AUTOVATED ENTERPRI SE SOFTWARE DEVELOPMENT REFERENCE TO RELATED APPLI CATI ON
The present application clains the benefit of U S. Provisional Patent

Appl i cat iwo 2bio/o4561/ 251, 420, filed COctober 14, 2009, whese/1Braeb@ssre is
hereby incorporated by reference in its entirety into the present

di scl osure. FIELD OF THE | NVENTI ON This invention relates generally
to nmet hods and systens for automated enterprise software devel opnent.
Specifically, it relates to nmethods and systens for automating conputer 10
sof tware devel opnent process in connection with gr aphi cal nodel i ng
approaches. BACKGROUND OF THE | NVENTI ON B ﬁ gs rely on

i ncreasi ngly sophi stAWEQMATERENHRRIZE 38 %’gﬁﬁ%l rinternal operation and
provi de goods and services to their clients and custoners The

devel opnment, depl oynent, naintenance, and updating of enterprise |evel

sof twar e hag; e ErLReRELATEDlAPPOICAITON Out al nost al | busi ness processes.
Traditional I'y, software devel opnent invol ves extensive nanuah%ﬁ%glﬁng and
testing. As softwaTie pesapirekéation dlains babmaefit of BSsProyigenat FasALA PP appr oach
Is not idealg zz'?f‘b%rfﬁéd é&ob%PM VR & BRRlsHEALd ORSebR i orpatial byreompti ised of
mllions of I'Nés mput'er” code and have traditionally required teans of
progr amer s @&h@wm@?wseﬁtéﬁ@s“% create, test, and debug. To 20 inplenent a
system a pr@agipoEImISYENHON a chore of repeti ti ve codi ng. The software
code generated by this nmanual nethod is prone to co % {i (grpnsand manual
testing may be i na@eeiraon wlaspyaprall) tp B YSIHR Fos *The

resul ting sof hyar &v&&ﬁ%@@pé@ﬂcalﬁz}ﬂm@dtd@ td radoeiat aﬂdugmmsmatautola@tslecqjmmlteuptl on of

servi ces and’Sf reat economn ¢ | Qsses. d MBD
met hodol &¢)i 9 g@%@V@P@?@@BﬁO%@ﬁd‘f SoRepen "Pﬁ‘&f B%Eaﬁ é“"?‘gﬁ@é@%gg sf)f t w?elr e

devel opnent piogeROUNBIOIERTHRINWENDENS i n the sof tware application pr ocess
before codi ng. A nodel serves as bl uepri @nc ét [(Mee Odrg%géc

careful ly construc@éﬂfl%@lfpﬂé?éﬁdﬁﬁlﬁcr?aﬁ %SO{P SNy for '8 so vvare
devel opnent ﬂfeﬁiaﬁfﬁ&ratﬁm&h&ﬁ@ﬁ& go@dsas@aarveestthmeubmtsraeds@stﬁmﬁ@t%nal ity is

conpl ete and correct ser._.needs AR PR AR 88 HaEbnRUPPOT T S
requi r enent s4 W@PP”?B%ﬁCQE)WFI# Bt us’taﬂcgg gatmgté){:%lrl t; “ext endi bi | | ty, and

ot her 30abkar as@é;naemtcsdany:&talbeﬁt@tléuamwlpéwwﬂsat| on in code.. Inplenmentation in

code after the facty, fm%?'sgﬂwéfe dééabl@ﬁénﬁﬁmfo%d@&@mmkamg cotangesstadif f i cul t
and expensive. MBD allows verificati

sof t war tion at the
nodel | evel Anepiiad oeeRex BRSNS “8&“1% %]lua 8%p&°a°h ® “i%}b%ﬁﬁ%lﬁgp? %ol s also
make it poss k&du@retapplmtﬁhb’oblrd ﬂsﬁ‘all& calesisgiof afitiors ofipas @f cpmpiggaddestd ke desi gn
requirement. ﬁ‘g“"ngg’ﬁqu“% teanms ok%ro %arﬁag&ﬁg&e&%l td cReafd, (Ot %ﬁ@ﬁéﬁﬁ’é toanguage

for visualizf tructing, and docurrentll ng the artifacts
of a sof tagar ﬁnpleﬂﬂe&trmlst@l,gymg@mneflm@t face a chore of repetitive coding. The Software ¢

generated by this manual method is prone to contain error, and manual testing may be inadequate

to cover all possible user scenarios. The resulting software product may contain latent bugs that

cause disruption of services and great economic losses.

Model-Based Development (MBD) methodologies have emerged that shift ‘Fhe focus
25 .of the software development process. Modeling happens in the software application process
before coding. A model serves as blueprints in software development. A carefully constructed
model can help those responsible for a software development project's success to assure that
business functionality is complete and correct, end-user needs are met, end program design
supports requirements for scalability, robustness, security, extendibility, and other ’

30 characteristics, before implementation in code.. Implementation in code after the fact of design
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UML offers a standard way to wite a systenmi s blueprints, including
conceptual things such as business processes and system functions as well
as concr eve 2hivmgss4such as progranm ng | anguage st at enerCs/IBziad/adzese
schemas, and reusabl e software conmponents. TABLE 1 presents a |ist of
standard UML el ements. 10 TABLE 1 STANDARD UML ELEMENTS El enent Properties
Standard UML Stereotype Package Nanme Interface Name Abstract O ass Nane
Abstract Attribute Miltiplicity Nane Type Initial value Final

usuzlly renders making changes difficult and expensive. MBD allows verification of the

software specification at the model level and reduces the amount of manual coding. Modeling

tools also make it possible to visualize a design and compare 1t against the design requirement.
The Unified Modeling Language (UML) is a graphical language for visualizing,

5  specifying, constructing, and documenting the artifacts of a software-intensive system. The
UML offers a standard way to write a system's blueprints, including conceptual things such as
business processes and system functions as well as concrete things such as programming
language statements, database schemas, and reusable software components. TABLE 1 presents a
list of standard UML elements.

10
TABLE 1 STANDARD UML ELEMENTS

Element Properties Standard UML Stereotype
Package Name
Interface Name Abstract
Class Name Abstract
Attribute Name Final
Type
TInitial value
Multiplicity
Method Namse
Parameters
Return type

Relation: Realization | Realized Interface

Relation: Inheritance | Inherited Class (Super Class)

Relation Type:
Simple/Ageregation/Composition
Role

Symmetric Role

Cardinality

Navigability

Automatic code generation (ACG), but not application generation, has also become
available to the enterprise software development process. ACG gives an engineer the
15  opportunity to focus on the high-level design issues and on better understanding of the business

process. ACG can bring enterprise software to market faster, but cannot pull the entire

2



Met hod Nane Paranmeters Return type Relation: Realization Realized
Interface Relation: Inheritance Inherited Cass (Super Class) Relation
Type: Si mpbebfiggsegati on/ Conposition Role Symmetric Rol ecCaBziiioed2087y

Navi gability Aut omati ¢ code generation (ACG, but not application
generation, has al so becone available to the enterprise software

?ﬁgeL?gﬂ?révg{og:zfgnAfgggggezngnoﬁngineer the 15opportunity to focus on
( _ etter understandi ng of the business
pLFfefﬁé Qﬁfﬂfgn grlrgch;erpilse ﬁoftmare to market faster, but cannot
Phe. i nt or  acevlanisndizeaeroGhgBHERTS I FF PR ELer ] RorpoNaRre S The ACG.
]P:)?C ZS 2 pgi IU fatlhéc Mg&?ﬂ%?&lﬁ@ﬁgr@dﬂ TALIA 0GBiceds wodly coeprereinevtomiied cofegsd®aloret a- dat a
that reads meta—dagae o rﬁgm icRakk ge@i@x?ed%gt%rrg GRLLALAS Sl iveuencode in a
specified programming language. An automatic code generator may also bes used to capture
5  knowledge a;nd business rules for enterprise software applications and generate the millions of
lines of codes in a short amount of time in any desired computer language and for any platform.
The process of ACG makes a software development project more agile. A change in
implementation can be treated as & different rendering of the same meta-data. Once a potion of
the source code is generated, a programmer is then free to fill in the gaps that are left by the code
10  generator, and to concentrate on the parts of the system that matter. This improves development
speed and reliability via code generation process.
Service Oriented Architecture (SOA) is an architectural approach for constructing
complex software-intensive systems from a set of universally interconnected and interdependent
building blocks. SOA is used to build applications out of software services. Services are
15 intrinsically unassociated units of functionality, which have no call to another service embedded
within them. These software services typically implement functionalities a human would
recognize as a service, such as filling out an online application for an account or viewing an
online bank statement. Instead of having services with embedded calls to cach other in their
source code, SOA defines protocols which describe how one or more services can communicate
20  with each c;ther. A flexible, standardized architecture is required to better support the connection
of various applications and the sharing of data. SOA unifies business processes by structuring
large applications as an ad hoc collection of smaller modules called services. These applications
can be used by different groups of people both inside and outside the company, and new
applications built from a mix of these services from the global pool exhibit flexibility and
25  uniformity. Building all applications from the same pool of services makes achieving this goal
much easier and more deployable for affiliate companies. This architecture can help business
respond more quickly and cost-effectively to changing conditions and it promotes reuse at macro
level service level rather than micro class level.
, It would be beneficial and desirable to have a streamlined enterprise software
30  development tool that incorporates portions of these past methods to provlide a graphical

- modeling.and design tool, automate most or all of the coding, and has a framework of reusable



speci fied programm ng | anguage. An automatic code generator nmay al so be
used to capture 5 know edge and business rules for enterprise software
appl i cat iwooandsgenerate the mllions of |ines of codegcirnBziebios7 anount
of time in any desired conputer |anguage and for any platform The process
of ACG makes a software devel opnment project nore agile. A change in

i npl enmentation can be treated as a different rendering of the sane

net a-data. Once a potion of the source code is generated, a programrer is
then free to fill in the gaps that are |left by the code 10 generator, and
to concentrate on the parts of the systemthat nat%er. Thlstjgproves

devel opnent copmedicamdsaratss fisi aitgesiceepgiion gEHErA P GRS PP LR

Service O i entefyAl&dis heRdowh §robsdER) autcnadenlf potiicingetsefivake sapeiadiit f or
constructing conpl ex software-i nsi ve t r BSetpPlxatipieyver sal |y
i nt er connec W EFPTIHEA gﬁ@ﬁﬁéﬂ{5%%??%F§§56$%§E§?%%%%?§§Iﬁgid ?B bui | d
appl i cat i OnShepikre @hduso frvasyergep vesim sulisdpianeauighlpappEeafion Pyl 04 | y
unassoci at e, i3 ¢ QliLUNCLLANAk hYsesthlioRh DBY Borigieab pakincmntshbise ser vi ce
enbedded Wi t hi i them These sof tware Services fypica LY L&l Q%ﬁpn
functi onal i tdees, dathitareas 2ubintedrepdehrgh Poees e S?"%@%E’f‘%ae,ew'suc% asqﬁ i ng out
an online appldpadntanis i@rediRedctRu, gaEratikinginiepgtiamndprpduaiéontineiie Syteat ement .

| nst ead of having zgrviges mﬁ%%iquﬁgggﬁscalls to each other in their
source code,“"%& YeEs 758 ccﬁlp%)f”o%o 3 I'ch describe how one or nore services
can conmuni cate 20 wth each other. A flexible, standardized architecture
is required to better support the connection of various applications and
the sharing of data. SOA unifies business processes by structuring |arge
applications as an ad hoc collection of smaller nodul es called services.
These applications can be used by different groups of people both inside
and outside the conpany, and new applications built froma mx of these
services fromthe global pool exhibit flexibility and 25 uniformty.
Building all applications fromthe sane pool of services nakes achieving
this goal nmuch easier and nore deployable for affiliate conpanies. This
architecture can hel p business respond nore quickly and cost-effectively to
changi ng conditions and it pronotes reuse at nacro | evel service |evel
rather than mcro class |evel. It would be beneficial and
desirable to have a streanlined enterprise software 30 devel opnent too

that incorporates portions of these past nethods to provide a graphical
nodel i ng, and design tool, automate nost or all of the coding, and has a
framewor k of reusable conmponents and services that facilitates the
generation of customenterprise applications. Currently, there is no known
process for automatically producing a software application that designs,
generates, and integrates all the elenents of an executabl e application.
For exanple, there are products that may create a design outline for an
execut abl e application, but will not 5 then create the el enments specified
in the design, such as the user interface, persistence (database design,
data storage and data transfer) and processing steps to nane a few. The
current invention acconplishes this desired need, of design, generation,
integration and production in one system which need has not been provided
in prior systenms. SUMVARY OF THE | NVENTI ON It is therefore an

obj ect of the invention to provide such a tool. To achi eve the above and

ot her objects, the present invention presents a nethod for generating a

sof tware application which conprises the steps of: nodeling a business
process in a graphical design tool; creating at 5 | east one LTM. nodel to
formal i ze the described processes by using one or nore state diagrans to
represent the nodel ed busi ness processes, and one or nore class diagrans to
represent data nodels and to represent predeterm ned business rules that
are applied to the descri bed business precesses; validating at |east one
UML nodel by detecting syntax errors using a predeterm ned syntax, in order
to validate either at |east one state diagramor class diagram or

conbi nation 10 thereof; and transform ng at |east one validated UVL nodel
into netadata that is used to generate functional and non-functi onal
aspects of the software application. In one aspect of the present
invention, the transform ng step includes generating the




sof tware application. I n anot her aspect of the present
invention, the generated software application is 15conbined with

pr e- exi stwogoitidasani es. I n anot her aspect of thecpnBzrobo203wenti on,
the generated software application is conbined with manually witten code.
I n anot her aspect of the present invention, the nmetadata includes one or
nore application code, or constraint nodels, or automate files, or

docunment ation, or sonme conbination 20 thereof. I n anot her aspect of
the present invention, the generated application includes a predefined set
of functional requirenents. I n anot her aspect of the present

invention, tNBIYeR¥QE EHEANEENEEY on i ncl udes a predefined set of

non-functional req ts. i f @Btbdvavent i on,
t he predefined seti’é tﬁeﬁe e Ob&‘?czogﬁhg%?%%ggor%%% ﬁsCh?ﬁ%oFEgaaﬁfgcgrl ta

managenent , aod othoabicdaltanormbinvepfonramsecriim %ﬁ&@&%ﬁﬁ" &P SRPOEHO

f[ Rte(rare](c) ?C es, \ﬂﬁch%mﬁfﬁ?slesechfﬂep% or: Hdelr!léhﬁg 4@k geidsstlh Egrafifical desigs DOiRcredinditnat i on
anot her aspe ent. i nven

Step. | ol ddssaaaP NG MR S Fry L 1 EoTEb e tre: T g I bpdusuigaAener ot i nd

301 n anot her appest thofodehed bpi@senicessdayad bion mOIGIw@SSrr’eethmd tof reﬁ’fﬁsﬁlérda‘? ncl udes

the step of de the. t dil CAt1-OMatll PRROS f degtrib@Phaydent t ool
490. BRI EF ‘B@%Jéﬁ}/dﬁ‘i‘% se&:pr%—i%ﬁ%\w 3 af‘;gr aefera?%d embodi ment. wil . be set
Y;

forth in detmedessvi thidetint erlesicame DNLrrdeldhy-ARIeRES SYA SHhpfF BYPE R actoiied 5
schematic di ggram Qier &Vv2820 MR EdleEiRRPHALE Higer@n i doedtaty, oSfelnaini s a

schemati ¢ di agram of an exenp | ar
schemat i 40 di BgFArAS RGNS ¢ eé‘ﬁ@%”@ﬁlsa\é\ﬁm%r vdeeg %rrg\}%?g%%% usngﬂIOSG a4 is a

fl ow chart ofenéritefigetesahd pndoessalotredevishopinge aprbetier pri se software using
the preferred e nbo‘iin &qup’ect of the present invention, the transforming step includes generating the

‘p

software application.

