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ASSEMBLE COVPUTER SOFTWARE Fi el d of the Invention The present i
relates to the field of conputer software progranm ng, nethods for

'speci fying software prograns before they are witten in(m
| anguage, and nethods for inplenenting ?oftware speci fi m!m”m mmrto t he
nmet hod. The nmethod also relates to the tield of automatic conyersion of
software from specification to programmi ng |anguages. In addlg(il on, the

present invention rel atggrRob oR BSANE]A E%IW"F’{:?)W"I@E#“ on, and nore

specifically, thef sof tware code
whi ch provi de sone c?herent gmfs‘gongﬁ:ﬁ{“@gﬁbﬁ{] ods a enefl cial in

bot h design and i npl enmentati on of conputer softvvare. Background Despite
much res ai nmany prom sing products, the software industry is still
st ruggl imgé—ﬁﬁ%&'} to inprove software quality while reducing the
costs of software production. The software industry also faces nmany

difficulties Thepispintgnvantion teisestaithe Geidoé competersadivere progofmmofg wathods
systens. It is well recognized that reusability is key to further inproving

sof t war efopspsbiflyirigioftyvasnprogtadis Heyore tpewe vritttoin 4 pogetevalngaamiiagefanaew
software systens, substantial redesign and redevel opnent of parts of

exi st i ngme@bl¥aIremblatentll kyfewars QPR GANREEMing tdkd mealli Themeiataiftave been
devel oped earlier is required. These parts will be referred to as

functi Onx%haté?t%ttf?é felddf fa fifaki® @@ﬁveﬁ'ﬁ a(% so'ﬂ%va'r@ﬁbﬁ@@&ﬁgatmﬁ t? p?c%tr?.rg

fragnents in program unctlona ctors range from snal
fungtional, factors ar.at el d pre |sely

“epr esentabess ol i flekiPhuadeh BieRBE Rohe MBI PRRRR S AT A uages.

As such, in the present state of {he art, these functional fact ors cannot
be devel @ﬁéﬁ’o@&e@'ﬁ @fé‘l“i/ﬁ%lﬁd’fé%ﬁ%it PYEORSRISEAENIAPLY ofseftwarscode Sdich provideg Feg
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some coherent functionalities. The methods are beneficial in both design and implementation

of computer software.
Background

Despite much research and many promising products, the software industry is still
struggling to find ways to improve software quality while reducing the costs of software
production. The software industry also faces many difficulties in coping with the
maintenance and evolution of software systems. It is well recognized that reusability is key
to further improving software productivity and quality. However, for the development of
new software systems, substantial redesign and redevelopment of parts of existing software
that deliver some coherent functionalities that have been developed earlier is required. These
parts will be referred to as functional factors. A functional factor is implemented by a set of
code fragments in a program. Functional factors range from small to large in size. However,
these functional factors cannot be separately and precisely represented in existing techniques,
development environments and languages. As such, in the present state of the art, these

functional factors cannot be developed separately and cannot be reused by later developed
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systens that would benefit fromthem because they interface vt FRpi2003 are
intertwined with other functional factors. The lack of a representation or
an architecture that provides for the separate definition and conposition
of functional factors to forma software system prevents the reuse of
functional factors. The majority of sofjware maintenance activity involves
i ncorporating new functional factors, nodifying existing functional factors
and renovi ng out-dated or no | onger needed functional factors. The present

state of systnathht WOAE beRdfitFropP Mehn Gecllise @6dy iARPRLEE R ALNBE RreAnfeHiGlddan
factor and that portion of a software systemthat inplenents the functional

factor. Mast kGl eR&rs f '@gé QLR ofh %phﬁgﬁt\%{@ﬂé i dr@ni{erc&lgm{ rioQIde§? Lare

code buried In a systemand intert er function actors. As a

result, typical i-nt enance and evaol ut.ion .activyi resylts in

- contSiarg cetfftiol FRARS e Rytindll fffeals b SR vele bt prevetiimary,
a problemin software qevel opnent today is the inability to assenble

sof t war e%ﬁ%‘t‘%rﬁ’é@‘?’%‘ﬁi‘? dAdPiSonal factors in a manner simlar to the process
of assenbling _a hardware system from defined parts. This problem exists
because funct Teaalaiqriy vbsefiwan msnteraneepitivds inwdvesapeorperaling pgw Amgtional

i ncluding other interfacing functional factors. This prevents reusing

f unct i onfdctdrachatifyityyexdssgfohdtivgak factorstamdfremaviag pusdatedror fdenpat mecddédw Net
provi des a solution to this problem ~ 0 F E s ao@B SUWARY Al t hough

sof t war efigiREbMA FAdtHY. ITAS pfERER sSEMCHY tBE X2 A6 bupport £4iedtt mABRIng befvdedfage
anount of commonly encountered fragnents of software which provide sone

coher ent pfuAGHAI PAbd drldGRat HRRIUN oG thf'e%téyg' ¥R haSRETRONR M &RRAI fctor.
devel oped for reuse. Por% i(bgns o?‘ sgﬁt war € can %egg)nal ogéljzegg?o part%orcal | ed
function tors. .Bec e these function f [ I ght | edded
i the prisgt AR AREE HR PR Tl eSS R sPUg el FRRE Gy
progranms that could benefit fromthem The Data Fl.ow Net (DF Ne iS.a
novel sof“f‘“g:)aﬂ‘%wlé‘ﬁ‘? &é‘gr%eﬁfwwlémwow&ergs [ H@e%lval%?naef%ﬁ%%mm
assenbling of software systens fromsoftware parts known as functional

f act or s. aqthatyfrasidisiio Hale-doasuming, kigh-ibpads, igvasiveymedifjsatisindo garsdistpinovi de f or
enhanced maintainability of the software system Oher features and

advant ages of Ii henmameapraemin softvearappeatamnient todlay ittbe ambditp &mgssagblir awi ngs
and fromthe detail ed description that foll ows bel ow. 1 0 FEB 2003 4

BRI EF DESSHRATEls{ek frbhEfubESNaNGStors in a manner similar to the process of assembling a

hardware system from defined parts. This problem exists because functional factors cannot be
represented separately without including other interfacing functional factors. This prevents
reusing functional factors by assembling them to form a program. The Data Flow Net

provides a solution to this problem.



The invention is illustrated by way of exanple and not by way, pf _limtation
in the figures of the acconpanying drawi ngs in which |ike reﬁeﬁefr&ﬂeé'ﬁ&?
indicate simlar elenents and in which: Figure |la depicts a snapping of a
single hierarchical dependency. Figure 1b depicts a mapping of an OR

mul tiple hierarchical dependency. Fi guri | c depicts a mapping of an AND

mul tiple hierarchical dependency. Figure 2a depicts a mapping of a portion
of a DF Net showing a single main input place. Figure 2b depicts a napping
of a porgyg frp DF Net showing nultiple main input places connected with
OR | ogi c- 2c depicts a mapping of a portion of a DF Net show ng

mul tiple main,ippu l.aces connected with AND |ogic. Figure 3a depicts the
mai n flow of é!}g@t&th %’ﬁwﬁfe PEHecRBe gaﬁﬂpﬁéﬁ‘@ugbm{ﬁ&’e@??t ffﬁ@‘:ﬂgtyﬁf“lsea 1388w of
execution of a DF Net. Figure 4 depicts conmpute average paraneterized DF
Net. Fi gipeuntof gammenly encauared fgments of spibvale (viigh progidgispgeopberentb| es.
Figure 5b depicts the DF Net for joining subject and result tables. Figure
6 depi ct Bmatiommpipencpnahbbd effectibely apsiifiethadt easityf dpleboped fanrduser Dostidrisafis
needed for the conposition of the conpute average and join tables DF Nets

t o for m ¢dfevare opubeardiskizdddaperts cidied ¢linctiv el Fa@old- B¥eduse Biegel fgncioadpi cts t he
conput e and update subject average DF Net. Figures 8a, 8b and 8c depict a

flow chaglpd ak fﬂi%hﬁ% eRBedRlER tﬂé’br&éx@ﬂﬁﬁ%ﬂm{‘&e? atdinbfalled Elf«‘sgi dahf@teqBuell 2
software programinto an executabl e source program 1 0 FEB 2dtt3 s

Fi gure 9. ' ] ' ur ' + ' ' ment s
FouT e SyERLASyRS RLSEl 1SRRG ISR AR SRIRLNGI Ll L BT
.Cha[Jt F(égs (e g tree rgsegt?iﬁgg wlh?chcp?(r)rxtrllldgsl a“%eﬁl‘éﬁ f(%fple%%ige gs%erggﬁr?g St stot[}tleage DF Net .
systems from software parts known as functional factors. The functional factors are both
easily reusable and provide for enhanced maintainability of the software system.

Other features and advantages of the invention will be apparent from the

accompanying drawings and from the detailed description that follows below.



6 DETAI LED DESCRI PTION A. The Data Flow Net The Data Fl ow Net (12)!‘—1 KEP)ZQBQ a
software architecture based on data flow and object oriented concepts. It
has mat ured through vari ous enbodi nents. One enbodi nent was devel oped in
‘Del phi (with object-oriented Pascal as its base | anguage) to inplenent a
proposed nodel for devel opi ng Cobol progr ams. In this enbodi nent, a
simul ati on approach was used to capture Cobol prograns specified in

graphi cal software nodels. Due to the difficulty in progranm ng graphi cal

user int ARIBRFISESORIPPPON ORI DHEDRAWINGST [nterfaces were supported.
Anot her enbodi ment of the DF Net system was devel oped in Visual C++. This

enbodi ment proyj des conpreh ive graphical user,interface t.o capture

pr oposed grapﬁ¥%31eﬂ@%&Pgﬁwﬁﬁgﬁ%ﬂ‘N@gﬂﬁggmgﬁég'ﬂgghygﬁ%SEﬁgﬂm%B?l ﬁﬁlysis
and desiPn aéégrns. O her %ybodinentﬁ,gf,the DF Net .extend to Visual C++
and the J&WSS PelASIAGHATRRALY e ArgyinRS In Which dike rjeranersrpdicae siaplar slegngand
specified in DF Nets with Visual C++ and JDK as their respective base

| anguagel! Witkbse DF Nets are automatically transformed into Visual C++ and
JDK for inplenentation. The DF Net of the present invention allows for the
separat e and pigoaede depigtsesaapang ofa ghgls bidravahiealplepesienoy.r eal i ze or

i npl ement sone coherent functionalities. These parts are inplenented as a

set of code fFagireNbdepitita REHILADT aMORMBMiplehB&arohRUBAPeiddRyL S cannot be
expressed in terns of existing software concepts such as class, operation

(method), fung -lﬁ‘@’l_c%'éﬁ%tnsqa%gpéﬁggo%{heAﬁﬁ xﬁfxl:ug\% 4i%?ch?€al hdéhcyOf twar e

conponent is. I'sting appro 0 not a or representatfon of

software parts.separately and precisely in.a that.allo for reuse in
cormos! ng sof TS 2agsp st M bt §Etob AR PYNctlPyir 4885 B BU . e
DF Net cap represent software parts by a paraneterized DF Net. 10FEB
20~~ Th8l%E Net of the present invention allows for the representation of
various sized analysis and design patterns. In such an enbodi nent, an

anal ysi s or d¥igue Zbalepisina ingpméppg@éwﬁ@d obg DI’ NeltshgpingampltpleampinddpiE Net s
suppl emented by referenced software artifacts. The DF Net of the present

i nvent i oplaa¢ssawnatdtedvsith@R tdpdc.r eal i zati on of a use-case for anal ysis
purposes. In such an enbodi nent, a DF Net is constructed for the

realization. IMgure 2c depicts a mapping of a portion of a DF Net showing multiple main input

places connected with AND logic.

Figure 3a depicts the main flow of execution of a DF Net.

Figure 3b depicts the detailed flow of execution of a DF Net.

Figure 4 depicts compute average parameterized DF Net.

Figure Sa depicts the parameterized DF Net for joining two tables.

Figure 5b depicts the DF Net for joining subject and result tables.

Figure 6 depicts a mapping showing the assignments of places and transitions needed
for the composition of the compute average and join tables DF Nets to form the compute and
update subject average DF Net.

Figure 7 depicts the compute and update subject average DF Net.

Figures 8a, 8b and 8¢ depict a flow chart of the steps taken in transforming a DF Net

specification of a software program into an executable source program.



such a DF Net, a transition is not defined according to the eidﬁﬁE@FgMﬁ;
construct (that is, a process and a predicate which conprise sets of
procedures, which will be discussed in nore detail below), but is specified
informally by a textual natural |anguage description. The DF Net of the
present invention also allows for the realization of a use-case for design
pur poses and i npl enentation. A precise Net is constructed for the design
of a use-case. In such a DF Net, all the procedures and attributes are
witten in e 9&lepRR BE LbRL SRARA BLAGCANING: ARMAAGIonddiR 4 Net can
automatically be trangforned to the target programm ng | anguage tor

i npl enment atiaqn. No di.ti.onal work.hs required for inplenentation after the
autonatig“PP%ﬁS?%PW%ﬂ?%%?“ﬁ? a%%ﬁF §* the realization or i npl enent ati on of
a use-case is_constructed fromihe conposition of nmultiple DF Nets which
real i ze or i nBreredd dgpicksia lhgw cbabpidhe seohkeinggomyiRiagtwo OieNeis & akea A
menber DF Net can be instantiated froma paraneterized DF Net stored in a

| i brary. third BENe&| so be defined by inheriting froma DF Net or a
paranmeterized DF Net stored in a library. For the |last case, both

i nheritance and instantiation are applied to define the nmenber DF Net. In
such an enbodi nent, nost of the nenber DF Nets are defined from DF Nets
stored in libraries. In such a conposition, before a paraneterized DF Net
is added, it nust be instantiated. Both inheritance and instantiation may
be applied to define a nenber DF Net. In such an enbodi nent, the
inheritance is applied to yield the specific paraneterized DF Net before
the instantiation is carried out. ~~FE820~3 s In addition to the

i ndi vi dual construction of DF Nets, a rich set of analysis and design
patterns may be captured for use in the target application domain,
resulting in a large-scale benefit fromreuse. That is, a |large part of a
system can be constructed in one step froman analysis or design pattern
stored in a library. In such an enbodinment, this is achieved through the
application of inheritance, instsntiation or conbination. Simlar to the
case of constructing DF Nets individually, inheritance is always applied
before the instantiation is carried out if both are applicable. In addition
to the reuse of variable sized software parts, the DF Net al so separates
the realization or inplenentation of independent functionslities in a
use-case. As a result, the DF Net of the present invention nmakes systenmatic
assenbly of software systenms from parts which realize or inplenment a set of
coherent functionslities possible.



A Petri net is a widely accepted system nodeling tool. In one‘kﬂbpggqﬁmg,
the DF Net of the present invention is devel oped by nodifyi ng and extendi ng
a high-level tinmed Petri net of the type known in the art. However, the use
‘of high-level Petri nets in the DF Net is not necessary. Petri net notation
and concepts are used because they provide a well known and commonly
under st ood set of notations and concept§ that can be used to describe the
DF Net of the present invention. The basic conponents represented in the DF

Net are ME§ f’B"I"L(?I\}'lV i nstance of a data flow, hierarchical

dependen tdata rows, production of output data flows from i nput
data flows, a production of data flow instances for a production of

out put déta fkgﬁékﬂlghﬁlﬁﬁbt data flows. In Petri net term nol ogy, these
concepts are represented, respectively, as: place, token, hierarchical
dependency, t Thabata ldawdwet (DErNatpisa softwasd architecture baved ve datadiow andebsject-
not ati on and nane schenes well known in the art can be used to represent

t hese coonanehtscepts10 hkomamredthAugh vatiowreahbodanéms. Ofe empadiieaf was pr ogr am
that delivers sone coherent functionalities. A functional factor is

i npl emengeeidpeddn SRIphP {wRIP 8 b L ANRASsédD ab n§bz§§re@8{§%%e)'f6"fmﬁ%§1@m £ the
part of a programthat reads product records according'to certain criterion
is a fungtl I . : r.Im . ge is
2> unct | Brap g Amp B e deydlofinRidbol rofri O Ih MR, b R B AL
are accessi bl e at statenent in the program. Each set of value f these
vari anl eSehg calECH T PhiertRs tHEBHSE pRhiea SRk peE B T dedar &
flow A basic data flow.is a data flowin which all its data attributes are
si ngl e- vEItiedty mpsogragymng grappisalgrer igterfages Ifquet only tgxtuplysepipterfacey st | a
functional factor is specified by explicitly representing the basic data

f1 ows t haterd swppeded. with the external environment graphically in a

hi gh-1evel Petri net-like diagram and, second, a conposite functional
factor is devenopedehbodinehhef the DFSNetrgstbunedsi denebpédiat Vissal l-+usTHig t he
output data flows of one functional factor as the input data flows of

anot her tiBedInRARProlvaRks Qrcom-ﬁ%e%yé\gfagl%altlﬁ@r iRfePBEM o daPtieSIbrlopBsddrapHigd] | sed

of places, hierarchical dependenci es between places, transitions, a source
pr ocedur i 99% . Ney; al . : ai.gh-1evel

Petri ne?&@?gé%ggggfgny gﬁgﬁi§ﬁ%§§b§ﬁ% reFgﬁyéggﬁfggg%@g¥§ﬁgbﬁ§¥§iyents and
the defi gi.bbaheats SEEDEHERkkNRa 8 ViSRE - LaRPHL WD vetoMfent KANGHI) oS e

These embodiments accept programs specified in DF Nets with Visual C++ and JDK as their

respective base languages. These DF Nets are automatically transformed into Visual C++ and
JDK for implementation.

The DF Net of the present invention allows for the separate and precise representation
of software parts to realize or implement some coherent functionalities. These parts are
implemented as a set of code fragments in a program. Many of these reusable parts cannot be
expressed in terms of existing software concepts such as class, operation (method), function,
procedure and the existing idea of what a software component is. Existing approaches do not
allow for representation of software parts separately and precisely in a way that allows for
reuse in composing software systems. As an improvement to existing approaches, the DI

Net can represent software parts by a parameterized DF Net.



source procedure and the sink procedures interface only through places. 1.
Pl aces and Tokens A place represents a basic data flow from and t b

envi ronnment. Consequently, the attributes of the data f|OleiRhF %e
attributes of the place. A token of the place represents an occurrence or
instance of the data flow Tokens have a value for each attribute of the

place. In the DP Net, *“blocking'' of tdkens is not allowed. That is,
bl ocki ng of data flow instances is not allomed Therefore, at any point in
time, there ig,a st .one t oken of OFEB? 003 to rtlcular pl ace. A
newl y pr oducezh‘f i?lfglﬁet&féli‘er prgeeat f‘W@“té% al Oi"Yf ’E@‘Eéﬁ’re%“ Bt yiqus st e

between the DF Net and the known hlgh | evel Petri net is that during the
firing ofnaYyaKkiesigapaerns okibitiehap smbedimanbarn agalyyisos fesigmpatarmist okens of
pl aces is made. 2. Hi erarchical Dependency In addition to defining the
product i tapresented bpasetef paramsertiied 3y NetssupfleiNented bp refeeentes] doifisvase arifacad.
dependenci es. Hierarchical dependency is represented as a di anond as shown
in Figures | aThd DFaNet dfche fasdnt plvaaton Ascallovacioe thetroaliZagolbfapgeccaby faan ar c
with a solid arrowhead pointing to the dependant place. For the follow ng

di scussi Qﬁledlﬁﬁurﬁose@' I duch ah efboBim@R%h OF Net is Pnktrictéd fo?ﬁleqleﬁ%ﬁon I fn the

t okens of aces q;,. .., g, are produced for each token of a place p, then

q, .- @pw' e&ﬁ{sﬁmnqehé)tyde%ﬁ%g&%@ n@fd 1 tBF gbﬁ?b@m&m%tﬁl ggﬁgt%ch' cal

Dependency are d OWs an exa erarchica endenc in

shich b ged 2onn, SeRelE on ke F et s SRl be (ﬁsc%ssg & Btiuced

for each token of place p, where 1 <i < n, then q,,. are
hi er ar chAgall Ib910d@p‘elﬁd%$ﬁe°’cfﬁd paformally byra t%ﬁt@hgﬁumdangwger@ﬁ%mteal
Dependency. Figure 1lb shows an exanple of "OR' Hierarchical Dependency in
whi ch pl aces Zhe &eNeagdenziprseno mvphaaealsd allovasfor dprredentiedoby ustemen ftency

di amond 28 and arrows 16. |f the tokens of places q;,..., ", are produced
for eachdesdgbpurpbicgandimpleinekrrion. OAGrédiyDEARDisonyhet€l for the design ofia t hen
d,,.-.., Qq, are hierarchically dependent on p,,..., p" through "AND

hi er ar chiy§atasde pEARBRAYF N-Eh%llttﬁ’é(ﬁr@%ecﬁlrr& aqlfaraiaheﬁds %C\Pﬂit@émﬂ thOtat e bbject-
occurrence sequence. Figure 1 an exanpl e of "AND' Hi erarchica

Dependengye i W:f LBl B985, 38 A1 i APRGRIER huBRaBLASHR hnbtofiied RAERRLET bY

dependency |%
programming language for implementation. No additional work is required for
implementation after the automatic transformation.

