1 METHOD OF GRAPHI CALLY DEFI NI NG A FORMULA Field of the Invention The
present invention relates to a nethod of graphically defining a fornula for
mani pul ating 5 input data to produce a result. Preferably the nmethod is
enbodied in the formof a conputer program Background of the Invention It
I's common for conplex mani pul ati on of data to involve many conpl ex

formulae. Often a 10 nodel that provides a multil evellgggro%gg to

representing the mani pul ation of the data is useful t he
formulae. It can often be difficult working out the fornmul ae needed for

each | evel of the nodel. i§Aorocess if the
formul ae can be repr &8 ORMUL4 patent No.

4,901, 221 to Kodosky et al di scl oses arpicalsystem and net hod for
nodel | ing a process._ The nethod disclosed allows a user to construct a
di agr am usi n%‘é“’ﬁtm"”ﬁmagram editor such that the di agramcreated

graphi cal |y qhépeaySninid0eRes ol meRid @ grablfdally 6REEY fofIINS: AafiRildiag N
result As_the utzdear constructs, the ggta | ow di agram. ,nachi ne . | anguage
i nst ruct i ®ns TRE feradrpl Esfrabivdtr Rrthed mrmiadicd jmiba &reof & compikecut i on

20 procedur eppbiamh corresponds to the displayed procedure.’ A user can
create a text based conputer programsolely by using a graphically based
programm ng environment. A limtation of this nethod is that it reties

upon iterati Backgfuwnd of thé Biveiiodduci ng each output that is the result of a
function of data applied to an . t ri abl e, at an iven tinme,. It also
relies on a %WBF?"H&”&H"’ ‘%F’ﬁ“‘a‘ﬂ%%a}‘?a%wwamx ??gﬂ!ﬁ?ﬁb‘taﬁ‘nw ation

i con thato r efedet GREFroAtes & multiteRElaiphRichQo Ript@dntiAE #RSMAGFILIoN bf b ldhen s -

mul tiple iterg@iﬁgﬁ of d?ta flaw It igﬂ%&}i{able \/\C%&F(}esi nierégeg?e nodel
not to be coff fing e fampglpcs F S3sotisR ult Sorking, IWﬁ%ﬁ Pni ng an
obj ect ori endagl &atelngithe moddD TSuaaralksy bothelbiabid thisepbiess iffie dhjnaled canf bd he
present |nventi quéﬁsndtélo roviBz(fjmeatua nmet hod of graphically defining a formula,

Accordi ng td E°FT o] fe present invention there is provided a
conputer-inplenented 2 S 10 21 February 2005

15  US Patent No. 4,901,221 to Kodosky et al discloses a graphioal system and method for
xxfodeiling a process. The method disclosed allows a user to construct a 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 aufomatically constructed with which characterise an execution

20  procedure which corresponds to the displayed procedure. * A user can create a text based
computer program solefy by using a graphically based programming environment. A
fimitation of this method is that it relies upon iteration control for producing each output that
is the result of a function of data applied to an input variable at any given time. It also relics

_ on assembling on a screen a data flow diagram including an #eration icon that references an

25  Heration control means for controliing 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  Szmmary 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



met hod of graphically defining a fornula, said nethod including: providing
a first operator object for defining a nethod of manipulating at |east one
i nput to produce at |east one result; displaying a graphical representation
of the first operator object; providing a first variable object for
containing data; receiving an input froma user to relate the variable
object to one of the inputs or one of the results of the first operator
obj ect; displaying a graphical representation of the fi¥d$emag¥abl e obj ect
and its relation to the first operator objet and recording a | ogical
description of the relationship bin the objet whereby the fornula is

defi ned by t he rlethgd cfgrmpbiediy définge formts.cud withgl itebidieg'second aspect of the
present invention there_is; ' | = ol jar YoV of
graphical ly defining a P%?ﬁﬂ?g?dsssgiadaﬁn?g ho |%§1817(§6|En@90§ 'S E@%@F%@%S‘ a first
vari abl e obj ecenefignut wordugent past Wated™t  di spl ayi ng a graphical representation
of the variable object; d@ﬂ%gdigﬂ@ﬁj&jfebﬁ&ﬁg@ﬁ@f@&ﬂﬁowwgsjwﬁor defining a
met hod of mani pul ating at | ,easgrFt gq?ag IELgé‘Jgﬁt ?}8‘%{ oduce at |east one result
recei ving ah input fronPRVifigs fistyariablegpizct for conpningditl ho it s or one of the
results 20 of the fir Stecaiyiny atignt foloj =Gér td wlate e veriubic alibeetoaby #falie;inpaltsspl ayi ng

a graphical repr q;ifgn f | LSt _pperator object and its relation
to the first v%rﬁ%e obj egt%?ﬁ%%e{dgg%ﬁeagng a |l ogical description of the

rel ati onship between théspiayjngct grantiral psgsentitionf of r the est variable fobis@ crnghyitst he
| ogi cal descrihdffe e elpkalldy the nmethod further includes the steps

of providing one or nore rt her, riable, objects; riving further inputs
fromthe r to rel at T‘Fﬁll%ﬁ"ﬁ‘g B4 gﬂi’"&fﬂb@f"@‘“ GREeHE the i nputs
or one of the results oOfshdrkte theifsrmbia bpiefirad Hrhobgiatdsscrgianpl ayi ng a gr aphi cal

representation of the further variable objects and their relation to the

operator object. Preferably t ho nethod further includes the steps of
According to a second aspect of the present invention there is provided a computer-

implemented method of graphically defining a formula, said methed including:
15 " providing a first vaciable object for containing data;
displaying a graphical representation of the variable object;
providing a first operator object for defining 2 method of manipulating at least
one input to produce at least one result; |
" receiving an input from & user to relate one of the inputs or one of the results
20  of the first operator object to the vadable object;
displaying a graphical representation of the first opetator object and its
relation to the first variable object; and
~ recording a logieal description of the relationship between the objects;
whereby the formula is defined by the logicat 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 aperator object;
30 displaying a graphical represcatation of the further varisble objects and their

relation fo the operator object.

Preferably the method further includes the steps of:




3 21 February 2005 providing one or nore further operator objects;
receiving further inputs fromthe user to relate each variable objects to
[doe of inputs or one of the results of the further operator objects;

di spl ayi ng a graphical representation of the further operator objects and
their relation to the variable objects. Preferably each variable object is
selected from an input object for providing data froma data_ source; an
out put object to provide data to a data desti nation; - G- EAECt i on obj ect
for passing data from one operator objett or another. Preferably a
connection object represented 10 as a |ink between the operator objects.
Preferably each vari alptce’icﬁ@mtvrmwﬁmtherppmmmw th a variable |abel.

Preferably each opera r . ' | .
Preferably, the | ogi cté‘%re cr| p’fr?ﬁ&@&fﬁl ﬁy&%o%c%glwgﬁﬁge%&béfggﬁe
| ogi cal rel ampmm&fﬁnpoftbem@an&hﬁnhﬂspm.obe erably a graphi cal

definition of thefor . defd | cal

di splay of the relati onéﬁr g%gﬁ%g%{]%q&i&%m%%ﬁﬁbﬁn%%oﬁ% ncl udes
t he step Hf siﬁoah@qmﬁdﬂchtsn describing the | ogical definition.
Preferably the nmethod Includes the step of storing information describing
the graphical definition. 20 Preferably, two or nore rel ated operator

obj ect s. thmwmielmmmmgﬁbimmdim dgtadopi sxdptzoper at or
obj ect, mefs%h@eva@zfd@%gts&ea Glovidg 'des 3 Eglaéa rou qb&é)i)orﬁxaﬁongﬁr{g&% /N9 _and

Mngtomputs of op Jectsmt econme th puts of the

groupi ng obj ressingcistafismeone Mﬂmmmomj @gfcgb mmeﬁgﬂntohleﬁmwedof t he

QT OUPI NG (AN the Bink herEAT el o emg Bk géasw. igh the
group becone results of grgupl ng operato e Pyef era | nput s
and. resul t & vatiakiplabeht Ryeiembly sechoperaion dbiscigpaydbp p ‘@#ﬁ@eﬂl’e@@rl ther obj ect

become inputs and results, respectively, of the grouping operator object

Preferably the graphical represent atlon of the ouped objects is replaced
by a graphi &&f ptheéwﬂabtdpwt@n wpiin Pxtthe lgiplerslatigoslint he
graphi cal 1 eghRSE ﬁ‘ﬁéfeﬂab?h?afzﬂcﬂ&ﬁinﬁi@nS%&%@a%fwﬁwﬂmﬁdeﬁné’sem aced
wi th graphical repre entations o Inks to the representation of the

gr oupi n&3 objtkscrapbicelidispils pithe relatipnstip Seteaaablestt-t i on of the fornul a defined
i ncludes the contents of the grouping 4

Preferably the method includes the step of storing information deserbing the logical
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 & 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 varlable 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 eperator 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 fo 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




operator object. Preferably the graphical definition of the overall

formul a di spl ayed excludes the contents of the grouping operator object.
Preferably.the contents of the grouping operator object nay be
graphically represented separately fromthe overall graphical
representation of the fornmula. 5 Preferably, variable objects may be
attributed with properties that define the type of dat e n hol d.
Preferably eac' input and result of an operator object a}r’r'kg"':"%’@"‘%!?tri but ed
with properties that define the type of data that the operator object
expects to recejve a b to_ .or C r.espectively.. 10 Pr rably, a
vari abl e obj ecf?HE}° F‘ﬁﬁeﬁﬁe%ﬁ&cﬁﬂﬁf{éﬁé%wfgﬁ%@ fWB%&W Yé‘g‘”ﬁ‘"s “Anot her
vari abl e obj et ctdemts ofiths galpimagyutivetjactdBtfably te nehtans ofthé mwiﬁgbpe:m

i nt erveni ng op r&d ggl A | erit
the properti es %E)'?najf ﬁ@é-%ﬁ%%u rr%gl es%g an %%gprﬂg{cc?r@&!? ect | npu% ‘I’Mr}r esul t
that has al reat§fpednm defined and to which it is rel ated Preferably, an
15 i nput orsresult of an operation object nmay inherit the properties from
the properties_of vari abl e ob ect .t hat, L has al ready_ been defjned and to
which LT s 1 oREeaRys AR o7 AR it PG e e BF B SHOSBRee k| ng

t hat the propedhiheid. direferbbleeich’ mindadsu!eaﬁgn opam:f bijest edy b aedbuad &ithei ng

Lrelegte??ng? Cgrp%%@%%{ghﬁr@r g.%ty%of Bl perat or m&?bn ec?gi al%get 'S

pr edef i ned, ea&#u%mﬁvebr operator object's r hod of manipulating its
input's toproduce its results also bed. 25, Preferably the variable |abel
of a vari abl elg% ect may be selected froma |]st of predefl ned yariable

| abel s. Pref erf5H$3Plh 3 ¢rable ohisthmay inlpie RRpFHsHToust the FPRSESTPERRANT TFighier t i es
that define tcbﬁctttﬁﬂdw@falr&ﬁ?&cﬂ deflied ahdt s Febed Gy dnafneivkgish Yhetalor tdbRed abel

can contain. . R abI e ), of vari | e | eI attrlbutesthe
properties asspl(’)%% ?ﬂ ﬁ“étﬁgbn o "1‘é&/a%?ag$°em()‘ﬁ%j 2 BFEPerably

the properti e@bmmpmm&mmwa@mw w0 ik msmeds@re@mbimm of
| abel s avai! Al ok bR o8 btk Y Bhek Al dopeliadh 1R € obj ect

is at | east one of addition, subtractlon pl'ication, I VI Sl on,
| ook-up tabl eWGBB%W%MWQTWdNWﬁﬁ@My, the first operat or
object 5 21 february 2005

Preferably, the method includes a step of checking that the properties of objects with already
atiributed which are being related match,

20
Preferably a library of labelled variable objects is predefined. Preferably 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.

25 Preferably the variable label of a varisble object may be selected from a list of predefined
varizble 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 & 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

30 o beselected,

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




may be a nultiple stage operation containing 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 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 |ist of
predefined operator |abels. Preferably each operator | abel ma% be
attributed with properties that define {he type of d nputs and
results of a | abelled operator object can receive or provi de,

respectively. Preferably the selection of an operator |abel attributes the
properties aswodearuiiplagghoncrtion eptainings plivelity pisimplospectirlinked Ppeffamabl y

the properti ol togg.rga | : [T ct.i on of
| abel s avai l gg?% %{{)&% e egt[gg. p%%%ﬁﬁeé'iﬂ ﬁlIeOb{e(%tgf%gM{’e%%@% fr’r’ay be
used by a rumrbdthes famethe Brst apegsigt olijevt perfopesaititote adaebaselef | ned f or nul a,

wherein data provided to each variable objects linked to an input of an
oper at or obj ec~ whereby the data, becones operands of the formnulas, each

oper at or § epPeefaaitythe ppertsyr lalivboispapertor ohitst ey betebnted fioma lispef predofinedf t he

formul a and | t r%gtqg | %ﬁﬁ& ioagr and of
t he next operg to?ﬁ%?bﬁf ﬁé&%lagn&;%dr?ggj ts bg#&?%g&%rg@%f’g}’ﬁﬁp erée}?ggtcorrput ation
of the fornuths typerefideta dishisnee endl eailth bl ibdlled opaswtprAbiect eagureive pr pro¥idabl y a
namespace Mo/, 'ﬂaﬁgﬁyzpﬁm%asé@oyaqmbam D& ek i pripbifted AscRiaked! C