In another aspect of the present invention, the generated software application is

15 . combined with pre-existing libraries.

In another aspect of the present invention, the generated software application is
combined with manually written code.

In another aspect of the present invention, the metadata includes one or more
application code, or constraint models, or automate files, or documentation, or some combination

20  thereof.

Tn another aspect of the present invention, the generated application includes a
predefined set of functional requircments.

In another aspect of the present invention, the generated application includes a
predefined set of non-functional requirements.

25 Tn another aspect of the present invention, the predefined set of non functional
requirements includes security management, or load balancing, or transaction management, or
user interfaces, or a skeleton to build the algorithms cn, or some combination thercof.

Tn another aspect of the present invention, the generating step includes adding
manually written code to the generated application.

30 In another aspect of the present invention, the method further includes the step of
deploying the target application by means of a deployment tool 490.
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FIG 5 is an exenplary Palnyra UML Designer File nenu; 10FIG 6 is an
exenpl ary Pal nyra UML Desi gner provides additional nmenu options; FIG 7A is
an exanplwoabiianas@aunerati on class; FIG 7B i s an exanplreTaB2o/idopeNane
class; FIG 7C is an exanple of a Dynam eTypeNane class; FIG 7D is an
exanpl e of an Attribute class; 15FIG 7E is an exanple of a Controller
class; FIG 7F is an exanple of ActionEnunerationC ass; FIG 8 is an

exanpl e of a Constrainable class; FIG 9A is an exanple of an Entity class;
FIG 9B is an exanple of a Conposite class; 20FIG 9C is an exanple of a
Macro class; FIG 9D is an exanple of a Controller class; FIG 10

i s an i nt er fRRIBF DESEBIRIIMNLDIATHE PEAWNGht er f ace, Abstract Val ue Interface,
Storage Interface, Historicized |nter - - ' Byra@fngt, keSE
interfaces; ND. 11A@F&RSI FRY %f’tl%ﬁlgﬁ%ﬁ%ﬁé}nﬁ%&gﬁ%;%g%ﬁ%%ar ch” that is
regi stered iwhidihe 25 use case "UCAgency;" FIG 12A is an exenplary Pal nyra

class di agram t hat Qe aneldal&uldior isaetgng oihaghandiomiaar d FI G
12B is an exenpl aré&a_ nyra use _case di agr am vr\l/lezgrk%mylxgomentt.hree steps; FIG
13A illusirates cr Bt 2irg spemeisnere FRCHR PG B T a gerer at i on t ool :

30FI G 13B il ustr aies igaBematd darepifinhstiasichgt-Ratenyviorgener at i on t ool ;
FI G . 13C illustrat gﬁ}acr o cga%{ é’étk%%%nera .ofe!as cif%ev‘é’@ﬁiqg 5 &tﬁﬁ@e _scﬁtd/iaie_uélﬁg renove
services, the butt Bifi t°d “SErVi'cés™ applies the nodifications in the
sel ect ed Eartnd prbfegred embodiment; :
FIG. 5 is an exemplary Palmyra UML Designer File menu;
10 FIG. 6 is an exemplary Palmyra UML Designer provides additional menu options;
FIG. 7A is an example of an Enumeration class;
FIG. 7B is an example of a TypeName class;
FIG. 7C is an example of a DynamicTypeName class;
FIG. 7D is an example of an Atiribute class;
15 ’ FIG. 7E is an example of a Controller class;
FIG. 7F is an example of ActionEnumerationClass;
FIG. 8 is an example of a Constrainable class;
TIG. 9A is an example of an Entity class;
FIG. 9B is‘an example of a Composite class;
20 FIG. 9C is an example of a Macro class;
FIG. 9D is an example of a Controller class;
FIG. 10 is an interface class containing Velue Interface, Abstract Value Interface,
Storage Interface, Historicized Interface, and the hierarchy of these interfaces;
TIG. 11 shows the action handler “AgencyCommandSearch” that is registered in the
25 usecase “UCAgency;”
FIG. 12A is an exemplary Palmyra class diagram that deamonstrates the use case
diagram wizard;
FIG. 12B is an exemplary Palmyra use case diagram wizard with three steps;
FIG. 13A illustrates creating new application using Palmyra generation tool;

30 FI1G. 13B illustrates generation options using Palmyra generation tool;



FIG 13D illustrates configurations options using Palnyra generation tool;
FIG 14 illustrates the nain steps of the automatic generation process;

5FI G 15Avolbustssaties an exanpl e of Relation One to OnepcCiElB2010/6B037
illustrates an exanple of Relation One to N, FIG 16 illustrates an exanple
of relation with interface; FIG 17 illustrates an exanple of an instance
of inheritance; FIG 18 illustrates an exanple of the user interface of the
Menu Editor Tool; 10FIG 19 illustrates an exenplary screen of Pal nyra

l ogin screen; FIG 20 illustrates an exanple of the entity authorization
process; FIG 21 illustrates an exanple of the servicge autharization
process; FIG 22A FIG Lp§tifatrates sermendSedteph Hiigh sassdrd 391 P MBI RBAET™: Fi G 228
iIlustrates ;an exeapd A iRo! e e dlifiddioglin thd Seb@ EQZE; i | [ ustrates an
exenpl ary Securityhem s Roles U del ;. FI G itk . .an exanpl e of
UML nodel of the WW%‘PW&PE%’?@?%%“&“NE?HS options usu}g%%l&{ylafgﬁ‘ e}r{u?%?tg 113 at es agp
exanpl e of how an gppld Cadbenthacdostieis nfiht puamipgc prerEnpPedssenbodi ment

integrates and conguni gales W fbh, difd $reRtodBRLS G5, FIG 25 illustrates
the architecture o '?1%‘6‘%1§S§r€t\§gm&iaﬁ apfllostracto and where the Input and 20Qut put

Devices fit into tHiG18ydpenes Peamprpl RIS an overvi ew of the

Mappi ng process; Fifg. 1@8udtlalctmtckaipsofanatex afpinerfafe; confi guration of

Mapping; FIG 27 illustrates in %gp?%igla t he c?%ﬂﬁl%ﬁﬁn&f Mappi ng converters;
C

FIG 28 illustrateE S BREHST & B WorT ct L ow engi he and how it nmanages

the states 25 in t BE.syRbenes &l cGmofiticves tntafeeao e &Tege REPA % chi t ect ur e
of the Report Wi t%f?- 15111%m§9aﬂéxgr}¢ﬁ&r§%&ﬁoﬁﬂ&lﬁﬂbgnmeﬁods defined in the

Val ue I nterface of Package ] o .
TIG. 20 illustrates an example of the entity authorization process;

| FIG. 21 illustrates an example of the service authorization process;

FIG. 22A illustrates an exemplary Securityltem UML Modf;l;

FIG. 22B illustrates an exemplary Policies UML Model; '
15 FIG. 22C illustrates an exemplary Securityltem's Roles UML Model;

FIG. 23 illustrates an example of UML model of the View Format Service;

FIG. 24 illustrates an example of how an application according to the preferred

embodiment integrates and communicates with different platforms;

FIG. 25 illustrates the architecture of the system in abstract and where the Input and
20 Output Devices fit into this system;

FIG. 25 ijllustra‘ces an overview of the Mapping process;

FIG. 26 illustrates an example of configuration of Mapping;

TIG. 27 illustrates in detail the process of Mapping converters;

FIG. 28 illustrates an example of the workflow engine and how it manages the states
25  inthe system;

FIG. 29 illustrates the general architecture of the Report Writer;

FI1G. 30 illustrafes the main methods defined in the Value Interface of Package

com.palmyra.arch.basicStruct.data; ‘

FIG. 31 illustrates the Collection class implemented in
30  com.palmyra.arch.basicStruct.data package;

PIG. 32 illusirates the composition of Classe;



com pal nmyr a. arch. basi cStruct . dat a; FIG 31 illustrates the
Col l ection class inplenented in 30com pal nyra. areh. basi cStruct, data
package; wbGn113@dsd3lsl ustrates the conposition of O asse; PCEIBR018802037
illustrates the exceptions provided by

com pal myra. arch. basi cStructexception; FIG 34A illustrates the subcl asses
of the ConpositeValue class; FIG 34B illustrates the subcl asses of the
StringValue class; S5FIG 35 illustrates an exanple of creating and defining
ConpositeValue class fields; FIG 36 illustrates an exanple of the class

di agram of Si npl eVal ue type and its subc]| aqs)ses; FIG 37A is a UM diagram
illustration of a GiepddsteruisarmisosPiyffedPeration is X, and that the
queried fielgs At atehbbdioSthuct boegtidn;+, 13.+; 10FIG 37B is a reduced UM
diagramillustratign ueried clgss i | oRgLatson is X and that
the queried fiel ds™&F gJAI Pgﬁaﬁes t.lq?rs,ulbglasse.siogt.hg?éf!f%g@f; FIG 38 is a UML diagram
illustration of a BEasFhillguetesthe fbdassgof fheSEHeVIlE caisagram i | | ustrati on of

anot her sgarch qQUeR); a5 ijustrates an exampld SBcredhgiadid @fikid CahypsisVainagnsa fields;
illustration of expande T<e

structure; SF{)%E 41A. i i}a QME glaags diagram
i i i : Falu e md !
illustration of a PE:3giferpes @ie@mﬂﬁﬁﬂ?es&aﬁs ! amcci]iglsmsp difagram i | Tustration
of a reduced;R4dsseguery; FIG 41Cis a UM class diagramillustration of a
one to n relation; .FIL@I< g,z én§ ﬁg%ﬂ& . sl JoUSthll Bdkion BT, t he
i y o L AoHiadd1dss WS n RIX, _
Desi gn Model of t h&Prheiés I“ecl_adg{re_r ; H 43% s a UML diagramillustration
of the Desi gmdMatiet qofied vl TravErsariZ-tahd: 20FI G 44 is an exenplary UM
di agram l16 | ustrati @ Qfp tsR8.d&ditan. ARl inadtratidief Map@ddss in a find operation 1s
X, and that the queried fields are: +, il.+, {1424, 134
FIG. 38 is a UML diagram illustration of a search query;
FIG. 39 is 2 UML diagram illustration of another search query;
FIG. 40 is a UML class diagram illustration of expanded key structure;
15 FIG. 41A is a UML class diagram illustration of a PQL query;
FIG. 41B is a UML class diagram illustration of a reduced PQL query;
TIG. 41C is a UML class diagram illustration of a one to n relation;.
FIG. 42 is a UML diagram illustration of the Design Model of the ProcessExecuter;
FIG. 43 is a UML diagram illustration of the Design Model of the Traverser; and
20 FIG. 44 is an exemplary UML diagram illustration of the design modql of the
Mapper;
FIG. 45 is an exemplary UML diagram illustration of the design model of the DBDS
vendor specific subclasses;
FIG. 46 is an exemplary UML diagram illustration of how to use the interface
25  historicized,
‘ FIG. 47A is an exemplary UML diagram illustration of how to use the scheduler
module in the design of an application;
FIG. 47B is an exemplary screen of a job message configuration;
TIG. 47C is an exemplary screen of how to configure a job to be repeated daily;

30 FIG. 47D is an exemplary screen of how to configure a time of day in a job daily

repeat;



FIG 45 is an exenplary UML diagramillustration of the design nodel of the
DBDS vendor specific subclasses; FIG 46 is an exenplary UM di agram

i Il ustratwononfosbeaw t o use the interface 25hi storicizedpcCFBR014d@03s an
exenplary UML diagramillustration of how to use the schedul er nodule in

t he design of an application; FIG 47B is an exenplary screen of a job
nmessage configuration; FIG 47Cis an exenplary screen of howto
configure a job to be repeated daily; 30FIG 47D is an exenplary screen of
how to configure a tinme of day in a job daily repeat; FIG 47E is an
exenpl ary screen of how to assign an annual holiday to.a calen . FIG 47F
is an exenpl ary scFé&efi7E$ atrsomelEy saep ghhoge ?ﬁ%ﬁ’ﬁ%ﬁiﬂmhﬁ@'ﬁ?é%&%’ a

cal endar; FlG 47Gpic 4Bis SXKERNAY Yor&s bESR 0fssipom dxerpaesi ighida tueek| y hol i day
to a calendar; 5FIG 4711 is an exenplary screen of how to define the
dependency aleHisen a job and a calendar FIG 471 is an_exenplary screen of
how t o configure aFj@b7G b abexetoplarylserebn ofhay to4Pm i roaity koxiead? ardf 8tr een of
the result of tracg@l‘:{eﬁ%ﬂg%%mﬁ}lfaxyjs&@en%@ﬂ&ﬂw(i@ﬂiﬂetlEH@enéeﬁ«:}iHet\ttSﬂijabasl a
design of” a presentation controll'er that allows it support. many

10t echnol ogiestendar G 49 illustrates an exenplary process of responding to
client request Vi apptas@itkiiilreondes of loeno anfigassotiodt terkebnponent s;

FIG 50 illustrates_retr.ieving,an_ acti ¥t schddlle; 51
illustrates a UM FE‘%#@&%F&%? ) ee%°%§%§%§ﬁg??ﬁé’%8&%tﬁﬁe 52 illustrates
an exanple of a PalFi(@(maﬂ@gjh@dmﬂgigf[pﬁem;gsentation controller that allows it support many

10  technologies;
FIG. 49 illustrates an exemplary process of responding to clisnt request vig

presentation controller and associated components;
FIG. 50 illustrates retrieving an action based on a context;
FIG. 51 illustrates s UML representation of a Scheduler; and
15 TIG. 52 illustrates an example of a Palmyra Schedule Trace.



DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT A preferred

enbodi nent will be set forth in detail with reference to the drawings, in
whi ch |i kwonefiausssae nunerals refer to |ike el enents or perapmib/m2o0zmghout .
Exanpl e Conputing Environment 5FIG 1 and the follow ng di scussion are
intended to provide a brief general description of a suitable conputing
envi ronnent in which an exanpl e enbodi nent of the invention may be

i npl enented. It should be understood, however, that handhel d, portable, and
ot her conputing devices of all kinds are contenplated for use in connection

with the preferred enbodi nent. Wile ener computer is
descri bed b@IEmMLEHE@SCBIRSUPNd?%TEEé’ %Fﬁ%y%%red enbodi ment al so

may be operable on, a g Q#&%B& %ﬁé@gmﬂﬁ %Q&Kwﬁ?&%&hm&@%@&@ﬁmgahlIrty and
i nteraction. Thus,? XAt I ment the inyention may be
|nplenentedmmnmamcﬁfwwwqmmmwwr@¢tm@@ﬁb@%@ﬂ“ﬁ@@@@@*@@VV|ces in which very
little or ﬂl maiec%%nngﬁne,&%&es are inplicated, e.g., a networked

envi ronment AW CH THe cl1ent devi ce serves nerel br owser or
interfaceg to the Wrd. 0 oA Bt efo Mg diswssiph e gptendrd o I?TE‘Qi{ﬁarbé’Gfgef‘?’i@ i nvention can
be i npl ement ed V‘ao%‘asuﬂgyj’ééoﬁ@{ g@nv%ﬁﬂén%mhr&gaw&ﬁmaﬁ@)d(nm@thef or use by a
devel oper or degegRiog hin the net IONSIAG (50T t var e
which wi || bevedémardybetoplomentd Ib%ﬁ‘éﬁl%“@ﬁﬁ?oélﬂowﬂer élvg%anfmeer »PERecut abl e

instr ;JC'[ i 0o ?gﬂh& mﬁgrgg KaTatale) B%Imtlmtw% ecsgenipetengareseeume@tlmm%mgﬁ weferrpdr e

conput ers client workstations [V Sas)le.

General |y, gegﬁeawenﬁﬁﬁreemrﬁéﬁﬁﬁg°?BW%%Hd%%@?d%%?ggggﬁg “% ec%s
components, 'ﬂﬁ@&ﬁ&bﬂaﬂh&m&&a&ndwfhembwweonhﬁmﬂb@$PHWﬁPﬁ&FWF@ﬂ?ar tasks or

| pl ement partlr CL{‘abal %%%%cgrgc%m dﬁﬁ@aﬁyﬁﬁﬁe eVt dfyhe itvBgtiohtagbd onal ity of

t he progranrﬁ%éﬁ? e conbi ned or di stri but.ed as._ Sl §didiRvari ous
enbodi nent s. W@%@l an%’fﬁﬁ%"éﬂeétlﬁffl?t@?f kgd og YIS T 6& eciate that the

i nvention nBMmge%ghagah%ﬁﬂmmwiagoﬁﬂﬁmﬁﬂﬂmmu@mnﬂ$y9@@hﬂ@éhﬂﬁ@ﬂwaﬁﬁﬁﬁs Q her
wel | known conputin S ik nd/ or confignrations that 25
may be sui taIBFréyrﬁ%?grﬁ‘g% W]%?{fafeheﬁierﬁ%gﬁ?%i |}2cl ude, but are not limted to,
per sonal 1sonput ers AIBGe) notsepirest the pigtiewesas be Falraered 12 BrPPEpi%Bp devi ces,

mul ti-process 0 g%&%face%ﬁf) o LQ&r%SaS&{rei@a&ﬁ &siey mluﬁrrdogmmmbl e
consuner ele%t oni c

i CO nputers, and
the |ike. Annebwéslsdiosng sogFar [aich Wé%‘?tdfsﬁlﬁbe@v%%%eném Gomexr %%t i ‘é‘&“g
di stribut eddg@emwld ﬁa@mt x 1?16145 mallirmmctk gaaméglaiugs foasxscemteebpemfcea{nmﬁfmﬁwfﬁ%mtﬁ .
processi ng devic are lin a1 ggmhﬁ, isofrmanet wor k or
ot her data tf ﬁ‘?né‘gf’%ﬁaur?résdsewrﬁs TR %lscrsﬂt%laer 19 uting envi romrent ,
pr ogr am reodukesnasEpyoskeens] abisals, @émpwe%ﬁﬁa fiees A HlerhE‘?*rIB EBRBETEY §Fr age
medi a i ncl Ud'OInlgl gﬁl@ﬁl’pyﬁléﬁz@ LG &t g@éft&ﬁe@STyplcaﬂy, the funEioﬁalltﬁ_oﬂTMOgrdlﬂ mstuleat es an

exanpl e of a surtabl conput i ng syst menlr )
i nvention nagpapee rorrarne%ﬁ‘ee@m Tstdﬁ%rﬁgw VAL %térﬁg E%J\}em%eﬁsgl uté&(}srputr ng

system 5 enviHeQRREINippkOite tiat tmhyenmenaemapqgﬁeemﬂ@t@u?Wmeesy@?ﬂ*rp uting

envi ronnent and. i s not Qe B RO iRl A0 RcASgikloishial SCope
of use or fuRCHEERE" Other Igl%lr?ve Q%rﬁelthrer shoul d uting.

envi r onme2st 10O bbemlahiet fer 19? witbthe ﬁlé’eqﬁlaﬂ/inﬁ@dea% arg 8o FHEHEYP eﬁf’na 0518 }ltr % ment
relating to %a%er%mﬁte@somam@a bﬂﬁpt@f deGORPANBAtosesiok by, ati@gbrécassort he

exenpl ary opera environ Wth ref er 1, .i3mexanpl e
system for | %eé%%{nﬁ RS 1ﬁ "é’ﬁweéﬁleﬁuﬁ%lfu es %g& mﬁr@cﬁgl% Al "pur pose

conput i ng de%bﬁ@.ltdzrﬂ afidtee fier rm eﬁbcwn@mmfmegrvelm@@mﬂwwd?@ REeRiicsd @fdlsffr‘?éte%orrput er
110 may incl Udeputlll?lmenv ronemeggtnhrlark %ﬁs% ptcﬁ’orm@d Wr%&@ﬁrbd%ﬁhlﬂgmb‘hcel&@bareﬂmk@tﬁt em
menory 130, and & Sy us 121 coupl €s_ vari ous %X%‘?fe‘nb canponent s

i ncl udi ng3a hehrsry@ta@ﬁmwlvlsﬂlﬁwﬁlﬂi@r?ﬁ%é% i el T R ) &8st em bus 121
may be any of several types of bus structures including a nmenory bus or
menory controller, a peripheral bus, and a | ocal bus using any of a

15vari ety of bus architeetures. By way of0o exanple, and not limtation, such
architectures include Industry Standard Architecture (ISA) bus, Mcro
Channel Architecture (MCA) bus, Enhanced




| SA (EI SA) bus, Video Electronics Standards Association (VESA) |ocal bus,
Peri pheral Conponent Interconnect (PCl) bus (also known as Mezzani ne bus),
and PCl - Bxpresg4bizg. The conputer 110 typically incl udescaiBzni/ei2ysof

conput er readable nmedia. 20 Conputer readabl e nedia can be any avail abl e
medi a that can be accessed by the conputer 110 and include both volatile
and nonvol atile, renovabl e and non-renovabl e nedia. By way of exanple, and
not limtation, conputer readable nedia may conprise conputer storage nedi a
and communi cation nedia. Conputer storage nedia include both volatile and
nonvol atil e, renovabl e and non-renovabl e nedi a EH;‘:%%EE ted. i mgpgr met hod or

t echnol ogy feompuinprraigemnsht, EOEHP BRAEETEH b%’tﬁ&aﬁedé%bo FER

i nstructi on%torg@h@d@ﬁgmmgqﬂ@ﬁw@crr@@rdamf:ﬁmdul es or other data. Conputer
e T v Et idadhs Bk bSO o AR @R GR RSO (FAM)

read-only nmenory ( rasa rogranmabl e Read Only Menory
(EEPROM) , f lvat6dh tRERAon aray bt inmiemerteb pljhongheh mafestsyt ab@@n*aa&ﬁtmpa ESYYERd- onl y
memory  ( C?RCM ol bAL LA R SHasiisivt ga\@)lm@enﬂfoh@emem salntaiiigko

st or age, gt adsettes, netl etlc QUAke or
ot her rragnetsuggestta@rlag@UMf‘%%%m éﬁ"(;‘?f%i“ ‘Ea(ﬁﬂ(é’ nlorégkégg?f% e used t

store the deC%l’nE)@gl gleRifiERt 100Be ﬁlﬂﬂJerﬂ 6 haxm@ranmpmwes sedqvirymetelaipgip ut er

110. Communi cation ne ically.c R BEy dpSd Rl @ohmst 1oect | ons,
data struct uﬁ"@gneoﬁlaf)‘@?érfﬁl?% GrEs™ %ﬁ“ﬁlﬁh g{ga |nﬁ‘£1y D ﬁ![I%at em%m%y gnal

such as a carrier WitheeforncotdfdE: 1 parrepple tysiva & ARPISRTHRY ?’ﬁ‘&‘?

| nf or mat jon Qg&érﬁ%oéé‘%ﬂhﬁlmgﬁ%c& S0 ndu ket dat @osbenat 8fteeans a si gnal

that has one haracteri stics set or. n a manner
5 as to encodsprigt dP may ngnds Pt pRaotdrRGe, & REFSRAY Vat ﬁlaaa E%n}n@rg%%%o

limtation, gRERHLCAL llZlﬁhd’dB:dlp]as VariGis\yghes wzpe@ntmdlp@n&@ewsfa@ mEmRRYiR d
network or djrect-wred §53vaiB dibas FH&huasr@cousti ¢,
radi o frequeli@ Ofﬁﬁg rar eﬁ}s{e %Sﬁrﬂ gﬂ{/\n&#e eSS % Conbi nati ons of
any of the aimoh@ngmmwwsgbmﬁ@f}’ prafrefire @ PeicheFl r‘?ui At 8‘8@%’ B¥ & 6hput er
readabl e 'é‘Edba%let Th6us S¥:BitcBMReTEEPG ol%@mb]@dnﬂdn&ﬁmﬁﬂimeWHIM@hmg@Ckﬁé@l ain

the formof v atl | e 10 and/ or vol ati | M3 and RAM
132. A basi cmdmﬁpﬁéﬂ%fmﬁvwgﬁgﬂf@% é n%coﬁ%{tg?sr%?weﬁ%e ‘basi %:edroutl nes

that hel p togs @mess, mfa@mmtommﬂtmme@aqoc@mén@’ﬁﬁé) Inpa BiisnP €t er 110,
such as dur! pgy st ?ﬁt&mcr&mécambﬁgtﬁ@'sd hoBh Q0GB ASICLAMLE2. { ypi cal |y

cont ai ns dat hat are immed at el ] eSSI ble to
and/ or presently beThqgormpl@r h]toéwl‘@HYW“@eﬁévaﬁtﬁgc‘f’é?ﬁpﬁt@”ﬁ?‘ﬁa elfﬁ " By way of
exanpl e, And R@butl réghéb?etdléa&caﬂ:ﬂe%y dvaildbleustinatsesn toapeseby thg c@’&@‘teéh*l0134

appl i cation prograns ram r ata 137.
RRR)/I 132 may g%%lgﬁ‘iqui g Pi‘él?tﬂ?i?pé}o%vﬁ%?orre%orvgﬁ g%ﬁﬁ?ﬁi %ﬁvabﬁ%dlg 99&%“8% conput er

110 may al SO ekl e nottindntimerowatol reddaiemedearoayspinprise GRILRREe FUPEESIOBI ati | e

comput er storg EARR MR 10 b Mde YothGolafileiahd AtGtdlAitees a har d
di sk drive 1 Zﬂ Oﬁﬁﬁglrc%g §¥E%1WOHR)LIC 42 1 e

romor, wites to non- v ile
magnet i ¢ nediranoveblogd pergivepyable gredip Wggpated HAnY Fg Odroéglgg1 ﬁ%ﬁj{ %?IQ%M% |}t es to a
renovabl €35 NQRWeaadr shéh SBgipRict addbls Klsﬁ:ﬁﬁqns ainid saniogiprazadm widses oirdthge 155
that reads fr doﬁm@r &%P%% %_}gr?getrgetdla ing, uqo\{) are ot gﬁ%ﬁ% %&Jnﬁac@&g fn&ﬁéry éil@\lf) 156,

such as a CD er ‘renovabl e/ non- f enovabl e,
vol atil e/ non\t@ddaah]ylnerxmy@ﬂmrElq'sm?lb[d?éaSﬁ‘éﬁ?TagTﬂlW&%bk‘cP&ﬁ LY d&EYS n t he exanpl e

oper at I ng envEﬁWﬁhash &%ﬁnb@%r ot@ﬁneﬁf)ﬁ té@fﬁololgy @bﬁl@dt (ﬁ@ ,reaﬂ%@l&ﬁieinﬁryt ape
cassettes, flas cards i_gital %5vers Ik di sks 1,Ite | video
tape, solid é@BB@WM“a@SIIS?tﬂF dg%ka@@aw e it és °f<a§e’ m?ﬁﬂ isk drive
141 is tyfy cahdgyetc @phetmede tisk ddigge sy ahoe medide siki2dpe tdmaou ghena Oqu@Wovabl e
menory i nter f%},;&\fgnuﬁh (o] Istgrte g fclg‘s r?c} 141&)9!1&1@19&1(1%9:9%11‘& a@e@&i Wthevc%maxﬁér and

optical disk are pi ca connected to the system bus 121 by a

renovabl e nenory interface, such as |nt erface
11




150. 30The drives and their associ ated conputer storage nedia di scussed
above and illustrated in FIG 1 provide storage of conputer readable

i nstruct iwopridasa4st ruct ures, program nodul es and ot hecTdntmo/bao3z he
conmputer 110. In FIG 1, for exanple, the hard disk drive 141 is
illustrated as the storing operating system 144, application prograns 145,
ot her program nodul es 146, and program data 147. Note that these conponents
can either be the sanme as or different fromthe operating system 134,
application prograns 135, other program nodules 136, and 5 program data
137. Operating system 144, application prograns .14 th r m nodul es
146, and pr dgu. senoahigatipd Medip BPGHYEARtYR PRSP Wadﬁ?}ﬁﬁg@ e"radéata?m%% ?ust rate
that, at a 'daam&mduEMwh&r@tadm § henenil dadsipsbucnay cexiteravegmeignds and
information'into the c¢o 110.t.hro e sidghat@siaa keyboard
162 and poi HEPRE HEHLE "%gfcfug SR &10% d rglggﬁctdlg glgquﬁrmuse trackbal | or
touch pad. Qgher mbdﬁ@ﬂﬂg{ﬂﬁh&t b&ng morsﬁwaﬁ@}ﬂtlﬁf&q o g gpd s(‘}i’lbaprﬁ%lﬁ
joystick, 10%% enco@ orrﬁﬁl%gln thd Sl Y wa Gﬁ%ﬂ:&@le, a@lrnoﬂhﬁtahd)rkeomrﬂﬂnestenand ot her

i nput devi cé PlER Connected to t ssi.ng uni ] gh a user
i nput i nt er frelia n!@@l@eStVﬁ@tl mieda sk B Be‘ﬂlefiﬁetfv ‘i];"seft"wm conni%i&%xgd \L]m gsu

connect ed by, QtNEd 2k o, a6 BRAGenPYRFS tfiuct,unégher welhsswdla 6‘&?@@%‘?5 por t,

game port or a universa USB) f com uterraﬁdam%ﬁﬂc&@r 191 or
other type AWM Vﬁﬂ\?lﬂgésggéclnq%do&conneg%cg%e()to n ﬂb%ts bus, 121 15 via

