PROGRAMVABLE CONTROLLER The present invention is directed generally to a
programmabl e controller, into which a sequence control programis

i ncorporated, for inputting and outputting 5 information to a variety of -
Tocal intelligent appliances in an FA (Factory Aukcreti-ad E®d for
efficiently controlling factory productidn lines or in a PA (Process .
Aut omation) field for controlling multiple industrial processes. 10 (
The present invention is directed nore particularly to an.i nprovenent of  a
change-over system associ at &R ' Bi CONTROZLER for executing the .

sequence control r ual. - i e fkc‘ rqéﬁg V. lhere -
are aneliorated a&runc??%%a Sr &%%%%rg'ggsg igcgregft arl)tf‘%f%%t tDO; ?he
user, a conPFeSTRIMARIh 6oBtreldesup dnte/ Thifhs & osegnERSPerePRtrolgnal s
to the | ocapragphinangss fh€orB68h¥ERY ! F8xS] €tihg" edh@MWEpéttin
progrannrngiggrkablllt of the seguence contro_ﬁg;garan1set | nsj de. 2

ofx

B
| n gener ald, 1NEOEPY *9 natﬁﬁrfagﬁgr Sfralpert Légent ARP @Fth a
typi cal genghalafuFeoseFRCTRSEORAUtOMationl6 Pikld CfORr (LIS IBODP Or
the |like) servi n% s.a first processor_ and rocessoyr_(e. Q. 68000
family of (RERERRALIAG tAFRAEY PEGABEEICH AIRER S50, 1R nAecA (REPSEPEN of
nuneri c val Aatomatbgng ield sEorecarstroiddmyl mubdtépder  indostrial
processors gggegrsge\gni | e bei ng changed over in accordance with a sequence

control programstored in a program menory. An exanple of a nodule, wherein
the firsttOand 30s&henPnasentsddreentien nis cdiregted: more maxticwharhy

si ngl e progtgMafitiRprovenidtcdLY deinyeloves! aisedm agddbiasted 'WEthypPe
of prior art programmable controller utTlises a Conbination of. é}hh1:e¥%irst

and second 35pt e s REOCELRRF ¢ (§RF | PERQRYFING | IR c SFENNERatF ter
of design tpabgirhan Natdi an |Crdikeey C PHBUEEs St OfGshcomitantly, there

are ameliorated a function for a basic process

15 arbitrarily set by the user, a control function over a
group of I/0 cards for transfierring signals to the local
appliances and receiving the signals therefrom and a
programming workability of the seqhence control program
set inside. | ' " | |

20 In gene'ral, a CPU board in the programmable
controller is equipped with a typical general-purpose
processor (e.g., a 16 bit microprocessor 68000 or the
like) serving as a first processor and a processor (e.g.,

a 68000 family or the like) dedicated to execute only an

25 arithmetic operation of numeric values or logic which Q ;
serves as a second processor. These processors operate -~
while béing changed over in accordance with a sequence
control program stored in a program mémory.

An example of a module, wherein the first and

30 second processors alternately operate to read from the
single program memory is described below in relation to
Fig. 1. '

This type of prior art programmable controller
utilises a combination of. the first and second

35 processors, resulting in such a troublesome situation in
terms of design that the machine language commands stored



»
2 in the program nmenory have to be allocated beforehand to the first and
second processors respectively at a stage of systemdesign. On the other -
-hand, recently of t-utilised commands 5 are interpreter type conmands
(interpretation program.conmands) designe@ independently of the machine
| anguage commands intrinsic to the first processor, these interpreter type
commands tending to be stored in the programnenory. 10 | An apparatus

maki ng use ofifhghenpebhirantmemoRy HAVENW b SPDGGAEedf bbEBREManE! ity -
commands execut ed $§ Lhe aecond rocessor in addition to &e commands S
executed by (HIS{EFLet ARRcEsgPnd Prareasont, FRABRTILVILY oF| B AEPO8 ¢ he

comands to tof gyssémadesignond 15 processors respectively at a stage of

designing the firstopr 86eSined ahk! SredlentISP e LLOLLEERLAT BoRRER o
in conformty with contents o he cofmands read TTrom the program nenory,
and it is theareointerpretert Sype comrandgr {dnteypretation pragramand

t he commands 6hﬁ§? exya! b IS ESHE T Qe
enpl oyi ng théénac |%€)I2§gggggdggﬁﬁgﬁgéa%%gg?ﬁéﬂfnterﬁ?%%g%ﬁgyégﬁgg#%%hds,
however, the $PPBANGE cdILFinghen tRe FA®OnEIFDESREPCHRHAE es, these

sequential | y frppslfpided’ a¥pe cofEnNds ftenaine POOWANEEbred Iy &he
supplies these conmands to the second processor, which in turn leads to a

probl em of cREIHP,™ BPMRE¥onsuning transfer of the program Wiere the
I nt er pr et et0comundan aappayatust hmakingt ysevcefsothdéadnterpreter etyplee

1 an appar arLRUL TRe CRERBILES OF CERSRET D posBiny Soimtiys cRRERTeE |V

changed over bynthecesacondppracessorr ckn edddittigna tior i bhey admmandsf t he

present invendiQh,edd 6 eRY Fiet! Prd U NI PhaR® s 48 REBYLETLY
for allocating the commands to the first and second

- 15 processors respectively at a stage of designing the first
processor. The first or second processor is specified in
conformity with contents of the commands read from the
program memory, and it is therefore possible to increase
a practical efficiency and expand the commands to be

20 executed by the second processor.

In the case of employing the machine language
commands and_the interpreter type commands, however, the
first processor, when the second processor operates,
sequentially reads the program commands from the program

25 memory and supplies these commands to the second
processor, which in turn leads to a problem of causing a
time-cohsuming transfer of the program.

Where the interpreter commands are used, the first
processor has to interpret the readout commands and

30 determine a processor for exeéuti_.on. Espeéially in an
apparatus where the first and second processors are
frequently changed over, an excessive period is created.

It is a primary object of the present invention,
which obviates the forégoing probléms, to provide a

. 35 programmable controller capable of facilitating an
operation of changing over the first and. second
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35 programmabl e control |l er capable of facilitating an operation of changing
over the first and second 3 processors, and speedi ng up processes as a .
“whol e. According to the present invention a programmable controller
conprises a group of I/0O boards for transf3erring and receiving nmultiple
information with 5 respect to a control object; and a processor board fokw
inparting a control signal to said control object via said |I/O board group,

sal d processgs 'Mé?orﬁcéﬂg'gﬁee&iﬁgg 5p2bcklesOui & Widig.ne whol e and

executing a conmman e -control program whi ch i s made. 10::
by use of sequence ME?P %Mﬂd§h§ncp%%ﬁ}%c%n‘é%1= e8y i 8n RragRATmable 2
BASI C pr ogr arg d@trp2fe Ni Sempeives - nﬂrpgiadylt&mﬂtl¢0pﬂbﬁi@ﬂ89 for

contr ol progrF AR ESRHITE 8Rde KFRLFLAG | BALELEIS  bhEOTRAGAGE, Witk
connect ed dlsrmg%qc?oto mgqonﬁrotnmmecﬁ-o ad ca sprdtmpmnboardntﬁo:} .
rogramis stQre or readin eguen sa r
menory. | for SBARTIAS o & CoBhRERaSgnas o7 AR Eops R db 1PEE T R s
to be execut exadud, EADdbbdm& grmnprssaxdn@mbmesabrrhnatdn@ne&ndingmnxmb
t d t
commands to- EEsatapd e’ EEHSbITIAITANS SIS RS TExaPALLAG STbary
storing data;of ¢¢m¢(§néﬂyaf cﬁetmgwegcang«mi Bregren |‘€hi-ﬁbgi§mma&13

conmuni cat il0yy Nt g56ACRPAdéghBALENT Bdls fc2SeiHinds! | BRdPES haﬁdﬁ th a
host conputer; éﬁhllo i nterface for mmggﬁ 8Id control object n I/O
bus through\ﬂﬂ G2 op o FREmARAS, fr S

i nfor mati on ayenepalegrrposed aritimstit bp&-o‘cﬂssmhgal I ﬁmmatm sai d
DL mnt S dnE R PREC > ons 480 SRR FR IR oy St WY
sequence control program and making an end instructlon, a -
151=bit" processor, connected directly to a program memory
into which said sequence control program is stored, for
reading commands sequentially from said program memory,
for executing said commands if said read out commands are
‘commands to be executed by said 1l-bit processor and for
20imparting said commands to said_precessor;if!said_readout
commands are sequence application cdmmendspto be executed
by said proCesser;;a"data memory for temporarily storing
data; a fixed memory for storing a self-diagnostic
- program; a communication interface participating in a
25communicating operation with a host computer; an. I/0 w
interface for joining said control object to an I/0 bus
through which I/0 boards foritransferring and receiving
- multiple information are connected; and an internal bus
for mutually connecting said!processor, said 1-bit
30processor, said data memory, said fixed memory, said
communication interface and said I/0 interface.

In order that the 'invention*-may be clearly
understodd'and-readily carried into effect examples
thereof will now be deSGribed'in relation to an example

350f ‘the prior art with reference to the - accompanylng

"drawings, in wh;ch--



I'n order that the invention may be clearly understood and readily carried

into effect exanples thereof will now be described in rel ation to an .
exanple 35 of the prior art with reference to the acconpanying draw ngs, in
whi chx 4 Fig. 1 is a block diagramilluktrating a prior art progranmble

contieller; Fig. 2 is a diagramillustrating a processor board of a
programabl e controller and a geonetry of an I/O 5 board; Fig. 3 is a

di agram showi ng a | adder prmranbieékeaﬂa amnmas&emag & grior art .
pr ogr ammabl e control | er;. Fi g 4 i i agfam of assistancé in“explainrng
oper ations of rﬁﬁ@é’ysors of a 10 progranmable controller;
Fig. 5is a VI ew de[m.q.l rﬁ; is Sg%ﬁd@rﬁnchlgﬁgtgagf_hgeagwam quoar%cess
control.ler; sho correl ati on _between pasi
and a sequence cont b%f’afgh@gﬁ'@ fc%lw'l%&pf tﬁeQEBWF 5¥ é? RRg. ID"r7°| s a
flowchart i15 boeardsse of setting processing Ianguages froma Poslt gorrputer
“with respect toap a e_C I Sy a,e0Nnc ua I agr am
showi ng operations ngm"h?%andgcpj{ %#dﬂ’g‘ggngf ) Jp?%@?’énﬁ%ﬁ% ta&
controller; Fieg!plailslagdummténm nQf a aroprogiranmableg eoqntnoelsl:er,
definition taplig.ing hggst %nda&@dgé}ndr%feragglg,igrroce %ggﬁgﬁldfr

Fig. 10 is a fI owchayt “show n board access
standard |/ 0 GPSF&t ’{)‘?né pP&gr ¥ e 2Bt r&lqcé?nd Fi 5§°°PP%91€|5 120%re &ine

charts eacHOsprogrgmmatidea conzediideryet ween an 1/ O board and a CPU board of
a Fig. 5 is a view depicting a system which employs
’ the programmable controller;
p : - Fig. 6 is a diagram showing a correlation between
basic process and a sequence control process of a
15 programmable controller; _ _
Fig. 7 is a flowchart in the case of setting
processing languages from a host computer with respect to
a programmable controller;
Fig. 8 is a conceptual diagram showing operations
200f a standard I/ 0 driver of a programable controller;
Fig. 9 is a diagram showing a mode of creating a process
definition table in the standard I/0 __driver of a
programmable controller: :
Fig. 10 is a flowchart showing I/ 0 board access
25procedures by the standard I/0 driver of a programmable
controller;

.Figs.-ll and 12 are time charts each showing a data
transfer between an I/0 board and a CPU board of a
programmable contrdller; ,

30 Fig. 13 is a diagram illustrating a construction of
an abnormality recording module incorporated in a
programmable controller;

Fig. 14 is a diagram showmng a case where pieces of
1nformation of the abnormallty recording module depicted

35in Fig. 12 are displayed on a CRT of a host ' computer;

Fig. 15 is a diagram depicting a ladder circuit to



programmabl e controller; 30 - Fig. 13 is a dlagran1|IIustrat|ng a
construction of an abnormality recording npdul e i ncorporated in a

programuabl e controll er;

| adder circuit to 5 which a variety of comrents generated by a

programmng tool —are added; Fig 16 is a block diagram representing a '
programmi ng tWeichf a FEaTiRkYIt PN comments ngenerateds by sa| Aragremmiment s -
correspondi ngtéglsé;e@ a44qbass; Fig. 17 is a diagram shovm ng an

i ntrafunctional
i ntrafunctional
g.

f f 6 20
SRSt S5 A, P, e e 20,

chart show

10 Fi
the progr

18 is an

Fig. 14 is a diagram showi ng a case where pieces )
of information of the abnormality recordi B9 nodul e depicted 35in Fig. 12

are displayed on a CRT of a-host conputer™ Fig. 15 is a diagram depicti ng)a

¢ maﬁ/il}iﬁ%ﬁ%%?@éﬁeﬁk GliagTan | HeRERESRLIBT & 16,

gs.-amda r gdodhovE NG He apaventison| anidl @i Eutietidhspiay in’