20 variable rgaté)resent ed the variable object is the sane for each
occurrence ow

the lapaltp Hisioperapr abjoet. Rrafarably the aroperties atiyibited to g eemtasgbigett he

name spags i Sml¥heQ8baidh bristeRRMiabiOtitRGeib@dgrul @ being nodel l ed. Preferably
a logical. connection is created between each occurrence of a |abelled

vari abl e object within a nanespace. In one enbodi nent a graphical |ink may

be displ ayepieRB hoiohlE defiicnAtayCRNBEE by @ Rinlifl \WRER RGN SorPthe MOV
vari abl e objects, 25 Pref eraalt% agg&;nss&gce may be q,e i ned for each
oper at or obj d&ped m%b‘ﬁhﬁ% Bioxiiechio eh yariabisbjests @M‘St“&ri“% &ent ed
by the oper %@fatdﬁbbj&%;wﬂc&b} 1h8 dRRBRothQ oparasdd 0PGBS BWihElR GechUperhireprepatealt Or
object within the na ace. 30 (Fe:]ef er abl % gru?u d qper Eé?\?r obj ect may be
Used mord { HEAHE RESTEiN QHiFek Rrcorui e Rt o6 e tpenAng FpRboBaY HoChHeBHE e ct
bei ng appl i Qg:jacp?écgﬂfd Mh.&ﬂbpdﬂf&ﬂ dfithd Skt Bﬁcdtgkeeéftﬁé‘ Hitll ammzef efeet‘gimuld; h6200
properties of, a,label inc e typo, unitg a | mensi,on. February 5
6 Preferabl MW@?W“B%?%VW%% WE@G?PWFFPWRE.‘%]‘]EMMM y the
| ogical definition is described in XM.
Preferably a namespace may be defined for each variable, whereby the data in a logical .
20  variable represented by the varisble object is the same for each occurrence of the variabie
- phject within the namespace. Preferably the name spacs is by default global to the formula
being modelled. Preferably a logical connection is created between each occurrence of &
{abelled variable object within a namespace, In one embodiment a graphical fink 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,




a Preferably each operator object includes a plurality of definitions of
the operation perforned by the operator represented by the operator

obj ect, each definition being for a separate type of damable to be
mani pul ated by the operator. Preferably the operator object is graphically
represented as a conmponent having one or nore 10 inputs and one or nore
out puts, the conponent having an indicator representative of the operator
represented. Preferably the operator object nmay be an 2#¥Ppd®¥ponent t hat
is representative of a operator wth ngthodol ogy of manipul ation inputs
to produce results yet to be defined. Preferably the enpty conponent is
used to formcriteria for searching for a suitable operator object that
has a suitabl e defined nmethodol ogy. 15 20 Preferably a library. of objects
i s provided. Pz@feabbr:hbg:ypld@l definitiomds/delsmibek indiMBl Prefemblyriekigicabdefinidbarig t o at
third aspect of t resent invention there is provided a systemfor
graphically ormul a= conprisi.ng: a conputer including a display
screen. and a user |nput means; neans for providing a first operator object

for definin _hod of | pul at.i ng ,at..| e Qne Lpput to praduc

| east oné r%?%f"g,gé'r@ ‘?‘%‘8’%?"8&"% *‘é{?*&?&ﬁl‘?#*ﬁ‘ ns tg‘?@%"eﬁ’ﬁ%’g‘ﬁm‘gf t he
first operatlgrthodiestdr represide! by tifeperatolShjert asch définition beivg Wk ngparae aypeadl e

obj ect for a ns riving an i nput fromthe user input
means to relcg{l@%{ %%&%@M@gbj%ﬁ&fo one of inputs or one of the results
of the first operator object; means for displaying a graphical

representati I 0

oper at or obfﬁéc}?m%'ﬁ%%"@ scree‘m§l ﬁkﬁalgpﬁ%%orwﬁom&h%g%ﬁe%"{)y t he

rel ati onshi mmmmetmmmpw the%mpoahnngam @ mmmmpuﬁivemf thehe

pr esent inv LJQSF |§,?é9y ? (o10] ogr Jing a
conput er for graphica efrning atorim @‘g&%ﬂ &% program causrng

21 Februar ytﬁm’cﬂzwh@'mmmth mmgmmtoamms i:pmmmmg‘: regisyetdi ng a
first oper adhe fhingd pekRfabhd Bhilf odinkd 9'ucdl « B Mtfomu%hmg gast one

I nput to Produce at | eas
suitable operator object that has a smtable defined methodology.
i5 :

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

According to a third aspect of the present invention there is provided = system for graphically
defining a formula, comprising:
20 a computer including a display screea and a nser 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 & variable object for containing dats;
means for receiving an input from the user input means o relate the variable
object to one of inputs or one of the results of the first operator object;
means for displaying e graphical representation of the first variable object and
its relation to the operator ohject 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 & computer program
for controlling & computer for graphicaily defining a formula, said computer program causing




di spl ayi ng a graphical representation of the first operator object on a
conputer 5 screen; providing a variable object for containing data;
receiving an input froma user input neans to relate the variable object to
one of inputs or one of the results of the first operator object;

di spl ayi ng a graphical representation of the first variable object and its
1.0 relation to the operator object on the screen; whereby the fornula is
defined by the relationship between the objects. AccordfhEarg¥ fifth
aspect of the present invention there isyprovided a conputer readable
medi um for staring a conputer program as defined above. |5 According to a

si xth aspect ,of the esent. inventian there is provided a nethod of

graphi cal ly ‘g%ﬂﬂﬂ“ﬁg{"é‘“‘?%%%%gs gffl%ﬁgni pul ating i nput data to. produce a
result, said nmethod i nptoukiingg firsopvitatiobject &fr définingth nethed vBmampnleting @ feast
cont ai ni ng dat.a; vi di | east,..one operator defining the nmethod of

mani pul ati-ng qnﬁgpﬁ]pwg“%gt%%“%?%&%r oduce the result; displaying s |ist of
the variables for a usdspliyingaagipbicalacprastition ofale fakt logeritbraybjzbtona com@gei vi ng a
sel ection_of the 'result variable- fromthe user for containing the result
of the nahi pﬁf{ﬁﬂ’on of the input data; displaying a graphical
representation of the pretidieg evhriable object feavingbligrda@5 di spl aying a |ist of the

operators for a user t | ect. rator therefo recej,vi sel ection
of an operation from t%@ﬁ%@;’"@?%ﬁ'ﬁgﬁwg%ﬂﬁﬁﬁ ﬁ?@"ﬁ’f@%@ﬁ%ﬁ%%ﬁ of the
sel ect ed opewpfinpas pr ok sfthenpinitg ofthe fistopakiorobpat s f or cont ai ni ng t he i nput
data for a user to sel qgg ;'| FRM , QR hg.] bei ng
ei ther said variabl es ‘g@%%g ao%&?r%%% ons an{'g?qﬁgg Vi né’“aa’éée"f]@}’cj‘{ ?%n of at
| east onkCi npelatiof: tothe opecatogobiect on theserbenyi ng a graphi cal representation of

t he sel ected th Wﬁgﬁ)ﬂﬁd&g%&%g%&@& t he selected result

vari abl e being e uaf to the manipul ation I nput (s) by the
sel ected operation. 21 February 2005 8 According to a seventh aspect of the

present inveRbldding L Gah Bsplit OF kridGHlestne TRAMRH e is provided a computer readable
meditm for storing 4 computer program as defined above.
is ' :
According to a sixth aspect of the present invention there is provided a methed 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 opecator defining the method of manipulating the input
20  datato produce the result;
displaying a list 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 manipulstion of the input data;
displaying a graphical representation of the selected result variable;
25 displaying a list of the operators for 2 user to select an operator therefrom;
receiving a selection of an operation from the user;
displaying a graphical representation of the selected operation;
i . displaying a list of inputs for containing the input data for a user fo select at
least one input therefrom, the inputs being either said variables or one or mote 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 operation.




graphically defining a forrmula for manipul ating i nput data to produce a
result, said nmethod |Including: providing at | east one variable type, said
vari abl e type having pre-determined properties; providing at |east one
operation defining the nethod of manipulating the input data to produce
the result; displaying the variable types for a user to select a variable
typo therefrom 10 receiving a selection of the variable t fromthe
user; receiving a nane for the selected variable type}u%@é%i ng a
representation of the named variabl e; digplaying a |ist of operations for a
user to select an operation therefrom displaying a graphical
representation-of the selected operation; 15 receiving a selection of an
operation fromthe user; receiving input fromthe user so as to associate

t he sel ect ed Avanrdisgh koe 2 \setehtht dspect o hecpresintoipemtidn theresio prdvided tdhmethed eft ed
variable is eithe Lnput varkabl [ a.l |.t. varjable: . where_.the

sel ected var Fa%ffr‘@ElYg&g'é[l ()acéfg?@%ko?gmg%&%m?é%p@?#a%tg %2 repully B9 PEBOY L om t he
user a sel ectnclndingf at |ei one of either an input variable or an input
constant and a name 20 f.or e. L nput riable ar..the jnput constant,

di spl ayi n% a graphi calpwrgﬂlgéglgﬁg'ﬁvgﬁa%f &iq yapefie GU%‘W PECS 3 or

I nput const apogestfes; where the sel ected variable is an -input variable,
receiving a nane for a ut ri.ahl LSpl ayi . j .
representation of the%@%&%&?ﬁ?@@%ﬁrﬂ@eﬁwgﬁéﬂ%&ﬁl&el?quﬁed by
the result ofattthprodmeitputsak;i on by the 25 sel ected operation of the input
data in the input dat - i . ' t ' e result
vari abl e. Detail Des-crgils%@iwelo rl%@géaﬁ%%ég?&n%%\ékgﬁ%rﬂ%&ﬁ%%b provi de a
better Witng, a pref: r reeglvingrbsstbrinmof thefrarishie type Gemwithe Usgtvention 30 will be
described in nore Mai : with reference to the
acconpanyi ng draw ng?%%@%rwy%échemt I c representation of
a system for perform digplaying sweprdsesdation of theenamed watiable; | nvent i on, including a
graphi cal formul a def QiR fQPbpecibns TR 48 scRA%S oferation therefroms;

gisplaying # graphical representation of the selected operation;

-

15 .woeiving 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 resuit variable, receiving from
the user a selection of at least one of either an input variable or an input constant and a name
20  forthe 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 varisble, receiving 2 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 Desceripéion of Preferred Embodiments
_ In order {0 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 schematio representation of a system for performing the method of the i
present invention, including a graphical formula definition tool;




Figure 2 is a schematic representation of the graphical formula definition
toot of Figure 1; Figure 3 is a screen shot of a w ndow produced by the
graphical forrmula definition tool in Figures 1 and 2; 5 Figure 4Ais a
schematic representation of a first step in a preferred enbodi nent of
graphically representing a formula; Figure 48 is a schematic

representation of a second step of graphically representing a fornula;
Figure 4C is a schematic representation of a third stébﬂmﬂgnﬁwgphically
representing a 10 formula; Figure 4.1] s a schematic representation of a
fourth step of graphically representing a Figure 5 Figure 6 15 Figure 7

Ol eCt ! ot ot Qi Pl UL g soherlil Wpfesckheb LT Frapiloll Brt BB tool of

representatlo a graphically represented _
showi ng steps in the cFightlbion of a conponent (operator) object; is a flow

chart showi nq:x%i&&@gs | s h ek HRALA Oinfe odilIR Q) m%'faﬂwgm{ala&,'st% 's a

fl ow chart sh steps in the creation of ctron o
schemati c represent at i isKigyks bargaphi cal |y represented for mJI a; is a

gr aphi cal g at ;08 Ofends il @#&9 e 5 20
and Fi gure QH? nked toget her tomkﬁan a@‘ﬁ?gﬁkf‘g%‘f h?alp g‘&&glqrgf s a
graphi cal represent at i @phissll ﬂwm@aamwp, formula of Figure 10 contracted

S0 as to not pghawgt he i pdindhaiiabnSbaSeR dwgﬁw&m}&r ag Bi Qure

12 shows a further exarrple 0 restrlctlon variable types due to
i nheritance of vari aP@Ules; 25 Figure 13A shows a schenati c,

represent ati epu@fsca T Qf MybRmitd RpRsdRRlic 6 o B1HAMeBDr RIpRREIN feﬁa%séﬂﬁngaﬂ i nput
to a |l ookup t abl e conponent;
10 formola; _
Figure 4D is a schematio representation of a fourth step of graphically representing a
formula;
Figure 5 is a schematic representation of a graphically represented formula;
Figure 6 isa flow chart showing steps in the creation of & component (operator) object;
15  Figure 7 is a flow chart showing steps in the creation of a named connection (variable)
object;
Figure 8 is & flow chart showing steps in the creation of a connection object;
Figure 9 is a schematio representation of a graphically represented formula;
Figure 10 is a graphical representation of the formulas defined in Figure 4D, Figure §
20 and Figure 9 linked together to form a high level formula;
Figure 11 is a graphical representation of the high level formaula of Figure 10 contracted
so a8 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 .
varizble properties;
25  Figure 13A  shows a schematic representation of a formula with a pointer showing
properties of an input to & lookup table component;
Figure I3B  shows a schematic representation of a formula with a pointer showing

properties of a named variable object; )
Figure 14 shows & schematic representation of 8 graphicaily defined formula with an
30 input varisble to the formula being a database;
Figure 15 isa schematic representation of another graphicaily defined formula including
an operaton;

Figure 16 shows how the function C of Figure 15 may be changed;




Figure 13B shows a schematic representation of a formula with a pointer
showi ng properties of a naned variable object, Figure 14 shows a schematic
representation of a graphically defined formula with an 30 input variable
to the fornula being a database; Figure 15 is a schematic representation of
anot her graphically defined forrmula including an operator Figure 16 shows
how the function C of Figure 15 may be changed; 2 1 February 200 10 10
Figure 17 shows how the function C of Figure 12 may haEREMBSonal detail
added; Figure |18 shows schematic repreggntation of a conponent being
passed through a corrputer froma first conputer through a conputer network
to a second ter [ 9 hcz,yvsf not cre viided by the
gr aphi cal ch ng}yldefﬁqwf %&Féxgﬁt?o& ‘)IEa @ ﬁ%‘%%%ﬁﬁ@e es a
scherrfttrc Ir:eﬁim&m;aatsmm a&hemaﬁ?y@rdsémm:wd@épo@ﬁtm?ggmﬁldthrdnm an y
oper at or I gure I S.a ma repres ation 0gi . connection
bgt ween narreg vari abl % o%ﬂl@ S gr%t 5‘8’%&“?‘5?%0@9%5‘3“5%8“%3?‘8 V) a
schematic represent atcompumf' a | ogical connection between naned vari abl e

obj ect's te p apd th ut. funct A t.0 t of a
functi on™B ?f&%%ar at 3@@“ Tg %gtt&wf%s?%ﬂﬁﬁgfag 8’8&@?1’%&8&%

met hodol ogy for cal clligireZn of a result by applying an operator to one or
nore operan pi cal e , ' varija Eﬁlc sense.
The present g?%%tio*ﬁ?#ﬁe@%ﬁ’%%i@@ g“d'eogc pt"ig’gi?ggirgt erns  of

operands (vari abl es) tgdopages at ors. Specifically the varr abI es and

of tho 1o alRa o bk AREel s Rabldioclop Bl Rkpfut Gt pab Fuelgl ! P11 O

oper at o0 (+). The rebjrets bmscpmrate preesasdbl es t hi S to be represent ed

graphi cal | yge 2 S&sd &? ﬁea%ﬁﬂ ﬂgﬁa ALRL S48 Sl Srignd
functi ons. prese% I nvention al'so onPO uce égscrr ption o the

graphi cal rel at | onshichieete fon rseparaty pages mmhmt@mm% nbhiipput of
fimction B on separate pages.
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15 A formula is a description of a methodology for r:alculation of & result by applying an
operator to one or more operands. Typically the operand is a variable, in the algebraic sense.
The present invention defines a formula as a description in teems of operands (variables) and
operators, Specifically the variables and operators have a relationship. The simple formula X
= A + B, is & description of the relationship hetween the operands A and B and an addition

