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10 BACKGROUND OF THE INVENTION

Object-oriented programming has become an increasingly popular m_odel for writing
computer software. An "object" coptains both code (sequences of instructions) and data
(information which the instructions operate On). Tlte use' of objects can ir’nprbve the
maintenance, reusability, and modifiability of soﬁvt/are. Examples of object-oriented

15  programming languages include C++, Smalltalk, and Java.

However, many older software programs are written in non-object-oriented languages.
These programs can be referred to as "legacy” programs, and can be written in languages such
as Fortran, Basic, and C. Many of these legacy programs include data structures and code
structures that need t°_ 'b_g_ used with newer obj_ect-t)r_ientegl langttages. Rec_rcatirtg these data

20 structures so that they are cemi)atibte with an object-oriented lanéuagé is time"ethuming and
expensive. Therefore, it is desirable to have a way to interface these leclacy data structures
with newer object-oriented code.

Based on the foregoing, there is a need for a method and system for interfacing legacy

software applications with object-oriented software applications.



software applications wth object-oriented software applications. WO
01/ 08008 2 PCT/ USOQO 19836 SUMVARY OF THE | NVENTI ON One enbodi nent of the

pr esent is a method of wapping |egacy data st o that
an -obj ecW@Bf@ﬁ&ed program can mani p2l ate their field asﬁ‘?’?{’%@”

properties. Mwwte”aw class is defined for each
pseudo proper A C++ wrapper is built around each

| egacy data structure that |an enents the interface that was defined in
the abstract Qrecamhodimenyelthy prasent enveptigris appotivod of prepgirgegaqy dBRAW NGS Fi g.
| is a graphical representation illustrating exanple output of a "legacy"
appl i catstontupsssg thatamekjeqtprigated peograne canrraanipul@e they fiehd asJf theyivers t ect ur al
di agram of one enbodi nent of the present invention interfaced with a

| egacy poroperten ke eatbodifeent) an drtenface iclaks ig definedifort daelnpsend&propenty todei s a
flowchart of the steps executed when a user selects one of the conponents

di splsay elahipulbed. A Ch-erfrasiRr Ribulfit fround éabh Rgesy diant@ctord thatdnpleaidaadherent  of
the present invention. ~s Fig. 4 is a flowhart of the steps executed for

an Qnl ni h%&@y%deﬂn&qﬁ%ed@da&&tp@éuho gtpaRadi ment of the present
Invention. Fig. 51s a flowhart of the s eps execut ed when an Apply
nmessage is recei ved and the data is saved in accordance with one
enbodi ! 5 AWINGS - 6 is a flowchart of the steps

accordance with 20 one enbodi nent of

(he present PN Al A e i
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10 Fig. 2 is a architectural diagram of one embodiment of the present invention
interfaced with a legacy program such as the program of Fig. 1 written in C.

Fig. 3 is a flowchart of the steps executed when a user selects one of the components
displayed by the interface of Fig. 1 in accordance with one embodiment of the present
invention.

15 Fig. 4 is a flowchart of the steps executed for an OnlnitData event in accordance with
one embodiment of the present invention.

Fig. 5 is a flowchart of the steps executed when an Apply message is received and the
data is saved in accordance with one embodiment of the present invention.

Fig. 6 is a flowchart of the steps executed when data is validated in accordance with

20 one embodiment of the present invention.

Fig. 7 is a flowchart of the steps executed when property values are saved in

accordance with one embodiment of the present invention.
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present invention is a nethod of wapping | egacy data structures so that

the data structures can be used with an object-oriented programand a

single prEpRe0%8,35e can nani pul ate3data contained in aIPFTgHB?’P&%be e data

structures. | pR&Y aqaTolol mNan interface class is defined for each
-€tl

pseudo propert A C++ wapper is built around each

| egacy data structure,that .inplenents the, interf t hat S fined in
the abstract pOREEBPOmEROf thepreset inyentjon is 3 e‘ﬁ“@‘%ﬁ“ﬁ‘ﬁi’%ﬁ Yé%%cﬁrdg entation

il lustrating exanple output froma "legacy” application program havi ng
data st r ustrustuses soshat shedaje stystures gen bussd @gﬂia@mogﬁsﬂ-mwdpmgqa gud gfingle, ¢t pj s
patent, is an application programwitten in a non-objectoriented software
pr ogr anmi p@pertyapege agemaniphlagsiaeontaed iBdkipplicable data sttvsturesglicope pr ogr am of
Fig. | is a business process application programthat includes a graphical

i nt er f ac eerhBodihB, AtEReHcIEIE ISdBfinkd fif bichtpseud\pRopeety 3o be manipalated. a0 +5t or es
data and data structures for each facet of the business process. 15 In the

exanpl e su,ggﬁ%c{ 8 gﬁl}g%%‘&, ie%@%%%?%ﬁa%&ﬁctﬁx@ hﬁ%ﬂh%x&nentgﬂﬁ'mﬁﬁaaelww at ed.

