DESCRI PTION ¢ - ° System Desi gn Support Equi pnent
Field of the Invention This invention relates to a system design
support equi pnent for supporting a software naking (programmng) or a
desi gn necessary for a system devel opnent.

Background Art An operational processor used for controlling

systens such as plants consists OfD@Mﬁ Ity of elenments (hereinafter,
refers as "functional block") that P danmental functions such as

addition and nultiplication of (referred as

"conpl ex function"). These e %eaﬁpseg%gﬁu?%ﬁ%g?ﬁ’ Pg prograns to realize a
required function but also a circuit that is a hardware. These el enents
can be understood as "conponents"” or "nodul es". Particularly in a field of
sof tware technol ogy these Field of the Invention

This invention relates to a system design support equipment for supporting a

software making (programming) or a design necessary for a system development.

Background Art

An operational processor used for controlling systems such as plants consists of
a plurality of elements (hereinafter, refers as "functional block") that realize fundamental
functions such as addition and multiplication or any combination thereof (referred as
"complex function"). These elements contain not only programs to realize a required
function but also a circuit that is a har&ware. These elements can be understood as
"components” or "modules". Particularly in a field of software technology these
components are called as "object components" because they belong to a general idea of
"object". Combining several object components makes an object component group that
has a specific function (referred as "complex object component"). The complex object
component can be expressed as complex functional block that is in higher layer relatively
to a plurality of functional blocks in lower layer. Also, in some cases, combining
complex object components can make a higher layer complex function object.

There have been proposed the following design support software for creating a
complex object component by combining the object components mentioned above,

(1) "LabVIEW" of U.S. company "National Instruments"

This is a programming support tool in which various object components (so-
called "Virtual Instrument”, hereinafter, expressed as "VI") are prepared as algorithm
such as numerical operation, and a certain application function can be built with optional
VI group and linkages of the VI's. According to the system so-called linking diagram
editor, grouping suitable parts expressed with linkages of a plurality of blocks can make
a complex object component (so-called "sub VI") including them. The complex object

component can be used in the same application and the other applications by duplicating
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conponents areé cal'l ed as "object conponents"” because they belong to a
general idea of "object". Conbining several object conponents nakes an

obj ect component group that has a specific function (referred as "conpl ex
obj ect component™). The conpl ex object conponent can be expressed as
conpl ex functional block that is in higher Iayer relatively to a plurality

of functiopa cks,in | ower |ayer. . Also, S conbi.nin

conpl ex ot F%c,cpm@geﬁpm’ﬂ@ﬁtt component i dn Ahisi gAfer echy eQ‘ef fﬂml?’bﬁgﬁﬁ} ect .

There have I I eatl ng
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above. original Joﬁ?pleﬂ-@lﬁé@t%ﬁ&ﬁe&é (%e £60 2Bihponh | is |COfImONIF el by

This is a progranm ng support "tool |ch var| ous obj ect corrponents (so-

call ed "\fz{ltplabeslfﬂﬁﬁd’ew’rent ", herei nafter, expressed as "VI") are prepared

as algorithm such as numeri cal operation, and a certain application

function can be When tthevcomplest objer| componentolspb Y it usédaire sevetal t sitmationiss .

According to the systemso-called |inking diagram editor, grouping
suitabl e plafqrglaeszw%mormmﬁed imbkaoth of ther ongi ds%m)ynéﬂlsqm ks Ehfedbke a
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appl i cati O&inﬁé(teﬂz"%ecﬁtth@ Qngmal and the user sides, but such situation is rare. In many
cases, for utilizing the complex object component, it is required to change attribute
information of the components in lower layer, or to replace the object components in
lower layer with the other kind of object components. In such cases, it is necessary to
copy whole contents of the object component group in lower layer to prepare the
complex object component separately and utilizing it with changing the required portion.
In other words, it is necessary to prepare a large number of the complex object
components that is changed partly (accordingly, similar as a whole), resulting in
reduction in utilization of individual complex object.

(2) “ Matlab/Simulink "of U.S. company "Math Works"

This is a similar programming support tool, and enables a complex object
component (called as "subsystem") to be produced by almost similar operation. This
complex object component can be utilized by being copied in the same application and
the other applications. In this case, all the object component groups included in lower
layer are duplicated to exist separately in each place for use.

Further, an attribute of a specified component among object component group
included in lower layer can be treated as an attribute of complex object component in
higher layer. If an attribute value is set in a place where the complex object component
is used, then it is set as an attribute value of the corresponding component in lower layer.

"Attribute” means an item characterizing appearance, condition and the other
properties of an object. In case of the functional block mentioned above, the "attribute”
is an item (for example, various kinds of operation parameters) necessary for executing

the function (for example, one of four basic arithmetic operations). Each attribute is
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t he conpl ex object®conponent. In this case, each place where the conpl ex
obj ect conponent is used refers to the object conponent group included in
| ower | ayer than the original conplex object conponent (the object
conponent group is commonly used by all places for use). When t he
conpl ex object conponent (sub VI) is used in several situations,
information is connnnléwrsed in both of the orjiginal (source) and user

Isi des. Themsually follgwisd &y additional jndormation e explaingthe ute, et Aefgrmagiosup in
| b | ot el inth i gi pal _and th id b
o o 2 tondEd €3 Sl Al b b o B e Mot
gg”pone”t’ fbltmc.l[di ah&‘iiﬁ&ﬁa%%nto? tﬁ{‘&&%@&h& ?%&E‘% e h QUHIRY, R e u{e*\?aluﬁ can
rrponents n wer ayer, or O repl ace the o ect conponents 1 n ower

layer with gihegminh@angdd)d of object conponents. In such cases, it is
necessary .to copy whol & contents of the object conponent group in |ower

| ayer to prepar e Ushfg theabplesompler objecoomnpaieht Gabssein)| it ianot ncetsami 109 |t
wi th changing the required portion. In other words, it is necessary to
preparé a Ipsenpee sitnilse complexinbjess epmpanepbjsedong as an attribute value is contained in
the changeable range, different from the above (1), because the value of specified object
component in lower layer can be set from complex object component in higher layer.
However, "class" of the specified object component in lower layer cannot be changed.
In other words, a certain specified object component in lower layer cannot be changed to
an object component having different function. In such case, it is necessary to prepare
the other complex object component in which the specified object component has been
changed to an object component of the other class.

"Class" is an item indicating a kind or model (type) to distinguish the attribute
and function of an object. This corresponds to a class in object-oriented software
technology, that is, a template of object which includes variable - (attribute value)
representing the attribute of an object and function.

When the complex object component is utilized at several points, the object
component group in lower layer is éntirely copied in every places for use. In other
words, a subsystem of the source or origin and a subsystem of each place for use have
separate component group, respectively. In this case, if there is an error in information
of the object component group in lower layer of the origin and the error is corrected, a
similar correction must be made on information of the object component group duplicate
in lower layer of the latter subsystem, resulting in extra maintenance works.

Though the duplicate and the origin have the same content, double capacity of
memory is required in useless in the computer. Also, when the original and copied
information are stored in a memory such as hard disc, the capacity of the hard disc is
required in double because these information are stored separately though the content is
identical each other. When many copies are required, the extra capacity needed

increases in proportion to the number of copies.
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conponents that is'changed partly (accordingly, simlar as a whole),
resulting in reduction in utilization of individual conplex object.