20  operator (+). 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 toof
(GFDT) 12. Refetring to Figure 1, the GFDT 12 interacts 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 s various editions, Mac OS for the Macintosh brand of computers, or
_ X-Windows which runs under the UNIX operating system. The GFDT [2 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, & component manager 16and &




bet ween the vari abl es and operators that defines the fornula. 25 The net hod
of the present invention is perfornmed by a graphical fornula definition
tool (GFDT) 12. Referring to Figure 1, the GFDT 12 interacts with a
graphi cal user interface (GU) 14. The GU 14 fornms part of a conputer's
operating system exanples of which are Mcrosoft Wndows, in its various
editions, Mac OS for the Macintosh brand of conputes, or X Wndows which
runs under the UNI X operating system The GFDT 12 commideesred®30 with the
QU 14 to provide Instructions for proviging graphical display. The actual
handling of the graphical display is conducted by the GU 14, Referring to

Figure 2, the CGEDI 12 LS L0 [t S.y..anconponent r..16 and
a 11 connect icgﬁner?ma%nagi%r %%.IETE}ZC ‘E’:o\(l)r\rﬁ)ﬁ’g%é iia Qag‘grn%ghg?djf atﬁ‘a&éegg?ggt?%t r
obj ects 20 t hmbvidaddor fufiging daoetiiodrof dehipniting « laas tohotipafio pmiicp al rasitnginat
| east one in qﬁ%[‘ﬁﬁl e AN r r.Qbj IS representative
of an operat go:}&gﬁa{ﬁptoﬁé&ﬁgr a. |§°?ﬁ%° r%tggﬁttﬁée%gnn%f‘e?'ﬂhgﬁ’é?%ﬁow e
referred to apeeprponefined it husniphentsotipothe npompoard genagammagees compaement 5

obj ects f@r [ ? gg § r di mrents The connection manager 18
handl es vgri a 6%9%% e s.%ﬁ%%ﬁ ec 'ﬁ' are representative of operands
in the formula for each instance of calculation of the result of the
formula. Vari lcgmg%i %&E@ | fords .1 he ' ofs Whi ch
Is a -connect@gn obj ect CfEaE g&@ﬁ%&%ﬁavﬁlﬁg&d%gou ‘%wg{ag‘f)err%onent,
as W || be depwuidsédhe formua fr eathinglancs df edlaetioniterresuly pltbe HfmulsaViriablee
objects are i ﬂ?ét,g ' . mqb% %f&sa

| abel . Thesebagﬁc@%%rgygg&%g tﬁ{?z:zay;ﬂgggt;?ig%igﬁ odi ﬁ%ryn%b as na

connect i dfs, dafs inttexoul oba ghmpenens, 4s a6k be desprilied inhmore detailsdulewr Other types oft 0 know
i nformation ahaufe ¢ ts gg}ﬂ\tﬁg@&z&% |nbmedC QB t LS Wil
be described in %Doygg%gﬁéﬁﬁlpbel oW, I ﬁ%hﬂ%%%‘lécé%rng’\?l des ?ggﬁhgﬂl}ger, via
the GU 14, ofetsferrd toin e pebared nabodinent At waiesl gonapcipnscasdhay gra gieen vleball a as
bei ng definegg @%@_Hmﬁ%%%o&%ﬁ%o@a%%&%@&ﬁfl ¢ phsit | @y Qo & De

formula as it Is defined, Recording of the ?raphi ca I ption iIs
separ at e fr offmasaent, Brinwii by gessribedipmprsdetaibbelescri pti on. The graphi cal
descri ptipn describes what is displayed *n 20 the interface. The | ogi cal
description describes in J'ogical terms the relationship between  objects

di spl ayed i nTenEFPht 2 pravides i e ugesvia ey GBI 14 with e jofesface that graphiqalinn i n
Figure 3. The%deaawﬁﬁﬁ:@é BeihgefidedN FR¢ ARIVY T8l QVSredMAdOWEical Hes artool

bar portion augrl mary w ndow 28, and a secondary w ndow 3Q. The
primry wn i 88t Bdefinede  Recarding pf dke erpphisridgsgiption is scparate from the
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 intecface. 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, & primary window
28, and a secondary window 30. The primary window 28 displays a current page showing &
pottion 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 maodel for an accomulator.

The method of constructing a formula or model will be described with reference to Figures
4A to 4D. This example relates to & mine site. Planning, budgeting or moniforing 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 varfables is
manipulated according to a specific operator to produce the result. From the results planning, ,
budgeting or monttoring of the operations of the mine site can be conducted, Specifically, the



portion of the overall formula. The wi ndow 26 includes a page sel ector 32.
O her pages may 25 be provided that show other parts of the formula. The
mai n wi ndow 28 is shown displaying sinple nodel for an accunul ator. The
met hod of constructing a formula or nodel will be described with reference
to Figures 4A to 4D. This exanple relates to a mne site. Planning,
budgeting or nonitoring of the mne .30 site is conducted by using the
results of calculations in accordance with predefined ¥ &85 The
formul ae determine the results produced yhen Information contained in input
variables is manipul ated according to a specific operator to produce the

result Fromthe results L hg, , budgeti ng. or itorjng of. the

oper at i ons of”ﬁ#fé%wngﬂﬁgq&ﬁq'ﬁ@ “(’:B‘h%ﬂ@? uh%ﬂggﬂf‘rl %’,’“ifll?égz%“lﬂebruary
2005 12 resulHaulpfg hinadi beadngantbrial B of b SnibiGE Pit, 36 tilcasdl &P PR narh@PDefanes Haul
I's the cost of | oading and hauling mneral bearing material out of a

mning pit, i#hi s can, In a Pit naned Defiance ([PD). Referring to
Figure 4A, the Load and Haul IPDis desired to be calculated.. A variable

object 34 i el,ected fromthe toqgl. b 26 . and aced, i he, pai n, wi ndow
by the wePl %‘%ﬁﬁ“%‘?%&%’%‘&'wqﬁ&é?‘ﬁl}&ﬁﬁﬁa ‘??f@“ﬁ'&gh?@i““wgﬁ%\‘ﬁ‘ﬁggt" nouse,
clipr! ng, gir?@qmw glr;ﬂrﬂmm_ 'Bﬂ%h?iw' abhegxﬁai@birﬂ@gbme?&zlfpmw ';fr@ﬂssA

posi tion. e varjable is given the nane."load an .PD: .
Ponvent | on f oF BesBiDR Sl PLinbiog e min, cshioia e Pa PPt 1kl o

obj ect s) I ar ¢ objactCli Nigd &a:,éed phsiflon: OMPOVEIRHIS is( girarih RimeOtijogd fufi) Hal EPD". A
tTectangular, with.inwar intin rro esenting.inputs an

out war dl y pomVF%g?ﬁ%@&? ﬁ&%%*ﬁ%@ﬁﬁﬁiﬁ%ﬁﬁw E‘ocﬁtﬁ@%t i ons
(va_rig:ol ngbh&ﬁﬁ?}:a@(@m&pb@f@)m@?@&ﬁm iiﬁmd&Th_ Qakitingn d:ddatuﬁmmwagl c
vari abl e may, be .gi ven.certain properties.. IS i nducted by 1.
sel ecting t h&PHHy e?'#?%%‘” Wﬁg?%wgg?gﬁ%PWW’n V\?'%Oﬂg‘ﬁac‘- e ng t he
desired pr opémtistdsobjets} ire aeprevdnteduslinedbe a nuneric val ue, and nore
specifically it nmust be a currency nuneric value and that the units of

currency are AU$. The variable, once created, is graphically represented
on a video dibplasd sadiHauldSDaadibieciandybel giver lcbriath Srheestids.afibls Hoohducte®By. The

i con of e [ j.abk et W Xs t t. | receiv ny
sui t abl e’t‘%ouérlcieg%m %%W%%T%%M%ﬁ%c g ee&\%ea P rpg(%%not her
program or swhaslymbs be e canarivdalie, e raord spiceificadly it mikhie al comehop nuinddyikiug PD i s
cal cul ated, fr lea Ly adde ! d and
Haul ( Sel ect%"&g%dﬁg‘?% Cornate | s’}b@ﬁéﬁ"%'gﬁgw w%%?%t%%r?eah% t he
cost of | oaetsmydeorttisphauit axg diroke k4 hbeliod (Todad andiHmd IREXt (Theicomolohs wrizblBul k
material Is Mﬁ@r@seﬁg ﬂhﬁﬁnaymceivedatafmm any suitable source, such as manual entry, it may

20  bereceived from another program, or it may be recaived from a database,

The Load and Haul [PD is caloulated: from “Load-and Haul IPD (Bulk)” data added to the
“Load and Haul (Sclective)” data, .That Is, the Load and Hanl IPD represents the cost of
loading and hauling bulk material and selective material. Bulk material is from a mining

25  method that produces mineral bearing material and non-mineral bearing matertal, 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, e 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 slso be provided, such as look-up tfables,
conditional operations and other more complicated operations such as caleulus, trigonometric
and other operations. Additionally, data or text manipulation operations can be included. The




25 net hod that produces mneral bearing material and non-m neral bearing
material. Selective mneral is froma mning nethod that produces

hi gh-grade m neral bearing material Referring to Figure 413, the next step
is to select a conponent 36 fromthe toot bar 26 and placing In the main
wi ndow 28. Normally, a list or a nunber of buttons for each conponent 30
are provided to the user to select from such as additjign, subtraction,

mul tiplication, division, as shown In Figure 3. Nbrezﬁgﬁﬁﬁﬁéﬁps can al so
be provided, such as | ook-up tables, cdrAditional operations and ot her
nore conplicated operations such as cal culus, trigononetric and other
operations. Agsi dfi cpeatidng abldad e conduatxd shosidinptibalimited. olpduedtd cassiiman dfe

i ncl uded. The 21.Febr 2005 t , of r ons..abl e, .t.o be, conduct ed
Choul o not  pePRRiam Sid b ity neR g pBPEYlb SBRuRS, FritCe Bt te rmade
avai l abl e inégdh udzmgewiuwbw] el ethik edsepfher“add:t{m's ﬁp&d!ﬂoﬁhs atlested] SThesaddifioni n
nore detail bel ow. rte on era St sel.ec ? The
addi tion op %8# ?@'a.sr gé*ﬁ %{Wﬂ?% i tfﬂ tio
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|21é3 ;:ancI be cbfmamt@d:l lmys@@timta mgemmobjmes ifiom ﬁbﬁw&:bar% th rdoaw 8 fiee ﬁs)ol bar
o draw a_lin e
conponent 36%"5%5%85% aﬁ'ﬁwlﬂgﬁfgﬁh}%ﬁ \Lé%fg 2‘%?%0{“3% ?‘ﬁ'g aaaa%nd Haul
| PD  becones3& Thsuhd Loadrand bled, P besomes meesuii vriable, ot vithe u‘ﬁ'fthetrh&xzel&‘ the
associ atj on. The nputsS an re_re as
associ atlll'cgn B atrug'for zishen ﬁsgéﬁ ?Eﬂé&.&%nnm&?&gﬁéﬁ %’gﬁ\eeﬁ%%eﬁﬂ ar r ow
and t he var i biesnteiRes the cannerptioro3 Sistyrenthd Coulizmrowhad the variablbl e obj ect 40 S

selected fromthe tool bar 26, placed in the main w ndow 28 and is given
the name Load and Haul IPD (Bulk). Variables names nmay i5 be"initially

entered to Mae@mé@mﬁbﬂmh@mﬁﬁlmmﬁ ﬁ‘@n(ﬁ@m &er aplpagdine from

O herw se, { IBid ﬁﬁ(ﬁﬁ xﬁﬁi:Fs Load

and Haul | PD m%oga%s%ﬁlsm&gﬁnasso%?at ed Hﬁgn‘pl nput J%F

addi ti ori-Sope&eatl!@aﬂmW %m&%ﬂﬁmmsemﬁedﬁ%?me‘ﬂ?m Q’Qiewfem t he

t ool bar Qﬁ“ﬁﬁ‘w ec%w

Haul | PD (B E tﬂus becorres an | nput ri al:.)]%n %Q ag%l lﬁa%ﬁ I PD

(Bul k) i nput40218 agsasisteshwith ies inpeipeictherrdiion aperaforcié bl sslcatingaasatherronnastion

rel ati onshi H2r38 e Geck | e and
Qab}éﬁqiﬁ&n‘?ﬁﬁ%& aﬁﬁ‘éah%)de 'Ebﬁﬁécﬁa g%‘f%‘gtﬂéé% R4 hitb

t he conponent eferring to Figur not her vari 4 1 s named Load

and Haul | PEHGEER Ryl kecomes| a8dnmy vargfblaceﬁwaimd 45 BasldPRdBWK) frrehe
other iggut WHatid's APRidntdNsOPhAL QD 238 thel RPut rolationship 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 therehetween has resulted in a formula

being defined as follows: input variable “Load and Haul IPD (Bulk)” and input variable

“Load and Haul [PD (Selective)” are summed together by the addition operator to produce the

result variable “Load and Haul IPD”. When the formula is put into operation, fnput data

30 entered into the input data variables will produce 2 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



25 definition of the formula is now conplete. The selection of the result
vari abl e, the conponent (operator) and the input variables and the

rel ati onship therebetween has -resulted in a fornmula being defined as
follows: input variable "Load and Haul IPD (Bulk)" and input variable
"Load and Haul IPD (Selective)" are sumred together by the addition
operator to produce the result variable "Load and Haul |PD . \Wen the
formula. is put into operation, input data 30 enteredzhﬁPﬁmﬁﬁ@ﬁinput dat a
vari ables will produce a result in the regult variable according to the
defined fornula. In order to save the defined fornula for |ater retrieval

the type, a | t

recorded al o%"wp%ﬁa eg&%égsal? eacqr%w?%dgg{' 44%5 ﬁt‘ga%%ﬁdﬁv& Wth
this infor mfm&h&ﬁ%ﬁm@m@@ém@fmwwhyeved for |ater

di splay. Simultaneously with the drawing of the block diagramfornula, a’
| ogi cal definition of the 5 fornmula is recorded. Referring back to Figure