Fig. 21 is a chart E:bgw gy f dscta odd.lagtrlancksham.nge an nﬂ.rm’raﬁmtarionahw t

programm ng. i
creation of a

é a di agr am showi ng

correspondence of sFggal h8des ofant hénttmﬁemenoml t glaenict{commeint:

is a diagram
nanes of the

are di agra

15

20
o s:.gnal names of the ladder cz.rcuit to addresses;

T c.‘?‘%ﬁ Cﬁ‘*‘?@asm‘)%%@s%%*‘e@°aﬂge 3% %?Suéhggé@
each sHbS¢ is a diagram showing trans:.tions of
picture display in the programming tool based on
the function of Fig. 16;

Fig. 20 is a chart show:.ng a processing routine of

a programmable controller,

Fig. 21 is a chart showing'funCtional blocks at the .

time of ladder circuit programming in a programmable
controller;

Fig. 22 is a diagram show:l.ng a creation of a ladder
circuit-

Fig. 23 is a diagram showing correspondence of

Fig. 24 is a diagram showing allocations of

'detailed ‘addresses to the signal ~names of the ladder

25
- a ladder program created per block;

30

35

c:.rcu:.t of Fig "23;
 Fig. 25(a) through 25( c) are diagrams each show:.ng

Fig. 26 is a diagram representing a case where a
series of sequence control programs are executed by
several programmable controllers; and

Fig. 27 is a diagram showing one example of a bas:l.c
program for controlling the system of Fig. 26. '

In the prior art module depicted in Pig. 1, a first
processor CPUl conceived as a typical general-purpose
processor (e g., the 16-bit microprocessor 68000) and a
second ‘processor BPU2 defined as a processor (e. g., the

68000 family) dedicated to execute the arithmetic

%&99@@;@&% r§89£§.8hl EE FEg %2 is.a diagramshowing a

24



a | adder program created per block; Fig: 26 is a diagramrepresenting a
case where a series of sequence control prograns are executed by severa

s progranmabl e controllers; and 30 . Fig. 27 is a diagram show ng one
exanpl e of a basic progran1for controlling the systemof Fig. 26. In the
prider art. nodul e depicted in Fig. 1, a first processor CPUL conceived as a
typi cal general - purpose processor (e g., the 16-bit m croprocessor 68000)

d a 35 f 0 L
804 2 85 SecUbIENSTGE B HEbRteR%0P, PRITESEN0 onflacthli®y 8N .
val ues or | odinforratinmcbusdbyit® & pmqwmtm@nonns% td‘Qi'-qub@a'antMrmry

3. Note that JdiritECPPEces868SBOU2BRY? jirS ddined OBRsE8S e reehRl &b tAsaa 2
1-bit processor., 5 The program nenory 3 stores nachi ne | anguage

commands as Hr"&?jr%rﬁm for the processor CPUL. The processor CPUL
execut es precessi ngrhby pesiyeainl ahémoﬁsgadangstbee&acaawﬂxﬁé\gu @aga‘andS-

The processor_CPUL en the readout e to be exec he 10
b ocbssor BPESTRATAR, $8.oPoRFER SOPRENAR ARE, & om%%%téf@re 21 on
to the pr ocemc@ﬂbr CBillseqzectites t Iproveseidy + byd &equeritei ol dgr am
menory 3 are t o] PU2 Wigk

|rrpar%/| ng a r% g%%%/ g)?%cu%ﬁﬁ&% Esﬁﬁgﬁdﬁ 2 dep ﬂ%apélﬁéé’ggﬁg of
the inventi orC &hen tﬁr@ﬁ%ﬂﬁm e‘-‘%ﬂﬂ#‘bﬁl%?elié‘i'a‘é?u%*??u’éeﬂstuEFEd by
use of eachogrddddddor ﬂi&iza,r rgiiead Oj.xfs&u@ti&wlfoﬁFﬁR adBLoRr A4 ad

menory 3 are gqnnected to. the |nfo tion bus Oboard 100.
To be more d8g0cPFPRaTa & LR oEhnanck: BP0z ¢ o SHBRSEBENBLYY he
like, for conthel IdcﬁmahdsCP!demhr EXdi ashe vﬂswbgraihenm’nwxpro:cesaﬂe CPU1

' sequentially issued to the processor BPU2 with a view to
imparting a right of control execution. '
15 Fig. 2 depicts an example of the invention where

the programmable controller is actually constructed by
use of each circuitry.
Referring to Fig. 2, CPUl, BPU2 and the program
memory 3 are connected to the information bus b in a CPU
20board 100. To be more specific, CPUL is a
microprocessor, e.g. MC68000 or the like, for controlling
- the CPU board 100 as a whole. The microprocessor CPUl is
disposed in parallel with BPUZ, connected to the
information bus b, for executing a sequence basic command
25(a 1-bit processing command). A CPU gate array 5 is a
block for output-controlling timing signals so that CPUl
is allowed to effect the execution at a high efficiency.
BPU2 is constructed of a gate array to process the
sequence basic command conceived as a 1-bit processing
. 30command at a high 'velocity, BPU2 being connected via a
command bus (not illustrated) directly to the program
memo (RAM128KB) for storing -a seguence control program
such as a ladder program or the like. |
_ Note that the information. bus b includes an address
. 35bus, a data bus and a control bus.
A variety of commands to be executed by CPUl for
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dlsposed in paraIIeI with BPU2, connected to the information bus b, for
executing a sequence basic connand 25(a 1-bit processing command). A CPU
gate array 5 is a block for output- controlllng timng signals so that CPUL
is allowed to effect the execution at a hilgh - ef ficiency. BPU2 is
constructed of a gate array ‘to process the sequence basic comand concelmgd
as a 1-bit processing 30command at a high velocity, BPU2 being connected

}/l a atcommndcdwﬁrénmingl Itntat l’eﬁﬁd:)el d:id&)ﬁdhﬁré Ostweal r fgr amnmﬂo(imh?SKB) o
or storing ue contro as a m,or t DT
| i ke. Note that t% ‘{%‘% gﬁ‘gﬂbighi 3 «559 0 ﬁﬁggggggﬁ jémda? bus

and a contr ol CRUE, Antarwhﬁ.ychofa dmaeian dsrogr dme whicht wdlly hePutieritioned 7

controlling t tire r stored i'n a ROM (256KB). 6. A data menory
( RAMB4KB) 7 |£§%§Po%ér%¥g8 gng’ﬂSdn of CPUL, into which a basic program

which will Be nent |Anea/0au-ater£asbsd1ﬁ‘drGdlSSPrOVIdm'l |faxr ian eH&de |/ F)
8 is provi de%%%oﬁﬂeb{:ﬁdb% I of YoMt Cadd B oar ‘i'ﬁechﬁﬁﬁt:ﬁ?o; e,

nunber of 1/0 boar ough onli/ oards are connected In
may i ncrease® ehaygh Yatw%ygpélﬁ%nﬁifgur%mlﬁﬁ‘:tﬁﬁ in ¢

Connected to f_{l ur@‘romaﬁdfn bgﬁcbe%r@a r éhag_ ockogenegat i Qggﬁé,ﬁ 9 -

having a timer ction conmmuni cati on buf ( 2KB) 10 used for
. conmuni cat i orF%fth%“ﬁ%Ei@?nterface 11 connect ed to the communication buffer

10 and seruOng as aConnéetédced ctlre thfrbmatBonleiserb__ are adlmsaltpimei ded
oD SES Rl et dyeh8aRA T LAR 09 WdPL g ORMERI sl  SHIH! o
general regi scomunication busfexr/ GRAI2KE) hmduaedoﬁma:qmmma:@mype _
/0 board  apnd a host interface 11 connected to the communication W
buffer 10 and serving as an interface to a host bus B. )
15There is also provided an 'RS232C port 12 for
communication with a programming tool. '
Connected to the I/0 bus bb are a plurality of I/0
boards of two kinds, i.e., a general register/interface
type I/0 board Cl and a command/ interfac.e type I/0 board
20C2, incorporating a. microprocessor', for effecting
communications by transferring the commands to and
_ receiving them from the host. programmable controller
] _ The register/interface type I/0 board Cl ‘having the
[ microprocessor is composed mainly of an interface cll to
| 25the bus bb and an interface cl2 to an outside contact.
- The I/0 board cz consists of an interface c21 to the bus .
bb, a microprocessor c22 (e.g., 8-bit CPU), a data memory
c23 (e.g. 'RA_M'GKB)- and an interface c24 to the outside. _
| Characteristics of this CPU board 100 will next be
30explained. . | |
The characteristic in terms of J.ts geometry is that
BUZ performs a direct access to the program memory 3 not
through the information bus b but through only the
command bus (not shown) . The f_unct-ions of the CPU board
35100 will be described with reference to Figs. 3 and 4.
Turning to Fig. 3, there is illustrated a ladder
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20 C2, incorporating a mcroprocessor, for effecting comunications by
transferring the commands to and receiving themfromthe host programmabl e
.controller. The register/interface type I1/0O board Cl having the

m croprocessor is conposed mainly of an igterface cll to 25the bus bb and
an iwterface cl12 to an outside contact. The |/0 board C2 consists of an
interface c21 to the bus bb, a mcroprocessor c22 (e.g., 8:-bit CPU), a data

menory c23 ( ). an id erfags c24 ¢ jde. -
Characteri st ﬁjczg’ %&F/ﬁ‘{% @U%%%?%O%wﬁe né?%sgéggo%eéxkazgoﬁheﬁ?oﬁgm' R
charact eri st iFdd.n 4 eshowsf a tstxingrecfy program umands ocoxresgending
access to theprey qrgdgéé%[}&%m. through the information bus b but

n s (M

t hrough only the conma ot shown). The functions of the_ CPU board
35100 wi || be descta¥ed When r staxrding t $h| gsequenre 4 conk¥ehg tCPHELy. 3,

there is ilsadtuites appegddghich SiPr €4EAM @A) éxéﬁﬁhﬁgc’fof hgregeagsce
control program Fi shows a string of program_commands corresponding to

.4
t he | adder plf&'@marﬁﬁ?\lom:"%@ﬂ Temoryn P t 3Rd s 88N dRItgALRF | Pr sing
Sact uat es BP@zonhi &ah licad ucommnands "Lt I def idledor agr &1s skyaenicee paspcam
menory 3 and thﬁ@ initiates processing froma |l oad command "LD' defined as
a sequence b& nd. Subsequent to this process, BPU2 executes an AND
necessity for CPUl Subsesmenthe 4o dhisnproeassls BRE (gxecntesid &4nr ANDti ng
the control executing right. Referring to Fig. 5, there is shown an gxanple
where the programmuabl e controller consisting. of the CPU
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5 board 100 and a plurality of I/0 boards as applied to the field of
factory automation. In the systemdepicted in Fig. 5 a programable
controller U2 controls a nmechanical part machining systemS1, while a |
programmabl e controller U2 executes contrey 10 by inputting and outputting
signals to a mechanical part assenbl.ing sy tem S2. The progranmmabl e W
controllers Ul and U2 comunicate via a bus B wh a desk top conputer DTC

1S to) be hePRRELRY, U GBUR' B ‘ndaf RS Tttt JcpiRRRE" RN Y

ni ddl e- si zed onel andefor;sething dhepwontnvl texeauping cobghmi cation | i ne A
as the case may be. R%ég‘ﬁf’@c'ébcq‘lo@' he PREBE AT s Rt Eﬁl |§£ %Jj:eand :
n 0

u2 performsequence contro erations Stch.as a 20 contact proc
mot or dri vi ngWBesppithe @W #p&%tﬁ@éﬂ%rﬁ‘?@%*o%%s°§n$h%n§?u

l'i ghti ng/ exti pgarahnog B.hﬁcas?i%r‘ﬂltﬂt FPAA0 Bodis 5&/§t 1£dd apd @Re The

pr ogr ammabl-é Ul w next Qe enphasi sed for explanation.

ontrol lLer
The progr anma 'P'@S'GOHFrSPFEPrUlwt’&@?'t he -CPU board 100 depi ct ed |n Fig.

2 and the |/0O boar dinCthendsy@témt depiictadntin - (ligt. s5pt =, prmgrammnbleer

Ul being conn S b 0

supply boardsgﬁ’éggg;'iggpgﬁyféélt%f)g%tr| @ecﬁ%qﬁ% ?Adr an e%isl%aég EX
participatingSin mm|aaaprggsamm@hleh@qmmll;ﬁmgvamc@t@m%ntml
Based on suohb? iﬁg&%&ﬁa And D COIGRLL s PEBY AR 1 01 t Bat-Be
mechani cal par hi, ni n s%/stem 1is |ncorporat ed into the CPY board 100
of the 35 proﬁ?ﬁﬁﬁﬁ%{i&gccﬁif eP2w1, WhAer Wﬁ%e%ﬂ%ﬁr@ 1

oper at : on i s gx@cyReCoiminkcdtsi ¢iafl a s Bt Wweh G V@ﬁsk redmpubear d.
S‘;QL{ o n;' 23215@ A S chhatag Ll adiviea,t B° QP eh Al A e et Sor PaE!

a system condition. It is to be noted that the desk top
15 computer DTC is managed by a middle-sized or large-sized
host computer MC through a communication line A as the
case may. be. ' _
More spe_cifically, the programhable controllers UL
and U2 perform sequence control op_erat_ions such as a
20 contact I/0 process, motor driving/stopping processes, a
part positioning proc'ess and lamp lighting/extinguishing
processes with respect to the systems S1 and S2._
The programmable controller Ul will next be
emphasised for explanation. _ _
25 The programmable controller Ul comprises the CPU
board 100 depicted in Fig. 2 and the I/0 boards Cl1 and C2
fitted in inter-unit slots,' the. controller Ul be:.ng
connected to a bus (I/0 bus bb)'. Additional components
are power supply boards PS for supplying electric power
30 and an extension board EX participating in communications
with the other programmable control U2.

