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Description of the Rel=b®a+Art Creating and debugg.fag software code has
been and continues to be a very | abor-intensive and expensive process. As a
result, efforts have been made on many fronts to create "re-usable" code;
i.e., code oS abFf CRENTONGANESUSING SV TEM+INDEEERDENT SOFTWARE
variety of systems, thereby mnimzing the anmount of new code that nust be
created for a given system As usedzﬂgPQﬁFN@§"systenf refers to software
designed for a particular application. "Qbject-oriented programm ng" (00P)
is one technique that facilitates the re-usability of software code. OOP

produces agptXGROUND pro@HEnsNVENTADN very nodul ar, and the resulting
nodul es of _code can presumably be plugged into ot her applications. This
presunptid%¥%€3e95+$§—ﬁF6¥%%3¥éu%e true for lower level objects, such as an
abstract data strugtuk ﬁveHQW%‘ﬁer rQQR & echob quesedof Det dneegssabimbyickead to

good re-usability for cgher | evel obj ects For exanple, an "aircraft
track” obj¥ELYREE, naidtdi n§’at1ﬁé-cé-b]e% Ynd &Pt i MRI]AS an Ofi r cFAPRLAAY be

di ffiscul t 402 Fakse coRBOALSE & heh 2€t baRS Ykeeas 18 B HdrHirth sea&@ _
recelved by the object are dependent on the specific systemin ichit is
enpl oyed. wiHeh obj etma ki ghdifd dadur}- for exanple, in a civilian air 4
June 2003 2 traffic control systemor a mlitary command and control
system with dlfferent reactlons required for the same input data. These

: e ghd are typically enbedded in the

responsi v 26
obj ect, making CF he&?ngnsaurﬁa ufgogrlHSe éof@wggef ecr'éacﬁ]é as ®Peen and
10 continues to be a very labor-intensive and expensive
process. As a result, efforts have been made on many

fronts to create “re-usable” code; 1i.e., code that can

functicn as designed - without modification - in a

variety of systems, thereby minimizing the amount of new

15 code that must be created for a given system. As used

herein, a “system” refers to software designed for a
particular application.

“Object-oriented programming” (OOP) is one technique

that facilitates the re-usability of software code. OQOP

20 produces application programs that are very modular, and

the resulting modules of code can presumably be plugged

into other applications. This presumption generally

proves to be true for lower level objects, such as an

abstract data structure. However, OOP techniques do not
25 necessarily lead to good re-usability for higher level
objects. For example, an "“aircraft track” object thart

maintains the speed and altitude of an aircraft may be
difficult to re-use, because the actions taken as a
result of the data received by the object are dependent
30 on the specific system in which it is employed. The

obiect miagn- Dbe found, for example, in a civiliarn air

Q0



An illustration of this problemusing a fictitious air defense systemis
shown in FIG la, which is an "event trace diagrant for such a system This
systemis inplenented using OCP techniques, with the object4Jife 200! ved in
the handling of a new radar report, such as "Radar", "Air Track", "Flying
(bj ect”, etc. shown across the top of the dpagram "Events", which cause
the control of the programto be passed from one object to another, are
shown bel ow t bj, ect QA YA stge tr tShdM EBRR ro:
"Radar" obj ec?gig‘r*gce;é?/F%QOé n wtrcégr%o%, a\/\h@% E?%r(el%a%%ﬁ?gft%é&' %ief% °*
Track" objectsg8rem,e. withe deféarentd peatRadms' requiviedg Honewhepsemns s

the stinmulus that causes prQgram con b I, ed " AL acgk".
"Air 20 Tr ackl'mi‘ztsgﬁ aton?ESFet 5%#%gg‘ﬁ§?n§°%tﬁ%g‘§ ea[;{) jse%%ti@l ge\%{:é‘%lic
recogni zes thendir anke ast wpo posehyi adhiyetideti | Enai tice afdb jarut t r apkfieres them
control to the " Ener:né,Ai rcraft” objﬁect 1% " Eneny Ai£craft" eval uates the
threat, 2and t4amstBR5 1Eort301u%D +hed FAEATE D) B¥F°9D  as a result. 25
"Threat" creates appepoliusapdtlibe reporthidnNdppb®dledin €911 §0la af Ec6EPt ol
the "Battl e Manager" object 22. "Battle Manager" interacts with other

obj ects, witHRkbntdBIeuFei naY&F§™Mt r 4AsT EPPBA t BRanf 1§ nt difoeptdichobjiect ap4.
The "Batt'e Mahagetr" ject ep Lagjus t " Hi r n'
obj ect 26. Using 'coneg%tﬁn%?éggl%ﬁt ec C?lllsqﬁ‘égﬁ t%heé]%%:n%?bl gggﬁen es nrgefigd
to execute tHenelementeace unimyG AQP ar Bepbnigudis,ectwythnt ¢hehe @bjects,
i.e., yRadar", will [1. "ALr _ Tr i j | all. YFlyin ject", and
so ?5 bgﬁ Ho\ V&/oeirv @1 & Q%P%gﬁ%t?@ellr%\@uggcﬂ_l JIIF\SII o‘#aqaﬁesléegogﬂuﬁémfboﬁs3
obj ects i s coRudadsegd Maecanseckn,a WIfenegnObsiriten ébe. et re&cec§or
dealing with a new radar _report may be quite different. This is illustrated
in FIG Ib. FAi% di9%ereht &if deteAgéMsystemVéEdifiTes oB}et s daNsag Bhe

functions simg SeRkN A s§S t et obHaees e
different. He@rc;en?crﬁ%lle) EDAltprEbl'%agtﬁ.&%)lltiérgictt 32§%{etr$igsf%cﬁkre§ports 8??%&7 y@('%o

kll
t he "Hi gher Etiedlh®t, odfFecshdsn é:ﬁifQW\ethBa@bljéclmwager" object 36 is

i nvok by the "Hi,gh chel on” | ec re-use rigi.nal 10 GAL. .,
Tr ack?P%r "Battl e%ﬁgggrcgﬁobfﬁéggh@ Ye%g) t%ﬁﬁ%egggﬁgéygf%% %he Fﬁdaocgﬁ‘r ol
sequences enobded-wi 10i keldose mpj echewrsépber| eplndetd W t heDepsoRes diat
wiyl inplenment the new event traces. Thus, these objects are "re-usable"
oniy after nodifi cR¥prek” wwhheEhe 157 midi-ircathén pPYRRES Adpedt ed Fasar
time the objegldlis g, ber chuged deprnew system EEiAREsshaygabeen aade to
i solate the program control tasks froma system's functions. For exanpl e,
Hat | ey and Pprblaiam Stoategilest § obeReatafsffrerest eme 20ASpedifaadt i on “DBdrnset