I nterface conponents. r exanple, interface 10

I ncl udes hoxeg.12-14 that each r ent an activity. Box 12 represents

t he actiVB?%‘%Fné’ﬁgﬁﬁ%&qsﬁ%&(%o,engg(agﬁs represents the activity of rinsing

the dog, and bgx 14 represents the, activity of dryin he dpg. I.nterface 10

further includ®8 hisAadskep -%@SWHAJEWWX%W%‘E&E%'P&%ﬁ%%m p 20

anong activities, including input and output information. Arrow 20

i ndi cat es appligatianprogramihaving dpfa stracires. Aclegasy @pplication prograny forithe puspasesofy

soapy dog is output fromactivity 12 and input into activity 13. Further,

arrowi@? thigharaitds amapplitatibngprogram wiritten irf a on-chj¢dtariented saftwang progpammingt o

activity 14, and arrow 23 indicates a clean dog is output fromactivity 14.
language such as Fortran, Basic, or

C. The legacy program of Fig. 1 is a business process application program that includes a
graphicali interface 10. The legacy program illustrates business processes and stores data and
data structures for each facet of the business process. |

15 In the exaniple shown in Fig. 1, a process for "cleaning a dog" is illustrated. Interface
10 includes different components. For example, interface 10 includes boxes 12-14 that each
represent an activity. Box 12 represents the activity of washing the dog, box 13 represents the
activity of rinsing the dog, and box 14 represents the activity of drying the dog.

Interface 10 further includes arrows 20-23. Each arrow represents a relationship

20  among activities, including input and output information. Arrow 20 indicates a dirty dog is

input into activity 12, arrow 21 indicates a soapy dog is output from activity 12 and input into

activity 13. Further, arrow 22 indicates a wet dog is output from activity 13 and input ipto

activity 14, and arrow 23 indicates a clean dog is output from activity 14.

RECTIFIED SHEET



RECTI f Eb SHEET WD 01/ 08008 PCT/ US00/ 19836 4 Interface 10 al so includes an
attribute 30 that indicates that a tub is used in activities 12 and 13.

I nt erface W0 ogddno! SO i ncl ude an entity conponent, and napéc”gg&?igsﬁypes of
conponents not shown in Fig. 1. Each gonponent visible in interface 10 can

be sel ected apd i ser_.. ko X | e, er c cllck on
activity 13, G rmr%rg? %@vgi(g%cﬁlﬁgs %loar%lgﬁér%to ghﬁb%teéé%ﬁ ag‘é 15&’8‘%@?8&?‘8{;&%
"class" i f t rogram.assaqci at with interface 10 was witten_in an

obj ect - oh%%’h‘rg%%ftﬁ%’gfﬁgbga%%&%m E“g?ﬁ“@*'ﬁ' comRpReRty and ARy other tyes of der ed dat a
structures in a non-object-oriented | anguage such as C. When a conponent
i.s sel ecPyppasNsaoLowniinkig. b separate dial og appears for each conponent.
10 Each conponent of interface 10 has one 027 nore attributes or properties
associ at ed wEadh domporemé visible inliuterface 18rcan beselectadauid ieditefiyza wser. Kot ur es.
Exanpl es of attributes include a note that a user can attach to each
conposenexample) amserchn thek anmepvinels, or arale R0.rTHeicompofients woldpachdat , a
duration of activity for a conponent, etc. In general, an attribute or

proper t ycérsidared avalas® if theprogfanpasseriatad Rith Miérfacad 109PMMRAIIn S interface
10 or an entry in a dictionary associated with interface 10, or an entry in

a list oppiget-dei ' f.5 ' | SO war e,
The concalrtsriorel FrBud hudtls i O e, e e S e B
obj ect i g, el .k | fer n._"obj roperty. meta nodel ".
One pr obﬁ%ﬁrﬂn@é\iﬁtﬁgl@w.&ér g"(‘:dég f‘%c%aagéi t eé’f)ae%g‘é’?“%‘r‘ gsgéfgegﬁte% 3 ég?cgtf Bithit is
that each 2. 0.. orrFonenté, (e%g. arrows, activities, etc.) are represented
in subst%?ﬁagﬁq@o% RHERP A0 CaGIECAMROReRt o' | egacy code. For exanple, as
di scussed., each co onentt, %g,n have a note attribute. A user .