' Based on 'such a construction, a sequence control
program adaptive to the mechanical part machining system
S1 is incorporated into the CPU board 100 of the

35 programmable controller Ul, whereby a sequence arithmetic
operation is executed on the basis of information given

u -
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t hereby executing a desired sequence operation. The above-described

sequence ‘control programis 5transmtted'to a programcreating tool viz.,
in this exanple, a |adder programis transmtted to the CPU board 100 in an-
edit .format on a CRT picturé of the desk,ln?_gpnputer DTC. The progranmabl e
conthol l er U2 has al so nuch the 10sane construction. and operations as those
of the programmabl e controller UL. Now, program.processing in the CPU board

100 and procesgin the side of the 1/Q board will next be described in. .
greater det ai Ifr‘ig /0 t‘]’813_'U"J‘.l'ex ok Rt % cbrRrenigredaviandheane -
moment carri esIf0t bipande tgpitied mpehahieal ghmamaehmnFC%ymmOrSI,
mul tiple data h ter : ] £ rations.for genera

pur poses, inf o{rl'\hméa?legx %?%gggg?ﬁ gaﬁggék%gg?‘%‘gﬁegggr §£’|egﬁ.%lﬂnbasi C program
20cr eat ed by using bEBec alhﬂ‘lg%rgesciré-bﬁ .SGQ)‘eeasscrdqntnnlvm'gmogmm d.«salf
Wi th a correlsgq n egqut. t etaq._gi p a e uteh o]
t he sequence %%%ﬁ%lﬁf%?ggrﬁ ‘Sl'ur ﬁ%f%% ?g r@[ hgreglii s%??fﬁs;&?gt té:lcl?g'%

25concept ual dPRRFBLEr oBr L3dAeF nBrpEram t8 EpanamithedotoatbeqGRNcboasd: r ol

process SQ andi@Q bani @ndredes SEBARat Tha S UUPPCRiELAEE0 LN & Sqesl it
I ntended to execute_a sﬁ,ggng of program comands shown in Figs. 3 and 4,
whi |l e the basi%orfbp"&%ﬁs S is associated with a data 30readout program

which is, as stated Thel programmablar i¢gntrebler UP thHms uatsoormechathe

D oceasi ng. oot €8s REULLERT a0 (SEERRL RS s, 2 IHYERC BB s thR ch

ar'e set sof t wPregeRIMMARle ccombraPlepodtid 100. The 35task schedul er TS has

a function to deterny&g, ! BeogramC 'BrItEsAhd Rih OTRR" &pi"bEHEdC R "dnd"d @

LR _gommand. processing on the side of the I/0 board will next be

described in greater detail. | '

15 CPUl executes the sequence control and at the same
moment carries out quite typical operations such as
communications of multiple data with a host computer,
arithmetic operations for general purposes, information
processing and a control operation. A ‘basic program

20created by using basic languages is set. The description
will next deal with a correlation between execution of
the basic program and execution of the sequence control

' program. '

Turning to Fig. 6, there 1is illustrated a

25conceptual diagram representing parallel operations of a
sequence control process SQ and a basic process BAS.

The sequence control process SQ is intended to

-execute a string of program commands shown in Figs. 3 and
4, while the basic process BAS is associated with a data

30readout program which is, as stated earlier, arbitrarily
created by the user or a basic program like communication
program. An execution right change-over processing unit
ES, a timer T and a task scheduler TS have functions
which are set softwarewise inside the CPU board 100. The

35task scheduler TS has a function to determine the



If the readout program' commands cone under the application command

(1) to be executed by CPUl, CPUl takes over a control executing right
~including an 5 occupying right of the agdi ss bus and the data bus from
~EPU2. Then, it follows that the applicat

ncommand (1) is executed by _
CPUL.  Upon a conpletion of processing the application command (1), CPUL
informs BPU2 of the conpletion thereof, and BPU2 reads the next command.™

If 10 the ne jcatjog,c (2).s be execut ed_ by CPUL _BPU2 " .
hands over t)t%ng&%g{cdu‘ti ljé Q‘Fgﬁ{m@gq&m no%@@ g’é’é‘ﬁ"?'{% %ﬁ‘gg?a#?c& _dt'ha_t S
BPU2 is to ré&l neke i readoubadprognan "¢ommamds heropeBPUnmdexcutde® t his
command 15 by ddiS ; compadt ey a e HC ey € es e
sequence bas?égé:lg'%%la&i?nvarl a?ﬁ'?ég\d?ﬁa{l ?ter:sﬁtgg?\egtriog? m cor 1-'ungpttﬁV\hen
the readout &AHFRSd A%eE| AsiqINEFad LILGUEINT affighht ilRclBfiRe 28 be
executed by GAdupyhdRighekes tHer atitizesgnbud andcciteé "data Jbhist ool rom
ma

[0 1hs cace gt el Or LY B0, 3EUSREE WD QS OMIot b el 19)

- CPUL, after  decasdcutdd by CPBhJs,Upan cd ycamplistbankof peoresstingnthetice

to 25 BPU2. If th ra r b 2 J hd! SEpTYMR :
undefined in eﬁg‘f/g%g'%n %&Wre@:ﬂ t ?ﬁgpﬁﬁfﬁbﬁ‘% Eﬁ a psel%ﬂdshe
command cor r eopplditipn chereoin oand hBPUZ| readsnilved nextricommanddo d&mand:
is set w Wali i fs - S d'0 ( 39V 14 bhie epgystem
by causi ngbcgﬁ% %getgeggpéqt%ﬁglfg{?eé comd;négisq]}f&fig _&Ee%%%és?ap S _
perform ng t §@UequBPE2 bandsolovamcthe exeautingnritghtpliy GRBLsonge
program comag@dify,om the program nmenory 3 and starts executing.the 35

and. ' ' ' ' ly f§ he 7
O e 5 B gk Homand "pbt BEET 13TEN bl S LEomb™ U

load command "LD", and hence BPU2 executes this command '

- 15 by itself. o . -
As discussed above, BPU2 which .executes the
sequence basic command invariably reads a string of
. program c_:omma_nd’. When the readout command is classified
as a sequence application command to be executed by CPU1,
20 CPUl takes over the control executing right therefrom. In
this case,a great majority of sequence basic commands
exist in the string of program: commands , and a velocity
of processing by BPU2 increases. CPU1, ~after executing
the commands, merely sends back a termination notice to _
25 BPU2.. . . - S - - \J
- .If the program command read by BPU2 is a false e
command undefined in: the system, BPU2 is preset to supply
CPUl with a pseudo command corrésponding to a form of the
false command. This pseudo. command is ~set with the
30 intention of exerting no adverse infiuence- on the system
byc‘ausirig CPUl to execute the false command as it is.

Wwhen CPUl starts performing: the - s_'equéncé control
process in this manner, BPU2 reads the - program command
from  the program memory 3 and starts exécuting the

35 command. - Thereafter, BPU2 reads the program ‘command
directly from the program memory 3, and hence there is no
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situation tenporarily to a data rrermry 7 and the operatlon of the sequence
control process SQ which is being stopped resunes. In the case of

conpl eting the sequence control 5 process SQ the sequence control process
SQinparts a notice of conpletion to the Eéecution ri ght change-over
proc&sssing unit ES irrespective of the tinB-Up signal per 10 is, and CPUlL
initiates the basic process BAS. ‘As di scussed above, the operatlondl sh
carried out b ng_over_ th se ence- ontro}. rocess SQ and the
basic pr ocessy Jguggig%o grE‘“PmaH-” éﬂ’&? t e 9§é’ueﬁce 3pdcetheso -
and the basi cqpe;@ésis:xBAefappwr séquenaet sccni'etmllbrbbepsvves& whdeh eds

si mul t aneousl pei rPedg%tzf Q{n%?sm ng is practicable. 15 Not e t hat
the tine set in the ti Is not limted to 10 ns but may arbitrarily be
set dependi ng on t hdsyé¥hem eagei AF acompledinghetbehesequencesorentifol he
syst em consty pridcdids dQQBottHéeege;!ﬁgnggr @Aﬁr&pebgbbg% cgqt gﬁp?%%gerge 20

control process and the basic process I'n sone. cases,
sequence cont AGtLGS, scﬁwpiﬁglﬁﬁsi‘:@ (Fhst cexecut Lem o &d ghitr wmmrmwr on
modi fi cati ons proddesings it @5 titdlespErdiven off theCRURAAIE! ithT gydpus! Y

I ncor por at es p ant .tq _the flowchart of Fi and the
countgrmeasurgsg gn%ga%ﬁ% fgl\:i\?eﬁf%% e%%éqs'dell;gn‘fsuc
operation when turn auss ve)h dihifee operatiion iF aeaysiel ot
| anguage | odesadgagd Sy e MDsbushdl cx "Sfloctks! ) 24

?d{, éu 28837 gb‘oc %I ng

| anguage is a den angu ystem cessar
t he sequence P&ﬁgeagﬁ“?%eﬁﬁe dEQﬁT the Mstva mmryhe resulfhetham cthe

Ianguage i s dQéQﬁ&ﬁE%dpr%c&%%t%@ aRAl ¢hiet Baisied rpfr%e%stfme ddit 350 C

ATt ne. basi CORERGHEgESAE TS Tv%”ééﬁwceg%e@mméﬂéeéém”ﬁe{;&lg.“age
processi ng bomhlthepregessing dsgpagetdedbillee basic | anguage are. created
15 - Note that the time set in the timer 82 is not
limited to 10 ms but may arbitrarily be set depending on
the system configuration. _
On the other hand, some of the system constructions
do not need the parallel operations of the sequence
20 control process and the basic process.. In some cases,
either the sequence control process or the basic process
is unnecessary depending on modifications of the system.
-On  that occasion, the CPU board 100 previeusly
-incorporates a program pursuant to the flowchart of Fig.
257, and the countermeasures are taken as follows.
| After executing a self-diagnostic operation when
turning On the power, whether or not a process available
language is designated from the host side is examined. If
the available language is a sequence language, a system
30table necessary for processing the sequence language is
created in the data memory 7. If the basic language is
designated, a system table required for processing the
basic language ls created in the data memory 7. If both
of the sequence language and the basic 1anguage are
35designated, system tables necessary for processing both
the sequence language and the basic language are created



in the data menory 7. In this manner, the program’i$®set to create®thé
system tabl es corresponding to the | anguages desi gnated, thereby
facilitating the designation of the process 5 | anguages fromthe host
conputer, for instance, a desk top conputﬁéﬁ'hbxt, t he expl anation w ||
enphasi se a standard /0 driwver set iT e CPU board 100 and
capabl e -of corresponding to various types if 1/0O boards. 10 An

operation system OS5 in the CPU board 100 receives an access request al for
the 1/ 0O boar dir ehed data piedryn 1P such as ‘a basic programset in the CPU. °

board 100 or an inte rw@ilon.r%%ggst 2 to_ the CPU boargl%po froq&th% [/ O
board. The access q 45?_ WS t elgﬁggf:aﬂrdtﬁ'aﬁ? P_Bro‘fﬁ?% @n PFO-
requst recei veygtemetaliles ocerznesponfiihg tbe the ckanguages rdgatghatéd),o

t he CPU board, L DLOM . ) LrUpLd QN 4 gl I Yign e :
start. The st g’%‘%%%?%%lé{r:ggg gég%irl%l r%gggséhg _igjﬁgséﬁt g&%%n&’eé\%%%%g
gener ates prédenguagesni from the dwsts compster,. forTBLnstanke;espedesko

t he individuakakfg&%gyggijitted'to the respective slots Wwhen starting up
the system en nerating.the 1/0 request receiving process.(1) or the
i nterruption .requesg‘%eiﬁh%ga@&%%l%(‘lﬂlaeppbﬂ;&#&ﬁ éh seandardsiyfg
starts referrgag d@rt hee®r 0£gSStHa! | Bb Obdarhd €51 JBL. aklien dapdbBéi ngst he
process, the-F_:g i-sgg%gé_a 'l%g)g%nent uraqs1 %e\é\&pgpefﬁgg%?lé board to be
accessed i s cFREFES g (o8 V&Y HEE VP!