(2) " Matlab/Simulink "of U S. conmpany "Math Wrks" This is a

sim lar progranm ng support tool, and enables a conpl ex object conponent
(called as "subsystent) to be produced by alnost sim/lar operation. This
conpl ex object conponent can be utilized by being copied in the sane
application and tAseowiingly, anoehieet-afithisgnvention s to proyide apystany desigy sepport
conponent groups [ncluded. in.ower. |ayer are,duplicated to,exi st ,
ceparat ol y YafbEeok Rap Yt i feyBifstion aRd Sorkiefiey (B matilepager pf shmlen pbisct
specified | . . Pale P ry J.ayer
con be tresouqona yRH bnif et SERAREAL LR Broc i Mficfon f bl s
layer. |f aghk ldyed SR tisadIUR0dSby 8bmbRirg £ Pﬁ?ﬁit%? Fiéhckibf (ERERNRY MoPbAk!
conponent is used, then it is set as an attribute value of the

cor r espondifmdaneenpad fanétidnn blitowss dompdex. function) block Alstloivlet!gyer rebsmientafor t em
characteri zi ng appearance, condition and the other properties of an object.
I n case of systemfagmigni onal bl ock nmentioned above, the "attribute" is an item

(for exanple, varijoys kinds of, Qperati on paranpeters) negessary for,
executing the f&?’@ﬁ?e&ﬁ{’ﬁb‘?f.@éﬁ‘ﬁﬂng?n 5rie PERVidest sysksa fesign SUPRoRt equipment
oper at | Ons)whiﬁ?(éﬁl Alabtd R‘x‘éﬁl%r} ﬁapacity required in the above mentioned work and capacity 2

of memory device used for storing.

Disclosure of Invention

This invention provides a system design support equipment for producing a
complex functional block of higher layer by combining a plurality of functional blocks
that realize functions necessary for system design as lower layer elements, which
comprises an information providing portion that extracts an attribute from individual
functional block of lower layer and shows information to have an operator appoint the
attribute to be peculiar attribute in higher layer or to be common information in low and
higher layers; an appointment input portion for the operator to appoint the attribute of the
individual functional block of lower layer to be the peculiar attribute or to be the
common information based on the information shown by the attribute information
providing portion; a peculiar infdrmation registration processor to register the attribute as
peculiar attribute when the operator appointment makes the peculiar attribute; a peculiar
information memory to store the peculiar attribute; and a common information memory
to store information other than the peculiar attribute as the common information, wherein
the peculiar attribute and the common information are made utilizable distinguishably in
the complex functional block of higher layer.

According to this invention, when a functional block of higher layer having a
similar attribute in the same structure as combination of the functional blocks of lower
layer is prepared, it is possible to produce only minimum substance needed and to set the

attribute of the functional block of lower layer to be established individually to a desired
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usually followed by additional information to explain the attribute, that

Is, information such as a default value of the attribute (the value set at

first when the functional block is formed) and Iimtation of the attribute

value (the range in which the attribute value can take when changed).

Usi ng the above conpl ex object conponent (subsystem), it is not necessary

to prepare simlar conplex object c¢opponent. so Iongﬁgﬁﬂgy attribyte val ue
t

i s cont ai rRSHIOREE, WSMH_@%@ eeaPl?lﬁéf@i,lafde@P@]ltblf’?lb 5 b3Ye, (Without

Fr om conpl BReBHECmbEREGH iR MG e e hGHenal plgf 1ot BYGUmSFing o °
ified | : ' aged.

words, o oot Seied BERndclof SWBputel Y Riprbl B araife GRARGDT Thitefisoin

changed t Oinftfhatibh 6£ lowi 1gyer 6fher tha iROintbrfua@éeastatlished dsafie pbduliat gttritite €, i t
IS necessary to prepare the other conplex object conponent in which the

speci fi ed mby be tommopdnarpfurabity didenctionllzhigekd of bigher biyer cdsultingpin nefuctiaf t he
other cl asgf. the capacity of memory necessary for additional new preparation of similar functional
blocks.

Also, regarding maintenance of the attributes of functional blocks of lower layer
that are common in a plurality of similar functional blocks of higher layer, the
maintenance work is completed by modification in the combination of the lower layer
functional blocks, resulting in improvement in efficiency of software maintenance work.

An embodiment of this invention is constituted so that the information providing
portion extracts a class for distinguishing function of the individual functional blocks of
lower layer, and shows information to have an operator'appoint the class to be a peculiar
attribute in higher layer or to be a common information in low and higher layers. Based
on the information shown by the information providing portion, the operator appoints the
class of the individual functional blocks of lower layer to be peculiar attribute or to be
common information, and when the appointment indicates the peculiar attribute, the
peculiér information registration processor registers the class as peculiar attribute and the
common information memory stores the information other than the peculiar attribute, and
thus the information other than registered as the peculiar attribute can be commonly used
in the complex functional block of higher layer.

According to the embodiment mentioned above, on preparation of a higher layer
complex functional block having similar attribute and component in the same structure of
combination of lower layer functional blocks, without increasing combination structure
itself of functional blocks of lower layer as substance of computer program more than
required, only minimum necessity of substance may be created and besides, an attribute
of functional block of lower layer to be established individually to each similar
functional block of higher layer can be established as desired attribute. As a result, as

an attribute of higher layer functional block, it is possible not only to change an attribute
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"Class" is an‘itemindicating a kind or nodel (type) to distinguish the
attribute and function of an object. This corresponds to a class in
object-oriented software technology, that is, a tenplate of object which
i ncludes variable (attribute value) representing the attribute of an

obj ect and functi on. V\hen the conpl ex object conponent is utilized
at several p0| t he Obj onponent. group, i n | ower | ayer tirely
copied in %?)F%ﬁ?é%sﬂ cqualoqqﬂxgq,mqmﬁrdgyeréo 2 pseyliar ﬁlluﬁvf “Ltﬁg%‘bur ce
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corrected, a sim corr ctlon e on information of the object

conponent group AlIsB,I Iagatr@ormaﬁohowewlwera:ﬂf cladie of abwer 156D tisdr fian the
resulting in extra maintenance worKks. Though the duplicate and the

ori gi n havinférimmtionestablished ras pecidiablatiributp zen by commuaninraypluslitye i funegoriah
usel ess in the corrputer Al so, when the original and COpI ed information
are st or edblogksy ofdvighey gmhr%sglmr@ tRdyetion RE capasityi ofy memory depRspHY diokc i s

required in,double because th se forrrat re stored separately t hough
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blocks that are common in a plurality of similar functional blocks of higher layer,
maintenance work is completed by modification in combination of lower layer functional
blocks, resulting in improvement in efficiency of software maintenance work.

According to a specified embodiment, a Jower layer functional block includes a
complex functional block constituted by combining the other functional blocks. Also, a
lower layer functional block may include a fundamental functional block realizing
minimum unit of fundamental function.

According to another specified embodiment, a class of lower layer functional
block includes groups of class corresponding to various kinds of arithmetic functions in
response to input. In this case, arithmetic parameter that is an attribute of a certain
specified functional block among the lower layer functional blocks can become an
attribute of higher layer complex functional block. Also, a higher layer complex
functional block may include an attribute for changing appointment of a class of a certain
specified functional block in lower layer to a class corresponding to the other arithmetic.

According to another specified embodiment, a class of lower layer functional
block includes a functional class that outputs a constant. In this case, a value of
constant that is an attribute of the functional block of lower layer can be included as one
of the attribute of higher layer complex functional block, |

