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Field of the Invention The .present invention relates to a nmethod of
graphically defining a fornmula for mani pulating 5 input data to produce a _
result. Pra¥eoss the nethod is enbodied in the form of RCIEAUOpALOSS

program Background of the Invention It is conmon for conplex manipul ation
of data to involve many conplex fornulae. Oten a 10 nodel that provides a
mul til evel approach t.o representing the mini pul ation of the data is useful’
to define the fornulae. It can often be difficult vvork| ng- out t he formul ae
needed for each |evel HEOD OF GRAPHICALLY DERININ EORMYLAL 0 t his process
If the formul ae can be represented and defined graphl cally. .15 US Patent
No. 4,901, 221 to Kodosky et at discloses a graphical system and met hod for
nmodel | i ng a prEieddefthe Yventinet hod di scl osed allows a user to construct a

di agr am usi ng . .
graphical ly dl'@:ﬁ%&%&gwglﬁg@éegﬂ% g‘}jk h@@ﬂ%#&g&%&c%gnﬁ lﬁg}"gh’?@@%ﬁg
resul t. As 35t hdnpusdata togpnetucactesultt Peefetatilypthe methodliszmbadiad mﬂmlfd:mmfalcamgﬁa-ge

i nstructions are automatically constructed with which characterise an
execution 20 ;?f?%aéﬁure whi ch corresponds to the displayed procedure. - A
user can create a text based conputer programsolely by using a

graphi cal ly bagsed g ng ,.environment. A limtation of this nmethod is
that it reli es—oH 200 ¢ 1o for produci ng each output that is

t he relsul t | of Iaxst«,oml bnmacaﬁpldaﬁm;mwbnmafa@o nﬁolvmmycm?lemml ; led. Cfteyiagi ven
tine. It also re asse screen.a data flow di.agr

i ncl udi ng8n |"P9§’F‘Ia§‘? dﬁ°‘f ﬁbgllf’vﬁ?g? %@Wt’%‘g? mepipylption 053‘?&% Bieans
for control | i ngefilth défitlethe foﬁﬁtﬂdel @éan QfterCe! diffitult WOYKing butithe fofRildealobdad Ydren

par tcul arl y. GABNEH SR dp aehn Topmcuio By bebalodie serres.If S0 her g 0P ¢
particularly n alo r e

| nvention An Q@@gﬁ%ﬂéﬁe@%@;{%ﬁ invention is to provide a nethod of
graphically defining a formu According to a first aspect of the present-

I nvention there is provided a conputer-inplenented WO 02/ 17074
PCT/ AUQI / Q3053 Batsie N0 4 szﬁrﬁpm.ﬁwey ab &ikdidskd D ghphit Mtétn akPineth6@® EdpOd

i ncl udi ng:

modelling a process. The method disclosed allows a user to construct 2 diagram using a block

diagram editor such that the diagram created graphically displays a procedural method for

accomplishing a certain result. As the user constructs the data flow diagram, machine

language instructions are automatically constructed with which characterise an execution

20  procedure which corresponds to the displayed procedure. A user can create a text based

computer program solely by using a graphically based programming environment, A

limitation of this method is that it relies upon iteration control for producing each output that

is the result of a finction of data applied to an input variable at any given time. It also relies

_ on assembling on a screen a data flow diagram including an iteration icon that references an
-25  iteration control means for controlling multiple iterations of data flow.

, It is desirable when designing the model not to be concerned with iterations of data
particularly when designing an object orientated model.

30 Summary of the Invention

An object of the present invention is to provide a method of graphically defining a formula.

According to a first aspect of the present invention there is provided a computer-implemented



providing a first operator object for defining a nethod of manipul ating at
| ead one input to produce at |east one result; displaying a graphical

repr esent a%‘g@%ﬂ,@;“ the first operator object; 5 providi ?gg%ugﬂjuro&t

vari abl e obj or containing data; receiving an input user to
relate the variable object to one of the inputs or one of the results of
the first operator object; displaying a ggaphical representation of the
first variable object and its relation to the first operator object; and

10 recording :IIIQFi ieiﬁg ' t ] i p between the objects;
wher eby t he f?)‘?rru gf%hgane i“%%’ﬁ@’ﬂ%‘%f@%ﬁ%@@%tion. According to a
second aspect of the preevdiog a fistapeiatonoljdstiordefisinga methodof mantpulating at feast

i mpl ement ed e ﬂgmg&;ﬁg&lﬁ?@l ohlmﬁlﬁf‘ ning a formula, said nethod.
including: i5providing a 1irs varltable obj ect for containing data;

]gll sp![ ayi ng ? graB_hi c?l fﬁmh]ggwhibabmpmfeﬁuﬁm%fﬂwif@wprm?jomt; : plrovi '([ji ng a

i rst opergtor objec or .def i pi ng. of .mani,pul ati ng at | eas one
i nput to pgoduce at | eV %aﬁgg@pﬁfe%tﬁ?pﬁgﬂ%%put f oma user to

rel ate one of the i nputceivingandnpuf frdne usertd vélitsthe ¥atiable objbet td dneSE the patet or
object to the vari g%%ﬁ% ?ﬁ‘t‘eﬁmﬁ@%ﬁh%a graphi cal representation of the
first operat o Y@ © the first variable object; and
recording a | ogical desdisplaping Qi gRaphitdd Qepicsbridition of fthed filse tviiudle bjevt Ghd G&t S;

gRjhiéal
whereby the fornula s.defined by the logical description. 25 Preferably
t he net hod quQPmth%Wﬁ@léﬁé’b‘g op. providing one or nore further

Firther varl abl o ob) aat g e ar A O Ts ot h
urt her variabl e objec o . one of t| nputs or, one of the results o e
fi.rst operator object; W&W&‘%%’W sgedgwﬁyﬁfed%ﬁl @ﬁ?‘ﬁ’?@htation_ of the
farther variable objects and their relation to the operator object

Preferably the nmethod further includes the steps of. WO 02/17074
PCTI AUO1/ 0105%¢cosding to a second aspect of the present invention there is provided a computer-

implemented r_l;tethod of graphically defining a formula, said method including:
15 providing a first variable object for containing data;
displaying a graphical representation of the variable object;
providing a first operator object for defining a method of manipulating at least
one input to produce at least one result;
receiving an input from a user to relate one of the inputs or one of the results
20  of'the first operator object to the variable object;
displaying a graphical representation of the first operator object and its
relation to the first variable object; and
recording a logicat description of the relationship between the objects;
whereby the formula is defined by the logical description,
25
Preferably the method further includes the steps of:
providing one or more further variable objects;
receiving further inputs from the user to relate each further variable object to
one of the inputs or one of the results of the first operator object;
30 displaying a graphical representation of the further variable objects and their
relation to the operator object.

Preferably the method further includes the steps of:



provi ding one or nore further operator dbjects; receiving fiuther Inputs
fromthe user to rel ate each vari able objects to one of 1inputs or one of

the resul s e further operator objects; displayi ngp e,l.% {’1'0
representatlon o the further operator objects and their relation to the

vari abl e objects. Preferably each variable object is selected from an
| nput object for providing data froma @ata source; an output object to
provide data to a data destination; or a connection obj ect for passing

data from one operat Oﬁmﬁhhggﬁod}hﬂﬂ{di@[,pﬂ& RE@bl y a connection obj ect
represented 10 as a |1nk between the operator OlgtJeECts Preferably each

vari abl e obj ect may bteceiving fugther Wtﬁ'Oﬂhth?WQB'P pach aariablorobjeets tmdng ofach
oper at or obj; ﬁéﬁ?’&?%w r |abel. Preferably, the
| ogi cal . desc I pti onaztldt e fornu S desl ned Me I oglq%jile‘s;gcllg;onshl p
bet ween t he objects syinggrgphicalvepnssentation of; operatér ais -
recor ded th laﬂcﬁ gﬂrﬁ ﬁctgraphl cal display of the relationship between
obj ect s. Pr(’ei#erat*)y t to’? d includes the step of storing information
describing the logical definition. Preferably the nmethod includes the step
of storing i ﬂ?ﬁ? I Rli]'l £ L e fesl
Pref erably, li}évxo 0 %ﬂ%&gﬁ%aiewdp %leét?g?%r?. agb [ ecﬂmﬁéﬁ%&%@%ﬁnsugﬁ t hat
t he groupi n@ourdﬁ;fmrwmmolgmmpngdomao erdatabedtinationyior 2 epmmectioni ohjecefoobj ect s
crossing th 9FEEﬁ g EQI!HE ]: g rator,
objects int aggﬁ{gg‘g%tﬁhbée@%%% élcg&u i i’Jg'?oupl ng oky&ﬁe? %gonent
and var ilabl asahphb&twemﬁlm;snn@rbhwtéacﬂmfmbbﬁwhhm@hmhpﬁmy&n@m&:dﬁdwuhnect i ng
oroupi ng. — ogpetay R8T el At Shimbl et L IR R o b5 Bel o o
objects in the group not- linked to another object becone |nputs and
results, re tively, the .qtou al of ~0 C t he
gr aphi cal 3’8&@@%‘&%‘%[ T‘gﬂ‘@m&r u@g(ﬁ%ﬁ’f o Bt ?6’ BT’ 18@ ?3’?}&2 "ﬁﬁphi cal.
represent at |bmveeiiﬂ1b CPrefierably aypeaphical idefiifionadf timifokntubads epearddd thatldefines
represeg_%a cai(f E°|¥t°?'$'% ?Iﬁggq E& igbr‘“% group are replaced with
gr aphi c t%f iR N P tesentation of the grouping
object. Preferably the logical definition of the fornula defined includes
t he content 0 I 5 . O Q[ ,0bj ect,
Preferably ?ﬁ%&ﬁlﬁ%@%ﬁ%&eﬁﬂﬁ& téel %8 %§M"%‘%§r%ﬁﬁn§m§i @%ﬁé\?{ea&
excl udes definition. Preferably the method includes the step of storing information describing the :
graphical definition.
20 .
Preferably, two or more related operator objects. may be grouped such that the grouping
defines a grouping operator object, wherein variable objects crossing the border of the
grouping and connecting to inputs of operator objects in the. group become the inputs of the
grouping object component and variable objects crossing the border of the grouping and
25 “ connecting to results of the operator objects in the group become results of the grouping
operator object. Preferably inputs and results of operator objects in the group not linked to
another object become inputs and results, respectively, of the grouping operator object.
Preferably the graphical representation of the grouped objects is replaced by a graphical
representation of the grouping operator object and the graphical representation of links to the
30 contents of group are replaced with graphical representations of links to the representation of
the grouping object.

Preferably the logical definition of the formula defined includes the contents of the grouping



the contents of the grouping operator object. Preferably the contents of
t he grouping operator object may be graphically represented separately

fromthe OVLh k,mg‘r aphi cal’ .;representation of the fornul %g?ﬂﬁ@;fﬁﬁ%bl Y,

vari abl e objects nay be attributed with properties that type of
data they can hold. Preferably each' input and result of an operator
ohject may be attributed with properties4that define the we of data that
t he operator object expects to receive and be able to produce,

f, ?;ﬁ?f&!ﬁhﬁb; § 5&5‘%@%@% f“ﬂ%‘iﬁ@%ﬁ. E’E?‘;’gﬁﬁmﬁgg‘g‘#ﬁ%&t e
e !ne an .i ¢@hm. gravp grpemtprelij . contjuts egmpm_ Xy , a
bperator o bielthiey 3 igiohicatl MpefidRichirify hOf Be oA liteeaiibe |

which it is redhefosaula.Preferably, an 15 input or result of an operation

obj ect maysl nherit the properties fromthe properties of a variable object
t hat has al'ready been defined and to which it is related. Preferably, the
met hod i ncl udcPreferably,ovariaide abjeets iy be attethuted With propepties thatalefine thelypeaftdatathey h

al ready attribu i ar L n I mat ch. Prefer L brary
of | abel | ed vﬁ?&ﬁﬁé%ﬁ%‘é‘? ﬁgg%‘?’gﬂ‘iﬁ“ﬂégpmb?%% 8@%’ T8y ?‘b&gﬂbﬁf"‘d‘

| abel | ed operppéperticothitaiefit thestyperof datd thitalsh oparaiobjectdapdctsasireoserand be abldxbect ' s
met hod of nan:ﬁ)&uii at%@ﬁo&n@ i nputs to produce its result/s also

bei ng- pr edef i — ferably the variable | abel of a variable object
may be seligcted froma list of predefined variable |abels. Preferably each
vari abl e | abel be attributed with properties that define .the fype of
it o var oo PG avansHRsH ety st PR Bom e crmeirs ot it ErcbBy ¢ e
sel ection of objetothaidscalicadycbee tdefied Uing Sis (rélftedd b AR itbi@enins SRedtart siectM t h

t he | abel to_%%%vqriabl,e ob'gig‘;:tt. _Pref&gabl th roperties attributed to
a.variabl e objfeeierably. yarible obieqt teay; igherit the| es T, the pperties;of 4n,opgeator

sel ect ed. Pr efobjeadihpis of Rsultithdt Bis eGivedy dbehrdefidil QAd toiwhichlit ik Rlutdd, Preferslily, an

addi tion, subtraction,“multiplication, division, a_look- t abl ¢ and
condi ti ondf of8RULLT BEUIt of 1o pry ghiget may, dnherit G propertics; fipm E‘%Wvbo@zmom

PCT/ AU01/ 0105%!6&?&@%%%&9&%&5@&&&0%@{&@&1&&{“ aining a plurality
of sinple operators linked to perform a nore conplex operator. In one

form the first operator object is a query of the database. In
Preferably, the method includes a step of checking that the properties of objects with already

attributed which are being related match,

20
Preferably a library of labelled variable objects is predefined. Preferably a libtary of labelled
operator objects is predefined, each:labelled operator object’s method of manipulating its
input/s to produce its result/s also being predefined.

25" Preferably the variable label of a variable object may be selected from a list of predefined
variable labels. Preferably each variable label may be attributed with properties that define
the type of data a variable object labelled with the label can contain. Preferably the selection
of a variable label attributes the properties associated with the label to the variable object.
Preferably the properties attributed to a variable object limit the selection of labels available

20 tobe gelected.

Preferably, the first operator object is at least one of addition, subtraction, multiplication,
division, a look-up table and conditional operation. Alternatively, the first operator object



another form the first operator object perforns a wite to a database. 5
Preferably the operator |abel of an operator object may be selected froma

list of pgeﬂﬁ Ljpgd operator |abels. Preferably each oPGIR | may be
attribute vm%lzd}pr operties that define the type of data t{ﬁ\%ullnﬁ%ﬁts and

results of a |abelled operator object can receive or provide,
respectively. Preferably the selection & an operator |abel attributes the
properties associated wth the |label to the operator object. Preferably

| el s aval | 55 B4 Bl Bep RrdrRipuogs gAML ol cofiin it Pt 1 0

used by a rummpwso@nlgxm B\ﬂﬂemﬂ@ﬁ@twwm s giqueryraf thefdatabase.aln

wher ei n dat mﬂ@% ‘L&@M to an input of an
oper at or objects re at econes operan s of the fornula, each
oper at or represented 15 by the oper at or obj ect becones the operator of the

Iﬁremrjlleit 8é(;pe ra or Yor {)Mar?gﬁeoregéﬁ *e%%p%or%g@g%m erée}%&conp{)?ggl 8];1

of the fornuépratonlabels. emmmmommm)awmmmmammaeﬁmm y a

20 var abl o 1% 5Pe SF el B s SRGEAE o Eldhos BREE b Bonebey oF pyg' °
hare space ?“M“”aﬁ“?“’““"““"“‘”m ” Wrw
a | ogi (F:)al %‘Ff‘%?ﬁ?g’ 3?%%?‘%@%:2 ﬁm%%ﬂbﬁ’p@gﬁmgﬂg f‘?"éﬁ’é’mgs“ %p‘%toé d
vari abl el.(DbJ lknltmmlémnnaflahekmqlhlﬂemuemelm enbodi nent a graphical Ii nk may

be displayed showi ng the | ogical connection between occurrences of
| abel | ed variabl e objects. 25 Preferably a nanespace nay be defined for -

each oper at oPrefeiablycthe loghalrdefigitiériwaylecwsed by a ratting engmgi:a:mt intp epepition the
opor ator - obj e, el Pheeein I Fided 0,580 SEREN a@w%aﬁ&r%&‘;“r{nsﬁc Por
obj ect may bq)emdbj mmmedmbemmpahﬁs@eﬂmmrmummf
e 8o 20 LB AR ki e oA o A et 1 PR . v
02/ 17074 PCTébjéEﬂ'BéobﬁéQﬂﬂ m@paw ﬁhhbh;xttob&atgf apthe dinhl sult/softtheoformla,
Pr of cr abl y. CHRRFHS SaREEHon 3t e eyin B 15 Benclie] B ptaepias BBERl ¢ ons o the
operation perfor med by t he operator repr esent ed by the operator object,
each defini ti’re{'emgfel ngatgor a se ar‘%;.m t%tpeacg variable, whereby the data in a logical
20  variable represented by the varmble object is the same for each occurrence of the variable
. object within the namespace. Preferably the name space is by default global to the formula
being modelled. Preferably a logical connection .is created between each occurrence of a
labelled variable object within a namespace. In one embodiment a graphical link may be
displayed showing the logical connection between occurrences of labelled variable objects.
25
Preferably a namespace may be defined for each operator object, whereby the operation of a
logical operator represented by the operator object is the same for each occurrence of the
operator object within the namespace.

30 Preferably a grouped operator object may be used more than once with the definition of the
grouped operator object being applied to the logical definition of the formula.

Preferably the properties of a label include type, units and dimension.



data able to be mani pul ated by the operator. Preferably the operator object
i s graphically represented as a conponent having one or nore 10 inputs and
one or nor , the conponent having an indicator r ve of

t he opera?g@'regﬁisented *Preferably the operat:or object éﬁﬁ@ﬁ§ enpty
conponent that is representative of a operator w th nmethodol ogy of
mani pul ation inputs to produce results ye% to be defined. Preferably the
enpty conponent is used to formcriteria tor searching for a suitable
operator object that has a suitable defined nethodol ogy. 15 Preferably a

i brary of objects I's provided. Preferably objects may be externally

sourced. Accop ?‘8} ?n%‘}lilﬂa @O‘Llﬁﬁﬁiﬂ?gtd?é&béd*}ﬁ eSﬁ&Lmuwm& ncﬁi‘détﬂﬁfo 6& S

provi ded a system Ining a OHTU| a, rising

conput er i ncl udsiseribedi | ay screen and a user input rreans means for
providing it first operator object for defining a nethod of mani pul ati ng
at |l east one input to produce at |east one result; neans for displaying, a.

gr aphi cal rsprBreferablyteachropedator bhject inclodes apluralityof defisitions ofthe opietatiors parfoemed 25

ecoivi ng an YA ke B e Bty ek Bt Sior (AR o of 1 o

to one of mpdababletmhanmﬁp\ﬂdmdbydmwparstonf the first operator object; .nmeans
for displaying a graphical representation of the first variabl e obj ect and
its relation to the operator object on the screen; 30 whereby the formula
is defined by mblymomomwktmwwmmammmmmoam‘owrt h

aspect of _the ) Il nventi o | S | ded a. ut er ro for
Control 11 AP o R HRkeral oy SRR 04 soripabenf, Fayecen Sk er
pr.ogram causi nepeMéor R&E‘aﬁl o objéett Isbodiipm edn!pomhdﬁfatﬁ(e
steps incl udi 2@1’"?%& Vi d%ﬁg b’ﬁ fﬂd%rf%@:gt for Ollgellg{Hn alrrethod of
mani pul ati ng fative ot fonerafor with ge & ghion iypts foprodupe reglts yet, i g
a .graphi cal r epibedefitied! Pﬁfeﬂbﬁyﬁ@emfr@%mm&it&i%dﬁbhﬁ@&nm for okl &ir a 5
SETCEN PO gk il kol bl

15

Preferably a library of objects is provided. Preferably objects may be externally sourced.