4A the creat i Simulbdnetusly withr tha dtawinghijf élet bléokalikgtdauforriPh a3ldgiced defhgtiont efitled. | N
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t he creati on additivh conyzongn rhé tsbyasieble Lioad dnda Hel! HER | is [aRD regigded. kA logBaland Its

connection t SherkddR %’FE%{F r qgen Agai n
in Figure 4% l?hrexljdt;:!r eatl ohﬂwoﬁ\l'L ;h&ﬁp"ﬁ Aﬁéa g??&%e%tﬁlﬁvg’%ﬂee ective.
vari abl elénd réepgled5 connection to the second addition conponent input is

al so regi stered. The registration of the conponents -and their connections
t here betvveenegand thus their relationship) is therefore regi stered and

thus a | ogi cXRefegrisss taj Rigwem 46 likewiae the cragtion ¢f)sthweab!ecpbteﬁt thoed pest Hav I
description ef,uyag mmu%&tnactﬁﬂd;édﬂelﬁputatuﬁ%am nJhaFi%tealﬂ&wa on the

screen and other ra hi cal information is not inportant to the | .ogical

descri ption )FNP@QPO? &g Lead gad @ﬂpﬁr‘-’(‘?ﬁ!‘@”ﬁlc&%‘@c%’t’Pﬁd itshe
gr aphi cajg deé&ﬁxb&iuhw &cblﬂeeqdzfx&fm?g Yt jsfiso brdpBedh @, Mk Pegis t:@nanfwmser in

a manner that the wuser can rel at and t he recardi ng  of a | ogi cal

description EemPones pRg ek gopnectione thepspetyreent (rchim thfr eladosstiy & to put

the defined {Bimddand QuddBgical BEmERA of ;A AL L cRIERNRLHAR B sxfesodiptidh dthe
| ogi cal definition and the proce55| n_Hl engi_ne need not be concer negc‘w th the
gr aphi cal - the objects and their refationships, ¢ positioning on screen amd

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 formuia is used by a

formula processing engine to put the defined formula to use. The user need not be concerned

25  with the logical definitfon and the processing engine need not be concerned with the graphical

definition, At this stage for such e simple formula the graphical definition and the logical

definition are not substantially different at & conceptual level. However with more complex

formuia 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.




definition. At this stage for such a sinple fornula the graphical
definition and the logical definition are not substantially different at
a conceptual |evel. However with nore conplex formula being nodelled, as
wi |l be described below, these definitions will diverge. Yet the user

will still be able to relate to the fornula being defined at an
intellectual |evel by the 30 graphical representation the formula and
the formula processing engine will be able to use th definition

wi t hout having to exclude information ohky, relevant to the graphical
representation. 15 An association between a variable and an operator
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i nput / r esul propetyi.abl e is the one checked. Inputs and outputs of conponents
hol d property information relating to the conponent. A 20 conponent is
defined by the properties of its input.s and outputs along with the
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vari able " BhkknﬂmmmmmleMSPmtrmieb&ﬂOm ¢Heckedost for mining
each in-situ cubic neter of "Bul k" mneral bearing material. Bul k BOW

represents the Bank (in-situ) Cubic Meters (BCM of Bulk material. This
formul a canlmpgaiand peptsupf compatenty holdrproperty dnferationorelgting tacthe Pmn@?-la‘bus

forml a,g Th@omﬂoﬂéﬁg is defined by the properties of its inputs and outputs 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 muitiplying the input variable “Bulk Rats” 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 muitiply operatar object 43 is

then selected and associated with the input variables and oufput variables. This may be done

by dmg*ging 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” end “Bulk BCMs”)



and Haul I1PD (Bulk}" input variable 40 is able to be used as a result
variable. It may therefore be selected and represented on the display. If |
"Bul k Rate" and "Bul k BCMs" input 30 variables are not already avail abl e, :
they may be entered. The nmultiply 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 nmultiply operator and placing it.
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formula is represented as two smalicr formulae. This will aid in inteflectual understanding of
the formuia, but logically there is no separation. ./ This is notto sty a separation canmet oceur
where the same named varizble has a particufar space within which to operate. A namespace
25  for a variable (and 8 component) can be defined Hmiting their application. This will be

described in more defail below.
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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 1
30 component manager 16 first allows the user to select a component type from & palate
displayed in the tool bar 26 at 52, In the example shown in Figurs 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




described in nore detail below The processes conducted by to conponent
manager 16 and the connection nanager 19 are - now described in nore
detail with reference to Figures & 7 and 8. Referring to Figure 6, a 30
conponent nmanager 16 first allows the user to select a conponent type from
a palate displayed in the tool bar 26 at 52. in the exanple shown in

Figure 3, an addition, subtraction, nultiplication aqf %i Vi ﬁ! gn buttons
arc provided for the selection as conponents. Wen oné e buttons

i s depressed the operating systeminforns’ the conponent nanager 16 that 2
1 February 2005 17 that particular button has been sel ected. The type of

oper at or  CONRIRYA BaHiculE bl Mas bebh Se1ddRE! The tARLEGhdrAbt TomPonkit® IGbWV Ti uddrndow
28 at 54 which results i.n the p|acenent of a copponent in the |ocation
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at 56 and t lgg ICARBIOARRE. TRisREtaAARY hpbRek tefg hom iohatbwing Rinis b8 &36at  58.
Details specific to the graphical representatjon of the conponent are

stored such a8d {EESOBBIGHIREME Mmaiseed ingle foypda deflion a8 Jistails specifin te e page
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conponent type fromthe, palate at 50. The user clicks in the draw ng
w ndow 28 at 62 and an enpty naned connection variable is drawn at 64. The
user can thpsfeningRo Flparevhvhéed fanet cudticétion lisltortaniRehided lirpihe formbik, thé ndes

named, a facility is grovided at 66  for.the us ept er the, name which
i s then Hf spfelsrd ?W@W@%‘nﬁmﬁt&?ﬁeﬁwgﬁ%ﬁ&%%& %%% o @gﬁ'ﬁect i on
i s then regi dde@ingdvisdow/I3. at BR4rali ah smpty nahebcotutectidrevadatdgph daeh aici4s (Thayseof t he
15 naned connection_ are. r rded. such h ane he, I . I tion
on the page,wﬁ%nnﬁlgﬁ%’& Vﬁ%ﬁ&%ﬁ%ﬁﬂ%@?ca ‘elggéscnra?‘ﬁ{’f‘(;%ﬁhééggﬁn g%oaggfhe
named connecior tie uasrao exteyi the sanedvitchol thes displagdriathe new ypeedobnneetivact 63.
connect i on. Rl et Dok Gl le b Gedrerdd of 98B M DEL VSR ARATALAY AR T S
such as conponents Or¢ conporment’ s ‘and ‘haned connections 1 s described in
rel ati ort® o fengd cenr@ctichhee nwenrdedsaitieet the mamerthe Gipe,ahe ppiticonn ite page thool bar

at 72. The user clig§ 0 2 ng_. an [ opne N a
named connec “or an%’t}qoeﬁcagorrpgﬁ%n ?A“gf&';ﬁjf’ﬁEi%e:’&(%nnec%%%’mn%%ggt hen
det er mi nes whetdney, typhef reorhemtictm. i s al | oned based on the properties of
t he objects being connected at 76. If the connection is not allowed, as

i ndicated by "no" on 78, a warning is 25 provided by changing the col our
of the |ine Reaférrigg do digure 8, reuipnegtionchateden vaplemtor lnbjects | saehr esofonpopents or

20  components and named connections is described in relation o Figure 8. The user selects a
cornection option in the tool bar at 72, The user clicks on a component and drags a connector
link to & 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 78, If the connection is not allowed, as indicated by “no” onr 78, a waming is

25  provided by changing the colour of the line being drawn to red, altematively the colour of the
named connection may be changed to red at 88. When the user releases the mouse at 50 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 tumed 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 &t 86, Details relating to the graphical representation of the
connection (fine) 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.




nanmed connection may be changed to red at 88. Wen the user rel eases the
nouse at 90 the drawing is not conpleted at 92 and thus the connection is
not registered. If the connection is allowed, as indicated by "fires" on
78, the colour of the named connection is turned to green at 80. As the
user releases the nouse at 82 the line representing the connection is
drawn at 84 and the connection registered at 86. Detgils relating to the
graphi cal representation of the connection (tine) su end points
of the line and any vertexes (bends) oR®the line. Details relating to the
| ogi cal description are registered such as the details of the conponents
bei ng connected. 18 The.processes described in relation to Figures 6, 7
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20  formula.

Referring to Figure 10, the example described thus far has been using a top down
methodology to define a model as a 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  vatisble 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 caloulate the final ouviput
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,



I nput variable Load and Haul IPD (Selective) 44 are all used to calculate
the final output result variable Load and Haul |PD 34. The outlined | abel
area 106 shows that the existing nultistep formula (nodul es) can be

chai ned together to produce a nore conplicated higher 34 |evel formula.
The steps inside the dashed box 106 can be grouped to forma high order

conponent. The inputs on the high order conponent are ;ggmn gi an "X' and
the output being shown as a snmall circle. 21 Febuary i's high

| evel fornula could al so be defined witheut the need for the vari abl es
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from t he cur pustfaubBHBalkY astised elsgwhes. anew page. The internal worki ngs of
t he new conponent can be viewed on the new page. The graphical description
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20  the inputs of the grouped component on the other page. Likewise a fogical connection i3

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 remaing unchanged whereas the

graphical description of the model is different,

In

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 leve! 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 fnside by
“tuming” 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 detail.



Load and Haul IPD result variable. The new conponent 108 can now be reused
W thout the need to redefine the individual |ower |evel fornmula that nake
up the high |l evel operator 108. A facility may be provided to show t he
wor ki ngs of a conponent. This may be for exanple, 30 by "double clicking"
on the high level fornula to open it up to display the chain Inside by
"turning” to the page in which the inner workings of thﬁ coggﬁnent are
shown. This process is called "drilling down" to see | evel of the
retail. 21 February 2005 20 As can be s®en that a top down design
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t hen- B woul d, -, out of, ne t have been an.i I n, addj
because G HESTIRPIoReRieh Briifag s, dimensionaad anis % the Pt CERG E s on

mass  (Kkg, abw REGDESN Yos aBlintiSion boMmassHizAna 108 O&its@N kﬁhgﬁnﬁﬂ@t@rs((ﬁ@n) lai kewi se:
necese ty HEUTPREGHS ALETH R e Hiigamin tipe i 1] b KIPEEH (Ehdl ons. and
units of eaehbeah defived with theprapdics bbbetpfeithdr agéal ohen fpgéaiufiber, This may
20  have been the result of defining the properties of A and C by viriue of inheritance B must be
efther 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 (kgim) 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 virtue of the dimensions and units of each of the inputs and the effect of the operator.

Since B has the properties of being a real or an integer number and the dimension is in metres,
the actual varigble type meeting those inherited properties will restrict the type of input
30  varisbles that B may be. A pull down menu 110 is shown that lists a number of varisbles
types that have been previously entered, Variables types that meet the properties are shown in
a normal font and veriables 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.



Since B has the properties of being a real or an integer nunber and the
dinension is in netres, the actual variable type neeting those inherited
properties will restrict the type of input 30 variables that 13 nay W A
pull down nmenu 110 is shown that |ists a nunber of variables types that
have beet previously entered. Variables types that neet the properties are
shown in a normal font and variables not neeting the properties are shown
"greyed out. O course, an alternative nay be to sinﬁﬁymﬁﬁplﬂgsplay t he
variabl e types that are not available fd" selection. 21 21 February 2005
In this case, the variable type "SHAFT DI AMETER' or the variable type
"LEVER ARM LUENGH klise,rthy visiabledipe ¢ SHAFT\IHAMEGERY onthe viriable typer LEBER L RM pes i s

sel ect ed frofﬁf@?’ Yggt +TE RhHs O ,Pﬁ gﬁjja%j- of

t he variabl e B. e%égr*feg% es ab é&%&gfeﬁg%e e%&‘g%{%n#nay erfg%?g?ned

froma vari etigwomesiosilicthen basorp tha yadhblectiyesd sheorarizbld BbThe yarigblesteblecto babl es,

and not | ust %Wmﬁ?h?%&giﬁed@&nﬁ%e Mm@&”&bcﬂ%’da&%&'{e@wa ﬁbnh#r%% of
as shown, sentative 0O he

t ext ual varl abl e nanes, owever 1cons repre
vari abl es5 nayariablen abbnatgest miamally gerpdi| Theguidowremenu i@yhontaipai sl textual

sel ection ne qg;g!‘;g?/ ot her -
I nput -vari ab?%gbl.gg%g%—‘-%gsggﬁas we %SW&&%??%%@??@'%Q%&B% O '
The order of the phibdavinonenyf Otlfsesuitahi¢ sisbtéon ngiusi may else boampldypd.det er mi ne t he
properties of subsequent variables (or constants). To check the progress
of the definition of the fornula, a facility may be included where a

poi nter is plaestaing pogess can pppty togfther finput varinhids sudhicdsrfy ad avell m desul derigblas ndow
will ap r LRt o IBeQrdR LR Rs A8 deBEd i : a.gpe%p,g in

Fi gur es&%A and 1%8 . In é?égé%f&e&%gkﬁ It %‘?aﬁmbe seeWﬁg‘%ﬁ{ﬂﬁé pol nt\gircI i s

pl aced abovesubiauess variniies (arronsang®. a | ook up table. Beneath the pointer, a
box appears that shows that the properties of the input needs to be a
"Grade", which is a nunber greater than or equal to zero. It can al so be
seen that griueheskithe peegsy ef the definition o dierfyrmpfe, ¢ fasiily ex be Brded Whiress gur e
13B, the poigiy ssﬁﬁse&fbvapag&iBgmkqo@ﬁﬁrﬁﬁgld@ﬁnwwhwm@#ﬂl@ h
shows the definitiord of the forpula thus far. In this case, the formula
so far &&f i rfiplaysthe formplp defiined pus fp(agshown jnfiigums J34 8ad 1383 r | ods” with the
data in the variable. "period" equals "nonthly costs |ower" 25 value), the
result is the | ower value (L), otherwise the result is, upper valuye (U). It
is also podaFisre 34 kisarke ?%@Wf“?%dﬂwm%cfé!ﬁﬁ@?%?fea@#‘éﬁi ng to

ET% e, 14, itﬁbgl. rlﬁsq?c@ﬂ" Eiéi‘,bfboi_f:r il @i $gw§tBQRQ{e pefiis bfhdipit Reds o' SHEAR
= ( %a“grade’{(whx %num gmamrﬁmz(owqmljﬁémc. tm%ﬁoga:mﬁmtgmda is

20  given the property of grams per tonne.

