US007536676B2

a2 United States Patent 10) Patent No.: US 7,536,676 B2
Baker et al. 45) Date of Patent: May 19, 2009
(54) OBJECT PROCESS GRAPH APPLICATION 6,292,803 Bl 9/2001 Richardson etal. ......... 707/102
CONTROLLER-VIEWER 6,314,559 B1  11/2001 Sollich
6,425,016 Bl 7/2002 Banavar et al.
(75) TInventors: David Marvin Baker, Branford, CT 6,449,657 B2  9/2002 Stanbach, Jr.etal. ....... 709/245
(US); Steven Allen Gold, MadiSOIl, CT 6,701,513 Bl 3/2004 Bailey
(US); Vladmir Gusev, Guilford, CT 6,708,179 Bl 3/2004 ATOTA .oovvvvvvrrrrrrrrrrnss 707/102
Egg;s Hongping Liang, Woodbridge, CT 6.988.270 B2 1/2006 Banavar et al.
(73) Assignee: Newalliance Bank, New Haven, CT
(Us) (Continued)
(*) Notice: Subject to any disclaimer, the term of this FOREIGN PATENT DOCUMENTS
patent is extended or adjusted under 35 CA 2256931 Al 6/2000
U.S.C. 154(b) by 501 days.
(21) Appl. No.: 11/162,416
(Continued)
(22) Filed:  Sep.9, 2005 OTHER PUBLICATIONS
(65) Prior Publication Data PCT Search Report for PCT/US2005/018942.
US 2006/0059461 Al Mar. 16, 2006 .
(Continued)
Related U.S. Application Data Primary Examiner—WeiY Zhen
(60) Provisional application No. 60/608,563, filed on Sep.  Assistant Examiner—Matthew J Brophy
10, 2004. (74) Attorney, Agent, or Firm—Cantor Colburn LLP
(51) Int.ClL (57 ABSTRACT
GO6F 9/44 (2006.01)
(52) US.CL ..ccovuvvenan 71711 13;‘717/100;’717/101; Anobject process graph (OPG) application development sys-
717105, 717/110; 717/111 tem. The system includes an OPG application program inter-
(58) Field of Classification Search ......... 717//100—105, face (API), an OPG application editor, an OPG application
S lication file f ) b 17117 110-113 window editor, and an OPG application notation. The OPG
ee application file for complete search history. API provides access to functions of an OPG system. The OPG
(56) References Cited application editor facilitates the creating and editing of the
OPG applications via the OPG API. The OPG application
U.S. PATENT DOCUMENTS window editor facilitates the editing of OPG application user
5295256 A 3/1994 Bapat ........ccoomnnn.. 395500  interface windows while an OPG application is running. The
5504917 A 4/1996 Austin OPG appl.lcatlon notation includes a Plurahty of ke.:y words
5.768.586 A 6/1998 Zweben ef al. and ?155901ated definitions for describing and defining OPG
5801687 A 9/1998 Peterson et al. applications.
6,016,394 A * 1/2000 Walker ..... 717/104
6,163,776 A 12/2000 Periwal .cccovvvveveeieniinnnnn, 707/4 31 Claims, 22 Drawing Sheets

Object Process Graph
Application Description
Notation {OPGADN)

1

2
§

Display & Command
Definitions

Object Process Graph
Application Editor
(OPGAE)

; U

4

}

Object Process Graph
Application Program
interface (OPGAPI)

Object Process Graph
Application Window
Editor (OPGAWE)

I

5

|

I

Object Process Graph

Graph

(OPG/D01)

System

| Dato definition flows: ——> |

1

APPLE 1013



US 7,536,676 B2
Page 2

U.S. PATENT DOCUMENTS

7,000,190 B2 2/2006 Kudukoli et al.

7,047,518 B2* 5/2006 Littleetal. ................ 717/108

7,076,740 B2 7/2006 Santori et al.

7,317,959 B2* 1/2008 Pfanderetal. ................ 700/97
2001/0018690 Al 8/2001 TungNgetal. ........... 707/103
2002/0091990 A1* 7/2002 Littleetal. ................ 717/105
2002/0184610 A1  12/2002 Conget al.

2002/0194155 Al 12/2002 Aldridge et al. ................ 707/1
2003/0172091 Al 9/2003 NOICOtt ..vvvvevrvnreirnnns 707/203
2004/0025171 Al 2/2004 Barinov et al.

2004/0181544 Al 9/2004 Anderson ................. 707/102
2005/0039161 Al1* 2/2005 Pfanderetal. .... . 717/105
2005/0071805 Al* 3/2005 Lauterbachetal. ......... 717/104
2005/0262485 Al* 11/2005 Plante .........ccooevvnevenne 717/136

2005/0273773 Al
2006/0059461 Al

FOREIGN PATENT DOCUMENTS
WO WO 01/25915 Al
OTHER PUBLICATIONS

David J. Anderson; “Using MCV Pattern in Web Interactions;”
Internet Article Jul. 22, 2000, pp. 1-22.

“Strut’s User’s Guide;” Internet Article Jul. 25, 2001 p. 1-5.

C. Russel; “Java Data Objects, JSR 12, Version 1.0.1;” Internet
Article May 31, 2003, pp. 1-61.

A. Herbert et al.; “A Graphical Specification System for User-Inter-
face Design;” IEEE Software vol. 7 Jul. 1990 No. 4.

PCT Search Report PCT/US2005/021440.

PCT Search Report PCT/US2005/022192 mailed Nov. 11, 2005.

D. J. Anderson; “Using MVC Pattern in Web Interactions;” [online];
[retrieved on Jul. 22, 2000]; retieved from the Internet at http://www.
uidesign.net/articles/papers/.

“Struts User’s Guide;” [online]; [retrieved on Jul. 25, 2001].

12/2005 Gold et al.
3/2006 Baker et al.

4/2001

J. Rumbaugh; “State Trees as Structured Finite State Machines for
User Interfaces;” Procedings of the ACM Siggraph Symposium on
User Interface Software, 1998; pp. 15-29.

Borland Software Corporation, “User Guide for Together
ControlCenter and Together Solo”, Updated Mar. 24, 2004.
Thomas Eisenbarth, Rainer Koschke, and Gunther Vogel, “Static
Trace Extraction”, Proceedings of the Ninth Working Conference on
Reverse Engineering.

PCT Search Report PCT/US2005/032114.

Koo, Hsueh-Yung Benjamin, “A Meta-Language for Systems
Architecting”, Massachusetts Institute Of Technology, Jan. 2005,
168 pgs.

Zhang, Kang. “Design, Construction, and Application of a Generic
Visual Language Generation Environment”. IEEE, 2001. 0098-5589/
0l

Wasserman, Anthony I., et al. “A Graphical, Extensible Integrated
Environment for Software Development”, p. 131-142, 1986 ACM
0-89791-212-8/86/0012/131, retrieved Aug. 2, 2006. Interactive
Development Environments, Inc.

Liu, Chung-Shyan. “An Object-Based Approach to Protocol Soft-
ware Implementation”, p. 307-316, 1994 ACM, retrieved Aug. 2,
2006. Department of Information and Computer Engineering, Chun
Yuan C. University.

Borger, Egon, et al. “Modeling the Meaning of Transitions from and
to Concurrent States in UML State Machines”, p. 1086-1091, ACM
Feb. 3, 2003 1-58113-624, retrieved Aug. 3, 2006.

Knight, Alan, et al. “Objects and the Web”, p. 51-59, Mar./Apr. 2002
IEEE, retrieved Aug. 2, 2006. Focus Engineering Software, 07-7459/
02.

Arefi, Farahangiz, et al. “The Object-Oriented Design of a Visual
Syntax-Directed Editor Generator”. IEEE, 1989. 0730-3157/89/
0000/0389. School of Computer Science Florida International Uni-
versity.

Reid G. Smith, et al., Impulse-86 A Substrate for Object-Oriented
Interface Design, Sep. 1986 OOPSLA *86 Proceedings, pp. 167-176.

* cited by examiner



U.S. Patent May 19, 2009 Sheet 1 of 22 US 7,536,676 B2

P
£

Object Process Graph

Application Description Display & Command
Notation (OPGADN) Definitions
| =l
? A

Object Process Graph
Application Editor
(OPGAE)

oV

\

Object Process Graph Object Process Graph
Application Program Application Window
Interface (OPGAPI) Editor (OPGAWE)

T ., U

Object Process Graph
Graph System
(OPG/DGI)

Data definition flows: <:>

FIG. 1



US 7,536,676 B2

Sheet 2 of 22

May 19, 2009

U.S. Patent

¢ OIAd

woibolg ows( :pajosjag ‘sway b apnpUl| |

(]

L
MBIA wwwgwao‘_a MBIA BUIRNNG
g usuodwoy 1ousuodLIo)
buiouanbas fo3-;
9|dwoX] $8900J{ch-ft}
o EHNN
mzmwoa 6 8 | S31H300.Idjs2dUINN0=3
(uoiypoljddy)
M3IA }auauodwo) _ 9
Mmalp JOJDDIADN
uonDoI|ddy
ot g
uonobIADN
DID] PaINONISE ¢l
O} PRITONSES 10q|oo] uonooyjddy
uonnIad()zs PJDPUDIS
[Sweuo _“_LW_M,_VM.__ 439 buiouanbasgay
SaNDIOF S mmmooi*}
_ mV%_W_%m _ >
q = _—
O [sswiniboiy ows(Es||a - Nx_o_mozaeoo
/ // d0nosay oy [aboydoi o
& [=] %001]1mw 5| & mﬁ&u_&ﬁ@_ﬁa?ﬁﬁvi%mog@@ el
dloy mopuip uny 12afoid YoIpag syobioy MaIp WPT 84
XIE[] J0}ip3 uonodyddy — woiboid owsq — 2iDo7ydig




US 7,536,676 B2

Sheet 3 of 22

May 19, 2009

U.S. Patent

VI

] [ DI
Juouoduiog JuaIDg{es,
— WDy Juauoduwo?)fo-
4 ] ! " Gl | JUSUOdWO) JuRIDY{sh
usuodwio?) 8)DuIPIOgNS L3 w5l |
o — ) O 8)puIpJognS{es wouoduioy s EILR) Bo___Eo%mmmﬁ
J  Weuodwo) yuaig43t|[[B = [SeIHad0IlsauNN0sE
Ll ¥l
0}0(Cg
Ao.yy 91
DJD( PRIMONISE N
D)0 PRINONISE .
UonDJId()e ¢l
[ sauodwo) ] || | I A
butouanbas gsp-3
m%cﬁx% Jusuoduio)) Juaig{ss /o_ SUIDN E.m.:_oasooﬁ w_mEc..xm..m.m.m.o.jiM&
_ IRETES _ :/(\l@ — EO‘_UO‘_& OEwQ?M
« —PPd— ioﬁ&@_%@@ﬂ
o | 2 ajdwinxg ssoo0iggs| woubold owa(E|ls.  C.Jobotydosgo
92In0say Ry | 1D0TYdLIH |0
<Z [2] %00 _gm_@umﬁ_ﬁ_%ﬁ_@_ﬁacpﬁﬁa__%m»i@@%:
dja_mopuip uny 10aloid YoDag 2}pbMON MIIA YP3 Bll4
HNEE J0)1p3 uonpolddy — ajdwox3 ssavold — aboqydoig




US 7,536,676 B2

Sheet 4 of 22

May 19, 2009

U.S. Patent

voOId

— , @ | b
\ 1# /ﬂco_mm_sgm 0uanbag {e3 o_ﬂm__ ] N0U||  AWDU
S G| AbjdSp
|#
— AD[dSIp
1| @2uenbasrgl] 6 ol —Aodsip +H—01
Hf 0UdID[I ~Q159p
e%_w%__w% et iLioe
i ; _ ISINIE;
9 \oco_omm onenY SUOLSH| |5 anpA | Apadolg
-I/I./I\ o— 4 %D
\ T NM% 0o mw_taoi_moc__so%
& i nh___v;_m (@ ] o]
I 0)s[g
| D)8y
| Aot Birmera
—— s spig buownbos gy L9
U0 S|JoNER s3) nduySeic
S&N ol n_oco_om -~ savojndul Gies
' #zwmm Siongg])| || ool 0if (5082
a [souo|n naugy uoIssILugnS auo|){oH oyt
U0I}0.J30()3¢ L6083 A i
e %W_@% ] ’ % mc_ocﬂ::ﬂmﬁ e
. S QWDT] SS300g 54
MDIDNT £ay WX Indujg o K Hos
: Woibog OWIPLeb4=
= o) SRR
o | sz busouanbas, 453 [woiboig ows(ss [8ldWDX] Sse00IEHlae L JoBoTydoigo
92Jn0s3Y | 21b0ydDHI |0
<2 _:em_@mé_%%ﬁ_ﬁ@?ﬁ»@&:%m»@:@nbmc
djoH_mopuiy uny Joaflo1g y4oI0ag BjobIADN MBIA YIP3 314
HE

Jopp3 uonodddy — buiouanbas — 21bo7ydosg




US 7,536,676 B2

Sheet 5 of 22

May 19, 2009

U.S. Patent

G 914
{1 w gpoadfiojosy S/2spqoiop /obojydnib /::pinop: 030 —qppalqo | |
[a] _ [b]
T REES
100}
WNojSJ| Hod
}SOH
[D30[=Qp}osIq0| U0
S _0ipg &
9MDA| Apedolg
s Dgg[a]
b= =  Saipadold Bupng
[ _ (3]
030(g
fouzy —
DJD] PRIMONASER 8l
D)0 PAINPNISE
UOI}DIBA0Ls
[ Swuoao) o
un ¢
eI ) .
_ EEESE ['DoydpID/~3GPIADP:030}-PY281q0] (-1
« —oNeDd— s Hlwed RBal
0 [ s wouboug owa(, 434|[ o Bojydoig] « uipsodayy
[BoT4den 0
% [2 IEE - AR R A e P Y E-E])
diey mopuip uny joslorg yoIag ajobiaoN MaIA 1PT aji4
HREw Jadojanaq uonodyddy aiboqydoig - woiboid owsq - oboydoi




U.S. Patent May 19, 2009 Sheet 6 of 22

US 7,536,676 B2

Select Data Source

Specify existing data source to be used with your application —
C—

—

Available Data Sources:

||:objectdb—IocoI:dovid@:C: /qraphlogic/database/LIMS Prototype.odb_l@|

[ Validate Data Source

<Back |r Next>

Finish

Cancel

FIG. 6



US 7,536,676 B2

Sheet 7 of 22

May 19, 2009

U.S. Patent

AN |
[20UD) ysiul 4 <IXoN ©opg>
¢ wbJboid owa(|
‘OWDN
— )
—— swpu uonooiddo usjus osDd|
——— uonponddy maN
X | |




U.S. Patent May 19, 2009 Sheet 8 of 22 US 7,536,676 B2

OPGAE + 22
D Graphical Model

A ﬁ _____ .

