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More specifically, the present disclosure relates to a method and system for
transforming legacy software applications into modern object-oriented systems.
15

DESCRIPTION OF THE RELATED ART

Many technologies and methodologies exist for converting software
applications from one programming language to another. But the language in which
a software application is written is only one aspect of its makeup. A software

20 application is a complex system having many parts.

The "code" is the portion of the software application that is written in a
programming language and contains the instructions for what the software application
is to do under various circumstances. In the early days of computers, software
applications were written using assembly language. An assembly language program

25 is converted by an application called an assembler into machine language which is
executed by the central processing unit of a computer. Assembly language operations
are very low level and can make writing applications difficult. As computer
technology evolved, alternative "higher level" languages were developed which
allowed the programmer to more easily create software which performed complex

30 tasks. A special software application called a compiler was developed which would

reduce higher level languages to machine language where it could be executed by the
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of a object. The class defines the common propertles of the member objects. OO programs

may be easily created and modified due to the modular, reusable code structure.
0O programming also allows for many other advantageous characteristics such
20 as inheritance. Inheritance allows users to create a new object first by specifying
another object as its parent class (or "super class"). The newly created object
immediately acquires all of the capabilities of its parent. However, users can
customize the new class’s behavior under any circumstance.
A "user interface" is a portion of the application that allows an individual to
25 interact with the software application. In many cases, the user interface is created
using "forms." A form specifies the appearance of the "fields" and "trim" that are
presented to the user on a display. Fields are individual areas where a user can enter
data. Trim is fixed information such as labels, which instruct the user what to enter
in different fields or provide some other purpose in the application. Often these forms

30 are not implemented using code. Rather, there is a "forms editor" which is part of a
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provi des for the display of the fornms when the application is executed. 5
Sof twar e devel opnent tools of the 1970's and 1980's used a "character
based" wuser interface. Typically, this user interface was restricted to

di splaying a formof 80 characters per line by 24 lines. These tools often

used a 25't' line on termnal to disnpl t he conmmands associ ated. wi.th
the acti ve f or nfOINBHE SR EBGRL PSR IO b PRREREAET Brarech S AT ch
use a graphi cal thgstﬁfmé.n’rﬁ'é dahfidd3 the fotheis Sebedin! 8FosiOryf &1d thé@evelopment

i npl enment ation of nore conplex forms with a greater nunber and variety of
user controls. dogemhent ahfierocdes fomdhe dispiayr ofsther loame vendpplapphgation 18 hat
can be executed to gerforma task. The portion of the programthat nanages
the user interf&&MeE- cal | ed "presentation logic." This includes the code
statement sst hat trapgyf&hreid@PbpAéH olPéfihel Po70IsQaa 203 PCise@ A SchapicRiibhsddhe
user for additional 1nformation or otherw se make changes to the displ ay.

The remai nder ofser heerfmde Tysicalb), thisusebintirfaes wad wgiricted trdisplayingiaress of §6i ¢
i ncludes the workfl ows, databpa acce transactio d..ot her .act.i gns
that are a cpns%l%fﬁ%cﬁﬁré 6t ﬂ’f“ﬁ yégé]rn‘e% @@?‘Fﬁéﬂ‘§§ _.OﬁFI? uf’egl_s ‘hg?t 8“%%%6%‘“}18@“‘0
busi ness | ogic di@?& I\e/%%ﬁﬂﬁeafdk RotiRGH ith PR VO FRHL WIBREno Rt PoliadiRRame

managenent syste Is a collection of prograns that can store,

modi fy, and ext inaslememtbidomaettfomms Whichmse agraptiees aser Reertrss (§UDoThie €ildraltawison
from a database are made in_the% formof. a_.query.. which is stylized
questi on. 1¥he s thyyimplementatiog,o mef?fae%ﬁ%m&fdélﬂ? p e fRH*Bﬁﬂaé‘ varigy &y
l'anguage. Diffejel goﬁﬁg\@' s support different query |anguages, although
there is a senm -standardi zed query 25 |anguage called SQ (structured
query | anguage). TheTogdtherntht code sitldhefdrmsncraatd ab appletiauthatyan be exesuteddoi n a

variety of formats. Mst DBMS s inglude a report witer programtha
enabl es data t oPHETBLA 138k The perlion phihgpraeram m@?geﬁﬁﬁe P%ng?r?Wilst %alt,lled

program also called: &k ?c%%.t' ﬁ%%ﬁh@sr the tSdeBstRBbnts Hat Baf 852 PHRE and start

management systemithat extiacts information fromone or nore files and
15 program actions, prompt the user for additional information or otherwise make

changes to the display. The remainder of the code is called "business logic." The
business logic includes the workflows, database access, transactions and other actions
that are a consequence of the user’s commands. It is quite common for business logic
and presentation logic to be intertwined.
20 A database management system (DBMS) is a collection of programs that can
store, modify, and extract information from a database. Requests for information from
a database are made in the form of a query, which is a stylized question. The set of
rules for constructing queries is known as a query language. Different DBMS’s
support different query languages, although there is a semi-standardized query
25 language called SQL (structured query language).
The information stored in a database can be presented in a variety of formats.
Most DBMS’s include a report writer program that enables data to be output in the
form of a report. The report writer program, also called a report generator, is a part
of a database management system that extracts information from one or more files and

30 presents the information in a specified format. Report writers allow selection of

-3-



30 presents the information in a specified format. Report witers allow
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formatted into pie charts, bar charts, and other diagranms. Once a report
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reused for future presentations. 5 Relational database nmanagenent systens
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For instance, a software application may ' | " a databasé nmanagenent

system i n or der differant tvaiye Via relationed datebata neanagemdrih eyssémgy infotmationnwsteted ibot h
20 the software applicatign and the dat aba na t. system woul d be
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allowing the user to enter 1 nformation, returning that rnput to the

"host" conput er be dpredd amddssevaralrtalalppl | cati on, or two-tiered software
application, is one in which 25 the software application js running.on one
computer (the cli entﬁ%’n‘\i&’aﬁ%?@ caé‘)‘(’f‘ésrlﬁﬁ’llemeé‘équ%P Oﬁ‘Fﬁf&d o‘?rf’%g"}“g“e' The
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connection. An even nore recen Itectural 1nnovation is the i ered
appl i cati as. | narchitecture relates to the number of computers that are involved. A single-tier

software application is one in which all applications and/or systems run on a single
computer. This includes any external calls the software needs to make to other
software applications. For instance, a software application may "call" a database
management system in order to retrieve or update data. In the single-tier model, both
20 the software application and the database management system would be running on
a single computer. The user interface may be displayed on a "dumb terminal" which
is a device capable only of displaying a form, allowing the user to enter information,
and returning that input to the "host" computer.
A client/server application, or two-tiered software application, is one in which
25 the software application is running on one computer (the client) and makes external
calls to other software applications running on another computer (the server) via a
network connection.
An even more recent architectural innovation is the N-tiered application. In
the N-tiered model, only part of the software application is run on the client

30 workstation. This is usually an intelligent user interface (or thin client). When a
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to be perfornmed, the client | ocates an "application server”™ containing the
required business logic and the work is actually performed on the conputer
running the application server. The application server may, in turn, need
to contact another conputer, such as a database server, in order to
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enhancement s angxigt?r(ljgi {eiggcrglsapplications into modern, object-orientated, N-tier applications that
use a graphical user interface. As a result, the organization must undertake a time
consuming and expensive process to completely redesign and rewrite the application
using modem tools.

20 The method and system according to the present application solves these and
other problems. For example, the method and systems according to the present
disclosure are capable of "transforming" a legacy software application into a GUI
based software application. The transformation contemplated by the present disclosure
includes converting and enhancing the individual aspects of the system. In a single

25 process, the character based user interface of the legacy software application can be
transformed into a GUI, the code and data structures are integrated, reconfigured and
regenerated as appropriately formed object classes, and enhancements and additions
can be made to the legacy software application to enable it to operate as either a

client/server or N-tier system.
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15 having a node identifying a property of a statement of the procedural programming

—

language. The step of creating a first data structure may include locating a node in the
second data structure based on the processed segment, traversing the nodes second
data structure to a root node, and including the contents of the traversed nodes in the
first data structure.