House blishing, (1 ) . 59-72 n Meilor, . Structured,

Devel o%:dflrent C)?gﬁeaﬁfﬁi ﬁ%ggﬁstcé’r?s‘ef%gug%g\ghgr ess }ﬁ%?)ébjfﬁ){ 495?5,C“dils6duss
the concept whiah"certdedh£rést hahehandiaesk pragr aan cpot ent iaHowevabsthdta
of these describe systens desi d usin %5 functional approaches usin

n
structured ahaf§sPRs Candnst rEE?gﬁzﬁrﬁesF RETRH chOr e<hf t s BETY shagemait”

architectureshhatei s @rganteednly hhecsReEd i evhunGiiaansthae £m hag, 4 o
provi de. Unfortunately, the software conponents created using these
approaches reranafekssetgntred tto tthize 30 Toweat T cohpett c20i @ systeswmlitar

whi ch,ihey wer Lgi nal ly, desi nEfd\ﬁ'P i ng e ifficult to re-use in
ot herztssysterrsfﬁg%%/k/AR 6§¥“F|§|§ I%IV %%’ SUE report - and” program
control are sent to the ™Battle Manager” object 22.
“"Battle Manager” interacts with other objects, with

control ultimately transferred to an “Interceptor” object

24. The "“Battle Manager” object also reports status to a
30 “Higher Echelon” object 26.
Using conventional OOP techniqgues, the c¢ontrol

sequences needed to execute the event trace in FIG. 1la
are built directly intc the objects, i.e., “Radar” will

call “Air Track”, which will call “Flying Object”, and so

(%)
($2]

on. However, by so doing, the re-usacilitv of

thnes

b



r5 A nethod of creating and using systemindependent 4 June 2003 4

" software conponents is presented, with the resulting code being re-usable
in a variety of systens with little to no nodification. Thed4ddanel0pBocess
is used to devel op O0OP-based 5 systens. A high level of re-usability is
achi eved by using a design schenme that results in three types of software
conponents: "core" objects, "view manager" 0bjects, and "controller"
obj ects. The core objects errbod% t he essenti al behavi ordrgﬁuirr e(% b¥ %@e
application, 2BIFCES) ifs CHPRIPRACEFonaPFFRESE ahd he*BAEFSMH er “8B-ECY s
represent thergentdnbehavicer ortHeaundrs | ¥ioy sysiem rSapar aidpgrt heay
core functionalities fromthe control behavi or enabl es the resul %r&q
system i ndepe?@ler i ébPe @bfEBESNTo be TRIfsetti i didFeraRd syt efg e 15 %he
vi ew nmanager obj ects Af L disedate aklrens: "spsven” regue ralj /i LOMTURLGahE
with multiple “"client” core objects w thout creating permnent

comuni Gat i onfuhaks obest vislawi tde Eérvéps@ojlé@:tt%ﬁdﬁfge ¢Ri SMstem ectdt the
Vi ew manager ject | so e | q. r oby t Owguto j cab |y, naLify
BT o e cl TR OB e ihimeabe TEREES | o AoEba ShEaRYs AT’  fpTekt
server object32 Thenuse otavikew emmager dalyject By f ot here eNHaghex tEehelon”

reusability of core apjects. ce, rated, a systenis control, behavior is
25 enbodi ed i‘?‘mﬁ‘u@o% rtor 274 c RET oi%e%%g%t gapa\ﬂl’?}éch? e éﬁe l&pe’r’é"(?gﬁdof
various core ©pj edles a8igrededdeBxectubdiRdrrti Cdl afe-ayeant theaceri Pesause
the control qbjects handle theg programflow the core objects n be

re- usegbi n otl raﬁﬁlq(g%\ti Bhs BD% |P’1taﬂa_@% nBP38ChBdi f '%atfgh irmpythe
nmerely nodi f g thesassocitdieed cenmiroal ebj@einde® assepnrdat@itRen those
system specific event traces. The inventive concept can be scal ed up or.
down. Thus, #XREESI Bct Ban BEPA 2GR meNLtBontyed | nes cofhdd | ik~ he
program f 1 ow ;aim r COLEeR® QY Lcts idaptidi aspSegmEnt s -and
whi ch perforr% a r@ﬁgggng%%ogge% iSﬁerft'b%eC?/ée sy?t?ltgnﬁf'f ?r?%:églé%n?bgr% a " c%‘?e
obj ect contrdldeerdsabbiel seromdyt he afmerpur posei focatignoup ofitbwer -tkewel
obj ect scwhi ch, j.n.conbination, nake a.core object. 5 Further features
and advant agBE 1T THEC L HDeRASHE ST | FoRE KSbar SRt b PROSE ST BACI i %t hed
art fromthepkoldeowi $i8ddehabl p@dwlesastdgii on, taken together with the
acconpanyi ng draw ngs. 10 BRIE DESCRTPTION OF THE DRAWNGS FIG la is a
prior art system dverertfacati®agrRBft or M4%8ar titul O wakBesy AP ram

control tasks from a system’s functions. For example,
Hatley and Pirbhai, Strategies for Real-Time System
20 Specification, Dorset House Publishing (1988), pp. 59-72,

and Ward and Mellor, Structured Development for Real-Time
Svstems, Yourdon Press (1985), pp. 41-70, discuss the
concept of a “controller” that handles program control.
However, both of these describe systems designed using
25 functional approaches using structured analysis and
| structured design, which results in a system architecture
that is organized by the specific functions the system
has to provide. Unfortunately, the software components
created using these approaches remain closely tied to the
30 specific application systems for which they were
originally designed, making them difficult to re-use in

Oother systems.

SUMMARY OF TEE TINVENTION

38 A method of creating and using system-independsns



" FIG Ibis a prior art systemevent trace diagram which includes objects
simlar to those of FIG la, but 15 for a different software system FIG 2
is aflowchart illustrating the basic nethod of cre wing 4ddne 2003i ng
system i ndependent software conponents per the present invention. FIG 3 is
a diagramillustrating the use of control 20 obj ects per the present
invention. FIG 4 is a flowchart illustrating a nethod of reeqﬂé_neerigg a
| egacy syst eraaDtipadeducomRoREsttam Wwhi BREERPLSFy reltRafhe resulting co
syst em i ndepgnden ft c 51 08U bLhe Jresent Wvention 125 & o 5
is a diagradﬁ?Tﬁlt?%t?%%gﬁﬁquggpggéa}vigM/naﬁgéer obj ect per the present
i nvention. FiMédHfisawibhow chart illustrating a nore detail ed nethod of
creating and re-usjng systemin endent, sof e np S.per
pr esent invention.%%% %fEEDP%E%E%%PTﬁfild&ﬂ%EE F%VEE#ﬁ%%ﬁD fleéff?éﬁ?d
i Ilustrating dyhe-aioyel net hoidgief lerveuli ng fande resasiiig sy stism aodéperdendy
sof tware conponents is shown in EIG. 2.hThe Eroc s waquld %&picaﬁlﬁ begiP
with a parti ¢\dhd syist 885100 - SgReHS ThALjuhRES 6 1Y affiFE€coht PEF ©
system for @@ﬂﬂ s WRbfB drerdtd be realriezed ¥hhBca <501 t Woh BwPr Qg dde 1M
step 102, the appifgztion I's anal yzed to deterni%e its "core ﬁgg
functional iticds'ectise. ande ‘teerbrobles "berBiie@t s equi rEie bycatRe IBiePES
For the air traffic contral t.em functi [ ti i.g [NC e, for
exanpl e, i denth %/C%Sﬁg&éﬁdegﬁsz%ﬁﬁg éble%gér‘g {)y glggg'{l?y%%ggglag?r ré|tprE!fl(r)!Lrérna |%rﬁ’,
and detecting .possi blescolddrsd onfun¢€apeadljteicds,’ amerd hepher eatordt sl lgr
104) that 10 inplenent the core functionalities. A ,core object na e a
singl e objecPPlﬁc%%yrﬁérea§86nﬁ3§%dcopgf8%aQEQ%EFOGT‘D uthoHQa%%%¥kﬁ%.
These core aggs%é%.fior_esg,{sh%gtﬂn@houh@ haweenoreysiamspect {b6 CPPEMOIthe
behavi or enbedded within them Per conventional OOP principles, each yore
15 obj ect repregentls kehaalonoenabdms t§N¢ stepuds idg aBypltane)l NAERENARILE an
associ ated state (j..€ at_.d i ; i yﬁfgggw s plane type,
fuel capaci t)E/,%‘%t (%hi],éqtd%ﬁ%?t%/? %ﬁdﬁégﬁae‘?ﬁr&%@#&g.&?&ta es-0 $ flies,
| ands }5. 20 Syst @heeventew r amesage rwhiadd] eédtes coreeobjwesed nktght allow a

ticipat t he syst [ ted def] ned t 06)\._,Lhese,
G5t om Speci | FE 7GR - FOPA RPIORE GOTMUECRFE. (KNP pIACHaL BT hi L o