In Figure 138, the pomtet is shown pointing to Schedule: result variable, which shows the
definition of the formula thug far Ins this case, the formula so far defined is: if (Jook up table:
“monthly cost periods” with the data in the variable: “period” equals “monthiy 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 lcok up table operator that receives an
input, which is a metal alloy input vadable 122, into which data is received. The look up
table may be a component that references data stored within the GFDT, Alternatively the




30 ELASTICITY") + "LENGTH . In this exanple the icons that represent the
obj ects displayed are different. Shear nodul es of elasticity 120 is a
took up table operator that receives an input, which is a netal allay

i nput variable 122, into which data is received. The | ook up table nmay be
a conponent that references data stored wthin the GFDT. Alternatively
the 21 FEBRAURY 2005 22 | ook up table nmay be a conpongni, t hat, references
external data. For exanple, the external data nay be rmof a
spreadsheet. The GFDT can be provided vd2h a plug-in that enables data to
be transferred fromexternal software applications. A typical spreadsheet
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properties f’%ag”t”ee ﬁ‘ﬁegl npufa ‘g’%ﬁgfv%emgu]fm& @Hg‘fsﬁé %Beerc’g%?o “ﬂbdgfﬂw? uI’*nave
can al so beagsendgwe with ¢elpyesatempthed so 20 that if it is desired to add
further inputs "f', "g" and "W' into C as indicated in Figure 16, theses

cah be added as thefornula is progressively defined. Wien it is desired
to add i® ne&pferi'in@tpti’im tmmmmmer@uaw‘a:bbaﬁmmaae%mma to the
conponent i ﬂz ioR e 0 Thus
fiurher narre var i aﬁaglg'n ,OH V\tfd R‘E&M% &tﬁR%ﬂhlt(iJ ?%Lerﬁgot%ﬁugc p%g t he
respective mma&wto'f‘hemplﬁmftc @}' @ld@ﬁmdégpthadmoMmdﬁmmm d'@vm ibe 25

added as r X:ctén? ﬁm&% of the
conponent n eﬁ’omiloéeénagéaﬁ% %?%&F t nex g“'i:?eve Ehés
i ndi cat ed |the inptguméthg pupebihn epezatiaty Emugthaye, &W@h@b& prygressively defined so

20  that if it is desired to add further inputs “0, “g” and “w” into C as indicated in Figure 16,

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

in;ﬁutto 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 level as indicated in Figure 17. Another layer of functionality of C
is defined as indicated in the box 126, Alternatively functionality of C may be dawn from a
30  library of components. A basic fibrary may be provided with the GFDT. Alternatively &
library may be provided on-line, A component that fulfils the requircments 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 Figurs 18 & component residing on a different



Is defined as indicated in the box M Alternatively functionality of C may
be drawn froma 30 |library of conponents. A basic library may be provided
‘with the GFDT. Alternatively a |library may be provided on-line, A
conponent that fulfils the requirenents can be searched for through the
Internet. Once a conponent that fulfils the requirerrents Is found it may be
inserted into the formula, As shown in Figure |$ 'a conponent residing on a
different 23 machine is found that fulfils the propert cbEhmendddied of the
conponent and perfornms the required funeti onality as described in a
description attached to the conponent and this can be forwarded through a
conput er net wewmhireudh faasd thae fullfiis the poapedties tetpdrell of e dompéranicand psffo:t:iaehGDT

for insertion f Iy it
can be seen tﬁ%@%fﬁ&g‘m %IOI’I o?&‘%&ﬁgﬁ gucieﬁsaﬁ ﬁ%étgﬁ%&%ﬁg%

recei ves the fon\pud@ﬂwpu@aammmm{kmaﬁhﬂmekw&eIﬁmlmstan@&afmf@ﬁ}ﬁ ng to
Fi gures 17, |t can be seen that the product of A
X Bis conne\(lz\{a?%s%g'/&(fgtﬁﬁgc%&nh %iigg 0 a tenporary variable "p" which is
then conpd&ed to.the input -variable "w' as indicated by the 3.0 equals
sign (1w) o The ' ison is
roe. in  n SpeH0E o elfe (R cefee3pR kO § fkbn bnE BRulc of Mng SRHREL O,
"f" and "g", m@rmﬂwwmﬂga@vremt%? (AxBfﬁ&G@nﬁdHrmngimmsrhMisal se

t he result | S h ;9%! |p||ed
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for a fully d@#qm%m meweﬁnnmfy@td“g‘ém'éd t s
functional i tbm%ﬂ:btc&nﬁa?ﬁdﬁtéaﬁ'ﬂt ﬁﬁé &Utr&zﬂ@'?sf“t}“e% reIﬁI?gf&lé%'ESGﬁ’f‘ pl ace

an enpty conponent a design environnent and define its I nputs and

out puts. 20 Wnﬁ&m&ﬂfﬁw asgrdieard by Shepmdniication apersen( ‘B WEY 4 sREslaNtat er as
required or Wemﬂ%enwm&@émﬁubeso IR §sSth vkl By ihdu GRNalifbd B Rmiear ch

criteria for searchirng for conponents that can erformthe function forma
library. 15urfﬁ'e?“§%’éﬁ@#°éﬁ%?@é“%ﬁ@?%‘édﬂﬁhwﬂa such as key words,

hi gher class |evel structure information and so on Errpty conponent s
further assist in top down des‘ggn met hodal ogi es. Is desirable to use

col our codi nEMPY eapprcatsican bey %’pﬁl"cﬁ?"”r}'@w‘e@éhﬁd‘yl d&ﬁmdﬁi?ﬁ‘?@%&hp%, one
colour, say Binp® cofpdhedit®eCite MHidcBMRY betRBALE Blpus GhOblipufSRYindl qRA, can
repr esent Opgsrcgga?irpiacc an empty component in a design 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. Purther:search criteria can-be provided such as key
- words, higher class level structure information and so on. Empty.components fucther assist in

top down design methodologles.

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 reprasent operator
and yet another colour could represent constants, Input can be shaded lighter, say light blue,
and outputs shaded darker, say dark blve. This assists in visualising the representation of the
30 formula, particularly when complex multi-leve! formulas are represented. Other visual
' representations, such as icons can be used {o represent variables, constants and operators, such

ag is used in the figures,




and yet another col our could represent constants. Input can be shaded

| ighter, say light blue, and outputs shaded darker, say dark blue. This
assists in visualising the representation of the 3 0 fornula, particularly
when conplex nmulti-level formulas are represented. O her visual
representations, such as icons can be used to represent vari abl es,

constants and operators, such as is used in the figureaxfhﬁé?mﬂy of the
objects in a GFDT nodel will be provided with properties a e user can

view and/or modify. As shown in Figure #8, an accunul ator conponent is
defined that accunulates an input received 132 froman Exec( spreadsheet.
The di screte outiauet he ehiactsties CEFF weddbwill be pravdded jwith prferatiss thet thetveer paggiew

sub-total (Runniqpg Le&g! ) ARYshORE 5P FRire 134 oA NEuibPHE dorkPondne TEARLY BREr at or
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"nuneric" type ggg.igl%ﬁ i Eﬁ%ﬂ@{ TR 146 BhEES, i + 6l j,on of
length' . A w zar Fgan eakg%tl e toﬁ§§§?§# Lﬁﬁﬁﬁ%gggrégﬁﬁgﬁgg?%k
properties for syl vdndoyy 34, BPRertien ! fiehahightedolisshtre phonti e @rapsrtisirbduct s
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an engi ne ni ghterde furthensis & prpr dsemding ontiirdauis aPrdheE A PR PHER t y as
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i gure e user can‘change.val ues o € _proper S, Si, editing
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representationn e .deﬁﬁaf%@yg'anﬁﬁé&ﬁﬁﬁggﬁgiaﬁal??%%ggéﬁco ex
nunbers requi rregrdotanfepgisdnt set of operators fromthe addition of real
nunbers. They both can be represented by a "plus" conponent however the
way in which the copmponent deals with the data,type depends  on ‘ge nat ur e
of the dat?® tﬁb§$WV%% 25 gt W@%s?@@Wﬂﬂﬁ?ﬁ%ﬁ@?ﬁgﬁﬁﬁﬁﬁ%ﬂ?V%?*Hé fbtiation
process takesfhﬁ&ﬁeywhﬁﬁgb#kmhﬁﬁamQWQp&mmHg.

Complex dmwpeswﬂlaiso nesd to define the operations that can be performed on thern.

Operators may use existing components as the representation in the model, For example, the

25 addition of complex aumbers requires & different set of operators from the addition of real

nwmbers, 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 dats type. When a

connection is made to a component a negotiation process takes place whereby whore ever

thers are existing properties of a connector data type or input or output of ant operstor or

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

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




there are existing properties of a connector data type or input or output
of an operator or 30 naned connection, the data type connection nust be
consi stent. Thus through a process of negotiation between each of the
objects a correct data type can be selected. Referring to Figure 20, an
addi ti on conmponent 149 nmay be able to perform several nethods of 25

addi ti on depending on the data type. This is known as a overl oadi ng. The
data typo nmay be provided with an intri |g5| ¢ met hodol &S%Wal ing with

different types of data as indicated in"the table, however additional
met hodol ogi es of. dealing wi th di fferent data t% es can be_ provided.
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the variable_on uk 1;? g Levent
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one anoher .of a component,

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 8 common name are not the same object, :
However the namespace can be modified. This is skin to local varisbles in many
programming languages where the name of the variable cnly applies within e particular space. :
‘This is to prevent two objects that have the same name but are unrelated being confused for L
0{‘13 another. .
“30
Some operations ars extrinsic, meaning that they are performed outside the formula engine.
They are performed by making a call usuaily through an application specific plug-in to the
external component along with any input required, whereuhon the result is fed back to the




30 Sone operations are extrinsic, neaning that they are performed outside
the formula engine. They are perfornmed by making a call usually through an
application specific plug-in to the external conponent along with any .

i nput required, whereupon the result is fed back to the 21 february 2005 26
engine (via the plug-in) for further conputation of the fornmula. Extrinsic

conponents arc nade available in the G-DT by inporting a conmpaonent type
definition file. This then provides a definition for Zgﬁ’@-‘%%nent for use

by the GFDT. A conponent type will tysically have a set of input and
out put connectors which a conponent nmay then be created according to the

conponent t ¥pAne Wheme GRIFEIANRE ARHACRpEHRM DL He RARI RS obrhpohéiRs are
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provi dess a advBsingito thecopotemgpelet ai | and forces a user to follow a nore
structured approach when building a nodel. Conplex conponents are
effectively functional blacks with well defined interfaces. The user then

finds it di Whs thinpstiding k dréuppefidvdiptient alicthe rdaaibitons thatl ddald ntkidendher f aces
and 5 functional h)ocks .ar rovided. Some conponents ar xtringic
conponent s, “COPERTE W%SIB‘?‘?I%?@W @%{"ﬁ"@’ﬁ?‘é;‘ﬁ%&f@ﬁ%‘?ﬁ igﬁﬁmﬁ‘ wr apped
i nt o a GFDTconaergion tsndsed mtywhsre cutakie thedeimpanent] 18z nbsled.coniedon ishoaly whed i ni ti on
I s exegut ed, t. al culate the fornula it ual | v uses.t he cel r eadsheet
The. 20 Kho: ok SXrsRheis 5, &° e S, oF Jht Btmed ARG By EeBtos B G0
pass data iuposant Buotiil-ab longérdeapailpde entside e vwtnann{ibinenthed prosides® in a
different epgin Q) i . t i of V] of, .t he | ocal
function. e'ﬁ%‘lnﬁ‘gff’ ﬂ%{i}f}g%@l ?/écﬁ g%@'ﬁﬂ@;’%h%%{%ul n'fierg‘??a Rch1'!"'v\)’gc\rﬁllg’|u%;11%“§é]unknovvn.
25 Wer e a xondebcCongriex ®@mparents e effetivae funttional dlocksovithsyelisicfiried interfaorsponent s,
a named ‘comnegciiqn e . h " in.%rl '
Properties @Q@n%%ﬂ%ﬁ&aﬁﬁgﬁ?ﬁgt@"gmﬂéﬂgﬁ%ﬁ% %é“ﬁiﬁggfﬁi%ﬁ%d ea%gﬁrr'lédd
connectiifon fdmtisnal blocksareeprovddede connect ed anot her object at this stage but
can be used el sewhere by placing anot her naned connection object on the

desi gn page and selecting the sane |abel, such as froma drop down |ist.
This will rfotecomponentsare extrinsic components, such as Microsoft Excel word spreadsheet. This

can be wrapped into a GFDT component and used when defining a model. When the
- definition is executed to calculate the formula it actually uses the Excel spreadsheet. The
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.
Prom the point of view of the lacal 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 fo
the named connection, The named connection 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 connections is formed so that when a connector of another
object such as & component is connected to the named connection, every instance of the



30 new object but rather allows a second instance of the sanme object to
exist, provided the second instance is in the sanme nanespace as the first.
As indicated by Figure 21, a |logical connection between the two naned
connections is formed so that when a connector of another object such as a
conmponent is connected to the naned connection, every instance of the 21
February 2005 27 nanmed connection can inherit the pr099££ies @E t he
conmponent, Likew se, when data is provided to the na tion In one
location it will also be provided at the®ther |ocation because of the

| ogi cal connection. Furthernore other instances of the |ogical connection
wi Il transf emméhesmpéctiperctn éeditoho plopertigoifbn enipenaat, Cipwketwiensdatzhiat are

related to the n S - connection. Typically.named c cti.on e used
Lo fdent iy PR e S B PRl u P R ARERFREE Vol ves
in the nodel bechuseafithe lupinahesatdction. i Fartidanore bther igstanees ofithé bgloai cortectiomamdiBnt | on
sof tware progragm | e dn that it may appear . in l.aces i,n the
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connecti on i 8 calventive doftearh @rogmomrgc lhephaget ia tdan itinmy Hppef iramanypdacat drthor a
named connegtj. Qn ' Q£ ; ere i n . L des an
ot put o a iR RSk vhBEuh t ) S BSHEaRySPRBRETA, At C°7, 2
named connectf ovalyriowindmed sonntctipnior angnmi oporupattoBeanmiyeicf dood in anetplnee
creatio f | ' bRk O nd t he
I nput oﬁ@on%@%pg§luﬁﬁﬁ%§ﬁdﬁ%$g§%ecilo"%lgi%g&lyn es%@%gé?@g‘%n@lxtion of
dat a t hr oughenevmtriub cesmeation aheiewsd &f ba tnanerteddd an Inputt efragsopedftor o alnayed al
definition, ofOnnections are Irrelevant as it is purely a neshed

networ k of conponents and connections there between. 20 During the
connection of two objects checking, matching and adoption takes place. For

exanpl e, 1f ﬂfﬁﬁﬁ?%@ﬁ%@ﬂ%@&%&oﬂ%&&% g{oﬁgﬁgggoﬁtg&% Q%&@&?ﬁ?ﬁ&{‘o& hey

nmust be the sane rder for the conne e al [ owed. Its need not
be i dentlifcal ongpagecig thes on apwsiey preg iterpampd ennoretioroprovides de inputrtp perapongt Bany  of

the propertigs.MLes HRRREGES Abei&l '@np%t&egﬂ'ﬁmto%o?% Gt @GRy ed or a
different property can be discarded In order that e properties renain
consi stent igntel empenest By ohlogislicanneqtivn ininsssense a compgunieationef dsttrthiowest t he
connecti ons chifipdaBf ofthé BB z.ﬁg;mégf&s% pegi &iﬁ%ﬁ&b%%uﬁ?&mwt has

o]
functions avallable to work wth t at
irrelevant as it is purely a meshed network of componerits and connections therebetween.