OPG API

r——-——-———"-"-""""">-">""=""""="—"~"="7""/"~""= T
' OPGAE 2 |
| . OPGAE View |
I I
I I
Request/
: OF;GAE Controller Commands :
| / |
21 ,
i |
I |
I |
| |
l |

Request/Commands

Graph Notation
Translator Editor Graph
(GT) (NEG)

]

ZC’) ﬁ 2\4

OPG System
(OPG/DGH)

5—JL

FIG. 8

10



US 7,536,676 B2

Sheet 9 of 22

May 19, 2009

U.S. Patent

6 9Id

Jouoy pooigl | | |

#160£+11598687.168620vv138=porssasT-op 1aping/adkiojoig SHTT/0B08ISOYI20l//-Ipy]

saljadouyd

[ Joyp3 mopuipm]

anand suo|p
diysuonojay

& S2JN}oNUAS DID(

A0 Dubusnbas e

SRS VEPEREN =)=
ananh aUoH OB

JoIssTwgng suo) o e
budusnbas o e
Jap|ing

"ou| 91boqydoug @

[buiouanbas « |[dnjeg 4]

21607ydpug E
=
&[] SSappy
X (] W DI _® DI () Soj0AD 2L csowmm%_@ 8 ] «@ e
_ djo Sjo0] SBJIOADS MAIA JIP3 Bl
HEE 12J00x3 JoulBjU| HOsooly — "ou) boydoig - aiboqydosg O

11



US 7,536,676 B2

Sheet 10 of 22

May 19, 2009

U.S. Patent

0} 9Id

yuoiy 2ol | | auoqQ

2 ¢heliLL %0/62/90 piobs 3T uonoosuoi @)
(1) uoissiugng buiousnbas 5 &

_ IV %98Y) _ | suonoosuoi) abiop _

GZ:90:0L ¥0/91/80 plobs 99T uonopsubyy 0|}
y0:CLiLL 0/6¢/90 plobs  TJT uonoosupsy 00}
¥0:C1:LL $0/67/90 Plobs 79T uonoosuns) 06
$0:CL:LL ¥0/62/90 piobs T uonopsuos O-g
¥0:CLiLL 0/6¢/90 plobs 09T uonoosubsy O/
¥0:C1:LL ¥0/6¢/90 plobs  BGI uonoosubiy 09
¥0:C1:LL $0/6¢/90 Piobs  BGT uonobsuoy O-g
y0:C1:LL ¥0/62/90 Plobs  ZGT uonoosuosy Oy
¥0:C1iLL ¥0/6¢/90 plobs QST uonoosuny O°¢
¥0:C1:LL $0/6¢/90 plobs TG uonoosub) O°g
$0:C1:LL $0/62/90 Plobs _ %G uonobsuony 0|

(11) ananp suo o

UoISSILIGNS 2UO
AUl Pl uoRODSUDI | (0) toss nmmc_oLWJWMA

[Buiouanbag = [1aADRYdDIY =]

auj abondorg 2] buiousnbag E
=
09 [+ | ssa1ppy
(]l D _® DIPO ) so}I0ADJ 5L ;eoomm%_@ g lx] @ =108
_ djH Sj0o] SAJIOAD] MAIA YIp3 BJ
HEN 1010/dX3 }ouseju) Yosoul — burousnbag

12



US 7,536,676 B2

Sheet 11 of 22

May 19, 2009

U.S. Patent

FEOOIA

puoiu) poo1a| |||

(]

)

y0:C1:L1 ¥0/62/90 Plobs

LLLIYD YYLIDVIVOY 99991I0IJ0 LWLOIVYYID ¥OLIIVYOVD 9HI9LIIDII9I
YOOYOL LOVIYIIIWY OWYIOYIIYD YWOVVIIVYD JJ9LOLJILY JIIYIVYLO9
Y1900 DOLVYLIJLL JL9IDOVLYD OLIVILIYOD OVIVOVIIL) J¥IOVIYIDD
OYOVLL VOVIDVYYYD YOVYIDLIJD DOWYIOVIWY WYODILJOLO LIVWILIIILD
LOYIOY YIODOYI99D YIVIVLIVYD JLILIOWYLD IVIVIVIVYD 9991091¥99
920¥DL OLVYILLIL) LIOILIOLOV ¥OWDILWYID LIOYIWYYIY 9999010709
OLIIOV ¥OLIIVLIDD OLIIIIWOD JDIVIIVIVY VIIVIIIOVY OYVYY9IILID
YOLVID LIYIILVIVD JD0IWIIIL YOIOWOVLLL 99YVIILIL) LILIVINLIDD
O¥9I0L D9LIVOYIOL JIILVYYID D09LIVIIVI 9YVIILIDLY IJD99IJ¥0L
LYD00Y DOLOLLDLYD DLIJIYIIYLI DYOVILVYOL YOJLIIIJVL YYOLYYIYI9
959100 YIYLLVYVID DYVIVOLILY JDDDLIDIDID WWYIOLVLLIY DIJ09¥99LD
JJVYVD JVLOOVYOWL JDOYDILIYD DJIYIOVIIY DOVVLILIOYD DVYIDIIVYY
J00L0) DIL¥IIVVI) DLVYIIIWVYD 99999J039% JIDLIILLL DVYILILIND
992940 DOLOLIDLYD DLIDIDIVYY ¥OILVOVYYY IVYIVIVYIOV 99LOVIVIOY
IYYIYD DIVOVLLVOV JQOWIYDIVDL LOVLLLOYIL LJDLDJI990 2099123019
Y¥090L YOJWOIDILO JLIDLIIDL) LYILLIIILO DIDLIIVILY 9I¥IIYILLID
929992 9JIILIIIVII YYWVYYIVLI LILIVYIIIL WWIVILILLL J9IVYIIVIL
YYYOVY DILIODLIYO IWVIYYYIDD J99DILIOVY LLOLIYII99 JVOIVYVYIO

L'COCCONNY L 0uddD

1¢01
196
106
I¥8
184
oL
199
109
G
I8y
144
19¢
103
§74
181
14!
19
|

B J40¥P3 MOPUM @ @ & $G| Pl U0NIDSUDI|TRGE

*ou| 91boqydnig _Hﬂ._

anany auo|)

[Buiouanbag =] [ 18A0aydDi9 ]

&

Buiouanbag
=
09)(c [[4] |ssaippy
D[]l DI |@ vipoN > sajon0y 22 cecvmm%_@ g ] @ %08
_ djaH Sjo0] S3)OADJ MAIA YP3 3
XIal=] 1210j0X3 JaUJB)U} JOSOIIIN — Bnang) auo|) [

13



US 7,536,676 B2

Sheet 12 of 22

May 19, 2009

U.S. Patent

Gl OId

puoiu) po1g| | |

@ |

El

PO-CL-LL

LLIIVD YYLOIVOVOV 9999LI030D LYEIIVWYID ¥OLIOWYIYD Di9139939
YOOYIL LIVOYIIIVY OWYIOVIIVD WWOVYOIVYD DD9L9I00IV JI9VYIVYIN
VL9100 DIIVYLIILL DLIDIOVLVD OLIVILIYID OWLYIVIIL) OQYLOVIYIDD
JYOYLL YOYOOVYYYD WOVYIOLIDD JOVWIOWIWY Y¥DIOLIOLH LIWDID93LD
LIYIOY ¥OJDIVI92D WLVIVLLYYD JLILIOWYLD LYLVIVIYYD 999LI9L¥99
920YOL DIVVILLIL) IJ99LIOLOV ¥OWIDLWYID LIOVIVWYIY 9999ILIYD9
JLIIOY YILOJVLIJD DLIDIIINDD JIDIIIIVIVY YIOVIIIIWY IVYYYIILID
YOLYDO [LOYODLVYIYD J32D9WIDJ0L WOLOWIVLILL 99YYIOLILY LILIVOYIID
O¥9921 DILOYIVIIL JJILYYYIID JDILIVIIDD IWYOILIDLY 1II9900¥0L
LY90OY DOLOLIDLYD DLIDVIOYLD JVIVILYYIL ¥IIILO9IONWL WVOILYYIYI9
9L9L) VIVLLYYYID OYVOYILILY JDDLI9IDLD YWYIOLYLIY D1D09¥99LD
JOVYY) DYLIIVYIVL J9DVIILLYD IDLYIIVION JIVVILIOYD IVVIDIINWY
JD9199 DIIVIIVYID OL¥YIIIVYD 999990030%D JIDILINILLL IVYIIILIYD
990910 J9LILIOLYD JLIIIOVYY ¥IOLYOVWYV IVIVOWVIOY 9ILIVLYIIY
OYYIVD JIYOVLLVIV JOVIVOUDL IOVWILLOWIL LJZD0I990 1399103019
¥Y00IL WJJWILIILI JLIDLIVILI IWILLLSILI 999LITVILI IIVIIVILLD
920990 9J21I9I¥ID VYYYYYORLD LLLOVYOIOL WWIVILILLL D9IVYIIYIL
YYYOVY DDLLODLLYO IVYLYYYI0D JDIDJLIOVY LIDLOVIIID JVIOYVYYLD

PRIEIES

ooy SUOLJ} | 'COCCONNYL OuddD
G UOOI}oDSUD|

1¢0l
196
106
1¥8
18L
IcL
199
109
S
I18%
A4
19¢
10¢
We
181
4’
19
|

¥0/67/90 piobs [ HOYPY MODUM @ @ &3 $G| Pl UONODSUD|CR4S

[

Ul o_@oé%_o_m_ anand auo|)

Buiousnbag

{buIouanDag » || JaADaWYdDIY & |

&

09 [[+]

Ssalppy

(-8 DI _® DIPS ) $3}110AD4 2L, 40103G _@ 8] [&] ~ @ 2108

doH sjoo] om0y wap Yp3 3l

[OI7]

J010/0X3 J2UIBJU| }OSOIJIN — BNaNY BUO}) []

14



US 7,536,676 B2

Sheet 13 of 22

May 19, 2009

U.S. Patent

1 OIA
jupiu} 020 | [ 0
& 3090V) TVIVELY99Y D199109000 IVIVEIOLOY WOLVI0LI0L J9¥00L00L 180}
0 YYI9OYOYOV 9909100000 I¥IOO¥YYID ¥OLIOWYIYD 9191099309 120}
LOY9Y¥I09YY OVYIO¥IOYD VWOYYOLNYD 009IOLIDLY DIVOVYIOO 196
vl 90IVVLIOLL DID999YIYD OLIVILLYID OYIYOY99LD DVIINOYIDD 106
SDAUD)) VOY9ONYYYD YOVYI9L009 DIVYIININY WYDIILIILD LIOWDID99L) 148
uorysoduwion [ ¥0099¥0999 YIVIVLIVYD JLOI9OVLD INIVIVIYYD 999109199 18/
it 9IYYILIOLD L99IDOIOY ¥OYDOLVYDD LIOVIVVYIY 99990I0%9 12/
JLIT0Y WQLOOYLID 910999090 JI999INIVY YIOWDOIIWY IWWY¥99I9) 199
YOL¥99 IO¥DOIYIYD 00900091 YOIOVOYLLL 99¥¥IOIIIO LLIOVOYIO) 109
|| 9¥990% 99INDYIIL JDDINEYIND DIOLIYIIID OYYIILIOLY DIIOINIL 1S uoo| J0)Ip3
909Y 99I9IXQIYY DIDDYIIYLO DYOWDINYIL WODIO9OJYL WWOIVWOR99 |8% soLadou
uoo| 9100 VINIIYYNO9 DYYOVOIIIY D00I99I919 WYWOIIVIIY DID9WI0LD 12h B d
94NoNI}S PYYYY DYLOOYYIR, J99YIOLIVO 9OLYIOVIY JIWVILIOVD IY¥IIIWWY 19¢ bunip3 puo
010Q 9199 J9I¥IIVYIDQIVYIIIVYD 99999I09YD JIOIDIILLL OWWIIOIIND 10E AyIqisip
10 09I9109I) O3Q99J9YYY YIOTYINYYY YIVIVYION 99IDVIVIY 14T o
jouondQ  KYOK) D9YOYILIYON DJWRVOOWOL ISVLLIOYDL 100100990 0099100010 18l Diog
099INQOYIINILY DIHONQIOLD LYILLIOILD 999IDINILS IIWIINILL 1Z)
922999 9ISV YHYVYYNLD LLLOVYIIOL WYIVILILLL J9IVVIOWOL 19
[ YEOVY DDLISQLIYD LYYIYYYIND 09990L09VY LLOIFYD09D D¥IOWWRYI9 |
10q |00} . 71
bunyip3 = HOYP] MOPUM @ @ @ $G| P| UOHODSUDI | (RIS