"control objgetre (ThORE8) wiheht i nvokasihlie qrefmihens otokh@nd@saion
objects as 25 directed by the event traces enbedded W thin the control
obj ect. Notelip¥s thrtwegrntinge FREN8d iPIREL| @AY eiheo ¢hierkafbIGd i ng

of steps depepled,idl, Fhhage S WbpFEaER! @1dd ERYUDIR AQVAUAROUSHY BcHelidIe

a systenis event traces _
20 automatically notify all of its client objects whenever
there is a state change within the server object. The

use of view manager objects further enhances the re-
usability of core objects.
Once separated, a system’s control behavior is
25 embodied in one or more “control objects”, which invoke
the operation of various core objects as needed to
execute a particular event trace. Because the control
objects handle the program flow, the core objects can be
re-used in other applications - with 1little to no
30 modification - by merely medifying the associated cecntrol
objec:z to accommodate the system-specific event traces.
The inventive concept can be scaled up or down.
Thus, a control object can be a “segment controller”,
controll:ng the program flow among a roup of core

35 objects identified as & “segment” and which perform a



30 (step TO6) first, and use the information so developed to identify core
“functionalities (step 102). Sinmilarly, it is possible to create the
systenis control objects (step 108) prior to the detail ed dgyahe@dest of
its core objects (step 104). 5 node for core, vie! manager (discussed in
detail _: 4 June 2003 7 below), and contr®l objects is witten using OOF
techni ques. The resulting systemtherefore benefits fromthe advant ages
attributed toh@quggt-*@rvieqnt ed ymtdmods, fiaucthi as, goodrr el a abitedyeandobight
mai ntai nability. Furthernore, because OOP provides a _systemarchitecture
that is organF2BA~as185gr JUpLOF E5X5Er attrP‘%gséﬂﬁpé’r‘f‘&rﬂ% g‘]PICBI 1ForRt &t
with each ot hggyke-peQyinderd sysé ewhsciapabi |ddmetnato®PPmBaeediSyst €8 e
inherently provides nore re-usable code than an equival ent system devel oped
10 using a cl@B3seehl functional approach. The inherent reusab| lity found in
an OOP-kased syste s t her, .enhanc y £ S if

obj ect s as descri bg]dkﬁgreg{ nrf%‘?ﬁce re- ugagjb eao jeﬂcqgs/(fé(;éan e ﬁt Ceinmﬁés)r?%jg’jegny
15 obj ect - or iveni Bd bar ogpaawient | angudyese swdil ldedC+inortidela@xt Theooor ehe
objects are p rably designed.,and created usi obj ect eling.

net hodol ogy Lf%”fée %\}f‘g Tﬁ@ ‘geoﬁco'gjgp%lje%'&rl B%d‘ 4 © %g%re,%ilﬁh\].the
Runmbaugh et a;lccoxﬁbagy‘in@' u@@mmd\d)del ing and Design, Prentice-Hall 20
(1991), pp. 260-264, or with the Unified Mdeling Language (UM.) described
in UML Summary Version 1 . 0. 1, Rational Corporation (1997). A systenis

event gpaces qug@l%*g € 1 BSRY @Mlm]:mgns, starting with use case
anal ysi s and eveloplng a system event response list. A system s event
traces are establiBhed By pesf @ npAgozn antl pyistesf @vanthet vaceowkiagram
segnents i nt%act wi t h_each ot her, t9 h| eve the functionalities described

in the systemtevRIPIEEICHEES. SPHE A% ﬁ%%t?ﬁl use cases is discussed, for

30 exanple, in |. Fagobsen et & . pr%lrec‘dr@r s§Rteth Seténar e e negldgitam
Addi son- V\ésl e (1992), .pp. 113-143. The creation of event traces is
descri bed, lé“)(hn*bpéluﬁﬁSJ oY RBEEgIS 1AL AT | topjtdrasy PEntIE Moddri mytand

Desi gny g Pr entfloclequJ ££4994} . sggtwgg}em ysxerfin exanple of the relationship

bet ween a systeni 4 June 2003 core and control objects resulting from
t he met hod descri E’elrdS he?ein ias ﬁsm)w]:l‘namrtl Gl18stEartd nghj e sb@ORE Me tOORE

B, CORE C an CO@E D ASSEMBLY ar r p rrpl nt.i
core functi o% ar%aplawl caﬁéjr gryegt%?n{&g‘s %8?2% %‘ eac‘%h of Fﬁg%ggr‘e
obj ects can bemO&Hengiﬁ 9} echeopraseassamignofomb ects, with an assenbl y
consisting of a parent core oé) ect _and.qne or nore sub-core o jects. E

D ASSEMBLY is sucl Mt a%séﬁblay 17 2 H2%n LU 3RS D-BEi I’I’tjeth% pSPEIE

sub 10xgore @bb@%tt% %&QOF@ prafendUBnGdRein/ n this exanple, core
obj ects CORE A CORE C and CORE D ASSEMBLY forma "segnent", i.e.,

a group of core oﬁl&ts‘lthét ap e ¥H nFRaBEr tildMShrat Hh@r 2| @gahadinefi é”ﬁ?"
For exanpl e’eHBJ_ﬁ%tes: Igadgr "léggcyA' §y§£@ﬁknto produce a system which

employs re-usable system-independent software components
per the present invention.

25 FIG. 5 is a diagram illustrating the use of a view
manager object per the present invention.

FIG. 6 is a flow chart illustrating a more detailed
method of <creating and re-using system-independent
software components per the present invention.

30
DETAITED DESCRIPTION OF THZ INVENTTION

A flow <chart illustrating the novel method of

Creating and re-using system-independent software

ccmpeonents i1s  shown in FIG. 2. The process would

on

“vriczcally begin with a particular system 100 - an air

)



15 i'n FIG la mght be grouped as a segnent, to handl e the higher-Ievel
tracking function in an air traffic control system The system event
trace-related control flows for the segnent are defined for4cgane2003ects
CORE A, CORE B, CORE C and CORE D ASSEMBLY per step 106, and are placed 20
within a control object 120; because the coge objects make up a segnent
control object 120 is identified as a "segnent controller”. Wen the
function perforaediby he Segmenl steads trebhe Saind B8 QUt whSRHTERE to be
controller 120 is invoked, typically via a service request 121 from 25
anot her segmemeallledamiows 4290fAWEFE PFQ®fakct the control flow for core
obj ects CORE A, OC)?ITEl B, g%]EgE d CORE D YBL, managed, by se nt
controller 120. Thé seg?ren cgin(??bl | er 120§§§§sem\£niz€%s g%l y a(l:o%t?o?,geno‘gto
30 data; i.e.denerddina fiwoss“back tfaridie gonlibiker’,120.4ronthheessemtial
obj ects._The segnent controller, 120 ig notified that _a core object has ..
conpl et el i nsbSEG(‘:’éngfi nﬁeﬁylﬁggngbﬁf %’%i r‘?ﬁ’isfet%rf‘ap us F%sséﬁ%, . ferfic
control ler 120,hhen i nypkesmt hecdext reeice: bhetithegd hﬁigsauqrw@lwe, for
accordance wit: the event trace being executed @4 June 2003 9 Because the
segnent cont rekpeple20 éABOEILdYLnT oafs | GiradoiRgevetyceadtiv | giwpilaly e
segnent' s obj : L rtd ¢l p L i J