According to a third aspect of the present invention there is provided a system for graphically
defining a formula, comprising:
20 a computer including a display screen and a user input means;
means for providing a first operator object for defining a method of
manipulating at least one input to produce at least one result;
means for displaying.a- graphical representation of the first operator object on
the screen;
25 means for providing a variable object for containing data;
means for receiving an input from the user input means to relate the variable
object to one of inputs or one of the results of the first operator object;
‘means for displaying a graphical representation of the first variable object and
its relation to the operator abject on the screen;
30  whereby the formula is defined by the relationship between the objects.

According to a fourth aspect of the present invention there is provided a computer program
for controfling a computer for graphically defining a formula, said computer program causing



receiving an input froma user input nmeans to relate the variable object to
one of inputs or one of the results of the first operator object;

di spl ayi i@ @ng67:aphi cal representation of the first varipghisedlicest and its
10 relation to the operator object on the screen; whereby the fornula is

defined by the relationship between the objects. According to a filth
aspect of the present invention there is provided a conputer readable
medi um for storing a conputer program as defined above. 15 According to a
si xth aspect, of the presen invenlti,on there is provided a nmet hod of

gr aphi cal | y thegomphient ug inplydingze ni pul ating i nput data to produce a

result, said method i peidikgadgirst opefabitiobledtordbfidifdhetioddf Widhipahting at Rést
contai ning data; providing at | east one operator defining the method of
mani pul at.i n@®e K@ tﬂBW?%"%‘E“&“ESB‘“pr oduce the result; displaying a |ist of

the variables for a ugsplayisy SRiphichl réprésaritatioh o hé fi SUi&t 6P ompufee €1 Vi NY
a selection of the result variable- fromthe user for containing'the

resul t oft he®MeMi pul ati on ofthe input data; displaying a graphical

representation of theﬁmﬂthﬂiﬁE%ﬁg&Wﬂh@QQS displaying a list of the
operators for a user to select an operator therefrom receiving a

S
sel ection of an oper afe¥¥ing fbinpuyt fam sqeer inpulimenns koyreiatg the vgrishisebiegt to one

represent at i ihois of e o fhe RSAIR T @B BifsBépebr ofjbctP! @ying a list of inputs for
containing the input data for a user to select at _|east one_input

therefrom the input sdiselfying &igraphicalseeprgsepiationspf the first wariablerobjest and étaist ant s;
30 receipy n%ﬁﬁo?l%ﬂﬁtowj onltAdleepNe I Nput fromthe user, displaying a
ot

graphi cal representation o e selected i nput, whereby the forrmula is

defi ned by twherebg thedermylaizdefined by she relptionshipbetiyeen thogbieets ¢ he mani pul ation of
selected input(s) by the selected operation. WO 02/ 17074 PCT/AI 1O /01053 8
According to a seventh aspect of the present invention there is provided a

met hod of  ckespudingdp ayfiftheaspast ofithe presenhinvention therecis prowided » nemputgsureadable a to .
{o;g‘g?cgiidr \ﬁﬁ%’ﬁfi%@%&%ﬁﬂ%@?w di ng at .I. east one variable
According to a sixth aspect of the present invention there is provided a method of graphically
defining a formula for manipulating input data to produce a result, said method including:
providing at Jeast one variable for containing data;
providing at least one operator defining the method of manipulating the input
20  data to produce the result;
displaying a fist of the variables for a user to select a result variable therefrom;
receiving a selection of the result variable from the user for containing the
result of the manipulation of the input data; _
displaying a graphical representation of the selected result variable;
25 displaying a list of the operators for a user to select an operator therefrom;
receiving a selection of an operation from the user;.
displaying a graphical representation of the selected operation;
. displaying a list of inputs for containing the input data for a user to select at
least one input therefrom, the iﬁputs being either said variables or one or more constants;
30 receiving a selection of at least one input from the user;
displaying a graphical representation of the selected input,
whereby the formula is defined by the selected result variable being equal to the manipulation
of selected input(s) by the selected operaﬁom



properties; providing at | east one operation defining the nethod of
mani pul ating the input data to produce the result; displaying the variable

t y.pes for select” a variable type therefrom

sel ection o %%@vgflable type fromthe user, reeeiving aqﬁ%ﬁ§ﬁ¥%#£¥he

sel ected variable type; displaying a representation of the named vari abl e;
displaying a |ist of operations for a us to sel ect an operation
therefrom displaying a graphical representation of the sel ected

operation; 15 receiving a selection of an operation fromthe user,
receiving input fromthe user so as to associate the selected variable with

the selected AR PQ sa&enmh&bec& lae ae ﬂgr@&ﬂteﬁvéﬁﬁéd aie}eeis'pioﬁdem%emad lopput

variable or a resu vari ab where the selected variable is associ at ed
to be a resul wbmwmm&%wwmmwwmmwmimﬂtwdw pdast

one of either jap lng.put variable or an input constant and a nane 20 for the
I nput vari abl e or the i nput constant, displaying a graphl cid representation
of the inplt variabl e(mwmkﬂstpﬂmm%maﬂim le yire havingipee-dertarmined d
variable is a aput vari able, receiving a nane for an output variable,
di splaying a g 5"% tal representation of the output variable; whereby the
formula is defi ned by tﬂw@mﬂlﬁaﬁeqpﬂatmm!nfmné@&mﬂlm@fmﬂpula@ﬁﬁmbmtt ed

operation of tgg In the input data variable or input constant
provi ded to tﬂ torpg&ﬁ{*ttﬂvarl bIe Det ai | ed Descri ption of Preferred

Enbodi nents | n order t displaying te vaxiable typex for muents seleatci vatjablectypr theirefroms d
enbodi neng ,of the pres ed in nore detail,
by way of i%xanpl e onl y?e&wb’ﬁxgﬁg%h?lp Q’%"H%&gﬁgg‘e@p ying drawings, in
which: Figure 1 is a sctceivmgnmeﬁrrﬁssai&&dvmbleiypa system for performng
the method of the pre Jnventio udi aphical fornula
definition tool; WO 02/5‘1%?%’7 [‘E’i?"(f?gg %q’ﬁ"&%'e 2 is a schematic
representation of the dlisplayihgalist bfopanations fbe b user toiselect arpaperatién thérefmi;e 1,

Flgure 3 15 a screen s ol QP R SR S Db oflrRl) 21 ol 2

15 receiving a selection of an operation from the user;
receiving input from the user so as to associate the selected variable with the
selected operation so that the selected variable is either an input variable or a result variable;
where the selected variable is associated to be a result variable, receiving from
the user a selection of at least one of either an input variable or an input constant and a name
20 for the input variable or the input constant, displaying a graphical representation of the input
variable(s) and/or input constant(s);
where the selected variable is an .input variable, receiving a name for an
output variable, displaying a graphical.representation of the output variable;
whereby the formula is defined by the result of the manipulation by the
25  selected operation of the input data in the input data variable or input constant provided to the

result variable,

Detailed Description of Preferred Embodiments
In order to provide a better understanding, a preferred embodiment of the present invention
30  will be described in more detail, by way of example only, with reference to the accompanying

drawings, in which:
Figure 1 is a schematic representation of a system for performing the method of the
present invention, including a graphical formula definition tool;



in Figures 1 and 2; 5 Figure 4A is a schematic representation of a first
step in a preferred enbodi nent of graphically representing a fornul a;

Fi gure 4%,652,%0§§henatip representation of a se_cohd Stepc.ﬂ{m@m&gi cally
representing a fornula; Figure 4Cis a schematic representation of a third

step ' of graphically representing a 10 formula; Figure 4D is a schematic
representation of a fourth step of grapt;i cally representing a = fornula; .
Figure 5 is a schematic representation O6f a graphically represented

formula; Fiqure 6 is a flow chart show ng steps i,n_the creatjon of a
conponent (%ﬂ%?or) O’Bj’ei‘%‘?‘m“fd“ﬂ‘ﬁﬁ’i‘}%“ﬁfi e graphica), foompla defisition feplofeps i n

the creation of a nanpgueqnnection (variable) object; Figure 8 is a flow.
chart showing steps in the creation of a connection object; Figure qis a
schemati c re%ﬂ!%%nt at Isgrorsen shotnf a windew proguced By the graphige! fosmuladefinitiondonle 10 i s
a graphi cal represent ﬁ{ﬁigmﬁqugb;e formul as defined in Figure 4D, Figure 5.
20 and Figure 9 linked together to forma high level fornula, Figure 11 is
a graphi &al Figyse &8ent isca m%e@wctmemﬁgwnmﬂeﬁm&mw@ferwﬂgmb@mt of
contracted so as to ; “,PREW‘ pbMbdial stages in the high |evel
formula; Figure 12 shgl\%gm??u t her égtgir{rﬁp é of .restriction of variable types
due to i nherHiguedR of is a/schematic sepmsernation of 8 secomd step) off grapiically, representing shenat i ¢
representation of a f a Wth a pointer showing properties of an input
to a | ookup table conponent; Figure 13B shows a schematic representation of
a formul a wiKigned@oi nises schamaticragpresentatinnr of; & thirdfstep ‘of graphiceliyt repteseatingpect ;

Fi gure Jle shows a SChﬁﬁg{ﬂLﬁ: representation of a graphically defined fornul a
with an™30 input variable to the fornula being a database; Figure 15 is a

schemati c r dfigwe@dt at isonschématicaepresentytion oiffiafourthystepedfi graphically reptesenting Rudi ng -
an operator, Figure 1%@ ws how the function C of Figure 15 may be
changed; i Ei WD 02/1 CT/ AU01/ 01053

Figure 5 is a schematic representation of a graphically represented formula;

Figure 6 jis a flow chart showing steps in the creation of a component (operator) object;
15 Figure7 is a flow chart showing steps in the creation of a named connection (variable)
object; _ :
Figure 8 is a flow chart showing steps in the creation of a connection object;
Figure 9 is a schematic representation of a graphically represented formula;
Figure 10 is a graphical representation of the formulas defined in Figure 4D, Figure 5
20 and Figure 9 linked together to form a high level formula;
Figure 11 is a graphical representation of the high level formula of Figure 10 contracted
so as to not show the individual stages in the high level formula;
Figure 12 shows a further example of restriction of variable types due to inheritance of -
variable properties; _
25 Figure 13A  shows a schematic representation of a formula with a pointer showing
properties of an input to a lookup table component;
Figure 13B  shows a schematic representation of a formula with a pointer showing
properties of a named variable object; -
Figure 14 shows a schematic representation of a graphically defined formula with an
30 input variable to the formula being a database;
Figure 15 is a schematic representation of another graphically defined formula including
an operator; , ;
Figure 16 shows how the function C of Figure 15 may be changed;



la Figure 17 shows how the function C of Figure 12 may have additi onal
detail added; Figure |18 shows schematic representation of a conponent

bei ng passe@o%Q&ﬂth a'coﬁpptgr froma first cqnputer thﬁQﬁ%ﬂm@m put er
network to a second conputer; 5 Figure 19 shows” anot her "screen shot

provi ded by the graphical fornula definition tool of Figure 2; Figure 20
provides it schematic representation of gy overflow nethodol ogy perforned
by an operator, Figure 21 is a schematic representation : of |ogical

.connection ' Dbetween naned variable 10 objects on separate pages; and
Figure 22 is @¢hbhat | W hove e fingtian £ pf Fjgute 1&8&78‘&’?’%@@?‘?@ 5t ween
named vari abl epig@bi$Clt SsiiWs SolitAhld FopRBsBtiondf al G pusingnpuéqanﬁdugn #A Lo
the input of a function B on separate pages, f_ 15 Afornmula is a

description of a met hodeAnyier from & first geraputes thraygh-a eospyter nesyork 3p o seaepdan
operator to one or mreﬁdﬁwnds. Typically the operand is a variable, in
the al gebraic sense. The present invention defines a fornula as a
descripti or® i rFiguse s of shy mytotmevider by thy grapiieal formuladefigition foo) ofa| | v

pe
t he variabl es and oper ai;igﬁrgzhave a relationship. The sinple fornula X A +
er

B, is a description of t el ati onshi p between the operands A and B and an

addition 20 df Gbr  (prpvideptacschamaio rapresentation pHem averiiowanethodelegyt performed
represent ed graphically | ;s desi rabl e when representing -conpl ex
nodel s and fiunctions. Q%e resént invention also produces a description

of the graphi Eigure2d at i isrmsichematie tépresantativm ofhlogical :commeation: betiveenmained verisblei p
bet ween tt}_% vari abl es a&ﬁec%@%%&&k%a@%dde“ nes the fornula. 25 The net hod
ertor

of the présent invention“rs p Yy a graphical formula definition
taol (GFDT) Iigurd2X er risagchematic rgpresentitiontolf e logieRlicofiriRctiontbetwaen memedl vdviable

graphi cal user interfacg, 1 T 14 f or t, Of 42 ter's
operating system exanp?béegg(%g'%éﬁ pg&g %&gr%xggfwé&% P’% ’lglfq“g%ggri ous
editions, Mac OS for t hfmdtion Bunseparaterpaged, of conputers, or X _Wndows which

runs under the UNI X operating system The GFDT 12 communicates 30 with the
GUl 14 to provide instructions for ‘providing graphical display. The actual

handl i ng 1&f tAdormumapiliacdescriptiopbfy methodalogyudt eslculufion b a Chdult by applgingrani ng t 0
roure 2, t ne Sermtor tbons o Hors Sperands. TyPially tbpbeind ifa SRR AT L agRUARORhse © 2NC
The present invention defines a formula as a description in terms of operands (variables) and
operators. Specifically the variables and operators have a relationship. The simple formula X
= A + B, is a description of the relationship between the operands A and B and an addition
20 opetator (+). The present invention enables this to be represented graphically, which is
desirable .when representing complex models and functions. The present invention also
produces a description of the graphical relationship defined. In other words, the relationship
between the variables and operators that defines the formula.

25  The method of the present invention is performed by a graphical formula definition tool
(GFDT) 12. Referring to Figure 1, the GFDT 12 intetacts with a graphical user interface
(GUI) 14. The GUI 14 forms part of a computer’s operating system, examples of which are
Microsoft Windows, in its vatious editions, Mac OS for the Macintosh brand of computers, or
X-Windows which runs under the UNIX operating system. The GFDT 12 communicates

30 with the GUI 14 to provide instructions for providing graphical display. The actual handling
of the graphical display is conducted by the GUI 14,

Referring to Figure 2, the GFDT 12 comprises two main parts, a component manager 16 and a



WO 02/17074 PCT/ AU0O1/01053 11 connection manager 18. The conponent nanager
16 handl es operator objects 20 that are provided for defi ning a net hod of

mani pul atwpg, /?%7* east one input to produce a resul't. gggﬁﬁ&@g%pobj ect i-s

representative of an operator in the fornula. In the pr

operators are referred to as conponents, thus the conponent nanager nanages
conponent 5 objects for purposes of thegipreferred enbodi nent. The

connecti on manager 18 handl es variabl e objects. Variable objects are

representative_ o Qper an the formula f h_instapc Iculatlon
of the resul@"ﬁ?ck?’}lmeﬁgga %/STTROBFTL magige E{Wé’g’ﬁ%ﬁgé Pt ypes
t he main onepmﬁdwﬁc&Mgamammmhﬂpgaatlmmww d Gesolat Ani nto or

out ofaco onent -wi | cri be ils below ,Oher
types of Sgﬁ n‘%s dﬁ‘s'gmw?mlﬁ%ner all'y

haned with aoﬂeﬁib?émmto&ﬁeomﬁlmdﬁsmdoﬁpﬁd&ﬁtmﬁ £ BhifpbnBRNt as.
named connectlon as the re e Iabel that the user can refer to,
to know ih fo?bfj@fsl B“"&M assed to or froma conponent.
This will be descri bed |n nore detail bel ow 15 The GFDT 12 provides to the

user, via th 14, with terf ethat hlcal re resents t he
fornula as b %?Wﬁﬂg% %blf"tr"’e gﬁ 9t i on of

the fO{ rm:ca med&ﬁgm@%ﬁ%ﬁfmaﬁ?ﬁdgww?@?;ﬂegﬁﬁwwr@e :s
separate fromthe ‘recording o e |logic scri ption. The graphica

descri pti on RRsEcPHE D afpmberaf tppste maia gue; whish i foofmepierobiest 22 MRE D) c
descri ptign gi@sto d?Bt &f'h éonipofieht, aé-MAIlNBe de?&:bé@h%dr@ﬂ&ﬁlslbeﬁﬁt OB typarect s
di splayed in the interface. "A_screen, shot, of an interface 24 is Shown in.

Fi gure 3. Theariablephieqtsere input and output obiests whiclyass genseallympmest with 4 labels Theseool  bar
portion 26, &WWM&H@W&M@%&«%%@@%&M&&msenrrary |

w ndow 28 di splays a current page show ng a portlon of the overal

formul a. Thethati thejgser sen reffr|to,ta know information ghowticthe data epssdatgenr framy e2s be

provi ded t hagongbmei, OFtiEKillibe dbseritell ir fiste BRINBEIGR, The rral n wi ndow 28 is shovvn
di spl ayiﬁ? sinple medel for an accunulator. The nethod of constructing a

formul a nmodel will be described with reference to Figures 4A to 4D

-Thi's exanpl e’I‘lEeeGFD'?SIZtﬁoﬂdéFtB%bie? v:thermmm vatdge Higdtiyng of .
the mne '30 site |s conduct % usmg he results_of cal cu ions in

‘accor dance _ FIOT A2 plsereenedscs logipal dMEPWQfI ts
produced whege Ifafnqrarmtnt Qrueﬁmt ax&eﬂmgrbfltﬁwg&p:w cAbHpASn isSsepdtRe iffoH ik ed
according to a speC|f|c operat of to produce the result. Fromthe results
pl anni ng, recording of the logical description. The graphical description describes what is displayed on
20 the interface. The logical description describes in logical terms the relationship between
objects displayed in the interface. A screen shot of an interface 24 is shown in Figure 3. The
interface 24 is a standard Windows window, it-has a tool bar portion 26, a primary window
28, and a secondary window 30. The primary window 28 displays a current page showing a
portion of the overall formula. The window 26 includes a page selector 32, Other pages may
25  be provided that show other parts of the formula. The main window 28 is shown displaying

simple model for an accumulator.