10 ach component of interface 10 has one 027 more attributes or properties associated

with it. The attributes, are contained in data structures. Examples of attributes include a note
that a user can attach to each component, a name of the component, a definition of a
component, a duration of activity for a component, etc.
In general, an attribute or property is any value that is associated with a component of
15 interface 10 or an entry in a dictionary associated with interface 10, or an entryin a list or a
field in any data structure. With object-oriented software, the concept of reifying attributes
and properties associated with an object is well known and is referred to as an "object
property meta model”.
One problem with interface 10 and the legacy program associated with it is that each
20  component (e.g., arrows, activities, etc.) are represented in substantially different ways in the
legacy code. For example, as discussed., each component can have a note attribute. A user
that is doing modeling with the program can annotate an activity, an arrow, a data store, etc.
to make a note for later reference. However, the legacy code contains a separate dialog
routine for each component. Therefore, the legacy code requires writing a first dialog that

25  puts data on an arrow, a second dialog that puts data on an activity, a third dialog that puts



that is doing nodeling with the programcan annotate an activity, an arrow,
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code contains a separate dialog routine for each conponent. Therefore, the
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dialog to edit each conmponent is tinme consumi ng and expensive. One

enbodi neid expbnsivee present invention allows a user to develop a single
property page that puts a note on any conponent and then fan out fromthat

to activiti egpe eiabslimb@oFthe présehitihvdntion allovs d usbroalevel6) & sinfglepropeaympl e, a
property page can allow a user to set note and definition properties on an

arbitr agx <ARARS Hote ' c%h%t S¥8hirPfah SHSRorR tHAP I RAVRE REG kbresPage t o
set pro tire or any conpohent which supports them |Inheritance and

dynam c__casting I + e | 1S | odi ment. Fig.
PN R N o e T A e L
| egacy 10.program such as t.he progra LFig. 1 witten in C The |egacy
or g1 arfSBRGraPeTReR i 4 oy FRPROett d is ' ds dnd e B b=t sty o
haphazard fashi on. Each data structyre has conm roperéi es such as nane,
descr i pPREStO SEPEOPERSHEF SRy cofpRNent W@ﬁ}%\%‘}’pﬁtﬂgg&nﬁpﬁgm"&ﬁ@ dypemic ;ch as C
there is no way to |ink together the common properties anong data
st r uct urasting IpHe++ peasasiio apqomplish this inlone smbedimset. conmon properties to be
coupl ed together. is A wapper nodule 50 is coupled to | egacy program 40.
W apper noduFig. B a sschitecturah gipgramodfjtiscpresent invention interfacod vith mdegaent ed
| anguage such as C++. Associated with the wapper object are objects 51-53
f or 1eac progradpsiich 4s thd PFogiem af FigneweiligeintC. The legachemrogiant 400sontaiisjinadtiple?2 and a
cost object 53. Wapper nodule 50 and property page 60 col |l aborate to use
data structures 41-45 strewn about in a haphazard fashion. Each data structure has common

properties such as name, description, etc. However, with a legacy programming language
such as C there is no way to link together the common properties among data structures. The
present invention allows these common properties to be coupled together.

15 A wrapper module 50 is coupled to legacy program 40. Wrapper module 50 is a
wrapper object written in an objectoriented language such as C++. Associated with the
wrapper object are objects 51-53 for each property such as a name object 51, a description
object 52 and a cost object 53. Wrapper module 50 and property page 60 collaborate to use
Run-Time Type Identification commands to impose order on the data structures of legacy

20 program 40.

A property page or pages 60 is coupled to wrapper object 50. Property pages 60 is
written in an object-oriented language such as C++.

An interface module 70 includes the remaining functionality of the present invention.
Interface module 70 includes a hit handler that executes the steps that are performed when a

25  component is selected in interface 10 of program 40.
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Run-Ti me Type ldentification commands to inpose order on the data
structures of legacy 20 program 40. A property page or pages 60 is coupled
to wrapperwglgj/esbs 50. Property pages 60 is witten in anP&Bb%héﬁ%' ent ed

| anguage such as C++. An interface n®dul e 70 includes the remalning

functionalit invention. . Interface dul e. 70 i.ncl udes a hit
h;ndl lar t hat Xréggengh{i’:‘gpéﬁg&gingﬁsl %Hééo Qrate,a PPgie REP e\’ﬁ@?#e:f“ 'fgme'g]ﬁ%ent i's
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I pul ating a fixed set of values, and the use of that single property
EES'J’? oa‘ﬁ%ﬁﬁ istthsy gequred Themforador qiampls, the nropsyty pags whish mayipalags dhee, f or
exanpl e, the property page which mani pulates the definition text and note
text woflefinitien texé and ante tet wenfl be usedvbr ariy objests wiickshaye tjeptopertss | n ef f ect,
the present invention enul ates an object/property netanodel. This technique

i sol & es pr opeeffgct,uhé present ingentioh enmuiljtescinobydet/ploperonhetamoddlcThis teokdigad Of
containing a name value, an object having a "Nanme" property would be

associ atisulated propaty vahies S0meah©bbjediewhichiRbMainheP hdtdad D Géﬁdn%_%rha}r{?:e system
needs an object's nane, it asks the object for the value of its "Nane