20 .
During the connection of two objects checking, masching and adoption takes place. For
example, if dimensions have been defined for both connestions then they must be the same in
order for the connection to be allowed. Units need not be identical as fong as a conversion
factor can be determined. Ifany 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, a number may need to be converted into & text string,
30
It is fo be noted that an cutput may be connected to many inputs and thus negotiation may not
simply be between two connections, Each time another input is added to the set of
connections further negotistions will take place to ensure that the data types are consistent and



there is not then there is a check to see whether any converters nmay be
made to make then conpatible. For exanple, a nunber 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 sinply be between
two connections. Each tinme another input is added to the set of
connections further negotiations will take place to ensuyre that the data
types are consistent and 28 if necessary a data type ns?}ﬁﬁ'ﬁm‘?ﬁ%ged to
accomodat e t he new connection, The conmp®nent nanager will search a set
of avail abl e overload functions, those that work with possible data
types. I n addi tif assssay ai daablys: et 8o clangedr b akQmrmyatd eecRecioatdction SHR
whet her the data _can be cqr t 2 ACC aple ta t LT .this is
not possible t KER LR m@%ﬁ%ﬁ@%?‘é}ﬁﬁg%ﬁ%g@@@?gﬁ%@h‘?&%&%&%@?%& VWE"t h the
conponent s t hatposible datmtypdsi radditimmayeifable daa cofibrirists can be dherdeelf to eoe abhéther the

properties of GanRAGELORStRE AcdeRRiARta RO 5 hid 1stBCpositid difh HPHGlesnokiOVEVEr
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di stance fr8&m ZERREW may §i fRoErerdiat tvith the frpRonquithad h eonarc@ongpIeREd Tis wnoceed
over. 10 Ref er tchd@ ald 8 robitidslofishcthbls beln GenafoBati th &l @itidR6R]. HoReRE NS data

froman input spread,sheet. . .;This cQ nent represents an Excel spread
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out put connect emns@puishtdgatiations aauliolved thegroped dveone beconming avail abl e only

once all the connections have used the previous value. This conponent is
connected to an input of a addition conponent. The other input is

connect ed 3% aRefrusgtaskfo Figury &%, ficaccimpfater aosplreceivessist froman gyt seread shect he

addi ti on conmpongRtonmndPRRREAEth EQIApRBITEY cord@iRPPRAMn deihahbaRi mERI NS at
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the outputs’ (t d2 53"31"'6 CHPH PPBTRY 18 Hd PEIPE B PRt
spread sheep. svhibble auly pude afifthd dvecestipnDlaye cdienesvious sahpr CRhisdedipdnenttine naned
connection " | . » (XY I, | s Rl Aur i ng
the cal cul at mm#ﬂieg%‘hﬁﬁg%%‘?iw nam@%&ﬂ#\ﬁ%%ﬁéﬁ%%row ed to an
i nput conriéct ofotad’ mampd mnestingp dhesptputyftee sddjtignorempences ineoruecied ® 8 Mamersf er  of
the input val Ugmbder B ibiciitlar SRRk Phdohted B Rs ¥BkU Rl Blherdodfntd NPUL

connector (on the bottom is true or -there; is . no nmre data. In_this
way - the out e Ml (S paelnath B g ieston A dat SO (P JPRRreR e ghe

I nt er medi at e watputes the mEhery @othyRudnt B brovilel 18 # hahedaotpaize MRunhidg DstdViheed to a
"Sunmt nanmed c ction ' V@! Fe es .1 he.su . 1 agg;éﬁul ation
which is 25 wi ?%‘Er? Fo e %tﬁt pu %k%gr@oﬁpéﬁ?msp@am?&ﬁe out put

spread sh@@t repréor vt poviied ther npef @l swigir erporsneeThis eomplahesh bipdke frresul t - of
the cal cul ati @itk delthedigput\alub bfk oulpl ARG G tle v@Rle at a gate input connestor (on

the Bottom} is true or there is no more data, In this way.the output ondy shows the sum of the
calculation not any intermediate values. The output of the switch component is provided to 2

“Sum” pamed connection. This value represents the sum of the accumulation which is

25  written to the output of an output spread sheet. The cutput spread sheet represents another
Excel spread sheet to which the result of the caleulation will be written. In Appendix 1 an
example of an extensible _mz:k up language (XML) description of the formula defined is !
shown. It is noted that e section of data relating to the definitiont of icons is not shown, This
‘deﬁnes the recorded description of the formula as shown in the window. In Appendix 2 &

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

Referring to Figure 23, 2 more complicated formula is shown which receives data from a




exanpl e of an extensible marls up | anguage (XM.) 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

| ogi cal desripton in XM is shown that defines the conponents and the
connections thereto. Referring to Figure 23, a nore cqonplicated fornula is
shown which receives data froma 21 february 2005 29 égB@%ﬁngﬂEet 150 of
"List of Itens to Pick" which is providéd to a nanmed connection "item D"
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formul alSo pnderather dutiyds sronwi iv thd final datsbess] Sd as mlbamnbhé'is r'@smsultoﬁﬂlﬂt he
formul a whe ItE%e& %F:%Q -graphically
defining a %rB a?dﬁgés efin g’eby the presglg ven?l on has a nunber of

advantages. It provides a sinple nethod of bU|Id|ng a nodel based on a

nunber of 25 i tom up
desi gn et hodfg?}{)gy &%ﬁk%nﬁ% can %"L ?ﬁ% Z#&?‘l abl e prcgﬁt i es
are inheri t dermsdy which dwmmpmwmmwmmmwm bebresen theas ul t
The nmetBgd REOWdRs ROGETASITR of Bl frof8fiat ARVad Tk BRGaRlitate the

result of the formula when provided with the input data,

The method of -graphically defining a8 formula -as defined by the present invention has a
number of advantages. It provides a simple method of butlding 8 model based on a number of
25  formulae that can be built using either top down or bottoms up design methodology. The -
method can check to seo that variable properties are inherdied comectly 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.
10 _

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 checking/auditing of the
accuracy of a forrmula is nore easily achieved. 30 As will be appreciated
by the skilled addressee, nodifications and variations can be nade to the
present invention without departing fromthe basic inventive concept, such
as: various graphical user interface technol ogies cag Eg usgﬁ with this
nmet hodol ogy, such as pull down. 21-February 2005 30 ) pul ati on of
graphics and information bubbles. Such @8difications and variations are
intended to be within the scope oft a present invention, the nature of
which is to hengenesipilaiod of graphidslasd ihfornetion ipbldescri ption. 31 AM MW 1
<'?xcal version - 01.00?> 21 February 2005 <Xenpl ex> <Package Nane -
"Internal™ Description <Type Name - "ltem List" Description "Z:\Peno\Price

List ttQ xl ssm;ﬁmmmmmmﬁwmmm@d&mmmook :

"Zt\ Dew\ Price List rksheet - "ItenB . Bi ck" Start‘: 112"/5
<lcon> <1 ( ﬁ’dgl‘ %’EMW m the foregd riptiott.

t[] AVWWDAWMVDAWVDAZNI AMVDAX MD14t | DAWML 7 Aw~Awnkt pA~r H 7AWM 7A 7A OODQ4NDgOO
Q4 NDy QQDQA NDg O0DQ4 NPg 6 QDQ4 NDg O0DQ4 NDg O0DQA NDy QODQA=g CQ ] G4NNDgO | >
</lcon> <Qutputs> <Qutput Nanme = J: temi D' Type =- "Nunber" DataType -
"Nunber” Line "An /a </Qutputs> </Type> <Type Nanme R3um' Description ~
"Z:\Denmo\ Price List NQ x1s" Type "putputbata">



<Application Name - "Excel 97" Workbook sr "Z: \Dents~Pxice List NQ x.J.s"
Worksheet > "lItemw to Pick" Start "Z"!'> <lcon> <d CCDATA( NDJ

t ] RE[ T2MDQMVDAWK f DAWWDAWDAZNI AWM 7AVWVDI 4 t MAWDANM' !~ Qw

[ AAMVDAX 4i DAWKDAW t UA OOD04NDgQ Q4VDg QODQ4 NDg QODQ4 NDg OODQ4 NDg QO

Q4 NDg QODANDg CCDQANDgOODANDGCl | > </l con> <Lnputa> <Input Nane - "Total"
Type - "Nunber" Line "F'I> </ Xnpi ts> </ Type> </ Packa|

<Conxponent Packages> <Package Fil en&he "Z:\ Del phi\ Conpoﬁ%%%@’&er\ Basi c.
a"/ > <Pa ‘{él ename .. "Z: \Del phi.\Conponent Maaager\ 2t andard. xnp"/a
</ Cocap ong. q{§ <JMDdeI > <Page Nanme - "NevPage"> <Conponent, Nane -
" AddO" rﬁg%{’ nect Pa 58 "Standard' Ccnponent Type - "Add Left - 0161" Top
- 983"] <Gempaetor Type = "l'nput” Nane - "Connector $0" U D - "12" Edge ;
"Left" !> " Lefdckige S@enﬂémt@mﬂ seriptippert **>Nane = "Connector $1" DID -
"13" Edge Qgﬁﬁ"ec”d‘f’ Ty P Listy OpiFFIPtARME "2 \Reppiietaeorts$ 22 sbrDTyee T 4" Edge

n . n gr

Ri ght " /> ¢FC5 k2t s ade RORESL PR Eosk M OEOBLKNFricLRIMORERI RaCKaGE -
"Basi c" GappoRed et hypes to bhbimogesre kefr/s " 266" Top "85 > <Connector Type -
"I nput” Name */N <idde’> | 7117 , "15" Edge ". "Left"!> <Oonnect or Type -

"Qutput” NaE v RS refdBowod Sma mRGma ) Sbao! bk hBhaiowShdBhxtoammasma

QODQANDgOUDQIRDGOONQANDg 0D RDgGODQ4 NDg OOUQ4A NDGOQDO4 NDgQOUDQERDGOCEQ4NDg0] 1 >
</Icon>
<Outputs>
<Cutput Hame = "ItemID® Typs =- "Numbezr® DataType = "Humber® Line =
-
</outputs>
</Typa>
<Type Hame = "Jum* Description = "Z:\Demo\Price Ligst NQ.xlg®” Type =
"OutputDaka®>
<Application MHame = “Exceld?* Workbook = "Z:\Demo\Price List HQ.zls"
Worksheet = "Items to Pick™ Start = "27/x>
<lcon> ’

<! [CDATA {NDIORSUZMDOwMDAWMDAWMDAWMDA TN AWMPAWHD T 4 MDAWMDAWMT QW DAWMDAXRDAWMDAWMDA

LODQ4NDgOODCENDYTOROIRDY 00DQ4NDg OO NDgODRI KD CODQERDOODQ4ANDgICDQ4NDGC ] 1>
</Icon>
<Inputs>
<Input Wame = "Total™ Type = "Number” Line = "Pv/>
</Inputs>
</ Type>
</Package>
<ComponentPackages>
<Packayge Filename = "Z:\Dslphi\ComponentManager\Basic.xmp"/»
<Packaga Filename = ¥Z:\Delphi\ComponentManzgsr\Standard.¥mp”/>
</ConponentPackages>
<Model>
<Page Hame = "NewPaga™>
<Component Name = "Bdd0" ComponsntPackage = "Standard™ Componentiype =
"ARd™ Lafi « 161" Top = *E3>
<Connector Type = "Input” Name = *Connector #0¥ 0ID = "12" Edge =

PLeft®/>
<Connector Type =~ "Input® Hame = "Connector #1" UID = ¥13" Edge =
*Left"/>
<Connector Type = "Oubput” Name = “"Connector ¥2* UID = "14" Edge =
"Right®/>
< fCompornsnt >

<Component Name » "Memory3®™ ComponentPackage = “Basic™ ComponentType =
"Manmory"” Laft = "I66" Top = "EET>
<Connector Type = "Input™ Name = "MI® UI0 « "15* RBdge = "Left"/>
<Connactor Type » "Oubput® Name w= "MO® UID ~ ¥ig" Edge = "RightV
Intzial = *Q"/>
</ Component>
<Component Mame » "Block4" ComponentPackage - "Sasic® Componentiypea =

"Block® Lefi = *485" Top = "847>




</ Conponent > <Conponent Nanme - "Bl ock4" Cc nponerxt Packagee w "Basi c"
Conmponent Type ~. "Block" Left - "485" Top w "84"> 32 2l1Fehruarv 05
<Connector Type - "lnput" Nanme a "Bl" UD- "17" Edge - "Lat*/7
<Connector Type - "Qutput” Nane . "BD' O D w "18" Edge - "Right"/7
<Connector Type - "Gate" Nane = "BG' U D - "19" Edge - "Bottont/a

</Corrponent> <Conponent Name - 'Item List5l' Conponent Package -
"Internal " ConponentType a "Item L?%t" Left - "27" Top"“ml"‘ﬁ'fgl@ﬁ <Connect or
Type - "output”™ Nanme - "lItenmXD' 010 - "20" Edge = "Right"> <Attributes

Li ne </ Connector> </ Conponent> <Conponent Nane - "Sunb" Conponent Package
- "Internal” Corrp(sn@ma Fypgelvpd = "ISpyn" Naps = IBIY PIB= YAFH Edge p7ISLt'PRnnect or
Type - "lnput" “““t (%%) t"““ me E%ﬁ%wng s e ?Eg %"E}ﬁ’t es Line

- "E'"/a </00an noeseoF SIRponent nect i of ining
total" UD- " Zajmgue.feht ﬂaméeofitéﬁomséiﬂﬁbnbmeﬁmmélmnm&mm Name - "Sunt
U0 - "2@mpbretType"62ItenThigc” L84St BEECEMECEFGn Endpoi nt A - " 15" Endpoi nt B
- 114"/ >, <V ai bl ECBRREET i En(’fiﬁﬁ“ﬁt Kame = {guenERBYi 7B B¢98211/ > :

<Vi sf bl eCofNect i on BROPROLNLA Line 4 X5»RndpointS .. "22"> <Vertex Top - "92"

Left.- "160°/> <Vewhaeedop - "92" Left = "11S"/> <Vertex Top - "3311

Left - "115"/a </€Vm°p€)€>Top - " 33" Left - "400"/> </ Visjbl eConnection>
<Component Name = " ComponentPackage = "Internal® ComponentType w