ace type, adf then anmsbopeyatison tsyestelm iGSeximuttdie RUt bvardfl 100

R T e
regi ster/int ensec@nogran / UPhemch na§ Be hagiic i program set in the CPU
board 100 or an interruption request a2 to the CPU board
100 from the I/0 board. The access request al from the
15user prog_:ﬁam UP prompts an I/0 requst receiving step (1)
to start, whille" the interruption request a2 to the CPU
bq‘ard' 100 prompts. an interrﬁptioh' fQQuést 'receiv'ing step
(2) to start. - S
| The standard I/0 driver SD according to the present
‘20invention generates p:’:'o'c_e_s'sl' defi_ni_tioh- tables TBL1,
TBL2,..., TBLn with respect to the individual 1/0 boards
‘fitted to the respective 'g"ldt's-;wh_eh'. starting up the
system. When generating the :_['/"(_)"'.réquesft_: receiving
process (i_) or the int_érrﬁétion -:equest'i:e‘ééiving' process
25(2), a pre_paratibn | for' accessing starts referring to the
process definitio# tables TBL. -
- When i'ni".:tj.ating the process, there is made a
‘judgement as to whether the I/0 board to be accessed is
| cla‘sif'-ied as a :egi'ster/inte'_'rfa'c_e". “type or a command/
30interface type, and 'th_en a main process thereof is
executed. Contents of the regis_ter-/ interface type main
process and of _the_ -comar#d/ini;é_rface_: type main process
are idéhtit:j.al_ with those of the cdnveritional processes.
The regis_tér/'ini_'.'e_"r:f.ace type I/ 0 'bo_a:r_d'__ may be typified as
35%the ordinary I/0 board C1 deéi_éféd' in Fig. 2. The
command/ iriterface type I/0 board is typified as the 1I/0

*tonmand/ 30i nterf

n

o



35the ordinary 1/0 board Cl depicped”in"Fig. 2. The command/interface type
| /O board is typified as the 1/0- ., board which, as illustrated in Fig. -
2, incorporates a mcroprocessor to transfer and receive comrands.
Qperations comon to the 1/0 request recel¥ng process (1) and the

i nt efguption request receiving 5 process (2) are to preset it as a common
process routine and to execute the conmopn process routine regardless of the

¢ f th / t t 6.
ype of the | Begbipcansbnl "ad ! O1baaEdagUA! h Pﬁggxef“ gﬁgo%to eala. o

process. Besides, a speci al process routine 1s prépared
board requi rumgcgomqgwrerﬁo pranefen and macekve @ammandRess. At the

start-up the speci alpg¥X6€86n0WdimohS tié5eEhan ﬁﬁmkﬁeqdfe%ﬁ hﬁe&b@.ﬂﬂﬁ{@ 1/ 0
driver SD by effecting u IoadJroRe':]he | /O boar d. An ress of .such

speci al procePXcR®end 1)l an el F&Eé@@%ﬂ‘m’??‘éﬂeﬁ&blﬁe?ﬁﬂ'w 15
:sl'}?frtllnlg up 5 ipe- c‘i:)é‘sfsel np2A dawlet@fpmf aitnss}:hecbmmsqmwesf‘s troweindl es
will next expl ai ned_ wi th reference to Fi n_per the
first 1/0 req@é@t ?‘gc@‘ﬁ:ﬁﬁe ﬁ:ggeérémgqox{ @W%oﬁ?’dtiﬁg rtD ‘ﬁ’ﬁ@é’gs 8¢
definition ZomabIQspEBbfarmggebnterédcan tdf rekb@edt/ Ot cbodwrd r duprdngi viche/ O
poarcs by T eadyagh ¥3ided U5e KbBfiRoR" Fet:ggs mbogrg Radf pfeddd

boards. First, and necessity

Or unnecessi tyou@ﬁn@tﬂmmemmdem ses @Ipéﬂtﬁ'ré't/é} @q remuiming M e
i nf or mat i ol reh® bBi‘&Qéss' feddig lth@ boed s C Prssbds. Cl aagl fu@d as

a command/interface type, s of the respective co ers are
set in the taft@EE-RRy e s%ﬂﬁﬁiﬁfyp§9°§3§r Fuding +%s}3§n?| 3\9 %‘? Pare
. set in the taloesthd f standapdcit0 pdeiess EP Maedefifeatinpg cuploado cixesm

rcku_t/' ne addre%ie' 3178t bo%:lcpe t%lﬁl address of such a special process
routine is set in the process def_im.tion table_ TBL when

15 starting up the system.
A mode of generating the process definition tables
TBL will next be explained with reference to Fig. 9.
When performing the first I/0 request receiving
process of the CPU board 100, the process definition
20 tables TBL are generated with respect to the respective
I/0 boards by reading various kinds of information and
boards ID of the I/0 boards. |
First, the number of channels (the number of ports)
and a neceséity or unnecessity for outputting are set as
25 parameters from the multiple information of the I/O0
boards. "

_ If the I/0 board concerned is classified as a
command/interface type, addresses of the respective
command registers are set in the tables, and subsequently

30 addresses of respective buffers are set in the tables.
If the special process is needed, a special process
routine address is set in the table. _

If the I/0 board is <classified as a
register/interface tjrpe, respective register addresses

35 are set in the table.

Finally, flags in. which the tables have already



| f t he I/O board S classified as a register/interface type,
respective register addresses 35 are set in the table. Finally, flags in.
whi ch the tabl es have al ready "been created are turned ON to execute a
vari ety of request processes. The above}sa,n.tloned operations are perforned
‘Wi th respect to the respective |1/0O boards provided in the 5 system ther@by
setting the process definition tables TBL in the standard I/O driver SD.~

h .
bt gt he Bon OB-RANEY Bo, SRERRLIGNC 4 NEAANR & (RANPIRED
Fig. 10. 10requeSMp<peressesq ation of accessing i.e. a data transfer

preparing processpidieas 6@8%{4&6&& Id%rﬂ&ﬂoar eCR, méoq-mfers.

to the process def|n|t|on t concerned checks t he

nunmber of cRESRECE (tRe BhRb&esFeGidMe) 140 (hearde prReWLAeMd cdthedhes and
~ presence gr shQR-f,C MBI sukdiig aenhfphrééessldeﬂnitsant tabhweeTet, t he

I nterface: I he'cI assr fi ed comrand/r nterface type, a data conversion
S effectedlﬁy% &J He%SRudr ess whi l'e referring further to
the process defi nl-mm ZQinmbl:eefﬁBLbeThexdﬁpmmmhautwcbwiﬁge of!t ghle

buf f .
out ot commavandartt, 1o)° ARErs" SRR SEAE L PRoRRRE, LA8kRntE by 3,
there is a wablef @BL dirercarghinctionmwitie a /fldwchart ofn®igi.aldl.y when

recei vingothe 25 yutr uat i 9 3 d 1 AN GF AdtSobstiPUtLel 1B ahbs  1/0

boar d concerned reg |s{ler(?| ntertace t |t I's a

data 1/0 i nmm@mrpman@q:mw t$W4ﬁ€do£(9u§ré&’9&' BBgPEt er
address  Whigh@ oo Bddrd 100 rébeérsPeecens Protiiddlidépiniebbs tEBle IN

the case of TtB?:.e ggt %:he/ OI/O ‘board concerned, checks the number of o/
channels (the number of ports) of the I/0 board concerned
15 and presence or non-presence of - output and further
identifies the type of the interface.-
If the classified as a command/interface type, a
data conversion is effected by getting an output buffer
‘address while referring further to the process definition
20 table TBL. The data outputte’d' ‘to the output buffer are
' ‘set. Referring again to the process definition table TBL,
an output command is set by getting a command register
address, in which state_ there is a wait for interruption
from the- 1/0 board. 'Immed'iately whe"n' rec-e.iving the
25 interruption, a return status is outputted. S o
If the 1/0 board concerned is = of a s
'register/interface ‘type, whether it is a data I/0
interface or not is checked by getting the output data.
register address while referring to the process
30 definition table TBL. In the case of the data I/0
int_erface ’ -bit data is converted into 1-word data, and
- mask data is set. Then, the data is written to the
output data register. This process of writing the data to
' the output data register is common. S
35 In order to equip the above-described standard I/0
' driver SD, the multiple I/0 boards are mounted in the



interface, 1-bit data is converted into i-word data, and mask data is set.
Then, the data is witten to the output data: register. This process of

,_vvrltlngthe data to the output data register is comon. 35 I n order
to equip the above-described standard |+Olésiver SD, the nultiple 1/0
boar{g are nmounted in the [err] system Even in such a case, the

process definition tables are created for every I/0O board, .and accessing to
the 1/ 0 boar dgysteil I i afireitit 16N éﬁléhbﬁs'éagé tf&aorgeeaéséefaeﬁnpeion

t abl es. Hencé, there is no n sity for vi di,ng t driver, per_1/0O:
board. It is tahlas) are oc’é%ﬂ:%‘gp Eeﬂcéégi ﬁ&at""g'alalnqer?ec‘??ﬁf’dgﬁ
‘é“ t hout caxsi rm!earwmm:&laim afs gﬁfﬁéﬂarmet yn ushencbasily ofictlse apriacess/ O
river. % rds c e d th th t ard
10 driver: 1 dafitidon, TRBIRS; nHhnke ERo¥E, M Bel "eSeRdifyS' 26F
devel opi n% sherdovadimg ethe dm.verepen:esl'/@ chmaxdy oftths rmﬂ'ﬁi,blf%rto
storing t eI/ t | r esy Op are
st andar di sed |%Iqréﬁ\i)%regl St Jl-ﬁ%/@éeﬁog laﬁe é(})%’r%ﬁ% type, £ b grw@sb e&a%er
is able to ar mauaamq yany d&%ﬂ'—hhne hef / pesfaruangg |1?i!50|’~ﬁ§d-r!’a eOPtlY ne®et he

system A nodg J%!&igo \tl)mo%?'a‘;%a ”z@“%ﬁiieftg tde E//@ s Fd€ oaactsd Vi a

the I/0O bus bbto with reference

d
to Figs. 11 afipipyedkfetthngheo sé-‘!ﬂl@cks?ﬂ%éﬁ'% 5? vf’:'st’r'%%‘l1 b2
si gnal genqpatiipGzd@sNen f Atmbere oft Isﬂﬂa@éq\:énmgssegsabf de¥elopirye th)et r ol

e e Pt D i) IS RageBIASE o8 RS ol HESS
and for i nt er fetmesing 1thadI¢02 dofiviens | / Dubthensors, atheCimeriagratefel y.
S, e | T A I A0 e bl kg v
t ransf er the command type, whereby the user is able to arbitrarlfy
15 design the I/0 board and incorporate it into the system.
| A mode of hardwarewise data transfer to the I/0
board connected via the I/0 bus bb to the CPU board 100
will next be described with reference to Figs. 11 and 12.
. Referring to a block diagram of Fig. 2, strobing
20 signal generating means for'generating strobing signals
STB* on the control line in the I/0 bus bb when the data
transfer request arises are provided for an I/0 interface
8 with respect to the I/0 bus bb of the CPU board 100 and
_ for interfaces cll and cl2 of the I/0 béards Cl and C2
o 25 respectively. = To be specific, logic constitutions for
N~/ transferring the strobing signals STB* to the I/0 bus bb
per trahsfe: frame in association with the data transfer
request are added to the I/0 interface 8 composed of a
'gate array and the interfaces I/Fcll and I/Fcl2.
30 Fig. 11 is a time chart showing a case where the
I1/0 board transfers the data to the CPU board 100 in
response to the data transfer request of the CPU board
100. o _ .
When the data transfer request is generated from
35 the CPU board 100, the CPU board 100 transmits a control
frame FO and strobing signals STB*"L" to the I/0 bus bb.



request are added to the I/Ointerface 8 conposed of a gate array and the
interfaces I/Fcll and |I/Fcl2. 30 " Fig. Il is atine chart showing a .
case where the I/O board transfers the data to the CPU board 100 in

response to the data transfer request -f JThe CPU board 100. Wen the data
transfer request is generated from35 the CPU board 100, the CPU board l"Q_Q)
transmits a control franme FO and strobing.signals STB*"L" to the I/O bus™

bb. ~ Set inthe control frame FO are bite enable bits for enabling the.
access on the bSets i tthens¢entnolie firiameni FOs ase chiper fenabker ddid/aw for~ -
i dentification ﬁﬁgbiliile fﬁ’ﬁé‘gﬁ%b%ss'&xfs?:h% %1%;% B%S)tfah??fé@e%\o@e dgie 5

(data or .control signa contro rame econes ective at a

first transitiohid®fe Bblé‘fh tPerfoxshi ag zeamivrite " idensdificationy, al‘ﬂe_

CPU board 100 tsga&&& n c&a&s siQQES Rl gydg F%it@%C)h ardPegpdsOfof’-8hts
frame, for 10 securing a 256KB: address space These address frames F1 and
0

F2 becone eff ac{AdEa,0n gantxod, §ignplthyesT he sRBtEl Ename KQ heggmes
signal s STB*"L"effepeiived atl wpfissthtsaﬁemtioaowagsetss oferiia Ogtrobihge

part of the CPU_ boarg é&%{ The 1/ 0O board receiving the frames FO
F1 and F2 judgeS8*@Réth h& Board- itself is selected or not during the
period T1. I f sel ecSatbseqhenrt/l@,bdatel eRUClbtmda 160 a tiransmits omddress

prepari ng proce ed,d/ O ut  gat and

F4 to be transn?‘??gég nlff ?ﬁh d?% bus- %%eg efl o%gﬁfém?r% ’s case
the data is JzObseegnsgrral 256F3 addrage sp@soar esenaddreash £ xaneni Ry
signals STB*" an&rh%zd%étdﬂé”@ffﬁ’tf@é &t ﬁ%mtféﬂfﬁiaﬁ %gb%Stm and

transition edges _S3 and he st robi_ng SI r}'a “s STB*. Finally,
the I/0 board t#&nShi P&easgrapwgf P&HB’I}{? STB*"L"." -
'A period Tl up to this point covers the operations

on the part of ‘the CPU board 100. _

15 'l’he I/0 board receiVing the frames FO, Fl1 and F2_
judges whether the board itself is selected or not during
‘the period T1. 1If selected, the I/0 board executes a
data tansmission preparing process . :

The selected I/O board sends out data frames F3 and
20 F4 to be transmitted onto the 1/0 bus bb during a period
T3, In this case, the data is 2 bites. Simultaneously,

| _' the I/O board transmits the strobing signals STB*"L" The
 data. frames F3 and F4 become effective at last tranSition
'edges S3 and s4 of the strobing Signals STB*,

25 Finally, ‘the I/ 0 board transmits a status frame F5 v
together with the stobing signal STB*"L" ' The 1l-bite
‘status frame FS may be conceived as an: inside condition
signal of ‘the I/0 board concerned, i. e., a signal for
setting a variety of conditions such as a data normal

30 transfer, an error status and a. board failure condition.