2ccor dingl y. BeCSEnt PP FRSHTH ot T on et b ep g B hons-

i ndi vi dual core ob]'€ors. Bpjeertm/i ngrche thest enspeattidc ¢entpol 1Bbdhavithiat

fromt core,objects_in.this way_ the.objects. beco readily reusable in
ot her syst em;”ﬁ%%?rﬂanﬁi s e‘?ﬁr%vgﬁ?‘:g?%‘]@gn\m' a”?sorcgr@ojcéaegt cBrE be
functionalityaisihgQei lediddt Anethela ys\sd eMdeiconipedd”t YRkeald ynlgbssed s

ether exactly as_original Ié,creat ed or wwth mnor nodifications, with the
control flows ¥ -ERECNewPBYSCEM-enbodESS n @ Lew dfd noHl T €L SegRBHECES

control ler. Bgcaysg hhek StjlcfrglsX/f@é%p?e@i/Pm: i oltﬁ%hggggﬁ?o%n%gpggd

segnent controllers Is sinp 5 Therefore, the effort nee

the segnent oohihbhl them0 fBeracoawenplorali OQR aprbrciérpest edkach bgore
smal | . 4If a c je ta_fr ne obj W thin its own
segmentl,“ it goggfﬁecfo‘? V?%p%%%%?xetc 20 i%{ggﬁag{(?ﬁ\d(i r?g}cét]ati%d \fx,lsf’lﬁ%da%%d an
lines 124) widirdlamte pbwhdich ih®s, ahhaskdai aved mtatge {hreugh ddwea segaent
controller 120. For exanple, if CORE B needs dita from CO?E C, it interacts
with CORE C d%erse%ﬂ%e%oggst §Hel hbedSHCat3 BoR it ¥Re. i AlEladIRAS BV e

enpl oyed wher 25, t he jpard i) ar drid ebeEd Wb S @I, of thefugdamentales,
behavi or of the objects. Here, for exanple, CORE B needs data from CORE C
to fulfill od@nstslits basic responsibilities; therefore, it initiates the

i nteragpi on directdysr net ed- aboye; SR CQF € L) -
deconposed into a %s er é?e"sub-core" %Qj'ects. Thi s icée&%%l gg??%?esd r}uhg}tl%e
bl ock | abel e@aCORE IPASSERBLYLha RIYGELSN iH copeg@fied narewodsfibnedr enext

obj ect s SUB- 1 SUB- E 2. ] )P L0Q?0 CORE,D. is referre
to as the " pgrgggtp' gﬁg) ~~b-j et sgﬁiegrﬁ gﬁé%}fﬂ%gﬁ%ﬁg%;e&gﬂmﬁ%f
SUE- CORE 2 . flolwise ard Jtinen2G0Badédi nvetthine arethashelestri &er ei s €

be applied to CORD D ASSEMBLY in the sane way that it was applied to the
entire segneAf8)Thathidh BuUsckeREtDeaRPSIRE EORE P larh@egpgRe@bigcts as

i mpl enpat cept 3R 3REP Rl LRED KRR traces embedded within the control
object.

Note that the inventive method is not limited to the
exact ordering of steps depicted in FIG. 2. For example,
it may be advantageous to define a system’s event traces

30 (step 106) first, and use the information so developed to
identify core functionalities (step 102). sSimilarly, it
is possible to create the system’s control objects (step
108) prior to the detailed development of its core
Objects (step 104).

o Code for core, view manager (discussed in detsz:i’

1O S Ui AU



5 functionalities of CORE D. Control flows involving invocation of SUB- CORE
"1, SUB-CORE 2 or CORE D are placed into a controller 126, identified here
as a "core object controller”. All requests for invoking an4qQpae@008n.

wi thin CORE D ASSEMBLY are received first by core object 10 controller 126,
which directs the request to the appropriate object within the assenbly;
i.e., CORE D SUB-CORE | or SUB CORE 2. This is achieved using an 00P
techni que COWHﬁ@&M)KHO%@S RIS Phi B Separ atiisng ek eckwnctaonayi tices
and control behavior in this way 15 allows the CORE D, SUB-CORE 1 and

SUB- CORE 2 obfects:goelbe syBienteAdefdivensyshan therafiore-beapféeten fother
systens by sinply mdifyi th Lact .cont ol - S,

i nventive netﬂxg%l i%mé%B?!:aggt‘)sl e%attcc%%?‘g{?%ﬁe ktli%ghteo:@ ésc%nﬁfepgegl Sm%ﬁgods,

| oner, core levehs el a gfodystrehiatbthitlge ramder hafghr e-msabteisebivdrte .
conponents ingreasi ng as nge) nmet hod (11@ nor e vvi(gely apgli d. The ﬁr.gce S is
appl i cabl e t o $heN@FEGFPon RFCRBFHI ¢BFy RV LOFEndt e é{ﬁgl%aﬁ:ﬁ $EEGEVRE] |
as to the re-@gngi n@%“d‘:ﬂg&ﬁi&éga%’s S¥St ﬂéuérodﬂe@éeoﬁé‘ﬁ/a%iﬁ NBokBoREhtE
w th systemindependent Te-usable objects. The nmethod is simlar for both
cases, thoughohe caddiabdwiate amdiifsi €attepsties requinreviwena system’s

re- engi neeri 0 st j of 0G - eng) LNg
21 cgacy systanyRioncresy T G O LB oV Bl “aTa inly HEbRENEST
isdanal yzed (rtfs:tm) IBZ)Jl,satbdei dendbfytba)e s%,rstequi've!vlsand t;sansetsn( sde]gel@gd&d
and its,co=a functional,~ties t 1 i stem. i ndepen t caone objects
are chQt ed (udsrlr}'i-gsg&aﬁsg‘rﬁagfhgﬁng}gtoe Syo%sgﬁoglﬁ%ect fgﬁoslir{rber%‘{t( sf%b
138) to inpl emsdiltiey cofbund Fulet' a;m a OpPebasEe ~r$ysobmecCiis arfunter
then c~ea~...~ 4 June 2003 11 inplenent the systen's event traces (step
140), and thé& qhnPYnehn8y st BHENS 1UE1Bd YR @dpl 69BEICt eBLIZSFS TR
re- engi neer egheSYSHYRANNL £OPHal ns system i ndependent core objects that are
readily re-usable in other systens. 5 As noted above in connection wth
FIG 2, it is not Tdsserraalsahie tp@IAps dephct bd | WrEtGem besind | oy
in theqexact ng =_hl.gt\_/\g i f t eps r.f ne}glp
practi%:g theo?ﬁ\%%t ﬁ;(;rn{s a n%n?grog%fﬁgﬁﬁgréﬁpa& (?(%Si n%%lé}téa%gbgqgrrg oyedéto
successful | y950 prithiceconer ebdegitreeard pystfemabid ¥ edeai gnely arnrde-arssdd e
core objects could be created apstractl d d_in an object repositqry,
wi t hout any B%r‘lnlgcul jiﬁgtech% iH. é‘f&‘ O&fﬁh%??’on?”t t AP ght %ﬁe néeded
in a wde vameehpdefloyyst eelcsitsdd 15 BSraneodhpte,t hah pelf RuBbHaghc & r
traffic control operations, can be created per the present invention, as
|Ong as no S?ét-em ?:é‘ﬁ:;’ é‘.é.‘!:?v & Q“-\:g!i‘!, \MPtrerltqf%'Hall
resul tj;mg objeghy)Wen,d he ebjnestsd s chesen, {109 Usgei N m ME 18eNt
traces that i(nvgl \)/é t eEg 20 ggioeczt 4a're detern% ned asepre[{?ﬁ%%g 9 di scuslg\g?,]