20 The present disclosure also relates to a storage medium including computer
executable code for transforming a procedural program having procedural language
code into an object-oriented program, comprising  code for scanning the procedural
language code and creating a map based on the scanned procedural language code,
code for storing the scanned procedural language code as intermediate code, code for

25 processing at least a segment of the procedural language code using the map, code
creating a first data structure using the processed segment, code for modifying the
intermediate code based on the first data structure, and code for generating an object-
oriented program having an object class based on the modified intermediate code. The
storage medium may also comprise code for suspending processing a segment of the

30 procedural language code when a predetermined segment of the procedural language
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i ntermedi ate code based on the first data structure, and code for
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a segnent of the procedural, |anguage . code usin t .map, .a data sjgnal
portion fd@ cre&ePHgsgoR me an ‘Eq’%ﬁ:‘i%@t?ﬁ§g‘?%‘tag%éni§£‘53@§3%rdran§ g"ﬁg‘ﬁt a

data signal porti Céﬂgzg@g'{é{ﬂ vi%geprbégdﬁ{agr?%%% e ¢804 8 SRdoQBeildMentddr St

data structure, a I gha rtion rati ng an object-oriented
program havi ng paograhj @iprisingesiatresgml portidi for scahinfrigetie procedurddanguege calte.
The conputer data 20 - signal mal(y1 al {sjo conpri se da]éﬁ signal portion for
suspendi ng pr oc @84 CFgtiag eanrRsed op the scapngd BEAFFAra %@&géoﬁ% 3 shgnal

predeterm ned s t : It : a
data signal por ?’ ?ﬁﬁﬁffggt%%%etp g?%ﬁ%ﬁ%ﬁ%}rﬁp@% ﬁg%?%tﬂééggﬁg&ﬁgg%d aaﬁﬁf&t he

predet ermysed segmeIiortidhfor procpssingrat thasta ssgger lof thewyocetisral langnapé swicaisitat a
signal portion for creating a second data structure based on 25 the

procedur al | angiyeapandate Fignalaoshen foscreating adirstdatasigicize Using te presnseed)

tree segment, a data signal portion for modifying the intermediate code based on the first

data structure, and a data signal portion for generating an object-oriented program
having an object class based on the modified intermediate code. The computer data
20 - signal may also comprise a data signal portion for suspending processing a segment
of the procedural language code Whén a predetermined segment of the procedural
language code is detected, and a data signal portion for modifying an other
intermediate code based on the predetermined segment. The computer data signal
may also comprise a data signal portion for creating a second data structure based on
25 the procedural language, and the second data structure may be a hierarchical tree
having a node identifying a property of a statement of the procedural programming
language. The data signal portion for creating a first data structure may include a data
signal portion for locating a node in the second data structure based on the processed
segment, a data signal portion for traversing the nodes second data structure to a root

30 node, and a data signal portion for including the contents of the traversed nodes in the
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having a node identifying a property of a statenent of the procedural
programm ng | anguage. The data signal portion for creating a first data

st ruct ur ewoaR/09336t ude a data signal portion for |ocatingPaTAd®14983 t he
second data structure based on the processed segnent, a data signal
portion for traversing the nodes second data structure to a root 30 node,
and a data signal portion for including the contents of the traversed nodes
inthe -7 WO 02/093367 PCT/US02/ 14933 first data structure. The present
di sclosure also_relates to a method for transform ng a procedural program
havi ng procedurist faid W ecode into an object-oriented program

conpri sing: scanni noridisRhpedul abeRINAGS 2 SAURoARA 16hEBIiRg o BrotRBufaRsed
on the 5 scanned procedural [anguage code, storing the map and the scanned
procedural | angugge dasdmgaprovedadhtianguagea codpaomia amy objereatiantgl programs et

of target netadata .containers for transforned representations. of .eac
conponent, proc®EHTRYEatcRGE ltheapm%eé’g‘;‘ﬁag S&ngg:pget qode gﬁl‘ﬁ&féﬁfe&ga% mpp hased 98 tﬁ%d e
using proceduralc, Eé‘dl{rﬁpfaﬁéﬁgts Aoll®Soridd e’ Hab &nd thé sSdnnad ?r(;d'éﬁﬁral
syntax tree using the processed segnent, populating the target 10 netadata
cont ai ners basedngumgehedt ias shetadast inag repeyitdraxcreatorg andwgpehef targatgnetadata
object- oriented netadata re res&ant ation.of the o&rgi nal Brocedurall1| pr ogr am
havi ng an obj ec¢ontaipers fonjranstprgad rapresentations ff Spcheqminangnt, Processng aplasta hog
may further co i j ols i Shhe
pr ocedur al Ianggué geﬁtc%ﬁgégﬁgg&ggl %lﬁgglgg% g@r%q%le F@gﬁrﬁ}gﬁt{]&gﬁdﬁtﬁgg%?%gg%ﬁ?gl

| anguage code it coater fistatastrdctrpatas freawgpidshapotctsed wigatentapopudatmgdlxe targeé

based on the predeterm ned segnment. The thod may further conprise
creating &0 seconetadyacenameshrpedon ﬁhéré}lrﬁg’g%tﬁa%w o5 B EFReTain %ﬁ@ﬁﬁge,

wherein the SeC%esk%te%QﬁétQ@a@& re ye@érﬁ‘&‘tio“o??ne%?gﬁ@e(ﬁgﬁ;ﬂré‘%gmgirégfgg?gtrdgf&t

havi ng a node i 1 fyrng a property o ment o
progranmm ng | aglgssalgmsed Dheths tiapt afstracteyhiangraeheTlhé nethodhmby dothes entpxise r ee

may include |locating a 20 node in the second gétracé syntax tre bﬁsed on

t he processed sié’@hs‘é%in,g the %F%P%Prﬁ@“?lﬁ%as‘?%‘é@éog ERPe ‘H@Ygﬁ%‘{aggﬁﬂ‘%a‘k’ e to
¢ de. . ; con

firot abstract SyiPEtiiblSedle GEMeRbARal LidByedel GUETERTIAN AR MGuIR

conpl et e appr ecardithaabstfact bty eeehsedon tegsedetermnttdrsagyef Thhenethod may

further comprise creating a second abstract syntax tree based on the procedural
language, wherein the second abstract syntax tree may be an abstract syntax tree
having a node identifying a property of a statement of the procedural programming
language. The step of creating the first abstract syntax tree may include locating a
20 node in the second abstract syntax tree based on the processed segment, traversing the
nodes second abstract syntax tree to a root node, and including the contents of the

traversed nodes in the first abstract syntax tree.

25 BRIEF DESCRIPTION OF THE DRAWINGS
A more complete appreciation of the present disclosure and many of the
attendant advantages thereof will be readily obtained as the same becomes better
understood by reference to the following detailed description when considered in

connection with the accompanying drawings, wherein:



attendant advantages thereof will be readily obtained as the sane becones
better understood by reference to the followi ng detail ed description when
consi der ewoio/09336nnecti on with the acconpanyi ng draw ngs, Painarse2/n933 8 WO
02/ 093367 PCT/ US02/14933 FIG 1 shows an exanple of a conmputer system
capabl e of inplenmenting the nethod and system of the present disclosure;
FIG 2 shows an exanple of a process chart according to an enbodi nent of
the present disclosure; 5 FIG 3 shows an exanple format of a | egacy

| anguage st at enent tree according to an enbodinent. of the present
ool oour o FIG 4 SHY oM RO G e D RN Sl PlTeNEg the
accordi ng 10 anneRHPesl fRMAm 6f tht BRsBftARRYsufdl scl osure; FIG 5 shows a
flowmchart of a process according to an enbodi nent of the 10 present

di scl osure; and Fl GFIG. 2 Hwwes an exappleséaparceschaf acaniugio ae pmbsdinteat ofale of
an abstract syntax (%.r qe expressed as an XML docunent. DETAI LED DESCRI PTI ON
15 I'n descri bi AYeHPEFEHPEESenbodi nents of the present disclosure
illustrated in- the A andXafipfd ol QP%nd of
clarity. However, thIgGagﬂrS%tgzsnt di sclféoigﬂlﬁﬁo?g%t In e%ﬁgvgﬂeﬁ%ﬁg%&ﬁfnﬁ?gﬁ to
t he specific tecpirdoigdgpnsmbodmiant bfihe pagsentidisciesutey be under st ood t hat each

specific elenent in des .al |l techni faﬁ? equi va}I)ents whi ch operate in a
simlar manner. 20 Fif{ufestPWSHgiemRic gﬁﬁﬁ%{%f‘ Srag R reesarSPIRE: Ihdih| e

of i npl enenti ngpif@imiRreL Fadnsyisliemof the present disclosure. The
system and net hod of the present disclosure nmay be inplenented in the form
of a software appl i dd. drshownni fhaywanartaof acpnopess eccaing donan fentbodinaen lof thea

mai nf rame, personal cS;o uter (PC), handheld conputer, server etc. The

sof tware Hppl i FREFBHARHOSWE @tlored on a recording media 25 |ocal Iy

accessibl e by the capukehowysipserkiBfior fere@leeaﬁaﬁo%%nasafm@m&bsk,
hard di sk, etc., or may be renote fromthe conputer system and accessi bl e
via a hard wi rted egpressededk es XMbaoewhérdn to a network, for exanple, a |ocal
area network, or the

DETAILED DESCRIPTION

15 In describing preferred embodiments of the present disclosure illustrated in
the drawings, specific terminology is employed for sake of clarity. However, the
present disclosure is not intended to be limited to the specific terminology so
selected, and it is to be understood that each specific element includes all technical
equivalents which operate in a similar manner.