Note that a frame Signal FRM* represents ‘the first

frame at its last transition edge and also the last frame

- at the first transition edge .and is utilised for
detecting a framing error. A data direction specifying

35 Signal DDIR idicates a frame transfer from the CPU board
100 to the I/0 side at the time of °"H" during a data

-
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together with the stobing signal STB*"L". The 1-bité status frame F5 may
be conceived as an inside condition signal of the I/0O board concerned,
i, e a signal for setting a variety of conditions such as a data normal 30

'tra'n:sfer an error status and a board fa.dp&e condition. Note that a frane
si gnal FRVF represents the firrst frame at 1ts last transition edge and al so

the last frane at the first tranS|t|on edge and is utilised for
detecting a fr error A dat.a directiagn specif nal . DDI
idicates a fra a{‘ggﬁ& e‘fy‘f]r%rrf“{‘ﬂe a%lﬂ? bBa Q@O YEX ge:r/ é%qg‘tietﬁ? tﬁ@ _
time of "H' dubbagdatdathe CPU doakrdr atythe aishealoo "& "l e ily aitifiisdd om
the I/0O board "L | | for
preventing a dg E’nﬁgﬁg{éﬁegdﬁ) éﬁgg ii"ﬁg'%é%]egg %% #%hgsﬁ/ &oaﬁird
The signals FRMOalllcllt‘Dll'ﬂhEelr /e boardnsm'rhe:dsagnela F8M*r ;ind | DDIBF* tAre |/ O

bus bb. Tur nisn r&ﬁsﬁ%ﬂtgézo rtBeée‘fsgti'BqWE Ie/ g&%ﬁ@a&t/&w?,%% ¢ff ecting the

data transfer rom oar to t boar d utted in this
case fromthe CPU boar dTegningd#e §dda g sdhere % Qh\@’%oﬂt tdmef chaxrtrQ

the address frynea BEfeeting ate dwtdlotBahsfaPs £rdm2thdAch9IBbARH wotoh
t he strobing 81:8 g{"a f}ﬁ*L After the 1/O board - has carried out the
u

processes requ bﬁaﬁgrl od T5, the I/O board sends back the status
frame PS and the 15sOutiputted gial tHES 'dd'selufirom ather iCRU Thoadnt 01diong

i scussed abovAREHRE EoBSmagRyThog s Yk Yot e 0T enf a80Eess g

signals STB*" Lframes Flmandhd2 cupkctheedatandsames FR rand( B4r éogethexeby

oSy e oo EERE il SRR Sugfage $0860y- 1 NEUE S8 ryboBt

f or~t he peri ooﬁaﬁflcéﬁéﬂ?é iauthothe progesses required during a period
TS, the I/0 board sends back the status frame F5 and the

15 strobing signal STB*"L" during a period T6.

According to the data transfer mode descr:.bed in
conjunction with Figs. 11 and 12, as discussed above, the
CPU board 100 or .the I/0 board transmits the strobing
signals STB*"L" each time the respective frames are

20 transferred, thereby making the concerned frames
effective. Hence, the frames are transferred by a
synchronous method. In the case of Fig. 11, the transfer
of processes for the periods Tl and T3 is based on an
asynchronous method in terms of the data transfer cycle

'25as a whole. 1In the case of Fig. 12, the transfer of
processes for the periods T4 and T6 is based on the
asynchronous method. Thus, it is feasible to actualise a
mixed method of the synchronous transfer method and the
asynchronous transfer method.

30 Fig. 13 shows a function to record a failure

-~

history of the programmable controller. The programmable
controller includes abnormality detecting circuits such
as a power supply cut-bf,f detecting circuit 21 for
detecting that the 'power supply is cut off, a high
35temperature abnormality detecting circuit 22 for an
abnormality in internal t_emperatﬁre and a software
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asynchronous method in terns of the data transfer cycle 25as a whol e. In
the case of Fig. 12, the transfer of processes for the periods T4 and T6 is
based on the asynchronous met hod. Thus, it is feasible to actualise a m xed
nmet hod of the synchronous transfer nethqd3and the asynchronous transfer |
met hod. 30 Fig. 13 shows a function to record a failure history ofgg
the programuabl e controller. The progranmmable controller ;i ncludes

abnormal ity detecti circuits . such,as a.p supp of f det ectl g :
Tt by aimcemalfrs AeteriRe fufenieD 3y Fort BRrh it atetse 9. |
35t enper at urﬁlahnmfuﬁreyeﬂet:etedngnsn.deu| T£23nf ab:mur:mlﬁxtmﬂeﬁectzmg )

I nt er nal tergﬁias r n r QQPO I e'gag,glt U|t
23 for detec #uﬁ'asala eﬂei‘%&é&’go ovmvarg gxecu é%?n{'élit‘ e. I|ty
det ecting sMgimcuﬂsagen&h;tSaddfa’ttﬁn!'eiqygon%lgnatlheie abﬂMQdy r@nts .
this detecglj_r}gi qgﬁg ; upt er Ciggguit .~
‘24, thereby na ot \n é|n'r§1t erru %ﬁ}nﬁf Q%I%fl re%glagiaﬁ ﬂé erirrﬁpt I on
signal init |Jé!1'€%r@mhia<h%r-ﬁﬂ|¢ Uleccurrence interrupting process 26 froma

nor mal process 25.cB@1. receﬁ?:.ﬁ&etﬁéhﬁﬁtai‘ﬂﬁg tEBHl shgnad inTRidvErtdpn TT
to relate a type of_ abnormalit caused to a ti

e at which t normallty
i s present ety QIR tfmcg PReES ugg ngr
26. CPULl t hformdX a@g@aeéhezabnormal | ties occurred .in tine series, Whl I e an

Lo 2w VALY SLOrage WLl oefed! Resa L BTA HPULiAE ey b G Y-
desi gnat ed treskatzdtar tﬁnp@mdf]eahnermabﬁpyt e:auﬂaJltet ar ttsime hatt orm.al'eadout
pggcess 28 ik " SBfSrAk) £6P! £8! Prefbnt! Vherd Bidlting Ehe' Whordliliey’
occurrence interrupting process 26. CPUl then arranges u.
_ the abnormalities occurred in time series, while an
15 auxiliary storage unit 27 stores these abnormalities in a
file format. . 'l'he auxiliary storage unit 27 involves the
use of a data memory 7. : ' : ' T
If designated thereafter from the host  computer,
CPUl starts a “history readout process 28 . and -reads
- 20 contents of the auxiliary storage unit: ' 27 for
transmitting them to the host side. This arrangement
makes it 'possible to output abnormality occurring
conditions to the outside in a table format shown in Fig.
14 by use of a host-side CRT display unit and ‘a printer.
25 1t is also feasible to readily analyse details of the W
abnormalities produced, a time of occurrence and errors
and further take countermeasures against the errors. _
Subsequently, there will be explained a manner to |
specify a ladder circuit in which errors appear during
30 execution of the ladder program or a desired ladder
circuit in the. -pr'og’ramtiable' co'ntroll'er of the invention.
The programnable controller is connected via, e.g.,
RS232C and RS422: to a program creating tool. Typ:.cally,
as illustrated in Fig. 15, the ladder - prograni is set in
35 such a format that a variety of comments are added to the
respective ladder ' circuits. More "specif-icall'y,- in the




transmitting themto the host side.  This arrangenent nakes it possible
to output abnormality occurring conditions to the outside in a table -
Jormat shown in Fig. 14 by use of a host -si de CRT di-splay unit and a
printer. 25 It is also feasible to readHdgp@nal yse details of the

-abngpmal ities produced, a tine of occurrence and errors and further take
count er measures against the errors. Subsequently, there will be explained a

manner to spegify. a .ladder .¢circuit in which e '

execution of ﬁﬁéﬁ%@é‘r"%r%’fﬁ ALY & éé%éﬁ%?%l {t%#énf?hgg the -
prograrrrrgbl e dddstoidtagey 4 Heitleettiriml diecypitls Step|rumbers oof ckhes
connected vi a, . RY422, s s Pr eab hpe. )

- Typically, as %ﬁeq%%frgéégglgﬁ%%ﬁ'g %115% 'E'%e‘ﬁfgd erﬁg%ger améiﬁ?rs(';teét?qi:n s:%%oguch
a format that cimemitt'y Sprcommemlnzabitidedfto R speirrid 4d R

circuits. @ﬂﬁ%ﬂ%sﬁg*? erafih§econditdane , PicEraB e Statds 5ol . o

program nane ' ] rst stage, a tjtle "1rjal it", st
nunbers of thEoRRRARONGING)i%S SVRRY rthie %%mtia%%fgﬁﬁp (S:i (ragui t"
1; g; rgtplngrglt ;{y of Iﬁf&ieprsgfsuﬂamand:&mmmml m?emnyt istpreEndtheons,
s,..." cofrespondi to_ever i 0 t adder gi 4.
The programmlﬁ%?"cﬁ)'fﬂ?rlﬁ{%e‘fnﬁ‘éfiﬁgﬁ ypg?gf"é? ttho: a oe\'i'gﬁréeng'lﬂ %ne'gbﬂggggiér
gro_gramt Lo exgutéeesbe colfr cinpabremsmality srakesorphacey duridngpl bhe
uring e sequen C pr 0 e I agwi '
t ool reapIS'i&ls%cﬂégﬁg%rg%hé:?g&s g%%ssﬁf \Q%&l‘{'ﬁgréngénpﬁﬁ% ngbgﬁrsﬁrgﬁgon
picture in ordereaticpetood weedsocktl okhef FRAdRAT. STERE ansh dhePlaver
hand, the 'ad%{ﬁg?'éﬁuﬁ]é bﬁﬁed&gﬁi%?g%}dﬁuﬁ efif . oPQdri td SspPdeiHf OtRel5

DI Srur o havi ndQEaian BF GPRIATE {y TS @ (e Eier B othe; fadder
General ly,  al lcfidsnitydRave rehtisands pfi ndespoyt andndit hdsprthereforet is
brought 15 difficult to seek out the specified ladder circuit on the
CRT display picture having a display capability limited
to several tens of lines. Generally, all the ladder
circuits are printed out, and the program list is brought
to the locale for the purpose of rﬁaking the actual
70 circuits correspond to the circuits on the program.. This
ladder circuit specifying method, however, exhibits quite
poor workability. _

'In the programmable controller of the present

 invention, the ladder circuits are specified by the 25
. 25 following method. ) -

Fig. 16 is a block diagram depicting an arrangement
in which a programming tool is connected to the CPU board
100 of the programmable controller. In the CPU board
100, for simplifying the explanation, only CPUl, an

30R8232C port 10, RAM7 and an information bus b are

illustrated. The programming tool. connected to the

RS232C port 10 of the CPU board 100 includes a display

unit PTCRT, a keyboard PTKB, a main memory PTM1l. and an
auxiliary memory PTM2. : .