DI P! { YoaluE{h SN ki 2 Narhd oot ol b boclils s i BbaRGSeRf t he ” Name"

10 property, and if it finds one it returns Its val ue. W se itfreturns
a fail umginéj ' TR I lJ ; L oper of any
Dasic 1y e RERE? dae When 1R sAREH S A B6icterRa®, | pdle e Eiojr e new
ropert ingteract w.th the |e data structures via c|asses whic
Sesgend% r%?ﬁ ﬁ ﬁeﬁ a%eprwegﬁp e.otb-‘leﬁf §cag§aﬁ%9\r/§per§’ lgéb)ﬁpaqu@}qc%r%?e‘blame .
inplementation qf the Property pages fromthe details of the |egacy data
o 3B LQFCHEEY S RO S TE IR e D BT e e  Bileningartan Bhof
pseudo properties. The present invention further defines a policy class (a
base pr dlﬁ%eﬁve 8Fnsgalizes tgrany groperty of any basic type.

The present invention defines a base wrapper class. The new property pages interact
with the legacy data structures via classes which descend from the base wrapper. This allows
a separation of the implementation of the Property pages i%'om the details of the legacy data

15  structures and provides a common interface for the manipulation of psendo properties.

The present invention further defines a policy class (a base property class) for each
property in the system. These classes define, but do not implement, methods which
manipulate the property’s value. For a simple property like "Note", the base property class
specifies methods which get and set the property's value. Some property values require

20  validation; policy classes for such properties must publish validation Methods. For list
properties, the base property classes define methods which provide access to iterators which

traverse and manipulate the property values. These iterators are themselves specified as policy

classes for maximum flexibility.



property in the system These classes define, but do not inplenent, nethods
which manipul ate the property's value. For a sinple property |like "Note",

the base pyeRehisgs C!l ass specifies nethods which get and §@1t gdaﬁ”g operty's
val ue. Sone property val ues requi re 20 validation; policy classes or such
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property classes d rov access

traverse n the e Jue These it or.s, are thenselves
spect 1 otf Herti O Pl it e GBSl viiions e oGRS doca g Fls R
PCT/USC£719836 7 \Wen  a rogranner want s &% P u%@te t he propertles
associ ated with a ich legacydata siructuretsd wopldhe aitested BY 5 ¢ he present

i nvention, the progranmer does the followi ng: 1. Determine which |egacy
data st rmanipwlation) Ingemednsiances, rempengnisn thescregn AregenTasentsd by mltinjedata

I nstances, conponents on the screen are represented by nultiple data 5
strLKHstnmm@$.Deternine whi ch properties were associated with the di agram
conponent to be manipul ated and assenble or create the requisite pseudo
property polixy i Metsrharaviitipiopatiesdverbadsodistedwith tipodiggrhm\sompgrseht ©lbass .
This class is inherited fromthe base wapper class (so as to be able to

access t{gmipIRBEiddashatile bF GERYBE fquisite pédifo &%éﬁyya@mﬂfaﬁe chgReci ated
wi th each property that needs manl puI ation. enent the conponent

wrapper cl assg def 'ﬂ}ﬁgeh@oﬂl sstl‘ﬁﬂ cla mlf!z?irté’?l'éo?n e b

I mpl ement atlon depen on the natu the un erI yi ng | egacy ata
structures. Tt ages

whi ch nmahi Bﬁﬁ’a ax ‘f?lgs g’é"g‘ﬂ*’e‘én€°F§s§r§€§mBé&ﬂf§g%g‘g%%‘z (%i%g crYTag% pul at es
the AR it AR conf bibpetty thef Al Sknifadcn | OV

4, Implement the component wrapper class defined in the preceding step. The
details of the implementation depend on the nature of the underlying legacy data structures.
S. Assemble (or implement, if required) the property pages which manipulate the
desired properties.
15 The property page manipulates the wrapped legacy data structure(s) as follows:
. Extract and display property Values;
. Validate user edits (i.e., new or altered property values); and
U Post new property values to the wrapped legacy data structure(s)
To accomplish this, the programmer usixig one embodiment of the present invention

20 implements the following methods in the property page.