[butouanbag | | JaADafydDIY o |

IP3 mopulp buid

[=IJIPIN EEHE@ o

O¥ — + & _NEEENZE =2

uonoolddo ppy

_mmen@q
P =N > uol usawala =
coox_t_ owIDJ} & _@3&2@: E.ow Eu<_ N_@ ﬂ ﬂ = (& 230
| . 500] S}JOADJ MAA YP3 3|l4

1210)dX] JoWIR)U| }JOS0JAIN — Dbudusnbag

15



US 7,536,676 B2

Sheet 14 of 22

May 19, 2009

U.S. Patent

vl 9Id
JoUDJU) D307 mu_ _ _ = 0
B N fpooy 9199109300 JYIVYI0IOY ¥OLYI0LIDL J9YIILOVIL 1801
9929100000 I¥LOIYYYID ¥OLIIVYIYD 9L9LI992I9 1201
uof[ 1y eng  seATv00z/1/L 0l 9YYI0VIIYD YYOYYOLVY D09I9I0ILY JLOYIVYIO0 196
paij| _ ban] sbuoio|  0U[300¢/1/9 [9 |6 N19999YIYD SIIYLLIYI) IYIYIYIOLD JVIJVOYIID 106
Kow( waw| yoig]  ouly00¢/1/S [S¥ |8 YOVYI9L009 JOVYIDYINY YYI09L00LO LOYILI99LD 148

>

o0Ily| 0eW[_UROX]|  SeA[0061/1/¥
ujor|  BeA| pai]  sak[300¢/1/¢

L

9

S

w YIVIYLIVYD JLDIDIVYLO IVIYIVIVYD 999I09LYID 181
pad| usy| opeA] sqhow[y00z/1/7  |€

6

9

L

4

~—1099L09I9Y ¥OYIOLYYID LIOVIVYYLY 99990L0%D9 12/

9109990¥9) JD999IYIVY YIOYIIIIWY IWHYYIDL9D 199

0009420090 ¥OIOVOYLLL 99WYIILILI LLIOYIVIO 109

| 1009099Y099 9091019900 9YYIDIIILY 22J9930%IL 146

KON Ban pal]  ou[¢o0z/L/11 OLIIYIINLI JYIVIIVYIL YOIIDIOINL WYILYEIYDI I8y

uyor| yindj| abublo|  sak[e00Z/1/01 9YYIYILOIY 0001991919 YY¥ODIVIIY JLIJ9W99LD ICh

E] 7 . 0 g v D99¥99LIYD HOLYIONOOV JOVYLIIIOVD HWWHDIIYWY 19€

Sxddy owaq g 9LYYIIOVYD 99999309%0 D09IJ9IILL IWWILOLOYD L0€

DL99J9YYY ¥OILVOYYYY 9YOYIVYIIY 99LIVIVIOV 14T

umoiqlef o[ /(] JOYIVIOYOIL SME%E 521202990 309913019 :N:

0199120910 I¥IILINALH 999IDIWILI IIVIIVILLD LZ1

djsH Mopuljy D)DQ SO0 JDWIO LIdSU| MAIA 1IpT d|l4 Fﬁﬁﬁuéw LLIOWYI09L YYINLILILL J9LY¥IOVOL 19
[99%3 }JOSO0IOIN ILYVIVVYIO0 0999DI09YY LLOLOWDIDD DYOOVWYVLD |

>y

[

Kow| ysy| enq|  ou[400¢/1/1
pa3| jew|  pa|  ouleq0/ 1/

<
I

<

— N U O

OO0 |0C|O ||| DO~
>

L'COCCONNYL 0uddD

(199x3) 9 [ELJGL_UOIDDSUD]] -0NP3 MOPUM @) & & $G| P| UOODSUDI] TR,
Suipl4 uojpolddy [buiouanbag a | [ JaADajYdDIY 4 |

Y o_oofaeo_m_ JO}Ip MOpUIM G| UONODSUDI]
HDErOEEN B EE ERR SEE e ER @ - + B THEEEnEe

09 [[4] [ssasppy

e AENRS BY. _® DIPSY ) S2}40AD4 5% :o_SmOx_@ g ] - @ =108

_ djoH s|oo] SajoAD] MIIA JPT |l
=] 121007 J9WIRYU| YOSOIIN — $G| UONODSUDI| []

16



U.S. Patent May 19, 2009 Sheet 15 of 22 US 7,536,676 B2

I

> Graph System
OPG/DGl

4 17
|—jL ————————————————————— m
| Dynamic Real Time OPG Application Window Editor |
I |
| User Event Data Elemer_lt Editor Tool Bar| |
Processor Style Properties Controls
| (Java Script) (CSS) ; |
=" —" e :
s 1L 2 1 L 33 10
r— -~~~ -~~~ ° ]
| | Object Process Graph | Object Process Graph| |
| Application Controller Application Viewer |
| (OPGAC) > (OPGAV) |
| \ T
| 28 29 |
| |
I |
| 26 |
| . ' I
: Object Process :
I I
I |
I |

Dynamic Model View Controller (DMVC)

Jakarta Struts WEB Application

FIG. 15

17



U.S. Patent May 19, 2009 Sheet 16 of 22 US 7,536,676 B2

34\ data element /35
f——H / - Helght
| _-["Lname | | voluﬂ} el
Positi n’///
0sItio B ol Data Name and Value
L Property Examples:
. height
Length | | length
— position
color
font
e AN border i
P ~\
yd A (

36

Object Process Graph
Application Data Display Properties

Display Properties are
encoded in an OPG
application as Cascading

Style Sheets (CSS)

Data Element X
Display Properties

X
Name
Display

Data Element Y
Display Properties

Data Structure A
Display Properties

Data Element Z
Display Properties

18



US 7,536,676 B2

Sheet 17 of 22

May 19, 2009

U.S. Patent

b TOIA

o) 0307 | | | 0O

Japlog
U0I}99|9g
Yam
ENIETR

P2)03)9S

L0:ZECL $002/61/80 PIADP &3

OILOJLLIOL JOVIVILIDL  100¢
YOVLLYLODL OVILOVIVLO DJDIVIYOLD OYOJIVIDOL IIVIIYOLIVY WYIVYWYOL) |v6T
YOLYLOYILD OYIVVOIWYD OLIJLLIYYD IVIIDOLLVD IWWWOYVIVLI I¥D99IIOYY 1887
YOYLILIOLL 1J9YI00¥9D 3939099019 IOWYSLI9IV IYWILIYIOL YIIWOWIIL 1282
JLLIIILYD DLOIVIIILL LLIIIWIIVD JOWIOVILIL 9¥I99IIOND 9LIIL99DLL 1942
JILYILIOWD IYI¥LIN99D ¥DIIJDILID DLDIDIII9I JILILIYLD I19¥0990099 10T
D¥I0¥9990) ELILLOYID DIDIVYOVI JLYOIOIWID ¥OI¥DIIVIL J9YIL999LL  1H9T
LJIIJ9VIIID DIVLOLILID LYDLIDLOOY 9IOLDLIDY ILOLOILILO J999I9L9IY  18GT
OLIYIIILIY IIVILLIVYD DIDLYOLIIL YIILIYIIIL J099LY9ILD 9I0I¥I0IIL 1262
JOLIYD9990 JIIIVIILIL DIVLLYLIY IIIILIALYL JLIIVYIIID I¥OIVIILL 199
LIVIVIILY YYVOLYIIVD LLIVYWYO9D OLIIYLIIDIL J¥WIDIIIND 1991007999 10¥e,
JLYOVLIOLLL JYVOLIVIVD JODLJLVLID JOL¥IDIDIL IIOILYIVID J9¥IIILILY  1¥€T
J2LJ9IJ9LY ¥IIWLIOVD L¥IIYIIID 9IYIIIILID 9¥I9990Y¥9I 9912000999  18TT
FESTD009Y0) IYYIVIOYIO LIDYIIYIID DILIVILIDLL I¥IIWYILID ¥OD99IWYIV 1Z2¢T
D9LYIVLIT) LOVLIYILYD DLOLIVIIIV DIVIOVWIDLI I91919I999 I0910990LL 1912
YOLYIVVYI) JYIIVYILIO DYOILOLYIL WOVWOLOIY) WWYILIDLLL ¥OIYYOIYID 101C
ILYYIVYIIY JIOLVIVIIO DIVILILVIY YOLILIOWLI 9IDILLLIDD YIVIIIVVLO 1407
DOLILVYLL) JIJILLEYOL LILIVLLOIL JLYOVWILID J9VI¥IILDD ¥IIOIOLIJY 1861

YOLYIYYYI) J¥99WVOID9 9V9) MRAILR)E
OLYYIVYIOY DD9IWOYJ09 90¥i[  ONIDA JUBWIB|3 ) yoy999yy| SWDN Judwis|]
J9I9IVYLLY JDDJIIIWOL IJI9 9 ¥919191)

YOYYIYII2D L3J¥IIDIID LILEDIIID JIIIVIIY wmw&@uw<oo LYIYLIYIDD _vmWh

3
1'C668 10N 0U59D —~

GLIE piduop )

2] DUDUSDSS] J0YP3 MOPUM @ @ &8 99 p| uoioDSUDI|CREE

= 0| LAOEEN & EIRH NP HElE e ERPY] @F - +E_EEEIIE -

09(& o] Tssaippy
®(]a@ Do _® DI ) $9}110ADJ 2, sgoomQ_@ 8 &] =@ 2108

_ djoH S|00] $a}J0ADS MAIA }P3 3§
NEE J2J0jdx3 Joussju| Jososoly — Durousnbas ]

19



US 7,536,676 B2

Sheet 18 of 22

May 19, 2009

U.S. Patent

&t 9IAd

Jupu 00018 | | 0

=

ou o1boydoio ‘p00z ©@31ybLAdO?)

Jwgns
+} X0 09 @p (sdq) gzgg T@dusNbas @
+} X0 0% @pP |'00yLONNLL| TOUD @
+} X0 0° @p 18glll ‘PBuop G

+} +0 @2 09 gp O] su0P) &

+} 40 @0 O° Op NS

+} 0 @O 02 ap oY /Toe

Jiwgng

GGl PI uoIjoDSUDI|

_ c:_ucoszmw_ _ JaADOMYdDIY & _

o ool 7] 10)p3 Apadoug bunip3 pup AppgisiA 03oQ E
= —
oon __W_ _mmmbvv<

AHENES B _® DIPON ) Sep0ADJ 5L csowm&_@ 8 ] - @ 108

_ djoH s|o0] S3}JoADJ MAIA Jp3 3l

HE J0.0jdx3 Jouwiaju| }ososm — ou) aiboydoig - s aboqydosg o

20



U.S. Patent May 19, 2009 Sheet 19 of 22 US 7,536,676 B2

ﬁ 3\8

______________ Data Visibility and
[ Editing Property ]
| | Object Process Graph - Ob Editor View |
| Application Controller pplication Viewer |
| . (OPGAC) ) (OPGAV) 1 |
| ) y
| 28 29 |
| |
| |
| |
| 5 ' |
| i Object Process |
| 26 > Graph System |
| OPG/DGI |
| |
| |

Dynamic Model View Controller (DMVC)

Jakarta Struts WEB Application

Data flows<: Control flows —— Dynamic Reference ------ >

FIG. 19

21



U.S. Patent May 19, 2009 Sheet 20 of 22 US 7,536,676 B2

Notation Editor C}\E]

Graphical Model

Ope?‘ntion Create Link —

Data
Structure U

A

"1
OPG
Application Editor <:1

2

Notation Editor Graph

Process
Node

Process
Node

Process
Node

Grorh
:> Translator

Application Definition

FIG. 20

22



U.S. Patent May 19, 2009 Sheet 21 of 22 US 7,536,676 B2

Notation Editor 46‘\9\@

Graphical Model

Data Reference Link
Structure X —\ -~ ==\
Data

Structure Y

\

(
R
OPG
Application Editor <___l

Notation Editor Graph

(

2

Notation Editor

Process \Reference Edae.
Node ]

X

41

Object Process Graph

Data Node X

Reference
Ot;g'ect
Y

\\\__——

Notation Editor
Refererlcdfe Edge

Grof)h
|:> Translator

FIG. 21

23



U.S. Patent May 19, 2009 Sheet 22 of 22 US 7,536,676 B2
EditPart
updateFigure()
editPolicies : .
i EditPolicy
graphicalModel
parent editPart command
children editParts
figure
Command
execute()
undo() |l
Fditor red,?()
createGraphicalModel() child
graphicalModel parent I
OPGADS
controller

GraphicalModel

Figure

OPGADS
View

—+—29

firePropertyChange()
listeners
OPGModel

>

OPGAPI

OPG

OPGADS
Model

FIG. 22

24



US 7,536,676 B2

1
OBJECT PROCESS GRAPH APPLICATION
CONTROLLER-VIEWER

CROSS REFERENCE TO RELATED
APPLICATIONS

The present application claims the benefit of provisional
application No. 60/608,563 filed Sep. 10, 2004, the content of
which is herein incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

The present invention relates to software application pro-
gram development tools and environments including inte-
grated development environments (IDEs), rapid application
development (RAD) systems, and graphical user interface
(GUI) tools that enable the creation and editing of either static
or dynamic computer applications. In particular, the present
invention relates to the creation and editing of object process
graphs, which are described subsequently herein.