A DF Net for the realization or implementation of a use-case is constructed from the
composition of multiple DF Nets which realize or implement a set of coherent functionalities
in the use-case. A member DF Net can be instantiated from a parameterized DF Net stored in
a library. It can also be defined by inheriting from a DF Net or a parameterized DF Net
stored in a library. For the last case, both inheritance and instantiation are applied to define
the member DF Net. In such an embodiment, most of the member DF Nets are defined from
DF Nets stored in libraries. In such a composition, before a parameterized DF Net is added,
it must be instantiated. Both inheritance and instantiation may be applied to define a member
DF Net. In such an embodiment, the inheritance is applied to yield the specific

parameterized DF Net before the instantiation is carried out.



3. Transitions 1 0 FEB ~f~~3 11 In the DF Net, the productifo pEBaZnﬁit of
coherent data flows fromother data flows is represented by a transi n.
The places that represent the input data flows of the transition formthe

i nput places of the transition. The places that represent the output data
flows of the transition formthe output places of the transition. Sone

i nput places are designated as nain inp&t pl aces of the transition. The
designati on nust be made in such a way that a relationship between the

[ I | ds.. . These. r.el.at i [ ' ' d il .bel ow.
1 chere s nrsaniontOTREMRIFL AR GRaiDE NBETERER p et Bafgg

ei ther conbine by OR logic¢c as show in Figure 2b, or by AND | ogic, as shown
in Fi gureAtsEns Y bHEARIAR fordiin B (hs darach ApBReANGR SomaRy FesUledn adare eale n

i nput place is connected by an arc, which has a solid arrowhead to the
transi t i bancticfem repse: Ndhat ispalangapprt efputysismaerade(qeostryptddninionp stepframe es) ar e
connected by an arc with a hollow arrowhead to the transition. Figures 2a,
2b and 2anatiesis @tdesigppates sshredinglitirhrye dnlsucitam @hbddimast thiokachieaah with
varying nunbers of main input places. Figure 2a is an exanple of a

r epr esen{hadughnh®hpiicalibLinAGitAndeN idlanRhtmeor cohbHa@oNBE il Ry thedagsor 201 s
connected to transition rectangle 206. This figure also shows two non nain

o1 . O di BB P NAECRIR AhalF ShAnALSA DGk K ATERNE AR5 A BrioBin0l ©

out put place Arr ows esignate main I nput place

201 and qut. ce 218 of transition 206. Figure 2b is an exanple of a
represengggggém§¥gﬁﬁf¥?ﬁﬂgwﬁgﬁn i nput places connected by OR logic to a

transition. ltipl.e majn input places 201 are connected by OR logic to
transition re %Clﬁ’g‘i‘fél i93b repit &f wxgﬁlﬁéw& SORSHGWEriBe b@ﬁﬂw%@ sgpargiedflicar y

i nput place 215 designated by hol |l ow arrowhead 2|1 6. Two out put pl aces 218
are depi teabigationror owplep@dtagind of indepersienifanesionalitiesi in guseghsge &8 2@5ulanbe out put
pl aces 218 of transition 230. ~ 0 FEB 2003 12 Figure 2c is an exanpl e of
a repr esbiftNdtiod theqpresent invphttonmakesispperhatid asasblyaineftvad shytedbBohogires to a
transition. Multiple main input places 201 are connected by AND logic to

transiti GRiche6d1aed enpRhentie of tEdi&ht FhrPloBd1NAE pbiibleoN- mai n or ordi nary
i nput places 215 designated by holl ow arrowheads 216. Single output place

218 is depi ct ?\Obetrﬁ\?.éﬂ‘é’% V%QaPr%e&f?ek?sy%ﬁi 10841 THIN 1 BR&’EmQ&ﬁﬁEﬁﬁ, alpand
out put place 218 of transition 260. "It there I's a sequence of places p,,
p" e n.= 1 in a. t ch that fo ' <oy S
e  er 8 i BaPl el oe e Lt e AR el

ependengy tha y invol ve ot her aces, or p,. .. IS a pmi.nin e o
a transi PFme AF (R e Kowrgindhe Wt Hoveyrabe vt offighfsvghLsirinsis iR e BENE Pe
an ancestor place of pn, and p" is called a descendant place

is not necessary. Petri net notation and concepts are used because they provide a well known

ei t her

and commonly understood set of notations and concepts that can be used to describe the DF
Net of the present invention.

The basic components represented in the DF Net are as follows: data flow, instance of
a data flow, hierarchical dependency between data flows, production of output data flows
from input data flows, and production of data flow instances for a production of output data
flows from input data flows. In Petri net terminology, these concepts are represented,
respectively, as: place, token, hierarchical dependency, transition and firing a transition.
However, any other notation and name schemes well known in the art can be used to

represent these components.



of p, . Depending on the nunber of main input places and their.ﬁ%nﬁké 'gn
| ogic, the followi ng relationship between input places nmust hold% ﬁ@m

transition. If there is a single main input place, all non-nmain input

pl aces are descendant places of the main input place. If there are nultiple
mai n i nput places conbi ned by OR | ogic, each non-main input place is a
descendant pl ace of one and only one maf n i nput place. If there are
mul ti ple main i nput places conbined by AND | ogi c, each non-nmain input place
is a descendant. pl.ace, 9f one or snore main jnput places, 4. Process.and
Predicate In ?‘hfggﬁpnﬂl%%c@f S HRARY eas%rﬁgrafrh@@%‘? IYFTS SPRIE CPFERY tgﬂ%ll"“ﬁ@%%gvi or

of a transjtion defined by a process which may be supplenented by a
predi cat €. tlu‘T‘Hé’nBL 1233 W?%‘?%?q e sgof ﬁ?%@%ﬁ??eé‘gs inybg PogHdt Ferexampler
redefine any attribute of any place that is not an output place of the
transit i B§.pathed agrogra@ thatgeadspredict mconds pegoading taeertafrectifaiion jsraduactinmel of
the transition, and the renai ning procedures are called reference

pr ocedur &stoof Thheatt oéaprdgran thatdetermihed freaveedfgeriea bmcpond dauores i s
registered to either an input place of the transition or to an ~ 0 FEB

2003 13 ancespfatdfle®en @prkrifBiidla ROV aribiGehAfard iRedsINOE 4 §tBmeft inqhEr ENCE
procedure registered to a place may nake reference to attributes of the

place. Ankgl CPag I BF A IRAL SHENEA dufind R LREKUORYS HeSRMIBIGS hT er ence

to attri ow ng places as we as varia i n other

reference procedures reqgistered tofdhe follown aces:. in.j t places
hat ar osRREETENe SRadfd. oh iE b fotPis el H T PhER 3D Bl bl b

i nput places, if the place is a non-nain input place; or ancestor places of
t he pIac@ngﬂmLW@-place is a main input place. The reference procedures
support the main procedure by defining some of the main procedure's

vari abl es. Thdhe biss¢ plidasophhoefatie PENeds aofollpwadirse a dwictignaldadtpoigspemed

t hus, produce no tokens. The main procedure of a transition produces the

t okens oby thdiciulyt pptesphtapabe bisid dea floen ghat imeract Mgt thie extetied emaronnpmocedur e
produces data flows represented by the output places of the transition. The

Mai N pr ogRARICEIIYRYa FRkaevct Peireng gkt diaghen;fal] RbRY a@smpasitefh@sonapfacfdrbut es
of any input places, attributes of an ancestor place of a nmain input place,

and var i %t}#egglog&f (B th&t AWk RlkliGRA ?%&(Qor?%g%ﬁ]g OtIH’J oltP& dafPAGS {)jPJhe The

predi cate transition 1s conprise rocedures structured i n the

Same WaY finctional factor as the input data flows of another functional factor.

The DF Net of the present invention is comprised of places, hierarchical dependencies
between places, transitions, a source procedure and sink procedures. The DF Net is
represented as a high-level Petri net-like diagram which shows the relationship of its
constituents and the definition or specification of these constituents. The transitions, the
source procedure and the sink procedures interface only through places.

1. Places and Tokens

A place represents a basic data flow from and to its environment. Consequently, the
attributes of the data flow form the attributes of the place. A token of the place represents an
occurrence or instance of the data flow. Tokens have a value for each attribute of the place.

In the DF Net, “blocking” of tokens is not allowed. That is, blocking of data flow

instances is not allowed. Therefore, at any point in time, there is at most one token of a
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as the process for the transition. However, in a predicate, no procedure
can define or redefine any attribute of any place. The main procedure of a
predi cate does not produce any tokens. The procedures of a predicate define
‘the value of a Bool ean variable, To-Fire, for the transition. 5. Source and
Sink Procedures In the DF Net of the present invention, places that are not
out put places of any transition are callled source pl aces. A procedure
cal |l ed source procedure is defined in the DF Net to produce the tokens of

some source pl ace Sour Iac be. rel ated .t hr h hi erarchi cal
dependenti &g lH (i?ﬁfy %Bewg'd%g%‘f?a ke”?ﬁ"e"’%ﬁl‘&@x‘ﬁ‘% Ié)g‘ﬁgeAdB%@r ﬁ&gr?@Fer to,
~ 0 F EB 2Q03 14 define, or redefine any attributes of places or any

vari abl e2twesn the SN ecpogyhe knowrhhlathyeNéetrl nehisrthet dyring die fring @keﬁgnsmm h
are not produced by the source procedure represent data flows that are
requi r echdbtpkenmare eorsunmetl; gnlp deferedced to,tokdme oDBlabietis mEdese source pl aces are

i nput places of the DF Net. All other places are output places of the DF
Net. Any nunmbrr of Hixraeddedl @ependerty regi stered to a place in a DF Net to
use the token values of the place to interact with its environnment. Exanple

interactions jnnglduis o H@ﬁﬁﬁé@ﬁe Fro8@lRRRT KRS A t?ansftfé%E’QHé BFet3eplesints
printing information, etc such procedure is call’'ed a sink procedure

P BRSO B 5P S Y Lo
e S AL e G B S LB S B, o o

|nvent|on atransition is fired by executing the transition's main

pr ocedur aTowhead aiiting ém theglepengapt pl@tre fﬁqruthﬁngﬁthugecll$C@B$1@wlﬁg>,tphﬂe%l <n)
conditions are net. First, the determ nation of when a transition is ready
for firigw Qpe@dgnpa3pMQﬂnunber of main input places and the conbination
logic. If there is one main input place, the main input nmust have a new

token whi ch hﬁ%hé‘@}keelsﬁéf;ﬁ 386, L0%, [ TaBRULIA #Eﬂﬂttoke?x’of%adi'%%}é qu-rfbai ned

transition to be "ar e’ mu t|p e main 1 nput

{1 red t hs EEIERETSATY ApPoiE t@‘f’%ﬂ?}@f%}%}*ﬁ@%%?rﬁ“ SR Raes TR by

OR logic, one of the main in Iaces myst hav ew token whi ch has not
yet firethomfenexampleqifingls ‘ETHEP hic| Pepaidencsus 1‘?5¥Pq?‘f?e22rf6rﬁ‘eﬁee{]dﬁn‘i91‘put

pl aces that are descendant places of any main places of the transition that
can be pplectutkeas rgpresented by dependency diamond 18 and arrows 16.

If the tokens of places qy...., qm are produced for each token of place p, where 1 <i <
n, then qy,..., qu, are hierarchically dependent on py...., p, through "OR" Hierarchical
Dependency. Figure 1b shows an example of "OR" Hierarchical Dependency in which
places 22 are dependent on places 11 as represented by dependency diamond 28 and arrows
16.

- If the tokens of places qi,..., qm are produced for each combination of n tokens one
from each p, where 1 <1i < n, then qy,..., qm are hierarchically dependent on py,..., p, through
"AND" hierarchical dependency. The tokens are combined according to their occurrence
sequence. Figure 1c¢ shows an example of "TAND" Hierarchical Dependency in which places
22 are dependent on places 11 as represented by dependency diamond 38 and arrows 16.

3. Transitions



aresult of the tokens in the first condition nust have be :
Third, and |l ast, the Bool ean variable To-Fire associ ated mf?gpgﬁgﬂﬁﬂ§
transition nust be true. To-Fire is always true if the transition does not
have a predicate. 1 0 FEB 2003 |Is The execution of a DF Net begins with
the execution of the DF Net's source prgcedure. During the execution of the
source procedure, tokens of sone of the DF Net's source places wll be
produced, causing sone transitions to becone ready for firing.

Consequent | y, Intthe DIFEN ¢, Pk Qeaiiidfi®is o0 sek BES¢hetdn@Bath FloQRFrdM BiHRX &AL TBS id N
turn, the execution of any of the main procedures causes other transitions

n P any .
to becongpleeafiyd byh trahsng&g THSp18cek BRY l‘é%{yr%s%ﬂtf[hgﬂlggt RiQEBIN %?gqeqtanmgﬁgny

transitions are executed. The ‘executio urce proceaure an

mai n pr e wll alse.lead to t execution of referen roced s (for
both pr g@grggﬂ an b rl%%’lsggt&éetra RO ﬁﬁe B%%Sethﬁtrrggreﬁ% St ‘ﬁgﬁ{% % S‘e(lLJ‘Ut % the
pl aces that.re resgﬂ} t he Hoken whi ch are produc%d by the source and main
pr ocedurEAISIURL Tgrmy thequiput places olfne HansIijk e3Pt INRUPlaces aresdasiesatisd @ maiy
further token of the place will be produced until all the transitions that
can be finpecplacss af thedtansition. Thedessgnationawest brompadd inrsuch a ey tthas agelaiondhiimd,
during the execution of the source procedure and any nmain procedure, upon

t he pr ochetweartheinpanplatekdenids Hltese slatiopsldpent dchysed impimaseaddtal dibwh
reference procedures (for both process and predicate) or sink procedures

are regi ster e thdr®& R6RAREHGIR M ihpud Blae¥ @RsiA inpHEARE QliN eitdf cBMBdintat e
the readiness to fire a transition with a predicate defined, the main

procedurg, @k 1bfe R SRl B F?ig%,lﬁea ?B(DEJQ Bl oD Qo ek REo I @ggkﬁﬂl iy flel Ble®:

To-Fire. I n the execution Net, the execution e ‘source

procedur r%al?l{},g al (r:]c%v%)r(lgc(r):]ryatl ir[]’,gtrr]i I%fts. alﬂ%g rg@aiir? irg)rugg(lggeui{s zzal%qe%%el T%a}lf;&nls% tm&gﬁ Fxlg.rs? zh a;l'h €

source proceduré or i nprocedure | ecu un &t'e
produces data flow that i.s represented by.a place in the DF Net is
execut e .O?‘%?éré’mhi"?a‘ﬁmo ¢ ttrﬁés“é%r%é?ﬁéﬁ g‘erfﬁm‘?}/%?%@@m}ﬁ% SRR iR Plages)
each reference procedure and sink procedure registered to the place has
conpl et etfe egrregteddry; angnel withja) hollew aredwhepd scibdeesitior. Figures2amabendads t hat
beconme ready for firing as a result of the production of the data flow have
conpl et edkpéot ecappings showmgQ@hrdee EinBs 20@ansittons, each with varying numbers of main input
places.
Figure 2a is an example of a representation of a single main input place. Single main
input place 201 is connected to transition rectangle 206. This figure also shows two non-
main or ordinary input places 215 designated by hollow arrowheads 216. Single output place
218 is depicted. Arrows 203 and 217 designate main input place 201 and output place 218 of
transition 206.
- Figure 2b is an example of a representation of multiple main input places connected
by OR logic to a transition. Multiple main input places 201 are connected by OR logic to
transition rectangle 230. This figure also shows one non-main or ordinary input place 215

designated by hollow arrowhead 216. Two output places 218 are depicted. Arrows 203 and

217 designate main input places 201 and output places 218 of transition 230.



Figures 3a and 3b are flow charts showi ng the execution of a DF Net. As
shown in Figure 3a, the execution of a DF Net begins at 301103'5%§t i
procedure, Proc, is set to the DF Net's source procedure at X Zpﬂ n, as
seen at 305, Proc is executed according to the flow chart shown in Figure
3b. As shown in Figure 3b, the execution of Proc occurs statenent by

statenent. The execution of Proc begi nsl?at 310. First, the first statenent
s in Proc is executed as seen at 312. After the execution of the statenent

s, what occurg, next is determ ned by whether. s produces a token tk of a
place p in thg'qﬂgek@fs aé‘sexgglé)ﬂg (ﬁtea rfﬁ%.senlt?%oé’ O&nblﬂﬁ%lgénaén {RUERlages coppeeted
processiﬁ?ﬁwwni ng with, 316, 320 and.324 is performed in _any seguence or
concurre Dlagiqye aotsgnsition Aulgplgapaim inpug places 0 aree@mesied bydtidegie to
registered to p is executed statenment by statenent, fromthe first

st at enentransglanigctapgle 260.ail bisdizure also shoavs tewo n@naindr StigarSeponplacesally si nk
procedure registered to p is executed statenent by statenent, fromthe
first stddsemant Hychdloe drasstheadsa BireSihglasupacplaed 2 130 dapidted 2&rrowWs 208 and or
each transition that is ready for firing due to the production of tk, Proc

is set tDI71&RidMiemBLGRAWROL0 1 4R JukRNPldck 018 ofiishsttm J¥eW y assigned Proc
is then executed as seen at 324, 326 and 328. The execution as seen at 324,

32G and 328, gk p@éghgfgﬁl@‘%a%gs ﬁl%g.,é., fB.gvrvp&%leﬁ s 1}5%&%%90&%&9&%9@; each

begi nning with 316, 32 a orned In any sequence

concurrently. Next, if. the st.at nt oes not produce an oke

repr esent (te)déy bW naeltheée'els F‘Wr %rﬁ}éw%g'r%@f”.‘fe(‘}?o%@ AEOH %ﬂ@&aé g@f’%éi[e?‘?rtf@i‘%ﬂ fhat
branches 316, 320 and 324 has conpleted as seen at 330, the next statenent
in Proc Mgy &xedya ether mMageReorgants amainérpud place ef & transetigsnin whiclapi is eenuiput 334
and 336. This continues until the end of Proc is reached, as seen at 338.
Fi gur e 4pldepoftths trangifiomipe isarallzddn BkeeMeot plhce eftpypartdep,dn caledraaipscehddnt plidee
paraneteri zed DF Net to conpute an average 444 is conprised of a mapping
portion 4#§. and a procedures and attributes portion 448. Mre specifically,
F figure 4 depicts a paraneterized DF Net for a small generic functional

factor which %ﬁg*&?ﬁgso@ﬂle%ﬁ{k@gﬁ%lgihfi% tpPa%Es fﬁd theiiLC(QmEmFti(ﬁll% Q3¢pk/ Nuneric

val ues. Referri o Flgure Ional factor refers o three data
flows represent ed b laces p.1 (401 05 nd.p3 (413)..Places p 1
and 2 aFUORTH, RaghaPRERaR i PhgrpuR Bt ShuBiPatohcf tike i3 S8R O
pl ace pl, there is a set of tokens of place p2 ich represent a puneric
val ue. THA" Ut plpge, 5117 geRsmpin inpufplaces ﬁff‘s&éc‘a%%tml/%q‘l‘%ﬁ/oﬁﬁ‘e\m%‘e pinu plgce. 1
occurrence (a token of p 1) results to a set of tokens of p2. For each
t oken of theresare mpltiplemrpan fnpyt plaegsaonbined dy QR depie €gchhnarppgi igputdtlageds B3 t hat
represents the average of the nuneric values represented by the set of
t okens oflesptratzat plact bixineand odbpardein imput plaee.tlbihere ayé npilagle npird inpThe
average is conputed by t 1. In the paraneterized DF Net 444 shown in Figure
4, transplc&toibifeiB) AND I, eathyhon-main input place is a descendant place of one or

more main input places.