Method Purpose
LoadFrom ( ) Extract data from the wrapped legacy data structure(s) and display same
on the screen.

Validate () Validate all user edits (i.e., newly entered or changed property values).
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Extract and display property Values; Validate user edits (i.e., new or
altered property values); and Post new property values to the w apped

| egacy datyag gidshgst Ur e(s) To acconpli §h this, the programgrukpbissspne
enbodi nent of the present invention 20 |rrpl enents the follow ng nethods in

the progg‘; dr% Pgoe. Met ﬁ%&aﬁ%&%ﬁnée?ﬁ&@ﬁ&@@ﬂe(&r Fﬁédﬂéé‘akydﬁh@tr&&&%g he wrapped

| egacy data structure(s) and di splay sane screen. Valida ()
Val i date all user edits (i.e., newmy entered or changed property val ues).

WO 01108008 g J&f%@(,féwé%&ﬁ%r(&aﬁ’&b%tw@ﬁﬂerbiﬁ@& AAARGESRRFK tO the

wr apped Iegacy ata structure(s). Each of the methods receives a pointer to
b

thi Zsﬁomﬁgﬁﬁe? el ol vk R, 35 B A ROt V17,

base mma nter into ojnter to the f.or, the d red

Pt oper t goiveR e e wppeREaRe Hroue tordigy ol 1 RE Rt ptAPEs: T

property page secures access to its 5 desired property. |If the cast fails,

t he profercast spergeds( hRe@“HWWNLH{Ie“@H% @ﬁpropﬁréymgéﬁqweseﬁeféml&n uses this
C++ dynam c-cast statenment to query the w apper about the presence of a
pseuslo gdesiged properti-Hif theicast &ilsgheproperyy page sdkes kpprepriate ashipmct / property

nmet anodel (wherein property values are stored separately fromtheir owning
obj ects) dur Thgpresdneinventionwkestthis IC+ofdyhagivesast ' stiterdatt o quieryibe wrapper Thi s
techni que can be inplenmented with any i o object-oriented | anguage which

SUpPPOr t abdgd fire PréfenchydTa psélb prdpeRAITHN s GR0del wayB\kimbAdtdan objedtpropeity FEL,
etc.). The follow ng flowharts describe the conbined functionality of
wr apper p{aitdel MereiPprop&iy vanRe &R skifePiiparafthyetrdd ARir G Eobfébts) during
the manipulation of legacy "C" data structures. This technique can be implemented with any
10 object-oriented language which supports Run-Time Type identification (e.g., SMALLTALK,
Java, EIFFEL, etc.).

The following flowcharts describe the combined functionality of wrapper module 50,
property page 60 and interface module 70. | ’

Fig. 3 is a flowchart of the steps executed when a user selects one of the components

15  displayed by interface 10 of Fig. 1 in accordance with one embodiment of the present
invention.

At step 100, the type of component (e.g., arrow, activity, etc.) that was selected is
determined. If multiple types of diagrams can be displayed by interface 10, then the type of
diagram selected is also determined at step 100. In one embodiment, interface 10 can display

20  one of three diagram types.
At step 110, the information determined at step 100 is passed to a methodology

registry object. The registry object is a set of code that knows how to handle different

components and diagram types. This class has exactly one instance in the system.
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types of diagrans can be displayed by interface 10, then the type of
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object. The registry object is a set of code that knows how to handl e

di f f er enfor eschi@R@R@Ntype.and di agram types. This class has exactly one

i nstance in the system WD 01/08008 9 PCT/USOO 19836 At step 120, the

met hodol ogy r&gket13p, tﬁ@hﬁﬁ&pﬁdté"lﬁiﬁhéﬂd&r IBEA Dak Rit ARG GRIsadyr e type
interface ("Ul").-based handl er object to handle for the event. There is a

uni que gﬁbﬁhﬁéﬁﬁ%ﬁﬁe th&g@%ﬁ?ﬂﬁd&%ﬁf Al ket Rthe Maghin® ExhPBles bfe _appropri ate

hit han oca er exists for each type 5 of

Exanp! c<oagtponit Boen s Eor e Sh ATl 4 WP Bndiobafld 30T |

vertical or horizontal |ine segnent, etc. At step 140, the event data is
sent to e hit handler |ocated at step 130. The conponent type is
stripped out of the event data because the hit handl er ﬁl reﬁdy knows t he

i 0 conmponent Absiep 149 {he pyant dasa if sent tp thedytchandley oeated FstepdOcHifonent t hat
the user selected. At step 150, the hit handl er marshals the data

st r uct ur empohent éypedy stpppedoaheiabe etent daig becausg shedtit handley alssady kaowsthe Thj s
varies by the type of conponent handled. At step 160, the hit handl er

bui | tts acomipppea typer Thertit hiandlerrizrspérddlized fhathe compondnt that the user selected.