20 Figure 1 shows an example of a computer system capable of implementing the
method and system of the present disclosure. The system and method of the presént
disclosure may be implemented in the form of a software application runming on a
computer system, for example, a mainframe, personal computer (PC), handheld
computer, server etc. The software application may be stored on a recording media

25 locally accessible by the computer system, for example, floppy disk, compact disk,
hard disk, etc., or may be remote from the computer system and accessible via a hard
wired or wireless connection to a network, for example, a local area network, or the
Internet.

The computer system is referred to generally as system 100, and may include



Internet. The conputer systemis referred to generally as system 100, and
may include -9 WO 02/093367 PCT/US02/ 14933 a central processing unit (CPU)
102, nmenow9 0204336F or exanpl e, Random Access Menory (RAM PCa/yso2/nt9es
interface 106, a display unit 108, a (LAN) local area network data

transm ssion controller 110, a LAN interface 112, a network controller

114, an internal bus 116 and one or nore input devices 118, for exanple, a
keyboard, 5 nouse etc. As shown, the system 100 naybe connected to a data

storage device, for_.exa 120 alin 2., The system
and method of thESHFPNE W%B%Zﬁﬁ@ﬂﬁfwww 104 3nSpisiblei Shidp g Rotels
transform ng | egembraPRAM)ALI ;S}Hﬁeﬂ me@fae@demang%tmﬁmwtaamdﬂ N‘c&l‘ fka
applications that use a graphical user interface. This nmay include

processes for arlvkidaty tramemissiohegairyllea p.i alab Nontefregl I aotiork comenlieng

cl asses and thejr nethod t he acy, code r eat ng a
G aphi caluser 11 B FASEABISLEP B trirer PR RsEes | U xapiog Revooar
circunstanges, GOIREST ASHIvNSAERYSH&EH TBOhdy 8E chiaey t&Qd@ca%}{agé%viéé for
desirable, in which case the process may transfer the original code or may
substitute nevexaogke, alﬁrd:dlgk;rléozvmladmk 128. exarrpl e of a process chart

according to an enbodi nent of sent osure..ln one nbodl nt,
e t ranst or mat i on oo ey A e iAARERE PresE O LSRRI R TR o Bt

di scovery 142, t?é}éf&ﬁhx%pl%gfoy BREABYE Btd %déﬂﬁobj@ﬂone%a‘t’écpNvﬁéaaﬁaﬁhézﬁl%ns
Ext ensi on W zard 150, i catlon Anal ysis Report 152, and Preparation 154

and ot her st epsthateunsi a gphicakwdet ederfadel Thes mlyoneiud@qmccads far amalymg 2be

| egacy so war e application and prepare themfor transformation. ce
stored tnlfne eekd amgRian TReRSaR SirbHoHeSen e BB GPERAISASEPOR BBy
transformation Beesesde, ASRIPA%ARRSIRIIIRE Gk IuckiRALA SRk Mialy dafk: 164
where the neta-conponents may be processed, reorgani zed and enhanced.

During this tradsdepcenttin mmlmsdmwsspomdasmdcefgamysmmtmfﬂepgauﬁmds nagyenot be
transforned int ect ne onents. Finall 5.d are neratlon
process 166, rf?etsﬁgh%k’ﬂ 2 S%{f‘g;?r‘i‘ﬁ’és mgy Hﬁ%ﬁf?l)éée %‘F%‘ngl Hgo’b’é@% ubsgpte
results fromt%ﬂdyeng process 140, and in the regeneration step 170, the
obj ect neta-conponents are inplenented as actual object classes in a
specific, 1®bj ect - Figure 2 shows an example of a process chart according to an embodiment of

the present disclosure. In one embodiment, the transformation begins with a mining

process 140 which may involve discovery 142, analysis 144, configuration 146, GUI

Style Wizard 148, Extension Wizard 150, Application Analysis Report 152, and

Preparation 154 and other steps required to collect all resources required from the

20 legacy software application and prepare them for transformation. Once stored in the

meta-format, the meta-components may be operated upon by a transformation process

156 and transformation 1- transformation 4 158-164, where the meta-components may

be processed, reorganized and enhanced. During this transformation process, the

legacy meta-components are transformed into object meta-components. Finally,

25 during a regeneration process 166, in the extension step 168, libraries are built based

on results from the mining process 140, and in the regeneration step 170, the object

meta-components are implemented as actual object classes in a specific, object-
orientated language.

Separating the transformation system of the present disclosure into multiple

30 processes as described above provides several additional features of the present
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orientated | anguage. Separating the transformati on system of the present
disclosure into nultiple 30 processes as described above provi des several
addi ti onawofoe@apiasses of the present -10 WO 02/ 093367 PCT/ BS@A/S0A2R33
disclosure. Afirst feature is the creation of a "from anywhere/to
anywhere" transformation. This is because the makeup of the

nmet a- conponents may be defined by the transformation system For exanple,
in order to transforma particular |egacy software application, a mning
process 140 capabl e of stofi ng the | egacy conpo ents 5 as net a-co}woneﬂnts
in the reposit gHselpmYe: pe pHIh fedde if il cgttiop Pl # a ARYHhTE R @YW Rguage
software appl i GakkRAnkilO TisHAHchdd) BE R heRBHABpoRch: A HAIdRALA"
process 156 and a regeneration process 166 capabl e of cpr eat 1 ng-obj ect

cl asses in the bydesiramstoratajiec tystean gi@geamhplenin drderabjtmotfone hpadonjaokegatys may
al so be provided, A second feature is th% addi ti.onal msteps may be
added to the prigf¥aAPPHsalione? MENIRG BHRETSH I HAFAPERC S SOERR [ifdReacY CPUPRRIY ed

to alter tyie o 2 Gits 2 be pFRidddN 3 B{iEEwo thalsBFAG
cust om zeig patgtsi cu 8@?‘?@%5 orﬁ@ng%%ﬁmoggroéy ?‘Eallras poss? bfng t?gag%ld
"cust oni zat i on"lasguags sbftwpreoappdisatfon ifilve 8 @adticsiao bt lamguadeg pSramsformatidre t o

perform changes to any or_all of the conp nts, pefore or after one of the
ot her steps i n RIPESE ﬂg@%‘b? Fﬁgﬁwﬁtl@wpéﬁ?ﬁﬁggﬁw&%&aﬁs&e eeh fd3s855 124k§ on

steps can 15 beyu: : I . ko he idear
exanple, it ma;e/d eglz&g%ggﬁtg%%ggg%%g@éﬁ%%fﬁ%qg%?t?ch{ﬂgms??]gfg%ro glng 'QFAL nor e
forms, add a diskt@idefdatire @ thadadditibedl newesepsrmey bs uddedar® tha praesses tod thdre
correspondi ng GJ and then nmake a change éo the related og(j? ect code. There

are many ® her trasgtopmation systenywhendsdgsired foalich the Qitcomy; of the fansfarmationyr e
20 Another aspect ofgdfg t?@ctehf?ldora&ctgrcgét%izteod ﬂa?t‘?cu%%ﬁﬁ‘gnﬂét%‘ RSHEGolbsy t hat
it my be nmade restartabl e from any step or ‘process and any conponen

W thin the | egaei posditble vradd "apgdrnizationd Bteps fo, pré@sses NThest Castormizptiovestefsaid ur e
occurs during aagiq art of the processing, the transforpation system and
met hod may be r REEPTIy hanggsdo apE aT 4l @f thegsAmennasats beiore gpaltgang gt the

processed when () ﬁ%ﬁx\ﬁthg ﬁjallxéﬂ;ﬁ}a(ﬁ%ﬁ 9%%‘?‘2 is p-lé? oglgga.egl?chtclﬁgt%nﬁg’atifoﬁ Q{egé gaﬂ t

may be desirable € repository cte a persistent stor
facility 1£e. g.be Bedts aldasaleletpiomiopaldr.a component. For example, it may be desirable

to remove a particular field from one or more forms, add a different field or other
resource (such as an icon) to the corresponding GUI and then make a change to the
related object code. There are many other features that are possible because of this
infrastructure.

20 Another aspect of the method according to the present disclosure is that it may
be made restartable from any step or process and any component within the legacy
software application. If, for instance, a power failure occurs during any part of the
processing, the transformation system and method may be restarted from the step and
component that was being processed when the power failure occurred. To achieve this

25 feature it may be desirable that the repository selected be a persistent storage facility
(e.g., a database repository).