According to another specified embodiment, a class of lower layer functional
block includes a class that defines a relation between a plurality of inputs and a plurality
of outputs. The relation defining class includes parailel connection class in which two

inputs are output as they are, respectively and cross connection class in which two inputs
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Accordingly, an object of this invention is to provide a system design
support equi pnent inproved in (re)utilization and workability of

mai nt enance of conpl ex object conponent when a conpl ex object conponent
havi ng specified function is prepared as a higher layer functional block
by conbining a plurality of function (containing not onIy f undanent al
function but al so conplex function) block as |ower ¥ el ements for

syst em desarg Autput with being spplasasieaghplier. ob higherlayencomplex-funetions! blogk P a
temd t t h d
Tt e, ab e dBnE e TP RO it Ragsipe 2 iweaéw”&u”%&%p@:ﬁaéwhp g e

storing. gon onnection cla to a func onal glock of crofd & o(i\ngéti‘U'n clgls, 'BE nzfp?gﬂl(tj
Thi s inventi on provi des & sys esi gn support equip neht f'or *producing a

conpl ex fUdi%nglﬂg%'loQEﬂﬁﬂfercfflnéﬂoﬁMIOéWroQ%oﬁﬁ’éliﬁbﬂ R8s @ dfurEtiinal YioBk of
functi onal s that Tealize functions necessary for systemdesign as

| ower | ayeparsiled cbmiestionbliassh conprises an information providing portion that
extracts an attribute fromindividual functional block of |ower |ayer and
shows i nf or mat i ohs mentiened abave pecarding te s inventione “attribute” or “class” of lower

layer functional block is registered as peculiar information in higher layer or common
information in higher layer and lower layer, so that the peculiar information and the
common information can be utilized distinguishably each other in higher layer functional
block. That is, higher layer functional block registers only peculiar information and, as
to common information if necessary, higher layer refers to (common) information stored
in lower layer. Consequently, it is possible to realize an improvement in utility of
complex functional object component, an improvement in workability of maintenance
such as modification of complex object component and reflection to place for use thereof,
reduction in capacity of memory required and reduction in capacity required to a
secondary memory device such as hard disc or the like necessary for permanent store of

information,

Brief Description of Drawings

Fig. 1 is a block diagram showing constitution of one embodiment of this
invention;

Fig. 2 shows appearance of a personal computer set used as system design
support equipment of this invention;

Fig. 3 shows examples of fundamental functional block used in this invention;

Fig. 4 shows an example of complex functional block and lower layer
components;

Fig. 5 shows a complex function\al block to change class of lower layer
functional blocks, and lower layer components included therein;

Fig. 6 shows a complex functional block in which two inputs and two outputs

are connected in “PARALLEL”, respectively, and lower layer components included
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attribute to be peculiar attribute in higher |ayer or to be common
information in | ow and higher |ayers; an appointnment input portion for the
operator to appoint the attribute of the individual functional block of

| ower |ayer to be the peculiar attribute or to be the comon information
based on the informati on shown by the attribute information providing
portion; a peculiar information registration processor to register the
attribute %@“mﬁeculiar attri bute when the operator appoi ntnment nakes the

liar attribute; liar i Tt | to store t K
BT tri but o. and aEoTaBRYE AcBRLES BReEit PIpoR et vete B B A o SHSE ¢
th i LYk ecRD T o 0%, oy
attr | but e Shgopet A CROS e ARy L RE b o HSRRL R BB RRAEL | 11

the conpl ex funcgjigo®ahows Q%rngtexmxﬂ&tﬂﬁmi_ BISEK in which functiohGICEIb&k BEFigO 5t S
I nvention, when a functional block of higher |layer having a simlar

attribute adidetlbg farotionsl blodk ofi Figas and dwerddyeo comportehss ificloddd therain; bl ocks of

| ower layer is prepared, it is possible to produce only m ni mum substance

needed and to seFigthehows an exampledf screen tisplayiof aystem design of thisgmesnticayer to

ge establ i shed IFr}{ggjl \ii()ds%%l;vls yant gxa?npqg Sé)ifr“‘%ﬁinctional sheet” screen display for defining
complex functional block by means of a plurality of functional blocks;

Fig. 11 shows an example of “input and output” definition screen display for
defining input and output of complex functional block;

Fig. 12 shows an example of “icon” definition screen display for defining icon
that shows complex functional block;

Fig. 13 shows an example of peculiar attribute registration screen display for
registering attribute of functional block that is component of complex functional block as
“peculiar attribute”;

Fig. 14 shows an example of peculiar attribute registration confirmation screen
display for confirming that one registered as peculiar attribute has been registered as
attribute of complex functional block; _

Fig. 15 shows an example of complex functional block utilization screen display
for utilizing complex functional block for system under design by disposing them on the
screen; and

. Fig. 16 shows an example of peculiar parameter preset screen display for

presetting parameter of peculiar attribute in each place where the complex functional

block is used.

Best Mode For Carrying Out The Invention
Fig. 1 is a block diagram showing the constitution of one embodiment of the
system design support equipment according to this invention. This equipment has a
plurality of functional blocks realizing functions required for system design as lower

layer components, and creates higher layer functional blocks by combining them. As
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attribute, correspondingly to each simlar functional block of higher

| ayer, without increasing conbination structure itself of the functional
bl ocks of |lower |ayer nore than that required as substance of conputer
program (substance portion). Therefore, all information of |ower |ayer
other than the information established as the peculiar attribute may be
common in a plurality of functional blocks of higher layer, resulting in
reduct i on msang tegealigedbé pperationydomexample; @ psrsopalfcomputed systemd|showwin Fig.
preparation of sjmlar functional blocks. ) Al so, . regarding, .

mai nt enancé BMs¢e Thetnerianplcorpputen sYgiemo h &PmpHsRsIa Mgm Pslie? apcopuRodating ar e

common in a pluralit I mglar functional. bl ocks o | gher er, t.he
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| ower | aye ! ' i My | e of
Sof tvar o mEPREREIEF ab) BAEr 6 P Sbiphl el ik BB AR ThorsP 435 iyt bl
const i t ut egnd&PDD@opp dist AFiEryatan@ TIND QUEDIRONI Eivek) Dis Biht Adioutput edeans f or
di stingui shing function of the individual functional blocks of | ower

| ayer, andCehstitatiomfasrtheitsystemt deskgnv supportogpiipment awppmiing td lkkis dhweendiondsbe a
peculiar attribute in higher layer or to be a comon information in | ow and
hi gher | ay@ivideddntogspestive sestionst havingipBowingJuRetiops:t he i nf or mati on provi di ng

Bl ocks. of 1owar [y din SRMLMERLIPRLPOrOR /ot 8% GPORIS i SReiphAeHbale” of

| nf ormat | .Oﬂ}e iﬁ&f&gdﬁ&?ﬂn{cﬁ&zﬁ%ﬁ’ A TERE: iagélj SRR Ror st?iHéﬁi@tFingtitE Fho: the
pecul rar rntormati on regi strati on processor regqgi sters t Cl ass as pecul I ar
attribute gpe iHeGecMAINAriblfeVr T8 bE e CHRMRGY inForRia8idn! NEhis HhetidER kePhoapd Ber
than the peculiar attribute, and

and mouse 4 in the computer system of Fig, 2.

® An information providing portion 12 that extracts an attribute from
individual functional block of lower layer and shows information to have an operator
appoint the attribute to be “peculiar” attribute in higher layer or to be “common”
information in lower and higher layers. This includes CPU in the main body 2 and
display S shown in Fig. 2.

@ A peculiar information registration processor 13 to register the attribute as
peculiar attribute, when the appointment by the operator is made to “peculiar” attribute.
This consists of CPU in the main body 2.

@ A peculiar information memory 14 to store peculiar information (such as
kind of attribute, default value of each attribute or the like). This consists of memory in
the main body 2.

® A common information memory 15 to store information other than peculiar
attribute, as common information. This consists of memory in the main body 2.

A usable higher layer complex functional block 16 is constituted by combining
information stored in @ and ® mentioned above.

On actuation of this equipment, the operator can operate the appointment input
portion 11 to appoint the operator to appoint attributes of the individual functional blocks
of lower layer and class to be the peculiar attribute or to be the common information.

Responding to the appointment operation, this equipment distinguishes between peculiar
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thus the inforfration other than regi stered as the peculiar attribute can be
comonly used in the conplex functional block of higher |ayer.