At step 150, the hit handler marshals the data structures of legacy program 40 that will
be affected by the hit. This varies by the type of component handled.

At step 160, the hit handler builds a wrapper around the marshaled data structures.

There is one specific wrapper class for each object that could possibly be hit or selected by
15 the user and for each type of diagram. Therefore, for example, a box in a process diagram has
a different wrapper structure than a box in a data flow diagram.

At step 170, the hit handler creates the property pages which apply to the active
component. These can include name, status, definition, etc., pages. The property pages are
typically displayed as graphical "tabs” of an overall property sheet.

20 At step 180, the hit handler creates a property sheet that contains the property pages.
The property sheet construction binds the sheet to the wrapper structure.

At step 190, the hit handler binds the property pages to the property sheet. The order

of binding determines the tab order of the display.



There is one specific wapper class for each object that could possibly be
hit or selected by 3.5 the user and for each type of diagram Therefore,

for exanplyweeugsolX i N a process di a?{)am has a different p&EppeRfiegsr ucture
than a box in a data flow diagram AU step 170, the hit handler creates the

property pageg 5@9 60, RERL x%rgdggrtopogasgtgé L%ﬁﬁnef%igggg;,@}fomm@%sdﬁéﬂy i ncl ude

name, status, inr'tron, ty pages are “typically

di spl ayed as aphi cal "iabs" «~overall, .property sheet. 20 At step 180,
the hi ¢ utehedpé BpisdRy and Pesfomm Tinchles etiod b MR MHrE PR Bm0r 1y pages.
The property sheet construction binds the sheet to the wapper structure.
At st ep PEbEen thepreperty pagtnd intsriacesl d 958Uy operty pages to the property
sheet. The order of binding determnes the tab order of the display. WO
01/ 08008 10 Fapliysyercp3d&the hithasdlepperfopms emyregyiredipaptrasesypgdivg hithe
property sheet to performthe update by invoking the "D splay and Perform
Updatse" hapdlboalso disnasdssiflgpopesty phgas @nd the propesty sladet and wiappexstctuieasgst toper t y
page and interface 10 occurs. Finally, at step 210 the hit handl er perforns
any requyrédess thesémpareatseleced. The hit s handl er al so discards all property
pages and the property sheet and wapper structure used to process the

conponent  selge EifbwiddRowétatto provilie deRTE BRASW (R RUpAHS pdgdstGO FurRBoh Qivht he
property pages GO function with respect to wapper nodul e 50. Each

DD | e gt nba e SRR lopS AR kA PEOUS o TRURBAS wili T 1 event

OnApply -- Validate and.sa data; and 3) OnCancel -- Cancel edit. OQher
events g t&e }{eﬁ%alrh%‘?eﬂ%d‘latsl%l aflrgand di spl ay state (appearance).
10 1) Onlnit Dialog -- Setup property page display;

2) OnApply -- Validate and save data; and
3) OnCancel -- Cancel edit.
Other events manage the help display and display state (appearance).
Property pages start out uninitialized. They become initialized when the user displays
15  them. The framework ignores uninitialized pages.
Fig. 4 is a flowchart of the steps executed for an OnInitData event. At step 300 an
OnInitData event is received by a property page. Step 300 is performed when a component is
selected on interface 10 of Fig. 1, or a tab of a property sheet is selected. The OnInitData
event tells the property page that it is about to be displayed for the first time and it should
20 perform a setup.
At step 310, the property page framework performs Initialization and invokes a
specialized LoadFrom method. This method differs from property page to property page.
At step 320, for each property value to display, Run-Time Type Identification is
performed. In one embodiment, this is implemented in C++ by casting the wrapper pointer to

25  the desired property type. The wrapper pointer is passed into the LoadFrom call. The cast is