The present application is related to two copending appli-
cations: U.S. patent application Ser. No. 10/908,654 entitled
“Object Process Graph System” filed on May 20, 2005; and
U.S. patent application Ser. No. 10/908,653 entitled “Object
Process Graph Application Controller-Viewer” filed on May
20, 2005. Both applications are incorporated by reference
herein in their entirety.

Since the development of assembly language in the 1950°s
the computer industry has witnessed a series of incremental
advances in software development. These advances have
allowed software to be developed faster, with less manual
labor, and made possible the creation of more complex soft-
ware systems and improved the reliability of software sys-
tems in general. These advances include the development of
3rd generation programming languages like COBOL and
Fortran; fourth generation programming languages like
FOCUS; object oriented programming languages like Small-
talk, C++ and Java; CASE tools like Rational Rose; relational
database systems like Oracle and DB2 and object oriented
database systems like GemStone and Versant. However,
despite these advances the development of a large systems is
still an expensive, high-risk venture that requires many
highly-skilled programmers and there is always considerable
uncertainty regarding the quality and applicability of the final
system.

Fifth generation programming languages and their associ-
ated development environments, such as, LabVIEW and
MATLAB Simulink are designed to elevate the development
productivity achieved by using the fourth generation lan-
guages to the next level. They allow non-programmers to use
computing power in terms that closely resemble their specific
problem domains. Features of the fifth generation language
environments typically include an integrated persistent data
management system, a query language, report generators and
a user interface definition facility, and can be complemented
by a graphics generator, decision support function, financial
modeling, spreadsheet capability, statistical analysis func-
tions and parameterized business and domain models. How-
ever, the most widespread embodiments of the fifth genera-
tion language tools have targeted highly specialized and
relatively narrow domains, such as instrument data acquisi-
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tion (LabVIEW), signal processing, process control,
mechanical modeling, microarray data handling, communi-
cation system design, etc.

BRIEF DESCRIPTION OF THE INVENTION

The present invention defines and implements object pro-
cess graph application development systems.

One aspect is an object process graph application develop-
ment system including an object process graph application
description notation and an object process graph application
editor. The notation provides a set of keywords and associated
definitions that enable a developer to define all application
data and functionality including, but not limited to, data struc-
tures, data transformations, processing steps and calcula-
tions. The application editor provides an editable graphic
representation of applications using iconic representations of
the notation keywords.

Another aspect is an object process graph application
development system including an object process graph appli-
cation description notation, an object process graph applica-
tion editor, and an object process graph application window
editor. The notation defines that meaning of keywords and
their iconic representation. The editor provides an editable
representation of application data and process information.
The window editor enables an application developer or user to
create and edit an application’s user interface while the appli-
cation is running.

A further aspect is an object process graph application
development system including an object process graph appli-
cation description notation, an object process graph applica-
tion editor, an object process graph application window editor
and an object process graph application program interface.
The notation provides application component definitions.
The application editor provides an editable graphic represen-
tation of an object process graph application. The window
editor provides users and developers the functionality needed
to create and edit an application’s user interface while the
application is running. The object process graph application
program interface provides a definition of interface functions
and implements access methods that allow application pro-
grams to interface directly with an object process graph appli-
cation.

Further aspects are a method and computer program prod-
uct for developing a computer system. The method includes
receiving a command specifying an element in a graph struc-
ture and modifying the computer program in real time in
response to the command. The graph structure is a computer
program.

Still further aspects are a method and computer program
product for developing a computer system. The method
includes creating a computer program as a graph structure
and displaying a graphical representation of the graph struc-
ture on a user interface screen. A command specifying an
element in the graphic structure is received. The computer
program is modified in real time in response to the command.
In addition, the graph structure is updated in response to the
command. A graphical representation of the updated graph
structure is displayed on the user interface screen.

Exemplary embodiments of the present invention include
many advantages, including reducing the costs and risks
involved in building large, complex object process graph
application systems. Application users and application
domain experts are able, with minimal computer training, to
develop and maintain customized, complex object process
graph application systems. It is possible to create applications
that can be modified at run-time in order to greatly broaden
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the scope, flexibility and usefulness of software application
systems. In addition, the present invention provides interfaces
that make it possible to integrate object process graph appli-
cation and traditional software applications.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

These and other features, aspects and advantages of the
present invention will become understood with regard to the
following description, appended claims and accompanying
drawings, where:

FIG. 1 is an Object Process Graph Application Develop-
ment System (OPGADS) according to exemplary embodi-
ments of the present invention;

FIG. 2 is an Object Process Graph Application Editor (OP-
GAE) workspace displayed as an Eclipse perspective accord-
ing to exemplary embodiments of the present invention;

FIG. 3 is an OPGAE example according to exemplary
embodiments of the present invention;

FIG. 4is asample Object Process Graph (OPG) application
display according to exemplary embodiments of the present
invention;

FIG. 5 is an OPGAE workspace showing a repository view
according to exemplary embodiments of the present inven-
tion;

FIG. 6 is an application definition wizard window for
repository selection according to exemplary embodiments of
the present invention;

FIG. 7 is an application definition wizard window for
application name entry according to exemplary embodiments
of the present invention;

FIG. 8is an OPGAE according to exemplary embodiments
of the present invention;

FIG. 9 depicts selecting the OPG Application Window
Editor (OPGAWE) from the builder according to exemplary
embodiments of the present invention;

FIG. 10 depicts selecting an operation window from the
OPG default application display window according to exem-
plary embodiments of the present invention;

FIG. 11 is an operation data display window according to
exemplary embodiments of the present invention;

FIG. 12 depicts initiating the OPGAWE from an operation
data display window according to exemplary embodiments of
the present invention;

FIG. 13 is an OPG operation data window editor according
to exemplary embodiments of the present invention;

FIG. 14 depicts adding an application frame to an OPG
application window according to exemplary embodiments of
the present invention;

FIG. 15 is an extended dynamic model view controller
according to exemplary embodiments of the present inven-
tion;

FIG. 16 depicts application data display properties accord-
ing to exemplary embodiments of the present invention;

FIG. 17 depicts a selected element on the OPGAWE
according to exemplary embodiments of the present inven-
tion;

FIG. 18 is a data visibility and editing property editor
window according to exemplary embodiments of the present
invention;

FIG. 19 depicts s data visibility and editing property editor
components according to exemplary embodiments of the
present invention;

FIG. 20 depicts OPG graph transformations according to
exemplary embodiments of the present invention;
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FIG. 21 is a notation editor graph translation exemplar
according to exemplary embodiments of the present inven-
tion; and

FIG. 22 is an OPG application developer exemplar accord-
ing to exemplary embodiments of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Aspects of exemplary embodiments of the present inven-
tion include a complete environment for developing object
process graph (OPG) applications. Exemplary embodiments,
such as the one depicted in FIG. 1, include four major com-
ponents (FIG. 1): an Object Process Graph Application
Description Notation (OPGADN) 1, an Object Process Graph
Application Editor (OPGAE) 2, an Object Process Graph
Application Window Editor (OPGAWE) 4 and an Object
Process Graph Application Program Interface (OPGAPI) 3.
The OPGAE 2 and the OPGAPI 3 are tightly integrated with
an OPG System 5 described subsequently herein.

Exemplary embodiments of the OPGADN 1 component
include a set of key words and associated definitions that
enable application developers, users and domain experts to
completely define an application’s complex processing steps,
data manipulations, transformations and definitions. The key
words represent and are mapped to OPG elements that define
applications.

Exemplary embodiments of the OPGAE 2 component are
fully-featured editing environments for defining and updating
OPG applications. They can be implemented as stand-alone
or WEB-based computer software systems. Exemplary
embodiments use functions defined by the OPGAPI 3 to
directly interact with and modify OPG applications through a
dynamic graph interpreter (DGI). They render graphical rep-
resentations of OPG applications to developers that closely
correlate to actual OPG application structures. The graphical
representations include graphical symbols and structures that
developers can manipulate with editing commands entered
via a keyboard, computer mouse or other input device.

Exemplary embodiments of the OPGAWE 4 component
provide a “what you see is what you get” (WYSIWYG) style
editor for updating the definition of windows on which OPG
application data are displayed, and a special editor for defin-
ing and modifying the visibility and mutability of data ele-
ments. Changes are made to windows and display properties
prior to running a program, or on the fly, as the program is
being interpreted by the DGI. Exemplary embodiments of the
OPGAWE 4 also provide commands for starting, stopping
and monitoring OPG applications and for evaluating and
changing application data. Exemplary embodiments are
implemented as modules of the OPG application controller-
viewer system (OPGACYV) described subsequently herein.

Exemplary embodiments of the OPGAPI 3 component
define a standard set of functions and associated parameters
implemented by an OPG translator that includes standard
OPG and DGI components that enable non-OPG applications
(e.g., embodiments of the OPGAE 2), to interact with an OPG
application. The OPGAPI 3 defines functions for starting,
stopping, defining and modifying OPG applications. It also
defines functions for inputting data to OPG applications and
reporting their outputs.

Object Process Graph Application Description Notation (OP-
GADN)

In exemplary embodiments, the OPGADN 1 provides a set
of' keywords and associated definitions for the elements of an
OPG application. The OPGADN 1 is used to describe the
interface to OPG application editors. Other notations, such as
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the Universal Modeling Language (UML), canalso be used to
define an OPG program by modifying the meaning of some of
the UML symbols. In addition, editors for other notations can
produce an OPG program description that can be translated to
an extensible markup language (XML) description of an OPG
program. The following is a list of example OPGADN 1 terms
and their definitions:

OPG Application—a computer software system defined as
an OPG that can be interpreted (run) by a DGI in an OPG
system 5. An OPG application is composed of data structures,
operations and links that define relationships and data trans-
formations.

Operation—a software element that defines temporal
actions or ordered or unordered serializable or parallelizable
sequences of program actions or steps. An operation roughly
corresponds to a line of code within a high-level computer
program, an operation or step within a workflow system, or a
screen or window within an interactive or transactional sys-
tem.

Process—an operation that groups a set of operations and
gives the grouping a name. An OPG application is comprised
of one or more processes.

Data Element—an item of data that has a name and a
simple or complex value.

Data Structure—a data element that groups a set of primi-
tive data elements, data structures, data arrays and data ref-
erences. The grouped items are called attributes. Within a
program, a data structure can be referenced and manipulated
as a single entity.

Primitive Data—a data element that has a type and no
substructure of data elements. Primitive data elements are
attributes of data structures. A primitive data element includes
display and processing functions that are unique to its type. A
large set of primitive types are predefined, including: string,
double, integer, date, file, image, mapping, XML file, com-
puted, computed string, custom class, email address, web
address, directory, spreadsheet cell, file transform, long inte-
ger, big decimal, binary, and relational table. Additional,
domain specific data types can be added as required.

Data Structure Array—a homogenous n-dimension array
of'data structures. Data arrays are attributes of data structures.

Data Reference—an attribute of a data structure that points
to a data structure. Data references can be defined such that
they can be null (a 1 to 0 or 1 relationship) or never null (a 1
to 1 relationship).

Application State—the set of data element values and
active operations at a point in the running of an application.

Link—a software structure that defines a transforming
relationship (connection) between two OPG software ele-
ments. There are three link categories: operation-to-opera-
tion, which defines a relationship between two operations;
operation-to-data, which defines a relationship between an
operation and a data structure; and data-to-data, which
defines a relationship between two data elements. All links
have properties that define their names, direction, etc. The
action defined by a link can be contingent on data instance
comparisons. Within each link category there are link types
defined below.

Display Link—an operation-to-operation link that defines
the direction of control flow from one operation to another.
Application state information is displayed as part of the tran-
sition to the receiving operation.

Queue Link—an operation-to-operation link that defines
the direction of control flow from one operation to another.
Application state information is placed in the receiving opera-
tion’s queue awaiting an event.
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Batch Link—an operation-to-operation link that defines
the direction of control flow from one operation to another.
Application state information is processed by the receiving
operation immediately. Processing can be time scheduled.

Copy Link—a data-to-data link that defines copying the
values of one data element to another. Such copies are data
type aware, i.e. value conversions and replication is implicit.
Link properties define conversions and other copy criteria.

Compute Link—a data-to-data link that defines a set of
data transformations applied to data elements that produce a
new data element. Compute links provide complex math-
ematical formulae and/or regular expressions to operate on
any number of data elements to compute another data ele-
ment.

Split Link—a data-to-data link that defines the distribution
of data elements in one application state to one or more
application states (application state is defined above).

Merge Link—a data-to-data link that defines gathering
data elements in one or more application states into one
application state.

Join Link—a data-to-data link that defines the concurrent
retrieval of heterogeneous data elements (similar to relational
database management system (RDBMS) joins).

Create Link—an operation-to-data link that defines the
creation of a new data structure.

Retrieve Link—an operation-to-data link that defines the
retrieval of data elements and adding them to an application
state with that operation.

Execute Link—an operation-to-data link that defines the
execution of program code or control structures contained
within a data element with that operation.

Object Process Graph Application Editor (OPGAE)

The following provides a functional overview of exem-
plary embodiments of the OPGAE 2 component. The refer-
enced figures, FIGS. 2-5, are window images showing the
workspace provided by the OPGAE 2 and how graphical
models of OPG applications are displayed. In exemplary
embodiments, the OPGAE 2 is implemented as an Eclipse
platform plug-in that displays the workspace as an Eclipse
perspective.