According to the enbodi nrent nentioned above, on preparation of a higher

| ayer conplex functional block having simlar attribute and conmponent in

t he sanme structure of conbination of |ower |ayer functional bl ocks,

wi t hout increasing conbination structure itself of functional blocks of

| ower | ayerdnfgmatigisangrrommaen indormation iphigherdayarsomplen fanatiogali bleck 160wl that

m ni mum necessi ty of substanc ngg be created and besi des, an .attribute of

functional tBF BHRImAtion 7R be us foroprepsting ne eompleyifyncional hlogks 2204

simlar fugcti 0 f_hi r e Can stallis as_desired
attribute. l125 g% Efglssuﬂe, ﬁéaxgﬁa%@%%qpffg%lﬁ %’%offm%foé‘%gpﬁf:%@g @E%‘P&Wﬁi’m& t(5)ck,
it is possighjRsQbateMrymitRe ERGIYE an attribute

5 value of a certain specified functional block in |ower layer to

a peculiar val ue Asbshoval &0 Figd 1,cthangghed 16yeasconsiled Menctibgdli Blo&d 20wRd J2ayer
functional block, so that a higher |ayer
contain peculiar information memory 31 and common information viewer 32,
respectively. The peculiar information memory 31 stores a copy of content of the
peculiar information memory 14 of utilizable complex functional block 16, On the
other side, the common information viewer 32 is a portion (pointer preset in memory) for
referring to content of the common information memory 15, if necessary,

Examples are explained below.

Fig. 3 shows examples of “fundamental functional block” (functional block of
minimum unit) such as the four basic operations of arithmetic. In the figure, (A) is
“INPUT” functional block IN showing input (or input terminal), (B) is “OUTPUT”
functional block OUT showing output (or output terminal), (C) is “CONSTANT”
functional block CONST outputting constant, (D) is “ADDITION” functional block
ADD to carry out addition of two inputs and output the result, (E) is “SUBTRACTION”
functional block SUB to carry out subtraction of two inputs and output the result, (F) is
“MULTIPLICATION” functional block MUL to carry out multiplication of two inputs
and output the result, and (G) is “DIVISION” functional block DIV to carry out division
of two inputs and output the result. The classes of these “fundamental functional
blocks” are input, output, constant output, addition, subtraction, multiplication and
division, respectively.

Fig. 4 shows an example in which “complex functional block” is constituted by
combining the “fundamental functional blocks” as mentioned above. In Fig. 4, (A)
shows 2-inputs & 1-output typed arithmetic unit to carry out multiplication of two inputs
X, y by coefficients Al, A2, respectively, and to output sum of the obtained amounts, as a
higher layer complex functional block (complex object component). (B) shows input
functional blocks IN1, IN2 representing two inputs x, y; two constant functional blocks

CONST (constant values Al, A2); two multiplication functional blocks MUL to obtain
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functional bl ock having wider utility can be provided. Al so, al

I nformation of attribute and class of |ower |ayer other than the

i nformati on established as peculiar attribute can be common in a plurality
of functional blocks of higher |layer, resulting in reduction of capacity
of menory necessary for additional new preparation of simlar functional
bl ocks. Further, regardi ng mai ntenance of attribute and cl ass of

| ower | ayeprofugie of mpat Xpy @dk@nstn@tt valies Abridrespectively; ura add;thaf fogptianab

f |, Dbl

moai 11 ca 1 WREH AALaR 1 SRR s b s io0hter SRt PAHA funetipER 2ok DL 9 ng i
f di

o a speci Ted Skunhl 3 ie lﬁ?%&é‘?@f‘%%?&?&%c 8 A it compenpnf38E 1 19

conpl ex fu&gm{%ﬁﬁg c&h@pek fevhaltBIb &b K) conbi ni ng the ot her functional
bl ocks. Al so, | ower | ayer functional bl ock may include a fundanent al

functional bl oc kInrthalabavengcample;lwmmumalueszlf WA@aen defhult walut iequmals 1) of
Accordi ng to anot her specified enbodi nent, a class of |ower |ayer
funct i onal canstapk funetipoal ddock EONSTodf (Brean b@ t@ﬂp@ﬁ’d‘bﬁw@ﬁb@ lagen &mgtmahds of

al’lthITEtICfUI’lCEIOﬂSIn esponse to input. rithmetic

par anet er Plagk o éA)aﬁn%fherﬁr"Ben@ iSfto quipEt ¢ EESRlt °£ a@@m e ap £t eri&PUttﬂ BY:k
among t he ltgivﬁte AT%Ed a pr ncﬁlc{ Oﬁ%{)utbyl 190 li?nbu?e AQ econe an

In constitution example of Fig. 4, complex functional block of "Alx +A2y" is
defined as above. Also, when the functional components performing other operations,
that is, A1x—A2y, A1x XA2y, Alx—~ A2y are required, complex functional block for
each arithmetic can be defined in the same way. - However, it is not effective each time
to define complex functional block.

Therefore, complex functional block of "Alx (operation) A2y" is defined based
on the complex functional block of "Alx +A2y" as shown in Fig. 5. Here, it is possible
to appoint the change from an adder block ADD of lower layer to any functional block of |
other classes of subtraction, multiplication, division in an attribute "operation" of
complex functional block of higher layer. In this case, for example, the attribute value
may be information to show any of classes of the addition (ADD), subtraction (SUB),
multiplication (MUL), and division (DIV), and also the attribute value may be, for
example, rows of letter (ADD, SUB, MUL, DIV, etc.) or numerical values, As the
result, there can be obtained sucﬁ effects that the other complex functional blocks that
carry out operation can be created with high efficiency, and that utility range of complex
functional block spread.  Also, in the place where the complex functional biock of "Alx
+A2y" has already been used, there is no necessity to provide any special change because
a default value of attribute of this "operation" is determined as ADD.

Figs. 6 and 7 show ;‘,xamples of the other complex functional blocks,
respectively. Fig. 6(A) shows a parallel connector (PARALLEL) as highef layer
functional block that has two inputs IN1, IN2 made to outputs OUT1, OUT?2 as they are,

and in lower layer functional block, as shown in Fig. 6(B), two inputs IN1, IN2 are

11



attribute of higher |ayer conplex functional block. Also, a higher |ayer
conplex functional block may include an attribute for changi ng appoi nt nent
of a class of a certain specified functional block in |lower |layer to a

cl ass corresponding to the other arithnetic. Accordi ng to anot her
speci fied enbodi nent, a class of |ower layer functional block includes a

232:;% déi o e Bl G0 C@ﬂﬁﬁﬁﬁm it R by §§é‘é§p§{;@pwe?n be
Accor di ng 13ANEN A PRl t#*mst%v‘heaﬁgg kiitihey BYEL eSERR aﬂé‘@%@ﬁ‘f&h@ "
funct i onal Pic@&‘ﬁldtﬂﬁirf fladel S &tb%l?b@ﬁ'@@ﬁi‘fla 13! b inDRENPA), fu o o

plurality mp I nputs a out puts. "The rel ation

i ncl udes pmpats/mil, mmqﬁueﬁectea a%d 11_ht6m‘ﬁll¥§d$nﬂemdltdlmti Sutpite CUERGUES t hey
are, respectively and cross connection class in which two inputs

ar e oBy pusingnearhplize ifenptiongd| bloeks efaFigs.o6@Qr andA7(@#)ghtilityl pge of
compl ex f uggx;[qlalg)rc] aflmct?:llo(t)xglkblock of "Alx (operation) A2y" can be widened more. In other
words, as shown in Fig. 8(A), in lower layer (B) of complex functional block (A) of
"(input switching) Alx (operation) A2y", the "PARALLEL" functional block is disposed
just after two inputs IN1, IN2, and can be replaced by the "CROSS" functional block of
another class in "input switching" attribute (attribute value = PARALLEL or CROSS) of
higher layer functional block. As the result, complex functional block to carty out
operation as mentioned above can be created with high efficiency, and besides, utility
range of complex functional biock of "Alx (operation) A2y" can be widened.
In fact, when the "input switching”" functional block is "PARALLEL" in Fig.
8(B), OUT = Alx +A2y if operation = ADD, OUT = Alx - A2y if operation = SUB,
OUT = Alx X A2y if operation = MUL, and OUT = Alx-A2y if operation = DIV,
When the "input switching" functional block is "CROSS", OUT = Aly+A2x if
operation = ADD, OUT = Aly - A2x if operation = SUB, OUT = AlyXA2x if
operation =MUL, and OUT = Aly-A2x if operation = DIV,
Accordingly, so long as inputs X, y are expressed by usual scalar, even if the
"input switching" functional block is any cne of "PARALLEL" and "CROSS", results of
addition (ADD) and multiplication (MUL) are same. Consequently, "input switching"
in complex functional block of Fig. 8(A) is effective when operation is subtraction (SUB)
or division (DIV). However, when two inputs x, y are things that vary result of addition
or multiplication by their order (whether first term or second term), for example, vector,
matrix or quantity expressed by irreversible data, results of addition (ADD) and
multiplication (MUL) vary whether the “input switching" functional block is
"PARALLEL" or "CROSS". Therefore, even if any of four kind operations is carried
out, input switching in complex functional block of Fig. 8(A) is meaningful.