4. Process and Predicate
" In the DF Net of the present invention, the functional behavior of a transition is

defined by a process which may be supplemented by a predicate. The process is comprised

of procedures that cannot define or redefine any attribute of any place that is not an output

place of the transition. One of the procedures is designated as the main procedure of the

transition, and the remaining procedures are called reference procedures of the transition.

Each of the reference procedures is registered to either an input place of the transition or to an



transition. Places p 1 (401 ) and p2 (405) are the input pl1agqs§$ifzgﬂ3
transitiont 1. Places p 1 and p2 are also the input places of e
functional factor as shown in Figure 4. Place p 1 is the only main input

pl ace of transition tl1l as shown by arrow 402 in mappi ng 446 of Figure 4.

Pl ace p3 (413) is the only output place of transition tl (408). Place p3is
al so the only output place of the functlidonal factor. Each token of place p2
has an attribute with nuneric value. For each of the tokens of place p 1,
transitiont 1.is fired. .The average of the nuneric val ues represented by
the t okeHEeHPr %lf’%\ec(étlap'?aWHBPUt ‘?é’ed’z EPé’ﬁ‘tnOBn&t‘i’? r?‘%ﬂ?éﬁo‘iﬁ"gmiﬁlrﬁ%‘étefﬁdltoias t hen
conputed. The average is represented by a token of place p3 with attribute
named RIS maemake refprsipe torptiribatep pb thedlaces Aniséerencerpreneduke ragigtersd tiagur e 4.
"the average is produced by the statenment, "average = total/count” in the
mai n pr opleciumay efso maka séferenne to ditribmites o6 e followihd phdceFaguwek advariabldshe
conput e average functional factor shown in Figure 4, other than the

propert i @it ai ether fdfi@efced Hotdufddrédifteret @6]the fEN®Ring Placdtrdaih i places
represented by places p 1 and p2. As such, the conpute average functional

factor cait£8 aHSREripPcePIPUE B1RE aRY SLREBr pAcADY R hl BN plaglafrdhess of
the source of the nuneric values required as input. For exanple, I O FE

B 200 is e ri g ; e r..Lnput . ent ered
i rect 1 yP s LR i ot et et L AR ek 1P el i n2Rh s or
such a gener i nt.erface. This enhangces the reusabil i of the.conpute
ver age P THSHATCT g Eaced iss SERORARS BIn HeCEP B R TSmOl B8 fan
represent executable software systens and use cases. It can al so represent
parts of Pros¢dups ariaplase e spfgronsepiosedises doarot peaduge pnydate lows apgehus,
functionality provided by the software systens and the use cases. In a DF
Net undeprotihee haatokens. case, i nput places of the DF Net represent the
external data flows required by the DF Net. These data flows are provided

by ot her DF Ngh&malhpracddurdNef a frxaitiongRo@renths teltene e thétoalh @ phicegsde t he
tokens of all source places are produced by the source procedure of the DF

Net. As gGhthiod Nehak & HRmdk #)Nﬁztedﬁg%?od&@és DAY Bowd Ripkesthg ?? thdouth@Pags ti on

of Data Flow Nets Two data flow nets can be conbined to forma composite DF
N 1 TR A0l Bau Il R ) AP ALy R T e
(o ser e 8580 AR, Bl ahe sl Nave, AL LS neaed roneriies ol Lhe
variables defined in any reference procedure of the transition.
The predicate for a transition is comprised of procedures structured in the same way
as the process for the transition. However, in a predicate, no procedure can define or redefine
any attribute of any place. The main procedure of a predicate does not produce any tokens.
The procedures of a predicate define the value of a Boolean variable, To-Fire, for the
transition.
S. Source and Sink Procedures
In the DF Net of the present invention, places that are not output places of any
transition are called source places. A procedure called source procedure is defined in the DF
Net to produce the tokens of some source places. Source places may be related through

hierarchical dependencies or may be independent. The source procedure does not refer to,



Nets is as follows: D, and D2 are two DF Nets; P,, T,, R and1§k|5£3a|2303 he
set of places, transitions, dependencies and sink procedures in D,; P2, T2,
R2 and SKP2 are the set of places, transitions, dependencies and sink
procedures in D2; Ois the set of output places in D,; | is the set of

i nput places in D2 and J is a subset of,J. A conposition of D, and D2 is
formed as follows, as can be seen in Figure 10. First, the set of places of
the conposition is defined as (Pi a P2) - J, as represented by block 10l 0.
"I 0 FEBidhile;8r AedeRRE ttrfbﬂ?es%%éﬁ%gg &%ﬂy%aﬁ%u@tpkﬁhc‘g bj fte source

procedures of D1 and DZ forms thé source’ proc or the conposition, as
shown in bl oc 0 n riabl es;decl ared. in . both DI and D2 are
nmade uni que d@%%%@é@eﬂ%ﬁﬁf orll(.enerF‘rCB,aree%ogl?r?dr‘fﬁﬁq B%F@é@“ﬁeipﬁocfa\"?
assigned to a placg ¢ in Oaccording to a pping [err] that maps J
into O “a‘?r?ﬁ%ﬂldﬁ"tal 0%?&%&@!‘6{%}2&;%, ke nmﬁﬁ‘?%%@g&é fayseppwget o as

an | P maplpi ng. In conjunction with this assignnent, each attribute in the
pl ace, Pplapes aae nyhelacesizhe Big¥ati Pillothertpladgs ars duipus plasys efctboDFiNg. t 0 a

mappi ng Op that maps the set of attributes of p into the set of attributes
of [err](p). KappuntheOnf procaluses aaeberegicdercd tas phne A PDaYqpitegse theekerppi ng
o is derived automatically if there is a unique correspondence in terns of

data typesubesivaeplache iatdridt Mithas @birpn@ed. [BRampledhterdcddnd Mclv@dePdate of a
transition in D, and D2 becones a transition in the conposition. as shown

i n bl ockydOkRe rdddrE PSS toQMysYf, %Hnﬁ@inﬁﬁﬂl\éﬁ?g,%%.g@&@l@hcﬁér()icgcm}& isqjiazlgﬁ

in
J, the followi ng replacenent 1s carried out each transition t . a)

If mis i I t in n . t.hen | ace ith.[err]l(m,
s shoan s PRSURREBTE Mhge A o RiR B stiteish R s B S Fe R M B
for each variable v refefenced in proc that is an attribute of a place p in
J, repl at¥ RASkY aftfibutey Bany anqessoy <hysplacs: 1 Howgise, sifkaigerdursseay neidiers hown
in block 1046; and c) If ref-proc is a reference procedure of t in D2 that
i s regi stefinenargedefipe gtebytegoljanyteagsr egi ster it to cp(n) instead of n, as
shown in block 1048. Fifth, the set of hierarchical dependencies for the
conposi t Bon i ExeadiamefonDofa Klow Nett s of hi erarchi cal dependenci es of D, and
D2 with all the hierarchical dependenci es between

In the DF Net of the present invention, a transition is fired by executing the

transition's main procedure. A transition is ready for firing if the following three conditions
are met. First, the determination of when a transition is ready for firing depends on the
number of main input places and the combination logic. If there is one main input place, the
main input must have a new token which has not yet fired the transition (that is, caused the
transition to be fired). If there are multiple main input places combined by AND logic, each
main input place must have a new token which has not yet fired the transition. If there are
multiple main input places combined by OR logic, one of the main input places must have a
new token which has not yet fired the transition. Second, all the tokens of the non-main input
places that are descendant places of any main places of the transition that can be produced as
a result of the tokens in the first condition must have been produced. Third, and last, the
Boolean variable To-Fire associated with the transition must be true. To-Fire is always true if

the transition does not have a predicate.



1 0 FEB 2003 20 places in J renoved, as shown in bl ock 1050. S| ot FEBW@%
each sink procedure, sk-proc, that is registered to a place pin JTn P2,
register it to [err](p) instead of p, as shown in blocks | 060 and 1062. For
‘each of these sink procedures and other sink procedures in SKP1 and SKPZ2,
for each of variable v that is an attrilute of a place qin J, replace v
and its type with [err]p(v) and its type, respectively, as shown in bl ock
1064. Al the resulting sink procedures formthe sink procedures for the
composi ti on. ThEcKBRARLIGF { BENey BUShs RESEL Yechiith AEDENcdeasRRdent

rel ati onshi ps between places. That 1s, it mand n are pl'aces 1h D2 such
that migs_an,ancgst.or .of n, then: 1) If 111 E J and err]. th err](m
is an anl@STBYeoPUHnE gi° qxf’élfﬂof’é’? the g?uﬁﬁ‘?d’rﬁceflgrrer ]OiF‘PFeﬁqf ﬁg?ﬂesolfé?ls ]§Hé\%§{sor of
[err](n). 3) If mEJ and n E J, then [err](m is an ancestor of [err](n).
In the cHHEERIessVillibsorodiced caudpg sams wepseinms @ begegiepratysior friages and

hi erarchi cal dependenci es m ght have to be reassi gned for uni queness

pur pos esComMigquedilyNdte nazin pheedpps dEticsedtiangitiors sieiengeutet indlumgthe ekacwioa of
enbodi ment, the DF Net is applied with object-oriented and reuse

t echnol ogiyesf th¢ mairhpecatpesdiamssistothap haagdorisas becorh¥rehéy forfaihgh e defesaed

t hrough the use of operations in reusable classes. (bject-oriented concepts

can be apRlnh&f pidteliltes oMABREFansiidhs S Red. VtRUXeciitivh df&hél&ﬁl?ce:;ﬁo@&iﬂ% ate
e

QJ (G aphical User Interface) C asses for defining the GJ o
i cati P o Do . S
?EPS' Sﬁ‘b%ﬁ‘a@ﬁftﬁ?ﬁ@éﬁg?@ \{9@ A8 IoaL eke%Ph&P ATRILRY &)'réz;bgéﬁéﬁ%ggéor oth: N

enselves can al'so be viewe ses Wth
pl aces and transitions . as.their features. Thr.ou an i nheritance nmechani sm
o e poBeband 5 2R i prose it Ua ave HERERY 5 el e Frgrean e
exi sting DF Net. New features can be incorporated and unwanted features can
be over r {8 VaECh &g produged by e sguige endapeRioesdurgst As 1gqperEplamgaco e
defines only the places and transitions that are added and overridden.
Fur t her ntoken opt alaes iscarnduded ondolurthertpkeh efsthe blass will v prodacadruritilalsheas t hei r
features. Transitions can be viewed as
transitions that can be fired as a result of the token have been fired. On the other hand,
during the execution of the source procedure and any main procedure, upon the production of
any token that is represented by a place to which reference procedures (for both process and
predicate) or sink procedures are registered, the procedures will be executed immediately. To
evaluate the readiness to fire a transition with a predicate defined, the main procedure of the
predicate is executed to define the Boolean variable, To-Fire.
In the execution of a DF Net, the execution of the source procedure and the execution
of any main procedure are exactly the same. The source procedure or any main procedure is
executed until a statement that produces a data flow that is represented by a place in the DF
Net is executed. Execution of the source and main procedures resumes when: (1) each
reference procedure and sink procedure registered to the place has completed execution; and

(ii) the main procedures of the transitions that become ready for firing as a result of the

production of the data flow have completed execution.



cl asses with procedures and predicates as their features. For places and
transitions inherited froman existing DF Net, the inheritant d]pFEBhEBﬁasm
al lows inheritance of the required features fromthe correspondi ng pl aces
and transitions. This also allows the resulting new DF Net to augnent and
to override the features of an exi stingWIcI;F Net to neet specific
requirenments. In this enbodi nent, the t | evel inheritance nechanism
allows flexible reuse of functional factors. Wen an exi sting DF Net is
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Data Fl ow Nets Reuse technol ogy can be classified into conposition and
gener at i DAL appreapIeeedursaied (B Then, asisppbattd951 Prec éF ¢xeetied acepsdingtn thedlo

software parts to formsoftware systens. Reusable software parts |ncI udi ng
non- execthabshewariniRigutes3he aks thowatio Féghrie3bathieieseantipnfo Pracecassendhgntof new
systens. As a result, the DF Net extends the scope of the conposition

appr oachby ktatesenh The erootmeitroc béndkt 36! Firet, edukogitemant sie Prégisenent ed
with known reuse techniques to support the conposition approach. In

particul aiecu@draars@émt@wz@tfaepmeteaeamo%@tﬂe%téeéﬁ&tfsoml dechgYR@nke DF Nets
stored in the library. Each such DF Net is called a paraneterized DF Net.

I I

for mal - parararer &) “HRURES prolEeol GERR oFARIEL M ATBENER FeRILFRE 85 and
f | attr,ibut | t bl t
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paraneterized DF Net. For exanple, Figure 4 depicts a paraneterized DF Net
444 to cERAYERES AFoRGEFAYY. Imho prErdanode, fat qaﬁbpﬁfarea%ﬁ RIREedy ¢ segiptanpd fget |
all the formal output places and their attributes nmust be instantiated to
act ual pbacescaid satamdnd by srennk, ffoon thel firpiestaiestes therlast lsatqgmant.edise@satand
predi cates nust also be instantiated to actual values. However, for

yi el di ng3amat3 18l Sdobndyeshcli siakprocpdura peliféred eslp Rrexbeited SR nieat Bpstatefett,

pl aces and their attributes need not be instantiated. The reason is that

these pl agaSihk ¢RE Q88 e i (He 88 btaRthet Phdsebh 9!‘,’@0 ahdeyoamfiral pe¥schassisdiagd to

places in other DF Nets that provide the data flows. The formal attributes
of a for t | ace.
A cuch, T ARGk RRREERlo B %Hu%wé‘% uélo’c*?#%iio PR BRRUL O, P06

than t hetr];r?srltrlrgA apld %16 newl%y asmgnEé ?’ng)c is then executecyv as seen at 324, 326 and 328. The

execution as seen at 324, 326 and 328, and in particular at 328, is recursive. The execution
beginning with 316, 320 and 324 can be performed in any sequence or concurrently. Next, if
the statement s does not produce any token represented by a place in the DF Net, or when the
processing from all branches 316, 320 and 324 has completed as seen at 330, the next
statemment in Proc is executed in the same manner as the statement s, as seen at 334 and 336.
This continues until the end of Proc is reached, as seen at 338.

Figure 4 depicts a parameterized DF Net to compute an average 444. The
parameterized DF Net to compute an average 444 is comprised of a mapping portion 446 and
a procedures and attributes portion 448. More specifically, Figure 4 depicts a parameterized

DI Net for a small generic functional factor which computes an average for any set of



As an exanple of one enbodi nent of the DF Net, the process for assenbling a
programfromits required functionalities follows. That is,{d EEBp2BJ3t e DF
Net is formed fromthree sinple functionalities. In this exanple, the
conpute average and join table functionality DF Nets are conbined to forma
DF Net for conputing the average of eaq? subject in a subject table. An
update table functionality is then incorporated into the conposite DF Net
to formthe required program For each subject record in the subject table,

this pragndiicRafess Referdhd ol MBures Whik fiREBAHTadO refe?@%)stﬂwe%{a Iqyd he result
tabl e and updates the subject average. The subject table has three

attri butes: j 1l j r t_the,subj.ect

dent i irep o iEl G SR A0E, BERIARYRRARE (4131 PRl TR eyt MRS
table has three attributes: subjid, studentid and, mark. These represent the
ubj ect FUbATTFEB PorHiEn: P a8t OkPRPTEAGE R o RO R AR, y. The
program re,qk:lji res the followng functionalities: ( 1) read the result

recor ds ‘WHch FrPresan| arumeryy vaduge nThag is, Betplace od represep)s adnipilow of Which-eaeb~~ 23
the average of all the results of the subject for each subject record; and
(3) updatceurrérse 4 tokagef p byresdisho 8 ubj deokene obpl. Faivach taksn of place pl, the
functionalities are instantiated fromtwo generic functionalities. The
first geuestionaf faook padatéstaoked oplaqor st epresonts the hséragadl e homegeor ds of
a second table according to the equality of values of a particul ar

at tri but\gnfes epreRatdit3the set kRS OMNHa@gPahhtCr BEehi@Rdhithy/1okOABEbIGSe t he
average of any set of "nuneric values. The first generic functionality is

speci fi eiguggj} %v%{gé‘“ﬂ?éo%sd@%a‘e’bﬁ Net as shown in Figure 5a. The second

generic ionafFrty 1 ied by a paranmeterized DF Net as shown in
Figure 4. The paraneteri.ze t in Fi . 5a specifie e.fjrst generic
Fupct onal i ¢ yRGE PORteies o N T alowh i iEurct barfion b Rischs Sy
conpri sed of. ma% ing portion 557 and procedures and attributes portion 559.
As showdrdngiticRe chm (043 anchep €05y pisheigrsisgaces oftransiorstd . Maesp el apd t wo
tables, table 1 and tablet; Ais an attribute of table 1; and B and N are
at t ri butpsarotlsp dlid imput pihees pé therfenaoinzlefdctbFaNdiowngadidgurie|4. tHacerpdcisthis i n
table 1 as is shown in procedures and attributes 559. Then, for each tabl et
record radgmatihidppaplacedfarangieidn DFadNdbbwhagdsroa 402 inbvhatpingedr efFigarevhi ch t he
value of B is identical the value of A. This can be seen in procedures and

attributgg I197is3RSonlY BuardblabOBY thsitidd tP(4ABES PRBEpS R&ildo BE bhlyH AR
tabl et ta%eloiseyt’@ A?lSB acr)lltlj&Nug)(rﬁebal SO forsmal pgr azeterspof pe(l)r anet gri zlgg DF

Nt 555 oISy BRI RO ARG FABK ATER SF e Phad Bl bR O nbileFl LS 4
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For each of the tokens of place p1, transition t1 is fired. The average of the numeric values
represented by the tokens of place p2 that are dependent on the token of place pl is then
computed. The average is represented by a token of place p3 with attribute named “‘average”
as shown in the procedures and attributes 448 of Figure 4. The average is produced by the
statenient, “average = total/count” in the main procedure of transition t! as shown in 448 of
Figure 4.

In the compute average functional factor shown in Figure 4, other than the properties
stated, there is no further requirement on data flows represented by places pl and p2. As
such, the compute average functional factor can be used to compute an average in any

environment regardless of the source of the numeric values required as input. For example,



specifies the second generic functionality to conpute an aieq: gB d—'@r
instantiating the paraneterized DF Net of Figure 5a to speci ? hg irst

functionality for the updating of subject average program the assignment
‘of explicit formal paraneters is achieved as follows: 1 ) table 1 --~

subject 2) tablet --~ result ~ 0 FEB 2Q03 24 3) A --~ subjid 4) B -~
subjid 5) N~mark Furthernore, the attributes of the places are assigned as
follows: 1) a --~ subjid 2) n -~ nmark Figure 5b shows the actual DF Net

561 resulplindehelit Qe En d‘l B f6Mt ga@ahohéy}e%onﬁoﬁﬁg&aémggd Aedct ﬁ%& ()AS elliﬂgplra{ sed of

mappi ng portion 557 and procedures and attributes portio

410 spelt Py%dh'e*‘?%é@gﬁéﬂﬁr?m?ﬁef‘*%ﬁaﬁ PEREEISoh e%%é'%ﬁ"f‘ﬁrger b et age

pr ogram average for e h ect) no assi gnnent is needed as
t here is(iﬁdg‘gﬁaé’ @ECB@P @Heﬁaﬁ%gﬁ'&‘% fact%fe’ act ual places and
attributes) and the formal paranmeters (the places and attributes in the

par amet er i zed ThEDEAYgt.of see prasdnt inverfianecan repspsent exeguiahletshBwprrwatetnsranded DF
Net 444 and the actual DF Net resulting fromthe instantiation. To specify
t he pr ogusemabes. Upckat dsd fepresethjpants ofsodtvagesystemsrandtuepsasas thapéelfver pmds ofFi r St
the paraneterized DF Net 555 shown in Figure 5a is instantiated to read the

subj ect {1RTGAERNANG ﬁrbﬁd@esspme%ﬁd«afe%\ybﬂeﬁqs hRE Bledfe cddeb.Sitd PANGS uhh& |et ual
DF Net 561 shown in Figure 5b. Second, the paraneterized DF Net 444 shown

in Figurpde Lael 1ﬂgﬁt r{ﬁzﬁc%g of the TR ﬁﬁ%ﬁ%ﬁﬁ ﬁ?ésﬂggi%o@eﬁgh‘izﬁ [}?hﬁl OF Nt

i nstantiation doe cause any c is
al so the
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executabﬂ: program, the tokens of all source places are produced by the source procedure of
the DF Net. As such, the latter DF Net does not have input places.