The method of constructing a formula or model will be described with reference to Figures
4A to 4D. This example relates to a mine site. Planning, budgeting or monitoring of the mine
'30  site is conducted by using the results of calculations in accordance with predefined formulae.
The formulae determine the results produced when information contained in input veriables is
manipulated according to a specific operator to produce the result. From the results planning,
budgeting or monitoring of the operations of the mine site can be conducted. Specifically, the



budgeting or nmonitoring of the operations of the mne site can be
conducted. Specifically, the WD 02117074 .s.. s PCT/AU01/ 01053 12 result

of- Load an Dis used as an exanple. Load and Haul,/ st of
| oadi ng anﬁvsﬁ%}t’loygg m ner#l bearing material dut of a mpﬁ%&%ﬁo?yi nthis

case, In a Pit nanmed Defiance (IPD). 5 Referring to Figure 4A the Load
and Haul IPDis desired to be cal cul ated,,A vari able object 34 is selected
fromthe tool bar 26 and placed in the nmain wi ndow by the well known

process of positiQni e i.nter by noving the use,. clicking, dragging
and dr oppi ng t‘?ﬂ}tﬁglr‘?aag!"iﬁ"%ﬁlﬁﬂﬂ‘”ﬂ#%M%M‘ﬂ%“f\sm.wsmwﬁﬂeﬁ“ﬂabl e
is given the mﬂﬁlﬁxFﬁiﬁé@dmthiMFaﬁmiWWs%IEraﬁvmmm i's

t hat named variables (Il abel['ed variable objects) are in circles, 10
conponents (of®P)t or objects) are rectangular, with inwardly. pointing

arrows representing inputs and outwardly pointing arrows representing
out puts, and data fl ow connections gl\ﬁari abl e obj ect s? are represented as

| i nes. TheSLo&efeming tpHigure 4Apthe dip 4. 4% yarigble plieati es.
"t"his is con oty ; Win &f?'; L1 fR&gendary
wi ndow 30 and%gﬁstt%r | _ngﬁ.?"%geggislsarggéag operl{lia{(ggfﬁ{ suc %}Is(ﬂ?‘t”mjrrlg;s?taﬁge_ a
nuneri c val ue,of positioning theppiater by meningthe mouse, slicking, draggingrand dppningthe vasiabla| ue
and that the ' F TRS06R Hethh , AS
graphically r ?g’r"lé'?‘é%eﬁ oﬁ aﬁ(\)/‘?deo |95b|gﬁ§ unit as a@%@ﬂ?@fi‘i@be« ed

"Load and Haulconvemion fortmembeiousedis thatmamed vari labplad|vaviablerabjseta)arg ingircles, nay
receive data f | . r . : ' 20 be
recei ved faJPomoélt?ll er(%rwgia?g’rh&mg(ra&i%&%‘u‘g@'@g%@g%lﬁﬁgn&éwég#ﬂlg The
Load and Haul inR® and owwardly pointing farrows Yepresaiting) dutpists; | antl Rista( Sow lephnedtiona added
to the "toad ' 'wdata.. That is, the Load and Haul |PD
represents thé%lm%éﬁg%%&g)ﬁsdh auling bulk material and sel ective
material. Bulk material is froma mning 25 nmethod that produces mni neral
beari ng material yan ) I ' Lal . Sel ectd. ' | is
froma m ning @5}%%90“"? E%ngp%%%b&wah%gﬁ’%g%ﬂn%?ﬁegeﬁg%gm{r%“?tgé ?%I .

Ref erri ngiso [selepting thé BPropentiesieb in th seqpndasy tvindeve Barid eatexiigy thedesired pipertiesym t he
tool bar 26 and Laci in the i_n, wi ndo .Nor nal | a list,or,a
nunber -of  but SRS 1t aptkTalte: e Se aRainly et Sy pledieic O o) e
from such as aadifiatitheosmnits off dotreéney bre AUS. The varipble, ondeicteated,ds graphicelly reprantedhown i n
condi t1 onal - 0B F ERG APy vt B s G Mol bRy A B Tne Bfocdypage
conditional o

cal cul us, tri ovilhfepieient that ity Rbdiverdamfiomahy auiiable dninbe,sucha imayyal eliypit My t ext

mani pul at Lan Qo e a0 LM shalfler hoprans of HErmsy be rtgived from a database,

The Load and Haul IPD is calculated: from “Load-and Haul IPD (Bulk)” data added to the
“Load and Haul (Selective)” data. .That is, the Load and Haul IPD represents the cost of
loading and hauling bulk material and selective matetial, Bulk material is from a mining

25  method that produces mineral bearing material and non-mineral bearing material. Selective
mineral is from a mining method that produces high-grade mineral bearing material.

Referring to Figure 4B, the next step is to select a component 36 from the tool bar 26 and
placing in the main window 28, Normally, a list or a number of buttons for each component
30  are provided to the user to select from, such as addition, subtraction, multiplication, division,
as shown in Figure 3, More components can also be provided, such as look-up tables,
conditional operations and other more complicated operations such as calculus, trigonometric
and other operations. Additionally, data or text manipulation operations can be included. The



WO 02/17074 PCT/ AU01/ 01053 13 type of operations able to be conducted
should not be limted. Indeed, a vast library of operations could be nade

avai | abl ey yng nmulti-levelled operations, whi'ch ar | I n nore
det ai | bewgvb.ﬁ}lwr? this case, the "addition" operation i sq’gg{%@#@a.&pﬁe

addition operation is graphically represented as a box 36. The addition
operation has at least two (and 5- in th8s case actually two) inputs and
one output. A relationship between the objects is then <created. In this

case the "L g%emfd},s o beAdondited sl héthe’ t lﬂ?ee& bl Ofp SO it

can be conn tgg y seliedgﬁong'a cpnnesgﬂl%n. ob'lggittgd'% ro%gﬁgﬁ?%%lo&bar 26

to draw a | ioperaiens could be sadeavailshle including multirlexelled operstionscwhich am discusgednent 36

to the Load giiglorckithl elow! 2id & o, fle sHditfnrt ForktRAs lehedd Vimd BlRRECOTS 2
, by virtue of the nature of t

result variable, by | 2 assocl ati on. e i nputs
and out put s epeetionisgaphicallydepresented-as a box36. SFhg additionnperationches atrleastiwo (and :

r epr esented : | t he : ri abl e.
Ref erri ngs’et oﬁﬁﬁ“g%e%gﬁ@wwo?}‘& %ﬁ%?@#‘?%ﬂt he
t ool bar 26, crestesc dul thiscase the:“Tnad and HawlIRD” yariablecis the regulg of the hdditivnw it eaad and
Haul |1PD (B [ . PRy e t oduce a
list that t%@%@e@?g@“@ﬁ%&g&%&%&%ﬁ#ggﬂﬁé @%mﬁer%%gé,lﬂf% name
of the vari adsnsecting/th®eutputarove df the additign compbnerit 36 td thetioamad Haul IPD Wiviablsul k) - .
vari abl e 4%@5@@@3«:@&% ﬁ%%ﬁ@g‘%’%tf% g’{}ﬁ 2 | t.i.on ﬂg%r t or Frgg by
sel ecting andth n nid, I a posult vatiable, by yirtye o "@Wﬁ" ing a’
connect ixn hassociation.t Fhet inputo bpde ottputs larearbpresaited Hsudrromis g Bié laysotilitioh isecones
an input varjiable ;SQF Load.. |E§ul P{Qmﬁlgu' k) iE'EUt . @ variable is _
repr esent ed W%Tl P OREFCHOR S, % iaBﬁ F’b""ﬁ ‘represented as the
connection 42 between the variable and the conponent. Referring to Figure
4D, anot her l.abl e.-44, 1S med, Lpad. and .Haul LRD (Se]ectiye).is,.
sel ect ed, m%&@nﬁh’?%ﬁ%mﬁﬁvwﬁ& @t‘ﬁ%’?%&?f‘“@?%ﬁ?’gg@}%ﬂ
oplerai or 36%ﬂ:?'hninvﬁﬁdodea‘8_flt iaﬂdisigg:anthbtnidie, Lciadhmmtl'IH)(Bulk)fVEﬁdb) Bﬁﬁame?hlﬁﬁy t:
sel ecti of, t. es vari a conpone Qper a an e, 1 npu
vari abl & anlfif Qiyrﬂﬁgﬂ.%maﬁﬂwgﬁgmg%fmﬁg %-m&ki M, a
bei ng def i nettie asnd afitheonariablé mpLiie eneredablequitedOFik Load andiddul IPPDABLRY vitjableand .
i nput variable, "Laad,and Had ] PD (Selective)" e sunmed t.ogether, by the
i i o opclOaeAreRReh AR sh e o by MR cpietor 36 17 sHHREE 2 B’ Vinen
: tdh;a formul glow'fommmm|mnﬂn@wb?ﬂmwﬁmmmobma Lbﬁ.dqnapu: o
ata vari ables oduce a resu in.the res Varl, a rding to
t he defined %ﬁ’\r%#émghﬂ’g? E?Pm?'oms% W@?%e?ﬁg’%ﬁr%“gﬁ%iﬁ‘f '@P“r}
retrievao t hearinhleds repeesentaings probyderd0i mel thé input hrelationship is represented as the
connection 42 between the variable and the component.

Referring to Figure 4D, another variable ‘44 is named Load and Haul IPD (Selective) is

_ selected, placed and associated with the other input of the addition operator 36, The

25  definition of the formula is now complete. The selection of the result variable, the component
(operator) and the input variables and the relationship therebetween has resulted in a formula
being defined as follows: input variable “Load and Haul IPD (Bulk)” and input variable
“Load and Haul IPD (Selective)” are summed together by the addition operator to produce the
result variable “Load and Haul IPD”. When the formula is put into operation, input data

30 entered into the input data variables will produce a result in the result variable according to
the defined formula. '

In order to save the defined formula for later retrieval the type, name and properties of each



WO 02/ 17074 PCT/ A1 01/01053 14 object are all recorded along with the
position of each object within the window 28. Wth this inforrration t he
foermul a ca%B pred and'retrieved for |ater display. SiP @@g{,sly W th
the drawing o e bl ock di agram fornul a, a |ogical defini |on or the
formula I's recorded. Referring back to Figure 4A the creation of the

vari abl e object Load Haul IPD 34 Is regiqgtered. In Figure 4B the creation
of the addition conponent 36 is aI SO registered as it is placed. The

Bnd Che var | aiSVESCRRAl D st ofalept il ol 4, Wit 0"

connection betmmmmrmuhmwammmemmmaw and the. result
variable is than 10 recorded. Referring to Fi gure 4C | i kewi se the creation

of the variable object "Load and Haul IPD (Bulk)" 40 and its connection to

a first input Si!fml dvxthltﬁmd:ﬁ ﬂﬁ%l&ﬁdfa@ﬁn%ﬂu@aldﬁm definifion bf thér e 4D
the creation of t ectl seJec Lve ble and its
15 connect Pon 1P e?’ﬁ%’c” élF%’ger teadeq.
The registrat Imambwﬁmgim &hﬁaﬁmwm%@mﬂ{p&%@ms\mn (and
thus their relationship), theref | stered and t hus | ogi cal

definition of reaige 'an\ﬁf'-’aPP‘?d-cr'@ﬁ qq ? tbe cennggtess3 8&%&#“’#{%"5?‘5 t he

obj ects and t hadifiod Ginfiiohé® Shd R valitfle RO& Maﬂwpnsm@mn Anggieqiher
graphical information is not inportant to the |ogical description and is

only recor ded epeieeting bytwnemithsaresulooptpyt of theromppnent and e W&'ﬁh?’%b‘edé%ﬂl ption
is used fqg : Qicopleqy Of the fornmula. Wthe user in a manner that the wuser
can relate to and the recording of a: |ogical description of. the fornula
Is used by a forrrula processing engine to put the defined forrrula to use.

The user need gidn4agee u0 e We!dbafiior GO izible

processi ng engi ne be concerne grap‘{n ca efl n| t I on. At
this stage for(Bui k214 Omcgtrsmpmctiog lratmmtaofg!msmmnm@mmmmérﬂmm

| ogi cal defi | I f ” evel .
However with rm (!?lc))arrt?)l %?ﬁu%fea el r?gd/rm fﬁfeﬁ%agﬁﬁﬁ E géelségélﬁ
bel ow, tha&e mﬁwmﬁg sw)llld addmmoneutammtmlsoumm |'The gegistritiopef thel e t o

relate to the fg é&ﬂdﬁt@ ﬁr(eh?ﬁg n{nﬁ{ | retbiohii thedtora 0
graphi cal representati onm%? or mu “@ea anél hl‘ra%?ir“&r'glrglkpro ts)%ll ng eng| ne

will be able mmandﬂwtbgicddbﬁMMﬂwfmwsmmM inthe forngoftacdegsriptianchd
| nf or mation _ogﬂ’ey oGS U theit FetheldfishiHs 2 PTHeCisitiofifd bff e Sciteh Wd ottt Yeiptiél] /4

PCT/ AU01/ 0105
information is not important to the logical description and is only recorded in the graphical

20  description,

‘The graphical description is used for display of the formula-to the user in a manner that the
user can relate to and the recording: of a:logical description of.the formula is used by a
formula processing engine to put the defined formula to use. The user need not be concerned

25  with the logical definition and the processing engine need not be concerned with the graphical
definition. At this stage for such a simple formula the graphical definition and the logical
definition are not substantially different at & conceptual level. However with more complex
formula being modelled, as will be described below, these definitions will diverge. Yet the
user will still be able to relate to the formula being defined at an intellectual level by the

30  graphical representation of the formula and the formula processing engine will be able to use
the logical definition without having to exclude information only relevant to the graphical
representation.



15 An associ ation between a vari able and an operator enables the properties
of other inputs of the operator to be determi ned, at |east to sone extent.

For exanph,%oz;lgﬁ“as_soci ation of the remt wvariabl'e wit Iggtl.}lkogpﬁgft or

enabl es the properties of the inputs of the operator to nown, in this
case currency nuneric values. Wen the Load and Haul | PD (Bul k) i nput
variable is 5 associated wth one of thgsinputs the properties associ ated :
with this input vari abl e can be checked agai nst that requi red by t he

oper at or. r na L D_( Bul, put i abl e
does not aIr i%gﬁeﬁgg%%%"fﬁ M °£‘§*'Fr ®t hese
properties. @mtobmdmm&nhmedjaﬂmtﬂdauhemt.hﬁm-emmqoﬁmmcmonfofﬂelmlta .
W) (Sel ect 1 pEgtie wHF i pretit chpiittoe 005t O p e e dnef s S8 Kn0B0 e ci
can be perfothimds antter mmﬂmpmmmmmmmm iviebl :
propertl gﬁwéﬁaﬁ&fcgncyﬁfwv‘gﬁ%e .gsgci at nvgglégs noymu Iloegg‘d
Q her wi s | £88 it
Fhher i tapce can wat BoLh doys T e AW“""“‘W AT
i nheritapce can wqr, wa a an,.l.nput, has ency numeric
val ue properifgut vapeh Ii?gg MS‘B‘ Em M%t‘%é‘r@‘t“‘f\ @%ﬂm st ent
{JLO@ertlers1 projRitiea B&,Ebebiiﬂe Déddeand SRANPDYhas tiRIGsérty BPbEing £ Girlehoyviinierid! © Its
e one ¢ ec ut.s r ormati on
relating to W%M@M%ﬁ“m&é B@"Fﬁ'g{ K"Hﬁé&?l es of
Itts I?p]gatcs 8!?% H?xﬁeritlvﬁlil&lz \m&iacndasbé tmetarw?iﬂewm &}doﬁrlﬁﬁmmh thEhF »
out put from elnus n Figure 5, ornul a u evaueo
Load and Hd&quires IP)W""&EGQ an issperqr ‘?P‘ﬁ M@ﬂq fFapari abl e
"Bul k Rate" mﬁuaaeshamewma&wm@mummm uebdicy dferioSNRRS ENt S .

the cost for mning each in situ cubic neter of "Bul k" m neral bearing
material . BUMRPEBM s represents the Bank (in-situ) Cubic Meters (BCM of
Bul k material. This fornmula can again be built using simlar steps to
define the previous fornula. The oad- and Haul 1PD (Bul k)" input vari abI e
40 is abh%e t'chegjdng anddnhess %%Wﬁe&km ethat g, if g inpyt has & pustepeyImeEiP e ct ed -

and represenjfigd sioperP e rédnltay alsbfchedm o lsee Rhetin Gt hidUédasifiéalfprogeftioblt 30
vari abl es are not al ready ava| | abl e, heym%%be entered. The nultiply

oper at or obj Xermally; theanore freqntly gregted isthesre dhietliedt he i nput

vari abl es and out put vari abl es. ThIS may be done by dragglng t he

representation of the rTU|tIp| oper at or andg IaQ| The i nput and
result var i BpteendQupusof go ﬁ'ﬁ’gm g dgemnom«eé( Bul k

Rate" anp " Bihiporiehis dbfind@by Helpfdhédies 6T Tits Mfitis did Gu'iﬁm along with the functionality -
that produces the output from the inputs.

In Figure 5, a formula for calculating the value of “Load and Haul IPD (Bulk)” 40 is defined
by multiplying the input variable “Bulk Rate” 48 by input variable “Bulk BCMs” 50, Bulk
25 rate represents the cost for mining each in-situ cubic meter of “Bulk” mineral bearing
material. Bulk BCM's represents the Bank (in-situ) Cubic Meters (BCM) of Bulk material.
This formula can again be built using similar steps to define the previous formula, The “Load
and Haul IPD (Bulk)” input variable 40 is able to be used as a result variable. It may
therefore be selected and represented on the display. If “Bulk Rate” and “Bulk BCMs” input
30 variables are not already available, they may be entered. The multiply operator object 48 is
then selected and associated with the input variables and output variables. This may be done
by dragging the representation of the multiply operator and placing it. The input and result
variables are related to the operator so the input variables (“Bulk Rate” and “Bulk BCMs”)



16 are connected to the operator I nputs and the output arrow is connected
to the result variable ("Load and Haul 1PD Bulk"). Here the order of

pl acement ok“$§§ vari abl esc and operation is different to_the greV|oust
defined for 1"%he order only makes a difference to or dBYTBPVECki ng
properties and inheritance. If the properties of the input variables when
multiplied 5 . together are not consisteiﬁsthh the properties of the
result variable, a nessage nmay be provided to the user that there is a
problemw th property inheritance. That |s if the Bulk rate input

vari abl e does #®gonasiid tpthe aperalorinpyss #nd the Qunuh REOVHis conngeted e the ragult variable e
and/ or Bul k B@%ﬁﬁﬂ'ﬂdﬁ!ﬂ’ﬁ'ﬁuﬂ@i Q{Méoﬂ&toﬁ}%ehh&'ﬂﬁﬁﬂfl&%n&ﬁ Yeitioh! f&
nuneric val ue a_warni ng nessage iven or if one of the tvvo have

the correct pr@mtwthemwévdeﬁwfqmbf mwwmail@efﬁilc@ﬁ%ﬂdymf
P t I f
ther vy abl ) s Plojohf id RRnGL: lhd bpcis of b il vaflukicd ey FRfipHSY'S ©

exanpl e, i f5 ertogather tare not xomsistant with fthe mmties jof thegsulttvatizblesial message hay lren a
warni ng. Alter &g{m p@ﬂ%’i&ﬁ& urt her
bel ow. 15 Thi sﬂ?‘h g”r‘%%{/ %%g @ﬁgs me page 32““3 orrruTnEe

Fi gure 4D or |mputupn@bdoumahwaﬂmmmemwcmperndumgmmlvdm mdfaszulkay be
used to sel ect éﬂﬂ ;Egy h| S is
al so where the gr apﬁﬂ%‘?ﬂg&ﬁ%%ﬁgﬁu&e v%’?%gﬁﬁ om gﬁ‘ -ggl cal
definition, pawilhbeld\an logyif iofie aﬂﬂwmahweahe waprapapmyp&ge&er wiliiisheritethe torpeetg e
wll cont ogi cal
definiti o?il'o\?\n I m a“c &@@ﬁson Qﬂgi)&{&meenr}loin%’_ %andﬁ?ﬁaeaﬁim%gg Bul k)
result vari abIuﬁﬂﬁmﬁommﬂmmmmwaoMlamxsm

(Bul k) i nput variable of e Fi t lga ONE
formula is rep’f“g t@% @%f Bs ﬂ“s w@-ll{esgm ‘L@r‘ﬁ%ﬁk{é% %ﬂﬁ,' f cgnvégﬁﬁ%a?r
intellectual wmdﬁxc&ﬂasﬂ&ar@edwhﬂ&bdoﬁornul a, but logically there is no
separation. Ilia is.not to say a separation cannot occur where the sane

naned vari able has a particular space within which to operate. A nanespace
25 for a u®i arnhsafoﬁauﬂdmycbemmm )he@&ﬁe medeﬂierfaﬂwulaidﬁmg'mm heitrmaybe

application. Thi WI | I SCri b det ai | | ow. The sses
Conducted by e SAsmR Ree iR dhge FP9¢ e R et B Fpbrmarel e 6 o
now descri bed drélomsepstatel piges. |'I‘hi’ﬁ§ﬁsdﬂlﬁﬁﬁiﬂ§ﬁplﬁ@l deifigitioe Maypbegih ta diversfie from
Referring to Fjgure a. 30 _compo mana 16 fi al | ows eu.ser to
select a conpothgﬁ eﬁ'}‘%@“ﬁ %QE’G}' Py 88“‘15 ‘Qﬁiﬁﬁﬂa Yh{' QKpewy |
t hg gxa_rrp! e shinsparate deﬁﬁmoﬂitbraﬁﬁlfdrlrx]xﬁlﬁ. thébﬁbalammﬁm,wzu mmhtalcahneaﬁhv\hl on
and division hutto re t e,Se tio nen en one
of these Bt 5??9" %M@@ﬁ&ﬁ&éﬁ@* "%’\j’g"t‘g‘rﬁq ﬁ?’%‘ﬁ‘ﬁgp %&H‘E)Hﬁent
manager 16. t hatoad and Haul IPD (Bulk) input variable of the formula of Figure 4D. Thus, to the user, one

formula is represented as two smaller formulae. This will aid in intellectual understanding of

the formula, but logically there is no separation, :This is not to say a separation cannot occur

where the same named variable has a partioular space within which to operate. A namespace

25  for a variable (and a component) can be defined limiting their application, This will be
described in more detail below.