Property pages start out uninitialized. They becone initialized when the

user displays is them The franmework ignores uninitialized pages. Fig. 4
is a flowhart of the steps executed for an OnlnitData event.” At step 300
an  Onlnit BHY8%8nt is received by alproperty page. StepPGDUSE986r f or med

when a conponent. . el -ed | rf 1 f Fi Qr ab of a
roperty. STEBfapi spl BpERic e ik Beifba bioe ity Sossiter Brbfely page
that it is about eio be displﬁ%ed for,the first time and it should 20
per f or m a WaPRES: Belpneing s vigrpultiplg Inhserifanee. . v hage framework perforns
Initialization and invokes a specialized LoadFrom nethod. This nethod

di ffers from pr¥seErty0ghigdetcamipediidhe qastraepecdedalf the east supepeds, ghen abstep
property value to display, Run-Tine Type ldentification is perforned. In
one enbodi ¥bythe ptopemsy valué (eg: onames mde, idafitition, letc. )ds extractpd ahd posteaigp ére poi nt er
to 25 the desired property type. The wapper pointer is passed into the
LoadFr am Gibperty page foadisplag. WO 01/ 08008 11 PCT/ USOQ 19836 via a

dynam c-cast operation and fails if the desired pseudo property does not

belong to the phaRRRkileBs s@é}ﬂk’ﬁgatis&ggkéF?ﬁ@&ib@h&ohﬂ?ﬁéédwgg&en” step 330,

It is determined If the cast "succeed the cast” succee then at step

340, the propey val e. q. finitjo R xt.r.act ed
and posted to tI'L IL% Sgs %?i§%é}%"t'§°fﬁlé°gsgﬁ’$8’f&§%§ah§§?‘“ qup}) hrgesg%gs %e%‘lr'?eedec?ngtthest ep
330, at step .350 corrective action, if needed is taken. Fig. 5.s a

f1 owchart 9 is meitf‘erp&w JESTagR Inglirates mtﬁeﬁﬁwerﬂé%%@fg@ﬂ? an, Bangegaplug e ¢ e
data is saved. An Apply nessage indicates that the system should take any
changed v#ppl¥ ittadhe upderlying systen (isge saigdeg daf@dng system (i.e., save the data).

10 At step 400, an Apply nessage is received because the user pressed OK or
Apply ®n the preeprdf, anlpply message is received because the user pressed OK or Apply on

the property sheet.

At step 410, the receiving property page passes the event to the containing property
sheet for processing.

At step 420, for each property page in the property sheet, it is determined if the page

15  isactive. Ifit: is, at step 430 the page is asked to validate all of its edits.

At step 450, it is defermined if an error occurred. If an error occurred, at step 460 the
page with the error is brought to the front of the tabbed dialog.

If no error occurred at step 450, for each initialized display in the system in which an
edit occurred, the properties that the user changed are saved.

20 . Fig. 6 is a flowchart of the steps executed when data is validated in accordance with
one embodiment of the present invention. Initially, the pointer to the base wrapper is passed
to the call. |

At step 500, for each property associated with the property page requiring validation,

dynamic-cast is used to extract the pointer to the property.

RECTIFIED SHEET



At step 410, the receiving property page passes the event to the containing
property sheet for processing. At step 420, for each property page in the

property st is determined if the page 15 is activgy hdong 1S, at
step 430 1 e@‘tf)"as‘édg is asked to validal® all of its edits. At "g"%’lﬁ)&"i‘so, it is

determ ned if, an or. aceur.red.. If an r U, e 60 the
page w th t nit B 516 fs BREHRA ynstler B ki sREesP S nBE pr e S0l ™ 1 oo
error ogcurred at step.45Q,. for each initialized.display in th temin
whi ch ahanding is exeepi, gtheryiss, “&%Wipé%eﬁﬁgﬁa‘l%é“gé%f‘sé‘ﬁ&ka%ﬂ SepSlaved. 20
. Fig. 6. is a flowhart of the steps executed when data is validated in
accor dafmellnatster 3A9dheopeeationsiRtus sy refugeedor esent i nvention. Initially, the
pointer to the base wapper is passed to the call. At step 500, for each
property assBig Zisaflowehartiofithesteppesecyted spen progerty pages wasaved: Aoviep 710,

dynam c-cast is used to extract the pointer to the property. RECTLRRE(cC)

S! ?EEE" foARadhlpropafiahdt2hdisape bEoiphibe8 6 8., Aams; tdefinifidn) etc )ta paintereis extractedd

whet her the cast succeeded. If not, at step 520 error handing is executed..

ot her w R, RunEinf¥ toReldbntifiRatish (3. &yradaé-tayp. met hod is invoked at step 530.
Finally at step 540 the operation status is returned. Fig. 7 is a flowhart

of the stepsapyesWE s VHGRmRhQRMdNer RRASS sBERedRYV BRot, A st RV efrb?. S for
each property that the page mani pul ates (e.g., nane, definition, etc.) a

Gynam cTARLfES eREAER, OHLRuE e HelFontnhl JuEH b hWink uB aporopriste oy |
t, at . 740 hand] i ted. Oh ise, th t

Val e | BELE S PRI B pr opr i at 6 method i 1 the. pr oper Ly cl ase at

step 750.
10

As described, the present invention provides a method of allowing legacy data
structures to be used with an objectoriented program. Therefore, for example, a single
property page can access relevant attributes in all of the legacy data structures. This allows the
older legacy code to have some of the advantages of object-oriented code.