C. Composition of Data Flow Nets

Two data flow nets can be combined to form a composite DI Net. In a composition
of two DF Nets, some output places of a first DF Net serve as input places of a second DF
Net. An output place that is assigned to serve as an input place must have all the required
properties of the input place. The formal definition of the composition of two Data Flow
Nets is as follows: D and D, are two DF Nets; Py, T\, R and SKP; are the set of places,
transitions, dependencies and sink procedures in Dy; P2, T2, R, and SKP; are the set of places,
transitions, dependencies and sink procedures in D5; O is the set of output places in Dy; I is
the set of input places in D, and J is a subset of [. A composition of Dy and D; is formed as
follows, as can be seen in Figure 10.

First, the set of places of the composition is defined as (P; L P;) — J, as represented by

block 1010.



1 0 FEB 20Q 25 c) value --~ mark The assignnment is illust raiealeEB #B8ure 6.
Figure 6 depicts the assignnent of mapping 446 with mappi ng 557 to create
mappi ng 666. Fourth, and last, the follow ng sink procedure is registered
to place p3 to inplenment the last functionality for the program nanely
updat e subject average: db. ExecuteSQ("\jpdate subject set subject.

aver age=avei age where subject.subjid=subjid ); The resulting DF Net 777 is
shown in Figure 7 and is conprised of napping portion 666 and procedures
and attri but e§efRt th@QsyhtRrondHe QESih&id @l [
reduce the ef f%rt ’neegse%n ?rr?n e%| ni r{g&%dﬁlgﬁftﬁé;%dgg(%e: @??egg&gp?g}%g??ﬁg?%% zed
DF Net. For exanple en . a place.is instantiated n_actual place, if,
based onﬁlteﬁgurﬁgggocteg/%r\é\g?r t{lﬁg&élp?séu%{l’gﬁgho%q g hlog ]toﬁabg\”é’ Cé)B}I?%%H’%gﬁ%ce
bet ween the formal plac and actual places, then the attribute
instantié?q?%ﬁ‘?ghwtbg)'@é‘ghlé@% © upigunaringAhis pombingtieR.ng to t he
correspondence. Such is the case with the conpute-average DF Net 444 in
Fi gure 4. TheThiEd,Nath mpuhpldot BaryJ tsaassipeed topl pdavei(ppinv® titcokdiagmto 4 eclppingues
to apply the generation approach. For exanple, in one enbodi ment, Visual

Ct++ can Behdt9@HhslUn@en ek 3hew A PRbEEA103Y%848 1036.6101%?&% ¢l ;8886 FefbReJRVA! AP
application systens. These classes are used to definé data flows that are

represen .t h AT C in t s, Classes f .produci,n
reports ngﬁlagﬁﬁg%' Eneg"g’i‘?n“e"?‘gﬁ e i%ﬁlssaassg%n%g%ﬁia}%{rﬁrél?mg%%ﬁ iacf e’?%rlpﬁséq'fgnﬁfi ﬁ‘g
reports for application, prograns. F. Representing Analysis and_Design

Pat t er ns2 PRI SATHEDYLE Hip (e AcoREding & & M3APINg g ﬂ@g M3gE t*@rSﬁfsofaaﬂélbmeéﬁ? Bi ng

t echni ques known to those skilled in the art which support the reuse of
anal ysi siranthedesoftpntribnmsiof ¢pGe). Mabpengo@yis elsc eferrédtoensen, AIP mappikg=Brl~~3 26
exi sting specification techniques do no represent analysis and design
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Fourth, each transition in D; and D, becomes a transition in the composition, as
shown in block 1042. In conjunction with the above assignment of input places in J, the
following replacement is carried out for each transition t in Dj:

a) If m is an input place of t in D; and m € J, then replace m with ¢@(m),
as shown in block 1044;

b) For each procedure, proc, of transition t in D, for each variable v
referenced in proc that is an attribute of a place p in J, replace v and its
type with 8,(v) and its type, respectively, as shown in block 1046; and

c) If ref-proc is a reference procedure of t in D, that is registered to a
place n € J, then register it to ¢(n) instead of n, as shown in block
1048.

Fifth, the set of hierarchical dependencies for the composition is the union of the sets

of hierarchical dependencies of D, and D, with all the hierarchical dependencies between



I n one enbodi nent of the DF Net, analysis and design patterns can be
represented. In such an enbodi nent, a set of paraneterized IjFOI\EEB 20{]3
suppl emented by software artifacts is used to precisely specify an anal ysis
or a design pattern. A DF Net in the set can be optional or can occur
multiple tinmes. The set can be stored iqp a library for reuse. Large

anal ysis or design patterns can be represented by a set of paraneterized DF
Nets. Such representations can support |arge-scale reuse. An anal ysis or

desi gn pglht&rin Jthabdvdds ad &RR@SEM&Ad yoa set of paraneterized DF Nets can be
instantiated to a set of actual DF Nets. The set is instantiated on an

e Ser of o St oeakRSirAROARAN Bibe, hhf RheriIHTE «{ BIRE pBET ATEKEL3 )

the set are instantiate act uafl ara eriZed”DF Net

is instantiated accordin o the nethod for the ipstantiation of the

| ndi vi dUEESEE TNg(b) msiepd 8}&%6 PWR ch‘?‘B?kSt WQBBF@ &@‘fs%-a‘gq{éﬁ%i’ these ks gn
patterns can be inplenented by inheriting froman anal ysis or design

pat t er n Brogeddes andapthgrisinkr grocddurashn SK&mboadiPKBntfor ¢ah @6 varéahdd v thaf is an

i nheritance are used: pattern level, DF Net |evel, and transition and pl ace
level . GutResobid pigcRe a0y neflhcv Mid itd @p¢ Withiop(vaand spt, Edcentvay dehedhment
A preferred enbodi nent of the DF Net separates the functional processing
from congtyad nf : j i cul ar

S tuat i on Be R Ph SRTEGAT by PREFRLOIGHR RPRML Biocbdnds RPI Lo parts -
process %89($ﬂ§gjcate. The process of the transition defines the functiona
pr ocessi PR predi cate for the transition defines the constraint in a
decl arati ve nanner. The separation of constraint enforcenent from
functional prdBeBSPRBLEnmERdBESCEedhe ancsaiBr-Hescondsnt xefpsionglips bewaen places.
processi ng. -1 a FEB 2D3 27 In this enbodinent, the predicate that is
appl i ed tbatas,tif sresidtri @a ptays mdDesuch that okisas aofes@muopni thph:aces of t he
transition or other places that are produced as a result of these output
places. Before thefiringnmaf ) biten Zyameh blRNis ahh8cdseftrhed tokens of these
pl aces have not yet been produced and, therefore, the predicate cannot be
eval uated. This tny of . situ thgn istreferred as regogﬁition difficulty. If
the predicate of a2trandiPi%h*Hhs LSRR FEBANHPIF L8y, it nust be

resol ved before a DF Net is transfornmed into an object-oriented

i npl enent ation. | n3heneli@n e {and each thangr(si) is gnancegenefr®@®i-on di fficulty can
be resol ved according to one of the foll ow ng approaches. One approach is
cal | ed " Pr et enidthardmipesitiby, thonamésidedifgingppme aahsitiby; pkacdandriaeraichicah t hat
is required for the production of the places that cause recognition

di fficul 4¥penBeltBN highhiBdeit8Be kdusdiPSAY fof Gnitj@erletd pudpssewhat the ori gi nal
transition does. For each sink procedure that is registered to an out put

place of the @R \bQn 1R PEsHE RiRHE WthRoloBy| BRI EHEMHihen! 48 DF

Net is applied with object-oriented and reuse technologies. In this embodiment, procedures
in DF Nets may be defined through the use of operations in reusable classes. Object-oriented
concepts can be applied in this manner. For example, Visual C++ is used to generate GUI
(Grap—hical User Interface) Classes for defining the GUI of the application system in which
the DF Net is implemented in Visual C++.

In this embodiment, DF Nets themselves can also be viewed as classes with places
and transitions as their features. Through an inheritance mechanism, it is possible to define a
new DF Net by inheriting features from an existing DF Net. New features can be

incorporated and unwanted features can be overridden as required. The resulting new DF Net



correspondi ng out put place of the newtransition inserted to imtate what
the original sink procedure does, wthout giving rise to aﬂinFEBﬂZ@ﬂ@bl e
effects (for exanple, database records updated). No predicate is defined
for the newy inserted transition that is created for the transition that
is resolved for recognition difficulty.. The predicate of the transition
inserted for any other transition foll s the predi cate of the latter
transition. Finally, each input place in the transition that is resol ved

for recogmytli ifficultv . is replaced by the corr ondi | ace, in the
new transi I}eéﬁﬂlyﬁlheep%lg?sragé FSRHR &)e}rg\éi#gnatn,d "."ﬁ%ﬁagﬁ’-ng“‘ﬁ%f'gf’%?@g?s is
made to any %r ocedur(f t?qat refers to the place. The other approach is

cal | ed " P39 APUABECT 2 gatsat With gFBuehas thiwe g cHpasitensgaa be vignsdiason
resolved for recognition difficulty is renoved. For each transition

r equi r edclpeses wHe percsdures pehpistliceise apthgirdeatuieat Feraplacss pad tgriitionsrinherited
difficulty, a transitionis inserted to imtate what the original

t ransi t i tomdoesistifgDieHet thei inkerjiareeetkehenismgllotve irddritancaof thur@puiirepl ace of
t he ~0~Eazoo~ 28 original transition, a sink procedure is registered to

the correaneadiag th@ws%@{dazcgepleéestah@ tlah@iGist I AISAIdvadhé fesURQ nelVeDF
intolerable effects of the original sink procedure. For the transition

resol ved 8 [ i Fif edi ' ' s the
negat | on o P RERSHEL Ryl i eplinee o BLEAEDI Nk REPPSOAET
transitipen irgsgrgtt ed for any other transition is defined as the conjunction
of the neagh%n §f t he predi cate of the transition resolved for recognition
difficulty an he predicate of the |atter transitio For dat abase

appl i cati ons,ﬂ}@f&oqr@lmgn?@c AVPIloHE! therianes mge ﬁ”b%loé’Ysréﬂxil'?lFé‘ﬂlS? Rf ough
the use of a transaction provided in database managenent systens known in
the art . funatienpd fackars.e NOwaiamenisting OF Meldhusedda definconnew DF Netconmithdson
difficulty, a three step approach is used. First, a transaction-begin

st at enenspecHici fagteres eltht ate ndi@rdedgdnnitingexidtingiel Nai meedbeclefluedk Tie rekdting
transition. Second, a transition with an output place that has an attribute

naned TODFIN& chS alsf $@hé@tand dverrRicQmfdHled Fefiiret hB8mdhedkisaieDF Net! (Rher
transition resolved for recognition difficulty formthe correspondi ng

pr ocedur ﬁ%dgé féaﬂﬂe?ﬁx@qmit§ﬂro&xhﬁe &Ln ﬁ%imb Qi nserted. A sink procedure is

regi stered to the output place to update the database if To-Fire is set to
true andnto aport i f .Tod iEaeFiS R&L to false. Third, the predicate of the

N ) X arameferized Da ow INEts . . . .
transition res-on-eroLf-m-rvco'g'rrrﬁ—Un difficulty is renoved. H Transform ng
a Data Flow Net intq apn Object Oiented | nplementation In the enbodi pent of
The DF Net  f oReriipShmalnenes be ol Bio s SRamURBe d censipton dpreies. The

DF Net supports the effective assembly of software parts to form software systems. Reusable

software parts including non-executable artifacts can be stored in a library for the assembly of
new systems. As aresult, the DF Net extends the scope of the composition approach. In
such an embodiment, the DF Net methodology can be implemented with known reuse
techniques to support the composition approach. In particular, a parameterization technique
is used for all reusable DF Nets stored in the library. Each such DF Net is called a
parameterized DF Net.

In a parameterized DF Net. the places, including their attributes, are formal
parameters. These places and attributes are called formal places and formal attributes. Other

formal parameters (e.g . variable condition) may also be included in the processes and



a target object-oriented programm ng | anguage such as C++ or‘| g::‘gﬁslzqﬁgt In
this enbodinent, the data flow represented by a place in the t
produced by a source procedure or a nmain procedure in the DF Net. The

|l ocation in the software code of the source procedure or the main procedure
at which a token of the place is producgﬂ is indicated by a tag called the
reference port of the place. The | ocati in the software code of the
source procedure or the main procedure at which a token of the place and

ol ace. by e sF any eaterised OF NEC RGP BEER: 4 Wl Peliiefe oy v . °

t oken ar ced, is indicated by a tag called the main port of the
pl ace. | &e%{‘&é QMY EIECpl aces that are hierarchical |y dependent on

the place and_t hat are produced by the source procedure or the nmain )
procedure, thdomasidadd gle; ompggragnaeienizedd ¥t Nehpl theo@amphaisetalasey ansbihein t he
reference port of the place. The reference and nmain ports of place p3 can
be seen Ritripuies mrgdedustagiataddoattual fpates snd 4@ibutesi Al femb) pMhmetets mrthé or mi ng
a DF Net for inplenentation into an executabl e source program all

transiti prigeduresaddprdidicatas supr Deelssiastantitteddo adtdal vaues] IO 8@/es,,for yielding

| nput - Pl aces- To- Process and Transitions-Processed, are naintained to

support hRgctis|aoR Rt 8m al fRathBRH e RORS tHOfIPMACBSSt 1&les RhP R a@nlri%ﬁg‘eé in
the DF Net indicating which transitions are ready for processing. It all

the i | of . a Lt i - - T0- t,
7§ P L8R by B0 0 O e R0
o LS 0RO e R ISR RLBESRERSs oL Ao el

transformation, each variable declared in a procedure in any transition is
made uni 8abWes ofraformphpjage repiesent theeminianm; atripnics srqubed by éha plagesiAg Bish. Each
vari able declared in a sink procedure is also nmade unique by prefixing it

Wi t h t heiteanbatsstatiatd tofhn atteali dawtthdtiheatioonatotbutdsehpl the domnmlphiceh it is
regi stered and a nunber to identify the sink procedure within the place:
This canie seanExdmpleddktadAOwNetFi gure 8a. For exanple, if the place p 1
is registered with three sink procedures, identified as 1, 2 and 3, if

there is a vasahl&ampRSdfond@fldiReknt Bf hEDSKEOM prbddks Rir asRAHIBg at he
variable is changed to "p 12cost"” in the second sink procedure. This

ensures . » aRSLL:L . i edur es
- the: DR fnE By airRs AGRA el RASTRAL S ANnlE, B S ARFRET o
source prfr%(lgnr t%%epsrir(r)l left?nrlctllorﬁg{it%g? ﬂ} hi ex%%%le?ﬁw'\lc%%nplu?e asv%gaggsané ?oem ga%tlea type

functionality DF Nets are combined to form a DF Net for computing the average of each

subject in a subject table. An update table functionality is then incorporated into the
composite DF Net to form the required program. For each subject record in the subject table,
this program processes all the result records for the subject in the result table and updates the
subject average. The subject table has three attributes: subjid, subjname and average. These
represent the subject identifier, subject name and subject average, respectively. The result
table has three attributes: subjid, studentid and mark. These represent the subject identifier,
student identifier and mark obtained, respectively. The program requires the following

functionalities: (1) read the result records of the subject for each subject record; (2) compute



declaration for the attributes of all the places appended w tLUtﬁngmace
procedure in the DF Net. Transitions-Processed is set to the enpty set.

| nput - Pl aces-To-Process is set to the set of all source places in the DF
Net that serve as an input place to sone transitions. This can be seen in
initialize block 801 of Figure 8a. For gach transition in which all the

i nput places are in |Input-Places-To-Protess, the follow ng process is
carried out as shown in block 802 of Figure 8a. First, insert each

referenc : ' 1 itj.an

| mrect at oy Bapor b e bl PE ARG BN PR o8 I CLPHL e drerence
procedurg0 i S reug)i.sﬁered as shown in block 810. Second, insert the main

pr ocedur rgfid{“ﬁ J% Ee(‘f%date of the transitions (if any) at the beginning of
the main proc%ﬁure of the praocess of the transition to forma conbi ned main
procedure of tReTifst iwefuncyanalijies argnrantipted f5em teo genericnastinnatiticson hehen
conti nues based on the nunber of main input places of the transition as
shown i nfitiégprsrisriunttivnrlig3oins Tvords, frank atfire tabletesietordm ofimsecondl yabdme mai n

i nput place and sone of the transition's input places are descendant pl aces
of the nmadcordingtd thpleqadity as vaeavef ai partidube lattBBRe fioheeachnstsiet Théeecondbi ned
mai | s procedure of the transition imedi ately before the nain port of the
mai N i NPpéneRlcdifotionslisROWPuled th RelkagB 36 any A 6f Winsiric PRKS. e fﬁgrg%heﬁ@_ mai n
proceduré as a thread and insert the thread i medi ately before the main
port of BRI, b . , 1 . Ny

transiti %%Hg@l%fsﬁ% g%lgg%ggﬁpfﬁznft%}p aggsﬁegﬁgﬁgzgggﬁﬁ? ﬁég'cglﬁ%%eﬁéggmi n
procedure of. the transi.tion.at .the end of Pr ith a procedure nane, as
Shown | nEBIERUEEARRGS pReSifier 4o dehar e s TIONET FACM IS B Srow t he mai n
i nput places are conbi ned, as shown in _block_842. For each main jnput place
combi ned by ORhe ppragistasized Pt Nefiin Kigurg Sa speabiesthafirst geassisdupgtionality g ¢in

i nput place, then insert a statenent to performthe conbi ned 1 0 FEB 2003
31 mai n protéthsrsési Mvsdiasare¢tyrizedr Blet ssomprisedodfmanping prstiombh7 pmbput  pl ace
in Prog, as shown in block 844. OQtherwi se, insert a thread at the sane

| ocat i onpidctduras siddteitrinds golddn 3561 fAY siibwhlie tHerpposiduieaang anobienssd ofai n
procedure. For each nain input place conbined by AND, if some input places

are descefHautsa, Abre 1€ iR idbldsNible | Rh@GBle2t N5 Bfdn HPBLEDFeSE]; ahaBeaRNys t hat
performthe followi ng actions (in the sequence shown) inmmediately before

the main,poktindles HRGLIB. i AAREDH Nkt 38ds A tht 8&okdidh tahd NG ik bR
r eadi nes$ 8‘{{ lekl) tegkeﬁc1 (T)%I't eer}%%%r% !l:nput pFace tso ready;0 anh %lth!l;l) il% t%vén
above nentioned flags. f ralkr%t in_in pl.aces in,the transiti are
ready, p&tPOFFIFHANGHBIOHES SR EE%}'NE Sah %%&:Adeﬁoﬁgé?adaﬁhf Peenelgriced .[ﬁ?f none
of the input places. are descendant pl aces. of .the main input place, then
i nsert al\{%hFeégﬂa f?zﬂlechsmré? HsWhigh theayatnetdt isrgdentisaldpe ﬂé‘gé’gﬁe ﬁtﬁ%%ﬁ“itzfn
This is shown in block 846. Fifth, add the transition to the | .
Transi t i eeRs-iPmeecsdursd ap@attalutesrarion 55%|1o@dig0 to Siepiases g thel@HribpigR,
procedure that has not been inserted in Prog and that is registered to a
tablel, table2, A, B and N are also formal parameters of parameterized DF Net 555.
The compute-average parameterized DF Net as shown in Figure 4 (discussed above)
specifies the second generic functionality to compute an average.
For instantiating the parameterized DF Net of Figure 5a to specify the first
functionality for the updating of subject average program, the assignment of explicit formal
parameters is achieved as follows:

1) table! — subject

2) table2 — result



place wwth a reference port in Prog, insert the sink procedureg?npfgiﬂﬁgly
before the reference port of the place to which the procedure

regi stered, as shown in block 855. Seventh, for each input place in the
transition, if all the transitions in the DF Net in which the _ input place
is an input place are in Transitions-Processed, renove the input place from
| nput Pl aces-To-Process. This can be se¥h in bl ocks 860, 862, 864 and 866
of Figure 8b. Eighth, for each output place in the transition that serves
as an input place ég sogg_;%ﬁp ition, include the output place in

| nput - Pl aces- To- ProcCess J'€ is depicted in blocks 870, 872, 874 and 876
of Figure 8b. Transformation then continues with processing each resulting
maxi mal sequence oft) t hr BadssubfidProg as shown in Figure 8c. Ninth and
finally, for each maxi mal sequence of threads in Prog: (i) if the sequence
has only one thready than ygpiace the thread by the statenents in the
thread, as shown in block 884; and (ii) if the sequence has nore than one

i o FEe aoo~ onj medi ately after
the sequence ?ﬁﬁéggﬁﬂgngQﬁpﬁ&%Q&?&uﬁ%%g8#¥§$§%§%§Q§B§gg when all the
threads in the seqyence have ggnpleted execution, as shown in block 886. As
an exanple, the DF Net #77 SHij! igure 7 can automatically be transforned
into an object-oriented program by doing the following: 1 ) Prefix the

vari abl es decl ared2)n t hespnmkedures of t 1, total and count, with t 1.
This results in the variables t 1 total and t 1 count. 2) Initially, set

the program t @iddie sBahaws ﬂﬁ%ca@pb@wtlsemrésartm |ﬂfont1t}%1ﬁ§t§ﬁtla‘@1@heTh9facﬂall q2
and p3 appended with the source procedure. I nsert the reference

procedur {G}%ttsér 1&@6% fistd oZ?Ae éﬁr g)%rtﬁo%ﬁ ]anh%?fc%q&? i ASIRL& q;So'Eﬁor( §"<‘§ rence

port Insert Ehe r proce ure I's re ered'to g2
innedlately b fore rence port o roce ure
of 11 rmedi afof pogbpgiE b ESRERR AbeS B?ra'aite“%sd BRR ¢4 R MPlsRESLdur e
of p3 imedi ately before the reference port of The resulting pro%{an1|s
shown i ntq:fipﬁﬁﬁﬁét@ Sefonds%a%ﬁoalﬁllarf%fhemﬁ@tng&féﬂmt@é’erage program (compute

average for each subject), no assignment is needed as there is no difference between the
actual (the actual places and attributes) and the formal parameters (the places and attributes in
the parameterized DF Net). As such, Figure 4 depicts both the parameterized DF Net 444
and the actual DF Net resulting from the instantiation.

To specify the program to update the subject average, four steps are performed. First,
the parameterized DF Net 555 shown in Figure Sa is instantiated to read the subject records
and the associated result records. This creates the actual DF Net 561 shown in Figure Sb.
Second, the parameterized DF Net 444 shown in Figure 4 is initiated to compute subject
avera;ges. Because the instantiation does not cause any changes in this case, the actual DF Net
is also the DF Net 444 shown in Figure 4. Third, the two DF Nets shown in Figures 4 and
5b are combined by performing the following assignment:

a) pl—oql

b) p2—>q2



A main reason why conputer prograns realizing or inpl errenti,gp E u?@ case
are difficult to nodify is due to a m smatch between functi ng Bt 3 on the

one hand, and design and inpl enentation concepts on the other. Requirenents
are expressed in ternms of functionalities. Design and inplenentation are
expressed in terns of class, nmethod (or,operation), nessage, function, etc.
The i npl enentation of all functionali tigs in a program are interm xed; they
are programred wi thout any separation. Devel opers are required to delve 1
0 FEB 2003 33 into _program when required to add, change or renove
any functionali {E))/ %}ge&%‘f i nproves upon exi sting approaches by
separating the inplenentation of independent sets of functionalities. The
functionaliti ige RYSERREEY S IHuralRdyg ddgyiedn Igurs Gdepigrs theassippmenrt afnt o t wo
categories. The first category of functionalities is called "acquisition
and/ or cwepRinattemvidimapring §§ b crearhmeppingA6s.i onal i ti es acquire and/ or
conpute the data flows that are required for affecting objects (a
functional i t yFoirtl, had $a¢ endfotiatvirgosiyh ployeee BIsgistgreditb @tacobp ecimsplemestept i ng
inputs fromactors, conputation or a conbination of these. For exanple,

accepti nﬂl_e(}mm{mmﬂ[t?%r&he pRASHM thaflehd@itatd RGRECS cAlpd: CONputi ng an aver age
are functionalities of this type. The second category of functionalities is

cal | ed "l feoti ng oblredcSTNOBPL YOI R0RI kAL ALELANA Gl D2 2 11 o

acqui red and/ or conpute Irst”category to efrect objects. For
exanpl e, updating records. in a.table and printing a report are
functionalities of thi§u®§ﬁ€y%W%ﬁghB?2ferred enbodi nent, a programis
represented by a DF Net in which different type .of functionalities are
separately retygp%éf‘éHF’é‘&.DliEEIGh77s7e‘ts shywr bridigar: 7 prhiscrBRERSd ¢fduanning pytiesent ed
according toits 2&Pe' The "acquisition and/ or conputation of data flow'

f unct i onadt adproggdaresepmdetichties pprion7@90f two ways in the DF Net. In the
first way, if the data flows are acquired and/or conputed w thout reference
to ot her dat aAut@matid insthdeatioh chiebe appied ivrducomhaleffoiteseddddnidefiniag eind ed by
the source places, the source procedure and the hierarchical dependencies

bet ween {RANBMBICES PhAfBSteriEIIBF WeP CForl dkatnPR, SBERAP1A08Ys inktBftiated 1o an
functionalities are represented by a transition. The source procedure and
t
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automatically according to the correspondence. Such is the case with the compute-average
DF Net 444 in Figure 4.
The DF Net methodology can be implemented with known techniques to apply the
generation approach. For example, in one embodiment, Visual C++ can be used to generate
Graphical User Interface classes to develop application systems. These classes are used to
define data flows that are represented by the source classes in the DF Nets. Classes for
producing reports can also be generated in a similar manner and used for defining reports for

application programs.

F. Representing Analysis and Design Patterns with a Data Flow Net

Analysis and design patterns are promising techniques known to those skilled in the

art which support the reuse of analysis and design knowledge and experiences. However,



represented in the first way. This functionality is separatel’ygr%?ﬁt ed
by the source places g 1 and g2, as shown in mappi ng 666, the so ¢
procedure, as shown in the procedures and attributes 779, and the

hi erarchi cal dependenci es between g | and g2, as shown in mapping 666. The
conput ati on of subject average functi o%gl ity is represented in the second
way. It is separately represented by t transition t1 as depicted in both
rrappi ng 666 and the procedures and attributes 779 shown in Figure 7. The
"affecti j ' t hat
aifect s ool SoUne G IRARI U8 i Se*lﬁa‘“a?“s‘fi*"p?g%éa%?%érﬁés af’a‘feq?éﬁéd
The pl ace r BLeSEN.S e, dat aff

exanpl e, prec ?]rlf' g aty(#l% a&&?”é%f eVPWé‘OBgé’&l g]eé:ﬁ'&?e@ ﬁte%erté?gtgé f’ﬁW&?‘FBtﬁHP’ilty i's
separ at el resented py the sink, procedure reglstered to p3 as shown in
the pr oc%‘gﬁﬁgg zﬁ:dN'étthfrt ppesnt mgntiofoyercomesdhiswehl¢Mmappi ng 666. Coher ent
functionalities are represented according to the above-nentioned types of
parts. There Insong ambasémentrod thedpl Nsi.tanalysie end desigrepatigrnsean bf refobsentadt In
functionalities and the set's inplenentation (or realization) in a DF Net.
As such, such ackartgdimerft unset bOparhmetgrived RF pletgrupplenentey biyhveftpard artifactshe DF
Net that inplenents the functionality and the part of the DF Net that

i nf | uenceedas piaeiselif dpoeiREatiadyysis anﬁ-fsitgnép@ﬂ&nba DOt Ghefirdef @i HRpBBhALR!
nodi fication. These parts can be conputed through slicing. In a preferred

enbodi ne f t C t he DF
Net that&ltcsaglor? uenmgI tr%/l&{ hlg&g%% éaglfbe% Eoﬁé#lplo%]!l?‘g?l %gh:‘?lée c% egﬁ%g’%k Br
applying,forward slic For s, achi eved b

Gor 1t nodo DR gf b HepriiehiRg 7 asREir pobshifeg T, RefD G é%‘fsﬁmag{ﬂ%f’y s
initially incl ud?s the part of the DF Net that inplenents the set of

f unct i on%AY PRt &Fﬁ%‘ﬁca@f@f“seeach place in S that is either an output place
of atransitionin S or a place for which tokens are produced by the

sour ce proceddnenalysisor design pafers thabigirepréseatied bg a sshefparametsiizéddpl Nets he DF
Net which has the place as an input place, until no further ~ 0 FEB 2Q03
35 t r anscdn niastantidtébtoRFselNef act@dt DieNewcTheled is inamhiiated dwan aacdraedl badie above
mentioned places in S, include in S the place (if it has not already been

i ncl uded)n @B GhseaRRAtISH, rﬂ?stpﬁcﬁﬁ@ﬂi#ﬁﬁl pdiahetbs of @ %t SeasktdRiatddao Rt@sevalddie
resulting Sis the part of the DF Net that is influenced by the set of

f UNC§ ONRLLE L% pebdmdisriSdl e Slepis QMR oSl b6ilingfio iR oM theSinmahgat the

part in the’ uences the set o uncti ons It1es can

e e Ly
initiall | ud h f th h
s RS S o 5Bt B ERE i

each tranS|t|.on in the DF Net (if any) in whi ch an out pl ace is_ the
pl ace t hambpdimeayitlyee fevals\if inheritpace prgused: paderardevel. K é‘a’@ﬁelt AhERASitaR t i n
V', include in both V and V' each

and place level.

G. Resolving Recognition Difficulty in an Object Oriented Embodiment

" A preferred embodiment of the DF Net separates the functional processing from
constraint enforcement that needs to be applied to a particular situation by splitting the
specification of a transition into two parts — process and predicate. The process of the
transition defines the functional processing. The predicate for the transition defines the
constraint in a declarative manner. The separation of constraint enforcement from functional

processing enhances the reusability of the functional processing.



transition r in the DF Net that satisfies one of the follovidr FEgN@I3 ons,
until no further transitions can be included: a) An input place of t iIs an
out put place of r. b) A reference procedure of t is registered to an out put
place of r. ¢) The main procedure or a reference procedure of t refers to
an output place of r. For each transitigopn t in V', include in both V' and V
each source place that is an input place of t or that is referenced by the
mai n procedure or a reference procedure of t. If there is a source place in
V, include thén gisienBodimeae did fediBaty/thal ReappRediotd tighsNionsmiyhRfdas tokehs dhe DF
Net that influences the set of functionslities. It is called a backward
a

slice of ohipar Pacd¥eifthd MarREint drQfher PlacBeEhICRApRIOLY &fa fUNELf ABR! dukhiRS
preferred @nbgginentlofathenDﬁ Netgsépasatesbfunc§%oﬁg% proceg%idr%ltt rom
constrai f . litting the specificati of ;a transition into
two. par t DlacE0 ISUERIRERARY of Bl B° s BEEL LG o et BVSRAHRES 1 <
functional processing. The predicate of a transjtiqn_defines its. .

const r ai ﬁ?eépﬁ’rﬁg‘écegé‘é‘aatha‘le e the EreglcﬁteEaBn(?dﬁ:?V%]G‘aﬁaﬂ ﬁg’rs.ty PotifMAtionisr i ng
sof tware mai ntenance, if a change of functionality does not affect a

parti cul sfereheticepriitign diéewdivng, the DF Net allows for changing the

predi cate w thout changing the processing. For exanple, the business policy
for a functi ohfathe pyedisye chanmgmesitidnltas rdveghiting tiffioaly, proes ds iresylvied pe oot a
change. In existing technology not enploying DF Net nethodol ogy, such a
change i ®HNksh frahsformaslihto dmotiedi@sightée ihpéaRPtatidn t itgatboll ot eaehermEitiah] on
of the use-case. Separation of what are known in the art as "concerns” is
recogni zedo8sitign aifﬁehmar{beeeéga%mc&ramgf@%e%ftf&rfoﬁe\nﬁ{gragﬁwaages.sOf twar e
systens. Functionality 1's one Inportant type of concern~in any software
system The Ne tCitlye arat e~ mpl ementation of each set of
coherent f un?ﬁllgr?gpfot)é?%alss Claﬂe% %rr%%él(ri grﬁﬁ?ﬁﬂélpyslagh, ini“lsaaggf'oggl%’egr ﬁ?g%ﬁpgﬁ%m
This separation not.only kes changin rogram easier,. it also makes it
easier t B brHEYiEReL o5 tsyRogifughipn L fesplaciin thaboaie Breppmtion gIETRNE ARRY ¢ ho
required functionslities to forma program This technique is not supported
by exi st tiapsi@ipisongdied topnitaepihel tha gripmaNeansipnidods | Brpeacinpink peceflwgahat
benefit of the DF Net is that a part that inplenents a set of coherent
funct i onsd fegistesed ® amorugput plesalbl thetttaaritionremew yipk prastdwofit mgiseerat toithact s of
the present. J. Devel oping Software Using the Data Fl ow Net Method The

Uni form b’eﬂ@dpbﬂang@ugmaﬁlac@t)fﬂhh@ewniahi;iadn sebitsbiod miael i tendrigthacaks (UMW)
is a well-known approach for devel opi ng software systens. The DF Net can be

used to F)?&'eé&% doBE vhifHoSf Qi%r{gqglbeﬁ@gn)aglttélé’ﬂg@é e‘f'feg_@ r(RJ?’éxéerl%hcifatéMe Pe‘%oﬁ?r ve

as a unified specification technique tor describing the realization o

use- Case%p&eﬂgd)b %J‘pr%ﬁ%%ééslk aef?lﬂeq Hesk g@w%%?e??eﬂ%ranétion that is created for the

transition that is resolved for recognition difficulty. The predicate of the transition inserted
for any other transition follows the predicate of the latter transition. Finally, each input place
in the transition that is resolved for recognition difficulty is replaced by the corresponding
place-in the new transition. The corresponding replacement, including attributes, 1s made to
any procedure that refers to the place.

The other approach is called "Do and Undo." In this approach, the predicate of the
transition resolved for recognition difficulty is removed. For each transition required for the
production of the places that cause recognition difficulty, a transition is inserted to imitate

what the original transition does. For each sink procedure registered to an output place of the



DF Net created during the design phase can al so serve dir ecﬂIQ/FisB 2003
execut abl e inplenentation. No further software coding is needed in this
enbodi ment. The use of the DF Net does not change the process of

requi renents capturing in the Unified Software Devel opnment Process.
However, in the analysis stage, the DF Net differs 1 0 FEB 2003 37 for
the realization of use-cases. In the Ud#&ied Software Devel opnment Process,
a use-case is realized through objects sending nessages to and receiving
nmessages f.r each. ot her . I n gne.enbodi t.of the DE Net, a use-case is
real i zedofl%ﬁg?utgf?sgbo&u? §Wip6%ce§?f8/’%?egt§g%%{g’£l? S?fr?fp"@?%o'f*qp%gja‘fer ﬁﬁ%bj ects,
and sinking.of data flo into objects (that is, using the data flows to
af f ect on"gsdtt‘%‘) insertzd taampo thedniolesable piteqizol thg origimabsink risgedure Ker thel | owi ng
tasks are performed to construct a DF Net to realize the use case. First,

t he dat atrenot@n feselived i reeogatioodafligniey . itepreilicateds dafired es et reghliowef the e
acquired fromand delivered to user interface objects. Each of these data
fl ows i spredpaeseithe dalyytian. pliegeediadte ofithy thinsitian Giseaed fod ape othengheitidagts ween
t hese places are specified. In drawing the DF Net diagram the nanes of

i nt er f acgefiidesithe Ediginctiealof WetRe it dak@plelRWe FRELSARIRY B6IRdbACe are
witten next to the pl ace. Secon%, dat a f?oms that are required for

af f ect i ng. ABhREh 3 LR RN bitbarcidind RESERIR, | 0v6 are represented as
| Ca Cf encl es

pl aces, and any hierarc epen etween these places are al so

represented. Ln draw ng the .DE Net, di agram..th anmes _of obj t hat, are
i Fected by t har SRRAS? RetyRuphs, boh i BE g LB RENE 2 be PRt B3 he

pl ace. Tq%;d, cquire and/ or, conpute identified data flows, by either

i nt er act g0 ﬁtr&sfaéw%pwﬂ%ﬁgg@ta%ﬁﬁwaﬁwt SYSAE™RS KR InFthe Atta bt ek
identified earlier are acquired fromuser interface objects. Data flows to
act ors desembpdighang foheach grensition withdeqognitioosligulyy netheeg gteprapgroanhisarsed.
conput ed through interacting with objects and/or by conputation. Each
acqui si t Fost, andhsactionpgih atatenend is iasdied anthedapmningafshd hamygbcadafesfahee t o
other data flows is specified by a transition. Each acquisition and/or

conput at k@fsi@bn. CORMEN tralBtRnlWigVen YathitPceltRitDbe RE BrtritutOhABEd BalFgrelib OWS 1S
specified by a source procedure defined for the whole DF Net. During

anal ysi s; LA { - .defd L, nf: | 4 age
R e R T e R e S O S
accordin toﬂghe DF h?t construct .. The sougcgﬁt 1 Q.FEB %Q§B 38 procedure
wi T al s&OBEGSPTTRRE BT ASAIYS Of e arairhT MIf SR URBIETSGr 8™ he nane of
the objects interacted is witten next tqQ either the transifion or the
source pPERSEIUERS fogiEeq © the optpHhRIAGS (@Prets S AETERE -1 BroSHEiBis 08

obj ects. Fourth, sink procedures for affecting objects are registered. Each
si nk pr oteehareifTo-Tieg 1srserdOifﬂfs@rﬁurd,yhemrﬁdlﬁ@tepgéleémwgngesgb@g or During the
four above-nmentioned tasks, each interaction to objects inplies that the
obj ect s asmegnigiopanSicblteisfremosedoporti ng the interacti on. Each effect on
objects inplies that the objects are responsible for inplenenting the

effect. The afrhhBet@in®i DabeFRWSNEI iatesn OijéctiOiuited I mpldigéntation i dentify
the attributes the objects should have. In the sanme nmanner as with the

Uni fied Sof t wag e, oM RBR t}_f’erl@m%%fortilfiaﬁegtsn%fon,amha?ﬁdéeﬁa%@ afeBRAHdrERENt S

for all the use-case realizations are consolidated to forma class diagram

ar ZIV“;|”_2ﬁ&?%%%éﬁnﬁs%?%%mﬁﬁg hBRRReS %ﬁ%ﬁ%ﬁéﬂ %Fhﬁﬁ%iﬁ?rels%@%t e
"ol | zat COTORTGBe AR A R esstird B e plaP e DENA Bl BRESFS °°

consideration the inplenentation environnent and the cgonstraints. The
anal ysi s PEpogduEor drpaip Procseereae tsrldl Nty helopgion indas sphtvarasadeofiig spurce

operations included. The responsibilities of a class are used as input to
det er m neredsdurspertin ineinsproeaguia asavifidr a tolien ef deplace is produced is indicated by a

tag called the reference port of the place. The location in the software code of the source

procedure or the main procedure at which a token of the place and all tokens of descendant