The processes conducted by the component manager 16 and the connection manager 18 are .
now described in more detail with reference to Figures 6, 7 and 8. Referring to Figure 6, a
30 component manager 16 first allows the user to select a component type from a palate
displayed in the tool bar 26 at 52. In the example shown in Figure 3, an addition, subtraction,
multiplication and division buttons are provided for the selection as components. When one
of these buttons is depressed the operating system informs the component manager 16 that
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The type of operator conponent is known. The user then clicks in the

dr awi ng at 54 which results in the placenent nent in .
t he | ocaﬁ’oﬂﬂcpl cked. This entails the conponent being %Té&%‘ﬁ??’ﬂ&?he dr awi ng
wi ndow 28 at 56 and the conponent being registered in the formula
definition at 58. Details specific to tyye 5 graphical representation of the
conponent are stored such as the conponent name, its W and the position

oot cal ©° SertF PR bt Sobt il THE B o Shermt ompoteph B Rifom: 1780 Bsfponent
are regi stertﬁéichmfileﬂleﬂﬁ@iﬁgmlﬁdo&bmﬂmmﬁdﬁmd RERRAIGT la @Ompdhertdn De

i ncl uded' in,the for 10 sel ects a .,nghed conne t|on conpone.nt
W fromthe W@“ﬁf"% J‘!ﬁ.fg% W%ﬁr"%"ﬁj"m at 62

and an emtmamwmﬂmmgqegmedMefdnﬁuwm@tuss Détais spedific tooth® t hen
narrethevarlale or wait nane it |ater I S naned, afaC|I|ty|s
provi dedSat &% ‘%Pmmé{} Eponent qre, gho Wﬁﬁ\!"%@ﬁ%@‘ﬂ%ﬁ‘?ﬂm Eptyged in
the new nanggqdge P@ﬂfdz'oﬁﬁe%hg@ﬁddeﬁﬁ%fﬂi@i&ﬁi the Sonipdndnfl O tleqpicl €1 ed at
70. Details rela ed to. the g gphl cal dlsplg of t e 15p§aned conﬂ%ctlon are
recorded su e, the naned

connecti on. Log|cal descrlptlon detalls of t he naned connection are
regi stered such as _the nane, W of naned connecti an, Referrlng to Flgure

8, a connectRefwringto figure BMem@oﬁoee%%ﬁ&bam@évﬁwmm%

CONPONERKpS PMdotd'3 Whidled qﬁé%mﬁapuaewb@t THU‘usEPchk.QW ?8 The
user selects a connectlon option in the tool bar . The user clicks on
a conponent dswingviadaw 2 MMprwmwaﬁMam dhe Bs8dt her
conponent atcant?n?rf SheRRABIE brl vkt alPRAi e latkd) Tt is ﬁf’] IX‘QSG-E& t&é‘e
connection is e obJects

owed based on the: 8 o) ertles of t

connect ed atfontbeuqertotqﬁterﬂsmwhshlq i fheinevy nam

78, a war ni /g, %&epﬁgﬁﬂﬁﬂ g dr avvn
to red, al ternatlvel hé1 col our of t narre connectgmg @anged to
red at 88. mpﬂm#rer mthmsnhenaw thmt

conpl eted alpyfey tdmcif&em%e&&ﬂﬁ&& f&m

connection is Iovved as |nd| cgl?gd by Syes”™ on 78, t %’ol our o?sthe

- naned connedhqmeﬂspet‘ﬁ copneghiallen at 80. As the user rel eases the mouse
at 82 the line representing the connection is drawn at 84 30 and the

connection registered at 86. Details relating to the graphi cal
repr esent at |R9§trmg tonBiguteoh e ceanentiop| betyiepn permtor, sbieste: suoldag egmpogents of he | i ne

and anyzzsertceaﬁgaw&@ﬁmﬂ&)ma%oﬁla&om ﬁ%esmmtla&émﬁgdﬁ g Uhe WEF slIQR £ 2

description are registered such as the detail onents
connection option in the tool bar at 72. The user clicksona component and a connector

link to a named connection or another component at'74, The connection manager then
determines whether the connection is allowed based on the: properties of the objects being
connected at 76. If the connection is not allowed, as indicated by “no” on 78, a waring is

25  provided by changing the colour of the line being drawn to red, alternatively the colour of the
named connection may be changed to red at 88. When the user releases the mouse at 90 the
drawing is not completed at 92 and thus the connection is not registered. If the connection is
allowed, as indicated by “yes” on 78, the colour of the named connection is turned to green at
80. As the user releases the mouse at 82 the line representing the connection is drawn at 84

30 and the connection registered at 86. Details relating to the graphical representation of the
connection (line) such as the end points of the line and any vertexes (bends) on the line.
Details relating to the logical description are registered such as the details of the components
being connected.



bei ng connected. WD 02/ 17074 PCT/ AUOL/ 01053 18 The processes described in
relation to Figures 6, 7 and 8 occur for each page of the drawing. In

addition, i aphi cal description each draw ng has rded
n\g?rg)ﬁo%r %C@&%l/ﬁl‘ggf

(the page and for each page of ‘the drawihg each réegistered conponent
nanmed connection and 5 connection details are recorded. In addition,
nanmespace details are recorded as will beg described in nore detail Del ow
Referring to Figure 9, another exanple of forrmula definition is shown. In
this instance the "Bulk Rate" 48 is defined by a took up table 94 froma
nunber of variables and constants 96 9.0 to 104. Pit 96 is a variable that
represents t heTheprmessds deseeibed in ralatjon 3 RiguréS6Eahd| 8coctift forsach page dfaled drawingt

represents a mni rate that ends o he. ampunt of i | mned., RL
106 T o var aihen B e ealical RSB o ke d B8 o AL 8 poh B0 i
that the m nergadl fis eichkpage dfrthendrahiirigeéach |regivterdd) 2onyRineht \named lobiedtivat and
represents the type o terial  Qhei ).,ned, for le, it . .may he fresh
or sedi nenf nﬁ?@%gtéﬂ"wﬁmﬁm 7 th‘%m%téﬁ%%%m%gﬁswﬂ%S

tabl e 94 i s anjesepibsdih more detatl belbwoks up a val ue based on the val ues of the

five inputs. The resulting value is then provided to the result variable
48. The figure shows the connections between the inputs and the outputs.

The bui | di ng %ﬁ:&n@ﬁw@égweﬁhﬂmf&ﬁm%ﬁmms&m It thUhdtancé @igul t s

and operators and the placement of the representations of these on the
screen is rec“gf'@éﬁ?‘ 1 é‘qeﬁ@d@_é{l“[%’é‘&ﬁb&t diemm numberak vesigplee and capstants 96

rel ationshigps t he4, epie beacs valmble Wreki%beﬁts thednanfe oT®leBmining PRI 'Schéliule®8HE @uUr €

10, the exanpl e described thus, far has been using a top down K mnethodol ogy
ta define a no'aeﬁb leatgﬂaemmmwsﬁw thr.amoprical minegy! inede Rlalf0pe

col lated or thea (RiSle thiit Fptesdls BE RIMATRVEE f HPI MioaheBit RO minetal fsARkeRE S€EN
that the input 25 variablée PIT 96, input variable SCHEDULE 98, i nput

variabl e RL 1®NiMMﬂWi%ﬁ@VMEB@FMWEﬂEM of mterialchsing weiped: Byl k " B"
104, input vardgidie iBdyvbeHel o safindiP flatefidlPBilk V8" 1034 ekt QBiktaRt) Aotk up D
(Selective) 44 are all-used to calculate the final output result variable
Load and W3ul tahirP4gis enpperatinn:that dooks pmp splugbased ongtbe yalunsof the five dnputse Fhet i ng
mul tistep for : LS ArsLROA ﬁgae%;&g
conplicated h{%gﬁgrégg#%ﬁp%%?a@%e_ steps | %:éd the asheﬂ %gégﬁl%
can be gr oupedetwger e inpitsiandthe outpets. Thedmildingefithe relgtionship by theseleatiqn ofithgh
or der COMPONe R st i bperitofhnd the pafhont R Hpfedintatiisl of hesd/oR i Bibertis S |

' recorded. The logical description of these objects and relationships therebetween defines this

20 formula.

Referring to Figure 10, the example described thus far has been using a top down
methodology to define a model as & number of simple formulae. These formulae can be
collated or the model drawn as one complex formula as shown, It can be seen that the input

25  variable PIT 96, input variable SCHEDULE 98, input variable RL 100, input variable
MATERIAL TYPE 102, input constant Bulk “B™ 104, input variable Bulk BCM’s 50 and
input variable Load and Haul IPD (Selective) 44 are all used to calculate the final output
result variable Load and Haul IPD 34. The outlined label area 106 shows that the existing
multistep formula (modules) can be chained together to produce a more complicated higher

30 level formula. The steps inside the dashed box 106 can be grouped to form a high order
component. The inputs on the high order component are shown as an “X” and the output
being shown as a small circle.
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defined without the need for the variables "Bul k Rate"' and "Load and Haul

| PD ( Bulky; ead the output of operators 94 can fee ' in the
i nput of %(’p?e"r’}éf"g!r' 46, and the out put of operator 46 cangFggéﬁgélbgéctly into

the i nput of operator 36. In other words the operators can be directly
chai ned together. However, it may be nDi% 5 sui.table to design this formula
as shown in Figure 10 if the variables ulk Rate" and "Load and Haul |PD

(Bul k)" are used e]s ere. e c nej i Si ng, of chai n  of egrators is
conduct ed by Qﬁk@%@ﬁﬁ%@gaﬁvmﬁw °E§hﬁ)’€ﬁ‘?€fﬂ‘g‘°t"&“&]?‘8'g%&@tised
and sel ect i ogad®f.osune MaGIPDI(BGIR)"l Iasteddi t\outphlt 6f cPaiated 5t obh Rl Birecll il the DOX
106 are then, del Et ed frﬂgrgﬂéa’g curr M%% gggﬂs‘g‘lﬁéqu to anew page. The
i nt er nal worlRPyt gEoRsFater GM&% c igte thejaputafppemtos. The
gr aphi cal d%%%&%ﬂmeéﬂmwﬂﬁé&yw btRét, i YRNY e | N

pl ace of the del eted objects is a new conponent 108 as shown’in Figure 11.
A graphi &al yitehls todesi flormula ag showa in Rigure 40 ifithe vagiehles “BulkRate” and | page

descripti on JHauAPH BIDP e usddleRetitfe, del et ed conponents formi ng an input 15
into the new conponent 1I08. A connection fromthe named connections 96 to

104, 50 and 44 is created to the correspondi ng I nput of the new conponent

108. Th i sk s fs i dt
e CONfig %ﬁ@%&;aﬁp&w& is SEWRE 3'tox 166 GORREMHEED O

t he naned conponent scription on the’current page I's updated to

refl ect the Jomporeistobroompenstised ned selsetion of aenmponantisedunstion, The objeesswithin
connect i [ LOOUISRaA fn & t and
cach o 3 die BaERIcHte B G FAE iho Yurint ogh Ak bninc v & By . T0TMRRGR, S

a | ogi cal cowmerkings of theingw companens darthetviewed on the neyypage:t Thefgraphisal desepipticorof and
t he out put Egﬁggmg&m%ﬁed Pﬁeh&mp [ I 00
descri ptionq{(ﬁ t nodel, Tn 3‘? ect rgéré'l nlg uncﬁgﬁgwegelﬁ?é% %ira#enew
gr aphi cal deoopopent HI8 as showndn Figuee|11, A gupliicad deseriptiom af the\caripguent isddcluded
chai ned 'op %’ﬁ“’ﬂt leQscdi : F“:g% ﬁ’t %?gﬁ : r to
provi de a hiefg?%r evgﬁéeopergtt%gr 08. |slfg%§gpg‘t’t§f J é?'ggﬁﬁ"&g&%@?five
i nput s t1& prinktkanewromponsatd] 08/l canaestion from themamed cpnmections 86 o134, Nand dbnponent
108 can now w;&egg,;d . &mekpcohg&%' t Welall ﬁdﬂ* ower
| evel for nullg@lfe&tg?&errﬂéﬁe u tﬂ"e‘%ﬁ?‘é‘h I'evel op rat%@iggl?%%gi | t3‘/‘1"maly be
provi ded t o atpwhof thenewoedaponent isfconnectedriothenamed Tomponent\34 Thé descriptiomph e, 30
by "doubl e. '&M On gﬁlﬁteﬁi Eeﬂe& E%oﬁﬁﬁ hitectits tiRedtd SO! 2y the
chai n insidgd‘%_y tﬂalgﬁ:}sn tot€ e p\a%éen%vﬁ Ml ch t emlae%er vvo?kl ngs R(;f t he
conponent arleglmism.ecﬂmiisscmmnGQhGQﬁPmefﬂﬁmmgommwd)e@@ft he
next | ewly Ghe idphits 481! fouped component on the other page. Likewise a logical connection is

created between the output of the component and the output of the component on the other

page. - Thus the logical description of the model.in effect remains unchanged whereas the

graphical description of the model is different.

25 In Figure 11, the chained operators inside 106 of Figure 10 have been grouped together to
provide a higher level operator 108. This operator 108 requires the five inputs to produce the
Load and Haul IPD result variable. The new component 108 can now be reused without the
need to redefine the individual lower level formula that make up the high level operator 108.
A facility may be provided to show the workings of a component. This may be for example,

30 by “double clicking” on the high level formula to open it up to display the chain inside by
“turning” to the page in which the inner workings of the component are shown. This process
is called “drilling down” to see the next level of the detaif.
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nmet hodol ogy can be used to define various fornulae wth the properties of

each | evel ecked to ensure they have consi stent e.
Equal |y, ‘ggwg’#fup desi gn net hodol ogy coul d be adopt edr%%{’glﬂ%om for a
multi level nodel to be created, which can be graphically represented and

defined. Modul ar building of .5 higher kgvel furnctions can al so be
conducted. Referring to Figure 12, inheritance can be used to restri ct the

The oerect i on AstaFERRERAIPh Soynfeban By Sae s o 55t 8 detink Vot Topioci v o
Chose 10 var abhes that °§°§h:°ﬁ§mfmgﬁl.‘?§mm'mm” oy her ot abl 35
can be.. "gr aﬁ ut qu@ "ﬁﬁﬁ@i‘? %B?G&Péé‘l Zﬁ'{s U?]wsotg re f’i?

di spl ayed in WeﬂwBéa&iedPthmm&ipﬁmmp&mkdaﬁddﬁﬁﬁédWmﬂm l S

di nensi onal [ lggyl ta{1 e@gm sbecase each vari abl e must have at | east one
di mensi on, fo Ae¥5 ip fobeconductedincs  etc. .t 15 In the exanple
provi ded in Fi gure 12 the formul a bei ng defined is: Ax B = C. The

vari ables are erties, i nclu t dj mensi on, and units. In
this case, t hgeg %P@"@“F’smg’el"%gtg&&?‘?% Qptignsofiyatablesigonsientsi on
of mass. di st anﬁ@axﬁlﬁl&'fdﬂ@éléoﬁo@f’l‘lﬁiik,qgﬂtﬁ%ﬂﬁfsﬁéoﬁox(mﬂlﬂmer th RariaBle®empt | €S

of a real nunber with its dimension bei ng mass_ and unlts‘illograns g). B

has been def i fdestagjmuyst %W%%ﬁ%%@f@YWE‘WB%WW%WWeger
number. ThhS RRbRE Hatie BRGBquiEL profdiitls! %QW@M&W%@*MM‘C A

and C by virtue of |nher|tance B nust be either a real "or an integer

number. |, f 4navailablepfor selectipmer simply not isplaved dn therlist of apjions. s A9 examplg ®fheen
defi ned as an g&uﬁ@ﬁﬁmﬂh&%dm&x&ﬁﬂhﬁnm&uh s cﬁé‘%@&ﬁhﬁ%ﬂe REY BaveGERadD

I nt eger. ddi tion, because C has the di mension massdi stance (cgm and A
has the d| mn@ﬂ?ﬁmﬁlﬁ%fo(myled@?‘%é@@s@w B nmust have the di nension

di stance (m. Likewise, if A and B had been 25 defined first; A being kg
and B being m C out of necessity would have had to have been kgm by

virtue of1bhe mmm:mmmmmmm&mmwm Theyatigblesct of
hunber and. { h &R pRpdts @R tARRib ke BB I bl B8 e radbB, |
t hose inherit GMYMFM@B‘S Wﬂiﬂlenﬂ@ls‘!fm-'edw wlp!mtmflélmn mem (rgm)- bl es
:/2?;[ aEI gzyt ggmwwlbeen %&ﬂj&ﬁss y en ie’%%"% es-t y[%ggS t%at
meet the propbesheesdefined withothe pmpertnes of being kitherm reakoran integen wngher. nBhis mept i ng
the propeghi € fadibSen i bt of e thHropertic of S0 idC by ARue of inheritance B must be

either a real or an integer number. If, for example, C had been defined as an integer and A

had been defined as an integer, then:B would, out of necessity, have been an integer. In

addition, because C has the dimension mass.distance (kgm) and A has the dimension mass

(kg), by necessity, B must have the dimension distance (m). Likewise, if A and B had been

25  defined first, A being kg and B being m, C out of necessity would have had to have been kgm
by vittue of the dimensions and units of each of the inputs and the effect of the operator.