an interface, suchTaﬁsyaemmdra@rwlmleW@@:@erSt"lr%ea‘&ﬂf‘ﬁ fitor 191,

;ﬁgp;t S;?n??rﬁd/?lr%ﬂvdl 'n&%ﬁm%aﬁismmmmqm pubasdamuaquHthrné@ speaker s

not shown) ich ted th U Rk
peripheral i @L@Yfgeiginpgtie basic m“tmesng%ag%t(??‘r%“? %Tﬁuon%%g&grﬁglf lg ina
net wor ked enyin,@BMROsudiSk mgmg agi-aglis tmcramemrsdm§<0l1\/b13dn 13gspEalienot e

computers, such. ag ang)gr TO ammnBHés%{ataJnggm‘mI%ya@d@@ib?et@ﬁ)x{miﬂb@fenﬂ}aﬁmgo rm-y be
a personal C Bl'ta Sp g; arouter, a network ag?rpgﬁll ust{aﬁeg

ot her comonemetedon ky th@mtecessafmdlmﬁ V35 81 I"‘1a¥/ of Ry &yl nr‘?hlﬁ’ﬂ}“

el ement s ;desgrihed aboya § 1@ahbﬁ/ﬁoéréﬁnst1}3§ oft@porer mddhls 13, tioughinoiay a
menory stora deV| ce 181 ustrat eddég FIG 1. The | ogi cal

connect i ons pﬁé%‘c?zlnﬁyﬁ‘?“@m(i ‘Fﬁ @r%°$ocmf area network (LAN) 171 and a
wi de area network (T\AAB&npin%Buomy ammcladewexm@v‘@bﬂé/n@%%@waﬁ]ét wor ks. Such

net wor king envi.fonients, A, 2%, OUIBRPIAGay beghil 25 FIGNRIRiated do
conput er net \X?}?ti}emnm?l [anets. an I'nt’er het

net Wor | dng enisk drom iriirthat repdpetromortpites fo BPREFo¥ ab&%ﬂ%?}?tgﬁm?%mfcﬁne%fﬁ\l 171
through a neﬁn\a’%%fc ifteed ﬁ@%a@feac@@@ﬁtoeﬁmﬂﬂﬁ ardhesblasedoitie magnal dsktdbr ki ng,
envi ronment, tfe CO Ut e g%yrp %ﬁm%r wx‘tr;!t S tg??eﬁo%?enﬁontl&&ﬂéeﬁﬁl@abhlbl@ hi ng

communi cat i oﬁ%daé‘\?éff'c nternef. In a_ networked
envi ronment, 1ps,egham @mﬂOM&soﬂampmablde@@ﬂ r@hes rempEableiop @Y diput er 110, or
portions. ”‘er me/nci%@%ia&?eeco %&E&%{é@ m%&lgthat%&meemme yxaamropgﬁmgew ce. By way

of exanpl e, Ion | ustrate note a C n
progr ans 185ma1@nm@§meip¢?gb%ﬁre 8“9?&%‘548? ‘H@V?“ﬁéapi@iseaﬁe is m“'m"’gP"’F‘?:Sa‘?%l]“aP

programs k85 JbRahditigs, aRid vﬂé&taﬁwﬁohhbtﬂﬂem $cid wiele ROBE, vt thals! Tesatetddhf such

as Mcrosoft(r) jnternet Info N.Sefy d . Jive) HTTP
Server which dﬁ?’%]v“’lbsé%pw@h%‘fo@ﬁetc{e thensy?tesp elgfs%rn(l%@&%)érrngdt} gﬂst%?gﬁe devi ce

181: or ot herintateessi blivergtoraged desicdadikerivhe | petapdcafige el % will be
appreci at ed ttypmall}tf &%néaéﬁ Me‘%ystem bus 121 by a removable memory interfaces, such as interface \

150.
30 The drives and their associated computer storage media discussed above and

illustrated in FIG. 1 provide storage of computer readable instructions, data structures, program
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5 connections shown are exenplary and other nmeans of establishing a

communi cations |ink between the conputers may be used. One of

ordi nary wbi2bi1/d4ms3the art can appreci ate that a conput erciiB2oo/0abirer
client devices can be deployed as part of a conputer network. In this
regard, the preferred enbodi nent pertains to any conputer system having any
nunber of nmenory or storage units, and any nunber 10 of applications and
processes occurring across any nunber of storage units or volunes. An
enbodi ment of the may apply to an environment wth server conputers and

client conmputers deployed in a network environnent, ha or | ocal
storage. Themphist exdode dirfodharemeuterd)d- df E6 dp gFampgje, Q‘ g’f‘ﬁ%ﬁgﬁ%ﬁggcomut i ng

devi ce, havijg.peog ﬁl@%ﬂ@oﬂeﬁﬂ@«@g@n iMn@bh@ﬂrﬁﬂ frdgyamsi 1A$, ethpr eeszni mweduleand
execution ca abalélilir%%l es. i ?ﬁx@"ﬁf@?mese L wor ko Envi &%@Jﬁ%%c e g5 02 dlffergdte 2

illustrates nvi ronment an enbodi nent
of the presemém thlvlﬁfﬂtmg)systexamébepghmbwv@dl35=‘PH¥§Tﬂé&f%ﬁkd"é‘ﬁ\}% gment 200

8]9 n]E Ia: 25 s g r C]g ?%)ra%ré ia%}f 1 3l70g94rat§1§ Ié%%ﬁl 1§f¥ %f:ﬁ%log 51‘3 a&@l@hotﬁymg@ﬁamwﬂesa nunber

servers EEF ‘R(%gilt(r)a? Bg%emmrgulrg,tt at are
owned and nah%g@dp@?amﬁétaém‘?glﬁﬁldtfﬁ‘é”m’lftﬂff‘a‘l’r 5t ROTR &8e"Servers are
in comuni cali @fre it B ub Rl ertd& bmBynEE L@ ROkionthite the payputen El0uldensh ipalr ge

vari ety of systens suc kst ati.o B ARS8 Su22, | aptop
conput ers 22%VIeETEN AR W??“F‘mzs %?onft ?ﬁﬂ%g?m gogﬁ&gl?fg l'ocal user systens
220 may cont aacnbanlhewouchwm @ber dipgt devites éftot)ﬁha‘g@ Wﬂc@ééa%l%ﬁh% IP89%he case of

wor kst at i,g ns ipad gﬁéﬁ% B, SOPRHGEMS 111@2 Bhesdtd olrd PP d@&ﬁm& eﬁeﬁ caﬁ&tedTh ey can
al so have ac erS|stent stora ovi de 25

by the | ocal tosﬂef’rW@F’%mQ% 12PH“N$BE‘&%§§18P‘6 eﬁﬁ‘iﬁ#@&‘?én‘%"“’b S¥‘°’ nal s 224,
networ k st or agie,uiayy ﬁlﬁzoﬁﬁkete@lﬁbl afhedingitha@bhdebup ersiuss.endh ast mr@g@.ortmee users

within the | ocal netwo Sen @s}é get access to the w der area network such
as the Inter R8tU288Y ﬁ bcal server systens 210 and ttyglb ly sone
network security rreéamulm‘esl%iwehthaiypaoﬁlﬁp@ﬁéwcemocqqﬁ‘e‘rt%”ﬁhams 4 Be a

nurmber  of, sr eqnt,e: S5l 8N, £QidbhBlerERMIN e adanﬁ@fasrmmnﬁatwnmommdm hdyalsbocal

server systens 210 and al so the l.ocal, 30 user T
conput er  systshge b PEEhsEl RPH GEYIOSH U BIBEET aelr ?g D%éfwn)r’ gﬁlﬁ% %%Fﬁapt ops
292, renote d&ﬁlk&eﬁ[@lﬁm%ﬁ&; ot periphandl nteniedy 1981 ver s 294 FI G

i11ustrates an exenplay REHIORL SO %@@B{md&k}gaaemugag@gmﬂemaﬁbﬁsl in
the art wll appreci ate ‘%uh eachi ngs of the present |nventfr n can.

used with anyo onaabere BhoReP MRS, SiFl F%B(iﬂﬁ%tﬁfoé‘npaﬁﬁl%e?@WF‘R"tEWI’Pﬁ{J tions.

d :jert Seiove ma§ BY | S Q0RE Egmputer a server-ﬁh@lt%wxﬁﬁ%ﬂ&@ , M @fer Srick vantler emgimnt ect ur e
model is a versati an u in . is

i ntended to MAPPEFEY eu%“&ﬁ"fpll‘iaﬁ 8‘["? BRI flf%ihe £t g?t%geég%gi #g%%lgtvte%he

scal ability asmpoapa; etotgh coBnireaiotyzRthge Mlcnwlawebeelé lpgiratefy Iilrfilﬁg1 d8fput i ng.
G ient-server ode c%ﬁr{ ktpo?l ﬁlafpﬂﬁed gne]}I@t &&f@'aﬁbcg%c‘é"ﬁ&@o&‘(@mq"m bHAQI Wiy BQr as i n

whi ch one prdgtam i's defined as a requester. of seryi whi ch

makes a ser vinceorkdBitdBl 7 Pemaz A6t merdesihgigiearris Rwhogoeine Pygur ﬁ&f as the

provider of sghmb mn‘&fﬁc@g"eﬁtéﬂ)ﬂsh—lwﬁcﬁ C&Iﬁ@tdﬁ'm(ﬁ’ﬁi intréuetlahdthé ety er
application is a r tem conprised 4 entnaind SEE Ver
software. A client %ﬁ%ﬁ 3 6‘?%5 S momPe ai?hee ClanqéLgﬂmqnllmll ca]tn?con sessi on,
whi |l e the serey 1mb@hﬁoﬁwo@MQ®tesorﬁ¢aem WOaWercspdife WAN networking 5

network, the e%lrﬂ'o%’ént s[ﬁ}erc\é E)thEQ.Q@ 19&19\(1{0@1@& eGSR A Mﬁﬁ'nuhﬁatﬁfléc dved ently
i nt er connect : are st ri buted across differen &ung i,0Ns.

Transacti ons t ﬁn’ﬂ%@‘ 3% ﬁ%?ﬁtaeﬁhé B’Bﬁeﬁg{nﬁ ARV KSR TORBPR) Y OSHFHE? gRre

ry common.
Most | nt egmet gpRrkd EadodnDiSs 118Uk Borashs eimbd mambtoaﬂdre@srcmntd ndabaiseesee access,

are based on the client-server r is a
client prograffi'st "[f‘gefcx&?}%tﬁ“ggoqﬁﬁﬂ?uo %I(?)égﬂ}é%% ria%o a%glicgg&l FAfor mation at
any web server in the world. For a customer to check a bank account froma
renote conputer, a client program whicht3ray rimw thin a web browser,
forwards a request to a web server program at the bank. The web server
programmay in turn forward the request to a database client programthat
sends a request to a database server at another bank conputer to retrieve
the requested 20 account bal ance infornmation. The bal ance information is
returned back to the bank database client, which in turn serves it back to
the web browser client in the custonmer's conputer, which displays the
information to the custoner. FIG 3 illustrates an exanpl e of
multi-tier client server architecture. Miulti-tier client-server
architecture allocates different tasks and services to different tiers. In
the exanple nulti-



25tier architecture of FIG 3, there are three logical tiers. The first
tier 310 is one or nore clients 311, 312, the second tier is an application
server 32%p2angh4sd3e third tier 330 is a data server 331p83dB20Ab/0d20e cl i ent
tier, the clients 311, 312 provide the application's User interface and

al so act as presentation servers. The application's graphical user
interface is generally a customgenerated web page to be displayed by a web
browser on the client conmputer. There can be one 30or nore application
servers 321 that host the business |logic, and one or nore data servers 331,
332 to provide data storage and validation services. The main body of an
appl i cati on 18 a5 pnidon ome mghey éuichoklt Repate anigatign ppgremt 186 ipclde YEA391 does

not drive t hﬁm%d@@@%@@ke%ﬁfcaﬁoﬂ§ ﬁlﬁﬁ @%croﬁo@t@m&mbtﬁnﬁﬂﬂﬁﬁrﬁ&ebmﬁl; @egs addogi c,

conmputations, and a data retriey sent ation of. ]
retrieved i sARSAUITEE Bpvef WRichyed Flfoéi‘f tvrﬁ]m%herFSIde g)mg TR EPTE &%Lt?dgsﬁ% W t h

| ess sof twar ethﬁrzlcdcﬁ&ﬂ&ltdre%ﬁ tlevivy st teTWorld WededVer & vilkiveapprs@eerthat {heaeFedr ns.

Appl i catign scal abil Q8 Smeade oRaiR1Al bRt BELicashe are all
nor e favo(rgabi’mtlne mss%ch aree Q%%r{éml%s conecent reaiiL eld og?l“a singl e server than
when t he sof b@ﬁﬂ?@étﬁefrO@P%@tr?mWéEF anmongst a nunber of desktop clients. There
are many different @Mk‘@xﬂ'ﬁﬁ‘ﬂy@hﬂlﬁﬂﬁeai’cf&aﬂapﬁﬁMatB&aWo@ﬁpﬂﬁdlM&loﬁ@rcﬂl@m‘ponent