A nethod is defined in the target object-oriented progrannind Odﬂaﬁéﬁﬁ3to
i npl ement each operation. Each informal transition description is expanded
to an exact transition specification according the SF Net architecture.
That is, each transition is specified by a process and possibly with a
predi cate. Both are specified by sets ojgprocedures in the target
programm ng | anguage. The operations of classes are used to define the
procedures. The source and sink procedures are also defined in the target

progr amiphged thagaragelated té He piedy hidralhicERlepfndiRs WAy areHréduchlehs REadiced
for the realization of a use-case in the design stage is executable. No

addi tiong i L g | I o I Net s
for both gﬁﬁ?g%?gﬁgggﬁgggﬁ§H5§¥S§g§&§?§9%?%gSg%ﬁbﬁron1fgﬁgg%Fgﬁgﬁh?ggg
stored in.li i . net i | i 1] es lysi s .pat.t.erns and
desi gn pap ouit: BB R IR L3R acodR Tl O Bhe i Rna iR 1S RGBS
libraries for reuse. Reusahle DF Nets fromlibraries are_used to realize
and | ! SPRSRE PEPCEAIEE OR e Mot Ppratyie; B Gramibar frineudedin SOFHAY 9965 peci 11 od
as a set of paranmeterized DF Nets. A set of related use cases is realized
and i npl érBwdistely helowehe refprence rashetk theplareigThe wésrenge apt mpgr oty ofplage p3

anal ysis or design pattern stored in a library. Casses required for a

syst em arcen b¢ sagndethemdcaduresugh atthibutes€4 8 Figweabl e cl asses as in the

obj ect-oriented enbodinent. In this enbodi ment, the DF Net extends the
support of sofWwhkear ganséstseng\hBF Nafpeingderhentficnsatansoketenblc sndcapidpeds, The
use of the DF Net in software devel opnent has numerous benefits. The DF Net

of the prAIRRLItILAYRY DPNRLRVII&IsdAnk@f a SHRP Ao @, INRILPRace-To A bURE €.
Many reusabl e software parts that provide coherent functionalities cannot

5P S8l A AEGLI S R L D O AR AGRLOT Bl o

t echni ques. exl's € DF Net

met hod, software parts can be cified, separately.and reused efficiently.
The DF NEFoET TR oREnta® By e DG iy Rt P BrE Heny uSiRast B8R dutoieune
conposition structures for software parts used in constructing software
syst ens. Hnbthomnpgplases ehetipisiticanre jmihe fpugk lases pdaacess setathadaasitian ifr al
use-case realization. The proposed approach realizes a use-case through
acqui si t ireadyand¢ procesmeputlae TomssionsiRraefded st staremlbibie drensitiamtithgl ke hgerof
data flows into objects. This is a nore natural way than the nethod used in
Uni fied paddevsede Devel opnment Process. ~0FEB 2~~~ 40

Figures 8a, 8b and 8¢ show the transformation of a DF Net into a source program. In
the transformation, each variable declared in a procedure in any transition is made unique by
prefixing it with the identification of the transition. Each variable declared in a sink
procedure is also made unique by prefixing it with the concatenation of the identification of
the place to which it is registered and a number to identify the sink procedure within the
place: This can be seen in block 800 of Figure 8a. For example, if the place p1 is registered
with three sink procedures, identified as 1, 2 and 3, if there is a variable “cost” declared in the
second sink procedure, the variable is changed to “pl2cost™ in the second sink procedure.
This ensures that the source procedure, the transitions and the sink procedures in the DF Net

interface only through places.



Moreover, the DF Net of the present invention allows for seqngjqai
transition fromdesign to inplenentation. The DF Net design reali éﬁm%n of
a use-case produces an inplenentation of the use-case such that no further
coding is needed once the design is conpleted. The commercial application
of data flow nets can be classified intg two areas: software devel opnment
envi ronnents and application software éﬁbkages. In the software devel opnent
environnment area, the DF Net can be used as a front-end specification

met hod in conjupction with exisfing visual sof evel o n

envi ronment s #\%’?t’ gh ecr'ty ipﬁ(bgrgrﬁz)tr%&é I’WB#H&“@?% %Ngtr‘ﬁée%%g% %‘?t% HPCons in
DF Net t hodol ogy can be automatically transforned into existh%

obj ect - of§eEARERN 105 thy ptibutes of all the Rlages ppranded withdhqourgerpresealreda thoPFuwar e
progranmers using existing visual software devel opnent environnments such as
Vi sual CNet. grragasonstRyocesgerhsiset, totthe enspimsbl dnpuichlades it Procesgisses tdf thosetpar t s
that inplenment required functionalities that cannot currently be specified

and devebigikesbusendacs éh the DhdleDhalNetveadsua igmalplaes tesongs amsiiohs Thishase
ki nds of devel opnment environments to assenble nultiple progranms in one step

from despgseendh Iffidlize bidtkigdne ABRiredhi on software area, the DF Net can be
used as an architecture for application software packages. An application

package for ap &p%%h ftriaff?ig&m'ﬁ Whic af ':[}Qeai?lbl\%\tﬁﬁ% B afelf .IIfl t—'plé%fes-%o-slergcé%%, atﬁée Sn dard

parts and assenblies of parts, each o provi des a set of re
functionglities. |Inplementation of the a i 1.0Nn ckage for a particul ar
custorrerﬁ)lllé)wél?ﬁP'iogg‘gdmarﬂﬁﬁ?‘ﬁeaség%%w O‘g?é@%trﬁ&ﬁPﬂeo%’ti facts and ot her
parts that are, devel oped specifically fqr the custoner. In _this way, the DF
Net nmakes t helirtfpingfrtRRAHTEISHEIGE PERSEIUTE AE IRSPracsst Hd Ricdisdle of theftrasiienNet
alleviates the massive effort required with existing technology to

cust oni zmmediateheaferedhptaferandeoripefchaplece to which fEReference procpireds cert ai n
exenpl ary enbodi nents have been described and shown in the acconpanyi ng

dr awi ngsregistered; ak @hdnen imslecis 8 N dSdcbad, issdeththemandproestuge @l the prxdiaie of the
illustrative of and not restrictive on the broad invention, and that this

i nvent i ogaR@ioMiflan) 4tqFe b&yikd8e SPME infdist pfoRBGEIrE YUEhe PRsceRSK tAE HrANIRIERL S
shown and described, since various other nodifications may occur to those

ordi nari fyskiddh&fed Hnafnq?ro@erdture of tﬁgtr%ﬁ&@a%r{ i bR gFpd i s:

Transformation then continues based on the number of main input places of the
transition as shown in decision block 830. Third, if the transition has only one main input
place and some of the transition's input places are descendant places of the main input place,
as shown in block 833, then insert the combined main procedure of the transition
immediately before the main port of the main input place, as shown in block 836. Otherwise,
make the combined main procedure as a thread and insert the thread immediately before the
main port of the main input place, as shown in block 838.

Fourth, if the transition has multiple main input places, then append the combined
main procedure of the transition at the end of Prog with a procedure name, as shown in block
840. The transformation then continues based on how the main input places are combined, as
shown in block 842. For each main input place combined by OR, if some input places are

descendant places of the main input place, then insert a statement to perform the combined



A nmet hod for specifying conputer software conprising: designating a source
procedure; designating a plurality of hierarchical dependencies; for each
of a plurality of transitions, designating 10 February 2003 {ipEp@ifFast
one input place and at | east one output place froma plurality of places,
wherein the transition produces said at | east one output place fromsaid at
| east one input place, and wherein sai dlat | east one input place is a main
i nput place, (ii) a process including a set of reference procedures and a
mai n procedure, said nmai.n procedure to execute upon the firing of the
transi ti DA RFOURHUERHITR lﬁatFBcb?g%rei“%e Raig; nerRfdle main inputplagede Peag @s hrwudi ng
a set of reference procedures and a main procedure; and designating a

pl ural i tip pcks$4tk Prhervaige irssrt axthresifh ot theistroe lashti@) withma Statemerti dhat perfpmisi ng
assigning to each place no nore than one token, wherein said token

r epr esenths teansitins's aombingdl neid ptoaedurawr andchhireinputssadt @attindd nWANERigsent s
a set of variables accessible at a statenent in the software. 3. The net hod

of O ai mainevmpueplace apd desdbrdaltsQF tHEhMniiMRIIbldk A6QS RULABE SarRhRMAS At at
| east one transition. 4. The method of Claim3 further conprising

connecti Ly : I . | fel ¢ C.
330 FebP U SPUERYNal AR RRFERe BaBhed FB5h) BRI I el R 7. g

t he mainj : s of, af_Least.one fransi.tion.by , AND.l.ogic. .6. A nethod
for specHeuhulh i REReth B ¢ BBtk Mogtnds2lr Boueh s bt e Piole
procedure; designating a plurality of hierarchical, dependencies; for each
of a pl uFOa‘lef“&i agﬁ 0&»@%&@96%@,%%@&?&? ¢l ths main ippyqilacss an the ansipace and
at |east one output place froma plurality of places, wherein the

transiti @ rprdydperéerms i ¢ombired angin prasediue pud upiehelethieritags s Hingng of thedsputone

i nput place, and wherein said at |east one input place is a main input

pl ace, (plaresarpdercesdant plabesdifitige mamatpwfplacef theeinsert prtieadithaesomaids thenai n
procedure, said main procedure to execute upon the firing of the transition
t o whi chsimiestpeteasst i sdesilgnabedThdesi@matinmibok gabur al ity of sink
procedures; and wherein the source procedure, the main procedures, the

reference pr Oﬁﬁﬁf’étﬁﬁ% ?e?%sittiﬁﬁ ¢ %H&kfr%sﬂﬁﬁ@lﬁrg&s@deseﬁ"ﬁsi hb&A ih Bld2R1YH 2!

| anguage. 7. or specifying conputer software conprising:

desi gnat i urce . procedur.e;. .desi gnatin | wral | f hi.erarchica
dependen%fxg%?of%cmeé%r{xg e%ﬁrept %trh it gbeg ! s?g%%ﬁl%’rg gné ggfsgr ﬁ%‘?tleﬁeg tf) ia) at

| east one, i nput place and at | east one oyt put place fr.o lurality of
pl aces, RRET @I‘tﬁ? HIRECTENCE ROTLAR BFPEy F’H%B&S@%\gf Ceurg ’é’%@?élﬁtﬂ?’%ﬁ?@?rﬁdﬁe pl ace from
said at | east one input place, and wherein said at |east one input place is
a main i Ferenes paskof the place towhishdke prageduss ingegistered, astshpenan blesk 855 ocedur es
and a main procedure, said main procedure to execute upon the firing of the
transi ti Saventh, i exlch irpeit plaoe gsthe irsnsitgei, ghalt thd transitions in the DF Net in which the

input place is an input place are in Transitions-Processed, remove the input place from Input-

Places-To-Process. This can be seen in blocks 860, 862, 864 and 866 of Figure 8b. Eighth,

for each output place in the transition that serves as an input place to some transition, include

the output place in Input-Places-To-Processed. This is depicted in blocks 870, 872, 874 and

876 of Figure 8b.

Transformation then continues with processing each resulting maximal sequence of
threads in Prog as shown in Figure 8¢. Ninth and finally, for each maximal sequence of

-threads in Prog: (i) if the sequence has only one thread, then replace the thread by the

statements in the thread, as shown in block 884; and (ii) if the sequence has more than one



designating a plurality of sink procedures; and wherein tﬂegmgﬂ@
procedure, the main procedures, the reference procedures, an nk

procedures are witten meither an object oriented programm ng | anguage or
a procedural programm ng | anguage. 8. The nmethod of Claim2 wherein the
source procedure produces at |east one %?ken. 9. The nethod of Claim?2
wherein the source procedure produces at | east one token assigned to one of
sai d places, said place not an output place of any of the transitions. 10.
The et hageddf, tHehal MBodivé HAGIGRIR ihiicABtd$ IS URE gque@ée ih S&ia &Qﬁ&@i it he
reference procedures of any process wth onhe of: any I nput place o the
transiti Qg J ocedure i s.designated, or _an ancestor
pl ace of 9’3‘%%&4&’%@%&%@8&%@ Eh%? Rﬁ%ﬁg '?’(r%gerlésje‘iq PS5 For C(\%ﬂﬁgﬁegtcﬁ%cutﬂ@fle?sence
procedure is dQﬁi§£§§§d- 11. The method of Claim3 further conprising
regi st er PHYY" 2 one of the reference procedures of any predicate with
one of: any input place of the transition for which the reference procedure
i s desi gnat ed As@p exappkenthe R oNepT Heia Kiguneni cangguipiaiisally pe teesformadHato an
transition for which the reference procedure is designated. 44 10

Febr uar y oBje03orichtedTiregraet byodoiog thel fallowidignwher ei n t he reference procedures
only refer to: (a) variables represented by attributes of the place to

whi ch the reference)propesiy e varidey decREcn thdprov@tuiresdfes, toapib&ngd by
attributes of (i) any main input places of the transition that are ancestor

places of the place to ywhih e £&GTENRSRLOESHWR dnd (1 &Mhst ered, (i)
any ancestor places of main input places of the transition that are

ancest or pl aces of ~t he pl. t i f e i

registered, if t hezé)l acgllulﬁgﬁ%ggt tﬁ@hﬁo{éﬁ&{?ﬁop{l}? dg{aggée, de%!a?%‘?"?l%"?%'@‘ “ancest or
pl aces of the place to i.ch the referengce prqcedu is registered, if the
place is a min input pﬁgﬂgwfi ak. A2 ep p?éPgwaﬁﬁgm%S%%%HUF%”P?ﬂPﬁbIuded in
a process, variables defined in other reference procedures of the process
of the transition Pégi stRscadhe wferenge pipsedrss of t Histits rpgigieess! toflimanediately
transition that are ancestor places of the place to which the reference
procedure is registeredpbefort theaefgraane pst of qbl aces of mai n i nput pl aces of
the transition that are ancestor places of the place to which the reference
procedure is regisugred]Indeft thbef@baeeprocedagiofal aat iy regipdtedab aemndiafdly i )
any ancestor places of the place to which the reference procedure is

registered if the placepefr@i¥BtferdndPpért B g€, and

5) Insert the main procedure of t1 immediately before the main port of ql.
6) Insert the sink procedure of p3 immediately before the reference port
of p3.

The resulting program is shown in Figure 9.

L. Separation of Functionalities

" A main reason why computer programs realizing or implementing a use-case are
difficult to modify is due to a mismatch between functionalities on the one hand, and design
and implementation concepts on the other. Requirements are expressed in terms of
functionalities. Design and implementation are expressed in terms of class, method (or
operation), message, function, etc. The implementation of all functionalities in a program are

intermixed; they are programmed without any separation. Developers are required to delve



45 10 February 2003 (d) if the reference procedure is incl udel FEB 2003
predi cate, variables defined in other reference procedures of the predicate
of the transition registered to: (i) any main input places of the
transition that are ancestor places of the place to which the reference
procedure is registered, (ii) any ances{pr places of nain input places of
the transition that are ancestor places of the place to which the reference
procedure is registered, if the place is not a main input place, or (iii)

any ancegii®thePVasi€progtarh RheRr@fufrell & ¥, ehardeR®r P&ﬁ@e%??ulwtféﬁﬁqgr &hk DF

registered if the place is a nmain input place. 13. Thé nmethod 0Of aim 3

Fopr esont o TG TR SURE pfbohEs bt ik ind o, Ao bl d R act RPN o

represent by at.t.ri butes of any ancestor place of any main input place of
t he trangFEW%%fm##w%he mai n procedure is included in a process, variables
defined in any reference procedure of the process of the transition; and if
the main prociHﬁf@cpgn‘ilﬁ’@F aEvédedrn g psegsamcan be biogdlyglassifieddntofwa i n any
reference procedure of the predicate of the transition. 14. The net hod of
C ai m 3 o#iegaien The fipt edicgayef fgwtiondiica iBwdlee darquisiticalrnd/of somphiation of
transition such that the main procedure of the transition executes only

when t hedadlosah Thasd fahttonatitievakuré entl/ascohtjs thedaduiess that dre keied &d
defines no attributes of any pl aces. 46 10 February 2003 15. The net hod

of O ai ”hﬁ‘ed%ﬁh%ro%%é&tst(la?uﬁ@ioﬂalﬂ QF e Borff catlgohB B9 tacORSink LARS bbjeOR, Produces
t okens of the output places of the transition and wherein sai'd main

PoceLr g BBty BEAEIFS7 o CE it B BUARIRA 0 ARSI STic I
customer orders, reading student records and computing an average are functionalities of this
type. The second category of functionalities is called "affecting object." These
functionalities reference the data flow acquired and/or computed by the first category to
effect objects. For example, updating records in a table and printing a report are
functionalities of this type.

In a preferred embodiment, a program is represented by a DF Net in which different
types of functionalities are separately represented. Each set of coherent functionalities is
represented according to its type. The "acquisition and/or computation of data flow"
functionalities are represented in one of two ways in the DF Net. In the first way, if the data
flows are acquired and/or computed without reference to other data flows in the DF Net, the
functionalities are represented by the source places, the source procedure and the hierarchical
dependencies between the source places. Otherwise, in the second way, the functionalities
are represented by a transition. The source procedure and the procedures in the transition
interface with objects through the operation of their classes.