An exemplary embodiment of the mining, transformation and regeneration
processes is described in more detail below.
Mining Process

30 The mining process 140 discovers the resources required for a transformation,
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An exenpl ary enbodi nent of the mning, transformation and regeneration
processes is described in nore detail below. M ning Process 30 The m ni ng
process IWO odiogasevers the resources required for a transf®@CwatS0oNM933 -11 WO
02/ 093367 PCT/ US02/ 14933 stores themin the repository and prepares them
and any ot her neta-conponent required for the transformation. Preferably,
the m ning process 140 has the ability to report any deficiencies found in
the | egacy software application that would prevent a conplete

transformation. These deficiencies are nbst commonly m sSin omponents 5
such as a sour cWTED ey An sy FRPQEFGTHiapA greParepnibem; # @“yp?'g‘elég?gal%nmnhl S0

provi des  for oAkt hoBiksrilHn BRI SROmINERp B TUDhBGHRBARS & 140

encounters capabilities o egacy devel opnent” envi ronnent
there is eit herrepuat kyodsficiehcienfoimd methe tagay soffisraremmptinatidnethatrveandd prevent 2on

opor tunity 1 oroTREto FEILTBIGY Hises LGS HFIoE CHETILY FESink Cppppgents
enhance the transf of Ml Qtody st ﬁ%%ﬁfﬁ'ﬁ&é %ernﬁﬂﬁfg[mﬁnfgssoﬂhotrﬂ@y APHESRES are

run. The followng steps are exanples of steps t y be perforned by the
m ni ng process fb#0petate inmitephide swayi be dsadawhenr theamimog pheeesst 140 zemuhters a

particul ar transfqrmatiqon methqodo| ogy. Further, each transfarmtion
met hodol ogy carfap@iliies of theilegeay %mekpg% Te‘?nVHf’mEgﬁjf‘?rg}'&P%\tl ‘i%ﬁ‘i‘? 1%’(71’8%’%0 Wﬂ"@h
alter the oul Ul 0RARERRAT YRR hoRFACRARaidiNystehHAREEye BediPbafned

configuration value could cause the resulting “conponents to be renaned
based on a specabhadlpaThimpmovidesche oppifriugity &iritbmopeabtoetormayrectray eleficidedieu| t

setting which can be overrjdden _by the operator. Discovery_ 20 The

di scoveryl&tep @QQtocﬁPg‘?]i“@éL‘? Hansfrgtion %F%g?fgre&@%q of hePOSEIREAte  and
devel ops a cat al,p9 of conponents contained in a particular application. The
di scovery step may scan appropriate |ogical nmenory, for exanple, physical

menory bl ocks and Vit frdlowisgrseys pegeampis adrstiépsghitombi e peefoahedby shest em

present on the conputer scanned. The cgnponents scanped may i ncl ude, but
are not |im t ednigg pReess 344 Jiachstepsigecribed may 9 mayinet brutiligsg forapartpular

structure, the t?a%@?d}rﬁlaﬁgn qﬁ‘%fh&faoll@gty?dl?ﬁ%e?,b@a%ﬁ’transformation methodology can be
15 provided with a set of configuration values which alter the output generated by the

process. For instance, a specific configuration value could cause the resulting
components to be renamed based on a specific pattern. Each configuration value may
have a default setting which can be overridden by the operator.
Discovery

20 The discovery step 142 queries the legacy software development environment
and develops a catalog of components contained in a particular application. The
discovery step may scan appropriate logical memory, for example, physical memory
blocks and virtual memory pages, according to the operating system present on the
computer scanned. The components scanned may include, but are not limited to, the

25 source code, form definition, application structure, the schema of any related database,
forms, frames, procedures, record definitions, global variables, constants, host
routines, etc. These components are preferably stored as meta-components in the
repository. In addition, for source code components, the source code may be
"tokenized" or broken down into a stream of basic programming symbols. Copies

30 of these components are then stored as meta-components in a "repository” where they
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fornms, franes, procedures, record definitions, global variables, constants,
host routines, etc. These conponents are preferably stored as

met a- conpwpeng33sh the repository. In addition, for sour®eTasdZ14933
conponents, the source code may be "tokenized" or broken down into a
stream of basic programm ng synbols. Copies 30 of these conponents are then
stored as neta-conponents in a "repository” where they -12 WO 02/093367
PCT/ US02/ 14933 may be retrieved, nodified and saved repeatedly. This

repository may be a nepor c fi a dat abase or any ot her
o tabl o 1 nf of ey Brietgegushies mndspved Rned507e Pﬁrﬁmpﬁawgpw%a am44,
all of the inf Oieﬁé 308)e Q sté'}nr% mlte,%&herguna‘%l@fﬁ%%ﬁgn%ga

t e nmap

created for each cdnpone confains informati on on ere each
routi ne and section Awdljasm a routine starts and stops within the token

stream In addition, trics concernin onent be us

create an Appl i cat i Bnih&rpapsissst %Bg‘#’t %i@gt e&/éﬂ%"‘lt}oﬁn P?G“%FP‘HQ‘“???@ 18
val i dati ons phasgy; e&ﬁtﬁ%asm Tlﬁ f S ERGEroPEacR MBI "B ay Ebrkdi ih®9RGNon on
applicati on i s generate Is cross-reference provides a list of every
conponent ( nodwhere edeli aowsimerand , seftamnwitiihc Joutihastaits ané stope wmathin ke token
conponent. Then, the reposl tor .Is checked to ensure thag?all of the

conmponent s of t%’ﬁ@ame [FONCHADE CALLEPRRBFRMEY, H%edrt&%%qt‘f BFy.

| f any conponen gsing, the 15 operator is notified to
all ow the defi c%‘é%g{?ﬁ?%%glg a§3$€2§gtgg The process can continue wth

unr ef erenced conponebalddool: t he conponents which reference themw || not be

conpl etely transforned., nfi guration Durln the ¢ ratlon 146,
Che i nf or Kt i on fr ondRiRE C@lﬁaﬁ’g‘fqﬁgnghaé& GRS TSgTance afga@{f cBerts ) the fdaere
initial config fi t H&%nt
whi ch descri begg p?&ulb&Fbélgfg eﬁ%.%%?l clg[#?r g{r?%élj%sféeré?é I%B?igeéngthtgpggér%%}ﬁgﬁﬁ F

control s the tr@usfubs, datd ssurps, fors Setd.56hat89l]'eferﬂlc¢d’lhysa ¢eauipnnetiter Thergythde

nodi fied during the valjdation phase. Style W zar .
r%posuory is checked to en%ure that al of the cyomponents o? the legacy environment

have been stored in the repository. If any components are found to be missing, the
15 operator is notified to allow the deficiency to be addressed. The process can continue
with unreferenced components but the components which reference them will not be
completely transformed.
Configuration
During the configuration step 146, the information from the analysis step 144
20 is used to establish the initial configuration. This configuration is stored in the meta-
component which describes the legacy application itself. This meta-component
controls the transformation process 156. Some of these parameters may be modified
during the validation phase.
GUI Style Wizard
25 The GUI Style Wizard 148 provides an operator with the ability to customize
the resulting graphical user interface by overriding its default specifications. The
wizard creates a custom menu bar, toolbar and button bar definitions are applied to all
graphical forms to provide a consistent look and feel in the resulting application.
Extension Wizard

30 The Extension Wizard 150 provides the operator with an opportunity to direct
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25 The QU Style Wzard 148 provides an operator with the ability to
custom ze the resulting graphical user interface by overriding its default
speci f i cawpDon®933¢he W zard creates a custom nenu bar, to@cCrarsoang3button
bar definitions are applied to all graphical forns to provide a consistent
| ook and feel in the resulting application. Extension Wzard 30 The

Ext ensi on Wzard 150 provides the operator with an opportunity to direct
-13 WO 02/ 093367 PCT/ US02/ 14933 the transformati on process 156 to create a

new foundation class |ibrary, business object |library and front-end
library for thet%ﬁﬁﬁﬁ“? SERa PW%?e&ﬁe% SEfLb Arnepy %}uﬁ&?@_ Q?%_hbsﬂm pusiest he
schema speci f i Cafil® ﬁﬁra}}pm&ﬂ:e}l@gblt a ?Mlelsdg%ﬁ%&? PRERE LERTbRB 1?&%&%{}

radically reduce”the tinme require eve new features and functi o%s in
t he new 5 appl i malktioarthe sdhetraispecifiegtions foumtl in the legdvy sbfteasef apphiedtioarandichh not
create these librarjes.