In exemplary embodiments, the OPGAE 2 renders OPG
applications within a workspace window on a personal com-
puter (PC) monitor. The OPGAE workspace is a graphical
user interface (GUI). The OPGAE 2 accepts user inputs from
a PC’s mouse or keyboard.

The OPGAE Workspace

In exemplary embodiments, such as the one depicted in
FIG. 2, the OPGAE 2 provides an Eclipse perspective to
display a graphical workspace on a PC monitor. The work-
space enables a user to compose, select and update an OPG
application. Applications are persisted in a repository (data
source). The workspace enables a user to select a repository
and select an application in a repository. It also provides
access to every component and link of an application and to
the properties associated with the components and links. A
user defines or modifies an application by making selections
from displayed lists and dragging and dropping components
on the workspace using the PC’s mouse and keyboard. The
workspace display (e.g., the Eclipse perspective) is composed
of'a standard graph editing framework (GEF) tool bar 12 and
six specialized views: palette view 11, component view 9,
application navigator view 6, repository view (not shown),
component outline view 7, and component properties view
10. These views can be rearranged in the editor window to suit
a user’s preferences. FIG. 2 shows a default arrangement of
the display. The tab for the application navigator view 6 is
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labeled “Graphlogic” in FIG. 2. The application navigator
view 6 has a small tool bar 8 that includes icons for creating
a new application, opening an existing icon, reverting to the
most recently loaded version of an application (throws away
any changes) and deleting a selected item from the view. The
arrangement in FIG. 2 is described in more detail below.

In exemplary embodiments, application components, links
and primitive data attributes are represented by graphical
symbols. Application components are represented by rect-
angles. A symbol representing a component’s type is dis-
played in the upper left hand corner of a rectangle. Exemplary
symbols and the components they represent are listed in the
palette view 11 in FIG. 2.

Some sample components of an OPG application are
shown in the exemplary OPGAE workspace depicted in FIG.
3. The name of a component 13 is displayed at the top of a
component rectangle when it is placed on a composition
canvas 14. The remainder of the component rectangle is a
composition canvas 14 on which its attribute components
may be placed. Component rectangles can be resized and
repositioned as child components 15 within an enclosing
component’s composition canvas. Component rectangles
have four connection points 16 for links, one on each side.
They are highlighted when the component rectangle is
selected. Application links are represented by link lines 17.
Link lines 17 are connected from a connection point 16 on a
component rectangle to a connection point 16 on another or
the same component rectangle. Link lines 17 have an arrow-
head on one end pointing to the subordinate component. Data
attributes are represented by small rectangles that contain a
graphical symbol on the left followed by the name of the
attribute. Data attribute symbols do not have a composition
canvas since they cannot have any children. Selections are
made on the workspace by positioning the mouse cursor on
the PC over a selectable element and clicking the left button
on the mouse.

The palette view 11 displays the OPG components that can
be made part of an application. When a component is
selected, the cursor is ‘armed’ with the component and will
display the ok symbol as the cursor is moved over areas of the
component view 9 where the selected component can be
placed or the prohibited symbol in areas where the compo-
nent cannot be placed. The cursor remains armed until a
position for the element is selected by positioning the cursor
in the desired position on the active component view 9 and
clicking the left mouse button. The cursor can be ‘disarmed’
at any time by clicking the “select” choice on the palette. In
addition, the cursor can be armed with a different component
by clicking on a component selection on the palette view 11.

The palette view 11 provides the following component
selections: operation, structured data, structured data array
and data. The palette view 11 provides a link selection for
linking one component to another and a marquee selection
that makes it possible to select multiple components on a
component’s composition canvas 14. In exemplary embodi-
ments, the default location for the palette view 11 is on the
right side of the workspace.

The component view 9, such as the exemplary component
view 9 depicted in the exemplary OPGAE workspace in FIG.
4, displays a component’s graph of components and/or
attributes on a composition canvas 14. Multiple component
views 9 can be open at one time. They are automatically
stacked as they are opened with the most recently opened
component view 9 at the top of the stack. The component view
9 at the top of the stack is the “active” view. Each component
view 9 has a tab with the name of its component. Clicking on
the tab brings its view to the top of the stack of views, thereby
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making it visible and active (the sequencing component is
selected in FIG. 4). In exemplary embodiments, a component
view 9 is a canvas on which components and connections can
be placed. A component view 9 is closed by clicking the left
mouse button on the ‘X’ on the view’s tab.

A component or link displayed on an active component
view 9 is selected by clicking the left button on the component
or link graphical. A selected component has a highlighted
border with small squares on each side showing connection
points. Selected components may be resized or moved on a
composition canvas 14 as desired. The component view 9 is
the largest view. In exemplary embodiments, the component
view 9 is located in the center of the OPGAE workspace
window in the default arrangement with the palette view 11
on its right side and the application navigator toolbar 8, com-
ponent outline view 7 and components property view 10 on
the left.

The application navigator view 6 displays a tree view of an
entire application making it possible to select any component
of'an application. Double clicking the left mouse button on a
component in the application tree opens an active component
view 9 on the selected component. The selection tab on the
application navigator toolbar 8 has the title, “GraphLogic
Application Navigator.”

A repository view 18, such as the exemplary one depicted
in the exemplary OPGAE workspace in FIG. 5, displays a list
of OPG repositories in which OPG applications are persisted.
The repository view 18 is an alternative to the application
navigator toolbar 8 in this arrangement of the OPGAE 2
perspective. Either one can be selected by clicking on its
respective tab.

Exemplary embodiments of the component outline view 7
display atree view ofthe components in the active component
view 9. Clicking on a component in the component outline
view 7, selects (highlights) the component in the visible com-
ponent view 9. The component outline view 7 is located on the
lower left hand side of the workspace in the same area as the
components property view 10. The component view 9 can be
selected by clicking on its tab.

When a component or link graphical symbol is selected on
the active component view 9, such as the one depicted in FIG.
4, its properties are displayed on the component properties
view 10. Properties are displayed on a tabular list with the
names of the properties in the left column and their current
values in the right column. In FIG. 4, the component proper-
ties view 10 is depicted with a list of properties. Different sets
of properties may be associated with each type of component
or link. In exemplary embodiments, the component proper-
ties view 10 has category tabs for groups of related properties
to simplify property selection.

The value of each property on the list is editable. In many
cases they are simple dropdown lists with the valid selections
shown.

The component properties view 10 is located on the lower
left hand side of the workspace in the same area as the com-
ponent outline view 7. The component properties view 10 can
be selected by clicking on its tab.

OPGAE Editing Functions

The following is a list of editing functions provided by an
exemplary embodiment of the OPGAE 2 component of the
present invention:

Defining an application—the process of defining a new
application is controlled by the application definition wizard.
The application definition wizard starts when the new appli-
cation icon on the OPGAE tool bar is clicked. The application
definition wizard first displays a repository selection window,
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such as the one depicted in FIG. 6. After a repository in which
to store the new application is selected, the application defi-
nition wizard displays an application name entry window,
such as the one depicted in FIG. 7. After the application name
is entered, the application definition wizard displays an appli-
cation definition window that enables a user to provide appli-
cation descriptive information, e.g. who the user is and a
password to control access to editing functions. Finally, the
application definition wizard causes the OPGAE 2 to display
the new application as an OPG component in a component
view 9, such as the one depicted in FIG. 4, which provides a
canvas for defining the application. The application navigator
view 6 will show the application as the top most entry in its
application tree (e.g., “Demo Program” in FIG. 4).

Opening an application—the process of opening an exist-
ing application is controlled by the application definition
wizard. The application definition wizard starts when the
open application icon on the OPGAE tool bar is clicked. The
application definition wizard displays a repository selection
window, such as the one depicted in FIG. 6 and when the next
button is clicked, it displays a list of applications from which
to select.

Defining a process component and adding it to an applica-
tion component—with the application displayed as the active
component view 9, the operation selection is made on the
palette view 11, and an operation is placed on the applica-
tion’s composition canvas 14. The placed process becomes a
child of the application. Every application has a set of child
processes. Additional processes can be added to an applica-
tion with the same procedure. The name of the process can be
changed by clicking on its name and entering a new name
directly on the process component.

Defining an operation component and adding it to a process
component—after making the operation selection on the pal-
ette view 11, an operation can be placed on the composition
canvas 14 of any process displayed on the active component
view 9. The placed operation becomes a child of the process
on which it was placed. Every process has a set of child
operations.

Defining a data structure component and adding it to an
operation component—after making the data structure selec-
tion on the palette view 11, a data structure can be placed on
the composition canvas 14 of any operation displayed on the
active component view 9.

Defining a data structure component and adding it to a data
structure component—after making the data structure selec-
tion on the palette view 11, a data structure array can be
placed on the composition canvas 14 of any data structure
displayed on the active component view 9. When a data
structure array is placed on the composition canvas 14 of a
data structure, it becomes an attribute of the data structure on
which it is placed.

Defining a data structure array component and adding it to
a data structure component—after making the data structure
array selection on the palette view 11, the primitive data can
be placed on the composition canvas 14 of any data structure
displayed on the active component view 9. When a data
structure array is placed on the composition canvas 14 of a
data structure, it becomes an attribute of the data structure on
which it is placed.

Defining a primitive data component and adding itto a data
structure component or a data structure array component—
after making the primitive data selection on the palette view
11, a primitive data can be placed on the composition canvas
14 of any data structure or data structure array displayed on
the active component view 9. When primitive data are placed
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on the composition canvas 14 of a data structure, they become
an attribute of the data structure on which it is placed.

Deleting a component from an OPG application—after
selecting the component to be deleted, press the delete key on
the keyboard or select delete on the context menu.

Defining and adding a link between two components—
after making the link selection on the palette view 11, click on
the “from’ component on the active composition view 9 and
then click on the ‘to’ component. The OPGAE 2 will place a
line connecting the two components from a connection point
16 on the ‘from’ component to a connection point on the ‘to’
component. The ends of the link can be moved to a different
connection point 16 if desired. The link placed by the OPGAE
2 will be of the appropriate category for the ‘from” and “to’
components, i.e. a process-to-process, process-to-data or
data-to-data link. The connection type can be changed by
clicking on the link to select it and then changing the type
property on the component properties view 7.

OPGAE Design Description

In exemplary embodiments, the OPGAE 2 is implemented
as an Eclipse platform plug-in and is based on the classic
Model View Controller (MVC) framework as depicted in
FIG. 8. The OPGAPI graph translator (GT) 23 translates an
OPG application from an OPG system 5 into a notation editor
graph (NEG) 24 (this translation is described below as part of
the OPGAPI 3 description contained herein). The OPGAE
controller 21 converts the NEG 24 into an OPGAE graphical
model 22 that the OPGAE view 20 and OPGAE controller 21
components interact with to render an OPG application and/
or parts of an OPG application on a display medium. In
exemplary embodiments, the OPGAE view 20 and OPGAE
controller 21 are based on the Eclipse GEF. The OPGAE
graphical model 22 also enables the OPGAE controller 21 to
validate user inputs and dynamically determine the options
available to the user.

The OPGAE view 20 component renders the graphical
model of an OPG application as a diagram (e.g., an arrange-
ment of graphical symbols and controls) on a display
medium. The OPGAE view 20 can display a complete OPG
application as a set of related top-level elements that can be
recursively decomposed into their constituent parts. When the
OPGAE controller 21 is notified that the user has chosen to
examine an application element in more detail via one of the
graphical controls, it requests the OPGAE view 20 to render
the selected part of the model. In this way, a user can navigate
a displayed OPG application or parts of an application to any
desired level of detail.

In addition to directing the OPGAE view 20 component to
render all or a part of an OPG application on a display
medium and converting the NEG to a graphical model, the
OPGAE controller 21 component is responsible for process-
ing user inputs and selections. In exemplary embodiments,
user requests include creating or deleting application ele-
ments, such as operations and data arrays or changing the
relationships between application elements. Users may also
add or remove attributes of composite data nodes and update
the properties of any application entity. The OPGAE control-
ler interacts with an OPG application via the functions of the
graphical model presented by the OPGAE model.

Object Process Graph Application Program Window Editor
(OPGAWE)—Functional Overview

This section provides a functional overview of the
OPGAWE 4. The referenced figures, FIGS. 9-14, are window
images showing how data display windows and display prop-
erties on an OPG application can be edited as part of defining
an application or as the program is actually running.

29



US 7,536,676 B2

11

The OPGAWE 4 provides a WYSIWYG style editor. In
exemplary embodiments, such as the one depicted in FIG. 9,
the editor is initiated from the ‘Builder’ window of the OPG
system 5. In addition, or alternatively, as depicted in FIG. 10,
the editor is initiated from a running OPG application win-
dow. When the editor is initiated from the builder window in
an OPG system 5, an application operation is selected. The
“window editor” menu item, such as the one depicted in FIG.
9 is used to select the OPGAWE 4. Changes made to window
and data display properties when the OPGAWE 4 is initiated
in this way will apply to the data of all transactions subse-
quently processed by the associated application operation.

When the editor is initiated from a running application, a
transaction at an application operation on the OPG system
application display window is selected first (see for e.g., the
transaction identifier link in FIG. 10). This causes the OPG
system 5 to display an application window with transaction
data at its current operation. See for example, F1G. 11, where
the data displayed on the window is formatted according to
the current window formatting properties. The current win-
dow formatting properties potentially have three different
sources. The first source of window formatting properties is
the application or default data display properties for the data
that is part of a transaction at the active operation. This is the
lowest precedence source of properties. The second source of
window formatting properties is the operation specific dis-
play properties that only apply to the transaction data at the
selected operation. This is the next highest precedence source
of properties, which override the application properties. The
third source of window formatting properties is the transac-
tion specific display properties that only apply to the data of
the selected transaction at the active operation. The
OPGAWE 4 may be utilized to edit the window and data
display formatting properties of any one of these sets of
properties.