For example, in the DF Net to process subject results to update subject average 777

shown in Figure 7, the reading of subjects and their associated results functionality is



the main procedure and reference procedures of the process qrﬂ )FE?eggqafe
attributes of output places of the transition. 16. A nethod f yi ng
conput er software conprising: designating a source procedure; desrgnatrng a
plurality of hierarchical dependencies; for each of a plurality of
transitions, designating (i) at |east one input place and at |east one

out put place froma plurality of pl aces34 wherein the transition pr oduces
said at | east one out put place fromsaid at |east one input pI ace, and

wherein ace.is a m i rocess
i ncl udi nge%ae%glgt d4 r%%gﬁ fB@‘éH’E?FIét%’ ‘%ﬁ?ﬂ’a‘é?t‘?q%iredp B@gg’ﬁ ﬁ‘ée ‘%ed’a}i’r&
procedure to e&ecuﬁe u on the flrlng of the transition to which the process
is desi gﬂhf"é‘%lq ﬂ@%i@'ﬁ‘éﬂ?‘ﬂ% 66, 8h¢ soapr¢a Brogsdusg, HRSW@GW procediies @idn each
of said sink procedures is registered to one of said places. 17. The net hod
of O ai nattmbuitse? 8t anddcthicrarchicel dipaideprios belwees qband q2,ef shown inmeppibg es
represented by attributes of the place to which the sink procedure is

regi st er 666.aThk commeation ¢fl sabfest avkrdgh €urpkiaaslity & repiesdntédiia the fdcopd daedurie i s
regi stered. 18. A nethod for specifying conputer software conprising:

desi gnat hd}ﬁra@el? QéHr@@n&HQ?ﬁﬂé‘fr@nsrﬁ’cﬁﬁt‘l%@ ALHiBRd dn %tﬁrrﬁdﬁpr% 66 draspér chi cal
dependenci es or each of a plurality of transitions esignating (i) at

| east on chdﬂHEsJé]L Lagivand Bb Sh(e‘gmdpggrgut put place froma plurality of

pl aces, erern e transrtron pro S said at Ieast one output place from
said at | east . 9one G erern sar t on ut .place is
2 mein | nput Eﬁscaeffec B2 T debaiiS o aG ey o FOR ardRamedbilsBelur os

and a mai n procedure, sald mai n procedure to execute upon the firing of the

transiti ewe% therplaggdo prhéceds Srn§ PaResgids Bgistard B&Pl@rrareprr@erﬁs Brerﬂa@a ity
of sink procedures, wherein each of the sink procedures access an external
envi r onmaw. needed o affsttibd objsrtss BecexXapipg reforrpgtte Figwifet Tndtreeupdotepubsing:
designating a source procedure; designating a plurality of hierarchical
dependenavezsge fuacti@ality ofseparfatlyrapresentadfbyt thasiak pravedurecdegstgreditd pgagi ) at

| east one input place and at | east one output place froma plurality of

pl aces, WRRHEINthE BRckdRBShitd ARbREQATI aad pahssidtvi iBasdppRipessaut put pl ace from
said at | east one input place, and wherein said at | east one input place is

a main | nput @oﬁ%%nt ﬁxhbtlor%hﬁés%@?fpcr) ﬁ SH%&erﬁ %(?{he%foo%eﬁr%ﬁﬁ&fé?itﬁeg%?dures

and a mai n procedu sald naln retoeecuteuont of the
transitign.t Wnrch he is d nat e natl a rality
of “sink BrteBtireE b R B &téfaﬁrf%r@%%fr?@& ARt flﬂaalﬁﬁrf/n‘iheess the
software has to an exter naI envr ronment. 20. A net hod for executr ng

conput er SESAmplementationi(py wwalizetiont dialdt Nst-t Aesyrbs lodhapge tiunchenpligni ai n
execution begins with the source procedure. 471 0 February 2003 21. The

met hod obragrammey theeriannbeBE Ney thas nplemente thenfuactmebiticanddle payt ekbe Hied
upon the production of any token of the place to which the reference

pr ocedur &et that adfiushes @d is idfluenthé byreichedt rekd 6k abmsiRedfoe peientimtonalifitmionone
reference procedure is registered to at |east one transition such that the

nor e tharrh@@q)a&@fcgﬁg@@@lpﬁt@@qguuggssm[@ executed. 23. A nethod for executing
comput er software specified according to the method of C aim 14 wherein the

mai n procedurg,q r&%cpérﬁ%m%ﬁt &fa @rﬂwer rf@re'cs k&rbf'f&m%ﬁamee%e ba ir fhet he

transition has one main I nput p ace, | east one token of t’he mal n |nput
ransi t1 o RasHip iRAbaLy nﬂr%u“f%r%@g% sk A A AE ¥ed | ey
Ce))r: SCL? Ik gg 1(8!}1;; ?q?&hr]igl% h]%t. Igorwar(iq sl101 g 1S aalrgv%?l%yhdaeﬁnﬂl%ttw% pa}’tls 8{” Rlat]ﬁdNep S and
S'. Sis initially empty, and S’ initially includes the part of the DF Net that implements the
set of functionalities. Then, for each place in S' that is either an output place of a transition in

S' or a place for which tokens are produced by the source procedure of §', include in both S

and S' each transition in the DF Net which has the place as an input place, until no further



procedure, or if the transition has nultiple main input pladleEﬁhﬁﬂﬁkd by
OR logic, at |east one token of at |east one of the nmain input places has
not participated in execution of the nmain procedure; and (b) all tokens of
the non-main input places that are descendant places of any nmain places of
the transition that can be produced responsive to the tokens in (a) have
been produced. 24. A nmethod for executidig conputer software specified
according to the nethod of C aim 14 conpri sing: 48 10 February 2003 for

h of . . Al t 4 L , ti { i f. th
cach,of sy ROUiFUle R PRSP 1 SEEOHE RS S MR RSBty 1
dicatg of th itigp. 25. T t hod of im24 wh i 1t
HECESEE AT R R LR S ST

one mai n i nput Place at | east one token of the main input place has not
par ti ci peesterehioghy plagecThe meuliing SHs theetart ofitec BH Ve that fs influenced hxithd 8 has
mul tiple main i nput places conbined by AND | ogic, at |east one token of
each mai of fungtinnahities. fito cplbadtd rwatietice of the ¥ Netxecut i on of the main
procedure; if the transition has nultiple main input places conbined by OR

| ogi c, at | easSimil#ly, €e faf€inMed DF INYptHat RifReLces MhtSdet BN Ac@dnaliBaséandiee t oken
whi ch has not participated in other execution of the main procedure; and

f) ]?) all 5&@1&@Byaaplyfngtﬂ&ek\w%-sﬁ@fn . isaﬂgkgarelsﬁagg istmg: &l By qsﬁ&ﬁg%@pﬂ aces

V
any main place of the transition t can produced” as a result of the

t okens i nyvol LN(a ave. heen. produced; and. . .t he, Bgol ean vari for
the trandl (i JNGL vl 02 isdR RGP SABHERRD o ik it ReR R RR AR DR var o
specified accqording to the nethod of Claim3 wherejn at |east qne sink

pr ocedurglaF el é*&?%%ﬁfupﬁt@% 1Hefa dtor SachoTaRRpC Bk ¥ e epp Bed Vo

whi ch the sink procedure is registered. 27. The nethod of C aim 26 wherein
nmor e t hafndWecaphrifangition éelthedF Hebbibaw) duwhisbrnohtrup plageistthoplaes that isoken of
the place to which the sink procedures are regi stered such that the sink

pr ocedur egistared exthabet sidk pRSedurbe Foetaeb dranditi@ ainnV'2invlude @i bothfV adtk¥eeack one
mai n i nput place, any other input places are descendant places of the nmain
i nput pl gemition r in the DF Net that satisfies one of the following conditions, until no further

transitions can be included;

a) An input place of t is an output place of r.

b) A reference procedure of t is registered to an output place of r.

c) The main procedure or a reference procedure of t refers to an output
place of .

For each transition t in V', include in both V' and V each source place that is an input place of
t or that is referenced by the main procedure or a reference procedure of t. If there is a source
place in V, include the source procedure in V. The resulting V is the part of the DF Net that
influences the set of functionalities. It is called a backward slice of the DF Net.

In addition to the separation of functionalities, a preferred embodiment of the DF Net
separates functional processing from constraint enforcement by splitting the specification of a
transition into two parts — process and predicate. The process of a transition defines its

functional processing. The predicate of a transition defines its constraints in a declarative



49 29. A nethod for specifying conputer software conprisindlndggﬁdﬂm?ing a
source procedure; 10 February 2003 designating a plurality of hierarchical
dependenci es; for each of a plurality of transitions, designating (i) at

‘| east one input place and at |east one output place froma plurality of

pl aces, wherein the transition produces said at |east one output place from
said at | east one input place, and wher¥in said at | east one i nput place is
a main input place, (ii) a process including a set of reference procedures

and a main_ progedure,, said in procedure.to execute on.the firi of the
Cranei ¢ DB A nBR olfRbE PEREEE st Rt kst o5 na alfed o

si nk procedures; and erein the conputer software is a part of a conputer
pr ogr am PHRAFUIALYNEHAN Brogessingathe [ Nelalloavsdpishanging th predicateaithout
functionalities. 30. A nmethod for specifying conputer software conprising:
desi gnat ¢haggimgdlrproeessinge douexampleghe besinasg paligy for afurtcyiondlithimeryaheiges al
dependenci es; for each of a plurality of transitions, designating (i) at

| east oneutitigpfiincpdreat proapshirg! mheAst chang:. dnteRistingteahtolbg oot @nioiag DEYN&f

pl aces, wherein the transition produces said at |east one output place from

said at memsHoleBe subPHthallgdGElika Pt WAL B Mmadive Blarh$asthe W14 NPUt place is
a main input place, (ii) a process including a set of reference procedures

and a j o] in procedure to execute upon the firing of the
transiP?%ﬁﬂggaﬂﬁﬁgﬁg?ﬁgﬁ%gg%gss i s designated; designating a plurality of

si nk procedurgs; %nd rein,the cogFuter,softmane iq?quﬁnts nor.e t.han one
of a pluralitCRFAUOGP MERE 2t KREFndR 816 7 285 CONGTISWRICE S RIZT RS ARTRRIGMY il t her
conprises representjng the coherent functionalities as separate artifacts.
31. The SESHBAPEFoaches IR aunsitHeting sefteaegsystemsh &uagtipaphityds ape mpertagt Bips obne

of {i) acquisition and/or conputation of data flow functionalities, or (ii)
af f ect i neprebijndotany spftvaresustemi dhe I Netxplioitly lsephrats Bk ainpledienidion eif wach
representing the coherent functionalities further conprises: if the data

fl ows ar etatcelieran fautibnalitizs ipapagravh t Aouich; &faddesee theoproblear. Tt a f | ows,
representing the acquisition and/ or conputation of data flow

funct i ongdphtaties nBYorll{ ehak@sER R AGREgratNRsSH M 4K MAIREeHsRr 8NEbrstiet a

hi erarchi cal dependenci es between the source places; and if not,

representi h hSitd iAo TP i ; .
functiongkggwgsﬂg%&%ﬁéég¢§% é p dr£}|t§ g%q%?gﬁgﬁ??%%gan%%9$$Igl%ethod of
Claim31 wherein the,affecti obj e functionalities are. repr ted by
one of sBiCagt ninis shBianf Eundl et by s¥Bhbs Spdan SR iR PR ¢ s
regi stered. 50 10 February 2003 34. A nethod for specifying conputer

sof t war eMEBREPIO8Y ngn adémogﬁéﬁnﬁ tof theF é‘éetﬁ@e%nﬁ@law@mlaﬁ@%ﬁ Agetet
plurality of hierarchical dependencies; for each of a plurality of

transi t i eehsrend égicganalitieg iy mpregeusablestharpetber thipestof ppAwarcanidfagts of daspressng
output place froma plurality of places, wherein the transition produces
sai d at Deast DendopingBoftwrradising the Deeta Flaw Needbdthade | nput pl ace, and
wherein said at |east one input place is a main input place, (ii) a process

including a sghe Uhifofth MaRtiag DaRGRGYbEteaNdfied SEitwWark DREedyfint Bidceksmai n
procedure to execute upon the firing of the transition to which the process

I's desi g(@mq is a well-known approach for developing software systems. The DF Net can be used

to replace the interaction and activity diagrams in the UML to serve as a unified specification
technique for describing the realization of use-cases for both analysis and design purposes. A
DF Net created during the design phase can also serve directly as an executable
implementation. No further software coding is needed in this embodiment.

The use of the DF Net does not change the process of requirements capturing in the

Unified Software Development Process. However, in the analysis stage, the DF Net differs



designating a plurality of sink procedures to create a spec14¥5§ﬁiﬂW? and
replacing interaction and activity diagrams of the Uniform Mdeling
Language with the specification created. 35. A nethod conpri sing:
designating a source procedure; designating a plurality of hierarchica
dependenci es; for each of a plurality of transitions, designating (i) at

| east one input place and at | east one %htput place froma plurality of

pl aces, wherein the transition produces said at |east one output place from

said at t e i nput place, d rein said at | east one input place is
a main i lrrlogu © rpe?g%:aél,on(ol?iufggasﬁ?'olélgtgg dﬁﬂg‘ﬁdfﬁd%?%r%g g‘éﬁlomelﬁ?fr 2F%&H @é‘gﬁ'lcé ddur es
and a main .procedure, . said in procedure to execute upon the firing of the
transiti Eﬁ‘?“gedio "(SSFi O'nb!f'étsp‘—‘FB 88 eSAgRLY); AP Jeceing BESERe fromg cachpilen) inrapeof
sink procedures to create a conputer software specification;, and extracting
parts of embegimeat olsthe DENeL, & peaedst isckeakided thriongh pesgisitingy ansl/arleampatation of
influenced by a plurality of functionalities or influence the plurality of
f unct i ondata lioes fame objetts aatdesihifingof dareflcwsrintd ebjeaof{thuds,aisipaht Hatadlovarno 36.
The met hod of Cl aim 35 wherein extracting is achieved by forward slicing

conpri si Bfect 0BjecB®§ For da0h asd-dsWa the3é '&@n_@ﬂdmadél,e@ie%lﬁmngﬁsks g% parts of
the conputer software specification; ) intializing the forward slice to

b
emty: (phrrinicitBobAity § DR NQTPRAALY AL 4@ 1 nel ude the part of the

conput er “software specification I nplenents the plurality of
functionalities;, and, (d) for eac | ace in. the.t ar af, art that is
ei ther an out gHF L5 eadcaéa %?W fr?linaawg itgﬁ%ﬂrsiaﬁe {dﬁlétheéier‘rp 3% 93{%219 pegre il e for

whi ch tokens are produced by the source, progcedure of the tenporary part,

i ncl udi ngom@%féhwewa A9 Utk e et Jioch 8t ﬁﬁeie £HOVS SEPERIEd B Ehe
conput er software specification which has the place as an input place,
unt i | noplage.tand any hanarckicariependeheictbaipaeetheseailaced eee spgeifiedi budiapingtha be
i ncluded, (ii) the place, if the place has not already been included, and
(111) eabh Netnkagramacehdmames efjinsdr@cedbjeas thae dpdl adth tha dbth dlosoreprdsedted by awar e
speci fication. 51 10 February 2003 37. The nethod of C aim 35 wherein

extracti Bhcé aredchiit@veskt Rythbagkwar d slicing conprising: (a) defining a
backward slice and a tenporary part as parts of the conputer software

speci ficationgeff ifth Fositide AR By k%géc?lﬁg lobfeBtstaPe RITRfHed. (KN these data

initializing the tenporary part to inclu part of the conputer
softwarespecificatign . that inplenents the plurality pf fungtionalities;
() Tor BRI SRLbniecdsr S Akl Sp ik Rlentits Bl frbePRbta e e
backward slice and the tenporar art, each transition in the c ut.er

Sof t war e ASPEFAFIEBEC: dp ARG HY DF Rl oo s rgme REOBGELR that 54%3@2% % he
transition is registered wwth the sink procedure; (e) for each of a

pl ur al i t yheotatd flowirepresentidiiyonplage asewirtien mextpe therglageart, i ncluding in both
t he backward slice and the tenporary part each of a plurality of second
transitions f flhindf dsguioreapdibecospitt idenefichdati flowaby enhdrhaterasting sfithedjats

| east one of the following conditions: i) any input place of the first
transi ti aid/osbpBorapliRtién. Phae €lofs ffdneagesadshtifiednsdlitt 48 acduiteddfom uedrer ence

procedure of the first transition is registered to any out put
interface objects. Data flows to actors described in the identified data flows may be acquired
and/or computed through interacting with objects and/or by computation. Each acquisition
and/or computation of coherent data flows through reference to other data flows is specified
by a transition. Each acquisition and/or computation of coherent data flows without reference
to other data flows is specified by a source procedure defined for the whole DF Net. During

analysis, each transition is only defined informally by a natural language textual description;

the transitions will not be defined precisely according to the DF Net construct. The source



pl ace of the second transition, and iii) the main procedure1(!)]r"-gﬁyzm3
reference procedure of the first transition refers to any output place of
the second transition; (f) for each of the first transitions in the
tenporary part, including in the backward slice each source place that is
an input place of the first transition or that is referred to by the main
procedure or any reference procedure of3% he first transition: and (9)

i ncluding the source procedure fromthe conputer software specification in

t he backward, slice if there is.a squrce place in. the backward slice. 52
10 Febr ubipyesBtiEalso ke Agft s s iR e DENG GlfEmome comsat tre
software froma first part of conputer software and a second part of

conput er ORJBFE WHFTACRM &y WiiHen pRxt {q glgter pgrtransitins os e sadrcg Rlacear dharpis nchj r d
part are specified according to the method of daim3 such that the first
part i nclrambéitonainpolved insthe iméractiguto objeatses, a first set of output places, a
first set of transitions, a first set of hierarchical dependencies, a first
sour ce procedBowth,airki pretedasss fof affeeting ebjeets preaegigiereds Eaahdink prodegtireset of

si nk procedures; the second part includes a second set of input places, a

second sgéfiRll iRty BRGLSe afalf8S gL Set of transitions, a second set of
hi erarchi cal dependenci es, a second source procedure, a second set of

reference pro € f .Sl u ) . ird
part i nel udesPa g ROEpRB AR aE R, cthlicROGE AR BBt L]
third set,.of transitions, a third set of hierarchical dependenci es, third
sour ce pP YAt Shonslc for SupOgin B iyeiaetny FACEAlTFaon ARFCE 1otlieq s fheof

si nk procedures, said_method conprising; defining a shared set of places as
t hose i npRiectppEsciespansiblayfor ymplsmgniing the £ifpetp Jihe gitabwss ohthe pssesiareddsénd t o
one of the output places of the first set of output places; determning the
thi rd soflpwealsp bekpdariderivyfy theyaticihnies thesibjectsolrbildihaye.t nethe sam¢ mswpneres with
procedure and second source procedure; mapping each input place of the
second sdie fified uftwatedBa®&dpmenhProsbal thd obitt 4l adtridaterreSud esmebningfo kil Pl

pl ace of the first set of output places, said mappi ng designated an IP

Mappi Ng; ydBRRk RGi8ATdhsald EdrBslidatdd to ¥aeh1a LR iaBhACRoRind 1BILRREONRe 28H 6k Set
of input places in the shared set of places to a conpatible attribute of

the plac eﬁf?éﬁe%%@%i%g%]i’ﬂgjt{gg’ %E%?ﬁl%@&?gre%so%ﬁ?olﬁa ﬁ?ct) E&n{ e r%@?ﬁ?i}%‘é% of Sl d

mappi ng desi gnate determning the ird set "o

pl aces ag the union of .the first .set of ,nput places and those input places
in the sg’c%ﬁ%?egté‘fe W?Xsﬁp%?ssﬁtggggaw&ﬁe%hel%g not in the shared set; 53 10

February 2003 deriving the third set of, transiJionﬁ fromthe union of the
first set of {idKslesignngeaach ne-waeratizalion pspducedHem theARaly S8 s@se % rd set
of transitions further conprising those transitions in the second set of
transi t i oimefl hy tokoiinig cpnadesstianthe fraplemgnietion enviighmest and the eestraintainEha i on
of the second set of transitions involving places in the shared set the

f ol | owi ngnalypdis £lassas aensfiardeacoadingbe fodfioem idasigm sliasses withtadperatibns thebeled.oThe
transitions: replacing each input place in the shared set wth the pl ace
Cor r espopstptusibiftitNes d Had¥RpPaded ak Rput ddsterpligcie oﬁ@@di@&i oguigchr therdlabl e of
each reference procedure and each variable of each main procedure that is
an attri but,eq,8f i&qdH e tH taﬁg@t i BfeRBl piigtdnh i 18duab Ot EnflahERSRGNdI Ng
to the AIP nmapping of the at rlbate of the place, and regi stering each of
the reference procedures registered to a. i set with the
ol ace. coPpRaiuRaPRd T AL EeR ol By ol PrEfA e S SRR TBHPE S

deriving a ird set of sin ocedures fromthe union.of. the first set of
sink pr gég tl cagon accorgmg the BF F?\l’et arc lLtlecture. r1"?13’( is, each transition is spemg’lec[ gy a

process and possibly with a predicate. Both are specified by sets of procedures in the target
programming language. The operations of classes are used to define the procedures. The

source and sink procedures are also defined in the target programming language in the same



and the second set of sink procedures such that the foIIomLpg pEgingations
are nmade before inclusion in the third set of sink procedures: réplacing
each variabl e of each sink procedure that is an attribute of any place in
the shared set with the attribute corresponding to the AP mapping of the
attribute of the place, registering each of the sink procedures that is
regi stered to any place in the shared S with the pl ace corresponding to
the I P mapping of the place; deriving the third set of hierarchical
dependenci| es union of .the first set of hierarchical dependencies and
the secol¥'s {ﬁ%wﬁi’f@?a@@ﬁgtﬁ’ﬁ replisatiofpld We-cascin the desigdags s Fé‘i‘cé‘f"ﬂbi"al
dependenci es between places in the shared set are renoved; and 54 10

Febr uar yNoaeditinaal yyork is yeguirerbfos fraplemsptaipice and descendant pl ace

rel ati onships between places in the third set of places anong those pl aces
t hat were i nclorgnsrembodirensnt iNetsioc botdl agalysisfnd denign phgesese prdducelifeonret hod
of Claim 38 wherein maintaining the ancestor place and descendant pl ace

rel ati onebigbse DENwestorRdda Hibrarias. | e@sionBNssdd f@tibRditics dalyFispaneindgn®f each
first place of the second set of places that is in the shared set which was

an ance_sdéar%;ﬂia&eﬁs% defiiRE A9 farBhBtefizbDFNet$ 8ld Rbred 8 BPAriEORN eRb aCES Whi ch
is not in the shared set renmains an ancestor place of the second pl ace;

ensurin gR%\E%LIe g?]ﬁ Nreﬁtfro% ﬁﬁf‘arl{%% %‘%h%’f(g g)gr%%%ezcﬁé éxg%lﬁeglegf % gset-&%. Ar? a&?%siéo Qf the

shared se was an ances e inthe sé

Tho 1P i GRS SCpehieh Pt osl L ARRRCH ALY ST AoE! GRSRBRet ho —

second set of places that is in the shared set which was_an ancestor place
of a secties isirealized and yeplementsd inseneciip BngaRstrpntingasseiwl oR Ness fpm@ni n t he
shared set maintains its hierarchy such that the |IP mapping of the first

pl ace i samlysmocmstesign phticre stifred inen litRarya fasses whjuirdrefos e spstempraaleo definedA

nmet hod of transform ng conputer software specified according to the nethod
of d ai Mhgoughtthe ase clliE@Rable@dseditadn He@BibBlifiged anBodigRne dARKisSI NQ:
renam ng each variable of each transition if the variable is not unique

anong a _J-éln'lf)&ﬁﬂl‘%j‘lﬂ HRNSF I\Q@éitgﬁt&tthé‘ﬁlp%oﬁ%‘f' L&ewitk 9lsa Wheﬁlcbﬁ%%reh 8 pfesent
transitions-processed variable to store transitions that have been

processegmag%zhﬁhﬁ&ﬁ$&§ing the transitions-processed variable to enpty, and

The use of the DF Net in software development has numerous benefits. The DF Net
of the present invention provides better support for reuse of software. Many reusable
software parts that provide coherent functionalities cannot be separately and precisely
specified by existing design and implementation techniques. As an improvement over
existing techniques, by using the DF Net method, software parts can be specified separately
and reused efficiently. The DF Net achieves this by providing comprehensive representation
and composition structures for software parts used in constructing software systems.