S | jcation AnaJysis Report Preferahly the
appl i cation andiPfispldy Fedyes gﬁ@e fegulaﬂ%rf;ﬁ?yf%lﬂg H&W&éﬁt\ﬂéﬁaﬁl‘i Fightierfn tBameY o
| egacy i nfrastryatung,, apghid 86} KRS nh, ﬁ{e%‘sfo%%&i{\%ﬁll ngt r(;géalteatflg%%f{r&‘?e%. and

detailed 1nf or#’&tll on and rret%cs on eéach conponent. y provi de a
listing of probl em l@pdicedsn drnakieis Repdyed above. The netrics include: the
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prior runl®f traeas ahdesribati BRVer bhegRetrigh gy Y&d gy dotghgumegr of
et a- conponent s, nehdh %ﬂe le;ga% E}é}ﬁi\}\:ﬁﬁdﬁ qgtﬁgfiﬁé\seéfsso%pce-r&%e,t fh@ ke @hy ON

process 156 provides a nechani-s egacy neta-conmponents now
stored in the rdafastidmolraitiaesrtiat plakatugtatlo naydeRy @ dohgilatipre of all commands
nmet a- conponents. The transforpmation process 156 perforns a transformation
in which the dwesented byfhe prRialionsts on may be transforned in a

mul ti-stage, parall e}?reparation

15 During the preparation step 154, all additional target OO meta-components
which will be used for the transformation are created in the repository. If the meta-
components exist in the repository from a prior run of the transformation process, they
are destroyed and new meta-components are created.

Transformation Process

20 The transformation process 156 provides a mechanism by which the legacy
meta-components now stored in the repository are manipulated to create the object
meta-components. The transformation process 156 performs a transformation in
which the entire legacy application may be transformed in a multi-stage, parallel
process. In the transformation process 156, any particular source statement (in the

25 instance of code), or form part, or any other portion of a component of the legacy
software application can potentially trigger a rule which causes one or more
components (or procedures) to be modified in some way. For instance, during the
transformation of a "frame" (a frame is a procedure which requires a user interface and
has an associated form), the transformation process 156 may discover a parameter.

30 That parameter becomes an attribute of the object class being created to replace the
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process. In the transformation process 156, any particul ar source statenent
(in the 25 instance of code), or formpart, or any other portion of a
conmponentwofo2iodiset egacy software applicati on can potenti 2CTyUshr/igger a
rul e which causes one or nore conponents (or procedures) to be nodified in
sonme way. For instance, during the transformation of a "frame" (a franme is
a procedure which requires a user interface and has an associated form,
the transformati on process 156 may di scover a paraneter. 30 That paraneter

becomes an attrjbute_of the aobje¢t class bejng created tq replace the -14
WO 02/ 093367 PEBSS0BIOsasHE offtﬂl%ﬁémwr BB eagthspgxeﬁfeﬁﬁsséﬁée gved fiqre tefed

the object classydshofyClie! i Ribd 3%he HGLAAL e of L g B ¢ dided
to the object ??%gs?lrygﬁe a@%j&ggt cl asse(in% @et urne’& %%J?ﬁgﬁsr esp03| tgrt§ t%d
processi ng of tramsioryrand pravessagofiti sobide ésvesiened. rLikdvasq imthe peicasyirgfofithe
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above, a tenporary storage fc@?i lity havjng fhe capability to nanage

i nternmedi ate r SSPPERFRAPT BIRSCIYFE) t AN ?fﬁi?ﬁ%‘ﬁ’t‘%g‘?‘?’ cgiiHo®he | egacy
software applicatio reale] B i i L '&%ion
(or "neta-applicati gﬁ"%ﬁgrh%ﬁﬁgﬁg% Eﬁ%@%&ﬁ%gﬁnn%? %ﬁﬁgﬁ ?‘%:‘%f ?gﬁljnks
conveni ent becausege &chigy Havay thei capabiiindtd managepatdrfiediataTpdpessemhaidnsoaf of
any particul ar software devel oggésnt environment, it contains _constructs

whi ch-ar el0 f ourfgmpengRty fiom peid EHIT AR PPlisgliom MRV, #RAlgation and an
met a- C°”pO”e”Hﬁtepﬁédlstepipggg%?onl@r Q];neiar-ﬁibzigﬁf@; Ohdulle gle G6GYe .02[2@'3@%?1 et

application into e new I catlron ca arated i'nto thr
processes: mi niapglicdtivaisdopr ermért bacanssratieg daa baingaied to Ospecifidindgi]¢raaitatidn t he
transformation process 156 will be described bel ow as four

t r ansf or mat i on<f any RHEFYARRLIEF deveolopmpr cnyiserRe.Hganiinscoppiiictewhish are

responsi bl e forg di i : G _ [ qamnjzl L
into a struct urfglg{(ﬁg?lﬁnggﬂb%%% n{(’:]g(ﬁmtll)eglgsga |IP3>§/1?¢{T%%§1 uﬁ%?d e@%o%lﬁlgg’sg{grpg%eg%de
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separated into three distinct processes: mining, transformation and regeneration.

One embodiment of the transformation process 156 will be described below
as four transformations.
Transformation 1
20 The transformation 1 engine 158 is responsible for disassembling the legacy
source code and organizing it into a structured format that can be easily manipulated.
The source code for the components is disassembled using the maps created during
the analysis step as a guide. Each parameter and variable declaration and each source
statement is decomposed, organized and translated into an internal format. This can
25 be accomplished in a number of ways. One way is to decompose the legacy source
code for a component into a property tree data structure. A property tree is a
hierarchical structure that provides for the storage of an unlimited number of
identifiers or properties at any node in the tree. This decomposition is accomplished
using several steps.

30 The first step is to develop a grammar representation of the legacy
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t he anal ysis step as a guide. Each parameter and vari abl e declaration and
each source statenent is deconposed, organized and translated into an

i nt ernal Wora#@p3i3¢Thi s can 25 be acconplished in a nunber @ECTASYY149Ehe way
is to deconpose the | egacy source code for a conmponent into a property
tree data structure. A property tree is a hierarchical structure that
provides for the storage of an unlimted nunber of identifiers or
properties at any node in the tree. This deconposition is acconplished

using several steps. 30 The first step is tq gdevel.op.a grammr :
represent ati on BPRE N EgACH 285 1% % g’ﬁ’o@é%gle lgﬁﬁgﬁﬂgggeeprgﬂ?’éﬁ% ng
| anguage in theirdforntion, Hic@hd/ Hibp@aiming 0RRhAge drh®ehar, Pl &andp® of which is

transformation, a |egacy progranm ng | anguage gramar, an exanple of which
is shown in Figowd i $1grbatseerestbd drhuele penaswentssthe hehamstariatiese of $hé degaoy t he

| _E if f t t t the |
| anguage. supporteeamdng 8 Fee BEh ikl ol R, 21 B sk SbBpr
CALL, PROWPT, efsGddntifiedNne t5d REQITEIRASIABE g.g[p@ReEND&rUR, TALEREROMPTO%tC.).

groupi ng statenents of a common type. For instance, FOR-ENDFOR and
VWH LE- ENDWHI LE Bhestgismenticare grouped pito @dgrashy by groupingy$tatements of adeonmoon i s

created for the property tre 00 erties a
created in the %eﬁ%]ingtﬁn%ﬁ Eom%iﬁﬁgﬁf%ﬁﬁmﬁ%F c‘ilﬂflc?eﬁ%({ ﬁﬂ%%,
"Line Nunber" ngntlos"a A§RRIEkbMt oREMDMistPeaddd fof Rl BBFRHySireeBeA e HoHR nbast
node, classification nodes 202 are created in the tree which represent the

hi erarchy devel®padopestics dre oseatademethe dreglydvieh apst camaobn ¢ all sidtémentts.offonode

202, properties._are j.mlemented which are common.tq, those state ts. For
nat ancer L0 oo ArBe R Tt B SREiHiEH CHRPRP UL BPRars. FOSH RoREt ol s.
Finally, statengie, DasieScatiOd nddd 22 £& 6RLRE in thelthQ vIRBK RiPrésehtethe hierarchy
classification node 202 that represent each specific statenent. Properties

are created fordavhlopedhétdhewinichnentsabovd. Gitecach clabrificatian endn202, propettidssire

met hod, at | east one coympn. propert uld be defiped at eagh statenent
node. 204 wi ¢ h SRR VDR BE PR & e e RET hEo e S o G
statement type.m[h bEg cofrhtsf ffriFatd ShldeS cotbi. Bhally BtMent h6&es J0AQWN as
an abstract syntax 20 tree, is devel oped for each conponent. An abstract

syntax tré® is acapddiahp zpuropeatsi dassilpfatian hiode s32hthatirepyesspecagh spaific
designed to co nsttéa%lenqef;t?J lraé)egu%(s: grrépccr)esa?c% fort I(:ItCI?Od%C\)V Nich aArre] unique to the statement. In

this method, at least one common property should be defined at each statement node