*Sum® Lafk = 716" Top = “77'>
«Conpector Type = "Input” Name =~ "Total" UID = "217 Bdge » "Left™>
<Attributes Lipe = *8%/5
</Connactor>

</Compeonent>
<NamedConnectien Name = *Running total™ OID = “227" Left = "400" Top =

<NamedConnection Hame = "Sum™ JID = 723" Left = "620% Top = "102%/>
<¥isibleConnection Endpointd = "15% Endpointd = T14"/>
<VigibleConnaction Endpointh = *16® Endpointd = ®*22"/>
<¥isibleConnection EndpointA = 712* EndpointBd = *22%>
<Vartex Top w» 792" Left = "160%/>
Wertex Top = "02% Left = "115%/>
Yertex Top = "33% lLeft = "11§%/>
<Vartax Top = "33* Left = "400"/>
</VisikleConnection> :
<viasibleConnection EndpointA = “17" EndpoeintB = "22%/>
<vigibleConnection Endpointh = Y18 Endpointd = "237/>

f101v />

figibleConnection Endpointd « *13® Endpolnikl = ®*207/>
<VigibleConnection EndpointA = *21* HSndpolntB « *237/>
</Page>
«/Model>
</Xemplex>




<Vi si bl eConnecti on EndpointA - "17" EndpointB - ""22"I>

<Vi ai bl eConnecti on EndpointA - "18" Endpo ntB - 1123"/>

<Vi ai bl eConf ecti on EndpointA - "13" EndpointZ - *U'/> <Vie bl econnection
Endpoi nt A'a "21' EndpointS - "23"/> </ Page> </nodel > </Xem ol ex> "102"/>
33t PP wl, x 2. <?xml version - "1. [1"7] 21 Februar 2005 <Xenpl ex>

<Execut abl e> <Conponent Nanme D "AddQ3 Type - "Generic" Apgl I cation -

"Xenpl ex" Operation Or "Add' "? <Znput Nanme -''"Connect pe -
"I nput"/] p<I rHaut Nane - "Connector #1" Type - "lnput"/> <Qutput Nanme
"Connect OP‘ " Qut Jut "/a </ Conmponent> <Conponent Name "Menory3"

Type - " &t |"8r BHp1 it8on - "Xenpiex" operation - "Mezaor+y"> <l nput
Nanme - " Mgemghiyppe "I nput”/> <Qutput Nanme - "MJ'" Type ~. "Qutput” Initial. -
"O'/> </ Cotasponente> <Conponent Nane - "Bl ock4" Type - "GCeneric"

Appl i cation . <@xe flame QOW&‘[H Orpe-= *Enaeic” AepiiptfioNgnKespleg)" Type

"| nput "/ &°° gﬁﬁ?'hﬁlt‘p ngm;gépp, FOpfRul é,@ut.ﬁ@ate Name - "E3G' Type -
"Gate"/a </Conpmatms ARRRRE: BoNPype « i@ St5"' Type - "I nputData”
Application - 1kBxpet ke = “Connector #2" Typas = "Output"/>

</Componsant>

<Camponsnt Name = "Memoryl™ Type = "Generic® Application = "Xemplex™
Operation = "Memory">
<Inpuk Name = "MI® Type = “"Input™/>
<Outpel Name = “MOY Type w “Qutput" Initial = *¥0"/>
</Component>
<Component Name = "Block4" Type = "Generic” ‘Application = "Xemplex®
Operation = "Block">
<Input Name = ®BI* Type ~ "Input"/>
<Dutput ¥ame = "BO" Type = “"Qutput®/>
<Gate Name = *BG" Type = "Gate"/>
< /Cemponant>
<Component Name = "Item Ligt5* fType = *InputBata* Application = "Exceld7®
Workhook = *Z:\Demo\Price List NO.x1s" Workshest = "Items to Plck¥ Starzrt = "2I%>
<Output Name = "ItemID® fype = "Humber® Line = "A¥/> -
</Component>
<Component Name = "Sum5” Type « "OuiputbData® Application » ¥Exceld7®
Workbook = "%:\Demo\Price List NO.xls" Workshest = "Ttems to Plck® Start = "2'">»
<Input Name =~ "Total" Type = *"Mumber® Line = "F%/>
</Conponant>
<Connection From = "Add0® Qutput = "Connector #27 To = "Memory3d" Input =
oMY ‘{> . .
<Connection From = "Mamoryd® Output = "MO" To = "AddO" Input = "Connector
§ov/>
<Connection From = "Memoryi®™ Qutput = "MO™ To = "Blocki™ Input = "BI*/>
<Connection From ®item ListS5Y Qutput = "ItemID® To = "AddO™ Input =
*Connector §17/>
<Connection From
</Brecatablex>
</ Ramplax>

*Block{” Output = “HO* To = "SumS* Input .= “fotal™/>




Wor kbook - "Z: \Denp\PrLce List NQ xis" Wirksheet - "Itens to Pick" Start

<Qutput Nanme - "Item D' Type ,w "Nunberr* Line - "A"'"/> </ Conponent> _+
<Conponent Name "Sun, S Type - "QutputData" Application - "Excel 97" _

Wor kbook - "Z:1Dano\ ?rice List NQ xls" Wrksheet - "ltens to picks" Start |
- 1211> <lnput Nane - "Total,." Type - "Nunber" Line - "Ta" /] ?
</ Conponent > <Connection Ercm - "AddO' Qutput - "Congictor #7"' To -

"Menory3" Input M <Connection From- "Menory30 Cutpu o - "AddO

| nput - "Connector <Connection From- ‘skenory3” CQutput - "MXO To -

"$l ock4" Input - "Bl"/y <Cannection From- "ltemLists" Qutput - "ltem D'

To - "Add{" ; : [T NaTen %I "égg %gection From - "Bl.ock4" Qutput
.. "BOO To &UUM%MFI on are & o ecut abl e> </ xeanpl. 21 February
2005 34 The clains defining the invention are as follows: I. A
conput er -i npk ement ed net f, ical £ i e E or ul aiég
met hod i ncluding: 5 p%&?‘ggﬁ%%&%ﬁrs %ﬁ%%a?ﬁﬁ@t%?ﬂ}@?gngﬁ%@&h 'g
met hod of namethod iatlndigg:at | east one input to produce at le = one result;.
di spl ayi a graphical _r gsg % f ] r%%i {QIR! ,
provi di ngsga first var ip%?@g&%?%c t%ibb@grﬁg‘i%ﬁét%éﬁgﬁ%%fr ecelvi gﬂgﬁﬂi nput
from a user ¢m inpet aipeodudrat least prlstselt; obj ect to one of the inputs 10 or one
of the results of the ] W Rl ' raphi cal .
representation of thedisb{rait{)gé) rra 0 J%% 05{%&%@%?%??% to the first
oper at or object; and puvidingiadigst variable gbject For derdaimingydalaon of the rel ationship
bet ween obj ects; whe . , ... ' Dy, ' .
description. 15 2. A (%%ﬂ%gfﬁﬁp%ﬁen% edf’:%tﬁﬁm%e%ﬁ?%ﬁ%%@%i i y gg\{tls ning a
f or nul a,10sai @ one of the resulis of the first operator object; _
~ displaying a graphical representation of the first variable object and its
relation to the first operator object; and
recording a logical description of the relationship between objects;
.« 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 éontaining data;
displaying a graphical representation of the variable object;
20 providing a first operator object for defining a method of manipulating af least
one input to produce at least one result;
recelving aa 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 refation to |
25  the variable object; and |
recording a logical desceription of the relationship between objects; [
whereby the formula is defined by the logical description. i

_ 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 frorn the user to relate each fusther vadable object to
one of the inputs or one of the results of the first operator object; |




met hod i ncluding: providing a variable object for containing data; i
di spl aying a graphical representation of the variable object; 20 providing
a first operator object for defining a nmethod of nmanipul ating at | east i
i nput to produce at |east one result; wng an input froma user to -relate
one of the inputs or one of the results aft first operator object to the
vari abl e object; displaying a graphical representation of the operator
object and its relation to 25 the variable object; aﬁﬁan a

| ogi cal description of the relationshi p3fetween objects; whereby the
formula is defined by the |ogical description. 3. A conputer-inplenented
met hod of graphical |y diglayingagraphita repadsentation ef thd Gaxthat varishlashioor dhditheir 0
either claiml or.claim?2. {J.urther i ncl udes the steps of providing one or
nore further P R ESBECUE* [ eceiving further inputs fromthe user to
rel ate each further variable object to one of the inputs or one the
results of the first operataor objhect; 21 February, 2005 35 displaying a
graphi cal representati ng’f’gtaﬁ‘:@“#%rt?ﬁ@? OQ%PF%'I“E b j%ﬁ’s’a'ﬁﬁﬁ ﬁ@?éfh"g

rel ati on $0 ththerpdudad the stedsjofct. 4. A net hod according to any one of
clains 1, 2 or 3, wherein.the nethogd 5 further includes the steps of
provi di ng one or nor e PRITEIESTe SIRgra ugher og’j,"“tf'ecei ving further inputs
fromthe user to rel areewngliurherin@id forothy aet & rbiate @moh vefiabld cbput & @ odne of

the results of the fu %E I!? A, Her D gct . di splaying a graphical

r epr esent atig‘ﬁt:m%rfmfﬁffeég ur ﬁ@‘:‘e oper at o t8§’f’%ts and their 10 relation,
to the vari abl e obj ectplafiog #egmphidabaipreoaiich ofghet fortien ppopater objecte b their | t o
4, wherein € V, 'qgl.ﬁ ject is selected from an input object for
provi di ﬁigdqdaltf%a rtg?]n{ea a{cﬂ%‘%r ce; an output object to provide data tq a
data destinati,on; or a connection object for passing data from one

operater 15 object op .m0k ) E%E . i Qadd f.clains
1to 5 vvher%éi n a congn\ectl 029%&“%@?& %&mﬁg?%ﬂﬂ&e& VB efe
is selected from: an input object for providing data from g data source; an output object to
provide dafa 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 ¢laims 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 & variable label,
B, A methaod according to-any one of claims l ta 7, wherein each operator object _
may be provided with a operator label.
J
25 .
2. 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, l

10. A method according to any one of claims 1 to 9, wherein a graphical ;
30 definition of the formmla is recorded that defines the graphical display of the relationship
between objects,

I1. A method according to any one of claims 1 to 10, wherein the method




resented as a |link between the operator objects. 20 7. A nethod according
to any one of clains | to 6, wherein each variable object nay be provided
with a variable label. 8. A nethod according to anyone of clainms | to 7,
wherein each operator object nmay be provided with a operator |abel. 25 9.
A nmet hod according to any one of clains | to 8, wherein the |ogical
description of the formula is defined by the logical r tio I p between
the objects. 10. A nethod according to any one of C|aﬁﬁéipmp§§g, wherein a
graphical 3o definition of the fornulasgs recorded that defines the
graphi cal display of the relationship between objects. 11. A method

according to,a ope of .cl ai [l Lo 10, ..wh I n net hod 21 February
2005 36 incl Hﬁg'é"stLﬁ%ﬁ‘angs)to%?gn%{og?aﬁ’ﬁ'b&w&bg}g%ﬁelf’%ﬁ&Eﬂgig'g?'f'bi ng the | ogical
definition. 12. A nethod according to any one of clains | to 10, wherein

the nethod includes t p,.Of .. ring. i nformati.o esecri.bi t he

gr aphi cal de#[ni tion. ‘Q%’.’eﬁiﬁrﬁe r%:gé gcc%rg?%qentgo?%mgar%ygoﬁé%%plgItgﬁg?ﬁfg‘f’dto 12,
wherei n two weludesrtise stoplofistering infommatiorndesaibjng Ctegraphipal Wefingiioouped such that the
groupi ng defines a groupi ng operator object, wherein variable objects
crossing The border of the grouping and. connecting to inputs of operator
objects in the group Wemsihed schadingiputsoneof claims | gy whangn trojoesorecelatpd nent

and 10 varia ' 'S, G ' d of r | ecting
to results o%e%ﬁog‘b%’%gt%%?grbg 0 ec%%%#wuﬁfngu&ﬁ%gﬁwéwooww

gr oupi ng opewitein veiigblcebjact. crvssing thedeirdar of theli gnapping 2od sinrrctify tonmpute iofi

I nputs and r S, of IQQi' S: 1.0 ] '! Q!}S not her
obj ect becor%%#lpuatbmgﬁg%éﬁhs, rggﬂﬁelgb%tgfl%e%g}%‘s#e g oﬁ%’l;%é&

oper at ort 0obj wesiabld Bhjects aressing the bowlen af ithegranging land sonieting to tesyits\of the@peratoh e
graphical r - Fﬁ'o%b&%{;m {?Qgts | kSe repl aced by a

gr aphi cal r:‘g’;%%gﬁ%g I on o ? e grgtgg% n Z p rat.:%orbjo ject and the

graphical r presentation of links to the contents of group are repl aced

with graphicgl 20 repras@id oy 9 oidich 'S whtelhNBpCRIERRRE BF loplal  t NE
groupi ng object. 16. A nethod according to claim13 or 15, wherein the

I'ogi cal def idbleets dthe feraupaot Krkediigl agothrsfobisetchepans! inpwtssind rsulisorserepfivslyoff t he
gr oupi ng 50D g A RipirUpEisfor 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 ohject

and the graphical representation of links to the contents of group are replaced with graphicsl
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
overall 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 atiributed with properties that define the type of dats they can hold.



25 17. A nethod according to claim 13 or 16, wherein the graphical
definition of the overall fornula displayed excludes the contents of the
groupi ng operator object, 18. A nethod according to claim1l3 or 17, wherein
the contents of the grouping operator object may be graphically
represented separately fromthe overall graphical 30 representation of the
formula. 19. A nethod according to any one of clains I _to 18, wherein
variable objects nmay be attributed with properties thEHERARXHE t he type;

of data they can hold. 37 20, A nethod according to claim19, wherein each
input and result of an operator object nmay be attributed with properties
that define the type of data that the operator object expects to receive
and be able to produce, respectively. 21. A method according to claim 20,
wherein a vappabl e Objﬁﬁteﬂﬁa!cdom&ééiathh@ wﬂéfcﬁpﬁéﬁlh atd it bhgh dpeRBI L1 es

of another vayjable o ct that has, aI r een de d.and is reI at ed by
an interveni el't%‘ide ﬁmm% the pperaton phigc

wherein a va%gmjﬁ@dWidw ucg,pégp@uw@pertl es fromthe propert| es of
an operator object input or result that has already been defined and to

which it ?s related. 23. , A nethod accordi ng to any one of clains 19 to 22,
wherein an ipput or re’euieﬂwdlwdﬁrdﬁfg t8Bla B 20, alhbOiR A0RHENE olfRY mhap lithedit the he

properties fromth roperties varJ bl ct that eady been
et T ned and POPYRGIRR] B8 ploboire. agphes il et Bt At toP SOpebiE 1o

clains 19 to%%&!mﬂwmﬂcu ncl udes a step of checking that t he
properties of objects with already attributed which arc 20 being related

mat ch. 25. A nethod according to claim7, wherein a: library of |abelled
vari abl esbjzxLts is w:adﬁéd metding Jo0. 2kim 28, wRdrkind vaddy chjeaUmby inhbdtithe 8,

wherein a |ibrar bel rator obje S i ne ch

| abel | ed opm gﬁ’f“e@‘f W%t*ﬁg ‘%’ﬁf‘dﬁ"ﬁa rc@gl?ﬁxﬂ{) M ce its
resul t s al sodefieedyd oy witelf it seelated7. A nmet hod according to claim?7 or 25,
wherein the variable | abel of a variable 30 object may be selected froma

i st of predefined variable |abels. 28. A nethod according to claim 19,
wher ei n eachR3vari abl gAlradiigid aceoydiligto asgt dneiobelgimel 1niot22, wheogient inmsg of featlt def i ne

the ty pe_LSOf oqam Boddaitf %'%&ln?aym%w ;.Jt%pc?ulwle g'gm Wmetpgoptélt&%s tl:faab\g!'tabie object that

hag alteady been defined and to which it is related.