©. 35 .-As explained earlier, the ladder circuits are

edited 'in accordance with the sequence control .on the
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to the |ocale for the purpose of making the actual 20circuits correspond to
the circuits on the program This |adder circuit specifying nethod,

however, exhibits quite poor morkabrlrty I n the programmabl e control l er of
t he present invention, the ladder circuitgare specified by the 25 .
25fol | owi ng method. Fig. 16 is a bl ock dradranrdeprctrng an arrangenent gﬁ
whi ch a programming tool is connected to the CPU board 100 of the

b 0Q Vitying the. . :
o anat 1 on. Eoadrambia kool 5, e 281 0ed” kegileal dFe! hnbhratitn s 1"
are illustratskdred The pr@pguence programnigaged fnle hEMRSZSZE rlarck:leiﬂ of
the CPU b é?&} f§g§é T eyho T a I n
_me?mry PT(I\)/(Er auxr | ard’1 %esrr%lr'ﬁ$%£e§ bR ﬁjs'geénl gé%gg gg’ﬁtr éﬁﬁ t he
| adder ci rcuites RAMLASG); tAY sa@é&%arﬂ:é%?ﬁ?ﬁ@%’én&@ﬁ?&ﬁmﬁi@ﬂ t he

progranmm NGy tﬁ&ﬂl@néct'helﬂd'vﬂ'ﬁ.d:lf egHbl S1ad@et crB¥ ity Sdl‘z@bpdhd'ﬂ‘ to
sequence programi nmag A | adder hféo%r am created_is transferred

ile 'l )
oo P katbolial dednas, p RAgrImenE S, 180 £ransterredmback
cor r espondi ngto@éuﬁ&:e wCthi thehi taddse Ipxdiprant rcmﬁes eszf:eﬁiwadmiuent

varl ous Kinde Al SRR e SpakaY {caRe T sl el o8l erpt (gl
coment posi pcsiﬁ::(catsep(ateperxm)nhzrsheonr rche tea.roultspmu:l::tes;&md:omment
B0 b e P RABBHE ThobiLiolE W CU 'ClimlR THVILNEE Py, sl LB C

the positi onmeptioned Fatera t hBYl artidetuer o tblandc:.noudc:rﬁmmmenner eof

Che equonco RMMIRL) thide Gov, 1ALLD, | fSRBNIS T dond T thasels
: positioning states between the 1adder circuits and the \/

| comments thereof even if the program is modified. '

15 With this arrangement,  CPUl sets the sequencé-
program SQP transferred and the circ'uit/comment

corresponding table CCT. '

Set in the auxiliary storage unit PTM2 on the side

of the programming tool is a comment file CF into which

20 the step numbers of the ladder circuits and the contents

of comments added to the ladder circuits are stored while

4

making them correspond to each other. -
‘Fig. 17 shows the contents of the comment file CF.
Fig. 18 represents the contents of the circuit/comment

‘25 corresponding table CCT. The coment file CF may be set W
not in the programming tool but in RAM7 on the side of
the CPU board 100. . Besides, there may additionally be
added a comment- £file in which to correspond the step
numbers to the subcomments. .

30 Now, an operation of seeking out spécific locations
of the ladder circuits on the programming tool will be
described with reference to Fig. 19. The programming
tool reads the ‘contents of the comment file CF and the
circuit/comment corresponding ‘table CCT makes an

3Sarrangement: beforehand to indicate subsequent display
pictures S1, S2, S3 and S4 on the CRT display unit.



corresponding table CCT. Set in the aUX|I|ary storage uni t PTNQ on the side
of the programming tool is a coment,file CF into which 20 the step nunbers
Oof the ladder circuits and the contents of conments added to the | adder '
circuits are stored while making them cor&eand to each other. Fig. 17
showgt he contents of the comment file CF. Fig. 18 represents the contents
of the circuit/comrent 25 corresponding table CCT. The comment file CF may

be set not in the pragr [ it hy o] e ard
100. Besides, ther eggaérﬂaﬂdﬁt}%lgé:i‘fw%eagd N% ?&%ﬁﬁ% {em?'qu’ L#]}RQ Co
correspond t hePEPEFaRIIBG: stQQL ¢ 8 %Ubb?ﬁ%bh@ smogjtor megy, P&ﬁtﬂpéra?tlon
of seeking out £gpMCHWHiCH fét@ﬁé af dl&%dlwcwMéﬂ@%1§ 28yt P cte@ agBn ng

t ool Il be d ce to : The_ pr ogr.a t ool

r ggdswt he cgnt g%tcgeaﬁcttﬁéf co ?eé'e??l &165“&% ‘ECH'@“%’?‘? cﬁf??g&ﬁggﬁsgplayed
co[jr espondi 3_95 inabae 1iGE foxinat 20n833ﬂm.r angepemt thé orehemeit 0 doxgierrt €
subsequent dis i ct e upit .

An i n?t ial pi c@ﬁgﬁlgy té#bce%%lﬁ?pl gy ﬁ}ﬁﬁj nﬁexﬁ,}e& Fgﬁmquéﬁ%%? gé af‘s
circuit nonitofuxdheni selectsd, fand whetepfteur eaJal ctheuisubcomments

di splay pi cturfnéiua%%%ﬁcgﬁé cIE%ﬁn.ta Sdnintei EQE"gﬁtsgl'a?ed s dyRB ayaeo' S

inalist forma e circult comrent I cture
subcomrent di sPLEGUbtcAiEePlay RiFERERN B4 sdBeHRkECER FﬁEFE&PPEﬁiEEI t'tChe

subcomment s 1@ﬁhédedbbamaﬁt9| b tlddd8entiréei € 68L2¥8Pondifeor thileL Ui t
di splay pi cture | S Sﬁ g 8{"593%}“3 pond| ng to 10t he subcomment, the
d

| adder ~ci r cui t SEBFPEEEB ¥€%subcomrent is di spl ayed. Nanely, in
order to specify a cnahmlry} adder oedeaui tof ropetii€y addareptagnaniaddder i n

Fiig, 15, a degipgfie' "Filbh SHE®ThabidrSShEEEEMm Darlhal! 3W "F18. ' 14,
desired circuit comment is selected by displaying a list
150f the circuit comment, and a specific ladder circuit can
be displayed on the CRT display picture by designating a
ladder cirduit corresponding to the subcomment included
in this circuit comment.
Note that the circuit display picture S4 may be
 20gelected from the circuit monitor menu picture S1 or the
circuit comment list S2. Page update scrolling and page
update monitoring can be effected on the respective
display pictures. ,
As stated above, in the programmable controller of
25the invention, the comment file and the circuit/comment
corrsponding table are set and then read out. A variety
of comments added to the ladder circuits are related to
the ladder circuits preparatory  to hierarchical
displaying on CRT. Hence, it is possible to immediately
30 detect a desired ladder circ_uit.
- The arrangement given ébove_ is made to attain an
easy-to-search 1ladder circuits when adjusting the
circuits or causing an error.  The description will next
be focused on improvements of creation of the ladder
35 program and of operation during debugging. .
Typically, the sequence control process which



150f the circuit comrent, and a specific |adder circuit can be dlsplayed on
the CRT display picture by designating a | adder cirduit corresponding to -
the subcomment included in this circuit comment. Note that the circuit

di splay picture S4 may be 20sel ected frggshe circuit nonitor menu picture
S1 or the circuit comment Fist S2. Page u ate scrolling and page update\,
nonitoring can be effected on the respective di splay pictures. As stated”
above, in.the_progranpabl e &antroller of 2bthe inveption .the connent flle'

and the circRAPPESMERR IRIIBENRTOIFEM o 8r SXRTUERE (¥n 3 REOSREEA. .~ -
variety of cesueine addadistitg lcfidar commant procesel alelstet oat leelf adder

circuits a

possible to ‘?:ﬁ?r%mggfél' L§OIZ E@?E@sg ?I ré:%saﬁfler /g?r ee%x} Ir%}#l%:nent
gi ven above ssdead:eft@hatﬁl/ﬁ dpoaudy- texeentdien aeéertbﬁr cﬁﬂ‘f—s%ﬁr

adj usting {NerGhbch kidoh 88USLRG Boesd fole dRmR I Emaned| next be

- focused o venents of creation of. the Iadder 35 am an
operation during dBBgg§ n@n Tyhe alpxegrapmaly\fy EF?S- nges"sh%i ch
ggm f] :)chgfﬂééﬁss “Egbgggalﬂ}éa EMECHefdelh a gbeefess ﬁﬁbseQﬁennnStotiﬂmOf a
e i ‘agnosi efr

regi sters onCPWBOR| H€°89315hé'sl'lgésod;r3d1 %&%?élbﬂ g?’ ?L SZMC#C%CE%O
program agfj peﬁﬂormcfpwqmri @r andhadébugpingned thitadedmountinge the :
pr ogr ammabl e rolle n @)
~ subsequent© tyﬁh(}%?{hﬁ oc%E?gF%n q'hﬁol ef#ﬁ?\c CGE{.}'SE #Q#ﬁed to

perf;)r m p{ ﬁgwm:rm rthizndaderangement) t that debngging t Iwemﬂilcm beand b@en -
creatin C

g L easRd" §g.n§c&?£‘6 Bl P’ ST s’ iHskButcachANOREE Nl ddiugliér00i Ng

operation ca n. con .
o/

an instruction froma debu r

such as a programnu.ng tool or the like without the 2?? E
board. ' ' ' '

15 Fig. 21 is .a conceptu’al diagram showing a

programming - function of the ladder program in the
programmable _ controller of the present invention.
Respective blocks in the Figure represent software-
functional blocks of the programmable controller of the
20 invention.
The individual functional blocks in Fig. 21 work as
follows. L -
A circuit editing function 201 is to edit
respective ¢ircuit components of the “ladder " circuit, by
25 which function the programmer describes addresses of the \J
respective circuit 'components in the form of signal names
" similar to device names when designing the ladder
‘circuit. A si_gn_al' defining function 202 serves as a unit
for setting a table format for previously setting a
30 correspondence of the addresses to the signal names of
the respective circu:.t components... ‘A compile function
203 works to transmit a program in an executing format to
the sequence ‘process unit 205 with reference to the names
‘of signal in the ladder circuis, ‘the addresses given from
'35 the signal defining function 202 corresponding thereto
' and further the signals from an address automatic



'such_ as a programm ng tool or the I|ke W|thout the /0O board. 15 . Fi g.
21 is a conceptual diagram showing "a programm ng function of the
Jadder programin the programmable controller of the present

i nvention. Respective blocks in the Fi gar&® gepresent software- functional

bl ocks, of the progranmable controller of the 20 invention.

The i ndi vi dual

functlonal blocksm ‘Fig. 21 work as follows. A circuit editing function

201 is ‘i‘ﬂl :{{\?ﬂﬁ%%@cﬂé& 64 Corli&?"é‘&dfeé)é éni'@o:h&@ﬂ@r éhéfb.'tingby

25 whi ch func 8 escri bes ad
circuit corrporfémctil-nnt he0ftorisofdefingd mfed sﬁm%lq%a

esses of i res ecti
e

tecka Qrv\,hen.

Sﬁ?{gpgpgsé[‘?la{r}gfmﬁdt : Oﬁ r?gts&fg&ﬂﬁ@al tHef | detwi fadcldddretibsernvesths a
revi o a es enc

of the addresfdgnal mames @Hkyen dth ?h%fg%%'ﬁe‘i?#ﬁg"’&gr W?Li%ggﬁghts.e

A conpile fucti on AEonellrds Eoensdiéatipngootha iYaddeex qurogrgni obyat

to the sequence process u w. th reference to,
the | adder ci rdkikising & ﬂ?@sg&"cﬁr“?@ﬁ SEarfWebf%i §§aI
function 202 @gEXYsepondi ng thereto and further the signals.

i al.in
ot el s
from an address

automatic -24- gepe s

generatl ng. functi oﬁy gg&ﬁigg %%Rél d?eg)%f é@l ona?ggl' ocC for ﬁ!t!?)lr:raa!t:legal |y
assi gni ng the xtetemd:pelrm:mas\mtht bhehprgggmlnqm% A R €RECYEGnal
defi ni ng fum:t%]ese génc nction Prwfdurg&fgh,_gr e@_{mgg e | gﬁ@g_rv;m@gy_am

by ut|I|5|ngt I oNns WI|| tangi bl y be descri bed as
circuit depi ct@drewiti @W?%tﬁe‘h%r%t’é%ll%h

Wiheradh | ORtRRE ~anfE and 8

bel Iadder

programming tosl ape Be Gin Cthé form of signal names such as SW1 AND

o - COILl. However, signal names SW1l, COIL1,

COIL2, IRL1,

15

20

TIM1, CNT1 and REGl are arranged to previously correspond
to addresses X, X, Y, ¥, I, T, C and - D in the signal
defining function 202, where the symbol X is _th_e address
representing an input, Y is an output, I is an internal
relay, T is a timer, C is a counter and D is a data
register. o _ _

The detailed addresses, which are not set to the
respective ladder circuits components in the compile
function 203, are automatically assigned in the address
automatic generating function 204. To be specific, when

‘not the detailed address, Xxxx but the address X alone is

25

30

35

set to the circuit element SW1l, the detailed address X001

is assigned. . At this time, the detailed addresses are

set sequentially from the smallest of the numbers added
to the signal names of the ladder circuit components.
The results are shown in Fig. 24. That is, the address
X001 is .set to.the signal name SW1, and the address X002
is set to the signal name SW2.

In . accordance with the executing . format program
obtalned-by the compile function, debugging, though
processing is performed in the sequence control unit, can
be carried out by use of only the CPU board 100 without
mounting the I/0 board, because the I/0 refresh process



10 editing function 201. At this time, the individual circuit conponents
of arelay unit, an output unit and so on_are set in the form of signal
nanes such as SWL. AND CO L1. However, signal nanes SWL , COL1, COL2 ,

| RL1, TIML, CNT1 and REGL are arranged— Sprevi ously correspond 15 to

addr esses X, X, Y, Y, I, T, Cand Din the signal defining function 202\,;
where the synbol X is the address representing an input, Y is an output, |

S anlnternal relay,. L.lsS_a C.is t S dat.a

L et SRS T zﬁmfiﬁsz?m?m;
respective r P o

aut omat i cal | y %ﬁ%e@'l%l Bh % &ﬁfqﬁﬁgg agggggt I C Bth:dﬁém&Eb 8 %94 To
be specific, vvhen ot the dress, Xxxx )ut _t he address § g one is

25 set to th€e§W1&§ the éiﬁé?ﬁim addresies 3%y added asxbhe necessifved.