204 with a default value that is unique to the statement: the statement type.
During transformation 1 158, another type of tree, known as an abstract syntax
20 tree, is developed for each component. An abstract syntax tree is a specialized version
of a hierarchical property tree designed to contain fully decomposed source code. An
example of an abstract syntax tree is shown in Fig. 4 A root node 250 is created and
properties are defined at the root node 250 which identify the component as a whole.
Routine nodes 252 are created for each block of code that exists within the
25 component. Classification nodes (not shown) which hold different types of code
blocks can be created if this offers an advantage to the regeneration process 166
(discussed later in this document). Each routine node 252 has defined parameters
which identify the routine. Section nodes 254, 256, and 258 are created below the
routine node 252 and identify the different sections of the routine. The following

30 three section types are typical: parameters node 254, local variables node 256 and
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exanpl e of an abstract syntax tree is shown in Fig. 4 A root node 250 is
created and properties are defined at the root node 250 which identify the
conmponentwa2a938bol e. Routine nodes 252 are created for eeghusht/omks of code
that exists within the 25 conponent. C assification nodes (not shown) which
hold different types of code blocks can be created if this offers an
advantage to the regeneration process 166 (discussed later in this
docunent). Each routine node 252 has defined paraneters which identify the
routine. Section_no 254, . 256, and 258 are created bel ow the routine
node 252 and idséﬁ?ﬁng@tgpﬁge%?gf erent sections of the routine. The follow ng
30 three section typek wdlfdratieal 159 RESHS nigiRedbdtduriRCit aNaydiafbss
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decl ar ati on st apkensnmtil it findheermaplets daclaratomstatement. Aigten addig@ deplardtion node

paraneter secti ode 254. At that n i efines. erties which

Corpl et ol v dof 170 OhiE paRtag iR AOREHe! y PR BPES AEOER, bRafB ien 1y
is repeated f afoniglGtelyQ@efthe thakhdddlwRitslisYemioRIeBlRted 9688 pir@ietef TS is repeated
transformation 1 158 identifies the 10 statenent type, it |ocates the node

in the | egacy |fanthedew! yariabieandistatsaneoh esshon. NOmegransorwatiarhl | ¥pidesiéfiesshe hat
statenment, It tragverses up.th ree .copyi all of the properties .which
def | ne t hi st au LERFGTPL T dochfes Misae TPie NS endlst PRolbae shEn 4% and
including the rpghiche8feseh @R stafcaRAf. Ut @Svete§up HRArcd 8bpyARLall &f th Bropbiee MENt
node of the conponent's property tree. Transformation 1 158 then parses the
stat ement and 1®hickplefine thet stateniehtaer are wairopsstyodl awctassifisption podd wh te had
exact values faound.in the  stat nt. In_addition rgnsf.ormation 1 .15

ma ntai ns rel aroginedbe T Rl "Bt oS b pofited 1R % THomelapdran.
found after a RER:6HALRIROPr &@)&Q@é.ofﬁnﬁfﬁﬁnﬁ%rlem% PérsesthPk{aRn¥d hfld be
created as a child node of the FOR statenent node. This nesting 20 can
continue &% deepplases thendefadsualyes dEsadhnpropérty woiiethe rexiaetli valwesnfound makbs it
easy

statement.
In addition, transformation 1 158 maintains relationships between statements.
For instance, any statement found after a FOR statement and before the corresponding
ENDFOR would be created as a child node of the FOR statement node. This nesting
20 can continue as deep as is necessary. Nesting the code in this manner makes it easy
to move entire code blocks later during the transformation. Once this process is
completed, a complete, organized version of the legacy source code has been created
and can now be acted upon. A sample visualization of an abstract syntax tree
expressed as an XML document is shown in Figure 6.
25 Transformation 2
The transformation 2 engine 160 is responsible for converting the legacy forms
mto object meta-components which can be used to create a graphical interface during
regeneration. This can be accomplished in a manner similar to the way the legacy
source code was manipulated in transformation 1 158. This process, uses two

30 reference property trees, a Graphical Interface Form Template tree, and an OO class
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to nmove entire code blocks later during the transformation. Once this
process is conpleted, a conplete, organi zed version of the | egacy source
code has wean/gxzeat ed and can now be acted upon. A sanpl @Critsozi493at i on of
an abstract syntax tree expressed as an XML docunment is shown in Figure 6.
25 Transformation 2 The transformation 2 engine 160 is responsible for
converting the legacy forns into object neta-conponents which can be used
to create a graphical interface during regeneration. This can be

acconpl i shed iqgg‘ﬁ%nggé simlar to the way the | egacy source code was
mani pul ated in Fanst orfmtion 1 158. This process, uses two 30 reference
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a graphi cal uséwindayi-ér AawmdoThis arewendon displayingénfoonstiomen a ghpiietialsaer
for the nenu bar,, u bar . is a,special are sual | aced at the top
of a w ndow Miﬂgﬁ‘ﬁ%erg[@s S?Cﬁ_gd ﬁ%oifloqeo‘:%gg’!“g@tp% ﬁ%lﬁ?rﬁgg%ﬁrgeguﬁﬁn MTERAE  The
third root nodes £gntal S Ghiallf pResEs Yo Bf §8SdobehitA alib®s %n%&%%el%t the
wi ndow itself. Inorder to create a nore efficient process, a default

confi guration fiiom & pesiepoheonmendst dire thistroat whdb eotaipp bhikbinades twhéchpdesqritset v
tree. Th 00 c¢lass, hierarchy .tree describes the class_hierarchy of the

t ar get oaoect @?el Cé)ﬁ'{eé‘ts (f%’es%’}{‘fl%r‘t elfje ‘?rg‘ffﬁ%ﬁliea@ﬁ\ﬁ‘?%ﬁféiﬁn? PRRESS, ftepl t y
Lree s o eat edosiiht Rl Bfieni G bl S PIRYAGRA RN el o
Every 00 nodel software devgl olpmentc 1§nenvi ronnent has a "s stg}' or he

bui | t-cl ass hi &QchlyhicTrchy é¢cadasciihesthe clhss lIdehichg of thegargebolyjelattarientatddas s
obj ects which 0 ass . hierarchy

tree is created® earg ﬁﬁ%’%ﬁ%ﬁ‘fe’}\{ ﬁ%vq%”“%%b Vélgrgg‘geé’néﬁ?iiggf%ﬁé‘g Elﬁﬁlsﬁégalb’éélﬁﬂar
Fransf o mat 1 on 2 L6 o e e Lo, T Q7 nac®) S vare development
15 environment has a "system" or built-class hierarchy. This class hierarchy defines the
foundation class objects which make up the development environment. The OO class
hierarchy tree is created by implementing a property tree which describes each
attribute of each class in the hierarchy.
Referring to Fig. 5, transformation 2 160 retrieves a meta-component from the
20 repository representing a legacy form (Step S350). A new property tree is created
which will represent the graphical interface form replacement for the legacy form
(Step S$352). This is accomplished by first copying the Graphical Interface Form
Template. Transformation 2 160 scans the meta-component (Step S354) and, if the
code scanned is not a named data entry field (No, Step S356), then, for each item on
25 the legacy character form (field, trim, etc.), transformation 2 160 decides what
replacement object will be placed on the graphical form (Step S358). Once this
decision is made, the process can look up the object class in the OO class hierarchy
tree and collect all its properties by traversing the tree all the way up to the root node

and collecting properties along the way (Step S360). Then, a field node is created in
30 the form section of the abstract syntax tree and the copied properties are defined at that
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20 repository representing a | egacy form (Step S350). A new property tree
is created which will represent the graphical interface formrepl acenent
for the |wgaewof3eTm (Step S352). This is acconplished by PCTIEs02/eopyi ng t he
G aphical Interface Form Tenplate. Transformation 2 160 scans the

nmet a- conponent (Step S354) and, if the code scanned is not a naned data
entry field (No, Step S356), then, for each itemon 25 the | egacy character
form (field, trim etc.), transformation 2 160 deci des what repl acenent
object will be i fLor t hj

decision is nad%%gﬁﬁgngggééggg%g%nhg%%d&gﬂgﬁé§%§?§§?é%¥%§§pﬁﬁméﬁgs686%%ass
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the way up to the root node and.collecting properties along the way (Step
S360). Then, a fsselipfionoefe grapliead dntedagen 30 the form section of the abstract
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PCT/ US02/ 14933 nodeﬁ;?g;’mgtoﬁrg%r ﬁ@ggﬁéiﬁ‘ftﬁe%ﬁ 8%2“?@%ﬁ%@%ﬁ‘tﬁr&?ﬂ%lﬁ%ﬁgth}%%ﬁ%%m
the | egacysf or min(esfaep. $36E when @uened datd EtrEfield i§ becoua@alyod tierfedirydoleen
processed, what remains_ is a conplete_ description of a géqfhical

interface. Two OfatePteprdéyquecessing af thefoamistuspendad ($igp SREA)cVRil themet t he
hical 5 i e LSEs . pas fi i d
o The Tegacy feORES fof e BhicclIRE AR teftlne Rifse doliEbdocified 1AAURL OF