and a controlabppege cieMied descrpbesenint HAE tSumkrary THiersionsdhil.ilty
of core obj e§5§i8gn1bgofr%rtzlgq{.&ph?%@d,)wth t he use of "view nanagers”,
i fhod °6F Hahaot i

whi ch provide a ne ing pérsi'stent interactions between 25
"server" core objRctssgmdeniad r respnttiveraddent "arere abffetlest Ausiewy

manager i s an object or a set of objects which provide a nmechanjsmfor

di sseni nat i NgPWREACEPHROMBEaBEr VeI B3 EEFBIo £EY 45 OnE28F rAR@l ¥Eher a0k e
obj ectyy; ref egg@d1bpi1ABr €hN S9stehl €BLENt PR PHHRYEN i st . A system’s

event traces are established by performing an analysis of

how the various segments interact with each other to

achieve the functionalities described in the system level

use cases. The creation of use cases is discussed, for
30 example, in I. Jacobson et al., Qbject-QOriented Software
Engineering, Addison-Wesley (1992), pp. 113-143. The

creation of event traces is described, for example, in J.
Rumbaugh et al., Qbject-Oriented Modeling and Design,
Prentice-Hall (1991), pp. 86-87.

35 An example of the relationship between a system’s




30 hotif~.cation basis. The clients may be objects within a particular
segnent, or they may be in different segnents. A separate view nmanager is

created for each core object. Sinmlarly a separate "sub-vi eJune@B80®r is

created for each sub-core object. ?5 ~ :: ~xanDl e of the use of vie:,r

: nanaae~s -~s 4 June 2003 12 il'ustrated ig FIG 5. A view manager 150 is
| ocat ed between a core object CORE E which includes sub-core objects a, b,

c and d, and ascare fhhectogerbnol Iy ddes Thesdi1aWdmNagein 156heanmeeseidve
data fromeither the 5 core object controller 152 or the CORE E object. The

vi ew manager d86ciébgstonpsséd iirft oSBabNviiw Fdfaget obfeses dRiecte SRABE,
which are cre teq:dlgg maéﬁaggohPe di ssgm kg 'FonD Ofa AR i O%l-é“l%' @?c@bjﬁggts
. e, re three 10 "clients”

a, b, c and d, respectiVvely. Tn this exanp tﬁere a

(identified ast€bl END4, CebENT 2imphem@htENG 3)g icere offluactiegnent§ oe

objects  that reguire.data found within t gF?RE assenbly. A client qbject
filrst " rsegi st%‘?gglﬁﬁlﬁ"{/i W > ﬁrh‘ger 21‘30 J\?/ISB heaE8V§'ob?%%lf @()tﬁt nglel eFolfgz,
thereby inforsbhgctd idan bevws meiagee tdiajedbeoel agntaswanitts i ®f objects,
autonatically receive change notices whenever there is a state change

wi thin CORE E'otNaflfy SSTEELLULCRHRE SEBEEt]T a?d. PRFePRe (SOFiSstqd foh and
indicates thaind hgrchigyd denlobeeesheddl 1 nepges pi Asdabmrnages by gne

of the sub-core objects, 20 then the view manager 150 sends this
regi stration 3hFYRRAYIi oA tdR SBHARePRRaderbeid i e epawent the sub-

sub-cotg obj e&vd Nb; BRAANSYH-HDRA 2 ghal Nsgissdod 4 he client. Vhen there
a_

is a state change i n" CORE E or subcore objects , Its associated view
manager broadcast sIR5thdisariganple cesoreo At ey SORE edl, cCOREL B,t CCORE o€ m

t hem of the 9e8ret NhS A R EV i ng e 00P 4 echnique conmon|
known as pol %r}ngd:pﬁlégr% PnAt e pasf,%tg glsc%mrus%%’g IJf:)ton’ of"ﬁat’aafrglﬁoé‘lg\r/v%;
obj ects to tleire cl beieculy ecisathadpeafberenteddpdrthtal3R t e gilyeelsvel

invol ved. Renpving these data communi catiaqn detajls fromthe core objects
and pl aci ng Eoﬁéﬁn“%rﬂ% t he ‘?/Fe\ﬁ’ﬁ?g’{g]gee'r sobﬁl‘?ﬁﬁ%slﬁﬁgaFg- @é’ﬁe)i IQ%\%§ &} e
obj ectss Notent hatGas r£ohs§haL RN d;§o€ﬁ83m§s ¥ QW rRRRJErSo t HRhedld w10
nct need to be nodified when, reused. en core obj écts have been created
usi ng bot:: higdheg-leved trackingefpnesipn obre@n aid viraffigammyerrol
concepts desgt, her @i.n, e Ll d ensi pilit f
software ar eggglr%%?“der a‘g}"g gh}%drﬁ:"gﬁé%‘%o%éa e al%]‘gadg%aep&?:%?%!ﬁio l?’ﬁ’és For
i nventive nmethed ssghent mirghtddfinsdd fior devekopbsgerew TURBVK L SPREEB, S

System | evel COUEnC r 856001 B BHRLELE: 85 2P 55 : o08er il (RS plsced
functizmal i tyeshagedgd B¥ntRB1SYSH§BEL 120; because the core objects
make up a segment, control object 120 is identified as a
“segment contrcller”. When the function performed by the
segment needs to be carried out, segment controller 120
is 1invoked, typically via a service request 121 from
25 another segment. |
The arrows 122 in FIG. 3 reflect the control flow
for core objects CORE A, CORE B, CORE C and CORE D
ASSEMBLY as managed by segment contrecller 120. The
segment controller 120 disseminates only control, not
30 data; i.e., no data flows back to the controller 120 from
the core objects. The segment controller 120 is notified
that a core object has completed its processing by means
of a simple status message, and the controller 120 then
invokes the next <core object in the sequence in

33 accordance with the event trace being executed.