In exemplary embodiments, the OPGAWE 4 is initiated
from an application data display window by selecting one of
the property sources on the window editor drop down list,
which is a control on the application data display window. See
FIG. 12 for an exemplary embodiment of a user interface for
initiating the window editor from an operation data display
window.

In exemplary embodiments, such as the one depicted in
FIG. 13, the OPGAWE 4 displays an editing function tool bar
above a composition canvas 14 for the window. The window
in the composition canvas 14 will display the window using
the selected source of window and data display properties.
The tool bar provides many of the functions typically pro-
vided by traditional window editors and they function in a
similar fashion. During an editing session, data display enti-
ties are selected and one or more of the tool bar functions can
be applied to them by clicking on a tool baricon. For example,
the text displayed in a field can be made larger by selecting a
larger font or, it can be italicized. Data display entities can
also be moved around on the window and/or hidden from
view as desired.

Exemplary embodiments of the OPGAWE tool bar also
provide simple graphical elements, e.g. lines, boxes, circles,
and labels that can be placed on a window and then resized as
desired. Text can be typed into labels as required.

Additional persistent data items and their associated dis-
play fields can be added to a window and its application by
clicking on the data element icon on the extreme right of the
tool bar. Data items can be simple data input fields, images or
links to files, such as spreadsheets or word processor docu-
ments. Data items or links added to a window in this manner
become a persistent part of the application.
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Application frames can also be added to a window by
clicking on the application frame icon at the extreme right of
the tool bar and selecting a file type property. Application
frames provide a way of working with an application within
the context of an OPG application. For example, as depicted
in FIG. 14, a spreadsheet can be loaded into the OPG system
5 and displayed within a frame on an application window. A
user can then make changes to the data in the spreadsheet and
save them in the OPG database. The user can choose to save
the updated spreadsheet back to its original location in the
host system’s file system. When an application frame is added
to a window, the application must be available on the work-
station. The workstation requires a browser to start the appli-
cation.

When window and data display property editing is com-
pleted, the changes are saved by clicking on the floppy disk
icon, which is on the extreme left of the tool bar.

OPGAWE Description

Exemplary embodiments of the present invention, such as
the one depicted in FIG. 15, function as a component of a
Dynamic Model View Controller (DMVC) 26. A DMVC 26
is an application structure formed by integrating an OPG
Application Controller (OPGAC) 28 and an Object Process
Graph Application Viewer (OPGAV) 29 with an OPG system
(Object Process Graph (OPG) and Dynamic Graph Inter-
preter (DGL.)) 26. This dynamic application structure mani-
fests running instances of OPG applications. Dynamic Graph
Interpreter (DGI) is described subsequently herein. The
OPGAC 28 controls the running of applications by: process-
ing input data, instructions/selections from users or other
systems; initiating the display or output of information via the
OPGAV 29, commanding the DGI 27 to initiate application
state transitions and controlling the import and export of OPG
application descriptions. The OPGAC 28 is the controller
component of the DMVC 26.

The OPGAV 29 is the view component of the DMVC 26. It
receives display/output commands from the OPGAC 28 to
render application OPGs on a display media and/or output
devices. The rendered OPGs provide a means of interacting
with the applications via selection and input controls. They
also display application state objects in their appropriate con-
text and provide a way to view and update their content.

Another element of the DMVC 26, the OPG system 27,
functions as the model component. It is integrated with the
OPGAC 28 and OPGAV 29. The OPG defines an applica-
tion’s complex processing steps and data and provides stor-
age foran application’s persistent and transient data. The DGI
provides the functions invoked by the OPGAC 28 and
OPGAV 29 to run an OPG-defined application.

One exemplary embodiment of the invention (FIG. 1) inte-
grates the OPGAC 28 and OPGAYV 29 with the OPG system
27 to form a Dynamic Model View Controller (DMVC) 5
application structure based on the Jakarta Struts WEB appli-
cation framework. The DMVC 26 is capable of providing a
display on a computing device, such as a personal computer
(PC). Other technologies incorporated in this exemplary
embodiment include Cascading Style Sheets (CSS),
Dynamic HTML (DHTM), Java Document Model (JDOM),
Java Server Pages (ISPs), Struts Tiles, etc. Of course, other
embodiments may be implemented with various other appli-
cation frameworks and technologies.

In this exemplary embodiment, the OPGAC 28 control
functions are implemented with Struts-based Action and
Form classes. The Action classes interpret user selections,
instructions and input data and interact with and command
the DGI 27 to update application state objects, perform state

30



US 7,536,676 B2

13

validations. Also, based on application state objects and pro-
cess control objects in an application’s OPG, the OPGAC 28
instructs the DGI to associate the application state with the
next active operations. Performing these functions is similar
to running a traditional software application. The Form
classes implement standard Java Bean interface access to
OPG data objects and provide access to user input data for
evaluation by the OPGAC 2.

The OPGAWE 4 specializes the application session trans-
action control flow of the DMVC 26, making it possible for
users to modify the data display properties of an OPG appli-
cation window and make the changes persistent. From the
point of view of the OPG system 5, which functions as the
model component of the DMVC 26, storing display proper-
ties is the same as storing any other data properties. The
technologies incorporated in this exemplary embodiment
include: the Jakarta Struts WEB application framework, cas-
cading style sheets (CSS), dynamic hyper text markup lan-
guage (DHTML), Java Document Model (JDOM), Java
server pages (JSPs), and struts tiles.

The OPGAWE 4 extends both the controller component
OPGAC 28 and the view component OPGAV 29 of the
DMVC 26. The OPGAC 28 is extended in two ways. First,
functions were added to the OPGAC 28 to respond to requests
to activate the OPGAWE 4, as described above, from either a
builder window or a running application’s window. When the
OPGAC 28 receives a request for the OPGAWE 4, it instructs
the OPGAV 29 to create the dynamic real time OPGAWE 4
and to transmit it to the user’s Internet browser. In exemplary
embodiments, the OPGAWE 4 is aJSP that combines the user
event processor 31 written in JavaScript, the application win-
dow data elements, or data element style properties 32
encoded as CSSs and the OPGAWE 4 tool bar controls 33.
The JSP is compiled into a DHTML page and sent to the
user’s browser by the Internet application server. The other
extension to the OPGAC 28 is the user event processor 31
component of the OPGAWE 4. The user event processor 31 is
a logical extension to the OPGAC 28 in that it is not a direct
component of the OPGAC 28 and it is executed on the user’s
PC or other end-user computing device. The user event pro-
cessor 31 is a collection of functions that respond to user
events, such as mouse clicks and mouse movements, which
are detected by the user’s Internet browser and makes
changes to the definitions in the data element style properties
32.

The OPGAV 29 is also extended in two ways. First, the
special OPGAWE 4 JSP is included in the OPGAV 29. Sec-
ond, the data element style properties 32 encoded as CSSs and
the editor tool bar controls 33, which are components of the
OPGAWE 4, are logical extensions of the OPGAV 29 since
they perform view functions and execute on the user’s PC.

FIG. 16 depicts exemplary application data display prop-
erties that may be defined for every data element (complex or
elementary) displayed on an OPG application window. Each
data element has two components: name 34 and value 35 (the
exemplary embodiment depicted in FIG. 17 also identifies the
components of a data element on an OPGAWE window) and
each component has a set of display properties encoded as a
CSS strings. Examples of display properties 36 include:
height, length, position, color and font.

Display properties 36 are part of the persistent data defini-
tions in an application’s OPG 37. In exemplary embodiments
there are three sets of these properties: application, operation
and transaction, which are synthesized by the DGI into one
set for use by the OPGAV 29. The DGI 6 provides display
properties 38 and security constraints 39 stored in the OPG
application state data instances 37 for every primitive data
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element. Primitive data display properties include the posi-
tion on a display where an element will be rendered, the
length and height of the element, etc. Security constraints
include whether or not an element should be displayed or
whether or not it can be edited, etc.

Display and security properties can be defined at three
levels: Application, Operation and Application Instance, in
this exemplary embodiment. Application Instance properties
have the highest priority. If present, they supersede Applica-
tion and Operation properties. Operation properties have the
next highest priority. If present, they supersede Application
properties. Application Instance properties apply to applica-
tion data for a single instance of running an application.
Operation properties apply to all instances of running an
application but just within the context of a particular Opera-
tion. Application properties 43 apply within the context of an
application, i.e. to all instances of an application. The Display
and Security Property Synthesis function determines which
properties to use based on the current state (context) of an
application instance.

A user may add optional data elements or graphics, e.g.
lines and boxes, to OPG applications. The OPG system 5
provides an optional data structure for each window where
such elements can be made persistent. These optional ele-
ments can be edited in the same way that predefined OPG
application window elements are edited.

When a user edits an OPG application window, such as the
one depicted in FIG. 16, the changes are processed and dis-
played immediately in real time. User actions, such as mouse
clicks, moving the mouse while holding the left button down,
or clicking on a control element of the editor tool bar controls
33 such as the color pull down are received by the user’s
Internet browser as user events. The browser then invokes the
appropriate function(s) of the user event processor 31 to
handle the event. The user event processor 31 interprets the
event in the context of the user’s session, i.e. what the user has
already done. For example, ifthe user clicks on a data element
name or value component, the user event processor 31 will
interpret the event as a component selection. In response to
the selection, the user event processor 31 will change values
in the CSS of the selected component such that the selection
border will be erased, and change values in the newly selected
element’s CSS such that its selection border is shown, and it
will save a pointer to the selected element. The exemplary
embodiment depicted in FIG. 17 depicts the data value ele-
ment selected. Once an element is selected, editing functions
on the tool bar or resizing or moving actions can then be
applied to that particular element. The processing of editing
functions follows a common pattern. In each case, the user
event processor 31 converts user events to edit request func-
tions and modifies the data element style properties 32, which
causes the change to be displayed immediately.

As a user edits an OPG application window’s content, the
changes remain local to the user’s PC until they are made
persistent in the OPG application. The user can revert to the
window state that was last made persistent at any time, which
is essentially an undo function.

Data Visibility and Editing Properties Editor Functions

The data visibility and editing properties editor may be
accessed from an application display window such as the one
depicted in FIG. 11, or via an OPGAWE window such as the
one depicted in FIG. 13 via an icon on the far left (identified
on FIG. 13). Exemplary embodiments of the data visibility
and editing editor, such as the one depicted in FIG. 18, pro-
vide a tree style display of the data structures and elements
that are part of the transaction’s data at the active operation.
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Each structure has two sets of selection controls to the right of
its name. The first set has three check boxes labeled ‘d’, ‘e’
and ‘c’. The ‘d’ box controls whether or not the item will be
displayed on the application data display window and
OPGAWE window. The ‘e’ box controls whether or not the
item can be edited on the application data display window.
The ‘¢’ controls whether or not the child attributes of the item
are to be displayed. It only applies to data structures. The
second set has two selection icons labeled ‘0’ and ‘t’. The
selection icons switch from ‘+’ to ‘X’ when they are clicked.
The ‘+’icon indicates that the item does not apply and the ‘X’
indicates that it does. The ‘0’ selection indicates that the data
visibility and editing selection in the first set of controls only
applies within the selected operation, and the ‘t” indicates that
it only applies to the selected transaction. If neither is
checked, it means that the visibility and editing selections
apply to the particular data item throughout the application.

Data Visibility Editing Properties Editor Description

Exemplary embodiments include an instance of the
DMVC 26. The editor can be selected from a running OPG
application window or the OPGAWE window. As depicted in
FIG. 19, the editor includes a data visibility and editing prop-
erty editor view 38 component, which specializes the
OPGAV 29. The visibility and editing properties are boolean
properties of their associated data elements in the OPG appli-
cation. Using the editor, the properties can be changed and
made persistent in the OPG application.

The OPGAWE 4 and the data visibility and editing prop-
erty editor view 38 make it possible for application develop-
ers, users and design experts to tailor the visual aspects of an
application’s data display windows. The editors make it pos-
sible to rapidly develop and update an application’s user
interface during every phase of development to address
changing requirements. When the application is actually in
use, users and domain experts can change visual aspects of a
window and/or add to the data displayed by the application to
address specific needs. They can also add data elements to the
application’s persistent data. Changes can be made so that
they apply to all subsequent running of an application or to
just one instance of running one component of the applica-
tion. These run-time editing features extend the applicability
of'the OPG system 5 to domains where ad hoc changes to data
requirements are routine, such as the management of labora-
tory information. In all domains, users are able to interact
with the information systems they use to achieve a higher
level of utility.

Object Process Graph Application Program Interface (OP-
GAPI)

In exemplary embodiments, the OPGAPI 3 includes a
notation editor graph (NEG) 41 and a graph translator (GT)
43. These components are shown in the context of a complete
editing system in FIG. 20. The components are specifically
designed to provide the support functions required by the
OPGAE 2 described above. Other OPGAPIs for alternative
editors based on other notations, such as the Universal Mod-
eling Language (UML), are possible using the same imple-
mentation framework described for this embodiment.

The GT 43 and NEG 41 support the editing functions of the
OPGAE 2, which is described above. The notation editor
graphical model 39 is created by the OPGAE 2. In exemplary
embodiments, it contains the graphical software elements
required to render a graphical representation of an OPG appli-
cation on the user’s monitor.