Since B has the properties 0f being & real or an integer number and the dimension is in metres,
the actual variable type meeting those inhetited properties will restrict the type of input
30 variables that B may be, A pull down menu 110 is shown that lists a number of variables
types that have been previously entered. Variables types that meet the properties are shown in
a normal font and variables not meeting the properties are shown “greyed out”. Of course, an
alternative may be to simply not display the variable types that are not available for selection.



alternative may be to sinply not display the variable types that are not
avai |l abl e for sel ection. WD 02/17074 PCT/ AUO1/ 01053 21 In this case, the

vari abl e ty, FT DI AMETER' or the variable type ' NGT " may
8%/ Fgrffw *Hi

be sel ect ed V\}n chever of these variables types is seI ec M¥he pul |

down nmenu wi Il then becone the variable type of the variable B. The

vari ables able to be selected frommay & obtained froma variety of
sources, such as databases or a library of 5 variables, and not just

manual |y ent %ﬁa% RINFTOAMEBIHRR | & I

vari abl e naerrlggﬂis cmgﬁg ver 1 cons represdgrt\l?a‘{ar@e %%et e vari abl es
may al so be USNGTH maybe decbmtwfﬂ@mwaﬂﬂmn%m&omﬁemﬁns may
al so be enpl %@Fimem ?Egm al S
suchas, A, as @vnr esult var| agl es ‘}%L %‘%ﬁugisﬂgg e or ééé%i&ﬂ?'b@

sel ection of scleeted/from astyehe obtained fromcrevasistyiof youskss, csnchi asalatabasesporcplibrary @f of
subsequeng v e t T r fe

defi nltlotf? ofq'%‘%ﬂ"| T%‘Frm a %@W p@e |ngﬁ Q@g\%eregh&mr i's
pl aced over aapdiqus,tahmmmaetmmmmmmhﬂaaabhsmdmbbIusadriwear
that 15 d| S n Figures. 13A
and 13B). %ﬂé‘ur&aﬁ?&% Wsﬁ&%e@%gﬁb%%%é&p eﬁﬁé\‘&qs pl aced above
one of the i nputs of a |look up - table. Beneath t he pointer, a box -appear s
t hat shows t he erti of ,the i nee whi ch
i s a nunber gﬁ'&ﬁﬁ?p@ﬁéﬁ §§L}3I°ﬂ'frmg'g grf‘sft'%wgle f’mfpleﬁrade
is 20 gitoen shihas)O ameumoﬁsemmfmevmumlmwmnﬁmmmwer
i's. shown: p0| ntin e& ?r uIE E}‘result vari abl e, which shows the

definition of™ In this case, the fornmula so far
defined is: If (1 ook uptable "I'monthly cost periods"™ with the data in

t he vari abl e; er, e thl 0 25 val ye the result
is the | ower Wa‘?‘ﬁ‘é“@i g%f%‘étswg%n %Fgﬁi? ‘%mﬁﬁwm@agﬁ@c‘%’ﬂﬁd #s also
pOSSI ble to (pbhmkndﬁlﬂeedwvérea( oft the fdrmulabeing defired and al?&icbwrwmg‘pparlmagure :

I n tl_jlg.s %%gefgm! 8%?;@ ‘éﬂlﬁearmgfres M&s ned. " SHEAR
STRESS “sl% "OF 30 ELASTICITY")

LENGTH In this exanple the icons that represent the objects displayed
are different, nShe dul s of ,el as Lty 12 er at or
t hat recei ve;["gﬁmlaléﬁun? %%@QIJMM %Wg‘ﬁg’bﬁgﬁg%nto '
whi ch data i Sawetmnmldﬂle‘ﬁbnul- @bsx ugipears thiad showstiatities propertied of theinpitinéds to
L,gfr,ei\ﬁgﬁglgg}g%“c%eq{ Riliots'a Hufhde eater thar or ol to 26kb! 1f Sanalsh b8 sonttaf gradeds

20 giventhepropertyofgram;pertonne.

In Figure 13B, the pamter is shown: pointing to Schedule. result variable, which shows the
definition of the formula thus far. In this case, the formula so far defined is: if (look up table:
“monthly cost periods” with the data in the variable: “period” equals “monthly costs lower”

25 value), the result is the lower value (L), otherwise the result is upper value (U). It is also
possible to check the syntax of the formula entered.

Referring to Figure 14, in this example the formula for shear stress is defined. “SHEAR
STRESS” = (“RADIUS” x “ANGLE OF TWIST” x “SHEAR MODULUS OF
30 ELASTICITY”) + “LENGTH". In this example the icons that represent the objects displayed
are different. Shear modules of elasticity 120 is a look up table operator that receives an
input, which is a metal alloy input variable 122, into which data is received. The look up
table may be a component that references data stored within the GFDT, Alternatively the

PR



22 | ook up table may be a conponent that references external data. For
exanpl e, the external data may be in the formof a spreadsheet The GFDT
can be prov'?ﬂﬁg, j4h a plug in that enables data to be tj &d ft m
external software appl i cattons, A typical spreadsheet appll ca |on vvoul d be
M crosoft Excel. The GFDT, via the plug-in, can communicate with .5 Excel
to. retrieve data in an Excel spreadsheet.22’he | ook up table may be derived
fromdata supplied by a material supplier regarding the sheer nodul us of

el st city T or g G ufR'aly ) Qbponell B etnd bt 304! K T3 RURE". o

material suppliers. The be sourced froma dat ab 24 provi ded

by the materi adat%mppw inthe moﬁatsmgl@e#réi}lewbgmbgmwd%w@ugnh&m@mut er

network, such ggg T?ﬁﬁ EW Bﬁw ve a
la -dat abase quer 88F:%at accesses at abase hp é']t?@ as

be a distri butmllcaﬂam woeld be Microsoft Exvel. ffbﬁﬁBBT,dﬁa g:m}mmm w!meﬁrﬁqaiengﬂla

formul a may; a gg” ﬂﬂée? query
bei ng a par |c G type 5’? T];FS‘JE, er i ned |n c ora: ane}e t%g’a%gaesent
met hod. 15 Refapplted@yhmaﬁngluupph&ﬁpgardmgﬁnaheﬂmdqlu@fblasncupﬁmbdchmmm.e Eis

defined as. [ as, not
been defi ned | t rredmlfgg f‘é’g]“:%‘g‘é‘%‘p y &é}ﬁig@ﬂ‘e&f nﬁ‘[f“ﬁap‘?a per of C
may Pﬁ def i negﬁ-&y aodshbaseplﬁémovidd ed by dhe mhlmzﬂcsupﬁlbla 'ﬁkeodntabm m@t[lﬁgp,m&esidi ;I'hat
is, e vari ab) es an & Rh2Rerties
that the i npu#'mgﬂbam"gﬁ cﬂwhtaﬁg'eg%%’?@t%)g@e'%ds & Efo ’anda‘ﬁ’i %%s0 be
p][ ogr essi vmdy Mmaﬁegdhﬁ&o&dmﬁ thef database J924le The eldmbase ﬁwnﬁwbe hedxsmwd ds

, "g" an intq,C El.gure t he ca ed as
the formula is 31‘ g’&'@f%ﬂ]"?ﬁ'@&“‘“@%éﬁﬂ g“'?f@ bﬁ“ﬁg"gﬁﬁ'@

i nput to the cdumbaseequieryC withs£|daabdse quéry bakig ﬂparhmttyﬁeooi feemala ndefisiednin | S
sel ected and a ne I n uﬁﬁw ut, created as desired. Thus further naned
variables "f' 'g‘/‘“ n be connected to the respective inputs
of corrponent C Li kew se, additional out put can be 25 added as required.

When it is desired to ecf t.he f I|.t f, e conpopent C, C can
be opened ¥ #ﬁf?'F‘WWf (5‘“? g‘é@\‘ Eg “rfifgeeétaéz Tﬁ%—‘i"@?r"’ 517.
Anot her | ayer wherd umtmamat ifuhdﬁo@.f mcm.fdeuenméﬁm it Bicfoaie@ o iad ait RAPHOX

ééﬁboﬁlet]te;natb\l%/@il neh gﬁ’?l Onallﬁé}é %Gggynw?&o@avm from 30 lk‘t‘i‘ar of

l'i br gr y may Eemgir?vs dnﬂt@,rihdvaﬁaﬂeslA , BOD R Wl fohaheéxaéni,ldbm h \ m?”Fnt s
can be searche or e | nter onent t at fulfils
the requi rerren'gg “F‘E)@ﬁ &F%W@&%‘F‘t”é\? %rﬁ“B °ﬂ§°‘£‘ﬂown in
Figure 1% 3a caipid & desiteith ddd Sirtha? tipuldi“PY eg"amll “w” into C as mdwated in Figure 16,

these can be added as the formula is progressively defined. When it is desired to add a new

input to the component C a selection to add an input to-the component is selected and a new

input or output created as desired. Thus further named variables “f”, “’g” and “w” can then

be connected to the respective inputs of component C, Likewise, additional output can be
25  added as required.

When it is desired to specify the functionality of the component C, C can be opened by
drilling down to the next levet as indicated in Figore 17. Another layer of functionality of C
is defined as indicated in the box 126. Alternatively functionality of C may be drawn from a
30 library of components. A basic library may be provided with the GFDT. Alternatively a
library may be provided on-line. A component that fulfils the requirements can be searched
for through the Internet. Once a component that fulfils the requirements is found it may be
inserted into the formula. As shown in Figure 1§ 'a component residing on a different



WO 02/17074 PCT/ AU01/ 01053 23 machine is found that fulfils the properties
requi red of the conponent and perforns the required functionality as

descri be§v{)ﬁ2/?m§l‘ﬁscri ption attached to the component ang‘f,},?{,a o be
et o

f orwar de rough a conputer network such as the Intern € | ocal
I nstances of the GFDT for insertion into the fornula being created. 5
Referring to Figure 16, it can be seen3hat Cis a function of the product
of A and B and also receives the inputs f, g and w That is C- (AXx B, t

g, w. Refertﬁdcﬁﬂetﬁf&hﬂ%&_f&lﬁlsﬂi@ﬁﬁ?&{%qdﬁd&hﬂ nt dnd PeABrmiaGhe SN
that the product of A x B is connected by conpector 128 to a, .tenporary

ids
vari abl e " p'reamied fungtionality.as deprribed in 8 dessrintion attachedto thecomponent-apg thiscap beji cat ed
by the 10 e%@mmgﬁ&mpﬂ%tﬁmmhmmEWm&mme i f

the .conparison. is true, in ich case the result of the LOOKUP table,
whi ch recei Jerdnsertion nto the formmlabeipgoreated. nr ovi ded. Otherwise, if the

conparisgn results in false the result is "0". The result of the RESULT
operator is then multiplied as indicated by the rmultiplication operator

("x" with a ReSmingtaiFigure 16; it ganchesernthap Cds/a fanetion of the produst oA audB andplse | s

t hen provid ; qmﬁgd' | 9 t -y p@ﬁg luiheh g :2dded to
t he vgri \;Ibl g%ﬁ%oﬁg%%gg ‘the 1‘rﬁ(;dstlgjglrt% E?*E’eg’yw%oﬁen%gﬁ’g)ﬁ%s ca(r?l.”lt:}%he}p‘)?olgi ded as
a pl ace "hol &diilledsiown” itighn be spers thaicthe & Bhis comnepted by compestar 128 ksa yet to
have its fu L. Lr&ﬂaﬁ 3 e ol .lﬁﬂr@rﬁo , | 4 0 user.
can pl ace ari%eﬂr?g%g corrlgo en |'r§lﬂifﬁggs gn'e'%ﬁ%ggngﬁ%ﬁgﬁgkd@%ﬁ%gei nput s
and out pot s eqads sigre(“Froperaton aTtiet RESYLT: dperatop tests tosee i theicarhparisdpds thud, iimed

| ater as reqQyi qg TelAfit ﬂ"ﬁai o f -a{]g“k ; "ﬁﬁﬁl forma
search cri t%‘%‘ o%%earc ing@%‘?ﬁ{l%brr%’o“r'lheln S t‘%g{ﬁ&’@ggpqg‘g‘r‘g”g*rdﬁ € function
froma |i br £therwiserif thercomparisorctesults iin false shecrasulttie “@k oThecheshitof ¢he RESUEY) .
wor ds, high . e ' ' pg]g ﬁ? t onent s
further assWﬁgﬁ%y@%&%@bn r%{l&%g'ow h’éﬁ%{g%. t(‘g‘ln)é esi‘%‘a e to use
col our codi " el thensgirevideid to th eutput dp:i Thid is thero previdert tatinputithe Bdiitionoperploe, one
col our, 1§ay6b'*l'"g§’hﬂgﬂ-ﬁk u?ﬁng%r[aﬁ@btgg et r colour, say green, can
represenft operator and yet anothner colour cou represent constants. | nput
can be shaded |ighter, say light blue, and outputs shaded darker, say dark
bl ue. This ' ' ' IS j or qrul a,
particul arl m%&ﬁ%ﬁgﬁ%ﬂ;ﬂm@%&g? pkgér)fr‘rﬁ%gs%'ggr {gﬂ gg‘ﬁ%é%ﬁ?é%%‘ﬁgr'
vi sual  r epremptyreompouentis yetde have s fupcsiopalityibetveen ifs inguts andrauputsslefinedy The abl es,
constant s a%%&%ﬁ‘ée% Empty \‘,&nponentinadesign environment and define its inputs and outputs. -
20  The functionality of the component can then be defined later as required or the definitions of
the inputs and outputs can form a search criteria for searching for components that can -
- perform the function from a library, Further:search criteria can-be provided such as key -
- words, higher class level structure information and so on. Empty.components further assist in
top down design methodologies.
25
It is desirable to use colour coding to assist in the graphical representation. For example, one -
colour, say blue, can represent variables. Another colour, say green, can represent operator
and yet another colour could represent constants. Input can be shaded lighter, say light blue,
and outputs shaded darker, say dark blue. This assists in visualising the representation of the
30 formula, particularly when complex muiti-level formulas are represel_m.d. Other visual
. representations, such as icons can be used to represent variables, constants and operators, such
as is used in the figures.



as is used in the figures. WD 02/17074 w, . PCFlI AU0O1/01053 24 Many of the
objects in a C FDT nodel will be provided with properties that the user can

vi.ew and/ |fy. As shown in Figure 19, an accunul at t is
defi ned thg{vorﬁg'?{:o&%ul ates an input received 132%from an %Qz&@&ihggdsheet.

The discrete output fromthe spreadsheet 132 is added to the |ast
sub-total (Running Total) by operator 134,nd stored by 5 menory operator
136. Then at the end of a row of data fromthe spreadsheet, the result from

the "Running Total " .varj ab) e. IS d by,.gate 140 to.a "Sunt vari able
145 whi Gh t beMang:af 4 Sbioge o QLT bR srovicfi ol cppaetos at o s et 1w
connector s SenaR nitidifl | 88 sRelvn I FighR 19; emOosdadidlated BEhEpna is Wefii@! thives of

t he highlighted object are show)p. The pragpesties, of hi ghl i ght ed
connect or 146 %fumuiatesan inpptreceived l%m%ﬁ#é‘ﬁpﬁiw, ! "’(‘s"!‘e@%‘g’ﬂﬁﬁ@‘hmﬁeri c"

type and it i Ckpwée@lmiyaadewmeia&@@&fo&ﬁmﬂagmﬂ)wémﬂ&mmmr%t h*. A
w zard-cm be provided to assist in the selectign of properties for Objects
init simlBar m%vmrtlﬁ@tﬂfsnm‘a@éofhwﬁd@eﬁgmmw@wmmmtapmw sual

Basic. A nurrbgg%qimm Q‘E&i"%ﬁﬁaﬁiéld%%g% 106 14 Whe® Sk tih:gbvmnm&.hen be

further exten eir needs. O user nmay buy

by the user dependin? 0 s L he u
orI o:at ai {1 a @thmw t;% 44y (T 14Gropnectoninghosm ?é@m J?éhet Egt
relates to co ﬁm@g @ﬂ&f?ﬁ‘:cﬂ Hdl ﬁg%ﬁa unmber s
bei ng the real aﬁﬁhe |rr3381 a yegqr?rpﬁ{gﬁgl? of “t é:etgorrp ex huhber o\f\.kr%i le in
?not her e>c<L aml@umehgnmm 146 angthatrityinarmoe h“gmmﬂti?"l;’,r-lbis ofis Snmedc”ypepodir |

orque andan ‘a&:%ﬁ'e?‘?ﬁﬂp , ‘%“’ﬂ' Qe
"out put of °an%"§‘f°?m§‘9.q’g n |g;1rg‘ﬁ§%%%gn%@g?' é\an C gﬁ‘?@%&ﬂﬁggﬁ&t he
prlope{f[ i esf Si ﬁpﬂysﬁwﬁwbﬁw obiéctsds a sifnilataannéritethetprayidet in preduicts guch
selection fro TP L e dd Ned
define the opemﬁg)te&gﬁ@‘ﬂ% czkicri "})3 per&rm@%ﬁ%ﬁ%w&%%ﬁgrs ng‘y&gse
S>5<i s'élldn? conp?lmrhﬁrﬁmmdd@ﬂmsmﬂmmﬁngdmmwwﬂethc uﬁomayshtqunbmin]'g he

addition o S, I equwres [ e r.at or, rom
the addition oﬁﬁb%gPFér%gﬁgg)@a '%‘%‘gy Bro?%ﬁmglg\% Jﬂ%ﬁ%g‘ﬁ%?ﬁ?&%%%ﬁ?&“&%l?
conponent Usowanayrbe rdpeesented as twojiidepéndénit sumtersibping the reabimd kie imagitaryt domponts t ype
depends on the0 ture .of th@ed@‘l? dype, Wien conigg&(i'éflron | S madﬁléto a
conponent a neéo efg?rf’?} 15‘}"3 P °?3?’a@‘€"'ﬁﬁe%l?§ & &QRlpe My rb§ are
exi sting propaepresatedty pawentonme ek angiddraelbgityas mub-componientoof the gepersl datk type
operat or or 3Q.°W cogirt}eption, the data type connection nust be
consi stent. Thu ‘31?8 %'process of negotiation between each of the
objects a correct data type can be sel ected.

20 In Figure 19 the user can change values of the properties simply by editing the values of the

fields or by making a selection from a drop down list,

Complex data types will a|lso need to define the operations that can be performed on them.
Operator's may use existing componehts as the representation in the model. For example, the

25 addition of complex numbers requires a different set of operators from the addition of real
numbers, They both can be represented by a “plus” component however the way in which the
component deals with the data type depends on the nature of the data type. When a
connection is made to a component a negotiation process takes pldve whereby where ever
there are existing properties of a connector data type or input or output of an operator or

30 named connection, the data type connection must be consistent. Thus through a process of
negotiation between each of the objects a correct data type can be selected.