/10 The identified functionalities are partitioned into

devel opnent al / operati onal segnents (step 202). As noted above, a segnent is
a subset of the full systemfunctionality, and should provi dejmectgsi ve
stand-al one capability. The systemarchitecture will consist of the 15
segnents and the interfaces between them U?e-cases and event-response
lists are devel oped at the segnent |evel (step 204). For each functional
event, the core objects ede 0 a li.sh t Lon ayendescli o
and the responses f%LéV%ﬂfs a?%édefgggggnfg cé?%“%%?g%%g ar%ggefi%éggggﬁ
segment event ihFagenst agt anoolescrébenyg t Beennt eiact whhshof thhe sbpgmehs’s
wi thin each segnent are.devel oped.based on_the use-cases, and eve n-response
list (step 208PJeEdch ?é@ﬁﬁntp%ﬁglﬁaP@ | Iel%V%g?str%&%scﬁﬂﬁihoééggrﬁbe
nul tiple 25 t hreadsiitfgfynchboBshitinsl NE1he SAEBeRbtibh $Hed 208, cfBEABRY
controllers (desctibe&;aboye) are defined based on the segnent event traces
devel oped, whith Sifoul BderEdPdd A e hebd86iksnt s' BheRETIOFR Nand-ee-c s BB REM

terface. The,Seqront cont 8l Qena bkl @i OBREUMD LHTERNLS)L " £ralso

defined, which"wTT serve as the Application ProgramIntefr aces (

their respectwag, sefqreenilsjedhe detameedrabedi hyn véushbleordim aijlext ssystems

i ncluding their_ publi tributes and _qperatio met hods) - ,is r_,

acc:,np'_shefh?nggeﬁﬁﬁég%fe%%sagegﬁ Fﬁ%c§§%?n2ﬁhé? 8-FQ3?_°blF%%n% 5865

14 traces deffuedtibnatlép 206 s | nrsqepradd?, iaubanotdhendj eniscanie defi nednas
t contrallers (describ above) needed

necessary, along with the core obj

o manage t het BOHEROL Y Mok S 3FdnBhE o SRS o8 8o EL B4N ety TRAMIRA s07
(described ahpyve) ariedx add@driBastiepsilawite havdlmersi SEeBls for the
interactions between core objects and their clients. In step 216, the core

obj ects are dbléd, SVSSEE o#BP2014AchiVed, 2andevhe Fanmempdidérd f oregment
segment cont rQln€Eg1tBxs! ep seldhyJhe ctRAyeAl fip 190" ExBBLEE! Se Al VI e s

managers are integrated’in step 220, e rntegrated segnents are tested
and ar chi ved tilre 222lesAtgnt hi ¢fpoiite a seomem hasobsew ldreaat edisands ineld 5

core objects | oyed by e sy rer ily reus in her systens,
requi r?jr%g onlrl&r?‘hé*gléarrenyﬂceontér% e?s Pg%%%drm 9 elﬁsaigyno?'b& at)so‘%‘%,{“?rlrlnTg
connecti on widdhfit&kle2 @R 4fort d snewt apgsleintddtadon hatant e serpecdepi cted
in FIG 6 be 20 foll]owed in the precise order ~ shown. A nunber o~

different or & iSattan be enployed to successful |y produce a functiona

system featuring reeusfblg, SOf Y &€ OTRANEOt Ha tii I8-qiar 4 biect
enbodi ments of the ?nvention have 25 been shown and descﬂiiiﬁﬁgﬁunﬂ(ﬂﬁf
variations amdtdlirernate erbadi neagsentl | otturgedsthdde skidl ed i mittwmct

art. Aggordi ngloy, 1 8,1 Lended LBt it | BYERLLOM Bitel TASY GILK ithac
object; i.e., the data does not go through the segment
controller 120. For example, if CORE B needs data from
CORE C, it interacts with CORE C directly to get the
needed data. Such direct interactions are employed when

25 the particular interacfion is part of the fundamental
behavicr of the objects. Here, for example, CORE B needs
data from CORE C to fulfill one of 1its basic
responsibilities; therefore, it initiates the interaction
directly.

30 As noted above, some core objects can be decomposed
into a number of “sub-core” objects. This is illustrated
in the block labeled CORE D ASSEMBLY in FIG. 3, which
contains two sub-core objects SUB-CORE 1 and SUB-CORE 2.

In O0OP terminology, CORE D is referred to as the “parent”

(I
wn

object of “child” okbjects SUB-CORE 1 and SUB-CORE 2. Ths



15 VE CLAIM 1. (anended) A nethod of creating software conponents,
conprising the steps of: identifying core functionalities 4 June 2003

syst em i ndependent required by a software system creating 4June 2003

syst em i ndependent corm objects which inplenent said core functionalities;

defining event trace-related control flowsipetween said core objects based

on said software systent and creating control objects which invoke

operation of Sai8~60e Ghiteds daseeepednneeraihhceai doevapbltirsate:s eCared
control flows; whereby separating said core funetionalities afd aai d event
trace-rel at ed® cHHTBIBLEY odB Tt §aM§ c¥R¥ ob}Rt ¢ tanl2§a.3PRLE8AL () the

obj ect s, respeqm%gl )gegfe%wtes SahdtCOof &, OlRCIHHED Be iR USEE-CORY NErare
software systens having diffexen,t event trace-related control flows. 2.
(amended) Thelewidqmoedof dcai m imphABESItn saf@reqém trapecialdezed ConEpsk

fl ows between. said. core.objects-ax seswhi ch r.equi e Lng
said so tvvargf%@%‘tje?r{’aglgﬁ'%g nétrhogotcﬁg)cﬁ%i m 1,C%§rrgiq'n g‘ﬁd%\? g&é\?ﬁfgg{)é
obj ects are drread€st bwhho@bsEB-CORERNE £dSPBeGORET hgof 0GBREL €rrareuskacdd

The method of claim7,, wherein each of said control objects are created
Wi th obj ect - It 8 SHRSEOAHATGL{ BOP) CESHA KRS NE5S T ot RAF Sf O] &F

1, wherein saighcoke gbrects and sadghi£88kr Ok oo 86k 1aIEy WA t &bd Fat Abn
obj ect-ori ented programm ng | anguage. 4 June 2003 5. (anended) The nethod
of claim1, Mirtthhiex CORBr iDsiAfP %t apeofreerhvedyifiig SeghEnCoOr ccathj @ft
whi ch npr i L of re jepts get perf partic r
functi gﬁ V\hés:‘r%étﬁ“%%gggf §a2f68 co‘g}?jr'gﬁ Obcjggg%EEIgS aglgéegng]et&%%gn roI%IOer ich
i nvokes the epgraig:oiaté tdiejeonr e wilfjleint s tife a qudmisliar ' 1 segpenCORP D,
accordance with said event traccr elét d control ,fl ows,, wherein separatin
% éﬁl}

said core fu§&3‘&%§t?e§ra§8’%aﬁ% nt tribk®-F8 _ %‘fﬁQrBﬁlpﬂo@ iqf
sai d Segmnt%e@mi@eéi S&&mﬂ&womr{&merasreﬁ@f hb¥esrehabl eemaigl i ng

segnents to be xe- d in other software applications by nodifying said
segnent cont colteer fuocadoodiodates diatfer @fnteseht hehaesor7. imhet s hodk of

CLo, B, MSLSUER (£ 0LBRE0IFC! SyBlEBE O arneedod EhRE of D EBES, <o

core obj ect shiendepandeziindepersiamnt segamedt thatebll ere-usable in other

systems by simply modifying the core object controller

126. Thus, the inventive method is applicable at both

the higher, segment levels and lower, core levels of a

20 system, with the number of re-usable software components
increasing as the method is more widely applied.