An OPGAE editing session begins when a user selects an
application to edit. The selection causes the OPGAE 2 to
command the GT 43 to convert the application’s OPG 42 into
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aNEG 41. The initial conversion creates a partially populated
basic instance of a NEG 41 for the OPG application. Subse-
quently, as the user manipulates and changes the graphical
representation of the OPG application, the OPGAE 2 inter-
acts with the NEG 41 keeping it consistent with the user’s
view of the application, which includes adding and deleting
nodes and edges. When a user commands the OPGAE 2 to
save changes, the OPGAE 2 commands the GT 43 to convert
any changes made to the NEG 41 into updates of the persis-
tent OPG application. The OPGAE 2 can also command the
GT 43 to revert the NEG 41 to the last version that was made
persistent.

Both the OPG 42 and the NEG 41 are composite layered
graphs consisting of directed graphs that include a set of
directed graphs and a set of trees. Each node within the graph
belongs to both a directed graph and a tree. The directed graph
to which each node belongs defines its relationships with
other nodes within that graph. The tree to which the node
belongs defines the composition hierarchy to which it
belongs. A node may belong to multiple directed graphs as
well as multiple composition hierarchies. Unlike an OPG, the
NEG 41 is not persistent; special NEG elements needed by
the GT 43 to create a NEG 41 from an OPG 42 are persistent
in the OPG 42. The primary purpose of the NEG 41 is to
maintain the state of a particular editing session, and it only
exists during the life cycle of its associated session. As editing
proceeds, NEG components that correspond to the node and
edge components of an OPG 42 are instantiated or deleted.
NEG component functions are optimized for editor-oriented
functions. OPG component functions, on the other hand, are
optimized for interpreting (running) applications. In some
cases, the NEG 41 supports a simplified or more conceptual
view of a subgraph within an OPG 42, especially with respect
to data transformations and access to complex data structures.

OPG data nodes include detailed definitions of data
accesses to be performed, such as references to data struc-
tures. FIG. 21 shows an example of such a reference. In this
case, the OPG 42 includes a notation editor reference edge 44
that is ignored by the DGI, but is used by the GT 43 to
construct a conceptual reference from data node X to data
nodeY (i.e., a notation editor reference edge 45) in the NEG
41. The OPGAE 2 creates the notation editor graphical model
39 from the NEG 41 that renders a link between the data
structures of the correct type and in a color that identifies it to
the user 46. The notation editor reference edge 44 is persistent
in the OPG 42. Other graph elements that represent special
notation editor concepts are provided by the OPG 42.

The OPG 42 also has provisions for storing the display
properties of elements in the OPGAE notation editor graphic
model 39 in special structures within the OPG application.
The GT 43 moves the display properties between the graphs
as required during conversions. This makes it possible for the
OPGAE 2 to maintain the element arrangement of a graphical
representation of an OGP application from one editing ses-
sion to the next. Display properties include the size and shape
of a graphical element and its location on a composition
canvas.

The GT 43 ensures that the OPG 42 and the NEG 41 are
consistent each time a user saves changes made to the graphi-
cal model. It generates add, remove and update commands to
the DGI based on differences between the two graph struc-
tures.

The GT 43 insulates the detailed design of the OPG 42 and
the NEG 41 from each other. Thus, the affect of changes made
to either structure will normally be limited to the GT 43.
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The OPGAPI 3 can be used by other application systems to
generate, modify and delete OPG applications. It can also be
used to render OPG applications in other electronic forms,
e.g. HTML and/or XML.

The OPGAPI 3 functions are listed below in two groups,
those that are implemented by the GT 43 and those imple-
mented by the NEG 41. In general, the GT functions affect an
entire graph, whereas NEG functions affect an element or
subgraph of a graph. A brief description of each function and
any required parameters is included. Check functions are
provided that indicate if a function can be performed given the
current state of an application’s OPG or a subgraph of an OPG
42 and the OPG rules that apply to the function. This enables
aneditor to provide visual cues to a user. Name parameters are
defined with dot notation beginning with the application
name followed by node names in the OPG down to the node
ofinterest. The node structure of an OPG application and their
naming conventions are described in the Object Process
Graph System patent application. The following is an
example of a node name “payroll.department.employ-
ee.name.”

GT Functions (Affect an Application’s Total Graph)

Create Application (an Application Name)—Creates an
application and gives it the specified name. The application is
represented by an application node. Application names must
be unique on an OPG System.

Delete Application (an Application Name)—Deletes the
application specified by name. All of the nodes that are part of
the application are also deleted. Applications with a running
instance cannot be deleted.

Load Application (an Application Name)—Transforms the
named application into a NEG 41 that provides the functions
described below.

Save Application (an Application Name)—Saves any
changes made to the NEG 41 of the application as persistent
changes to its OPG 42.

NEG Functions (affect a specific process node, data node
or a subgraph)

Add Process Node (a Parent Node Name, a Node Name, a
Process Node Type)—Creates either a new operation or
report node as specified by the process node type and adds it
to the parent node’s set of process nodes. The parent node
must be a process node. The node name must be unique within
the parent’s process node set.

Can Add Process Node (a Parent Node Name, a Process
Node Type)—Determines if a process node of the specified
type can be added to the named parent. This function returns
a true or false answer.

Delete Process Node (a Parent Node, a Node Name)—
Deletes the named node from the named parent’s set of pro-
cess nodes. It deletes the node and all of its associated nodes
from the OPG 42 and all of its to and from edges.

Can Delete Process Node (a Parent Node Name, a Node
Name)—Determines if the named process node can be
deleted from the named parent’s set of process nodes. This
function returns a true or false answer.

Delete Data Definition Node (a Parent Node Name, a Node
Name)—Deletes the named node from the named parent’s set
of data nodes. It deletes the node and all of its associated
nodes from the OPG 42 and all of its to and from edges.

Can Delete Data Definition Node (a Parent Node Name, a
Node Name)—Determines if the named node can be deleted
from the named parent’s set of data nodes. This function
returns a true or false answer.

Add Data Definition Node (a Parent Node Name, a Node
Name, a Data Node Type)—Creates a data node of the speci-
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fied name and type. The data node may be a Composite Data
Node (a node with child nodes) or a Primitive Data Node (a
node that has no child nodes) if the named parent is a data
node. The data node must be a Composite Data Node if the
named parent is a process node.

Can Add Data Definition Node (a Parent Node Name, a
Node Name)—Determines if the named data node can be
deleted from the named parent node. This function returns a
true or false answer.

Modify a Node Property (a Node Name, a Property Name,
a New Property Value)—Set the value of the named property
of'the specified node to the new property value,

Can Modify a Node Property (a Node Name, a Property
Name, a New Property Value)—Determine if the value of the
named property of the named node can be set to the new
property value. This function returns a true or false answer.

Add Edge (a From Node Name, a To Node Name, an Edge
Name)—Creates a new edge with the specified name to the
from node’s set of out-pointing edges and adds it to the to
node’s set of in-pointing edges. An edge of one of the OPG
edge categories: process-to-process, process-to-data or data-
to-data, is created automatically based on the to and from
node types.

Can Add Edge (a From Node Name, a To Node Name, an
Edge Name)—Determines if a new edge can be added to the
from node’s set of out-pointing edges and to the to node’s set
of in-pointing edges. This function returns a true or false
answer.

Delete Edge (a From Node Name, a To Node Name, an
Edge Name)—Deletes the named edge and the ‘from’ node
and ‘to’ node references to itself.

Can Delete Edge (a From Node Name, a To Node Name, an
Edge Name)—Determines if the named edge and the “from’
node and ‘to’ node references can be deleted. This function
returns a true or false answer.

Modify an Edge’s type (a From Node Name, a To Node
Name, an Edge Name, an Edge Type)—changes the named
edge’s type to the specified edge type. The defined edge type
must be valid for the named edge’s category. The following
are valid edge types for each edge category:

Process-to-process edges

Unconditional display

Unconditional queue

Unconditional batch

Conditional display

Conditional queue

Conditional batch

Process-to-data edges

Create data

Data-to-data edges

Move data to

Get data from

Merge data

Split data

Retrieve data

Compute with

Join data

Can Modify an Edge’s type (a From Node Name, a To
Node Name, an Edge Name, an Edge Type)—Determines if
the named edge’s type can be changed to the specified edge
type. The defined edge type must be valid for the named
edge’s category. This function returns a true or false answer.

Modify an Edge Property (an Edge Node Name, a Property
Name, a New Property Value)—Set the value of the named
property of the specified edge to the new property value.

Can Modify an Edge Property (a Node Name, a Property
Name, a New Property Value)—Determine if the value of the
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named property of the named edge can be changed to the
specified new property value. This function returns a true or
false answer.

Exemplary OPG Application Development System (OP-
GADS) Creation Process

The following is a description of an exemplary process for
creating an OPGADS,; such system having been defined and
described above. Included is one embodiment of this process,
others are also possible.

Assuming the existence of an embodiment of an OPG
System 5 of which the OPGADS is to become a part, an initial
set of hardware/operating system platforms, programming
frameworks, database and/or file systems and display media
with which to build and run the OPGADS system are chosen.
These items selected must be the same as or compatible with
that used to build the OPG system embodiment. In one exem-
plary embodiment, the Windows XP operating system, run-
ning on Intel based computer hardware is utilized. In addition,
the Java programming language from Sun Microsystems, the
Eclipse Tools Platform from the Eclipse Foundation, the GEF
and Draw2D framework from the Eclipse Foundation, the
Jakarta Struts framework, Java Server Pages (JSP) and Cas-
cading Style Sheets (CSS) are also utilized to develop the
OPGADS system. This exemplary embodiment will execute,
with no programming changes, on a hardware platform thatis
executing Windows XP, Linux, Solaris 8, AIX, HP-UX, and
MAC-OSX operating systems. Note that the above operating
systems, application platforms and programming languages
tools represent just one possible configuration of develop-
ment and operational systems that can be used to create and
run exemplary embodiments of the present invention.

Using the summary and description of the invention above,
along with the accompanying figures, the three major soft-
ware components of the OPGADS can be implemented for
exemplary embodiments as described in the following para-
graphs. Other implementations are also possible. An
OPGAPI 3 should be implemented first since it is needed to
interface the OPGAE 2 to the OPG System 5. To do this, one
or more classes and appropriate class hierarchies are defined
that will encompass the functionality of the GT 43.

To implement the OPGAE 2, three groups of classes rep-
resenting the model, view and controller elements based on
the GEF and Draw2D frameworks are defined. FIG. 22
depicts an exemplary arrangement of these classes.

The OPGAV 29 component is represented by the Figure
class in FIG. 22 and is an extension of the GEF figure classes.
The Figure classes represent the notation of the domain to the
user. In the exemplary embodiment depicted in FIG. 22, the
view is implemented with five classes: DataFigure, Struc-
turedDataFigure, DataArrayFigure, StructuredDataArray-
Figure and StructuredoperationFigure.

The OPGADS controller component is implemented with
four sets of classes: Editor, EditPart, EditPolicy and Com-
mand. In exemplary embodiments there is a single Editor
class and there are five EditPart classes: DataPart, DataAr-
rayPart, StructuredDataPart, StructuredDataArrayPart and
StructuredOperationPart. In addition, there are three Edit-
Policy classes: ElementComponentEditPolicy, ElementCon-
tainerEditPolicy and ElementXYLayoutEditPolicy. Further,
there are five Command classes: AddCommand, Connection-
Command, CreateCommand, DeleteCommand and SetCon-
straintCommand.

The Model component is implemented with two sets of
classes: GraphicalModel and OPGModel. There are five
GraphicModel classes: Data, DataArray, StructuredData,
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StructuredDataArray, StructuredOperation classes. There are
three OPGModel classes: NetworkNode, NetworkLink and
UserNetwork.

In exemplary embodiments, and as described previously,
the OPGAWE 4 is implemented as an extension to the
OPGACV. This facilitates interfacing directly with running
OPG programs. The editor functionality of the OPGAWE 4 is
implemented by an editor class that is an extension of the
session action class of the OPGACYV. The editor tool bar is
implemented with CSS style sheets. The application data
display JSP’s and CSS style sheets of the OPGACV are
utilized to display the application’s data in the WYSIWYG
editor of the OPGAWE 4.

Finally, the OPG feature that enables users to define an
application frame within an OPG application window can be
implemented, in an exemplary embodiment, as follows. A
frame definition option is required in the OPGAWE 4 to
define a frame within a window. The user will define a file
type, which implies an application. At run-time, the user starts
the application by clicking on the frame, which will cause the
Internet Explorer browser to start the application. When the
user finishes with the program, the user can save an updated
file in the OPG database at a temporary location. OPG classes
and DGI functions can be implemented to perform these
functions. In addition, a small Java program must be imple-
mented to support this feature. The program will run on its
own thread and will periodically look for instructions in a
special OPG location that defines a user request to save appli-
cation changes. When it finds such an instruction, it moves the
associated file from its local OPG location to its original
source location.

Object Process Graph Description

OPG 37 is the definition component of the OPG System 5,
a complete application development and execution environ-
ment. Other components include a DGI that interprets or
executes applications defined by OPGs 37 and a graphical
user interface for creating and modifying OPGs 37.