At this tsmapriges, detail ed addresses are set sequentially fromthe
-smallest of the nunbers addeq to the signal .nanmes of the Igdder CII’

conponents. The redift%®are BHOWSHINRY. BAMeShafany 21 OMAthise gU X001
is set to thems@ionmmo SMe deﬁaihedadddmsxeozwmmm lb@in@eawageal

e unop gl a8 ad °Qld N9 dQOABL 1HLOTARARL ARy oL e
P Seb rr? ou%ﬁ ss%

conpi l e func proce per f orime e Sequence
cont rol un| t pon@nn&'hﬁae cuhi.chd igut tb;musﬁa@ilmyeﬁ h& Gﬂ’QBbyar @fiothe

wi t hout e | 1:[3%"] %{@pse a
Il lustrat ed b&g E'*nar tc/gf ‘1::: hoveér}?u%é%%géaslgs%%?ﬁgéégd ghs'gh S.
even if the npobﬂhrhoasdmotanﬁ)uhhed aﬂdﬁﬁe PROGRAM ngPeragdons mandben t he

debugged resebh%i&%diebafbeé il £H80%g 2 adHegnasof N Neeesy t ¥olrd
ari ses. Hence signal _nanes _ can” automatical Ig/ correspond to the |

det ai | ed addwbésbs CRrmRRRONgS P dhe Sequence proces

. The programmable controller of the .invention
15 performs programming with respect to the ladder program
having thousands of steps in the follow:.ng .manner by .
splitting the blocks per step. Fig_s. 25(a) to 25(c) show
programming modes . ' '
Figs. 25(a) to 25(c) represent steps 1, 2 and 5 as
20 a part of the ladder program. . . o |
A start command "ACT PROGl.2" and an end command .
"INACT PROG1l.1l", which are newly defined in the present
invention, are set at the fi_nal substep of the step 1.
"With this arrangexnent, when a control operation. of the
25 step 1 reaches the final substep, ‘a block ladder program
PROG1.2 of the step 2 is started by stopping a block
ladder program PROGl.1 of the step 1, thereby initiating
the control operation of the step 2.
'Set at’ the final suhstep of the block ladder
30 program PROGI 2 are a stop command "INACT PROG1.2" of the
block ladder program PROG1.2 and parallel start commands
"2ACT PROG1.2", "ACT PROG2.1" and "ACT PROG3.1" of the
steps 3 to 5. . These steps 3 to '5 _ _are simultaneously
started. S -
35 The ends of the steps 3 and 4 .are monitored in the
step 5. When detecting ceasing of the steps 3, 4 and 5,
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of the addresses of the respective |adder circuit conponents, which in
turn facilitates a design of the 10 sequénce control program Debuggi ng
can be effected with no I/O board, and the | adder program operations can be
COﬂfILﬂEd before finishing a deS|gn of_aéQQLay board which corresponds to

t he ggquence process. The programabl e controller of the invention 15

per f or ms progrann1ng with respect to the | adder program having thousands of

steps in the f nner Ltti t he bl gpcks per st.e 25(a) -
to 25(c) showtg’reb %%ﬁ@gxrﬁgg )51['%922(@" “Begtr STt E‘ngv‘é“ o
and 5 as 20 a gi=p qu the beddencerognarolApsbaesscd.mmebpo&@l'e PEOCEEED and
an end comran " ' edoin the present

i nvention, ar(ebsn{nm(ﬁrs @:@?4 %&J%C? aé&? 'el#éi(s éji leth thlg
arrangenent, when a That sdanpecommand of' AQR" 2§n§1t cphe Etepesommandsy)
substep, -a bl ogiAidess RiRor AR Erdgfm 4ife Stitils Zaef1Abd] | & Nence

stopping a b dder program 1" of the step, 1, th ereby |n|t|at|ng
the control opdraliBoPasisihiesitq effegt progeamming sdisiRaratlede BYock

:aggﬂ 30. progpui PROEIB% ?adaséﬂlefé OafCQint glan HEA(EE enceéf ddiﬂ:fJbDCk
adder progran1 gnd _paral r connqp

PROG2. 1" and 'DRCETEgxinto Feveral; Z’%ﬁ""é‘% 5, é@"—z So%% ol%dﬁ?ﬁ

si rrulht aneous| prdgramd. Shform dacherwishet tde sttemstﬁngn(hmdamdm;ored
in the stepy n ec S t -26: the
operati on re?ﬁqh?g%% Sﬁ}e 4é%'9eff§£ é&&zto%]é %ﬁ?\%ls?ep 0 ‘f € sequen%e
control procetywaeﬁtiqgnthatlnddeg)pxngnﬁms;splitxﬂhtﬁxxhﬁlblgmhs"ﬁnﬂa
PROGL. 1". Theéyﬁyglfgynggutﬂduggafagtthe st op comands

\— Turning to Fig. 26, there is shown an example where
.a control object M on the actual control line L is
15 controlled by combining a CPU board 101 in which the
- basic program process is set and CPU boards 102 to 104 in
which only the ladder program process is set. '

Note that ladder programs LDl and LD2 are set in
the CPU board 102 to which an I/0 board group Cl0 is

20 connected; ladder programs LD3 to LDS5 are set.in the CPU
board 103 to which an I/0 board group C20 is connected;
and a ladder program LD6 is set in the CPU board 104 to
which an I/0 board group C30 is connected.

'Fig. 27 illustrates an example of the basic program

" 25set in the CPU board 101. -

The ladder programs LDl to LD6 are defined as a
series -of sequence control programs with respect to the
control object M, thse ladder programs having the
foregoing block construction and being programmed

30 independently. : _

The basic program of the CPU board 101 functions to
issue start instructions to the individual ladder program
and receive end instructions thereof. _

When starting the operation, the CPU_ board 101

35actuates the ladder program LD2 subsequent -to the ladder
program LD1 of the CPU board 102. After these programs

o



5 "I NACT" of the Iadder program are thus defined, and hence it is possible
to effect programming in parallel by splitting a series of thousands of .
sequence control prograns into several bl ocks. In addition, the | adder
progranms informeach other of starting d endi ng, 10whereby the sequence
control operation can be -carried out b§3nlrrlng t he l'adder prograns spgp
into the blocks in a plurality of CPU boards. Turning to Fig. 26, there'is
shown an exanpl e where a control object Mon the actual control line L |s
15 contr ol heseb\besmiemied wpePthbrer dsl(exequtsd cthe hiadderc pgoggpamm.

process 1S3l @{bLEEUJPa{ﬁé €Ps boad i3 angc@ﬁﬁaéﬂ&'@ﬁéﬁr "eo%gﬁm

process i s set te that l'adder prograns LD2 ‘are set I1nt
board 102 EeAMENSe aPrrressdinal RSy te10ats thatntdaeed: Im&ﬂéﬁtﬁldfgrans

LD3 to- LD5aFtersetinishitg CEHeng% i LD3\_/\’6t:CfI.E’41,|&@ heas dwakeUREC20 iS -
connected; and a Iadder o] s set | CPU board 4 to,which an
1/0 boar & té@% g&%’oc BRPIBIM, | %F%&Pé’ss a %xﬁ%ﬁré: oft Bt he
ba5|g ]E)_rog bothha:r@ulhddeﬂ Progrie Lb8ddmgqorpprated Dinteo LEG
are define as t t he
control Obj 0%%%@%% 'g’g? jh)%&é%é‘lvﬁ %88#%@%‘}(?&38%%9 %%3%%
constructi d.mtcartdle mmg)oaprd)glmred 30i ndependent | y. The basi c. program of
_the CPU board 10%,f ujgld O d s i SSHe 46" 111 PabkIEd S dPstlf,! Nhy dual

| adder program and recelve end instructions thereof. Wen starti ng t
oper at | ok Segwencey ¢eRERoloProgxamgatiss wiikch agd&exiasraf quuem

to the 'ad%hﬁ&foqgralts&%ieﬁst harLPHiboaed li%do Plibekst hose hasdleds
have been ended up, ecut ed the | adder B giam LD3 or .LD4 of_ ‘the

CPU board 88§ BFocessethRe &iRln¥akity of progr e controllers. o

Thus, hJ.ghly efficient sequence control process:.ng can be-_
done. - ' ' -

15 As discus‘sed above, the programn'a"ble “controller of
the invention is capable of improving a velocity of _
sequence control processing and attaining an easy-to -
redesign system when being mod:.fied. The Qprog'rammable
controller exhibiting a hlgh process:.ng effic:.ency can

20 thus be actualJ.sed. ' :

Although the J.llustratJ.ve embod:.ments of the
present invention have been desc__:r:.bed in ~detail with
reference to the accompanying' dra‘ﬁvings;' it is to be

' understood that the present invention is not limited to -

25 those - pr.ec_ise embodients.  Various ' changes ' or \/
modifications may be effected therein by one skilled_in
the art w:.thout depart:.ng from the scope of the following .-
claims. - '

The present application has been divided —out of

30patent appl:.cation GB 2232514 accord:.ng to which a
programmable controller comprises. -

a first processor, a second proceSsor'- a program
memory system for storing interpreter type program
commands - and basic commands; - a first- J.nformat:l.on bus

35through which said fikst. processor is. connected to said
’progra'in 'memory 'system; a second information bus through



sequence processing results at that tinme. |mmediately-- after finishi ng
the program LD3 or LD4, in the wake of s'this step the basic program
functions to start in parallel both the | adder program LD5 incor porated
into the CPU board 103 and the | adder prqgram LD5 incorporated into the CPU
boarg¢104 On the basis of the |IIust|’§t$%'y-stem the 10 sequence control
prograns in which a series of sequence control operations are divided into
bl ocks are handl ed and processed by a plurality-of .programmabl e . '
contr oI I ers. whieh lsaghl ysetdéndi prbcesgoends coohnettpdoawsssafjdc Hidst -

done. . pEBgfbasHI WBIRNe o4 fie PLOGE IR ld e aOf fJa;rCGSSI g

i nvent| on is I'nproveng a ve Gende $oht FolP
and attai ni ngcaumas;/ god cjudoggs sybesheshcsaid nprogaan cgommamngd

programmabl e g E:‘Lﬁ!ec?r h'@éf,hlngfiﬂé'tﬂhﬂ}!é’&é%b&g efzflcs@my QéEo%QithUS

be actuali sed lustrative nmbodi nents _of the resent
i nventi on ﬁavﬁrﬁééﬁseﬁcr‘m&’ﬁ gaidet Birsti tmq%%cau@eeﬁhe hato

drawi ngs, itpé &ambeoﬂﬂdﬁaswoexbbateaheypeaianfirate@&:mssdxs, sall@t
limted to 25 those eC| se S&‘%eg‘fﬁ hals ,'[C aglges

modi fi cati onsERE§E beP FRRIQK - 8?95ﬁ§e§l(| I?% £ 4 aﬁr‘\ﬁeﬁ‘?&ﬁ
departing fropehds ssand Prodeamoldomandcifxom. sdlie ppregramppemoaty on

has b di vi ded- - t t g Whi ch
M progr ammbrepasiely) S Sy it ' 68, pflpCprooital oaRid Ba' A ©
processor ;10 atheogame ntﬁmey ismuesn Aorpsewdo ngammandor toersaige secopdam
commands_and €§8b8 EBEWQﬂéeghénf kh¥ f?.%&?.r BbQBsBS&S 35?%%0%%&&"@&*& sai d

first procesSor s cohnec to sal am nenory a second
i nf or mati on bPEOgEAByfPmmand be execute saz.d second processor,
s

said first processor suppl:.es said program command to
said second processor in place of said pseudo command.




whi ch said second processor is connected to said first processor; wher eby

said first processor reads a program command an | said - .
program command be executed by said first  proce second 5
processor; when said first processor j+ that w;gm& M! nd be_ .
executed by said first processor, said firs pro oper at es, :

said first processor reads said programcommand from said program mem)ry
preparatory }ﬁ@&;utl on of said program comrand and at 10 the sane ti me.
i ssues a pse bhand to said second processor; .and when said first

processor . judges tha pnodrpmgbam comarsl her cxonpreding :sa dgﬁeﬁﬁn%f-

f iy, 9L.am. G npand to.s
e o ocodD " Hodndl 000 O'e SUIDERSS 138 * AP ITABSPTRG 1 B8pde
pr ogr amabl eiébﬁﬁmarté@!towpth&mpacgrdlm af dgitbodr dsbjectyr aemﬂelarl ng
and recei V|51gi,zr3gé§ggxe bag%%‘on%f&?%fﬁipgm?&?ﬂ?%a. %&ggla[lob#g