The process is applicable to the creation of
completely new software applications, as well as to the
re-engineering of legacy systems to create new systems

25 built with system-indebendent re-usable objects. The
method is similar for both cases, though some additional
analysis steps are required when re-engineering a legacy
system.' A diagram of the process for re-engineering a
legacy system is shown in FIG. 4. The behavior of a

30 legacy system 130 is analyzed (step 132), to identify the
system’s event traces (step 134) and its core
functionalities (step 136). System-independent core
objects are created (or re-used from other systems or an
object repository) (step 138) to implement the cors=

35 functicnalities. Control oblects are then creatsd =~



~e. The nethod of claim1, further conprising the step of creating view
manager objects fox each of said core objects, each of said view manager
obj ects functioning as a communication interface for coxweyd dgnel2a0@3 from
~.ts associated core object to one or nore other core objects. 9. The

met hod of claim8, wherein each o,f said vijgw nmanager objects are created
Wi th object-oriented progranm ng (00P) techniques. 10. The nethod of claim

B) wherein datg s aut-onaticaldueronveyed f ropasaisd assesi aled Cosgd obiect
to said other cgre obj ects whén said associ ated Core object undergoes a
state change. res&llané 20908 ¥¥s3er0 i5 Fagrdd Bnd THepheviedd oited aldes.

further compriaeng dNg a2 1E0PLT ARGAIRONNI Jofithenddl £7Lc LALonBeBLHERL! Y
of sub-core cbjects, s deconposed core object belng parent cbject to
said pluralitygook sbhecase tdiftecise debkdnilyg reramablacénr eltheed sysritems .

fl ows between sai d,sub-cor bj ect s _whj .requj.r n the_r._paren
obj ect :aés i nvoked, “Cr é’zft%ier?g %b%‘ggt 5‘& %cg%]%%{:g\%vh?’cwli%oﬁg't?é obter Ti B%tof
sai d sub-coreegbiactizli ntweecordaencet ebbh depitwsd | dad BVeNt 4t imecefotl atved
control flows, said control ob%ect bei nQBa core_ohj.ect controller, wherein

sai d sub- cor elBbj & seHaFtheSFEUERER | HIBYRer sk eC8¢&t ek By odiFPEng

sai d core objggk:cent d@irhdd ageopmslat ecdi ther effveNenbnt I aCasumidd of
deconposi ng a vi ew manager object into a plurality of sub-view manager

obj ects, eachdbff@kroh f@FcisOmMIss GaBomAmi cRITP 6AYPRAL elfacesereesfivkyyng
data frgm a riﬁ§§§8&évg- QQQeBEi%@&§¥b§§Q£§m9bJ ects) 12. The net hod of

claim1, further conprising tthe steps o econposing a core object into a
plurality of sub-chiteobaectvelysai drdecsapdsed core objlepechbei ngoalgar eng

ob;ect to said plurality of sub-core objects, .defining , event trace-related
control fl O\A/sc‘_b%"f‘ﬁﬁan %%?Hrgﬁggé{or 8_“9bj g@ﬁéjsvﬁnch aé‘_re%be‘lﬁﬁ? ed” SRR Y ¢
parent objectyishbivokad, puer cegabirnGs@Pseent @] Rbhact WRkshd nuakes: dhe

operation of said sub-core objects in accordance with said dei ned event
trace-rel at edcledht ReENE| &g, neafdadcdrt r 8l Woislecvabérhy L Eop¥Ssigieet such

controllser, rei 3ghdcgubrgane QR acl Sdray e Le-yused 4, H‘Sr.cfﬁéf’@fe
systens by nodi fyl ng 33|5§b0re gbjgbt contro%ﬁer to acconnndg~e difterent
event traces.operations, can be created per the present invention, as
long as no system~specific control behaviors are embedded
within the resulting object. When the object is chosen
for use in a system, the event traces that involve the
20 object are determined as previously discussed, and a
control object created to implement those traces.
The re-usability of core objects can be further
enhanced with the use of “"view managers”, which provide a
method of handling persistent interactions Dbetween
25 “server” core objects ahd their respective “client” core
objects. A view manager is an object or a set of objects
which provide a mechanism for disseminating data from one
“server” core object to one or more other core objects -
referred to herein as “clients” - on an event
30 notification basis. The clients may be objects within a
particular segment, or they may be in different segments.
A separate view manager 1s created for each core object.
Similarly a separate "“sub-view” manager is created for
each sub-ccre object.
25 An example of the use of view managers s



~ g 4 June 2003 13. (anmended) A nethod of re-engineering a | egacy software
systeminto a new software systemwhich utilizes systemindependent

sof tware conponents, conprising the steps of identifying sysiam 206t
traces required by said | egacy software system identifying care
functionaliti.es of said | egacy software sysjem creating

system i ndependent core objects which inplenent said core functi.onalities;

and creating ¢ontLol, bl eClin Reh |9yvokepORgid | fndlgeddl 856011 obbeatad n
accordance wi th-8aid ddentified system event traces, gal d core objects and
sai d control bbieels f Gamicogea woyesuf t WAORE syst emiwhi chnofllubezessub-core

system ndep~ndent softwarg caonmponents, wherein_sepakati I
functional i ti®8)§A&5satd g\'/er(ft %I?Cgcgs iar?tcg %afargo;%g%(%%gc‘?@%éfg%dlsz'
control : objerhe, ¥espectivetyr enddl emrsairdcedve obaeat sttombeittratsedhien

ot her softvaaxe systens having different_event traces._ 14. The, net hod of
clazm 13, fur€hes PPEFSi rngI@%OiE»@s of 3 n&]ryzi:hﬁ t@ﬁ:eé‘;‘ac 3®Ftwar eThe

system s behayj t in%ﬁg'f i y tr sat d..C -
functi.onali ta?lieeg&] 1@%1 e l]mst %% (;difssclﬁaél\ér%r%ﬁ%%ﬂergﬁﬁéegﬁlﬂboﬁiggi 8[5%%§<36°
obj ects and sudbilecost ra) bhj ect enar ed cr evditieth warh chjesdtext i eat @dnage the
programm ng (00 t echni.ques, 9 4 2003 16. (anended) A nethod of
cxeat ~. ng sysc?le‘rgf)‘%?ﬁ&@&e eht Ogofcfamyaar e%ggrﬁr‘po%‘g%t%gﬁﬁdoﬁieﬁ %h‘%’m n & and
particul ar saftwaresgesitadmelopnpri sing thésst epmmafle parthdt®niae a three
particul.ar sqQftware system s funetionalit.] jnto r i ve seghents;
devel pgpng useqlcla%’égSandaa‘?me’%éﬁtl-eggs%néé%%i@ for%m%ffsaﬁgdswg;
defining syst®amindependejtheor scuaets fof easledfs sahdtsegaBnl set Mata
i npl enent thei x associ ated segnent s functionalities; defining event

trace-rel at edf QB r'ék thidws o CRBEhE se§REAP Lihi ch descxi be the
I nteractions am)n%t Eﬁi%‘?{t? 819@889:5 f"l'bzté"ﬁ NwL A ;SR ?wfﬁawe% % it
0 MENt S

controller for eac sald se n ased on~°Sai d event fracé-relate
control fl ows,SOsarie seteerntoxondbpeber soarammigker t bSApnape reby dordomiing

fl ows ng the core objects within their soc] at ed .segpents;. _and .creating
respec??ﬂ\?e v}té\ﬁ n%hﬁ&erxj“%%?%ﬁfs tfr}b% eggﬁ ocf?fjs%?t ¢ Sob gctaélftog?gtfﬁel Ai d
vi ew manager rehjeficis tiatideonhogigdesa wiosnunkeeattisre nier facetioe oM Ng
data fromits ,qis,oci ated core object _to oneu% nore ot her core objects;
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det erm ne it snforetdtohahi tticesthe sub-view manager associated with the
sub~core object that manages the data of interest to the
client. When there is a state change in CORE E or sub-
core objects a-d, its associated view manager broadcasts
25 “change notices” to the registered clients to inform them
of the changes; this 1s achieved using the OOP technique
commonly known as polymorphism.
In the past, the communication of data from server
objects to their client objects had to be embedded into
30 the objects involved. Removing these data communication
details from the core objects and placing them into the
view managers enhances the re-usability of core objects.
Note that as registration is dynamic, view managers
typically do nct need to be modified when reused. When

£ Core obiects have been created using both the ccntrcl
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defining public operations for each of said segnent controllers, said
public operations serving as application programi nterfaces4(JRe<L00Bor
their respective segnents. 19. The nethod of claim 16, further conprising
the step of defining public operations for Qﬁch of said core objects. 20.
The nmethod of claim 16, further conprising]t e steps of. deconposing a core
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within each segment are developed based on the use-cases

and event-response list (step 206). Each segment may

have multiple event traces which describe multiple
25 threads of functionality in the segment.