Exemplary embodiments of the OPG may be considered a
computer language (it is Turing complete) that is interpreted
as the program is executed. An OPG 37 is stored in transient
and persistent computer memory. An OPG 37 can hold any
data structure, which includes, but is not limited to: relational
tables, hierarchical tables, n-dimensional data arrays, spread-
sheets, graphical models and 3-D physical models. These data
structures are not stored as blobs, which is common in rela-
tional database systems, but in special OPG structures that
reflect their original structure and internal relationships. OPG
process and control structures provide control over the order
and timing of persistent and transient data validation, trans-
formation and display within an application. OPG structures
can also define mathematical formulas, regular expressions
(in the case of textual data or mixed quantitative and textual
data) and complete algorithms. In exemplary embodiments,
the OPG 37 includes a graph structure. The graph structure is
dynamic, directed and cyclical, and defines an OPG applica-
tion. The graph structure may have at least one data node, at
least one process node, and at least one application state node.
The DGI, such as DGI 27, interprets the graph structure to
process and execute the OPG application. The DGI can act on
the graph structure by changing application state information
held in at least one application state node, where the applica-
tion state information includes one or more transient data
objects and persistent data objects. The graph structure may
be changed, while the graph structure is being interpreted by
the DGI.
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An application’s OPG 37 can be rendered on a computer
terminal or static output medium, e.g. paper. OPG data, pro-
cess and control structures displayed on an interactive
medium can be edited. Unlike traditional software develop-
ment systems, editing an application’s OPG 37 does not
generate code that must be compiled and installed. Instead,
changes are made and take affect immediately. Changes can
even be made while the DGI is interpreting (running the
application). The ability to safely change an application at any
time is desired for rapid development and the long-term main-
tenance of large, complex enterprise-wide application sys-
tems.

All application execution state information in an OPG 37 is
held in application state objects. The DGI acts on the OPG 37
by changing the application state information it holds. Appli-
cation state information can include any persistent data
object. A DGI may operate on multiple application states
concurrently, merging or splitting state information between
combinations of application state objects.

An OPG 37 maintains audit trail information for all persis-
tent and transient data changes in an application—at the
primitive data level. Audit trail information is readily avail-
able for display on a user interface, via display controls or for
further update and manipulation in an application’s process
and data flows.

Audit information defining changes made in long and short
transactions is maintained and tracked for all changes to the
persistent data of an application. Long transactions enable the
system to organize, control and track changes to all persistent
data. Such changes can take place over an extended period of
time (days or weeks) over many work sessions. Short trans-
actions, on the other hand, are made during a single user
session or interaction with the system. Long and short trans-
action information is immediately available for manipulation
and display within the application, via a system’s graphical
user interfaces. Tracking long transactions also facilitates
rollbacks to any point in a transaction and deletions of a
transaction (with audit trails) are automatically available via
the application interface. Control of access to all functionality
and data within the application by users is available through
the system interface. This includes separate access rights
(read, write, rollback) for each primitive data item defined as
part of an application for each user.

In addition to data entered or changed via a user interface,
an embodiment of the system also accepts input data to appli-
cation processes in any digital format from other systems.

Exemplary embodiments include a GUI. A GUI can enable
a user to specify the format of all input that is then automati-
cally parsed and used to update an application—adding to or
modifying persistent data in the database or transient data in
the application or display interfaces—at any point in the
application process.

Output data may likewise be created in any format from
any point in an application (for persistent or transient data),
using the inverse of the above process in various embodi-
ments. In some embodiments, external databases, such as
relational databases, may be registered with an application,
and all persistent data within the application may be stored in
or retrieved from such databases.

Embodiments of the OPG 37 component of exemplary
embodiments extend the basic functionality of traditional
graph object-oriented databases. Embodiments of the present
invention synthesize the functionality of dynamic process
elements and graph object oriented databases into a single
integrated system, which makes it possible to rapidly create
complete, complex enterprise wide applications without a
traditional programming language. An OPG 37 is directly and
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dynamically interpreted, therefore no code generation is
required. The ease of changing an OPG 37 and the immediate
feedback resulting from changes greatly simplifies maintain-
ing and changing OPG based applications.

Although the present invention has been described in con-
siderable detail with reference to certain embodiments, other
embodiments are possible. For example, different operating
systems, programming languages, and software architectures
may be used to practice embodiments of the present inven-
tion. Therefore, the spirit and scope of the appended claims
should not be limited to the description of the embodiments
contained herein.

As described above, the embodiments of the invention may
be embodied in the form of hardware, software, firmware, or
any processes and/or apparatuses for practicing the embodi-
ments. Embodiments of the invention may also be embodied
in the form of computer program code containing instructions
embodied in tangible media, such as floppy diskettes, CD-
ROMs, hard drives, or any other computer-readable storage
medium, wherein, when the computer program code is loaded
into and executed by a computer, the computer becomes an
apparatus for practicing the invention. The present invention
can also be embodied in the form of computer program code,
for example, whether stored in a storage medium, loaded into
and/or executed by a computer, or transmitted over some
transmission medium, such as over electrical wiring or
cabling, through fiber optics, or via electromagnetic radia-
tion, wherein, when the computer program code is loaded into
and executed by a computer, the computer becomes an appa-
ratus for practicing the invention. When implemented on a
general-purpose microprocessor, the computer program code
segments configure the microprocessor to create specific
logic circuits.

While the invention has been described with reference to
exemplary embodiments, it will be understood by those
skilled in the art that various changes may be made and
equivalents may be substituted for elements thereof without
departing from the scope of the invention. In addition, many
modifications may be made to adapt a particular situation or
material to the teachings of the invention without departing
from the essential scope thereof. Therefore, it is intended that
the invention not be limited to the particular embodiment
disclosed as the best mode contemplated for carrying out this
invention, but that the invention will include all embodiments
falling within the scope of the appended claims. Moreover,
the use of the terms first, second, etc. do not denote any order
or importance, but rather the terms first, second, etc. are used
to distinguish one element from another.

What is claimed is:

1. An object process graph (OPG) application development

system, the system comprising:

a computing device, computer memory, and a user inter-
face including a user interface screen;

an OPG application program interface (API), the OPG API
providing access to functions of an OPG system, the
OPG system comprising:

a graph structure stored in the computer memory for defin-
ing an OPG application, the graph structure including
process and control elements for control over an order
and a timing of data validation, transformation and dis-
play, and the graph structure being dynamic, directed
and cyclical; and

an interpreter for interpreting the graph structure absent
code generation to process and execute the OPG appli-
cation on the computing device;
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an OPG application editor for facilitating creating and
editing of one or more of the OPG applications via the
OPG API,

an OPG application window editor for facilitating graphi-
cal editing of OPG application user interface windows
via the user interface while one of the OPG applications
is running on the computing device; and

an OPG application notation that includes a plurality ofkey

words and associated definitions for describing and
defining the OPG applications.

2. The system of claim 1, wherein the OPG API provides
interface functions that enable the OPG applications to
dynamically interact and exchange information with other
systems.

3. The system of claim 1, wherein the OPG API provides
functions that dynamically render represent persistent OPGs.

4. The system of claim 1, wherein the OPG API updates
persistent OPGs as corresponding graphical software models
are updated, and further wherein the updated graphical soft-
ware models are displayed on the user interface screen.

5. The system of claim 1, wherein the OPG application
editor includes an editor graphical model interface that uti-
lizes the OPG API to render graphical software models that
correspond to persistent OPGs, the OPG API comprising a
notation editor graph (NEG) and a graph translator (GT), the
OPG application editor commanding the GT to convert one of
the persistent OPGs into the NEG.

6. The system of claim 1, wherein the OPG application
editor includes an editor viewer for rendering graphical soft-
ware models on the user interface screen that correspond to
persistent OPGs, wherein the graphical software models
include one or more of graphic symbols, icons, lines, pictures,
text, images and window control elements.

7. The system of claim 6, wherein the OPG application
editor includes an editor controller for transforming user
input requests to move, add, delete and update components of
the graphical software models rendered from the persistent
OPGs into editor graphical model interface function requests
that cause the editor viewer to update the graphical software
models and the OPG API to update the persistent OPGs.

8. The system of claim 7, wherein the editor controller
responds to user selections and inputs from a keyboard,
mouse or other input device based on a position of a display
cursor over window control elements displayed on a set of
workspace views rendered by the OPG application editor and
a type of window control element.

9. The system of claim 8, wherein the workspace views
include one or more of a palette view for displaying graphic
components that can be selected for inclusion in the graphical
software models, a component view for displaying a graphic
representation of an OPG or sub-graph, an application navi-
gator view for displaying a tree view of an OPG, a repository
view for listing repository files containing OPGs, a property
view for displaying property names and values of OPG graph
nodes and edges, and a component outline view for display-
ing a tree view of the graphic components of a graph compo-
nent selected and displayed on a component view.

10. The system of claim 1, wherein the OPG application
window editor includes window editor control components
added to and integrated with an OPG controller-viewer.

11. The system of claim 10, wherein the window editor
control components display editor selection controls on OPG
application data display windows that enable a user to select
either the OPG application window editor or an application
window’s data visibility properties editor while a correspond-
ing OPG application is running.
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12. The system of claim 1, wherein the OPG application
window editor provides a What You See Is What You Get
(WYSIWYG) style editor that enables users to immediately
see the effect of changing, adding or deleting data window
display elements on application data display windows.

13. The system of claim 1, wherein the OPG application
window editor makes application data display window dis-
play elements selectable, moveable, editable and deletable,
wherein the window display elements include one or more of
window controls, text boxes, labels, text editors, lines,
shapes, pictures, images and icons.

14. The system of claim 1 wherein the OPG application
window editor displays an editor tool bar containing a plural-
ity of editor controls that enable users to apply editor func-
tions to selected application data display window elements
including adding or deleting elements, changing text proper-
ties, resizing and repositioning elements, and changing the
color of elements.

15. A method for developing an object process graph
(OPG) application, the method comprising:

receiving a command specifying an element in a graph

structure, wherein the graph structure is a computer pro-
gram,

the graph structure stored in computer memory for defining

the computer program as the OPG application,

the graph structure including process and control elements

for control over an order and a timing of data validation,
transformation and display, and the graph structure
being dynamic, directed and cyclical, the graph structure
interpreted absent code generation by an interpreter to
process and execute the computer program on a comput-
ing device; and

modifying the graph structure of the computer program in

real time in response to the command, while the com-
puter program is running.

16. The method of claim 15 further comprising displaying
a graphical representation of the computer program on a user
interface screen, wherein the command is received via a user
interface input device.

17. The method of claim 15 further comprising displaying
a graphical representation of the modified computer program
on a user interface screen.

18. The method of claim 15 wherein the modified computer
program is utilized by all transactions subsequently pro-
cessed by the computer program.

19. The method of claim 15 wherein the modified computer
program s utilized by selected transactions subsequently pro-
cessed by the computer program.

20. The method of claim 15 wherein the modified computer
program is utilized by a transaction currently being processed
by the computer program.

21. The method of claim 15 wherein the element includes
one or more of a component, and a link.

22. The method of claim 21 wherein the component
includes one or more of an application component, a process
component, a data structure component, a data structure array
component, and a primitive data component.

23. The method of claim 15 wherein the command speci-
fies one or more of view the element, add the element, modify
the element and delete the element.

24. The method of claim 15 wherein the computer program
is executing concurrently with the receiving and the method
further comprises displaying output from the computer pro-
gram via a user interface screen.

25. The method of claim 24 further comprising displaying
output from the modified computer program via the user
interface screen.
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26. A method for developing an object process graph
(OPG) application, the method comprising:

creating a computer program as a graph structure, the graph
structure stored in computer memory for defining the
computer program as the OPG application, the graph
structure including process and control structures pro-
viding control over order and timing of persistent and
transient data validation, transformation and display,
and the graph structure being dynamic, directed and
cyclical, the graph structure interpreted absent code gen-
eration by an interpreter to process and execute the com-
puter program on a computing device;

displaying a graphical representation of the graph structure
on a user interface screen;

receiving a command specifying an element in the graph
structure;

modifying the computer program in real time in response
to the command;

updating the graph structure in response to the command;
and
displaying a graphical representation of the updated

graph structure on the user interface screen.

27. The method of claim 26 wherein the graph structure
maintains audit trail information for all persistent and tran-
sient data changes at a primitive data level.

28. The method of claim 26 wherein displaying the graphi-
cal representation of the graph structure and the updated
graph structure is via one or more of an OPG application
editor and an OPG application window editor.

29. The method of claim 26 wherein the modifying is via
one or more of an OPG application program interface and an
OPG application window editor interfacing with an OPG
system comprised of the graph structure and the interpreter.

30. A computer program product for developing an object
process graph (OPG) application, the computer program
product comprising:

a storage medium readable by a processing circuit and
storing instructions for execution by the processing cir-
cuit for performing a method, the method including:

receiving a command specifying an element in a graph
structure, wherein the graph structure is a computer pro-
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gram, the graph structure stored in computer memory for
defining the computer program as the OPG application,
the graph structure including process and control ele-
ments for control over an order and a timing of data

5 validation, transformation and display, and the graph

structure being dynamic, directed and cyclical, the graph
structure interpreted absent code generation by an inter-
preter to process and execute the computer program on
the processing circuit; and

10 modifying the graph structure of the computer program

in real time in response to the command, while the
computer program is running.

31. A computer program product for developing an object

process graph (OPG) application, the computer program

15 product comprising:

a storage medium readable by a processing circuit and
storing instructions for execution by the processing cir-
cuit for performing a method, the method including:

creating a computer program as a graph structure, the graph
structure stored in computer memory for defining the
computer program as the OPG application, the graph
structure including process and control structures pro-
viding control over order and timing of persistent and
transient data validation, transformation and display,
and the graph structure being dynamic, directed and
cyclical, the graph structure interpreted absent code gen-
eration by an interpreter to process and execute the com-
puter program on the processing circuit;

displaying a graphical representation of the graph structure
on a user interface screen;

receiving a command specifying an element in the graph
structure;

modifying the computer program in real time in response

35 to the command;

updating the graph structure in response to the command;
and
displaying a graphical representation of the updated
graph structure on the user interface screen.
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