Referring to Figure 20, an addition component 148 may be able to perform several methods of



Referring to Figure 20, an addition conponent 148 may be able to perform
several nethods of WO 02/ 17074 PCT/ AU01/ 01053 25 addition dependi ng on the
data typ s known as data overl oadi ng. The data

pr ovi ded‘E\V\‘/Vvlotl;tt%’ll7'31’n‘i intrinsic nmethodology for dealing with épféper enst types of
data as indicated in the table, however additional nethodol ogi es of
dealing with different data types can b25 provided. Predefined schema
defining the format for adding additional definitions can be 5 provided S0

that furt hergdgigbd ddpeitiiz dhdfie dit: (9K CThisTP BnoWab Hat'o tehomgcqmaw%amy%ere_

data is provided in a particul ar t¥pe of unit _often in many cases a
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second. urt [ ation of
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fundanent al a unhit. The fundanental” definitions being
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i nformation " CEeksi ﬁegﬁre\i &?miu for,
c'ertificatloﬁlré‘%wﬁﬁa@&éﬁn?ytﬁﬁg ata ?@*3‘8 uﬂctl n |dént g as hﬁ%m ng
from a d@rtllielmthvé@mw m@hgwbﬂmedmkﬂommmqunm;mw pBu- use

and subscri &g&g Fn "M&Pﬁhﬁﬁ%ﬁ? ﬂphme‘ﬂ - such
as an | P address an e nane Tor t ocatlon o da or o Jects and -
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| ocal vari ab REHARES -
vari abl e onléaﬁ&gpwx“?#n a par ﬁar spacemﬂ?ﬁ gpﬁﬁo prevent two
obj ect s thatsummmmcmm jeats- l@#@”ﬂM@d%laﬂgnébmmd‘ﬂp one’
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out si de the ol & engl ne.
20 ofacomponent.

Each model, named connection and component definition will have its own namespace. This
means that the names of particular objects used in a particular model or component definition
are unique to that model or component. Objects in different models or different component

25  definitions, especially named connections, sharing a common name are not the same object.
However the namespace can be modified. This is akin to focal variables in many
programming languages where the name of the variable only applies within a particular space.
This is to prevent two objects that have the same name but are unrelated being confused for
oxte another., |

. 30

Some operations are extrinsic, meaning that they are performed outside the formula engine.
They are performed by making a call usually through an application specific plug-in to the
external component along with any input required, whereupon the result is fed back to the



They are perfornmed by making a call usually through an application specific
plug-in to the external conponent along with any input required, whereupon
the result Jack to the W 02117074 PCTI AU01/ 01053 (via
t he plug-iayé?%§g¥urther conput ation -of the formul a. Extrlﬁgic g%%gonents
are nmade available in the GFDT by inporting a conmponent type definition
file. This then provides it definition R6r the conponent for use by the

GFDT. A conponent type will typically have a set of input and out put
connectors wh N ﬁ@ﬁmﬁ&%ﬂnﬂ@ﬂa& 1R Formule® B& sl Pané?ﬂe@
conponent typlgﬁé] n co gtISI ng a gto H%? onagnts a e
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e wr apped | g EcHaR i B34 ek, ool Yeccomblieor, B SoAeSclitls ool e
definitiomoi s jmidecthé ednpmmathmuﬂmtmmbtspaoﬁmﬂﬂﬁ aarhdd. amhuﬁbd w:msbasmem Excel
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execute pin a mafﬁaeﬁﬁhmmnmmdfﬁsmmmmwmlldwmdehmmﬁmﬁmmwhmWildxﬁé VI ew
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assi gned a Ia%g’e h&g%rtles \ then be assigned to the named connecti on.
The nanmed¥on ii‘?"ﬁ ve to be connected another object at this

stage but can be used el sewhere by pl acing another naned connecti on obj ect

on the deS|g and selectinhg the sarre I such as froma drop down
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20  engine will communicate with the spreadsheet via Excel in order to pass data into and out of
the component. - Remote components execute in a different engine from the main model.
From the point of view of the local function engine they.are “black boxes” with the internal
workings unknown.,

25 Where a connection is desired between two elements, such as components, a named
connection can be placed on the page and assigned a label. Properties can then be assigned to
the named connection. The named comnection does not have to be connected another object at
this stage but can be used elsewhere by placing another named connection object on the
design page and selecting the same label, such as from a drop down list, This will not create a

30 new object but rather allows a second instance of the same object to exist, provided the
second instance is in the same namespace as the first. As indicated by Figure 21, a logical
connection between the two named cohmections is formed so that when & connector of another
object such as a component is connected to the named connection, every instance of the



connecti on between the two nanmed connections is fornmed so that when a
connector of another object such as a conponent is connected to the naned
connect i oo @Hsg¥ | Nstance of the WO 02/17074 PCT/ Awll%%ou@ﬁsfamd
connection can I nherit the properties of the conponent. Likew se, when data
Is provided to the named connection in one location it will also be
provided at the other |ocation because28f the |ogical connection.

Furt hernore ot her instances of the |ogical connection will transfer the

properties tgynfihBhnecGunPQMCHAGt We HORARE of WS conipdhiend! E.ikeRisa! Ghkn! dued e Named
5 connection. Typically named connections are used to identify incom ng
data and out PyeYifes to thsnamed.coppaction.in opgloeating. it will alsobs pravided st on A

named CoNNeChdcaiide bffthé4opidalicBniRetih! Faitiefindrd othét iR=piAYR OF (he Yogiaf dofdchon will )
progranmm ng | anguage in that it may appear 1 n nmany places in the nodel and

carries a valranefeniegmonertiesdg othes: sonipanentaor; gpancations that gre tsfated ta theomasaedan
assli gnr’renj[)e. ﬁinn&ﬁ&ﬂl Tpidafly Rahéd @HndoRoHS afe st tolenRy ihébtihg Gia A L or

van-only one I n one place 10 because the val ué i s passed onto tNe other

i nstances of datans well ge intesmerdiate yaluss in timympdel.oA @amed opnnegtion is akin o vadehleiact i on ~
s allowed t ct}?ﬁem‘ @mf 5159'"‘3‘% fa %H%e f ?ﬁﬁaﬁ”'
connecti on. %e errtflafr?]g to pré’ re 22, € eﬂ%oﬁrrpgn i K‘pr%’v* es lgﬁh"’out put
to a named cwodeband camiesm valuswhichiit mayyvaryduting therexesttionrof tHesodepAn essignmentaned -
connecti on pLQvy | . . F;e%r_ ! | i on of,
a | ogi cal coénf%ec |§?\Qbe %ﬁ\mﬁg’ggﬁ?‘p% tgfﬁéﬂrrpong%{&ﬁ?;gé\%%o@ﬁ%t of
conponerit0 B. betause the valuie is passestani to thejother instancesf the namedmonneotionaTheforefonlyat a -

h h ) . '
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networ k of ceonmpestiomts and connections therebetween. 20 During the

connection of two objects checking, matching and adopti on takes pl ace. For
exanpl e, if dinensions have been defined for both connections-then they .
must be the Referting to Figurel22, where a compomentiA pravides arooifpmit tol 4 mamed cordeétion oneed not

the. propt 11 28 Papda 18 ol sl Bkl i haniel Shtcrod Brof oA Bl SltolbenPBY °
di fferent prihpeffcyistiercrintionlobalagice donnaction betweert the output ofeonponent Asnd theai n -
conneot i ons PRESEERRLE: R ofda] SnkloE i GEkel € Sl ol Hlolel”, |
functions averibusixomponsntsef thewiadel. tTh éermisiofthe logisal definitianysaneediconnections een t hem
oo o R R PO
string. 3 S
During the connection of two objects checking, matching and adoption takes place. For
example, if dimensions have been defined for both connections then they must be the same in
order for the connection to be allowed. Units need not be identical as long as a conversion
factor can be determined. If any of the properties are undefined at either end then they can be
25  adopted or a different property can be discarded in order that the properties remain consistent.
* Once a consistent data type has been negotiated between the connections there is then a check
- performed to see that the component has functions available to work with the data type. If
there is not then there is a check to see whether any converters may be made to make then
compatible. For example, 2 number may need to be converted into a text string.
30
It is to be noted that an output may be connected to many inputs and thus negotiation may not
simply be between two connections. - Fach time another input is added to the set of
connections further negotiations will take plhce to ensure that the data types are consistent and



30 It is to be noted that an output may be connected to many inputs and
t hus negotiation may not sinply be between two connections. Each tine

anot her R?é"&éﬁ"g dded to the set of connections furt hergg,ﬁgg}lbﬁg%ns wil |

t ake pl ace re that the data types are consistent a

02/ 17074 PCT/ AU01/ 01053 28 if necessary a data type may be changed to
accommodat e t he new connection. The congénent nanager will search a set of
avai |l abl e overl oad functions, those that work with possible data types. In

addi tion, avai gg&ﬁmg g@g@}ﬁ wWhHRhQE dat a
can be converted to an accg@éeﬁe data ty 6‘%wtsﬁlle\éﬁnot possI blh‘glet hen
the connect i osomp@entananager withsearch ¢ setcof mesilebje pvasioad finetions, ﬂ;#pmﬂemtb t hat
a connection |s§€”

connecti ons b&?%%ﬁfég%e'%ﬁ afmé‘gh&%& efegtﬁ |re ;ﬁgw"ﬁ%g e usg‘? may
be able to Ii mmenwmmmblpmm I yhislisipt-possipleithen the sommectionom a
new conne (o] 8 I . eferring
back to Fig émf@g?%négcac %%%%%D%M%@gﬁvesmg&ﬁ&dﬁorom an r‘nJ;‘@B
spreadsheet . ﬁﬂmlbhmmmmdmnmﬁmbﬂm@ﬁ@dmﬁzmm Howelteaﬂmi ng a
col um of nunbers f], Ulm)'ﬁ I S,.I sente% 1’%"@ gut %§nnector
sequenti al l vy, uﬁrt"?f‘yE% & #e& gw Er&f@ I@b ﬁ M & AR
connecti ons hmﬁmatwﬁﬁmmuﬂowwmo%o\&ncorrponent is connected to

an | nput of a addition conponent. The other input is connected to a
"Running 15 Total" naned connection. The output of the addition conponent

i's connegned mmmwﬁfgﬁem,mh urhutér nicdelTbceivesdat front dh it méad( isheet. val ue

presente to | er, cC reset the ou uts t

undef i ned) forﬁ‘é"a'?ﬂp q0t EpregH &F%ﬁ‘ﬁm@?ﬁ@‘%?%ﬁ &fhe

gut D:Jt OL themwrnyr@wamtm sutgmwmdadrﬁeqwéﬁﬂgypm@ecm?mltmm@u%i ng

ot a t hat sents an nt er neq) at e ' uri,ng the cul at1 on e

"Runni ng Tot al“"' é@ﬁ@ ﬂLﬁ%é‘?‘}"ﬁ‘ﬁ‘ opshaye B?H‘d%p%mgﬁa{'}ﬁp&%’s&’m?% ¥ch

conponent . Thicsnne@éde A ipubdfackdition @mpbriet) STHR othef infit s dofiitated ¥od l‘!amht : ﬁ%t he
e

out put connector until-“the value at a te |3'E)ut connecto ottom

is true of5thdl P@P’l‘?‘“ﬁ%c‘ﬂ’ﬁ?"&%a@m‘wq "s‘HﬁV\%‘Yt he
sum of the C%ﬁwna&mﬂmaﬁﬁmammab&rmmb@seﬂ&h% mﬁiﬂeAmum%mgéneﬁ@e

switch conmponent js provided to_ a Supt naned caonnectjon. Thjs val ue

represents t h&sehthe etputs o undefined) fr each itcpation ofidata figm, the F‘P@rﬂ"ﬂfl sheet- Jbeput of
an out put spr Qagutol &RimembRFconipbitiif is piovidEd o ThtSined e&h&ﬁwﬁmﬂaem!” thdexcel
spread sheet to which the result of ‘the calculation will be witten. In
Appendi x | antepresents an intermediate “Sum™ during the calculation. The “Running Total” named
20 connection is provided fo an input of a switch component, This component blocks the
transfer of the input value to the output connector until the value at a gate input connector (on
the bottom) is true or there is no more data. In this way.the output-only shows the sum of the
calculation not any intermediate values.  The output of the switch component is provided to a
“Sum™ named connection. This value represents the sum of the accumulation which is
25  written to the output of an output spread sheet. The output spread sheet represents another
Excel spread sheet to which the result of the calculation will be written, In Appendix 1 an
example of an extensible _mark up language (XML) description of the formula defined is
shown, It is noted that a section of data relating to the definition of icons is not shown, This
defines the recorded description of the formula as shown in the window. In Appendix 2 a

30 logical description in XML is shown that defines the components and the connections thereto.

Referring to Figure 23, a more complicated formula is shown which receives data from a



exanpl e of an extensi ble mark up | anguage (XM.) description of the fornula

defined is shown Is noted that a section of data relating to the
definiti ns |s not shown. This defines the rec E‘?ﬁﬁoﬁﬁ ription of
theforrruaas own in the window. In Appendix 2.a 30 oglca scrlptlon

in XM is shown that defines the conponents and the connections thereto.
Referring to Figure 23, a nore conplica2®d formula i s shown whi ch receives.
data froma WO 02/ 17074 PCT/ A1J01101053 29 spread sheet 150 of "List of

Items to Pi Cdp?eadmtsmof mlldﬁdﬁmowmmpﬁﬁme&ﬁid sbitned lebihBetioh Bltert 52
This is then row ded,in turn tQ a | ook up conponent 154 t hat | ogks up t he

Nane, G ossiDPripe Thigisthenyeqvided in-um:fa 4 logkipcgmpongt 134 thet lopks i the Neme
spreadsheet . cﬂ;&@rﬁ@rmdnamm&hmehmma e?&aaéa baSIS

of a wapped corrponent W|th t he val ues of each 5 of t he out pu S bel ng

cal cul at ed H§shewsin Eigere w*mmbwﬁgm@hmwm% W&SP’G of 30

conponentgs Metoﬁﬁﬁxts%ﬁh f&iﬂMe{ﬁF tabfe of 367 0SS
Prl ce" 1 8 GST 160 § Net P%?ce 162 and },64 b summ n,go 3
" 0SS Prlcecﬂmpgneptso mréfggnqﬂr% ‘N_w lﬁmﬁwm 1535T to

roduce a T Te » ﬁ%é“‘me t| ng .
ltohe "Cost" from t@ ‘Ngﬂ‘gx?cepﬁlﬁ%e sun*mqa he I'n | Vi duaTL 1 rgin J
produce a Tﬂbulmbicn wﬁime’f(ﬁﬂ“weaf’ﬁ@ﬂ@?dﬁ&dmmﬂ@he

i -rll-?pa;not her‘i"gf@:l b#eg’émgtﬂlgathigﬁ&n’Tﬁmproces-srl nél’ W*hor a cg\rllI ggd

seen by iént e‘?Malgn’fmlmwoelﬁﬁ'owhwgvﬁdnfl mth%ﬁﬂmﬁéhﬁeéims!m "ithe Bl essi ng

this forrrul I"’RtﬁlsG%‘e t & ﬁﬂ{%md ngidw Tyl the
dat abase retri evﬁ?&c’orrponent |£c1'f‘1l pr ov es a&‘? as ea(% |t9{e&m I'S
processed. Ispreadshiced At rﬁwmygpémefmubmwmmwdmuaemmﬁq as can
be seen by ila I e final
spr eadsheet ]% sg%gn‘%’éérint Bwﬁmgﬁ) on %%hﬁ%enl@;iﬁh%‘e‘ﬁ{#{ﬁo?ﬁne& %a{hgul ation
by recei vi ngmmmamsdmmtmthmmmmmmmmwm@wdt he -
functio n c:@?hﬁﬁ t nd can
t hen usg's!t hlé‘aaﬂ%érghl on o i ormula tgﬁgge%%%qge@éﬁ%gg%gﬁg t hus
cal cul ate t hesleulation 180 isretumedtoftie final spreadshost byt covipaegit 19 h t he i nput data. The

nmet hod of ,graphically defining a fornmula as defined by the present

I nvention has a nunber of advantages. It provides a sinple nethod of
bui | di ng a m@cugas@eoma:equmﬁn cgkeulatim lf)bmmeﬂleﬁeswaiaﬂnﬁm@omm usi ng

ei t her top E’EEE@EE r’@&g gr{éﬁa %i‘m k to
see t hat varla e proper Ies are |nﬁ'er|tg)3 correc i Eow ge a war ni ng.
i f an erator mmmmmmmmmmm@mwmmwwmm and :
sinple met ho&uﬂ of the formula when provided with the input data. -

The method of graphically defining a formula -as defined by the present invention has a
number of advantages. It provides a simple method of building a model] based on a number of
25 formulae that can be built using either top down or bottom up design methodology. The
method can check to see that variable properties are inherited correctly and provide a warning.
if an error would result. The method provides an extremely versatile and simple method of -
creating multilevel models used to manipulate query data. The representations are easily..
understood and so the checking/auditing of the accuracy of a formula is more easily achieved. .
30
As will be appreciated by the skilled addressee, modifications and variations can be made to
the present invention without departing from the basic inventive concept, such as: various
graphical user interface technologies can be used with this methodology, such as pull down.



creating multilevel nodels used to mani pul ate query data. The
representations are easily understood and so the checkinglauditing of the
accuracy of la is nore easily achieved. 30 As wil ci ated
by the ski |W§§5@@§%’essee, nodi fications and varfations cggrg\?(’?r]g@éfto t he
present invention without departing fromthe basic inventive concept, such
as: various graphical user interface teé®nol ogies can be used with this
nmet hodol ogy, such as pull down. WD 02/17074 PCT/ AU01/ 01053 30 nenus,

mani pul ati on Ghenfid, Hahipalationof graphids ahd RiotsioPbtiBBkes. Such nodi fications and
variations are intended to be wthin the scope ofthe present invention,
the nature of which is to be determned fromthe foregoing description. WO

02/ 17074 PCT! o eaAons g ABRIAIORK rkeade48 b Wil hOMors e Bt infiBBR)

<Package Name - "Internal"” Description = ""> < Name - “ltem List
Descri ption = thenaturpqfwhichiiste be determiney frang the fopegeing desoriptipmit Dat a" >. <Appl i cati on
Name - "Excel 97" Wbrkbook = "Z:\Denp\Price List NQ xls" Wrksheet = "ltens

to Pick" Start = 020/ > <Icon>

<! { CDATA[ NDI ORE02 MDQMWDAVWDAVWDAWVDAZ Nj AMVDAVWWDI 4 VDAVWDAWMT QAVDAVWWDAX NDAVWD
AWVDA

OODA NDg OODQ4 NDg OOD4 NDg OODQ4 NDg OODQ4 NDg O0DQ4 NDg OODQ4 NDg O0DQ4 NDg OCODQANDg ) |
> </lcon> <Qutputs> <Qutput Name = "Item D' Type --"Nunber" DataType =
“Nunber"” Line = "A"/> </Qutput$> </ Type> <Type Name = "Suni' Description =
"Z:\Denmo\ Price List NQ xIs" Type = "CQutputData">



<Application Nanme = "Excel 97" Wbrkbook - "Z:\Dempb\Price List NQ xl|s".
Worksheet = "lItenms'to Pick" Start = "2"/> <lcon> <1

[ CDATA[ NDw@i2t1 3¢y DOAWDAVHDAW PCT/AU01/01053

DAWMVDAZ N AWWDAVWDI 4 VNDAWIVDAVWMT QAVDAVWWDAX NDAVWDAANDA

OODQA NDg OODQ4 NDg OODQA NDg OODQ4 NDgEIODQ4 NDg 0 ODQA NDg OCDQ4 NDg OODQA NDg OODQANDg O3 1
> </lcon> <lnputs> <Input Nanme - "Total" Type - "Nunber" Line = "F"/>

</ | npRREEEOY Type> </ Package> <Conponent Packages> <Package Fil enane -

"Z: \B@h@hwb&inpméht%hager\ Basi c. xnp"/> <Package Fil enane -

"Z: \DeI \Corrponent Manager\ St andar d. xnp"/> </ Conponent Packages> <Mbodel >
<Page ;germmggént Narre "AddO' Conponent Package -