In step 208, segment controllers (described above)
are defined based on the segment event traces develcped,
which should encapsulate the segments’ behavior and
external interface. The segment controllers’ public

30 operations (methods) are also defined, which will serve
as the Application Program Interfaces (APIs) for their
respective segments.

The detailed design of the core objects - including

their public attributes and operations (methods) - 1is

(]
wn

zccomglished in step 210, based on the segment =ov

[§3]

-
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5 ameng the sub-core objects.
View managers (described above) are created in step
214, to handle persistent interactions between core
objects and their clients.
In step 216, the core objects are coded, tested and
10 archived, and the same is done for the segment
controllers in step 218. The segments, core objects and
view managers are integrated in step 220, and the
integrated segments are tested and archived in 222.
At this point, a system has been created, and the
15 core objects employed by the system are readily reusable
in other systems, requiring only the segment controllers
to be modified.
As noted above in connection with FIGs. 2 and 4, it
1s not essential that the steps depicted in FIG. 6 be
20 followed in the precise order " shown. A number of
different orderings can be employed to successfully
produce a funcrional system featuring re-usable software
components.
While particular embodiments of the invention have
25 been shown and described, numerous variations and
alternate embodiments will occur to those skilled in the
art. Accordingly, it is intended that the invention be

limited only in terms of the appended claims.
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WE CLAIM:

0! .

1. (amended) A method of creating system-independent

software components, comprising the steps of:

identifying core functionalities required by a
goftware system;

creating agystem-independent <core objecta which
implement said core functionalities;

defining event trace-related control flows between
said core objects based on said software system; and

creating control objects which invoke operation of
said core objects in accordance with said event trace-related
control flows;

whereby separating said core functionalities and
sald event trace-related control £flows into said core objecis
and sajld control objects, respectively, enables said core
objects to be re-used in other sgsoftware systems having
different event trace-related contrxol flows.

2. (amended) The method of claim 1, wherein said event
trace-related control flows between said core objects are

those which are required when operating said software system.

3. The method of claim 1, wherein each of said core
objects are created with object-oriented programming {0OP)
techniques.

4. The wethod of claim 1, wherein each of said control
objects are created with object-oriented programming (OOP)
technigues.

5. The method of claim 1, wherein said core objects and

said control objects are written irn an object-orierted
programming language.
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the step of identifying segments, each of which comprises a
group of core objects that together perform a particular
function, wherein one of said controcl objects is a segment
controller which invokes the operation of the core objects of
a particulaxr segment in accordance with said event trace-
related control flows, wherein separating said core
functionalities and said event trace-related control flows
into said segments and said segment controller, respectively,
enables said segments to be rxe-used in other software

applications by modifying said segment controller to
accommodate different event traces.

7. The method of claim 6, wherein said core objects
obtain data needed from other core objects within the =same

segment via direct interaction with said other core objects
independent of said segment controller,

8. The method of claim 1, further comprising the step
of creating view manager objects £for each of said core
objects, each of said view manager objects functioning as a
communication interface for conveying data from its associated

core object to one or more other core objects.

9, The method of claim 8, wherein each of said view

manager objects are created with object-oriented programming
(OOP) techniques.

10. The method of claim 8, wherein data is automatically
conveyed from said associated core object to said other core

objects when said agsociated core object undergoes a state
change.
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between said sub-core objects which are required when
thelr parent object is invoked,
creating a control object which invokes the
10 operation of said sub-core objects in accordance with
said defined event trace-related control flows, said
control object being a core object controller, wherein
sald sub-core objects may be re-used in other software
systems by modifying said core object controller to
15 accommodate different event traces, and
decomposing & view manager object into a
plurality of sub-view manager objects, each of which
functions as a communication interface for conveying data

from a respective one of said sub-core objects.

12. The method of claim 1, further comprising the
Ssteps of:
decomposing a core object into a plurality of
sub-core objects, said decomposed core object being a
5 parent object to said plurality of sub-core objects,
defining event trace-related control flows
between said sub-core objects which are required when
their parent object is invcoked, and
creating a control object which invokes the
10 operation of said sub-core objects in accordance with
said defined event trace-related control flows, said
control object being a core object controller, wherein
said sub-core objects may be re-used in other software

systems by modifying said core object controller to

15 accommeodaze different event traces.
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13. (amended) A method of re-engineering a legacy
software system into a new software system which utilizes
system-independent software components, comprising the steps
of:

identifying system event traces required by said
legacy software system;

identifying core functionalities of =aid legacy
softwara aystem;

creating system-independent <core objects which
implement said core functionalities; and

creating control objects which invoke operation of
said core objectg in accordance with said identified system
event traces, said core objeéta and said control cbjects
forming a new software system which wutilizes system-
independent software components, wherein sgeparating said core
functionalities and said event traces into said core objects
and said control objects, respectively, enables said core

objects to be re-used in other software systems having
different event traces.

14. The method of claim 13, further comprising the step
of analyzing the legacy software system's behavior to identify
said syatem event traces and said core functionalities.

15. The method of claim 13, wherein each of said core
objects and said control objects are created with object-
oriented programming (OOP) techniques.
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16. (amended) A method of creating system-independent
software components and using them in a particular software
system, comprising the steps of:

partitioning a particular software system’s
functionalities into respective segments;

developing use-cases and an event-response list for
each of said segments;

defining system-independent coxe objects for each of
said segments to implement their associated segment’s
functionalities;

defining event trace-related control flows for each
segment which describe the interactions among the core objects
within the segment;

creating a segment controller for each of said
segments based on said event trace-related control flowa, said
segment controllers arranged to manage the control flows among
the core objects within their associated segments; and

creating respective view manager objects for each of
said core objecta, each of said view manager objects
functioning as a communication interface for conveying data
from its associated core object to one or more other core
objects;

sajid use of system-independent core objects, said
view manager objects, and said segment controllers to manage
said event trace-related control flows enabling said core
objects to be re-used in software systems other than said

particular software system having different event traces.

17. (amended) The method of claim 16, further comprising

the steps of developing use-cases and an event-response list

for said particular software system to
functionalities.

determine its
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of defining public operations for each of said segment
controllers, said public operations serving as application

program interfaces (APIs) for their respective segments.

19. The method of c¢laim 16, further comprising the step

of defining public operations for each of said core objects.

20, The method of claim 16, further comprising the steps
of decomposing a core object into an assembly of sub-core
objects and creating core object controllers for each of said
decomposed core objects, each of said core object controllers
managing the control £flows between its respective core
object's sub-core ohjects.

21. The method of claim 20, further comprising the step
of decomposing a view manager object into an assembly of sub-
view manager objects, each of which functions as a
communication interface for conveying data from a respective
one of said sub-core objects.

22. The method of claim 16, further comprising the steps
of coding, testing and archiving said core objects,

23. The method of claim 18, further comprising the steps
of coding and testing said segment controllers.

24. The method of claim 16, further comprising the steps
of integrating said core objects and said segment controllers
into integrated segments, testing said integrated segments,
and archiving said integrated segments.