T e A
(Di stri but edp&ahpanen bonﬁn}eemterh/b:d/eig)my u@{ber of mempiy ef BITRISANIERHEERERPS t he
systeminple g?%glgca@}lg gﬂd%&dc@s@es%@c\ﬁﬂﬁg s ngjrrﬁ)nbér%@ horRlQeYs dr Rothh&. An

architecture ava I cation 0 rarrmrrlng Inted{:(é_[)rf5 %ﬂﬁ Is), whi ch
al | ows devel epeadimenpofisciyay acsﬁlym?é CBYPHAF! B FREs O R AT PE STt he
nmodel , rat hegedidyaiinhaeiwos ch@ron@idt ma‘aﬁglalhotem&asﬁorw&nﬂ]hﬁmefmfedpmb@nm ng and

codi ng needed to conpect a gaRmigesi gn
(or pur chaseP¥ A& ??B@g%?iméf}ﬁone comum egggﬁ%ﬂﬁ f-ﬁrge ?@%ﬁ%%& t 1e§lserver
as needed. E.ﬂr&rprsta@pncmdrpmqemlc@ﬁh;mesecture for devel opi ng and depl oynent of

conponentbage %%E%Mohyﬁﬁgmﬂﬂg{tl cations. Applications witten using BIB
are scal albl e, ona mul ti-user secure. These applications may
be witten once, andG hitlnstdepinydddiamt afyneyarivearirginattiionmrht ds@mbedippért s t he
BI B specifl Ca%ﬁhogrcscflﬂnvcnhon‘]cg br%ﬁl dnte@! TR R imertt BB Ghia@P) npivevi des

the user inter usiness rules are separated to the mddle
tier, and thef beﬁlaﬁy@sé’ﬁ%s 2 Revishfroayielude pnirasofiifseyers THe Ve SBAE 2Hoes not

access the da}pbes&ucH £86kbs &%Bm,andlhalagddlbgﬂfe oﬁﬁéﬁeﬁthaloﬁeﬁhdmctrh the EJB
Server on the mddle tier, whi ch t fﬁﬁ%c cessg EEOEW aba C$u B Server

provi des ¥ f FAFEIBYRE TP HRBIBITIHG™ SYarePier da. safgrel but ed
conponent - basedknagp)dtaaticarsworBlBoBeLl.arekep Iqwrgwiqmeﬁﬂf dmweleplttﬂaa%ié #edi on
server provi Qk%n RE oﬁe&ﬁﬁ IS%E' & 'ﬂ%ﬁtus& E)fsféhﬂs %ma%r%@&éﬂﬁ‘ém oW Eadss 25

dat abase COI’II’IEC 1 ons, transacti on I‘O\NSEI’ ng nnects to BIB
1Y

Server or a \Askesdvicer Suﬂ# 2 TS @ Wd%‘ﬁﬁﬁ‘%&%i”a@?%ﬂﬂ\?ﬁmb‘ﬁﬁé fPng a Java
appl et that Q@ﬁlf)@érﬂﬁmp TRS/RAL Adoiheve abdsrab the B&bltt&'ny storIibﬁsuﬂtDMa@lhtah}l@ﬁmﬂawd@ ates

th BI B S t ts.t
W e \é)g :;1}; é?céfJ sgwarg g{HO ?Ll-é%gcagé t}grrx, 8”9 erg'nnaf1 %4 ng&r(trfg Etmagpqﬁe{ &SS
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coordi nating o §inBEhntR A0SR S GRNRNT0 anlibgidZnef er r ed
enbodi nment ‘51@&“%9%‘?%%{’??%%{9‘%?2 élr?ggd 1rrbo |?re§{t tezach hﬁjcrérf}st}ﬁods and

systems for aonOMHEYEHsHevEmepeTctor 2 g6k ?%Féeré‘ﬁtﬂhf FROP B ALY et hod

i ncl udes var i QdsndPo0 ERESELBe lﬁwnnd@iwmmgmmeooanpdvmmmmo mddBb thatpcilhe :
speci fi c pusi ness unctl on 1o erfo A 4 twar e
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5 and validating the nodels against a set of predefined unique syntax
rules. The validated nodels are then uniquely transformed into a uni que

nmet adat a wormwdasds4conpri ses generated applicati on codepamdBXW/oi2ndes used
by the target application. FIG 4 provides a general schematic of the major
steps of the software engi neering process of according to the preferred
enbodi nent nethod. In general, the software engineering process using the
preferred enbodi nent conprises 10 the steps of first designing and nodel i ng
a business process using the I TM. graphical design tool 410. The business
process i s nodel ed using an enhanced version of UWML provided by.the

i nvention with net & aRadlusTies suRcmysTarvaREHENRRt 2ot ¥ oVarnEséy 220 and

serve as i NP wiliQppridhe: iR IRLRLE: 608 Gan eivaltion fin@8 gled @it 2 nuribee ofut omat ed
code generation engi .model and netadata and generat es

neegarses tqe LI M

depl oyabl e sBUFEEREHE EP”Pﬁ@“T%?@%?mB%B1ication 480 15 utilizing an
enterprise application devel opnent franework, referred to as the Pal nyra
Framewor k. Sone manual coding 450 is sonetimes needed to suppl enment the
automati cal ly generated code, but the amount of manual coding is
,dramatical'ly |l ess than pror nethods and usually directed to specific or
speci alized features of the application. The 'Hefei,.ed enbodi nent can al so
i ncl ude configuration tool (s) 460 and a test and benchmark tool 470. Once
configured 20 and tested, the target application is ready for depl oynent
490. |.GRAPHI CAL DESI GN OF SOFTWARE MODEL USI NG UM. DI AGRAMVS Thi s
fown of a preferred enbodi nent provides an easy-to-use graphical software
engi neerinng tool. The automati c code generation process starts with a
standard nodel i ng approach using UML design tools such as Magi cDraw or

Rati onal Rose. These tools are applied 5 to create UML diagranms to
represent the desired business process and the desired data nodel. The

gr aphi cal nodeling and desigui tool can be used by both users and

consul tants. The preferred enbodinent facilitates the reuse-of existing
components, which include both business and technical conmponents. In one
enbodi nent of the present invention, the graphical nodeling and design tool
is 10 based on a comercial LTM visual nodeling tool such as Magi cDraw.
Magi cDraw al one is not sufficient to function as the graphical nodeling and
design tool of the preferred enbodi nent. Al though Magi cDraw functions as a
visual diagramm ng tool, it does not check for design errors, control

St ereotypes and Tagged Val ues, reject wong data, or provide warnings. \Wen
usi ng Magi cDraw as a tool to build and design LTM. nodels, the invention
create the Designer tool as 15 a plug-in for MagicDraw to enhances its
function. The enhanced UML Designer, referred to as a Pal nyra UML Desi gner,
constitutes an additional layer that sits on top of MagieDraw in order to’
overconme the limtation of creating UML nodels that do not conformto the
pre-defined rules and to avoid errors during and after the design process.
The Pal myra UML Desi gner- tool enploys several steps to achieve this. First,
the Pal myra UML Designer tool checks whether the 20desi gned nodel s conform
to pre-defined Palnyra rules by validating initial values, nultiplicities,
types, etc. Second, the Palnmyra T_TM. Designer tool nakes di agrans ready
for the generation process w thout human error. Third, the Pal nyra UM

Desi gner tool enables the addition and change of relations and sinple
fields uniformy throughout the application with precision. Fourth, the

Pal myra UML Desi gner tool checks for Palnyra el enents, and adds or corrects
new 25eligibility between their Stereotypes in order to avoid conflict and
design errors. Finally, the Palmyra UM. Designer tool nakes use of val ue
references for Tagged Val ues instead of String Val ues. The
preferred enbodinent is not [imted to MagieDraw, or any other particul ar
LTM. design tool. Accordingly, one can implenent this validation
functionality through the use of 30 other design tools, such as a

st and- al one application, or an add-on for another LTM visual design tool.



The UML Designer also provides usability features that help a user to
create a UML nodel. The UM. Designer provides user friendly interfaces for
panel s, cWvessaw4sesd Tagged Val ue input. It automatical | yCrapzao/mnmds s
conformng to the preferred enbodi nent within projects. The UM. Desi gner
sinplifies the use of the Palnyra classes by grouping theminto 5 four main
categories, which are Entities, Interfaces, Controllers, and Sinple Val ues.
The UML Desi gner adds needed Stereotypes to the classes depending on the
type sel ected. The UML Designer also displays avail able parent types at

runtinme. Pal nyra LTML Designer can al so provide a set of new
actions to tdiensSdreyewedrodmeitgn tool . FIG 5 represents a UML Designer File

menu 500 havi ng exanple new acti ons New Pa ra Thi s
sub-menu is used t GICHIENPEYE SHEE PY ]‘Q"Efm()dellsa ersaige, ISQ%S% %%gs%d(r%g? ect

cont ai ns t hemddalamyfrairtdie fmdeibteated tonemg‘(ﬂesabatw, flegbifityi iseiopgabdie pot ypes.
Pal nyra Save ves I BCEime Mhd-dah Bk |¢’ﬁéﬁtageﬂ9&0] ect 530:
Thi s sub- nensﬁg%oht{u d% e%gglzgdem%ﬁ)Pal’ nr;ersét legl lglo e E}ﬁoi t 150pen
Pal nyr a @dede@ah@sﬂmrplawnem«ewm &0 SOFBRUHE HGETFIES lt}é”é‘tfhf’?)e Péb%ét’i“ &' Code
Generation T&@lted%ﬁ‘&’re@@@t&% sé'\ﬁcdstwlﬁdl’l@nafcésl|a|serm&tﬂ@qtﬁ§t fibinendtied atogem v ITDdel (in
Pal myra XM f or mat S PK QliEClerJes Vval i dat ed.
The path of & ! %‘Jﬁ@edééﬂjé%?t’@gn Sef%ce W%Cﬁ%m\éﬁél rE %t )&Q the. i nstal | agtion
of the plug ap@hcaﬁse)rtexatt:ebult_ettigys&mceslpﬁ"@@)ofbﬂitwb%W%ﬁtﬁ"ﬁ“’éaf%s%ﬁ‘e‘to generat e
log files. 206 AlRN bR, valle 1 scRiel wiits @5 reghdsoth code in
the current %mﬁgro%eg&n%,drlrlgatl s the ccontl:lat ecr)tatl ocn osfe t he nane the nodel and
" Entitié® Wisbert Code. |l og". A second log file contains the list of fields
whi ch do not have thh@ne%@@@ oMatk-teeves tibdep@biities anehveldenhwty theffieierilysi npl e val ue
(the field nust. have at Qﬁs&lgﬁk%ﬁfo ation of
the current Wt?ﬁ?@?mf‘té’FPéraH’ﬁﬁ‘at'ar g ]i?bdlte\(}\f%ms ére%%@m{ﬁ h. Thi s su%éq nu cones
avai | abl e whempite uvgnphedientisgrveahadelatedery coBmarh st I&W@%@W@F%ns F3PES of

di agrans t hagmzﬁlr Feif dJc@e@st £ aishRAcdeharbMscddR Se@hent- 0t eS modell CHor 8G@mglk a58b

di agrams, process diagrams, and use-case tranpsit a UM
Desi gner 16robﬁ°€f@§15&dtﬁnﬂ?fﬁﬁ%{? PR CYPH %I‘taéf Tﬁglﬂfcevﬁl% r;rlﬁonrag%l%’r‘btu 600

(FIG 6). A Grass ildvagdarsr acustomer to chéEknebamka®sur¢Ifrergaaqmotes:ommtﬁwéhwcr eat ed
using class diag odel i n technl §4g{e[g5(,;§ (o] inngd types
of cl asses aﬁrﬂg‘@lgt‘g]]} Tons' Vgire a Ldvgért I‘OVI uni e Sﬁlgteélronal ity
al | owi ng thetteﬂasikeﬂf‘hetwblsmfepmg@tnmdﬂeflmﬂafwafﬁqﬂ&ﬁ?ﬂu?%m 1@‘?"’&? QTR o

structure at 4 Scfs%?céqt?éﬁt tE'aHﬁabase@@ﬁer%%@thérlbﬁnkrtbﬁﬁlﬁérItcrheﬁetemaesques‘tedcI asses are
uni quely create st andard del t| at i.S_provid dbb dhe . ranmewor k

of the i MPenesamt af“r?é“&@%%*’?@% r%tte alﬁ‘r‘"’@’&*?ﬁaélﬂn PRSP EHes’ § asses such as
Entities, CoBkidnghhieh &, turSkaneh @ by pess webrigowsetodiert apde%wsﬁm‘te S@P@E@é@’mﬁ? t he

g})(rjgi:t a;gcgss%}&rﬂt . entihnnatl nqgﬁﬁ‘?ﬁsﬁ{de} braries. Pal nyra UML Desi gner provi des

FIG 3 111ustrates an example of multi-tier client server architecture. Multi-tier client-
server architecture allocates different tasks and serv1ces to different tiers. In the example multi-
25  tier architecture of FIG. 3, there are three logical tiers. The first tier 310 is one or more clients
" 311, 312, the second tier is an application server 321, and the third tier 330 is a data server 331
332. At the olient tier, the clients 311, 312 provide the application’s User interface and also act
as presentation servers. The application's graphical user interface is generally a custom-
generated web page to be displayed by a web browser on the client computer. There can be one
30  or more application servers 321 that host the business logic, and one or more data servers 331,

332 to provide data storage and validation services. The main body of an application is run on a
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5 creating UML cl ass diagramthrough the Pal nyra C ass Di agrans subnenu.
610. The specific predefnmed decorations are uniquely created in the
sanme st amsenrdildvkssaodel that is provided by the frameworkI/iEio/oeoor at i ons
are al so organi zed into types such as Tagged Val ues and Stereotypes that
are designed to facilitate the creation of the target software application.
101. d ass Types Pal nyra consists of four class types, Sinple, Entity,
Controller, and Interface. a. Sinple Types Sinmple class types are
primtive structures that contain one single data el enent |ike a nunber or
a date or list of characters. The sinple types can_be predefi nagng t he
standard nodiekediBst32ovibd eplipsjion fverof 124 Ao idrve e ehieg! wH PGS éefl ned

|1 8 SPeCt 1 uRlele, Oy clieinABDL tagichon sBupTie typescasisiused as

fields for nore so ica cl asses tit I
par anet ers FORCEhE hﬁ“@chBHgleBrB??Pté?Or‘?é‘EfV?rﬁ{F Chelg[ct)lﬁ ?{7\8 1%§§Oc as?ﬁtﬂ{;sg&g@ These

si npl e cl assydiypesiet ab falsecdie oorst.r appiedion sralabilinsuprsrtsedvitde |im ts and

definitians i allttl{]o% d ta?e a%ln%[l]g‘a‘fg\; bRUGHEL RS sdHQURGH dagcefl@diedrﬂ)ﬂﬁ'@lﬁxglﬁsdﬁdeeﬁ&ﬂt s and
formatting Rl ement s anda preset val ues. exa I g&erent

predefined sihepibe SQW@ i @Suglufqdﬁﬁwtd‘émmh\ergf P FIE% PRBICE Y Pe” s a text
structure t hﬁfwleﬁ[@tﬁaugﬁs tﬁz@ﬁ1§§r E@rm&dlﬁMn@coﬁEKﬂeﬂUéﬂmar th@:fpphfhaw ers.