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

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

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

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

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




21. February 2005 can contain. 29. A nethod according to claim 19, wherein
the selection of a variable |abel attributes the properties associ ated
with the |abel to variable object. 30. A nmethod according to claim 29,
wherein-the properties attributed to a wvariable object limt the
selection of |labels available to be selected. 31. A nethod according to
any one of clains | to 30, wherein the operation 10 object is at |east
one of addition, subtraction, multiplicat3®n, divisi oﬁ!}-‘?‘@@é@iup tabl e
and conditional operation, 32. A nethod according to any one of clains |
to 30, wherei rat btstper ator object may be a nultiple stage operation
containing a plurality of sinple operators |inked to perform 15 a nore
conpl ex operator. 33. A nmethod according to any one of clainms | to 30,
wherein in ong%f orm tha meipdraatontingda) ol 1i0s wherejn alfeysebtion e adatisihaibs 20
34. A nethod aggording to . any. on £, clal | 1o 30, wherein the first
operator obj eangfbuﬁeélﬂ-fegaf%mgsWg@d&méeﬁkﬁ%gﬁﬁeg@ctﬁ net hod according to
claim 8, wherein the operator |abel of an operator object may be sel ected
froma list of,,predefin r . . ~aD..360.. A met hod according to

cl ai m 35, V\A‘IEI;g'i n each %g@%ot%o% %?ob%aﬁn gé, gﬁ?mr'f’@lﬂﬁ BmPWq’ish“ B‘gﬁdeﬁ‘{gfes

t hat defi ne t Neisbipphjecflimitthasetettion of labulst ayeilahld to owletted. of a | abel | ed
operat or object can receive or provide, respectively. 30 37. A nethod
according to claim36, wherein the selection of an operator | abel
attributes thdlpropertitsethod sedopdingctowny lene heclhiatsdl ot 1, sbensiatthe opsitient .

38. A nethed (Yol Cleabiiah! sundlGiE] : 0 i bR t to
an oper a:?@r g@jgégéfhplgar# %hct Fgall':kkisﬂeI & o g’flﬂﬁ’%%g:r%%é@gi&%gnls%a%? ngd o

sel ected. 21 feditgesigpere®s 39 39. A nethod according to any one of clains
| to 38, wherein the logical definition may be used by a ran tine engine
to put into operation the defined fornula, wherein data provided to each
vari abl e obj e#d is |inikegethyl sseprgingigamognegficlamside 80, Whppiadhe opgatphelieby t he
data becones gpesaEntipk sthidDpb@oRbRainiBRS PluRRSLALRAPl bBRAES BRl8 & R¥othe

oper at or
‘ 15  amore complex operator,

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

20 34, A method according to any one of claims 1 to 30, wherein the first operator
object performs a write to a database.

35, 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 335, wherein each operator label may be attribute
with properties that define the type of data that inputs and results of a labelied operator object

can receive or provide, respectively,

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

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




obj ect beconmes the operator of the fornmula and each result of the operator
‘obj ect becones the next operand of the next operator or the final results
of the .fornmula, whereby conputation of the fornula can be conducted to
produce a fornmula result. 7.0 40. A nethod according to any one. of clains
| to 39, whin a nanespace nmay be defined for each variable, whereby the
data in a logical variable represented by the variable object is the sane
for each occurrence oft the variable object within the 2hBsmmpzas. 41. {A
met hod according to claim40, wherein theggnane space is by default globa
I5 to the fornula being nodelled. 42. A nethod according to claimA40,
wherein a logical connection is created between each occurrence of a
| abel | ed variabl e object within a namespace. 20 43. A nethod according to
cl ai m 40, wheB®in a grabimatiwd dopandingriny 2me ouli eprlaimsd! taBdvivkeein e logigilcal
connection be l,ahe ' | S t hod
ARRI GG 6 BRI o for (ERCLER W0 B ot R enfit ol

according to any one anespace nmay

defined for ewbtreippiatacnrovidedsp eech, vasiabds eltiget dsniinked &y 2 inpit offan apdrasgi ohjdct,

operator rgpr Eﬁ:ﬁ‘tﬁe ook ' [ tﬂﬁ:ﬁc@%ﬁ
occurrencegof%tﬁ‘ e ope%gat or o%?g%ﬁwaﬁtﬁ{%ﬂ?ﬁgﬁﬁgﬁ%épace. f;l'Fmfgr%p&rrw\gt hod
?ccorfli ng to elbjest hecomes faneneaton of theformareansisacheresull obthe gperateriobjegfbotsates thet o t he
ornmul a bei ng Epmfb thléj w n a
grouped oper att‘%? 0 ggfﬁirgrx'%:;ﬁ1 e J?ﬁ gngyg&gﬁgﬁgﬁﬂ%g&v]ﬁwt e 3’3 |n|t|fon of
t he grouped oﬁeﬁm‘ac&ﬁe@e@duﬂeﬂquaifww@ﬁe | ogi cal definition of the

formula. 40 47. A nethod according to claim 19, wherein the properties of a
| abel include type, units and dinension. 5 48. A nethod according to claim

10, wher it t#e graphi demetoskaconrdingin ang orref clafmielito Pnwhawin a ngnespachiieod
accordi ng t 0 QHfiREIFoIacVaRHE wherkt thfiatath € oRicht vafifdld ragtbdembd hyBE YddablizON i S
described in XM_ 10 50. A nethod-aocorft to any one.,of clains |I' to 49,
wher ei n each WsHEthssame,ior weh ocepreener Rl dheyarible obfert Wit thepamesats-ons of t he
operation Perfornmed by the operator

41. A method according to claim 40, wherein the name space is by default global

15  tothe formula being modelled.

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

20 43, A methed acconding 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, whersin e namespace may
be defined for each operator object, whereby the operation of a logical operator represented
25 by the operator object is the same for each occurrence of the operstor object within the

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

3G - ;
45, A method according to claim 13, wherein a grouped operator ohject may be

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




represented by the operator object, each definition being for a separate
type of data able to be manipulated bb the operator. 15 51. A nethod
according to any one of clains | to 50, wherein the operator object is
graphically represented as a conmponent having one or nore inputs and one
or nore outputs, the conponent having an indicator representative of the
operator represented. 20 52. A nethod according to any gne of clains Ito
51, wherein the operator object. may be an enpty conp is
representative of a operator with nethodg] ogy of nmanipulation inputs to
produce results yet to be-defined. 53. A nethod according to any one of
clains | to 52, wherein the enpty 25 conponent |Is used to farmcriteria
for searching for a suitable operator object that has a suitable defined
met hodol ogy. 4%4. A net Aouktiadoosddingytot adeimnlp, whereintheqirepierties of ¢ b8 Jpclmleer ei n

a library of E%Q’j"\%ﬁgé’ddi'ﬁ“%{"mi ded. 30 55. A nethod according to any one of

clains I to erein objects my be externally sourced. 21 February
2000.5 41 56. A systemfor graphically defining a formula, conprising: a

t i di dj | o . " of
roviding a Frst opor biaroupRSuFER A 5, WRkin S B RARRIR SRR, | g

at | east oneii¥Lt to produce at |least one result; nmeans for displaying a -

graphi cal representation of the first operator object on the seen; neans
for providing a variable object for containing data; neans for receiving
an i nput froff-t he userAimthod aeecading toamepee of elints lalo 4| whewhy thetlogienl one of

i nputs or On&tﬁfﬁohfﬁe &St the first operator object; Oneans for
di splaying a graphical. representation. of the first variable object and

Its reld% on to the operator object on the screen; whereby the fornula is
defined by tg,? rel ati %ﬁgmm%w‘)@)j}p : _;%.49’Wgcgroﬁggr am
for controlling a conputer for graphically defining a

object includes a plurality 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 acconding to any one of claims 1 to 50, wherein the operator object
is graphicslly 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 5% A method according to eny one of claims 1 to 51, wherein the opemtor abject
may be an empty component that is representative of a operator with methodology of
manipulation inputs to produce results yet to be-defined.

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

. 54, A method according to any one of claims 1 to 53, wherein a library of objects
. is provided,
30 .
55. A method according to any one of claims I to 53, wherein objects may be
externally sourced.




15formul a, said conputer program causing the conputer to undertake stop

i ncl udi ng: providing a first operator object for defining a nethod of
mani pul ating at |east one input to produce at |east one result; 20screen;
di spl ayi ng a graphical representation of the first operator object on a
conputer providing a variable object for containing data; receiving an

I nput froma user input neans to relate the variable object to one of

i nputs or one of the results of the first operator objégp?“5§#§glaying a
graphi cal representation of the Mst variggble object and its relation to
t he operator object on the screen; whereby the fornula is defined by the

rel ati onship tween the opjects. .5 anput er . readabl e nmedi um for storing
a conput er prggram as dbf aqw@g@[ygcﬁqi%éw%mgpg:i npl enent ed net hod
of graphically defini ng campatestudiwdidgardispRy sofdf by usdriinpgt héapgit data to
produce a result, said npethqad including: rovi dj,n t | east one, variable
for containing data; pt”ﬂ)'\??sd?‘?{gp'ﬁf‘d?'@fshr?ge %P@chrgﬁéif’glﬁ'?gné wehodof hod of
mani pul ati ng ibepilaing bt (4adt aiptigput 10 ppdaducieast de resfigul t; displaying a |ist of
the variahles for a user to.select a result variable fherefrom , . receiving
a sel ectigr% of the resmwgﬁﬁﬁ‘gﬁy@gﬁmé"p Pyt %ﬁ‘?‘é’?ﬁ?‘ﬁ@bﬁ%‘m resul t
of the mani puthastasen; of the input data; 5 displaying a graphical :

representation of the selected result ri.able;, displaying a list of the
operators fora user to" S8t %rtpmé"ﬁae evtag?\i’gerc’h{"ﬁt Pfecf"t’%LPf'Pgd%cei ving a sel ection
of an operation from t heasderrcetiigandypunfiora thg sy iipetaheane prrelste dicatutidble of t he

data for a ushieoftoutdrifull 54 e s e PRHR T FFEr r om the frputs
bei ng ei tder said variabhm@rﬁsphﬁegmmpmaemmmﬁﬁefmwmmm
Feprosent at1 4 A EF R BRadH ke BIR, S0 E P ol Ts defined by ¢ he
sel ect ed r esherebpthe Siringlalisdefigeddyy dimi relativnstipebetvaens theiblgedtson  of sel ect ed i nps)
by the sel ected operation.
57. A computer program for controlfing a computer for graphically defining a
15  formula, said computer program causing the computer to undertake step including:
~ providing a first operater object for defining s method of manipulating at least
one input to produce at least oae result; ‘
displaying a graphical representation of the first operator object on a computer
sereen;
20 providing a variable object for containing data;
' ) ‘ receiving an input from a user input means to relate the varisble 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.

38. A computer readable medium for storing a computer program as defined in
claim 57,
30 59, A computer-implemented method of graphically defining a fonnula 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



as 60. A conputer-inplenmented method of graphically defining a fornula for
mani pul ati ng i nput data to produce a result, said nethod incl uding.
providing at |east one variable type, said variable type having

pre-determ ned properties; 20 providing at |east one operation defining
the nethod of mani pulating the input data to produce the result;

di splaying the variable types for user to select a variable téEe t herefrom
receiving a selection of the variable type fromthe u ing a name

for the selected variable type 25 dispkfying a representation of the naned
vari abl e; displaying a list of operations for a user to select an operation

t herefrom IS a phi cal representation of the selected
operati on; %ﬁgﬂc\ﬁb‘w% reg“lit:t ion of an operation fromthe user; receiving
i nput from t he user sdzsgbyztzmmsﬁbﬂm&!dstﬁmas:sdrmbdmhwﬁaﬁemete&omhe 30

sel ect ed oper ati on S0, Lhghe LGl 36) SPLETARLLARL S ySbASh, AhabiRU.

variable or a result vari a er e ecte
to be a resuteﬁxlt\nﬁtheahh@pianmﬂéﬂwﬁnpgchtanmthe user a selection of at |east

one of either an input,.V mb!gip ame form --

co i nput %/ari abl e or fiﬁ'%lg*%a cc‘)’?\*s %‘8@ %{ééa’“g‘?‘aﬁ?h %al

representation of thedlswmagmﬁtufdwlogﬁttez@ﬁrsmmtecmupemwms); wher e

t he sel ected vari abl erécg, g \fg}{ £ g|u ng a nane for an output
A1 oL B B s Sl

vari abl e, displaying a gra rep r 't he out put vari abl e;
wher eby the fornul a |¢%ﬁnmbmlmmmm&t&setcﬁedmt@ul ation by the 5

celeeted oper o1 on of 4 oA ot ol Y B of TP
10  leastone input therefrom, the inputs being either said variables or one or more constants;
receiving a selection of at Jeast one input from the user;
displaying a graphical representation of the gelected input,
whereby the formula is defined by the selected result variable being equal to the manipulation
of selected inpyt(s) by the selected operation.
15 .
60, © A computer-iuplemented method of graphicaily defining a formula for
manipulating input data to produce a result, suid 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 manipuiating the input
data to produce the result;
' displaying the varisble types for a.user {o:select a varisble type therefiom;
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 therefror;
displaying a graphical representation of the selected operation;
receiving a selection of an operation from the user;
receiving input from the user 5o as to associate the selected variable 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 & name

for - input variable or the input constant, displaying a graphical representation of the input
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variable(s) and/or input constant(s);

where the selocted 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
selected operation of the input data in the input data variable or input constant provided to the
result variable,