(Step S364) whifoemtietigved and oot is hoded tb €hcodlj e twiidtamatcéy 66 defidition
repl ace the source code associated with the formis retrieved and an

attribute is aﬂ@féhe tield(Bier SBP@e (ThigHp pnarheceuredn pigay &@ﬁ%hsqft(;me deyfelapmeent i el d
S S366). This.| i . . 10
o Fonmond s, 1 gRrERRr SEE 81 Rt e N ch SRS SNAMBICE i TP T B0l

envi ronne son‘forns are | i

form s source &@@dden the G086, ey BécanichRylahAGATBuRS 6f tHe@bjcat.t SdcbHE eRepf
the object. Second, after processing the |legacy form the process scans

the abstract syPpgsssingelbe degagy dorm.rthe progass snanmtheobstraatsomtagriraeherestod i s
Fource code. SHBEILBAY 1 bRt RSA SRS He" sud BB R

t he | egacy sour Ce. ound, any

(buttons, tool baer ésiRMendsFourtEn WAL R0 RHEREE SIf afipire Toudd, 8@ 6tk sTel gl GUI
graphi cal user interface property tree based on input froma QU Style
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one or more "events," are added to the abstract syntax tree that represents the new
code logic for the form. These added “events” will associate the new GUI form
controls with the method that was generated in the object class that is the transformed
20 representation of the logic associated with the menu command in the legacy
application.
Transformation 3
In transformation 3 162, the abstract syntax tree for each legacy source code
component is retrieved from the repository. The corresponding object meta
25 component is retrieved as well. For every routine node in the abstract syntax tree, a
"method" node is created in the object meta component. A method is the source code
in an object that can act upon the object. Transformation 3 162 first takes any
parameters of the routine and declares them as parameters of the method.
The same is done with local variables. The statements are then processed. For

30 each legacy statement type, transformation 3 162 decides how to convert the statement
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controls with the method that was generated in the object class that is the
transforned 20 representation of the | ogic associated with the nmenu command
in the | egagg/ozapplication. Transformation 3 In transfor meCirarso81482, the
abstract syntax tree for each | egacy source code conponent is retrieved
fromthe repository. The correspondi ng object neta 25 conponent is
retrieved as well. For every routine node in the abstract syntax tree, a
"met hod" node is created in the object nmeta conponent. A nethod is the

source code in_an .object.th n._ act n the object, .Trans mation 3
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15 job is to manage the creation of other objects based on a request. The next statement
added is a call to a special method common to all transformed components which
"invokes" or starts the objects processing.
The second aspect of the transformation from a procedure to an object context
is the syntactical difference between a procedural software development tool and a OO
20 software development tool. During the processing of the statements, each token is
checked to see if it is a reference to what has been transformed into an attribute of the
class. If so, the appropriate changes are made to the source so the appropriate variable
is referenced.
Transformation 4
25 Transformation 4 164 is the transformation in this exemplary embodiment. It
involves the cleanup of a variety of small problems which can remain but may not be
dealt with in parallel to all of the processing which is performed in transformation 3
162.
Regeneration Process

30 The regeneration process 166 is the reverse of the mining process 140. During
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The second aspect of the transformation froma procedure to an object
context is the syntactical difference between a procedural software

devel opmewD kogd36and a 00 20 software devel opnent tool. Pamiusg2/i4983
processing of the statenents, each token is checked to see if it is a
reference to what has been transfornmed into an attribute of the class. If
so, the appropriate changes are nade to the source so the appropriate
variable is referenced. Transformation 4 25 Transformation 4 164 is the

transformationgin_thi X | ar i t invol ves the.cleanup of a
vari ety of srnatIﬂLfe 6?%68%3%83\:3{%?%%clé%g’b?lgena%'!gﬁc%tﬁettaﬁﬁ?/mﬁ%_m ggec}eﬁtggl (%un\ﬂg_t %n
parallel to al krapdforinitgionHestessSisaGhrovbcs b ér8atd HefaofudBsbjbdl cldssd $ha? ardRiladsd 3
162. Regeneration Process 30 The regeneration process 166 is the reverse of

the mning proéedke 4. sofiyars gevelgmend yiroysgyy bGRIdUSyR/the 98w guaphical

regeneration prqQcess 166, the Lect a-¢ en [ eat dyr. i t he
Cr oot or mat | on Mids St Ay SRRy FaRBIRARIR SeBbr Al fiatin M obie
that are gl ac_egoft\ivgg_etdlaeelaﬁweﬁ@h{,mﬁﬁerd,evel oprment environnent. In addition,
the new graphical interface forns and any other necessary conponents are

created and pl aced ifnteniiennew 5 software devel opment environnent .

Extensi on The extension, st.e 6 ilds.the new Foundation.C ass Library,
Busi ness. Cbj ect Li BTE RNan S e R e Re e aRPA AR Lt Ppagieny
the Extension OjeIdbiath afl Frdig-BldeCohpbitat PbREESS spédified By RBYFREmBIonON | N
regeneration step 170, actual object classes and GU fornms are generated

fromthe obj ectWigendgus dupogtheteinggqueetishiédQ-o t he specifications contai ned
t herei n. i Nuner ous diti og.le}zl nodi fications and variations of the present
di scl osurl® are possfEFE4H i ew of the above-teachings. It is therefore to

be understood that W tdbefleratién ithf 175¢ aBRaPsbjéR1RRRAE U oah s Bre defgrafiiesent
di scl osure may be practiced other than as specifically described herein.
from the object meta-components according to the specifications contained therein.
Numerous additional modifications and variations of the present disclosure are
possible in view of the above-teachings. It is therefore to be understood that within
15 the scope of the appended claims, the present disclosure may be practiced other than

as specifically described herein.
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-21 WO 02/093367 PCT/US02/ 14933 What is clainmed is: 1. A nethod for
transformng a procedural program having procedural |anguage code into an
obj ect - orwerReeB3pT ogr am conpri sing: scanni ng the procedurall/usangiwayye code
and creating a map based on the 5 scanned procedural | anguage code;
storing the scanned procedural |anguage code as internedi ate code;
processing at |east a segnent of the procedural |anguage code using the
map; creating a first data structure using the processed segnent;

nodi fyi ng the é@ ers msgi atﬁ code based on the first data structure; and 10
generating an £ %2d program havi ng an object class based on the
nodi fied intermedi atie £qA&hod forl RandTBiMAL Dbrdckdirl) proghath tHAOIMgCHIFBEAFAINY:
suspendi ng the step of processing a segment of the procedural 1anguage code

15 when a pr ed@tneumen@degégﬁeanegif-ommeqﬂrogl@dupampnanguage code is

d d; d dif h d do
it o od seoneitanthg e oSt I SRR Bhde GRASATRER Bib bled o e

creating 3 secg&gng@f,@cgdﬁﬂqm basrd on the procedural | anguage, wherein
the second data structure is %0 hi erarchi cal tree having a node

identifying a pr opeswngﬁheaﬁcsmlmdmumi langeagsrcode aintarmegiptsgrodeni ng
| anguage. 4. The net hod of il |n th aﬁ of cr atl ng a first
data structure chEP(‘fg%SH} etaftr?gsegmﬁ% ehprf)ﬁ g a%facto BiPE i PEhased

on the processed segpRfhg aﬁ@&ﬁ@ﬁﬁé@é&ﬂ%ﬁ Eﬁﬁ@§53§§ saghtdat a structure to
a root node, and including the contents the traversed nodes in the

first data struct ureodifying the Dﬁa‘gwdtmnqdmbawlqmdhﬁér&tdﬁfpume@XMt abl e

nio an dbl “octori SRRGEITH BUPRR orelRdnamaE Ty i 9505 o adRipr 4k ©o%°

PCT/ US02/ 14933m0gm hRrme&iafenps the procedural | anguage code and creating
a map based on

2. The method of claim 1, further comprising:
suspending the step of processing a segment of the procedural language code
15 when a predetermined segment of the procedural language code is detected; and

modifying an other intermediate code based on the predetermined segment.

3. The method of claim 1, further comprising creating a second data
structure based on the procedural language, wherein the second data structure is a
20 hierarchical tree having a node identifying a property of a statement of the procedural

programming language.

4. The method of claim 3, wherein the step of creating a first data structure
includes locating a node in the second data structure based on the processed segment,
25 traversing the nodes second data structure to a root node, and including the contents

of the traversed nodes in the first data structure.