Anot her exarrp e of a e the data
el enent can Has¥R3s G‘aﬁ%afg?@m &3 | cf“écf'tté; A%l%}élggt% @ngéﬂ’crilé%‘qaﬁared si npl e

type i s Age\huspandDCAMBistekeatislomporanigibigt Modehpe is 25 -created using the

name Ageyal ue that f,{so% n_g%&h@@ékbfo&lm%ﬂﬁﬁé éyEtexairﬁﬂénﬁuﬁs eﬁteﬁpﬁ@mﬁaaﬁthpr edef i ned
or a nemy defined For exar’rPCsafl eVal .ue Q, Jaherit

from | nt egertedhelesy it %ﬁﬂt?@f%\ Fﬂﬁégd’éf"faﬁé’@ TSR TAE Iy 5%‘“3 ‘al'ns an
i nteger bet weeRs dRBoFcangRousdn ik TerdBByshb8 atobit2tuiodT ha 88db4Rher Hio b4 on, &

constraint can also b holwBRlg type so
that the rany&ACghieieEs sénoflgs (ifgj ogﬁ%ﬁ%\%} %ﬁngﬁgdeﬁﬁg%%mgte i neélgA eVal ue
30 inherits jiahe Hietdevebntreamdesigronirdhpse)ihe Weiﬂd@\]ﬂ? Wpanqnﬁﬁ@%‘ﬂ@f‘ge\m"h‘g‘s and it

can be fygt hgr seg\%]; LNeGeyidih 1sSaQ:‘3§1bcfn'cﬂ% a)éﬁl'tddﬁﬁ: @%@Bph@hﬂe@l}éyﬁéﬁ%meeds of the
target applica al s axe Sc%rg Enurreratl on

es
cl ass. An en@ﬁ@?%i Wﬁed@fsg@gte‘ﬂ@ﬂ%#@ésg%ﬁ%maé‘ﬁﬁ%& SR PSIT 0ssi bl e val ues.
of this typeratRisal kdethitMdkitetird Miese hgdisatiatstmaylhe waten 0ﬁ¢6€35md717§nﬂ13111‘1)/§4 rates-

an exanpl e of an enurreratl 0 Suhparticular exanple the class
contains a | 754 &7V RRYEN Y F%lp]‘ﬁo%%?lFEg%ptre{ﬂgutles In this exanple useri had a

list of properties IsecHBaslitiuseinemet i chenbagdfepemser BEErAE] ¢+1] =
Desi gner Th U BREAtd s%ra%ld@&tﬁe ﬁﬁﬂle he, 5k peaiaiedad i the informatGandposidByx i n the

gener at ed ication. i.TypeName 3 is an
enuner at i on %ilel qligy dogs n?t&ﬁcefs ﬁi?éiatta}l*f'éfi “if‘f)tf?'t dssirad: e IcfaéIlt %Bcei' Eg%g? ntz%rrg%s of a

speci fic cl aggverbh Be midleitlet, ubith Atescans tx dphs. 615 erPypendwe fepersk For
exanpl e, | f ﬁogdeﬁ)lc}y}/ D e N e - % gi’&%m t%?c%tchﬁfﬂﬁgrﬁ{y@@%ﬁﬁ@onsaﬁ@ dohersTagged
|

Val ue "cl ass as as va , at runtinme syag@egnvw |1
show i n a cohigh-peforomediosesagiin sewits p@l*”é%@é@‘“ﬁéﬁé@“ﬁﬂ qﬂ@“@?@i@g havi ng
the Steregtypgaba&ABstebihd) b trandBHIR A6W ETHEIRNDByser conmects to BIB Server or a Web

server via FITTP to download an HTML page containing a Java applet that performs presentation

. functionality. The applet communicates with EJB Server, calling middle-tier components that
perform business logic. Data servers and storage servers stores, processes, and protects the
corporate data. EJB Server rﬁanages a pool of connections to the database, coordinating the

30 transaction processing to those servers.

The Preferred embodiment
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A Dynami c Type Nane Class is an enuneration filled at ran-tinme that
contains all 15 sub classes of a given class wth two additional

properti es02611@4568€ i | | ustrates an exanpl e of a Dynam cPygpaBenmeocbass. For
exanple, if the user defines a Dynam cTypeNane class that has as

‘cl assnane' Tagged Value the Class "X', the includetypes ' as 'Type
AbstractVal ue' and the 'excludetypes ' as 'Type_Constraintable', the system

will show all sub classes of "X' extending "Abstract Value" and that do not
have the Stereotype constrainable '. The description of all 20 possible
types is detailed in Palnyra Stereotypes & Ru nfra ttribute
cl ass An A”fltlsrﬁﬂblm@rféfffﬁé§m1i’°§mtf§‘€6“]?66m€@§$c?%‘%?ételﬁgfgf %Olme ype that

extends one 4of.idhR6x BB ¥ e SipiRkien. tispesthendciatsderiopeictie fprofértthes t hat

the user needs. FIG 7D illustrates an daibD Wl SotblapsS. The
Attribute cIaBlél@atH&ff?%é]?géhe%?m%gus Pepares aon %PI% b@Ber@}:%l cpo ect. In the

25exanpl e shgyiation, ddatGig uhldpely anqnalp#ctiyﬂ\ék wiodgds g fiatheraleiipsdigp HERsess ar Spsdignf i ¢

attribut e at tc'iva datln%th@@\%PJi$ngﬁ§EQ@@Lﬁm&ﬂﬂﬁd gl s rellef, iThevaanest mddelsi but e
havi ng as’ ty ,R |vetoth|$aﬁg% bﬁwethee]%&a %)Qagmgndthe
defaul t fori mmmgww%@?dl%%ﬂm%ﬁ@?m R MR e & hi)
paraneters, 3ok Mm@dlsaaa}yWSar@efz apcpﬁ@nat iFO@.St prmctehegeagwd@emcoﬁ thej v,

Control | er Nani e | er. BShdagids except
that the basB¥PaSRPAHE S'i’fgx’aéc c@’élﬁ‘?m%%qroce sraﬁ!fgé)rhﬁ%w%ﬁﬁégﬁegt es an exanpl € of a

Control | er chams. Infgonerdxanyoftesre prfgingering POpess 1L ﬂﬁéf?éeqﬁﬁém}ioﬁléne‘ﬁafﬁﬁ%‘* al ue
" basecl aggn atH?steng?f 28 ld%?%‘nﬁlggﬁa ﬁ]&ﬁllulg%rbumGSS pradessfubifg ther®MLheapsiys tiesignvwaol | show
Cla

in a conbo box sses' panes of .the,contr Acti on
Enuner at i on 410- The bus%ﬁs Pie%eﬁsdﬁmﬁ‘?ﬁ%?%taf‘(ﬁwa’&ﬁe%mm oty gypﬁ(év%eg be%temer ation

that is fillgenfén WithRlidiaea byhetthe ﬁx@bamﬂmmdwteamvahdmd 430 prtsproelesiippubfor
controll er ustr te X {d@&tﬁ gh@ ERURBH, aysesnthgj ass. For
exanpl e, tg? ‘T‘ultmﬁ@flrﬁoi r%%ﬁ%??%n%ﬁﬂu%ngc e o @I;

romfile Pr Og ﬁ* % {léoe in an
Ent er pri se AﬁMILlnmatl|amn¢kﬂ<i§hlavb8€(‘lﬁﬁ)depl?ﬁ © 5T CEqﬁé”%ftt@arﬁet Britt ot .
defines gsmefRod, th@lerpHle Jpsﬁéaﬁ&%eaelogﬁkﬂt@@ﬁmﬁk Vigbrieet jo Aand Pelngra creat es an

Action Enuneration O ass wit ed Val ue °co L foialy to the
name of the FFéW%‘?\tﬁoB“leP’é‘Fuaé??dmgg%tlf oligk:t Iﬁesneede‘%o Suptpo%tlﬁﬁgﬁgtﬁe of ‘the met hod

that will fi bdneratbd dodetoirtitee dnfventwéinerssl cgmng\mdm@gnc@pépsatm@womy@pds en sone
val ues of the Narke er of i rﬁeﬂﬂd@b@ﬁﬁﬁm t he
changes wil | SB%IYP Y e tted fpeahé &q%e-gf)é?z%ii ?eﬁﬁre@gﬁ%ﬁe}[prlgﬂﬁ@n{ ?idp oty
cl ass types am@hhe&b&n@@%ﬁﬁﬂ@“@@ﬁhﬁﬁ@W%%Eﬁﬁ%ﬂmﬂﬁﬁﬁg‘ﬁ’? eFﬁﬁwwﬁﬁFﬁg one or
more Simphe GliasealieSet «fitdackilsirdaly B @pBytypes. can have relations with
other Entity class types. Like Sinple types, the Entity types can be
predefined by the standard nodel provided by the franework or they can be
defined in a specific nodel of a target application. Entity types are
20dat a el enments that conpose the data structure of the target application
that al so can be used as paraneters for the nethods contained in the
Controller class-types. These Entity class types can al so be constrained,
enhanced, and nodified in a way to provide nore precise data elenents in
accordance with the needs established by the target application.
Entity class types can have nultiplicity of definitions for the fields and
relations. The 25integrity of the instances of Entity classes, referred to
as objects, is checked at runtime for the correctness of those objects in
accordance with the predefined multiplicities. The rel ations
between Entity classes types are categorized into four groups referred to
as generalization, aggregation, conposition, and association,
Generalization relations are used to express inheritance. The inheriting
class is 30considered an extension of the existing class that can add nore
fields or relations and/or can
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nodi fy sone features such as nmultiplicities of existing fields and

rel ations. Aggregation relations are used to nmake it possible for
a dat a stwocburmsaefi ned by one Entity class to point tecwoiBsno/oenzr
structures defined by other Entity cl asses. Conposition rel ations

are used to indicate that a data structure defined by one Entity class is
conposed of other data structures defined by other Entity cl asses.

5Associ ation relations are used to associate the data structure defined by
an Entity class with other data structures defined by other Entity cl asses

according to conditions related to the contents of the re(%ﬁ;a#}gg cl asses.
Rel ati on dependefRABECAEDESHPEGBPPTBHAREMORELUING AL RKY I n,

Cont ai ns, SaneAs, O, Xor, and Exclusive. F tian ( enclmsrare applied
to a pair of relat Tlﬁh@frn?q‘i‘é’rgil@’fe\%m{zogfnéefl TN e%%leéag’gﬁoﬁgagﬁ}ﬂle source and the
target. The chghtigand. Bldagiohkis dbdrgesurtion thogreritpan vitk s sialerd RgEFBEat i on or
Conposi tion rel ation GypPgs; Is such as MaflchrSk 81 k2 0na1 AERETEIIGHs drSapgied t 0

i ndi cate thaaPprf’zﬁéu%Tgenentgéggltogrfgsimngast SQ% he sourceaL r a%i ond(j S model

éfsn?de‘q g I%s.lﬁe_: afa model.

si nul t aneousb yrezie Wdfidiagrags tofrpRacsens 1§ USRSHROEE A

Cont ai ns 1 el At LAPLGERERIBNGY désfh tHBEN bouskdigi ottugert ddtcorshimisolticect i on of

el ements 15bel onging to e.source relati. L0sludesich Agneolktstiban of

el ement s thé’treff}?g(?ﬁgmf%en{%%mfitg“'téee]ieusf’ eofcéés:mgér}? hufépith “8arneAs relation
dependency i#mdusettatcomperdiicat e t hat the el enent(s) belonging to the source

relation is the sagg eleiRMent fale pRENPAGSHEOME BapiQl Gedelifgehatdsign ool is

O rel atjion dependency 1s used to indicate th at. | east . on t Wo
rel ati ons0 S@@ﬂd@éawef‘{lﬁﬂv@@t?s%ﬁﬁ‘{fﬁ]ﬁlgﬁ%& %%fs%%bé W, ?\Eﬁ}ﬁc?rrf% a?Jne Eshﬁgt Xor

rel ati on depRERRGY fih&ioksele friphicaidhaialing atchirsizoel odthd pisferyd @edigenit he t wo
rel ations, sourc I Bl L i g@ﬁlﬁﬁ 8{ 1@-& Ehmt:ﬂe@iefordesign erTors,
Exclusive r Of‘gﬂ\?ac%c éaﬁ”g@%dé@l%ﬁqg%lglggﬁ%o i ndi cat e (iehat at st one of the
two rel at i on®ntraSisreopeend EagerstValueh sACHVERE Lesi GRS HEOPEht T B 25 There are

di fferent ty?ﬁ%cﬁp;w BN d1 kBild hndFRdiFtOMIOkBEsSs, the invention Askiding Désigneh@ss i s a
persistent cla

s In the_database (realizes, the " t . =dlontgrface),
havi ng aflf ri beipes NassPravdo pY3Res EPHsBLY tsféci?g nl‘j‘g{ ?hiia?]’%&%%?%ﬁ%%%% th
ot her cl assepaimfrh GMIWesighdrushstiaites sn sirtitienablayp &aioits eripp eiMagicREY. I YR ti es

can have St eE%%%%E’%% lil%gz&'g Q‘tscrc(aﬁlgi%\gli ﬁ'jog@sk}hﬁ do &ﬁ@&%ﬁﬁmo ﬂi@ﬂgﬂéhn\%ﬁﬂulbes such as '
non expan a]b? e, an

(expandabl e, eSS Ta%gggalr}ll}?rL%%QL’De%%eré%lt ributes,

and to avoid errors during and after the design process.

employs several steps to achieve this. First, the Palmyra UML Designer tool checks whether the
20  designed models conform to pre-defined Palmyra rules by validating initial values, multiplicities,
types, etc. Second, the Palmyra UML Designer tool makes diagrams ready for the generation
process without human error. Third, the Palmyra UML Designer tool enables the addition and
change of relations and simple fields uniformly throughout the application with precision.
Fourth, the Palmyra UML Designer tool checks for Palmyra elements, and adds or corrects new
25 | eligibility beﬁveen their Stereotypes in order to avoid conflict and design errors. Finally, the
Palmyra UML Designer tool makes use of value references for Tagged Values instead of String
Values. ’
The preferred embodiment is not limited to MagicDraw, or any other particular UML
design tool. Accordingly, one can implemeﬁt ‘this validation functionality through the use of

30  other design tools, such as a stand-alone application, or an add-on for another UML visual design

tool.
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Constrai nabl e cl asses A Constrainable class is a persistent class
in the database on which we can define constraints. It is an "entity" that
has the Swenentyps4"canstrainable". FIG 8 illustrates aoTapzanph@osf a
Constrainabl e class 810. 5iii.Constraints classes The objective of
a constraints class is to define constraints on a Constrainable class: The
constraints" class should inherit fromthe constrai ned class (which should
have the Stereotype "Constrainable" or "constraints" also). FI G
8 illustrates the use of Constraints/Constrainable classes. The classes
Equi ty 10820, Right 830, and Warrant 840 are securities that have.,specific
properties (fixed Vil Designeriafsp proyidspusa LRSI AR E R & EE TN 820 1N
'\[/ 2: 3 ec.l. EZ 3 i %&gﬁlaagg%g%%%gne@ﬁ%&aieﬂﬁ&iendl}smﬁﬁ@zﬂmpanmdasmlayd Taedd has fixed
L ; IS ass_t. i T : i
frozen, rea abﬁl‘rwtgétr‘?ﬂtoﬁ%t a]#}iqﬁ’(eélﬁmfﬂge?svcg %rénmgao%%{ckcp[% %Odlﬁél\?/t\ar tlrhlgﬁl? r g4|0'S In
this class tphgecat Th ML Essigrassetliat the we obthf Paypenclase iy soriye hamidichas fi xed

val ue " rant.".iv. Sl : j i i tThpEMVAL St i
e Gat atins g BB B e A pi.gaf ace) . and
it has attr|Qﬁ%@%a@ﬁéeeﬂﬁl%ﬁr@8’ﬁ§sﬁ°wClFﬁFféiF?efl@ng?n&{‘ﬁ y@c?glﬁ%escﬁ'tee alue”. It

2' égnggn_ PavlfelsiéﬁﬁEﬁ@&i%ﬂh@ésavainucd:}e'ﬁagigeﬂneé/ahm&m. FIG 9B provides an exanpl e of
site class. _v. ass The i dp ze th
PW&W}?}%@1 ghct o?xhaéso 8?@12&% 9%6%1)131%% a!)tﬁmyt%% b8 QREd M Zze e

repetition of sone _ di agram Wen sone attributes
(from di f f ertesit FIct. aspesnts aiBMIceizon FlomereAy haying §58%e PHECHBT i ni ti on of a

Macro Ca?() be very usebi, raIPpojzc‘?-gltOz Tifs ¥BE1c0: B XRE BSSAS ades BMRALip®jegt dupi ng of
some attributes within the same class in order to be used.b der cl asses.
FIG 9C pr oviatess epice peisdiedplnyraiedf giogq! aulaemeyec\soptfig %P‘gés 3
Palmyra Save 520: saves the active project.
Validate Palmyra Project 530: This sub-menu is used to validats the Palmyra Rules
of the project
15 Open Palmyra Code Generation 540 This sub-menu is used to open the Code
Generation Tool and passes to it the full path of the related UML model (in Palmyra XML
format). This sub-menu is used when the project is validated. The path of the Code Generation
“Tool is specified with the installagtion of the plug in.
Generate Log Files 560: This sub-menu is used to generate log files. A first log file
20  contains the list of entities without code in the current model. Its name is the concatenation of
the name the model and *_Entities WithoutCode.log”. A second log file contains the list of fields
which do not have the Tagged Value ‘currpath’ and do not have a simple value (the field must
have at least one °.”). Its name is the concatenation of the current model name and
“ FieldsWithCurrPath.log”. This sub-menu comes available when the project is validated.
25 There are several types of diagrams that are created using the UML design tools, such
as class diagrams, process diagrams, and use-case transition diagrams. Palmyra UML Designer

provides additional menu options to MagicDraw’s Diagram menu 600 (FIG. 6).