The DF Net of the present invention provides for a more natural use-case realization.
The proposed approach realizes a use-case through acquisition and/or computation of data
flows from objects and sinking of data flows into objects. This is a more natural way than the

method used in Unified Software Development Process.



55 10 February 2003 all ocating an input-places-to-process variable to store
the input places of transitions when the input place of an{ § FEB288dbn is
ready to be processed, and initializing the input-places-to process
variable to the set of all source places that serve as input places to the
transitions; formng the source programgy merging the source procedure,
the main procedure the reference procedures and the sink procedures by
processing each transition when all its input places are in

i nput - pl aces- Mir@ag ehe @alr%tl@meqﬁ&eﬂgmwaﬁiowlms fbR8lds Fafditdh K
procedure before the reference port for the place to which the sink

procedur g t'bqglgﬁ:tn%?ﬂrop' H%ETF I\?\ﬁt g@tﬁ réaq{zgtgl&pgfea e c%?éjg{?ﬁu&%fagr e the

ref erence port ace to he reference procedure

t th t b f
oot ol e BARal R M o B R REH et G BER I Rt e BB | o

pl ace; and syn hron|2|ng each maxi mal sequence of threads. 41. The net hod
of Claln?%@pﬁﬁgrein renam ng i ncludes prefixing non-uni que variables with
the name of the transition in which the variable is declared. 42. The

met hod of O ailhs a@nmieiaiapplicasien of daja flow netd sanheatassifice intatvodess: i f there
is a single main input place and at | east one input place is a descendent
of the neiftwdradenel@imean envinaendntswhdidpelicaion spfreaeduckagesl hr the kbwami n port
of the main input place; if there is a single main input place and no input

pl aces ag&epps@ne®Rtchnht 4RE (HRDEF NERHA bPLfGes act?&ftsaﬁaﬂs% Reridalisn FRibd
procedure as a thread and inserting the main procedure thread before the

mai N por i, Qf h&nlaﬁoﬁTWMﬂ exfRb vglngle%ftwaF]eScﬁavt]:BRE@m SR bnmlis éénf sg%@%ﬁ%g Pt

mul ti pl e mai |nput l'aces, namn procedure an
the end t here

are mul t ISV FoRrBEY g%\@é@%%f?’ ?%PPEB‘?BF N oo san e A SBcatly, 1

pl aces is a _descendant of the main jnput places and the nmjn_input
transformed into existing object-oriented languages for implementation. The DF Net enables

software programmers using existing visual software development environments such as
Visual C++ or JDK, for example, to assemble individual programs from parts that implement
required functionalities that cannot currently be specified and developed separately. The DF
Net also enables programmers in these kinds of development environments to assemble
multiple programs in one step from design patterns.

In the application software area, the DF Net can be used as an architecture for
application software packages. An application package for a specific domain is organized in
the form of a set of standard parts and assemblies of parts, each of which provides a set of
related functionalities. Implementation of the application package for a particular customer is
carried out by the assembly of standard artifacts and other parts that are developed
specifically for the customer. In this way, the DF Net makes the implementation of
application software easier. The DF Net alleviates the massive effort required with existing

technology to customize a software application package.



pl aces are conbined by OR logic, inserting the main pr oce‘leDrEEasz&gB
statenent before the main port of each main input place; if no input place
is a descendant of the main input places and the nmain input places are
conbined by OR logic, inserting the main procedure as a thread before the
mai n port of each main input place; ifg49ne or nore input place is a
descendant of the main input places and the main i nput places are conbined
by AND | ogic, inserting statenents before the main port of each nain input
place (a) to Waileoertdin skahplaryveiboafthents Bivecwen dgsciibed stddhosvnoh tkach of two
or nore conjunctive mai n i nput places, and (b) to execute the main

procedu ra%c&HE hyinid ew;ggt nﬁ'lsntoﬁfe%ﬁg’élrogd Whak Eu&%%ﬂh&@éﬁ%éﬂe@"illﬂﬁ%tﬂve all

status varia to ready i f no I nput place 1s a descendant of the
main i anftangl ﬁg %3 él%ﬂge ﬁlelmoad ny IHIOI‘I naaC tggtftﬁfsqnf(%mh Iﬁgp béjl}{mpl’gp %o tﬁgl c,
inserting a tnhread con ing sta eient ore I'n each main
i nput pl ace

a) to defln a status varlable reflectin the status of each
of ¢ o GPerig edeline STRRPFIFHHTHO v Adelsscribist: Y5 qfaalom te the main
procedure such that ( 1 ) the main procedure will not begin execution until
all st atmedifisationsinesy eacer Wehoseordinaidly skilled i the #he status variables are
reset to not ready when the nmain procedure begins. 44. The nethod of C aim
40 wherei n synchroni zi ng i ncl udes: 57 10 February 2003 if the seguence
has one thread, replacing the thread by the statenents in the thread; and
if the sequence has nore than one thread, synchronizing the threads such
that a statenent after all of the threads will only be executed when all
the threads have conpl eted execution. 45. The nethod of Claim3 further
conprising: paraneterizing the software specification such that at | east
sone of the places and attributes are represented as formal paraneters

and/ or sone of the formal paraneters are in the process and/or the

predi cate. 46. The nmethod of Claim45 in which the conputer software is an
anal ysis and/or design pattern. .A5Y.A& .A

. AGE. A9?72. A9n. A9. A&. A&Y2. A. A. A&@ A3. A9Y. A& 3r. AGE. AAl . A&l . A&, . A& A&2. A9_. A9
. A9NYR. A&Y. A&32. AL3. A9. AL. A&F. A. A9

| . A& . A&Y. A&2. A. A9. A&% AF9. Af . A{ 90. A@ A@ Af . AS. Af R AS. ASe. AS. AS. AS . A,
.A@. Afe. Afe. A@.AS' Ypr+Xr. @
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registered, if the place is a main input place,

(c) if the reference procedure is included in a process, variables defined in other reference
procedures of the process of the transition registered to:

(i) any main input places of the transition that are ancestor places of the place to
which the reference procedure is registered,

(ii) any ancestor places of main input places of the transition that are ancestor
places of the place to which the reference procedure is registered, if the place is not a main input
place, or

(i11) any ancestor places of the place to which the reference procedure is registered

if the place is a main input place, and
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place, or
(iii) any ancestor places of the place to which the reference procedure is registered

if the place is a main input place.

13.  The method of Claim 3 wherein the main procedures of the transitions only refer
to:
variables represented by attributes of any input place of the transition;
variables represented by attributes of any ancestor place of any main input place of the
transition;

if the main procedure is included in a process, variables defined in any reference
procedure of the process of the transition; and
if the main procedure is included in a predicate, variables defined in any reference

procedure of the predicate of the transition.

14.  The method of Claim 3 wherein the predicate:

defines a Boolean variable for the transition such that the main procedure of the transition
executes only when the Boolean variable is evaluated as TRUE;

produces no tokens; and

defines no attributes of any places.
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designating a plurality of hierarchical dependencies;
for each of a plurality of transitions, designating
(1) at least one input place and at least one output place from a plurality of places,
wherein the transition produces said at least one output place from said at least one input place, and
wherein said at least one mput place is a main input place,
(i1) a process including a set of reference procedures and a main procedure, satd main
procedure to execute upon the firing of the transition to which the process is designated; and
designating a plurality of sink procedures, wherein each of said sink procedures is registered to
one of said places.

17. The method of Claim 16 wherein each of the sink procedures only refer to variables
represented by attributes of

the place to which the sink procedure is registered and

ancestor places of the place to which the sink procedure is registered.

18. A method for specifying computer software comprising:
designating a source procedure;
designating a plurality of hierarchical dependencies;
for each of a plurality of transitions, designating
(1) at least one input place and at least one output place from a plurality of places,
wherein the transition produces said at least one output place from said at least one input place, and
wherein said at least one input place is a main input place,
(i1) a process mcluding a set of reference procedures and a mam procedure, said main
procedure to execute upon the firing of the transition to which the process is designated; and
designating a plurality of sink procedures, wherein each of the sink procedures access an external
environment.

19. A method for specifying computer software comprising:
designating a source procedure;
designating a plurality of hierarchical dependencies;
for each of a plurality of transitions, designating
(i) at least one input place and at least one output place from a plurality of places,
wherein the transition produces said at least one output place from said at least one input place, and
wherein said at least one input place is a main input place,
(ii) a process including a set of reference procedures and a main procedure, said main
procedure to execute upon the firing of the transition to which the process is designated; and
designating a plurality of sink procedures, wherein the sink procedures provide the only access
the software has to an external environment.

20. A method for executing computer software specified according to the method of Claim 3
wherein execution begins with the source procedure.
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Claim

14 wherein the main procedure of any predicate of any transition is executed:

(a) if the transition has one main input place, at least one token of the main input

place has not participated in execution of the main procedure, or

if the transition has multiple main input places combined by AND logic, at least

one token of each of said main input places has not participated in execution of the main

procedure, or

if the transition has multiple main input places combined by OR logic, at least one

token of at least one of the main input places has not participated in execution of the main

procedure; and

places

Claim

(b) all tokens of the non-main input places that are descendant places of any main

of the transition that can be produced responsive to the tokens in (a) have been produced.

24. A method for executing computer software specified according to the method of

14 comprising:
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(a) if the transition has one main input place, at least one token of the main input place

has not participated in any execution of the main procedure; if the transition has multiple main
input places combined by AND logic, at least one token of each main input has not participated
in other execution of the main procedure; if the transition has multiple main input places
combined by OR logic, at least one of the main input places must have at least one token which
has not participated in other execution of the main procedure; and

(b) all the tokens of the non-main input places that are descendant places of any main
place of the transition that can be produced as a result of the tokens involved in (a) have been
produced; and

(c) the Boolean variable for the transition is set to true.

26. A method for executing computer software specified according to the method of
Claim 3 wherein at least one sink procedure is executed upon the production of any token of the

place to which the sink procedure is registered.

27.  The method of Claim 26 wherein more than one sink procedure is executed upon
the production of a token of the place to which the sink procedures are registered such that the
sink procedures are executed.

28.  The method of Claim 2 wherein if there is one main input place, any other input

places are descendant places of the main input place.
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wherein the computer software is a part of a computer program that implements at least one of a
plurality of coherent functionalities.

30. A method for specifying computer software comprising;
designating a source procedure;
designating a plurality of hierarchical dependencies;
for each of a plurality of transitions, designating
(1) at least one input place and at least one output place from a plurality of places,
wherein the transition produces said at least one output place from said at least one input place, and
wherein said at least one input place is a main input place,
(1) a process including a set of reference procedures and a main procedure, said main
procedure to execute upon the firing of the transition to which the process is designated;
designating a plurality of sink procedures; and
wherein the computer software implements more than one of a plurality of coherent
functionalities; and wherein the method further comprises representing the coherent functionalities as
separate artifacts.

31. The method of Claim 30 wherein each of the separate artifacts are one of (i) acquisition
and/or computation of data flow functionalities, or (ii) affecting object functionalities.

32. The method of Claim 31 wherein representing the coherent functionalities further
comprises:

if the data flows are acquired and/or computed without reference to other data flows, representing
the acquisition and/or computation of data flow functionalities by the source places, the source procedure
and the hierarchical dependencies between the source places; and

if not, representing the acquisition and/or computation of data flow functionalities by one of the
plurality of transitions.

33, The method of Claim 31 wherein the affecting object functionalities are represented by
one of said sink procedures and the place to which said sink procedure is registered.
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- (ii) a process including a set of reference procedures and a mamn procedure, said main
procedure to execute upon the firing of the transition to which the process is designated;

designating a plurality of sink procedures to create a specification; and
replacing interaction and activity diagrams of the Uniform Modeling Language with the

specification created.

35. A method comprising:
designating a source procedure;
designating a plurality of hierarchical dependencies;
for each of a plurality of transitions, designating
(1) at least one input place and at least one output place from a plurality of places,
wherein the transition produces said at least one output place from said at least one input place, and
wherein said at least one input place is a main input place,
(ii) a process including a set of reference procedures and a main procedure, said main
procedure to execute upon the firing of the transition to which the process is designated;
designating a plurality of sink procedures to create a computer software specification; and
extracting parts of computer software specified, wherein those parts that are influenced by a
plurality of functionahties or influence the plurality of functionalities are extracted from the computer
software specification.

36. The method of Claim 35 wherem extracting 1s achieved by forward slicing comprising:

(a) defining a forward slice and a temporary part as parts of the computer software
specification;

(b) imtializing the forward slice to empty;

(c) 1itializing the temporary part to include the part of the computer software specification
that implements the plurality of functionalities; and

(d) for each place in the temporary part that is either an output place of a transition in the

temporary part or a place for which tokens are produced by the source procedure of the temporary part,
including the following n the forward slice
1) each transition in the computer software specification which has the place as an
input place, until no further transitions 1n the computer software specification can be included,
(i1) the place, 1f the place has not already been included, and
(ii)  each sink procedure registered to the place in the computer software
specification.
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(b) initializing the backward slice to empty;

(c) initializing the temporary part to include the part of the computer software
specification that implements the plurality of functionalities;

(d)  for each sink procedure in the temporary part, including in both the backward
slice and the temporary part each transition in the computer software specification, if any, in
which one of the output places of the transition is registered with the sink procedure;

(e) for each of a plurality of first transitions from the temporary part, including in
both the backward slice and the temporary part each of a plurality of second transitions from the

computer software specification that satisfies at least one of the following conditions:

1) any input place of the first transition is an output place of the second
transition,
i1) any reference procedure of the first transition is registered to any output

place of the second transition, and
iiil)  the main procedure or any reference procedure of the first transition refers
to any output place of the second transition;
® for each of the first transitions in the temporary part, including in the backward
slice each source place that is an input place of the first transition or that is referred to by the
main procedure or any reference procedure of the first transition; and
(g)  including the source procedure from the computer software specification in the

backward slice if there is a source place in the backward slice.
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of hierarchical dependencies, a first source procedure, a first set of reference procedures, and a
first set of sink procedures; the second part includes a second set of input places, a second set of
output places, a second set of transitions, a second set of hierarchical dependencies, a second
source procedure, a second set of reference procedures and a second set of sink procedures; and
the third part includes a third set of input places, a third set of output places, a third set of
transitions, a third set of hierarchical dependencies, a third source procedure, a third set of
reference procedures and a third set of sink procedures, said method comprising:

defining a shared set of places as those input places of the second set of input places
which correspond to one of the output places of the first set of output places;

determining the third source procedure by asynchronously combining the first source
procedure and second source procedure;

mapping each input place of the second set of input places in the shared set to a
corresponding output place of the first set of output places, said mapping designated an IP
mapping;

mapping each attribute of each input place of the second said set of input places in the
shared set of places to a compatible attribute of the place corresponding to IP mapping of each
place in the shared set, said mapping designated an AIP mapping;

determining the third set of input places as the union of the first set of input places and

those input places in the second set of input places which are not in the shared set;
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before inclusion in the third set of transitions:
replacing each input place in the shared set with the place corresponding to the IP
mapping the input place,
replacing each variable of each reference procedure and each variable of each
main procedure that is an attribute of a place in the shared set with the attribute corresponding to
the AIP mapping of the attribute of the place, and
registering each of the reference procedures registered to a place in the shared set
with the place corresponding to the IP mapping of the place in the shared set;
deriving a third set of sink procedures from the union of the first set of sink procedures
and the second set of sink procedures such that the following modifications are made before
inclusion in the third set of sink procedures:
replacing each variable of each sink procedure that is an attribute of any place in
the shared set with the attribute corresponding to the AIP mapping of the attribute of the place,
registering each of the sink procedures that is registered to any place in the shared
set with the place corresponding to the IP mapping of the place;
deriving the third set of hierarchical dependencies as the union of the first set of
hierarchical dependencies and the second set of hierarchical dependencies such that the

hierarchical dependencies between places in the shared set are removed; and
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ensuring that a first place of the second set of places that is in the shared set which was an

ancestor place of a second place in the set of second input places which is also in the shared set
maintains its hierarchy such that the IP mapping of the first place is a ancestor place of the IP

mapping of the second place.

40. A method of transforming computer software specified according to the method
of Claim 3 into an object oriented programming language comprising:

renaming each variable of each transition if the variable is not unique among all
transitions;

designating a source program,

allocating a transitions-processed variable to store transitions that have been processed

and initializing the transitions-processed variable to empty, and
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sink procedure 1s regisfered,

inserting each reference procedure before the reference port for the place to which
the reference procedure is registered, and

inserting the main procedure responsive to the number of input places and
whether any input places are descendents of a main input place; and

synchronizing each maximal sequence of threads.

41. The method of Claim 40 wherein renaming includes prefixing non-unique

variables with the name of the transition in which the variable is declared.

42.  The method of Claim 40 wherein inserting the main procedure includes:

if there is a single main input place and at least one input place is a descendent of the
main input place, inserting the main procedure before the main port of the main input place;

if there is a single main input place and no input places are descendents of the main input
place, designating the main procedure as a thread and inserting the main procedure thread before

the main port of the main input place;
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if no input place is a descendant of the main input places and the main input places are
combined by OR logic, inserting the main procedure as a thread before the main port of each
main input place;

if one or more input place is a descendant of the main input places and the main input
places are combined by AND logic, inserting statements before the main port of each main input
place (a) to define a status variable reflecting the status of each of two or more conjunctive main
input places, and (b) to execute the main procedure such that the main procedure will not begin
execution until all status variables are set to ready;

if no input place is a descendant of the main input places and the main input places are
combined by AND logic, inserting a thread containing statements before the main port of each
main input place (a) to define a status variable reflecting the status of each of two or more
conjunctive main input places, and (b) to execute the main procedure such that (1) the main
procedure will not begin execution until all status variables are set to ready, and (2) the status

variables are reset to not ready when the main procedure begins.

44.  The method of Claim 40 wherein synchronizing includes:
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if the sequence has one thread, replacing the thread by the statements in the thread; and
if the sequence has more than one thread, synchronizing the threads such that a statement

after all of the threads will only be executed when all the threads have completed execution.

45.  The method of Claim 3 further comprising:
parameterizing the software specification such that at least some of the places and
attributes are represented as formal parameters and/or some of the formal parameters are in the

process and/or the predicate.

46.  The method of Claim 45 in which the computer software is an analysis and/or

design pattern.