5 processor board f i nparting a ontro V|a
said 1/0 boaﬁ?ﬂj-'r’t'ﬂ}p objegtpvéade£add bb4R d pﬂ@dua:mp.a oabdepsocesspr

control ling HaareolRcradif QClélﬁﬂoéeéabi: Cifo;coaaﬁeﬁém@#gasgwegﬁ%
control progran which ma use_of sequence, basic co nds 1 an
sequence appP ?’6?\"'55%% Qgﬁf‘ OBA %aﬁlf& FRAYNGE ngontrol
gener al - purpmgmlm twinkth cispmde5$y;gfjse$]26ﬁr mw (Eﬁgﬁnm&o;ﬁr?gﬁdrsrakl n.g
an end i ney Badk peBbeHd 4R Clon RbiERIas (Ot £ mAREE pESYT AR, FoB am
menory into mmmn-ugsecgnnecadmpumopeogrmithmattdrced pfr@rcesmﬂng%m ds
T g SR PR ALY o el OB B
processor an8&ig SRANERRe SANtreknoRYSgTam saﬁ%ﬂZOQBkmoranlfendald
r eadout COWE&B%&uc%H.@n;S%IUfﬂBEt processor, connected directly to a
15 program memory into which said sequence control program
is stored, for reading commands sequentially from said ,
program memory, for executing said commands if said read _'
out commands are commands to be executed by said 1-bit
processor and for impartii_lg 'said commands to said
20processor if 'said readout commands are sequence
application commands to be executed by said processor; a -
data memory for temporarily storing data; a fixed memory
for stor:.ng a self-diagnostic program; a communication
interface par_ticipating in a communicating operation _
25with a host- computer; an I/0 interface for joining said u
control object to an I/0 bus through which I/0 boards for
transferri‘ng and receiving multiple information are
connected, and an- internal bus for mutually connecting
‘said processor, said 1l-bit processor, said data memory, |
30said fixed memory, said communication interface and said
I/0 interface. ' _ _
2. E_L‘he progrmable controller as set forth in Claim
1, characterised in that: an I/0 driver set .in said
processor board is .arranged to set a process definition
35table for storage in a table format, whereby when a
special process routine is required the special process
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appllcatlon commands to be executed by said processor; a data nenory for
tenporarily storing data; a fixed nenory for storing a self-diagnostic
program a conmmunication interface participating in cating
operation 25with a host conputer; an I/O interface for n m troI
objegl; to an I/ 0O bus through” which |/ O-boB@sfor tra ‘lmﬂ '“amﬁ“ “
receiving multiple informati on are connected; and an intermalt b#s for*

mutual Iy connecting said processor, said 1- bi t processor, said data menory, :
30said fixed rrfaatznesahdpgamaacahaoQetntekf ga8 wd Béhi'd'/ ©nl BdArledss . -

2. The pro e Cco Il er as set forth |n 1, racteri sed '
Yo thatt | on SF oA, crteetal pEaRRSE: Gmtdne bhy AoFs Lt ShLSd BEDCess: o
procesF deflnldeﬁﬂnﬁﬁlehltabmaEﬁtﬂstﬁFtnu ,taMenfparﬁﬁrmﬂﬁ¢rehé s ta
speci a proces sp Qutine
prepared and s g#éaﬁgsl%l dggg %gdta BXdcﬁeéﬁg (ﬁréé%gg?ﬁec#gPr&'ocggg'd
routine is sétpmceasddpf.bnagiouetamen bas gehervatedswith vpspectnto the

performng thep r st i vigg D gh sa
5process defi nltlg%tﬁéa{ib\g e bt‘Sé‘\fﬁd é‘ft i‘eiah. 'Y Oﬂ'ﬂ bt

e |sgenerate resp et to t respectlve [/ O
board by readi HEoEmationyingludingys oPﬁﬁFﬁiénIPnEfuBhﬁgI BOHPG§ BD &¥Pfhe

1/0 b?ar?s tty?t ﬁﬁ?th¢0|56hbﬂatd bg/&e?éﬁféd$e?hiuhlﬂb biaghifibala?has|?o
register/interface type,or_a _command/interface e; . channel s o e
boar d: addr eocEea5R AR BT E B IRE ! 85 & cPOMIRRIAITERS Lhne, tRRSF) O
board is cl déschanneds aocforrl:hed/]l,fn ebfcaxmi: yaddressidse o s rafspespioki ve
regi sters whe I I £l a. 's /1 y
and addressesnc{> & (?0 F%?Er%‘?:%s?‘%fu #ﬁé ]?}Cﬁb(i)%%}&neggs
aLg speci al p!r?b%%%sfl%@t |ar$e anccmandﬂmtarmm sé‘»lYPBs ar regdpasses r ofer
ai d procesgegdétive OPelfBters WRBNChEC T/00 Ko 8 £ULPAEE] Plel ASESS.
a register/interface type; and addresses of said spécial
15 process routine when the I/0 board needs said special

process routine and said I/0 driver set is arranged to
refer to said process definition tables when effecting a
data outputting process. '
3. - The programmable controller as set forth in Claim
201, characterised in that: strobing signal generating
means provided in said processor board and each I/0 board
- in said I/0 board group, whereby when a data transfer
request is generated from said processor board, said
processor board transmits a control frame and an address
\ 25frame and each time these frames are transferred said
| ' processor board transmits the strobing signals, thereby
making the frames effective, the arrangement béing such
that where the 1I/0 board transfers the data to said
‘processor board, the I/0 board transfers data frames and
30transmits strobing signals to make said data frames
effective and transmits a status frame together with a
strobing signal to make said status frame effective, and
- where said processor board transfers data to the I/0
board, said processor board transfers data frames and
35transmits the strobing signals to make said data frames
effective, and in response to _this, the I/0 board



3 ~ The programmbl e controller as set forth i n daim 201, “chaf dcteri sed
in that: strobing signal generating neans. proviWor boar d

and each 1/0O board in said I/O board group, whereb ‘Lansfer
request is generated fromsaid processQr board gm nua'\‘ oard .
transmts a control frame and an addrE'ssSZBHarre ™ mé these fra.mas _

are transferred said processor board transnits the strobing signals,
t hereby nmaking the frames effective, the arrangenent being such t hat vvhere .

t Pgnlsé Sr 203; téga?aﬂii:er a tdi;%ﬁtif& afiélné at?b@éﬂ@ﬁsﬁﬂthbﬁar&rdﬁhélﬂgﬂg ;
ransrg ts str si gna sai at a

frames effectPv g‘g ﬁgﬂ: 3 $€ %‘5&?! Frﬁﬁymé"ﬂ?%b?ﬁ

f' gna:c to 'gakeamiﬁbsfedusbyremesqiﬁehronensanuemmch,saanuprthessdntboard

ransfers daja_to a S r f rame

and 35trans F?nf tbréﬁegeg? gﬁ?‘é b‘q? EeQS %O%ag’a f?g%e? ?r& >

and in respbhse basedi on tae aisydchrandus methoclreim;ntem it as qla'aane

t oget her wit nal }30 K, Heinsaf rédRe ff,ﬁ_q.; %
wher eby frangggél%tef&a%éig Angy gas‘?}:riic r"'lgnous nmet hod, grjfd the g%l%ei

transfer bet s¥Bshsongugr gaihed andr &he, RSYRCRFONORS, fronsfer,
asynchronousrgghhqg interms of a data transfer cycle and a m xed net hod

Fosulte. 3. 4 ThotBRogRRRRABRBLIo AR Lt S He (IPTTh ) Glalk b,
characteri S@dhaﬁ:ddfwérﬁsedr r dyponchay nanbeomfespondiaig t ynumbext i nof
br ocessor 1 cBERGRERLT Y, detelitiay AR L4 Cend’ fullbBF, 43 kil CakC
~signal and sabnozmailitiest ;axg vprovided,i mns nsaidi processen oregstvesa -
content of tQﬁ dphetnad 13 detdidtihd BidniaAPlds an interruption signal -
and stores time data given by an internal timer function
15and a content of the detected abnormality in a table
format.- '
5. The programable controller as set forth in c1a:|.m 1,
characterised in that: signal names are assigned to
circuit elements. in la;ddér circuits in a ladder program
20and made to correspond to addresses in accordance with a
preset signal name-to-addresses correspondence table, and
detailed addresses corresponding to said signal names are
set sequentially from said address marked with the
smallest number to said signal names to which said
25detailed addresses are not yet assigned at the time of o/
compilation and said processor board is arranged to '
execute' a common process such as a self diagnosis, a
checking process whether I/O boards are provided or not,
and I/0 refresh process of I/O registers on the I/O board
30when I/0 boards are provided, an execution process of
said ladder program and a service | process for a host
appliance. ' -
6. The programmable controller as set forth in Claim
1, characterised in ‘that a series of sequence control
35operations are split into blocks corresponding to. several
steps when preram’ning a ladder program, a command for
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format. 5. The programmabl e controller as set forth in Caiml,
characterised in that: si gnal nanmes ar'e assi gned ements

.ladder circuits in a |adder program 20and made to cory 3 ses
in accordance with a preset signal nane-to- addresses m‘g cl“‘e“‘ bl e,
and \dgt ai | ed addr esses correspondi ng te B .si gnal na#west are det s

: sequentlal |y fromsaid address nmarked with the snall.est nunber to said
signal names to which said:25detail ed addresses are not yet assigned at the :

tinme of CO”plépéd:ﬁﬁyﬁiQ sauldf w&w_&sw K@aéﬂﬁt:ﬁté&f aeged dm %e?ﬁ“‘f‘f‘o :
conmon process_such a se Ia a _chec SS et her

boards are pr RF oBBe Sif}q}?g ang*P g %eﬂré’ﬁ?sﬁr (?geséﬁ Oﬁf?flfeﬁf’gf:gﬂ 8n t he
| /O board 30 Mnsetoﬂnoaa dtadderprcircudd, o exﬁtnalolsqhmm@soi)f eachd

| adder progr rv p

pr ogr ammabl ea%% ??é? ashﬁ saelt%r a?.g!rets% 4%%6813??&& Eara erﬂ”g%dexe Pﬁefl
series of Secﬂ%ndélQ@m rol 35operations are split into blocks corresponding

to-several stgps \Ah@@d)&ﬂga fe | @oneroPiEP" a8 s%thmﬁﬁij iR’ claim
speci fying said bl oc e executed next and a conmmand ,for. specifying a
F o

stop of proceks 6hazacgepised ddhcehaky ar‘@‘%‘?ﬁ 1% preydded & eompen
final SUbStepfﬁeﬁaﬁhi&hl dl o6k, ianc Sﬁtd?i:ﬂﬁdﬂigpmam | fors etofiing

executed 5 per bl ock The r ontroller ;as,set forth |n
Caim1, chargme daf"ﬁafih ? aeﬁ@#& i€ ?ﬁ?%ed”‘a ol T | PEO9GAMch i s
set in a dpoggemerag;e@a.hn & oladderi ntpnguaget,s salildd commentsr heingits

in a | adder £ nuéri gneLed dé‘hﬁ'b%geadffr a%ﬁgug%e?a'cqmténge' ng

aIIocatedtos ers in r ¢ircui
ci rcui t/ commakseald ecimgudit [{commentn tabliepr sthitehr dmaset i inwsahdsai d

step numbers p¥oéds8or board, in which said step numbers of said
ladder circuit correspond to positions in said comment
15 file.
8. The programmable controller as set forth in Claim
1, characterised in that it is arranged to execute a
process by periodically alternating execution of a
variety of sequence processes and a variety of BASIC
20 processes and; a timer being provided in which the
‘maximum allowable value of a processing time of said
sequence processes is stored, for counting a processing
time of said sequence processes, and an executing right
change-over processing unit is provided for setting a
\_/ - 25 value of said processing time in said timer by
determining said processing time of said BASIC processes
in accordance with a count value of said timer and
changing over said seguence processes and said BASIC

processes.
30 9. = A programmable controller as set forth in Claim 1,
wherein said processor for controlling the whole and
executing a part of commands in a sequence control
program is a CPU associated with setting means capable of
- setting at least one or more 'languages to be used to
35 create an optional effect in relation to said control
object.



Iadder circuit correspond to positions in said comment 15 file. 8.° The
programmabl e controller as set forth in Caiml, characteri hat it
is arranged to execute a process by periodicalIy~aff§?ﬁ5frﬁ§3daknﬂ%lon of a
vari ety of sequence processes and a variety .of BA ““E Eﬁand a
timer being provided in which the maxi Lomab iﬂﬁ. e55|ng;)
time of said sequence processes is stored, for courtifg & processing tinme"

-of said sequence processes, and an executing right change-dver processing
unit is provigled for Aseb&ldﬁrmﬂ5b1%| Ugopit 156l Tle r osawmﬁanyn asid

accor dance WEARIARIS APTEEDPod FiER | FRPorafon nBgraPover tn? eéquenc;"

processes arthe;achﬁpﬁxf;r#ngno@smhgso 9. A progranmabl e contwr ol | er ‘as
set forth in Claim1l, wherein said processor for controlling the Whol e and -
.executing a part of commands in a sequence control programis a CPU
associated with setting neans capable of setting at |east one or nore

| anguages to be used to 35 create an optional effect in relation to said
control object. 10. A programmable controller substantially as
her ei nbefore described with reference to Figs. 2 to 27 of the acconpanylng
drawi ngs. o