A. Class Diagram

The class diagram is uniquely created using class diagram modeling techniques where
30 specific predefined types of classes and decorations are applied to provids unique functionality

allowing the system to interpret the diagram and to generate the data structure at generation time.
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Controller class types are algorithmdefinition structures; they contain
one or nore witten algorithns that are called Methods. Like Sinple types
and Enti twotyperse3control | er class types can be predefi med/B3y10/beost andar d
nodel provided by the framework or they can be defined in a specific nodel
of a target application. A Method may have one or nore input data el enents
5 referred to as input paraneters and may return at nobst one output el enent
called the return value. Both input paranmeters and return val ue represent

i nstances of the Sinple class types, Entity class types or interfaces. A
controller may have a short nane known by an al.i as; BE§4 ffm S used by

t he appl|caﬂh@ﬂm@@duabﬁMﬁyﬂ@ﬁéC@%ﬁﬂ§§§ﬂﬂﬂ§mﬁ%@Hné§”@§ LPYSh '8 mul as to

ng er toa RS Sk byage mrewnlome invénki6a, ﬂ@cp@ma?te@mm ieta dywpd clpfsegpuch
ntroll er ass. 10e. | nt Egﬁch;%ssand%%rfwsntfg ?a%gﬁﬁlsﬁiﬁodgled}eegﬁg%mpus

structures tahBpitis Cgurofers, al ni n avi ng one or nore
Si npl e cl as Sty Pas linmths C Pamira U LrRdsighsr oroide ditket encera o aapbictlyool|iss t ypes or

interfaces. Like 3l ERLn Cfléépﬁﬁ xhs%@rﬁénaws can be
predef i nesfi by e 51?91 gg é&ﬁﬁg&wm i e

rovi ded b 1t ({ ﬁgwor kstor ﬂf/}i can be
defined in a speci Th@P?ﬁﬁf@Fﬁdﬁfﬂlﬁ‘é‘lﬁc&ff‘tﬁ’é‘f arq BAGISYicEeRlES B STRSPAFS T
cat egor Y CONf QLN ishovided byoud Rgholvbike Thedeesstiontdredsoargnivddins tretsed 3 n Fl G

o al i ol oo rieeaneierma ¥Rt R nisghiiel 1] ALREL AC eltn bR BYRAIMLA O ace

of aI | el enehigeediVlup enenting cl asses are not

persi stent hbypitedaaul t The user can define |ts own 'value' interface that
ext ends }/ | ue or one,of id,suhsinterfaces. The new interface is used to
define attributes and make relations with other interfaces or classes. Al
i npl enenti ng cl assesmafneondls oplusiass ek, Sy Bnigy.tdeetrollen mydaiFise st er eot ype
for exanple) Abstract Value Interiace gpcAbstract Value® 1020: This
interface is the super interface of "all" persistent entities in the

dat abase. |t def | ehuihgut opauisgahichi ekl pi cousieatisopDitiesloereiicor User | d,

updat eDat e, updat or ssPoi d tﬁgl}ﬁ@g@ el
Abst r act Val UBTRERSE 2 h% qlftl'?gc}?fa tl‘;réoltrheSi ptl%@f%g%n%g géggeaﬂr}’t 01 sub- ¢l asses
nmust havest h@o\adieﬁrbgmeyxpme\#celmancttyéy car} ﬂSOthéefulS@m ﬁd@l"iﬁﬁé@d‘éﬁf%%ftr act val ue'

interface, e iR b 8Reds B i A opifSdi G o6 Jikedigly Brak@ypeel at i ons
wi th 300t herapg asse?gd1 gw%{s g aces Stg;a ep " Storage”:

An i nt er f aceongk pandtass fox the @6@%@“3@%%&6"0 %Dblérc"ﬁafsl’@%es Bsapiglass
I npl ement i NQipRit iIRDe cAstedil ﬂx&&va&ﬁﬁﬁévﬁ@dﬁnﬁmdeﬁmﬁwﬁ pfthe @@rﬂemsstﬁ F"&]@t Val ue

interface. The user nust t he edlalasource” . All
cl asses t hat aﬁrﬂﬁpﬂﬁ@ﬁ?m?w&dlg? éﬁan %fgr?c%%gl%\n e e sg?%?%ﬁ in the

speci fi edodat a souraexafieofmapdiing %@Plﬁé’éws tsﬁ’élg‘&a&‘lleué Bive e 5p§5EC Yal ue

datasource’ ang LRe.k fd ma‘}%& ahasgicihy d mbgnpehf-knes dhavlien. deghayianglet he

appl i cation.
PP of a predefined simple type is BooleanValue, where the data ¢lement can have a value of true or

false.
An example of a defined simple type is AgeValue. In this example, a simple type is
25 -created using the name AgeVaiue that is defined to inherit attributes from another predefined or
a newly defined Simple type. For example, AgeValue is set to inherit from IntegerValue, which
is a predefined simple type that contains an integer between the range -2,147,483,648 to
2,147,483,647. In addition, a constraint can also be added to the newly defined AgeValue
Simple type so that the range might be 0 to 150. Accordingly, the newly defined AgeValue
30  inherits the attribute of an ability to provide a range of values and it can be further defined with
specific valueé established by theneeds of the target application.
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Exanpl e: A client has bought a Pal nyra busi ness application that has an
interface with another application but this application has it own

dat abase.wohe1idasésgner needs to create a 10 new st or age pemtBiogo/bdrat7
inherits from Storage interface and assigns to it the correspondi ng data
SQUTCe. iv.H storicized Interface "Hi storicized" 1030: indicates
that the inplenenting entity will be historicized. The system defines two
interfaces: Historicized and HistoricizedOnDelete. A Historicized entity is
a 15 class that inherits fromone of the two nentioned interfaces. The
systemw || maintain the history of all nodifications nade on_ instances of
this entity. The uSemplechss et tlmehaid 2 Eywneratiop S8 Perguyeton et 9588 hat

defines the tﬂ thii rftl[y;%e Pold bRl AR Y AR RS A eRlefinbl kvitkh @5 SRS attfiatesi Fipl enent t he

createdlnter ace w historicized in_t i 1 ed
source. The Zaﬁa}ﬁgﬁﬁﬁgs %éf%&?fﬁlh@u@l&fﬂtp@ clags. t[rhtglspargali 1e@hec ass %ntggst:?‘

| i st or ydat aspireers dtdndiherseal deit abasle uk]Had b@stzoprpmtfewunlw when

depl oying_t C hC &Sbd S given in
FIG 10. % gﬁsgg\g{%f@cgéeé’f Ul]serNhallnaf-al BXSIéPLEI %Qg%%gegﬁgf Jéd?idefl ned

decor ati ons wraemwdupuﬁoylbeBe?amé@gWg@@édP%?%és and Stereotypes designed to
facilitate the creation of the taﬁg&ﬁxya&@ms‘&vare application. 25Decorations
for class diagrans provide additional information for elenents |ike
interfaces, classea TypeNahd Gnas js santnfoiagprdled Fe-taebrariemel gieléat egor i zed
into Tagged Yaly&s o0 ‘étas%r £, Yﬁﬁﬁxstra-tlcégg&gmﬁ(@-b%e@pﬂaﬁleldﬁ@d F&l@xﬂﬁiﬂi‘a if

information To an e enent by neans -of a desired v uch,, Vaulégber or
char act ed0 Stigpepng pdepdy %’"ﬁ%’é’&yﬂe@{“’ﬁ "gukthy yagﬁ?ﬁle %Wé’l‘ﬁes %Snsto groups
such as Enti&&s@‘é‘xaﬁtqlm@ﬁxe%rs dﬂi\&llslﬂiwmQCﬁﬂiﬁhalmfmmtuB@hSSbﬂ kaenes h&hSt er eot ype

Constrai nable, _V 0 456t34I?‘CT/ I B%O,lO/ 002037 however no val ues are
assi gned to &&r Zgztaylﬁ t?'ﬁ%“i’ avai | abl e Tagged Val ues and
Stereotypes differs in accordance HYOWW?W@ of element. Al the

St ereotypes are defined excl usi ve in the sta i ded by
the framework. In %gsisﬁlémf‘glﬁﬁé%l \ﬁ‘?%&nl\%rrm;@ggﬁ |n t he

st andar d 1§M_subRESEs B a @iﬂéh cmatshﬁmsnwag/duhmﬂqbefpbmad FBy 78 ilbypteatds fi @iaﬂf@ﬂd efaof a
target appli Bat I 0 Easg ﬂ:dr% ?n.FPalH.lw (& cﬁtliﬁés%@yﬁﬁﬁﬁ ﬁ&@m-g@ﬁgﬁﬁht ¥al ues:

Tabl e 2: Pal er eo% ypes and. Val ues El'enment’ Properties Eal nyra
St ereotype as classname Tagged Value the Class “X7, the ‘includetypes’ a3 “Type_dbstractValue’ and t

‘excludetypes’ as “Type_Constraintable’, the system will show all sub classes of “X” extending
“JbstractValue” and that do not have the Stereotype ‘constrainable’. The description of all
20  possible types is detailed in Palmyra Stereotypes & Rules (infra).
iii. Attribute class

An Attribute class is used to customize 2 simple type that extends one of the Palmyra
Simple types and adds specific properties that the user needs. FIG. 7D illustrates an example of
an Attribute class. The Attribute class defines a set of properties for a specific object. Inthe
25 example shown in FIG. 7D, four properties are defined for a specific attribute attr!. Tn another
example, the user can define a new attribute having as type dmountValue, give'to this attribute
the precision and the defaultformat Tagged Values, and after that define all attributes,
parameters, and returned values of operations in the application.

iv. ControllerName
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Pal nyra Tagged Val ue O ass Nane entity constrainable constraints conposite
cached . context descriptionkeyes domai manager fieldconfig indexgroup
saneas slwoanmm/u4si3quegr oup macr o controller utilitycCAmBa—0/002037

A controller name is like a type name, except that the baseclassname is a controller.
FIG. 7E illustrates an example of a Controller class. For example, if a controller name has the
Tagged Value “baseclassname” as value a controller “C*, at runtime the system will show in a
combo box &ll sub classes’ names of the controller “C”.

5 V. Action Enumeration

An Action Enumeration Class is a dynamic enumeration that is filled at runtime by
the execution result of a method in a controller. FIG. 7F illustrates an example of Action
Erumeration Class. For example, to fill a market Transaction Type from file (Property file in an
Enterprise Application Archive (EAR), the user creates a controller, defines a method that

10 returns a Collection Value, and then creates an Action Enumeration Class with Tagged Value
“controllername” equal to the name of the new controller and “actionname’ equal to the name of
the method that will fill at runtime the values of Market Operation Type. When some values of
the Market Operation Type are added, modified, or deleted, the changes will be done only in the
file.

15 b. Entity Types

_ Entity class types are heterogeneous structures that contain fields having one or more
Simple class types, and Entity class types can have relations with other Entity class types. Liks
Simple types, vthe Entity types can be predefined by the standard model provided by the
framework or they can be defined in a specific model of a target application. Entity types are

20  data elements that compose the data structure of the target application that also can be used as
parameters for the methods contained in the Confroller class-types. These Entity class types can
also be constrained, enhanced, and modified in a way to provide more precise data elements in
accordance with the needs established by the target application.

Entity class types can have multiplicity of definitions for the fields and relations. The

25  integrity of the instances of Entity classes, referred to as objects, is checked at runtime for the
correctness of those objects in accordance with the predefined multiplicities. |

The relations between Entity classes types are categorized into four groups referred to
as generalization, aggregation, composition, and association.
Generalization relations are used to express inheritance. The inheriting class is
30  considered an extension of the existing class that can add more fields or relations and/or can

modify some features such as multiplicities of existing fields and relations.
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Aggregation relations are used to make it possible for a data structure defined by one
Entity class to point to other data structures defined by other Entity classes.

"Composition relations are used to indicate that a data structure defined by one Entity
class is composed of other data structures defined by other Entity classes.

Association relations are used to associate the data structure defined by an Entity
class with other data structures defined by other Entity classes according to conditions related to
the contents of the related classes.

Relation dependencies are categorized into six groups known as In, Contains,
Sameds, Or, Xor, and Exclusive. Relation dependencies are applied to a pair of relations, the
two relations are called the source and the terget. The relations eligible for such dependencies
are Aggregation or Composition relation types.

In relation, dependency is used to indicate that the element belonging to the source
relation is simultaneously a member of the target relation-collection.

Contains relation dependency is used to indicate that the collection of elements
belonging to the source relation includes the collection of elements that belong to the target
relation.

Sameds relation dependency is used to indicate that the element(s) belonging to the
source relation is the same element that belongs to the target relation. ‘

Or relation dependency is used to indicats that at least one of the two relations, source
or target, should be assigned at runtime.

Xor relation dependency is used to indicate that one and only one of the two relations,
source or target, should be assigned at runtime.

Exclusive relation dependency is used to indicate that at most one of the two relations,
source or target, should be assigned at runtime. V

There are different types of entities:

i Entity Class

An Entity class is a persistent class in the database (realizes the “AbstractValue”
interface), having attributes (inherits from “CompositeValue”) and relations with other classes.
FIG. 9A illustrates an exemple of entity class. l

Entities can have Stereotypes such as (constrainable, cached), Tagged Values such as

(expandable, non expandable, and Business Tagged Value), and Attributes,
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ii. Constrainable classes

A Constrainable class is a persistent class in the datzbase on which we can define
constraints. It is an “entity” that has the Stereotype “constrainable”. FIG. 8 illustrates an
example of a Constrainable class 810.