" St andar O ep ; ST ’ r .
=71 g OOnnectI%?t#o" T’%q"t_:;, 12‘74'1\%“’@8& e yg LTSORPRE LT pe

"I nput” Nanppnc SuanRdie0: "Biceldl'Dwarkhbdk =EG12§;&Demo\l5i:Efet tis® Capgrect or Type
- " OWopkaheet\antItems GonPlmkt Ftag2'= B>- " 14" Edge = "Rl ght"/> </ Conponent >
<Conponent MN@AgR™>= " Menory3" Corrponent Package = "Basi c" Conponent Type =

"Memory. . " " " "M" UD
R L e T T S R o N
Edge dbﬁb@b&oo?ehﬁbgbbﬁmng Bgdmgoﬂﬁmﬂa@ﬂmkﬁgoonomngoovomngoommpgm 1>
</Icon>
<Outputs>
<Output Name = "ItemID™ Type = "Number" DataType = "Number" Line =

“AY/S>
</Cutputs>
</Type>
<Type Name = "Sum" Description = "Z:\Demo\Price List NQ.xls" Type =
"OutputData™> : _
<Application Name = "Excel97" Workbook = "Z:\Demo\Price List NQ.xls"™
Worksheet = "Items to Pick" Start = "2%/>
<Icon>

<! [CDATA [NDIOREUZMDQwWMDAWMDAWMDAWMDAZN AwMDAWMDT 4MDAWMDAWMTQWMDAWMDARNDAWMDAWMDA

00DQ4NDg0ODO4NDgOODQ4NDg00DQANDgOODQANDgOODRANDGOODQ4NDGOODQANDGOODQ4NDGO] 1>
</Icon>
<Inputs>
<Input WName = "PTotal" Type = "Numbex" Line = "F"/>
</Inputs>
</Type>
</Package>
<ComponentPackages>
<Package Filename = "Z:\Delphi\ComponentManager\Basic.xmp"/>
<Package Filename = "Z:\Delphi\ComponentManager\Standard.xmp"/>
</ComponentPackages>
<Model>
<Page Name = "NewPage">
<Component Name = "Add0" ComponentPackage = “Standard" ComponentType =
"AdQ]" Left = "i61" Top = "83">
<Connector Type = "Input"” Name = "Connector #0" UID = "12" Edge =

YLeft"/>
<Connector Type = "Input" Name = "Connector #1% UID = "13" Edge =
"Lefth/>
<Connector Type = *Output” Name = "Connector #2% UID = "14" Edge =
"Right"/>
</Component>

<Component Name = "Memory3" ComponentPackage = "Basic” ComponentType =
"Memoxry" Left = "266" Top = "85">
<Connector Type = "Input® Name = "MI™ UID = “15" Edge = "Left"/>
<Connector Type = "Output" Name = "MO" UID = "16" Edge = “"Right"
Initial = *0%/>
</Component>
<Component Name = "Block4"™ ComponentPackage = "Basic" ComponentType =
"Block" Left = "485" Top = "84">



<Conponent Name "Bl ock4" Conponent Package - "Basic" Conponent Type =

"Bl ock" Left = "485" Top == "84"> WD 02/ 17074 PCT/ AU01/ 01053 32 <Connector
Type = "I np#&a = "Bl" UD = "17" Edge - "Left"/> <Connector Type =

" Qut put " " UD="18" Edge = "Right"/> <ConnectP6A/ABPHEI08 " Gat e"
Nane = "BG' U D = "19" Edge = "Bott#fi'/> </ Conponent> <Conponent Nane =
"lItem Li sts" Conponent Package = "Internal"” Conponent Type = "lItem List"
Left = "27" Top - "86"> <Connector Type = "Qutput” Nane = "lItem D' UD -
"20" Edge = "R glebnnectdd trypdbut @apdtnntame = At > oIk Canregdger= uﬁé@y@onent >
<Conponent Narre XCoreotdr Cypepe Montiat kage =—"Hd"ntBEY Aai18" Gagpenesiighype =
"Sum' Left - gComggter Ty’ = "Gebﬁfn&meor "BGHIIE = 'IRJuRdgeNarfBottothi Tt al ' Ul D
- "21" Edge - cé’f“?""‘fnt%Attrln ut = "F"1> </ Conpect or > </ Conponent >
<NanedGg, &%gggng E :ne“ kPR "InSeRRBT Top =
"101"/> < =-..0u oo L& =20 62,% T_op =
"10211/ srigEdA>Si bI eConnect I on Endp0| ntA =" 15" Endpoi nt B 33

<Vi si bl eConnect i on ‘ttpibuhé¢sALine’46a"Endpoi ntB = " 2211/ > <Visibl eConnect i on
Endpoi ntA = " 12" <EPRAHOFYTER = "22"> <Vert ex Top 92" Left = "160"/>

Vertex Trop "9z = Copganent> » 1157 <Vert ex Tog 33" Left "115"/> <Vertex
Top = "égﬁaﬂlﬂEQE ° €$f@36T§a§: ﬁﬁé §|lﬁ°@RﬂFﬁ?ﬁ§?f agf == Internal ComponentType =

<Connector Type = "Input" Name = "Total® UID = "21" Edge = "Left"™>
<Attributes Line = "F"/>

</Connectoxr>
</Component>
"101n/ <NamedConnection Name = "Running total®™ UID = "22" Left = "4{00" Top =
0 >
<NamedConnection Name = "Sum"™ UID = "23" Left = ¥620" Top = "102"/>
<VisibleConnection EndpointA = "15" EndpointB = "14"/>
<VisibleConnection EndpointA = "16" EndpointB = "22"/>
<VisibleConnection EndpointA = "12" EndpointB = "22">
<Vertex Top = "92" Left = "160"/>
<Vertex Top = "92" Left = "115"/>
<Vertex Top = "33" Left = "115"/>
<Vertex Top = "33" Left = "400"/>
</VisibleConnection>
<VisibleConnection EndpointA = "17" EndpointB = "22"/>
<ViasibleConnection EndpointA = "18" EndpointB = "23"/>
<VisibleConnection EndpointA = "13* EndpointB = "20"/>
<VisibleConnection EndpointA = "21" EndpointB = "23"/>
</Page>
</Model>

</Xemplex>



<Vi si bl eConnecti on EndpointA = "17" EndpointB = "22"/> <Vi si bl eConnection
Endpoi nt A - "18" EndpointB = "23"/> <Visibl eConnection EndpointA = "13"

Endpoi nt B, S.al:/ > <Visibl eConnecti on Endpoi nt A = " 21" = "23"/>
</ Page> S’ Xenpl ex> WO §g/ 17074 PCT/ AUD1/ 01053 FORODE,~ ix z

<?xm version = "1.0"?> <Xenpl ex> <Executabl e> <Conponent Nane = "AddO'
Type = "Generic" Application = "Xenplex" Operation - "Add"> <Input Nane .
=' " CRPfEMr 240" Type = "lnput"/> <lnput Name = "Connector #1" Type =

" | npUkY yersiGut=pdl.M&Ae = " Connector ON Type - "CQutput"/> </ Conponent >
<Corrponent Nane = "NErmryS" Type = "Generic" Application = "Xenpl ex"

Oper‘&?‘f‘y%gcutab m)ry "> <| nput Narre ="M" Type = "lnput"/> <Qut put Narre =

"M TY Hdme Liifa¥, xipe O'VcinesicCoRBENARLGH <Cammangnt Nare

" Bl %Kéati&ﬂ umn neric" %ﬁ’l cation = "Xenplex" Operation = "Bl ock">

<l nput Nan&ﬁpﬁtBuamél'yEpmonnédmme"/wpeéanmqmn;:"Narre = "BO'" Type = "Qutput"/>

<Gat e Name <InpBCNaife Fe"Conhektor 12 Tw#@#?mvéhtb <Conponent Name - "Item
REPREY?. © \Wor kbook =

Li sts" Typémtpqtngm t Yponnaspr #3F iTyRe =
"z Derm\( @enq;:ﬁt NQ. Rﬂem ry\g‘)rﬁgeet@e—ne;:{é“eﬁgpﬂgaﬁb& K-" "ﬂnﬁﬂx" ! -211>
Operation = "Memory">

<Componen
<Input Name = "MI" Type = "Input"/>
<Output Name = "MO" Type = "Output” Initial = "0"/>
</Component> ‘
<Component Name = "Block4" Type = "Generic" :Application = "Xemplex"
Operation = "Block">
<Input Name = "BI" Type = "Input"/>
<Output Name = "BO" Type = "Output"/>
<Gate Name = "BG" Type = "Gate"/>
</Component>
<Component Name = "Item List5" Type = "InputData" Application = “ExcelS?"
Workbook = "Z:\Demo\Price List NQ.xls" Worksheet = "Items to Pick" Start = "2">
<Output Name = "ItemID" Type = "Number" Line = "A"/> -
</Component>
<Component Name = "Sumb" Type = "Outputnata" Application = "Exce197"
Workbook = "Z:\Demo\Price List NQ.x1s" Worksheet = "Items to Pick" Start = "2">
<Input Name = "Total" Type = "Number" Line = "F"/>
</Component>
<Connection From = "AddO" Output = "Connector #2" To = "Memory3" Input =
"MI®/> .
<Connection From = "Memory3" Output = "MO" To = "AddO0™ Input = "Connector
o*/>
kot <Connection From = "Memory3" Output = "MO" To = "Block4" Input = "BI"/>
<Connection From = "Item List5" OQutput = "ItemID" To = "AddO" Imput =
"Connector #1"/>
<Connection From = "Block4" Output = "BO" To = "Sum5" Input.= "Total"/>
</Executable>
</Xemplex>




<Qutput Nane - "Item D' Type = "Nunber" Line = "A"/> </ Conponent >
<Conmponent Nane = "Suns" Type = "QutputData" Application = "Excel 97"

Wér kbook = \Price List NQ xls" Wirksheet = "Ite Start =
"2"> <l nput ilaé,%i—lo"Tot al" Type = "Nunber" Line = "F"/ mi’c%%ouﬁip/@lﬁenb
<Connection From- "AddO' Qutput = "Connector #2" Ta = "Menmory3" |nput =
"M"/> <Connection From= "Menory3" Qutpgg = "MD" To = "AddO' Input =

"Connector #0"/> <Connection From = "Menory3" Qut pui[’ﬁmmmﬂmm ock4"
| nput ="B|"/i‘h Connect Lo, From .= " |1 e |s'gs" Qutp ,
"AddO" | nput SHNS eline 3 OB Er om = " Bl o! Eka® cut fut *= "BO'
To - "Suns" Input.- "Total "/> </ Execut abl e> </ Xenpl ex> "'b" WO 02/ 17074
PCT/ A1J01/ 01053 34 The cl ai ns . defining the inventign are as foIIovvs cLr
s 1. A conput & -i npl eneghCOBPYRIIRBEM ﬁg‘f’ﬁ S‘Pé}”&ﬁ\f defining 9 forgley paid sai g
met hod i ncl udjR@oed Pck8iay- ding a first operator object for defining a nmethod
of mani pul ating at | eas one input to produce at |east one result;

di spl ayi ngBa graphi caI W@WM’GWQ&I%@*Q‘B&“@WMMWEN

providing a fpgk esifx beat it Sl re §uﬁ{) contai ning data; receiving an input
frmma user to rel’ate ‘the vari abl e. ject to one of the inputs 1U or one

of the results of the Mwbvmgpmqﬂmqemonoaﬁ:gﬁrsbsnen@rem@hapm cal
representation of the f bR or%hlﬁ t,;:elatlontotheflrst
operat or object; and recor g a ogl Cc escriptron’of the relationship
bet ween objects; { mhmhmmmpmnm@rwmmmawyomtmwoﬁmmputs

descripti P8 or one of the results of the first operator object;
displaying a graphical representation of the first variable object and its
relation to the first operator object; and
recording & logical description of the refationship between objeots;
.« whereby the formula is defined by the logical description.

15
2, A computer-implemented method of graphically defining a formula, said
method including:
providing a variable object for containing data;
displaying a graphical representation of the variable object;
20 providing a first operator object for defining a method of manipulating at least
one input to produce at least one result;
receiving an input from a user to relate one of the inputs or one of the results
of the first operator object to the variable object;
displaying a graphical representation of the operator object and its relation to
25  the variable object; and
recording a logical description of the relationship between objeots;
whereby the formula is defined by the logical description.

3. A computer-implemented method of graphically defining a formula, the
30  method according to either claim 1 or claim 2, further includes the steps of:
providing one or more further variable objects;
receiving further inputs from the user to relate each further variable object to
one of the inputs or one of the results of the first operator object;



15 2. A conputer-inplenmente |y defining a fornula, said
met hod i ncluding: providing a obj ect for contalnlng dat a;

di spl ayi ngygloivehi cal repres m B m&u arl abl e okj ,g@ :f)rovi di ngs
a first operator object for d of mani puI at| ng at least one
I nput to produce at |east one result; recei vi ng an input froma user to
.relate one of the inputs or one of the35esu|ts of the first operator )
obj ect to the variable object; displaying a graphical representation of the

operator object and itgg PQPM “ﬁ?@e ﬁ%%‘ghm I rdi ng
a | ogi cal description oPﬁﬁﬁ at1ons |Jd§et ween obj ect sé;&b'le erglgﬁe%‘?he
formula is d@latlm@thgbpﬁmrowcal description. 3. A conputer inplenented
nmet hod of graphically defining a formula, the 30 nmethod according to
either claim1 or claim2, further includes the steps of., providing one or

more further4vari abl e Albiethod sccordingeto\any @né of chaims 1,12pert 3, wherain theamethel t o

rel ate each h obJect to one of the inputs or one of the
results o ﬁ%ﬁ\#luﬂt{d opeﬂ%sgr object; WD 02/17074 1 1"11"1 111~ 11111

[1+1" 1l 1111 PCT/ Auomm@mamgnasﬁmmmm graphi cal representation
of the further variabl e objecks .an el on,to.t Q rator bj ect .
4. A nethod accordi ng'?%vﬁ']ﬁg"“%'ﬁ' %‘?‘%‘r’&hﬁﬁ% [akreagw 2%‘?’ hod 5
further incllnﬁasontdteoﬁmemmltson‘themrtheﬂomquaespr nmore further operator

obj ects; receiving fur r.|n ut,s fromthe us orelate achv rj abl e

obj ects to one of in;ﬁ’iﬂ’@ @W@% fté ?P@gé}?gtor

obj ect s;10li stelativn toghevagibdgdbijees) - r epr esent at i on: of the furt her operator
objects and their 10 relation to the variable objects. 5. A nethod

according to any one of clains | to 4, wherein each variable object is
sel ected froso an i np methedatording toiip unecbfioBiniboll to 4 wiieimeath viiablewbjest an

output obj ecI selected from: an input object for providing data from a data source; an output object to
provide data tq a data destination; or a connection object for passing data from one operator
15  object or another.

6. A method according to any one of claims 1 to 5, wherein a connection object
represented as a link between the operator objects.

20 7. A method according to any one of claims 1 to 6, wherein each variable object

may be provided with a variable label.
8. A method according to-any-one of claims 1 to 7, wherein each operator object
may be provided with a operator label.
25
9, A method according to any one of claims 1 to 8, wherein the logical

description of the formula is defined by the logical relationship between the objects.
10. A method according to any one of claims 1 to 9, wherein a graphical
30  definition of the formula is recorded that defines the graphical display of the relationship

between objects.

11. A method according to any one of claims 1 to 10, wherein the method



provide data tQ a data desti nMon obj ect for passing data
fromone operator 15 object or]l§ ’mn,mu thod according to any one
of .clainms 1 _to 5, wherein a conrntss I””"Fepresented as _a |ink

bet ween t he BP&EOW objects. 20 7.5 A rre{'ho't‘j accor di ng t o PSHATGHMOS ¢ ai ns
1 to 6, wherein each variable object my be provided wth a variable

| abel . 8. A nethod according toanyone of glains | to 7, wherein each
operator object my be provided with a operator | abel . 25 9. A net hod
according to any one of clains | to 8, ein the | ogjcal description of
the formul a is ibrkdentbe Fﬁﬁ“ﬂ'ﬁ@!’%’é‘@f’@?"g’!’l Bibrdegicsl ﬂﬁ%@’én the objects. 10.
A net hod according to any one of clains | to 9, wherein a graphical 30
definition of the forrrul a is recorded that defines the ﬂ)gaphl cal displ ay of

the relationshild betweeh mehadcaceording to anypnenefoclaims dr i Hly whereinnthe appthod

claims 110 10,1t o i3t desorbiris el graphicAt abgiidbon! | 1 v
02/ 17074 Ci. ljnS * Pé ["AUQ / 01053 36 mcriﬁude%&pt he step of storing

i nformati on5descri bing the | ogl cal definition. 12. A nethod according to

[ t—

any one of clai | to 1f Btaind %"‘d%“@' oring
I nformation deslglrsl bin the graph| ca?bﬁg I nition. e 13 A‘ t ogﬁééglfglgr I ng
to any one of ®periogobectsgnay’be gmupedsu Q)smumgedemsatmpmpmb@bjmj ects

may be grouped Eig“g gﬁall

wherein vari abl'e OE' Jﬁ@s Crossi n or g?%oef gﬁ?r“g%ﬁ. ng [g’onnectl ng
to inputs of @paatat objecmb;mtbemup btemegh@mpuiseat‘dhﬁegmmg ohbjest somponetiteand

gr oupi ng obj.ec iy ? @E‘!?%

t he groupi ?1‘8 atﬁaﬁa%(i)gr::%ﬁl ng to reg&ﬂ’ o%é?@%mébqgmlé‘%&s&o&

group becone rebjebts in thef grovipdeepmeuesitkapf the grouping opoisfoeabject.14. A net hod
according to claim 13, wherein inputs and results of operator objects in

the group not |inked to another object becone inputs and results,
respectively, d# 15 theA gnethodi sccprdipg teatleim &3)) wdetein inputs and results of operator

objects in the group not linked to another object become inputs and results, respectively, of
15 the grouping operator object.

15, A method according to claim 13 or 14, wherein the graphical representation of

the grouped objects is replaced by a graphical representation of the grouping operator object

and the graphical representation of links to the contents of group are replaced with graphical
20 representations of links to the representation of the grouping object.

16. A method according to claim 13 or 15, wherein the logical definition of the
formula defined includes the contents of the grouping operator object.

25 17 A method according to claim 13 or 16, wherein the graphical definition of the
ovetall formula displayed excludes the contents of the grouping opetator object.

18. A method according to claim 13 or 17, wherein the contents of the grouping
operator object may be graphically represented separately from the overall graphical
30 representation of the formula,

19. A method according to any one of claims 1 to 18, wherein variable objects
may be atfributed with properties that define the type of data they can hold.



