gt i on

pr %ﬁé%in“aql xﬁﬁﬂﬁlﬁﬁ&&‘ﬁor%&l‘ﬁ rr‘ghgg }&egél ﬁﬂajse is ﬁ%lﬁﬁé‘q A the

conmuni cat i ng part gger signa

N art which sends a trlgger SI gnal fromthe
1ngg$§%9% %gglce to the second deV|ce and a response

I t . wWh
7 r o erien gl SRR ewpg%ce%mﬁp 32&31%8%@?% ghase
i . th
dentifify Y ﬁﬁqﬁé'ﬁgf&%@@@%ﬁfﬁ% P sepfio B e el il o
wherei n the second process executlng part executes the
processing in the second device by use of the

reception of the trigger signal in the second device -
as a trigger. 30 s

5. An information processing apparatus according to claim 1,

wherein the communicating part executes an asynchronous communication.

6. 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 synchronized by the synchronizing part.

7. An information processing apparatus according to claim 6,

wherein the synchronizing part and the data communicating part execute a
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4. An information processing apparatus according to
claim2, wherein an information for identifying a
processi ng phase is included in the trigger signal,
and the second process executing part executes a
processi ng of a processing phase identified by the
trigger signal after the second device receives the
comniunigpjen by ugmaf the Samé\cormmbinicatadri path.pr ocessi ng appar at us

according to claim1, wherein the comuni cating part
execut es an asynchronous conmuni cation. 6. An

i nformati on processi ng apparatus conprising: a first
devi ce and a second device which send and receive a
data each other and of which each executes a

pr 0g esah igfoimdRNgREEREhY apphraMOsdtoRithg td@aiRpst Whi ch
synchroni zes a processing in the first device and a

Pr oG8R AicBApkiSestd RS REMAS pahe \Wiich dYerfXESUWAKEr Br not the
conmmuni cati on between the first device and the second

synchééith48n bk §ndRloRi A PRNGAIdd8g Part which executes

sendi ng and receiving of the data by executing a

CONPHEemathe G5ta QSﬁl‘ﬁ‘ﬁﬁ{ba{iﬂg P‘fﬂlt bRdcufls \éé&ﬁlﬁé‘%ﬁil Itzegﬁv@g (6? E‘gt

device after the processings are sync

o t, ' . . . c .

data GRS PGB el Y S A 00
synchroni zing part and the data conmuni cati ng part
execute a 31 conmunication by use of the sane
conmuni cation path. 8 An information processing

apparatus according to claim6, which conprises a

det gr m ni rt which deternnes whether .or_not the
cyrhr S YR SRR A PR i Coeds,
wherei n. the data conmunjc hn%1part execut es sendi ng
andwﬁeé‘glgit ?Wdlc nZing part an: the data communicating part execute an

asynchronous communication.

10. An information processing apparatus comprising a first device and a
second device of which executes a processing independently,

wherein 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 second
device, and

the second device comprises:

a second notifying part which notifies the first device of the present
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data when the determ ning part determ nes that the
synchroni zati on succeeds. 9. An information processing
apparatus according to claim®6, wherein the
synchroni zing part and the data conmuni cating part
execute an asynchronous conmuni cation. 10. An
i nformati on processi ng apparatus conprising a first
devi ce aprbcassingestagecfdeviecendodevide; adid execut es a
processi ng i ndependently, wherein the first device
conpr i ses sednd niditoring piry whirhpasiitora processingf timgtdfehe
second device of the present processing stage of the
first defiis¢@eviedibasad bh tisd ret@piioh @f thechabifichtionfrém the first
nonitors a processing timng of the second device
based ondgi¢ecepti on of the notification fromthe
second device, and the second device conprises: a
second notifying part which notifies the first device
of the present 32 processing stage of the second
device; and a second nonitoring part which nonitors a
processing timng of the first device based on the
recgpt i gh: , [ 'ég%ﬁ r | [ devi ce.
11. felAn @g]fngérr%ﬁ?% ﬁmpcl? %)S(E: 5 |p%%ugspaggélrg" stE ggaz‘%rlg ing to
ol ai Q. L . ! g ,
seouRseit s iR Fichn bt bigt g ABCRL AR} pRR Geleifine
[ . pg.: of t ey [ .
whetl%g §rg rgo% 21 I,Prr](gce%sl}lgr% {nhgm% ofee\%glil? 8}61)&15 d%%tcl 1¥ gg{fﬁ?ial b%s&g;gl{@ﬁlmln at

1on 1rnaicatin

whictfy R LR R gt BRAE Rl bRE b AT el

12. An information processing apparatus according to claim 1,

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

13. 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 the first device and the second
device;

a step of executing a processing in the first device by use of the
communication as a trigger; and

a step of executing a processing in the second device by use of the

communication as a trigger.
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wherein the first device and the second device are
separate CPUs. 13. An information processing nethod
whi ch uses a first device and a second devi ce of

whi ch each executes a processing i ndependently,
conprising: a step of executing a conmunication
between the first device and the second device; a
step of executing a processing in the first device by
use of the comrmunication as a trigger; and a step of

execdit i Ag nﬁoﬁﬁﬂﬁﬁ%ﬁb@ﬁsmglnieﬁﬁ)dfaes&ﬁﬁl%dﬁ‘daﬁﬁ 1By use of
the comunication as a trigger 4. An information
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step of executing the comunication conprises: a step
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t he second devi ce; a step of replying a response
and Signal fromthe second device to the first device

when the second device receives the trigger signal.
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the processing in
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of the trlgger signal in the second device as a
trigger. 16. An information processing nethod
according to claim14, wherein an information for
identifying a processing phase is included in the
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wherein, in the step of executing the processing in the second device, the

processing in the second device is executed by use of the reception of the trigger signal

in the second device as a trigger.

16. An information processing method according to claim 14,

wherein an information for identifying a processing phase is included in the
trigger signal, and

a processing of a processing phase identified by the trigger signal is executed
after the second device receives the trigger signal in the step of the executing processing

in the second device.

17. An information processing method according to claim 13,

wherein the step of executing the communication executes an asynchronous
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after the second device receives the trigger signal in
the step of the executing processing in the second
‘device. 17. An information processing nmethod accordi ng
to claim13, wherein the step of executing the
comuni cati on executes an asynchronous 34
communi cation. 18. An information processing nethod
commiicationses a first device and a second devi ce which
send and receive a data each other and of which each
executes a processing independently, conprising: a
step of synchronizing a processing in the first device
and a processing in the second device by executing a
conmuni cati on between the first device and the second
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devi not .t he synchroni zati on succeeds, wherein, in the
evicg @B of executing sendi ng and receiving of the data,

the sending and r ce|V|n of the, data.are executed
whehSteR 89 a@?%%ﬁ o0 lggm;rs CHRng ﬂﬁe th%?ata by executing a

communication between the first device and the second device after the processing is

synchronized.

19. An information processing method according to claim 18,
wherein, in the step of synchronizing and the step of executing sending and
receiving of the data, a communication is executed by use of the same communication

path.

20. An information processing method according to claim 18,

which comprises a step of determining whether or not the synchronization
succeeds,

wherein, in the step of executing sending and receiving of the data, the

sending and receiving of the data are executed when the determining step determines
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35 that the synchronization succeeds. 21. An

i nformati on processing nmethod according to claim 18,
wherein the step of synchronizing and the step of
executing sending and receiving of the data execute
asynchronous comuni cati on. 36

that the synchronization succeeds.

21. An information processing method according to claim 18,
wherein the step of synchronizing and the step of executing sending and

receiving of the data execute asynchronous communication.
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