Several embodiments of the present invention are specifically illustrated and/or

15  described herein. However, it will be appreciated that modifications and variations of the

present invention are covered by the above teachings and within the purview of the appended

claims without departing from the spirit and intended scope of the invention.



10 As described, the present invention provides a nmethod of allow ng | egacy
data structures to be used with an objectoriented program Therefore, for

exanpl e, j property page can _access relevant attr all of
t he | egacy iga‘?@"’??ructur es. This all d#s—the. ol.der- lega@y_ggiggg@gbﬂgve sone
of the advantages of object-oriented code. Several enbodi nents of the

present i nventi on are specifically illust l descri bed herein.
e i ey e o IMHRHREAILAN < oo e

of the appended wi th A nded
scope of the mver’i?e%})? f\%“&%f%%%@%“ﬁ%ﬁﬂ%%?ﬁ??é@%@“%ﬂ%ﬁﬁ?ﬂewo IS I,
1111111112111 HE 11111111111 1. A nethod of manipulating an attribute of a
| egacy “OBPBF r ucture, said method conprising: ‘(a) recel ving a pointer to
a wrapper object that is bound to the |egacy data structure; @g)
defining a conpd@ént rﬁﬁ%‘ﬁb&?P@P@é@“ﬁ’@Wﬁ&bﬁ?‘i‘hﬁI%P@‘W%Sﬁé?ga@r about
the presence of a pseudo property; and (d) creating an object having
accessstngturie pseudo property. 2. The nethod of claim1l, wherein step (c)
conprises performng Run-Tinme Type 10 Identification. 3. The method of
claim 1, wherei nbyt eplefiningacomporaswespperdlassyg a dynam c-cast. 4. The

met hod of claim1, wherein the data structures are witten in C. 5. The

nmet hod of cl ai mgg) V"Qﬁé@iﬂétﬁ@ﬁvﬁbp@&lc%‘s&aﬁoﬁtﬂiélpfés&[ée'oﬂagdetdopﬁypeﬂ_ yiandret hod of
claim1l, wherein said object is witten in Java The nethod of claim

1, wherein said@p eGlealifig #n 68;00R Bavidg ARE& to the pseudo property.

2. The method of claim 1, wherein step (c) comprises performing Run-Time Type

10 Identification.

3. The method of claim 1, wherein step (¢) comprises executing a dynamic-cast.
4, The method of claim 1, wherein the data structures are written in C.

5. The method of qlaim 1, wherein said object is written in C++.

6. The method of claim 1, wherein said object is written in Java.

15 7. The method of claim 1, wherein said object is a property page.

8. A method of manipulating attributes of legacy data structures, said method
comprising:
(@  defining a base wrapper class;
(b)  defining pseudo-property policy classes for each attribute type being

20  manipulated;
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8. A nethod of manipulating attributes of |egacy data structures, said
met hod conprising: (a) defining a base wapper class; (b) defining

pseudo- proper olicy classes for each attribute type bej

mani pul at ‘\@"81/ 08008 14 PCTI USO0A49836 (c) defi ning éﬁg"%ﬁ /1983¢ e
wr apper cl asses for each distinct set of |egacy data structures to be
mani pul at ed; (d) basing each of the wrapper cl asses on the base wapper

cl ass; (e) basing each_of the wa per ses on th S -property policy
Cl asses: )5 (1) Bhuai IR SIS LT HRRGE Boh 67 e GrRCELof BERL AL o
related attributes in. the distinct data structures; (g) creating an object
that néiFicEesiods mantpulgeds w apper class: (h) querying the wr apper cl asses
about the presence of the pseudo-property; and 10 (i) manipul ating
attributes in th(é)datlusmgmbmrk@swmpmrphesepgemapﬁmmpm%s, i mpl emented in
a wapper object. LTI EEEErerererr rerer 1ttt MSs

(e) basing each of the wrapper classes on the pseudo-property policy classes;

5 ® reusing the pseudo-property policy classes to represent related attributes in
the distinct data structures;
(g) creating an object that manipulates the base wrapper class;
(k)  querying the wrapper classes about the presence of the pseudo-property;

and

10 @) manipulating attributes in the data structures via the pseudo-properties

RO YRR

implemented in a wrapper object.