15. A nmethod according to claim13 or 14, wherein the graphical
representation of the grouped | | ced by a graphical
represenwdzﬁ%.,gf t he groupi nglﬂiuﬁgaﬁnlﬂ’msﬁhil and th%&;ﬁﬂ%f@*
representation of links to the p are replaceo(vvl h
graphical 20 representations of links to the representation of the
groupi ng object. 16. A method according7to claim 13 or 15, wherein the
| ogi cal definition of the formula defined includes the contents of the
groupi ng operator object. 25 17. A nmethod according to claim 13 or 16,

wherein the graphical definition of the overall -formula displayed excl udes
the content20.of the drmoethodagcanding tatcluim 4% wherein eash input anst result ofiarceperitorg t 0

claim13 or ' . f ' erator ohject nay
be-gr aphi coqie: ml e Sl il SR EREC A artid o bl . Bl B Bl Bl T
r epr esent atexpevtsab receive dndibeablato pi@lucejrespertively. accor di ng to any one of cl ai s
| to 18, wherein variable objects nay be attributed with properties that
define the type of data they can hold. WO 02/17074 11111111 111111 11111
LI 11 11 11281 PCT/ AUAlhéthétbatcording tdvelaim320, wherein/h vieibtile object amy dnligit the cl ai m
19, whereineach i.n and tesylt of an.operato  ec be atiributed
it pr op e ETEGIEE R i Porets Rt et ool 436e e hes Rt ot BM0R o et
expects t o relad by e intesvehiag oftkatoriobjegtr oduce, respectively. 5 21. A nethod
according to claim 20, wherein a variable object may inherit the
properties fromthe properties of another variable object that has already
beeﬂ gafoi neztafand i s Ar:ﬁ#tﬁéd;tbcg\h/\thﬂingm.blﬁttﬂwmérg‘ig mgilﬂé %jewbiayﬁﬁheﬁﬂﬁnﬂﬁ- A
met hod accor di 0. clai m 20, rein a variable object I.nherjt the

T oport oo HSTHEs FOi {16 PRPEEL b g SHISEL IR oF St thah s SIPadLbisnt ¢ hat
has al r eadydelifisdrand halhidtEitisaddled. 0 Which it is related. 23. , A nethod _
according to any one of clains 19 to 22, wherein an input or result 15 of

an operation object-may inherit the properties fromthe properties of a

variabl e ohgsect t haBA théBodcédRding/to AR tnebE blaitd A 9 30120, Wheréliiak fhplf orirsulte! at ed.
24. A. nethqd accoydi to gny .one of clains, 19 to,23, whegreip, the nethod
i ncl udd® a &PEBPWI‘?%%W “E'%Ef ?H‘@W"ﬁ%@ﬂ*‘b@“’ﬁ"‘ﬁﬁf% -‘l"é‘{’\ﬁ/i“gﬁctél’arteady "
attribut ed habalfeadytieen detined@idigwhich Biseélatedt ch. ;

24, A method according to any one of claims 19 to 23, wherein the method
includes a step of checking that the properties of objects with already attributed which are
20  Dbeing related match.

25, A method according to claim 7, wherein a library of labelled variable objects
is predefined. '

25 26, A method according to claim 8, wherein a library of labelled operator objects
is predefined, each labelled operator object’s method of manipulating its input/s to produce its
result/s also being predefined,

27. A method according to claim 7 or 25, wherein the variable label of a variable
30 object may be selected from a list of predefined variable labels,

28. A method according to claim 19, wherein each variable label may be
attributed with properties that define the type of data a variable object labelled with the label



25. A nethod according to claim7, wherein a- library of |abelled variable
objects is predefined. 25 26. A nethod according to claim8, wherein a

library of operator objects is predefined, each oper at or
object's ne{vﬁg@&g&qrmni pulating its inputs to produce i tsP}:‘?’gg{)ﬁ’(ﬁﬁ% al so
bei ng predefined. 27. A method according to claim?7 or 25, wherein the

vari able |l abel of a variable 30 object mpgy be selected froma Iist of
predefined variable | abels. 28. A nethod accordi ng. ein
each variable | abel may be attributed with pr opertlﬂﬂmnwumﬁmlmﬂ e type
of data a vari Ject | abelled with the | abel WO ©21€17074% s

PCT/ AUDI / 01053 38 can mn. 111# 111#11 ###| #1# 1111#I ~as 29. A et hod

according to claim19, erein the selecti f a ar abej
attributes the®properti 2@“ M@ﬁ%\fﬁfuﬂ‘ ﬁ’]ﬁé"?'r‘tﬁ’ﬂ tj\/aayqnglalpéababj ect
5 30. A net hodamﬁwdémp&msedswimmmmhwe%metmwoﬁmtles attributed to

a variable object limt the selection of |abels available to be sel ected.
31. A methatl accor di ng to any one of clains | to 30, wherein the operation

gbj ect 10 Ils w@ Ieastbanﬁlemgd adadtgmgoua clfmmmmm%erﬁu ﬂtt?ktﬁitﬁtegrho a
ivision, a loo a cqndi {1 ona eration . met ho
according to aW‘@E%"JﬁFL’EF?FH?!""F‘%@‘%’S‘"W@Q&#Fqlfét"@perator obj ect’ may be

a multiple stage operation containing a pl urallty of si npl e operators
l'inked to perform 15 a nore conpl ex operator. A et hod according to

any one of cladhs 1 to MW%W&%WWW‘( 0, whersintheppergtignaabject s g
query of tfig deh@aBAcdhe ofdddifion, sdhtddioh Achitiliedidh, Wividla, d lobiSdp tﬁlﬁ@mtcgﬁdiﬁ&hle(:t

perforns a wite to a dat abase. 35. ‘A nethod accor di ng to claim8, wherein
t he operator | epemationsf an operator object my be selected froma |ist of

predefi ned operator |abels. 25 36. A nethod according to claim 35, wherein
each operator |abel may be attributed with properties that define the type

of data that i¥puts andArmsthedmecordingto pyinse pEclime b tor39; wherainthe eperatenpbieetcei ve
or provide, regpagt rh’lﬂﬁﬁle stage operation containing a plurality of simple operators linked to perform

15 amore complex operator.

33, A method according to any one of claims 1 to 30, wherein in one form, the
operator object is a query of the database.

20 34, A method wherein the first operator object performs a write to a database. .
3s. A method according .to claim 8, wherein the operator label of an operator

object may be selected from a list of predefined operator labels.

25 36. A method according to claim 35, wherein each operator label may be
attributed with properties that define the type of data that inputs and results of a labelled
operator object can receive or provide, respectively.

37. A method according to claim 36, wherein the selection of an operator label
30 attributes the properties associated with the label to the operator object.

38, A method according to claim 37, wherein the propetties attributed to an
operator object limit the selection of labels available to be selected.



37. A nethod according to cl ; In the selection of an operator
| abel 30 attributes the propejii sociated with the |abel to the

oper at or ' 38. A net hod Hmﬁﬂﬂ “'!Humm 37, ' properties
attri but evga?%)ﬁgﬁ oper at or obje ' 'H’ ’ ecti onmgféﬁ%@oé}og(%gvai | abl e
to be selected. WD 02/17074 f 1" ~1"1 (Il 1%"~1 11111 I I'I11 PCT/ AUOL/ 01053
CL S 39 39. Anethod according to anygone of clains | to 38, wherein the
|l ogical definition may be used by a run time engine to put into operation
the defined fornula, wherein data provided to each variable object is

| inked to an input of an operator object, 5 whereby the data becones
operands of 39,he f or M guetidCitcording ad Ghy ofid bE shitiscll t6138) Wheréin ahélicpical Obj ect

becones t he egrator of t formula angd each result of {he operator object
becones t hed® WegﬁﬂﬁggyﬁﬁngéP%MPW“f$%§?m‘gm of the

formula, whemabin daib¥idddi o Rach variable objedt i3 liiked 36" al tpGOSIliaCdperdtok @bjeétoduce a
formula resul|t., 1 0., A net hod c'gr ing to_any one, of ¢lainms | to.39,

wherein # n&’hfﬁ?‘ﬁ' g daa,becomes ogeran Bg ¢ &&ﬁd\)@ﬁ PopFegresy b the operatotiat a i n
a | ogi cal vaﬁwbé@nkmwﬂmmbawmmommfﬁmﬁmé or each

occurrence of the variable object withi-n the nanespace. . ,A nethod

accor di ng t Bextpperend.ofthe pext opgrator g5 the finalresults of the formpla Nhersby compuiatian of 15 ¢ o

the T or mul aaeiriiita8Rs'6d dofbhoted % prédub®d RRIARSME di ng to clai m 40, wherein a
| ogi cal connection is created between each occurrence of a |abelled

vari abl e object wthin a namespace. 20 43. A method according to clai m40,
wher ei n gagphi cal 14 Tlcc@ﬁing' mg,q,yl i _ qﬂ]aﬁ@;ragé)‘ﬂ%ect I on
bet vveenlgccggrences ﬁ%gzg | ed vlgfl bl gg%%ﬁgg?ﬁst?g%[%%innet od accdrding to
any one of bedafiped for eagh waiablewheeshy:the deta ineadpgieal varighle repecsentsrdiby ghe vetigbleach -
oper at or obbgic is tif\fue R chdh Sodieriod of e yaHabie obiBd widin tRARRERAL, 1 Pr esent ed

2s by the opérator object 1s the sane tor each occurrence of the operator
object within the nanespace. 45. A nethod according to claim44, wherein

the name spgge is by AR clai %t%éﬁﬁﬁ’gﬁﬁgaﬁﬁ'mb%] 30 46.
A nmet hod accordi ng tﬁgm}ﬁm 13, g/ne?he'{nn a grouped opérator’ o J(Ietl may be
used not® t tethe formawla bgingmedelleddef i ni ti on of the grouped operator object -
bei ng applied to the

42, A method according to claim 40, wherein a logical connection is created
between each occurrence of a labelled variable object within a namespace.

20 43. A method according to claim 40, wherein a graphical link may be displayed
showing the logical connection between occurrences of labelled variable objects.

44, A method according to any one of claims 1 to 43, wherein a namespace may
be defined for each operator object, wheteby the operation of a logical operator represented
25 by the operator object is the same for each occurrence of the operator object within the

namespace.
45, A method according to claim 44, wherein the name space is by default global
to the formula being modelled.

30
46. A method according to claim 13, wherein a grouped operator object may be

used more than once with the definition of the grouped operator object being applied to the
logical definition of the formula.



| ogi cal definition of the fornmula—- W0 02117074 111111 1111111 C
aim 19, wherein the

PCT/ AU0O1/ 01053 40 47. A nethod acc
properties of a | abel include Eml'g .' .;' on. 4 nmet hod
accordi ng t & chQV%"lO wher ei n the g o

S & AT U

XM.. 49. A method according to any one of clalns | to 48, wherein the

| ogical definition is described in XM. 50. A nethod according to any
one of clainms 1 to 49, wherein each operator object includes a plurality
of definitions of the operation perforned by the operator represented by
the operator object, each definition being for a separate type of data able
to be manipulgged by, tAfehiidacbding to blaifnl19, AvheRinhthe propeetivs GF @ JatieDindlile One
of clainms i to 50, mherﬁgp t he operator object 1is graphically represented
as a conponentqﬂ% B¥%%pre i nputs and one or nore outputs, the
conponent having an indicator representative of the operator represented.
20 52. A nethod according to any gne of clai s o 51, wherein the,
operator odf ect® may be Asethogactordingn slaion 10 WH%(P‘“F’!?W&P%Q@H‘!‘QFFWSQSM
operator with peipdol ogy of manipulation inputs to produce results yet to
be-defined. 53. A nethod according to any one of clains 1 to 52, wherein
the enpty 25 conponent is used to formcriteria, for searching for a

sui tabl e oper aggr 0bj ecty iriabd A8cording L ?%E%f‘iﬂhh@@%mt MRCeh OB Toghdl A
met hod according to any one of clalns wherein a library of objects
i s provided. 3delipition & H%hngygerding.to any one of clainms 1 to 53,

wherein objgcts may be externally sourced. WO 02/17074 11111111111111

[111111111111111 PCT/ AU01/ 01053 , . .
50, A method according to any one of claims 1 to 49, wherein each operator

object includes a pluality of definitions of the operation performed by the operator
represented by the operator object, each definition being for a separate type of data able to be

manipulated by, the operator.

15 .
51. A method according to any one of claims 1 to 50, wherein the operator object
is graphically represented as a component having one or more inputs and one or more outputs,
the component having an indicator representative of the operator represented.

20 52 A method according to ahy one of claims 1 to 51, wherein the operator object

may be an empty component that is representstive of & operator with methodology of
manipulation inputs to produce results yet to be-definied.

53, A method according to any one of claims 1 to 52, wherein the empty
25  component is used to form criteria for searching for a suitable operator object that has a
suitable defined methodology.

54, A method according to any one of claims I to 53, wherein a library of objects
is provided.

30 .
55, A method ancording to any one of claims 1 to 53, wherein objects may be

externally sourced.



S 41 56. A system for graphieally-defining a fornula, conprising: a

conputer including a display s m H ser i nput nmeans; neans for
provi din {754 operator obj gml @ ﬂu Lm a met hod lpul ating at
| east ongwlag%uto to produce at lea " 1 5 rreansp o’?mgi?bg'?osﬁayi ng a

graphi cal representation of the first operator object on the screen; neans
for providing a variable object for comfai ni ng data; neans for receiving an
i nput fromthe user input neans to relate the variable object to one of

i nputs or ogg of the { As ?i Ept; 10 nmeans for

di spl ayi ng §€'graphi caé%wcfg@{&var ggﬁéﬁ%&fm&@ hd its relation to
t he operator object aroriputesiochading a display edreentehda dser inpiit means; def i ned by t he
rel ati onshi p between the jects. 57.. .A copputer. programfor controlling a
conput er for graphi cmgggf P'I"?l"ﬁﬁ'gaa ﬂf% ?PSP%%’J“%E?%&{@WM éﬁ"’%ﬁgo@fam
causi ng t he nanipylatingrat least osecinput tolprodatenpleast oderesuity: providing a first
operat or _obj ect for defingn et hod,of, mani pul at i | egst .. one i nput
to produte at |east dﬂ%‘"ﬁ@gﬂ%ﬂ?ﬁwm %ﬁf@‘%‘f‘aﬁ&%ﬁ%‘?‘?{ bon of
the first ofieséeemt obj ect on a conputer screen; 20 providing a variable
object for containing data: receiving.an. nput froma user input neans to
rel ate the variable 38?“8%@*?’8“@%“%&"1’8?4&‘?8“8?"% ‘the results of the
first operator obj ecCtmeati§fopreasivingaminputdioin theliser infret Mricdnsto relite the vadiablde :
"first variaple objegct and its, relati o the operator object on the
screen; 25 \;ﬁﬁﬁté‘b °Pﬁ@”§6?ﬁ?ﬂ?8fq‘%“ﬂ’§f?ﬁ€mt3'&muonshi p between the
obj ect s1058. A conputriéans foadisghyingFsdpHithlireprestritation Bfthe fiLOViELBIE 6bjedt @l am as
defined in _cl ﬁi&m 57. 30 59...,A copputer-inplenented nethod of graphically

A
defining a fidfelptiontoths operator pbicet o heS0reeRs) ;¢ data to produce a result, said’
met hod i ncl wikreky thefoale isufifed by & sélationshiptatweadheotijets. cont ai ni ng dat a;
providing at | east one operator defining the nmethod of nanipul ating the
I nput '

57. <A computer program for controlling a computer for graphically defining a
15 formula, said computer program causing the computer to undertake step including:
providing a first operator object for defining a method of manipulating at least
one input to produce at least one result; )
-displaying a graphical representation of the first operator object on a computer
screen;
20 providing a variable object for containing data;
' recefving an input from a user input means to relate the variable object to one
of inputs or one of the results of the first operator object;
displaying a graphical - representation of the first variable object and its
relation to the operator object on the screen;
25  whereby the formula is defined by the relationship between the objects.

58. A computer readable medium for storing a computer program as defined in
claim 57.
30 59 A computer<implemented method of graphically defining a formula for

manipulating input data to produce a result, said method including:
providing at least one variable for containing data;
providing at least one operator defining the method of manipulating the input
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di spl ayi ng a graphical representation of the sefected result variabl e;
di splaying a list of the operators for a a4ger to select an operator
therefrom receiving a selection of an operation fromthe user; displaying

a graphical re IIR'?"F.':': the sel ected operation; displaying a |ist of
I nputs for con%ﬁ%ﬁ%ﬁ%e |§r?1'2)t'ht data for a user to select at 3.0 |east one

i nput therefrom the i nplispleyihes lisjofthe vaciablesford usextd selottagesolt variable therefromp

constants; receiving a ti ; I ' L Lser

di spl ayi ng a graphi cal r'%g{re eanéiagflilagr??o 'F%g%gg#%cﬁr@d{ H‘%r}%%&m %@PM he

formula i s def resaltofiile mantpulstionnfthednputdatet t vari abl e bei ng equal to the

Comput er- i npl ement ed meHBA NS esal mireR o Brif o oRE R P, O

conmput er - i emented ne or

mani pul ating input dat a displayingailist of the speratobstfor aumérdo stlettna dpirstod thedefivgi;

Dr o det orm nedpr opor ¢ FEEMABE Sttt e etk BB dhedE bper at i on def i ni ng

the nethod of mani pul at idisplayifiga griyihital regheseation opthe skiecRd betatiogs ul t

?Ihsp| ?yl ng the vari abl edi%ﬁgﬁq;%oghgﬁtgbfm: sﬂﬁ{!ﬁe tir% v rlfabl e type at
erefrom receiving a Gorrs ¥ ?p@mff"b%‘sﬁﬁ spleet ,

recei vi ng 2o nafeastbey inpud thee bt thet ing Bitifer shit@riables Or 6hie Mo chiBtadks;

representation of the naned, vari ahl e; dlleqsgfl ayin atgl st of operations for a

user to select an oper affeSiing fsslestionofat @'ﬁl‘“&?&?‘?&‘ e ¥¥Bphi cal

representation of the s@@nﬁ@a@wﬂéﬁgm@ﬁgfmemc@dﬁgﬁ@ction of an

operation fromthe user; recerving input fromthe user so as to assqciate

t he sel ected v¥herehy the formyla is defined by the selected result variable being equal to the manipulation
. of selected inpyt(s) by the selected operation.
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60. A computer-implemented method of graphically defining a formula for
manipulating input data to produce a result, said method including:
providing at least one variable type, said variable type having pre-determined
properties;
20 providing at least one operation defining the method of manipulating the input
data to produce the result;
displaying the variable types for a user to:select a variable type therefrom;
receiving a selection of the variable type from the user;
receiving a name for the selected variable type;
25 displaying a representation of the named variable;

displaying a list of operations for a user to select an operation therefrom;

displaying a graphical representation of the selected operation;

receiving a selection of an operation from the user;

receiving input from the user so as to associate the selected vatiable with the

30  selected operation so that the selected variable is either an input variable or a result variable;

where the selected variable is associated to be a result variable, receiving from
the user a selection of at least one of either an input variable or an input constant and a name
for the input variable or the input constant, displaying e graphical representation of the input



30 sel ected operation so that the selected variable is either an input
variable or a result variable; where the selected variable is associated
to be a r@ﬁ‘&ﬁm’lﬁ” abl e, receiving fromthe user a sel egbiRoMfiedt | €aSt
one of either an input variable or an input constant and a nanme for the

i nput variable or the input constant, displaying a graphical representation
of the input WO 02/17074 PCT/ AU01/ 010533 43 vari abl e(s) and/or i nput X
constant(s); where the selected variable is an input variable, receiving a
nane for anyadgubiels) ind/chinpatdofistanig)s P! ayi ng a graphical representation of the
out put vari abl e; whereby the forpula is defined by the result of the

mani pul ation by the 5Whess theiselected, xarigble s, ap rinpuf, feceiving, a; namerfor appt

data variab @?ﬁ'wﬁ'iﬂﬁ!mﬁﬂfﬁéfﬁpbﬁﬁﬁﬁm of b€ outhit Fhtidbley ar i abl e.
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whereby the formula is defined by the result of the manipulation by the
5 selected operation of the input data in the input data variable or input constant provided to the
result variable.
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