Figs. 9 to 16 show examples of screen display represented on display 5 when
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have an attribute to appoint with changing a |ower layer functional block
of parallel connection class to a functional block of cross connection
class, or to appoint with changing a lower |ayer functional block of cross
connection class to a functional block of parallel connection class.

As nentioned above, according to this invention, "attribute" or "class" of
| ower layer functjonal b|ock is registered as peculiar information in

hi gher | ay&VStsh JesigRds carmied fukRyivsingi the pergeral compater drofl Higrvileas trama_ra}t_m ;
that the pe Lar . bnfornation and the common information can be utilize

di stingui sﬁgéizﬁ%%]&%m&'ﬁ’g)f"i n higher layer functional block. That i 3

hi gher | ayer fungdy ks Q nf or.nation an as
to conmon i nfor na‘}?x:sg rr:‘la+yfs %gﬁ%@g@%@hﬁ% S‘h‘g&“?ﬁa%r&s%?‘g? Slg%d'(sn_ﬁlgﬂnﬁqien as _

| nfor mat | onhowariadFigl 9. | QWETsyk@iPhs SN AAUERS| ¥ ftd clreuiPRoRiG b0 ARRA! | 26
an inprovenent in utility of conplex functional object conponent, "an

i mpr ovenentelémensoscbad controdfvaines nmdrsapply limes Siclhas adisf bedhi @Arefierc®ap! ex
obj ect component and reflection to place for use thereof, _rgdpchon in
capaci ty ofPreduess yigpalgtwe quipnts) ferdepntroling; astion o ¢he fluidejrcuited respoase to

secondar mory devi such as hard digc or, .the |ike necessary for
per mane n%/ rﬁlg I}@ﬁ’tgfslgnﬁggfmﬁ}egﬁ;ld circuit, ’Fhe t?uld circuit produces a plurality of gpipsts

Descri pti onod &idWM DS one fluid input (in) under control by signal from the controller.

In design work of such a system, functional blocks are utilized in the following
procedures by the equiﬁment of this invention. _

As mentioned above, for creating a complex functional block having function
that adds Al times the input IN1 and A2 times the input IN2 among two inputs and
outputs at OUT (the case of Fig. 4 (A)), the complex functional block (Alx+A2y) is
defined using basic functional blocks (A) to (D) shown in Fig. 3 on the "function seat"
screen display as shown in Fig. 10. As shown in Fig. 9, the basic functional blocks of
(A) to (G) of Fig. 3 can be indicated on the display screen together with "system design
screen display” or the like as "palette" P storing usable functional blocks. The
functional blocks in the palette P correspond to a group of classes of the functional block
utilizable at the time. In other words, not only the basic functional blocks (classes) but
also complex functional block (class) defined later can be represented in the palette.

Then, in "input and output" definition screen display shown in Fig. 11, input and
output of complex functional block are defined. However, in this example, existence of
2-input & 1-output may only be confirmed.

In "icon" definition screen display shown in Fig. 12, an icon symbolizing
complex functional block is defined. In this example, since an icon of "rectangle with
shadow" is formed automatically as the functional block having 2-input and 1-output, an
operator may confirm the icon.

By definitions of complex functional block up to now, the contents are stored
entirely in the common information memory 15 of Fig. 1. The "rectangle with shadow"

icon representing the complex functional block of this example is indicated by the
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Fig. 1 is a block diagramshow ng constitution of one enbodi nent of this

I nventi on; Fig. 2 shows appearance of a personal conputer set used
as system design support equipnment of this invention; Fig. 3
shows exanpl es of fundanental functional block used in this invention;

Fig. 4 shows an exanple of conplex functional block and | ower |ayer
conponents; Fig. 5 shows a conplex functional block to change class
of |ower | apakette’t (Aefi %ﬁa?)-bl &b& dndieatipn| eontanty figen asmwpxgumnixﬁ’;ﬂm&;iouﬁarb

t herein; Fig. .6 shows conpl ex functional block in ich two

i nputs and IP%HCSUF?)%{ Umgr BIRBFHh Y g‘g” FemmopHinfqrmation (viewrr 373 wi| the Wg ower

herei b flediifBlopk a1 or 23

t herei n; conpl ex functional block in which two

| gsgﬁ scgprg Lo outRil i g%&gﬁgpgﬁgc{u%i rdghstrafiBOisplaly ShBRA inRbY 13 2RfGaldiE"
each of constant functional blocks CONST which are constitution elements of complex
functional block (Alx+A2y), the parameter (value of constant) that is an attribute is
registered as the "peculiar attribute” when this complex functional block is used. In this
example of display, peculiar attribute is registered by adding check mark to check box of
"higher layer peculiar’. These peculiar attributes are stored in peculiar information
mermory 14 of Fig. 1.
~Next, in "peculiar attribute registration confirmation" display shown in Fig. 14,

it is confirmed that two parameter values registered as peculiar attributes as mentioned
above have been registered as attributes of complex functional block (Alx+A2y). On
this display, it necessary, it is possible to change paranieter name to another suitable one.

Then, as shown in Fig. 15, it is possible to use the complex functional block
(Alx+A2y) in a system under design by opening the system indication display under
design mentioned above and dragging the complex functional block (Alx+A2y) from
“palette” indication position of the left side to a suitable position in the system indication
display with mouse 4. In this example, the complex functional block (A1x+A2y) is
used at two places as circuit element constituting the inside circuit of the controller. For
this purpose, if making click on the position of the controller with mouse 4 in the display
of Fig. 15, then a display for preparing inside circuit of the controller appears so that two
complex functional blocks can be established at the suitable positions in this display (that
is, set to places where they are used).

Last, as shown in Fig.16, a parameter value of "peculiar attribute” is established
in each place where the complex functional block is used. This is stored in the peculiar .

information memory 31 of Fig. 1.
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Fig. 8 shows a conplex functional block in which functional block of Fig. 5
I's added by functional block of Fig. 6, and | ower |ayer conponents

i ncl uded therein; Fig. 9 shows an exanpl e of screen display of
system design of this invention; Fig. 10 shows an exanpl e of
"functional sheet" screen display for defining conplex functional block by
means of a plurality of functional blaogks; Fig. 11 shows an
exanpl e of "input and output" definit@¥Mcreen display for defining input
and output of conplex functional bl ock; Fig. 12 shows an exanple

of "icon" definition screen display for defining icon that shows conpl ex

functionaly bl Qck : | : WI | LWbut e
regi strat ilo'n gcgyeséerlln éiueg’éf‘ as;/lg#)(%‘rt erﬁglé)?{séﬁ {é\??rﬁg&eatt [ ch’{‘gﬁ %#%ﬁ%@olﬁg‘%kr B?ock
that is coipRgRyerdy conilbihing 4 plafdlicd b Furtiondt biscks 'ob $6wdri 1ayerdéridntd it ;

Fig. 14 shows an exanple of peculiar attribute registration confirmation
screen di syphline fonctions méquiret fior dysten desizny whichtcomprisas pecul i ar attri bute has
been registered as attribute of conplex functional block; Fig. 15
shows an exanph fermatiompreviding pertionthat eFtraetk an atttibute frosvindividughfugrtionahy

for Ui li2ing Coppl o ol ek T O e e e Lo oS B0 ol $505T N9

be peculiar attribute in higher layer or to be common information in lower and higher
layers;

an appointment input portion for the operator to appoint the attribute of the
individual functional block of lower layer to be the peculiar attribute or to be the
common information based on the information shown by the information providing
portion;

a peculiar information registration processor to register the attribute as peculiar
attribute when the appointment by the operator is made to peculiar attribute;

a peculiar information memory to store peculiar attribute; and

a common information memory to store information other than peculiar attribute, as
common information, wherein

the peculiar attribute and the common information are usable with distinguishing

each other in the complex functional block of higher layer.