5. A storage medium including computer executable code for transforming a
procedural program having procedural language code into an object-oriented program,

30 comprising:
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t he scanned procedural |anguage code; code for storing the scanned
procedural |anguage code as internedi ate code; code for processing at

| east a swore9336f t he procedural |anguage code using 5 rhg/usapl49dde
creating a first data structure using the processed segnent; code for

nodi fying the internedi ate code based on the first data structure; and

code for generating an object-oriented program having an object class based
on the nodified internediate code. 10 6. The storage nmedi um of claimb5,

further conprising: ¢od o;é\%%ﬁnﬂé&%ngj)% el Paﬁé%%lgggﬁ%@e%gﬁﬂﬁgo%ﬁ '%8%?&

procedural |anguage code ermn

| anguage code iﬁw@@&xﬁfé&@%cedﬁtﬁl lafi@@@e tode; modi fyi ng an ot her internediate
code based on the predeterm ned 15 segnent. 7. The storage medi um of claim

5, further conprisi ngedsdaestping theseannag pepcedwaldaasuaae eodstas ietermesisza seds; on
e o SEaar % oo SR LB R RORR- B DR M Rar g

hi erarchi cal tree having e YI'fig a proper
20 the prosedur @ idppgr anm ng | anguage. 8. The storage nmedi umof claim7,
wherein the code for creating a first data structure includes code for

| ocating a node in tpedesaensing adastedata soictuge usipg Sedresssicdsegpeicessed

segnent, code for traversing.the nad second a,structure tqo a root
node, 25 and code fo(rlocferﬁ I’ll:llgclh gn%ﬁlgmggnrﬁegha?escogg%%sﬁgop éevftérrSts a(t]as%%ua e’iaﬁldt he

first data struct urecodeSor ferefiiidita@lobfbai-ari&iteiido gRDRA Sar dbjéct I8 B4FedSi On
medi um and i ncluding conputer executable instructions for transformng a

procedural progeathemaedified interowdigta eide] anguage code into an obj ect-orient ed
pr ogr am g@npri sing: 30 a data signal portion for scanning the procedural
| anguage de and creating -23 WD 02/093367 PCT/US02/14933 a map based on

the scanned procedur gl TheAGHAOR 8RB haifles, FuShedRapAShsl on for storing the
scanned procedural |anguage code as internmedi ate code;
code for suspending processing a segment of the procedural language code
when a predetermined segment of the procedural language code is detected; and
code for modifying an other intermediate code based on the predetermined

15 segment.

7. The storage medium of claim 5, further comprising code for creating a
second data structure based on the procedural language, wherein the second data
structure is a hierarchical tree having a node identifying a property of a statement of

20 the procedural programming language.

8. The storage medium of claim 7, wherein the code for creating a first data
structure includes code for locating a node in the second data structure based on the
processed segment, code for traversing the nodes second data structure to a root node,

25 and code for including the contents of the traversed nodes in the first data structure.

9. A computer data signal embodied in a transmission medium and including
computer executable instructions for transforming a procedural program having
procedural language code into an object-oriented program, comprising:

30 a data signal portion for scanning the procedural language code and creating

23



a data signal portion for processing at |east a segnent of the procedural

5 | anguage code using the map; a data signal portion for creating a first
dat a struwDWemIssi ng the processed segnent; a data signalPCparsn2/o3s or

nodi fying the internedi ate code based on the first data structure; and 10
a data signal portion for generating an object-oriented program having an
obj ect cl ass based on the nodified internmedi ate code. 10. The conputer data
signal of claim9, further conprising: a data signal portion for suspendi ng

processing a s rocedura | anquage code when a

pr edet er m ned S%B ?segfonqﬁ s eéﬁﬁ?egf“#g’ﬁ‘éﬁ%%ec g%?de is detected; and a
data signal portion § gsitanssal pbiienabr SbARE m@&&ﬁﬁ@ﬂp@k@d&mgn@ag@@o@@aé he
predeterm ned segment. 20 11. The conputer data signal of claim?9, further

conpri sing a dapgmsediaglcoer creating a second data structure based on the
procedural | anguage, erein ond data cture | ier ar

tree having a node iadghttaisfl%ahﬁo 10&%5&’??‘%?556%3 ?@5‘1 %d’? Fﬁﬁé’r%e wa uraI
progranm ng | angyag gecé’&ﬂsﬁl o th@gapOnput er data si gnal of claim 11, wherein
the data signal porfion for creating a first data structure includes a

data signal porti on I data |stgpal pertjon forocteating a fisst dglectmdtutatsing theugrooessedased
on the processed ment, a data signal portion for traversing the nodes
second data strﬁ%rtn e to a root node, and a data signal portion for

i ncluding the cont enf ga@k; éhﬁ'l%dfﬁ@ﬁ’ﬁfﬁl‘i‘(ﬂh@ﬁ%etﬁe liretnittidté ESde BH3ER o UGt ©-
30 -24 WO 02/093367 PCT/ US02/14933 13. A'nethod for transformng a

pr ocedur al progiamtmmrmgmérocedural Ianguage code into an object-oriented
program npri sing canni ng t he ocedur al uage code and eating a
map basedﬁgn t he faﬁﬁ%dl%ﬁage pﬁ'{)r BHITERGRg &0 @3@?%6@?&1}%@ VHE#phnd
the scanned pr QPRIERSs BRCDERER ERABARIREHIRIAILN 2

10. The computer data signal of claim 9, further comprising:
a data signal portion for suspending processing a segment of the procedural
15 language code when a predetermined segment of the procedural language code is
detected; and
a data signal portion for modifying an other intermediate code based on the

predetermined segment.

20 11. The computer data signal of claim 9, further comprising a data signal for
creating a second data structure based on the procedural language, wherein the second
data structure is a hierarchical tree having a node identifying a property of a statement

of the procedural programming language.

25 12. The computer data signal of claim 11, wherein the data signal portion for
creating a first data structure includes a data signal portion for locating a node in the
second data structure based on the processed segment, a data signal portion for
traversing the nodes second data structure to a root node, and a data signal portion for
including the contents of the traversed nodes in the first data structure.

30
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repository; creating a new set of target netadata containers for
transfornmed representations of each conponent; processing at |east a
segnent oWwotlkepsocedural | anguage code usi ng procedural PCO/USeL/84933 a
representations to create a first abstract syntax tree using the processed
segnent; popul ating the target nmetadata contai ners based on the first
abstract syntax tree; and generating an object-oriented netadata
representation of the original 15 procedural program having an obj ect

I he fj , 4. Th h f claiml
Further comprisi ng: - Sucbdnariy onuipuiiing et OG-Ehni: Sl -
procedural | angu@aR € 66t inwhdio dﬁbﬁ@ﬁ%@pfﬁg@ﬂ,o@ﬂﬁﬁﬁﬁ%z of the procedural
| anguage code is detected; and 20 nodifylng another abstract syntax tree

based on the predet efcaimrpg theprasedural lagguagh cofe @R Grepting |agmep baseds om heer
conprising creating.a second, abstract syntax tree based on the procedural
| anguage, V\hereslc?im%ﬁé)r%c&gﬁ?glaggg §8§e’synt ax tree may be a abstract syntax

tree having a node igemid fginkp ehdrheBRinhod Poceduilaheiasd cofe as Aetddigr in a

procedural programmng |anguage. 16. The nethod of claim 15, wherein the
step of creati mgresltbrf;st abstract syntax tree includes |ocating a node in

the second abstract syntax tree base n the processed. segpen t4 aversi ng
t he nodes second abs“trgag@lg sayﬁ’tegx sfefeog ﬁ%rggt r‘%%)‘%“?aﬁ%d%",“ ARG | EO‘EEI #&P#&m t he
contents of theeprleserdtind oneddTompohdi; first abstract syntax tree. -25

processing at least a segment of the procedural language code using procedural

10 metadata representations to create a first abstract syntax tree using the processed
segment;
populating the target metadata containers based on the first abstract syntax
tree; and
generating an object-oriented metadata representation of the original

15 procedural program having an object class based on the first abstract syntax tree.

14. The method of claim 13, further comprising:
suspending the step of processing a segment of the procedural language code
when a predetermined segment of the procedural language code is detected; and

20 modifying another abstract syntax tree based on the predetermined segment.

15. The method of claim 13, further comprising creating a second abstract
syntax tree based on the procedural language, wherein the second abstract syntax tree
may be a abstract syntax tree having a node identifying a property of a statement of

25 the procedural programming language.

16. The method of claim 15, wherein the step of creating a first abstract syntax
tree includes locating a node in the second abstract syntax tree based on the processed
segment, traversing the nodes second abstract syntax tree to a root node, and including

30 the contents of the traversed nodes in the first abstract syntax tree.
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