2. The system design support equipment according to claim 1, wherein

the information providing portion extracts a class from individual functional block
of Jower layer and shows information to have an operator appoint the class to be peculiar
attribute in higher layer or to be common information in lower and higher layers;

the peculiar information registration processor has the operator appoint, by means of
the appointment input portion, the class of the individual functional block of lower layer
to be peculiar attribute or to be common information based on the information shown by
the information providing portion, the peculiar information registration processor

registering the class as the peculiar attribute if the operator appoints the peculiar .
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screen; and - Fig. 16 shows an exanple of peculiar paranmeter preset
screen display for presetting paraneter of peculiar attribute in each

pl ace where the conplex functional block is used.

Best Mobde For Carrying Qut The Invention Fig. 1 is a block diagram
showi ng the constitution of one enbodi nent of the system design support
equi pment according to this invention. This equipnent has a plurality of
funct i onal atilpd&Angeal i zi ng functions required for system design as | ower

| ayer components, and ¢reates higher |ayer fungtiopal bl Qcks conpi nin
th)ém Asrrp the common gnfonnatison megnory storgs 1nformatC10n ot?ner than 8xe peculiar aftoibute, Og

realize th | exanpl e, a personal conputer system 1l shown in
Fig. 2 isg%‘gcglgxglgﬁ’ﬁgg%%%@éhal conput er system 1 conprises a main body 2

accomodat i Ng whereby the information other than that registered as the peculiar attribute in the

C

complex functional block of higher layer is to be common.

3. The system design support equipment according to claim 1, wherein the lower layer
functional block includes a complex functional block constituted by combining the other

functional blocks,

4. The system design support equipment according to claim 1, wherein the lower layer
functional block may include a fundamental functional block realizing minimum unit of

fundamental function.

5. The system design support equiprnent according to claim 1, wherein a class of the
lower layer functional block includes groups of classes corresponding to various kinds of

arithmetic functions in response to input.

6. The system design support equipment according to claim 5, wherein an arithmetic
parameter that is an attribute of a certain specified functional block in the lower layer
functional blocks is included as one of the attribute of higher layer complex functional

block.

7. The system design support equipment according to claim 5, wherein the higher layer
complex functional block has an attribute for changing appointment of a class of a certain

specified functional block of lower layer to a class corresponding to the other arithmetic.

8. The system design support equipment according to claim 2, wherein the lower layer

functional block includes a functional class that outputs a constant.

[
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menory such as CPU and hard disc, as general ly known as hardware, CRT (or
liquid crystal) display 5 and printer 6 as output neans, keyboard 3 and
nouse 4 as input nmeans, and FDD (floppy disc driver) 7 and CDD (CD ROM
driver) 8 as input and out put neans. Constitution as the system design
support equi pment according to this invention is di vided into respective

sections havi ng foll ovm ng functions; rr]. . An appointnent i nput
portion 119 of arﬁ%@r Séﬂﬂ mpaﬁpfeﬂummwaﬂcmrmew %lfum @héﬂhem\ﬂ. valeg of

Lo be tho. FRER G indh 5T O of Ssord] Meck Ve Ut IR RHEL it Locs

keyboard 3 q%tﬁ system of Fi g 2 [err]
An i nforna |oggepr g egg{rn?ﬁioﬁﬁl@b@kﬁat extracts an attribute from

i ndi vi dual functi onal bI ock of |ower layer and shows information to have an
operator appoint the attribute to be "peculiar" attribute in higher |ayer
or to be "tmiThe' systend desip isuppoimeqmpmentancbrﬂmghercldinyﬁ,rwheriﬁni the ictust wfles
CPU in the main body 2 and dlspla 5 shown in Fig err] A
pecul i ar |1¢mrlnyprmca@@1§lqchtm qgm@é@sﬂmtdqfqusarpl@gprsbetwemp dityofit e as
peculiar aftri bué n the appoi ntnent by the operator is nade to

"pecul i ar " NHPESANE & ura i o Bmﬁ‘g*]i'sts of CPU in the main body 2.

[err] A peculiar i nf or mat i on menory 14 to store peculiar information (such
as

11. The system design support equipment according to claim 10, wherein the class that
defines the relation is any of parallel connection class in which two inputs are outputs as
they are and cross connection class in which two inputs are outputs replaced each other,
and the higher layer complex functional block has an attribute to appoint changing the
lower layer functional block of the parallel connection class to a functional block of the
cross connection class, or to appoint changing the lower layer functional block of the

cross connection class to a functional block of the parallel connection class.

LTI
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kind of attribute, default value of each attribute or the like). This

consists of nmenory in the main body 2. [err] A comon information
menory 15 to store information other than peculiar attribute, as conmon

i nformation. This consists of menory in the main -body 2. A usabl e
hi gher | ayer conpl ex functional block 16 is constituted by conbi ning

I nformation stored in [err] and [err]dgﬁgti ned above. _ On
actuation of this equi pnent, the oper T4hn operat e the appoi nt nent i nput

portion 11 to appoint the operator to appoint attributes of the individual
functional bl ocks of [ower |layer and class to be the peculiar attribute or

to be the commnsyistthod Suppofteglipiehirolitcet RoRipiéX filnbBdtial 8RRk ¥ ihigher t Ni S
equi pnent di sti ngui shes between pecul i ar

9 lapérdryreambining redplocadity nf fumktomal biaks iofi ldweyHeyer | ehopsents thap keakize
functional block 16 so that the information can be used again for
preparing nifctionspreguited nfori system plesiges 2Then pquipment Tingludess | an Hioformation

prepar ed CoﬁBlz{%%‘nJ ﬁjor}tclgﬁ &%‘ Itha le;?t%a‘% ] aznlatt%%%tez oﬁ%c{isiﬁﬁglr}%nét%nal block of lower
layer and shows information to have an operator appoint the attribiite to be peculiar
attribute in higher layer or to be common information in lower and higher layers; an
appointment input portion (11) for the operator to appoint the attribute of the individual
functional block of lower layer to be the peculiar attribute or to be the common
information based on the information shown by the information providing portion; a
peculiar information registration processor (13) to register the attribute as peculiar
attribute when the appointment by the operator is made to peculiar attribute; a peculiar
information memory (14) to store peculiar attribute; and a common information memory
(15) to store information other than peculiar attribute, as common information, wherein
in the complex functional block of higher layer, peculiar attribute and common

information are usable with distinguishing each other.
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objects created fromthe class. As shown in Fig. 1, the higher

| ayer conpl ex functional blocks 21 and 22 contain peculiar information
menory 31 and comon i nformation viewer 32, respectively. The peculiar
information nmenory 31 stores a copy of content of the peculiar information
menory 14 of utilizable conplex functional block 16. On the other side,
the comon information viewer 32 is a portion (pointer preset in nenory)
for referring to content of the conmmon information nmenory 15, if necessary.
Exanpl es are expl ai ned bel ow. Fig. 3 shows exanpl es of
"fundanental functional block” (functional block of mninmumunit) such as
the four basic operations of arithnmetic. In the figure, (A) is "INPUT"
functional block IN sﬁomnng input (or input tefyrinal), (B) is "OUTPUT"
functional block OUT homnng;@utput fbr output \termnal), (O JBs " CONSTANT"
functional bl ock CONS outputglng coqstant (Dy is "AD?ITION‘ uncti ona

bl ock ADD to carpy—otit additcuu of —trwo—tnputs—andoutput the*ceau*t, (B
i s "SUBTRACTI ON' functi ongt U|Uuk‘SUé"r0 cqrry out pubtragt[fon of] {wo
inputs and outputithg resylt, (H)|[is "NULTIP&JCATION fupgtional| bl ock MJL
to carry out'rrult plﬁgatlcn two i Bpuls ané out put eres@t_, nd (G
is "DVISION' fungt @@al DY ta carfy l§<z<d|v % pfi twb i|nputs and
out put the result é‘ﬁe cl cLs§ af tilgg‘e "anéa nt af ctiload,,
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bl ocks"” are input, output, constant output, addition, subtraction,

mul tiplication and division, respectively. Fig. 4 shows an
exanple in which "conpl ex functional block™ is constituted by conbining

t he "fundanental functional blocks" as nentioned above. In Fig. 4, (A

shows 2-inputs & 1-output typed arithnmetic unit to carry out nultiplication
of two inputs Xx, y by coefficients Al, A2, respectively, and to output sum
of the obtained amounts, as a higher |ayer conplex functional block
(conpl ex object conponent). (B) shows input functional blocks I'NL, IN2
representing two inputs x, y; two constant functional bl ocks CONST
(constant values A, A2); two nulti Filc@i 0|2functi onal blocks MJL to
obtain ) 10 products of

i nput x, y by constant values A, A2, respectively; an addition functional
bl ock ADD to obtain sum of the products; and an qutput functional block OUT
to output the sum as |ower |ayer functional bl gcks (lower |ayer object
conponents) for




creating the conplex functional block of (A). In the above
exanpl e, constant values Al, A2 (each default value equals 1) of constant
functional block CONST of (B) can be "attribute" of higher |ayer functional
bl ock of (A), and the function is to output a result of addition of a
product of input x by attribute Al and a product of input y by attribute
A2. In constitution exanple of Fig. 4, conplex functional block of
"Alx +A2y" is defined as above. Al so, when the functional conponents
perform ng other operations, that [s, 2ix-A2y, ALxXA2y, Alx[err]A2y are
requi red, conplex functional bl ock il thbrithnetic can be defined in
the sanme way. However, it is not effective each tine to define conplex
functional bl ock. Therefore, conplex functional block of "Alx
(operation) A2y" is defined based on the conplex functional block of "Alx

+A2y" as shown in Fig. 5. Here, it is ble to appoint the change from
an adder bl ock ADD of(}y)MNPUWayer to gny fubetipqaq bl ock of other classes

of subtraction, multiplication, divisi an attribute "operation" of
conpl ex functional block of higher layer. In this case, for exanple, the
attribute value my be information to show any of classes of the addition
(ADD), subtraction (SUB), multiplicatd MJL), and division (DV), and
also the attribute va(Be oumPue, for dxanpld, ro@UolT |etter (ADD, SUB,
MUL, DV, etc.) or nunerical val ues.

(C) CONSTANT CONST

(D) ApDITION

(F) MULTIPLICATION

(@) prvision

(E) SUBTRACTION 3 SUB




result, there can be obtained such effects that the other conplex
functional blocks that carry out operation can be created with high
efficiency, and that utility range of conplex functional block spread.
Al'so, in the place where the conpl ex functional block of "Alx +A2y" has
al ready been used, there is no necessity to provide any special change
because a default value of attribute of this "operation" is determ ned as
ADD. Figs. 6 and 7 show exanpl es of the other conplex functional

bl ocks, respectively. Fig. 6(A) shows a parallel connector (PARALLEL) as
hi gher | ayer functional block that has two inputs INl, IN2 made to outputs
QUT1, QUT2 as they are, and in |lower layer functional block, as shown in

Fig. 6(B), two inputsj INL, IN2 are
11 connected to two outputs|QUT1, OUT2 in parallel. Fig. 7(A)
shows a cross connectlor (CROSS) as conpl ex functional block of higher |ayer
that has two inputs INL, IN2 replaced nmutually, and nade to outputs OUT1,
QUT2. As shown in Fig. 7(B), twp inputs |NL, IN2 are intersected, &nd
internally connected fo two outﬂp)%ts DUT1; OUT2.
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By using conplex functional blocks of Figs. 6(A) and 7(A), utility range of
compl ex functional block of "Alx (operation) A2y" can be w dened nore. In
other words, as shown in Fig. 8(A), in |lower layer (B) of conplex
functional block (A) of "(input switching) Alx (operation) A2y", the
"PARALLEL" functional block is disposed just after two inputs INL, IN2, and
can be replaced by the "CROSS" functional block of another class in "input
switching” attribute (attribute value = PARALLEL or CRCSS) of higher |ayer
functional block. As the result, conplex functional block to carry out
operation as nentioned above can be created with high efficiency, and
besides, utility range_of conplex functional block of "Alx (operation) A2y"
can be w dened. In fact, when{ the "input sw tching" functional

bl ock is "PARALLEL" iin Fig. B%JTE_UJT Alx +A2y if operation = ADD, QUT =
Alx - A2y if operatign = SUB 1x X A2y if operation = MIJL, and OUT
= Alx [err] A2y if operation 2 pi en the "input sw tching" functional

bl ock is "CROSS", QUJT = Aly+ é>operati on = ADD, QUT = Aly - A2k if
operation = SUB, QUT |= Aly X A2x iggm operfat i on =|\/Uand QUT = Aly| err] A2x

if operation =D V. Aettordimgly, so | ong puts x, y are
expressed by usual sqal ar; ®ven Iﬁz he "ilnput swt " functional| bl ock

is any one of "PARALUEL" ang = D, requl Fs—ef,. Ton (ADD) and
nul tiplication (MWL) jare saaez Cobgeduent|ly, 3" igjput [swi tching” in conplex
functional bl ock of Hig. @(%)Hs gcti Ve V\ﬁerEope ation is subtraction
(SUB) or division (DfV). €Hove egn tvo &gpg ! are things that vary
result of addition orf muPti %|$Cf\tf2(ﬁ'l by tlhej & ether first ftermor
second term, ffOr exdnpl & eBt dbr;x mat rifx (of expressed byj :
irreversible da'ia rasul d gn (ADD) wma ktilplication (MJL) vary
whet her the "4 sWtchkd "*Jf,unetq gnal bIo&kg ARALLEL" or "CROSS".
Therefore, e any o{?} fbu §| p.d~ cperctti S ™|s Ly |ed out, input
switching in X fun@ @nal of [Fi i $ meani ngful
Figs. 9 to 1 exanpl eshog Sc%@r di <pPay represented on displdy 5 when
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12 system design is carried out by using the personal conmputer 1
of Fig. 2 as an apparatus realizing this invention. First, a
system under design is indicated on "system design display" screen as
shown in Fig. 9. The system as shown includes a fluid circuit consisting of
fluid elenents such as control valves and supply |ines such as ducts, and
a controller that produces signals (tw outputs) for controlling action of
the fluid circuit in response to two input signals fromthe fluid circuit.
The fluid circuit produces a plurality of outputs (outl, out2, ...) for
one fluid input (in) under control E@]é nakd fromthe controller.

In design work of such a system functional blocks are utilized in the

foll owi ng procedures by the eqU|pnent of this invention. ' As
menti oned above, for creating a canp nctional bl ock having function
(A) INI[] [ ]oUT1
. PARALLEL
IN2 || L JOUT2
B) | —
L/
IN1 OUT1L
> D
t /7
IN2 OUT?2
FIG.7
(A) 1INl OUT1
CROSS
IN2 OUTZ2
Y >
IN1 OUT1

U

IN2 OUT2




that adds Al tines the input INl1 and A2 tinmes the input I N2 anpbng two
inputs and outputs at OUT (the case of Fig. 4 (A)), the conplex functional
bl ock (Alx+A2y) is defined using basic functional blocks (A) to (D) shown
in Fig. 3 on the "function seat"” screen display as shown in Fig. 10. As
shown in Fig. 9, the basic functional blocks of (A to (G of Fig. 3 can
be indicated on the display screen together with "system design screen

di splay"” or the like as "palette" P storing usable functional blocks. The -
functional blocks in the palette P correspond to a group of classes of the

functional block wutilizable at the tine.[{1n other ywords, not only }he
basi ¢ functional blacks (classes) but allso conpl ej pctional bl ock
(class) defined | ater can be represented |in the pa B Then, in
"input and output” defirdtion screen dijspglay shownlinl & g. 11, inpuf and
out put of conplex fiuncti-pnal bl gck age|dgfined. Howgver, in this expnple,
exi stence of 2-inpyt &} output_may=@nlly |be confi reg. In {icon"
definition screen di sphdy shown<in %E:‘g 42, an ic myok+ zi ng  coppl ex
functional block i$ deEimed. |nzthiS&exanple, sin Ec&n of "recfangle
with shadow' is f rrreﬁ@utorratﬁcalfﬁ% as [the functi | gblock havi ng
2-input and 1-output, ﬁ@é operanr ﬁgy cdnfirmth ng =
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By definitions of conplex functional block-up to now, the contents are
stored entirely in the common information nenory 15 of Fig. 1. The
"rectangl e with shadow' icon representing the conplex functional block of
this exanple is indicated by the

13 "palette" (P of Fig. 9). The indication contents (icon as
common information) are referred, each tinme required, by the comon
information viewer 32 of the created conplex functional block 21 or 22.
Then, in "peculiar attribute registration” display shown in Fig. 13,
regardi ng each of constant fupctiopnal blocks CONST which are constitution:
el ements of conplex fyreH P e—parareee|(val ue of
constant) that is an afftri®lte is registered as the "pe®™ilihr [dttribute"
when this conplex funcfignal block is used. In this exanplfe] oflldi spl ay,
peculiar attribute is redi stered by addi ng check mark,to gherk {lhox of

"hi gher | ayer peculiar'l. | These peculiar atfr]i butes e stlorgd||{in peculi ar
i nformation

[ 100%)(§]

——
L)

CONTROLLER

FIG.9

PARAMETER

FUNCTION

[](C)(T ] [crmck comeremion]) (][I0

2 SUB o SUB
=)

2 ADD o ADD
3 DIV § DIV
2 MUL & MOL




memory 14 of Fig. 1.

Next, in "peculiar attribute registration
it is confirmed that two paraneter

confirmati on" display shown in Fig. 14,

val ues registered as peculiar attributes as nmentioned

regi stered as attributes of conplex functional

above have been
bl ock (Alx+A2y). On this

di splay, it necessary, it is possible to change paraneter nane to anot her
sui t abl e one. Then, as shown in Fig. 15, it is possible to use the
conpl ex functional block (Al x+A2y) in a system under design by opening the
system i ndi cation di splay under design nentioned above and draggi ng the
conpl ex functional block (Al x+A2y) from "palette" indication position of
the left side to a suitable position in the systemindication display with
nouse 4. In this exanple, the conplex functional block (A x+A2y) is used
at two places as circuit=ss == I of the
controller. For this pur(#se| if nmaking click on the postjtipn|gf the
controller with nouse 4 ijn the display of Frg. I5 t(hen g sllay for
preparing inside circuit [of the controller appears so that—Hnwo ||{|conpl ex
functional bl ocks can be jestablished at the suitable posit|iops|f|[n this
display (that is, set|tq places where they are used). Last, as
shown in Fig.16, a paramgter value of "peculiar attribute" ip $stablished

ADD |—=
ouUT

FUNCTION

[ —
IN1
[ >
IN2

]

(=]
s
3

o O

~ 0

M ]

— (]

3 (]
= IRE
5 p p=
@] fd
4= |ge
i (@] @]
]
L_J
]
d




in each place where the conplex functional block is used. This is stored in
the peculiar information nenory 31 of Fig. 1.

14 Cl ai s 1. A system
desi gn support equi prment for creating a conplex functional block of higher
| ayer by conmbining a plurality of functional blocks of |ower |ayer elenents
that realize functions required for system design, which conprises:

an information providing portion that extracts an attribute fromindividual
functional block of |lower |ayer and shows information to have an operator
appoint the attribute to

FIG.11
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be peculiar attribute in higher layer or to be conmon information in |ower
and hi gher |ayers; an appoi ntnent input portion for the operator to
appoint the attribute of the individual functional block of |lower |ayer to
be the peculiar attribute or to be the comon information based on the

I nformati on shown by the information providing portion; a peculiar

I nformation registration processor to register the attribute as peculiar
attri bute when the appoi ntnment by the operator is made to peculiar

attribute; a peculiar information nenory to store peculiar attribute;
and a comon information nenory to store information other than
peculiar attribute, as comon information, wherein t he peculiar
attribute and the common infornation are usabl e mnth di stingui shing each
other in the conplex f SE—hREgher—toyny —=—Thg)|syst em
desi gn support equi prent accg ] ) (= V\,herel n )
I nformati on providing td| ¢ Hess £r om 1 ndi vi dual |[flunct i onal
bl ock of |ower |ayer rmat | on| [g'o kFave an oper at of|||appoi nt t he
class to be peculiar a i gherUlaper or to be commonljjfnformation
in lower and higher |a :;l 1o 1o 1
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t he peculiar information registration processor has the operator appoint,
by nmeans of the appointnent input portion, the class of the individual
functional block of lower |ayer to be peculiar attribute or to be common
i nformati on based on the informati on shown by the information providing
portion, the peculiar information registration processor registering the
class as the peculiar attribute if the operator appoints the peculiar
attribute; and the conmmon information nmenory stores information other
than the peculiar attribute, as comon information, wher eby t he

i nformati on other than that registered as the peculiar attribute in the
conpl ex functional block of higher |layer is to be comon. 3. The system
desi gn support equi pment according to claim 1, wherein the | ower |ayer

functional block inclu by
conbi ning the other functlieepal bl ocks. »
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4. The systen1de5|gn support equi pnent according to claim1, wherein the

| ower | ayer functional block may include a fundanental functional bl ock
realizing mninmumunit of fundanental function. 5. The system design
support equi pnent according to claim1, wherein a class of the |ower |ayer
functional block includes groups of classes corresponding to various kinds
of arithnetic functions in response to input. 6. The system design
support equi prent according to claim5, wherein an arithnetic paraneter
that is an attribute of a certain specified functional block in the | ower

| ayer functional blocks is included as one of the attribute of higher |ayer

conpl ex functional bl ock. 7. The system desi gn support equi pnent
according to claimb5, wherein the higher Iayer conpl ex functlonal bl ock has
an attribute for changiAe=EEpoad et peci fi ed

functional block of lo ayer to a cl ass correspondi ng to [mRg ot her

arithnetic. 8. The slystl[gmdEsi[gm SuUpport equi pment _accordin o claim 2,
wherein the | ower |ayef f Ctional block includes a functional|[|El ass t hat
out puts a constant.
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9. The systemdesign support equi pnment according to claim8, wherein a
value of <constant that is an attribute of the functional block of |ower

| ayer is included in attribute of higher |ayer conplex functional bl ock.
10. The system desi gn support equi pnent according to claim2, wherein the
class of |ower layer functional block includes a class that defines a
rel ation between a plurality of inputs and a plurality of outputs. 11.
The system desi gn support equi prrent according to claim 10, wherein the
class that defines the relation is any of parallel connection class in

whi ch two i nputs are out n r nnection class in
which two inputs are o > el | ayer
conpl ex functional bl og¢k n attribute to appoint ch in ne | ower
| ayer functional block|off the parallel connection class tg fyncti onal
bl ock of the cross copngction class, or to appoint changi[ng|tiig | ower
| ayer functional block|off the cross connectijlon clas$ |[to g fungfi onal bl ock
of the parallel connectign class.
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