5 1. Constraints classes

The objective of a constraints class is to define constraints on a Constrainable class:
The “constraints” class should fnherit from the constrained class (which should have the
Stereotype “Consirainable” or “constraints” also).
FIG. 8 illustrates the use of Constraints/Constrainable classes. The classes Equity
10 820, Right 830, and Warrant 840 are securities that have specific properties (fixed value,
multiplicity). The constraints are:
Equity 820: In this class the attributes: assetNature is frozen, read only, and has fixed
value “Equity.”
Right 830: In this class the attributes: assezNature is frozen, read only, and has fixed
15  value “Right.” ‘
Warrant 840: In this class the attributes: assetNature is frozen, read only, and has
fixed value “Warrant.”

iv. Composite class

A Composite class is not persisted in the database, which does not realize the
20  “AbstractValue” interface), and it has attributes and relations. It inherits from
“CompositeValue”. Tt also can have Stereotypes and Tagged Values. FIG. 9B provides an
example of a Composite class.

v, Macro Class

The Macro class is used to optimize the repetition of some attributes in the class
25  diagram. When some attributes (from different classes) are common for many classes, the
definition of a macro can be very useful. In fact, a macro expresses a semantic grouping of some
attributes within the same class in order to be used by other classes. FIG. 9C provides an
example of a Macré class.

d. Controller Class
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Controller class types are algorithm definition structures; they contain one or more
written algorithms that are called Methods. Like Simple types and Entity types, Controller class
types can be predefined by the standard model provided by the framework or they can be defined
in a specific model of a target application. A Method may have one or more input data clements

5 referred to as input parameters and may return at most one output element called the return
value. Both input parameters and return value represent instances of the Simple class types,
Entity class types or interfaces. A controller may have a short name known by an alias; this alias
is used by the application code or by the expressions used as caloulation formulas to referto a
specified Controller. FIG. 9D provides an example of a Controller class.

10 ‘ €. Interfaces

Interfaces are heterogeneous structures that serve as templates containing fields
having one or more Simple class types and can have relations with other Entity class types or
interfaces. Like Simple types and Entity types, interfzces can be predefined by the standard
model provided by the framework or they can be defined in a specific model of a target
15  application.
The Interface category contains the following interfaces, which are illustrated in FIG.
10:
1 Value Interface
“Value” 1010: this interface is the supef interface of all elements in the framework.
20  All implementing classes are not persistent by default. The user can define its own ‘value’
interface that extends Value or one of it sub-interfaces. The new interface is used to define
attributes and make relations with other interfaces or classes. All implementing classes are not
persistent (having the ‘composite’ stereotype for example)

1. Abstract Value Interface

25 “Abstract Value” 1020: This interface is the super interface of all persistent entities in
the database. It defines the technical fields (pk, creationDate, creatorUserld, updateDate,
_updatorUserld, accessPoint, type). All sub-interfaces of AbstractValue must have the stereotype
‘abstractvalue’ and all sub-classes must have the stereotype ‘entity’. If the user defines an
‘abstractvalue’ interface, it can define attributes (but not operations) and make relations with

30  other classes or interfaces.
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i, Storage Interface

“Storage”: An interface with the stereotype ‘storage’ speciﬁesAstorage of
implementing entities. A storage Interface must inherit from AbstractValue interface. The user
must add the related Tagged Value “datasource”. All classes that implement the created

5 interface will be stored in the specified data source. The mapping between the value of the
tagged value ‘datasource’ and the real database will be performed when deploying the
application.

Example: A client has bought a Palmyra business application that has an interface
with another application but this application has it own database. The designer needs to create a

10  new storage entity that inherits from Storage interface and assigns to it the corresponding data
source.

iv. Historicized Interface

“Historicized” 1030: indicates that the implementing entity will be historicized. The
system defines two interfaces: Historicized and HistoricizedOnDelete. A Historicized entity is a
15  class that inherits from one of the two mentioned interfaces. The system will maintain the
history of all modifications made on instances of this entity. The user can define its own
‘historicized’ interface that defines the tagged value *historydatasource’. All classes that
implement the created interface will be historicized in the specified history data source. The
mapping between the value of the tagged value ‘historydatasource’and the real database Will be
20  performed when deploying the application.
The hierarchy of these interfaces is given in FIG. 10.
3. Class Decoration Types

The specific predefined decorations are uniquely created Tagged Values and
Stereotypes designed to facilitate the creation of the target software application.

25 _ Decorations for class diagrams provide additional information for elements like
interfaces, classes, relations, and fields. The decorations are categorized into Tagged Values and |
Stereotypes. Taggéd Values are used to add information to an element by means of a desired
value such as a number or character. Stereotypes are added to classify these elements into groups

such as Entities and Constraints, or to add information like the Stereotype Constrainable,
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however no values are assigned to Stereotypes. The list of availaﬁle Tagged Values and
Stereotypes differs in accordance to the type of element.
Al the Stereotypes are defined exclusively in the standard UML model provided by
the framework. In addition, some of the Tagged Values are defined in the standard UML model
5 and others may be defined by a specific model of a target application. TABLE 2 lists Palmyra
Stercotypes and Tagged Values:

Table 2: Palmyra Stereotypes and Tagged Values

Element Properties Palmyra Stereotype Palmyra
Tagged Value
Class Name entity context
constrainable descriptionkeyes
constraints domainmanager
composite fieldconfig
cached indexgroup
sameas
slaname
' uniquegroup
macro
controller Alias
utility ,
enum domainmanager
typename classname
domainmanager
dynamictypename classname
|| excludetypes
includetypes
domeainmanager
( attr defaultformat
domainmanager
mask
max
min
precision
rounding
controllername baseclassname
actionenum actionname
controllername
domainmanager
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Interface Name value : context
abstractvalue domainmanager
indexgroup
sameas
maxgroup
slaname
uniquegroup
storage datasource
historicized historydatasource

Attribute Name code Active

type asp calculationformula
initial value unique calendarpath
multiplicity sequence curpath
transient defaultformula

' domainmanager
exclusivetarget
index

invisible

label

order

ortarget
orderincode
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ownerclassname
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readonly
rounding

style
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xortarget

Operation | Name

Return type
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Between tow Association In Root
Relation: rélations sameas source
Dependency contains target
exclusive
1or

Xor

Relation Type:
Simple/Aggregation/Composition
Cardinalities

Navigability
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2. Introduction to Tagged Values

Palmyra elements can have properties that are called Tagged Values. Tagged Values

are properties given to elements like interfaces, classes, relations, and fields. Tagged Values can

be mandatory or optional. Allv specific 'ljagged Values (defined in a specific model of a target

application) are optional. Once a Tagged Value is added to an element, a value should be

assigned to that Tagged Velue. An example of a Tagged Value is the Calculation Formula. When

a Calculation Formula is added to a field, an expression is assigned as a value to that Calculation

formula.

b.

Introduction to Stereotypes

Stereotypes are also properties given to elements. Unlike the Tagged Values, no

values are assigned to Stereotypes when they are used. The target Stereotype merely expresses

that a value is desired. For examb]e, the Constrainable Stereotype, when added or assigned to an

Entity class type, informs the system that constraints could be added to that Entity class type

later at runtime.
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types. There are 9 types that the user can specify: type_AbstractValue, type_Interface,

20  type_CompositeValue, type_Constraintable, typ e_Constraints, type_CollectionValue,

type_SimpleValue, type_BusinessEntity, type_ExcludeAll, and type_IncludeAll.

gt a class with the Atir stercotype can have an added restriction to an element of
a Palmyra Simple type. The user can specify a customized simple type with all required
properties, such as default format, mask, vmax, min, precision, and rounding.

25 "enum": a class with the Enum Stereotype represents an enumeration. Its attributes
present all fossible values for a field having as type “enum.” Every Enum class element should
inherent from a Palmyra StringValue type or one of its subclasses.

"eontrollername": a class with the Controllername Stereotype can list all the
subclasses of a controller. This information is set in the Tagged Value baseclassname. -

30 "actionenum™ a class with the Actionenum Stereotype has values dynamically

assigned at run time. An Actionenum has two Tagged Values: controllername and actionname.
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"in-visible"; an attiibute with the Invisible Tagged Val ue can be used to
make an associ ated object not viewable in all service paths. If the user
wants the object to be visible for a certain path, the user nust add it
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viewed cl ass. The usgfuiMisk" beintat@ith tHooabnatvilse’ thetwaive pesidert f or two
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(def med usi ng; ggggi- i i e UML editor): when set as an
attribute, tﬁdél&?j%g’ esﬁég%%%/b%lg@ﬁéﬁ/_ﬁghgﬁﬁg attrjbute an ini ti.dal . al ue, and
its defauPt view vvi"t’“'Ffo’ﬁ%ézeé":Ré%ﬁ‘ffﬁéﬁ?l“@ﬂﬁdté?eoweljg‘ft%%@g 5 EFAPET el Shent s

5" mandat or y" «f;fefd-aedceringmadi) khicplsiueddtiystqre bpistsy tibies bfedl toemeddng or, see
TABLE 1): when.set at attribute level, this attribute indicates that a

val ue of thi &%%P%l d nust be set to a value other than null. "index": an
attribute with the | ndex Faggédewaglaied els@tninust be i ndexed in the database

These elements help define the default view of their entity attributes and relations.
15  These properties will be added to the meta-data of the element that is used by the Palmyra

Presentation service.

"invisible": an attribute with the Invisible Tagged Value can be used to make an
associated object not viewable in all service paths. If the user wants the object to be visible for a
certain path, the user must add it using the view format.

20 "style": an attribute with the Style Tagged Value can be used to have an object be
viewed using the specified layout. The value of the style is one of the supported layouts in
Palmyra. The value may also contain criteria determining the condition that must be verified in
order to apply the specified layout.

"order": an attribute with the Order Tagged Value contains an integer value giving

25  the position within the view order in which of the specified object will be viewed within the
viewed class. The user must be careful to not use the same order for two different objects.

"Jabel": an attribute with the Label Tagged Value will be viewed using the specified

value in the label.
"yeadonly"; an attribute with the Readonly Tagged Value may not be modified.
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i

» | n
dat abase 160 aREEEIIE FEFIEC SEEHECRY 7R L FESF it g must be seb). Tumiquq, rl(:lﬁﬁseég:;lroup": this

Tagged Val uenrhsdssetorbrty aditeaib-ded Ragedtvilis group of attributes have a
uni que constraint 1.j, L he 0atahane me St Wedool e bl AbSralgadade Val ue s set
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database. g. nst "o Nt amodel o glated el %Qassed in interfaces that extends the
20 historydatasource": this 1s a Tagged

"Historicized" interface. It is used to specify the data source to be used for the history.

"code": A code is a string that uniquely represents an object. It comprises of one or a
concatenation of a set of its attributes and relations. The default entity code is its database
primary key. When an attribute or a relation hels code as a Stereotype, this indicates that this

25  attribute or relation is part of the object code. If the code is composed, the Stereotyped attributes
must be ordered using the ‘orderincode’ Tagged Value. "code" also verifies the "mandatory"
property and the "index" and "unigue" Stereotypes.

"gsp": this is a stereotype used in attributes to manage the sharing of global entities
between different users. The user is allowed to access only a subset of the associated entities. An

30  administrator must set the user properties to transparently map it to the asp attribute, which

determines the allowed subset to access.
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10"constrainable": this Stereotype indicates a class is subject to be
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cl asses fworma/msger cl ass. "constrai nts": thi $CBBrRODO0E
indicates a class has a constraint on its super class. The constrai ned

cl ass can change sone of its super properties at run time such as Attribute
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nd a relations.
"list": Alist is A7SHese yb‘éT%%ls%‘%Vﬁé‘ﬁﬁ“rn%&i“f‘iﬁm te?’&‘ o o %a ?“665 ARd
aggregatl on amuquéedna&dnm}ﬂhedatabzhsadexes t he owned el enents accord| ng to a

user - defi ned order. ﬁdSt"Went%ln%n d@‘ﬁlﬁe@?et%‘tﬁ@l o%gﬁt'v&]n%&%d%r!ﬁeﬁn be

re-ordered usi ng eluf ¥R down arr ows’ or order list" action.
"map": A mapquesraathStcelt@mfyipealmelﬁa@nﬁpﬁcﬁnrweﬂéfatim‘tn& n conposition and

aggregation rel ati O%aszebzt HhAARYBS: thiNRrBWE 6itcIfh R TR SendEAGHI T hd Ge indppad
user-defined role (key). | ndexnanze": this Tagged Val ue i ndi cat es the

name of the ioitfeReeaspl i ed to an 30attribute. "i ndexi suni que":

this is a Tagged Val ue that debisneistmodantlguedessiscondition that gr oups bot h

the index field and the symTetrlc role of the owner in a " ation.
FARELI o

Wien suchfa uni que "ewdiintdbtshi tisSterpgsrpe @icaisy dC15he SEP) e RT SBTF
returned forgsgaghnossidibs wdb dextof oﬂcb@trmﬂde)@eﬁs frireh chper\Bhen no uni que

constraint is applied, nor n o n . mat alue of
the i ndexed fi elog PRSI t@ﬁggref%e 1?%1’3? Sla(%ﬁss haﬁaIC%%g%lgﬁJ\%l%?%?i&%%}ghy

i npossi bl e t eonetfagad elan baumdgb enteléitcopdr prbirday ariuatimaiupy P b igznges and
present at i onm:lag% erfacH . Dependency relations related el enents For all
dependency re I ons tﬂr ee gged Val ues are nmandat o

"root": ilidicates- t"ﬁ’égll?fé’@ﬁ”@" éfllsa sdoy A iseprotimed W&%ﬁﬂ%"i’i‘t"f? wrstsh€eBel ong.
10" source": iJighiGat@Sorizhel thab 65 tef ovtrkitdes Gdkitioe (of ®llet TiBIStereotyped class is a

constraint on its super class.

h. Model related elements

"sequence": this Stereotype is associated with an attribute that will be dynamically
20 assigned a unique sequenced value.
"se": A set is the default Stereotype applied to 1 to n composition and aggregation
relations. '
"[ist": A list is a Stereotype that applies to 1 to n compositior and aggregation
relations. It indexes the owned elements according to a user-defined order. These elements are
25  displayed in order and can be re-ordered using either the up and down arrows or the "order list"
action.
"map": A map is a Stercotype that applies to 1 to n composition and aggregation
relations. It indexes the owned elements according to a user-defined role (key).
"indexname": this Tagged Value indicates the name of the index applied to an

30  attribute.

.34



"target": indicates the role of the target relation. Stereotypes define the
type of the required dependency relation: "sarneas": indicates that the
target clweonfossdz3e dependent relations are identical. ‘Ppcw/iB2aiovge20st es t hat
t he source relation nust be one of the collection of the target 15cl ass.

"contains": indicates that the collection of target relation is included in
the collection of source relation. "exclusive": indicates that at nobst one
of the source and target relation can be set. "or": indicates

that at | east one of the source and target relations nust be set. 20"xor"'
i ndicates that only one of the source and target rel ations_nust be set. |
SLA Tagged Val ues "isikeinaires"; thif i =sTFed felde Vel neg b FEGERFSS PAEINAMR of the

G ass_that inh LML R8 MR m@csfft@coem&w niir foater. Wicomicbxt "
Thi s Tagged g{?aﬁée&h?%{ft a?]rilis ﬁe par amstce eg foreachg kw e%@ﬁ,m

St er eot ypes 2unique Condm"ﬂllmpékqdé’élé("’ne e e@’r‘%iﬁe pe1s a e only on
cl asses haVIlﬁ}ngdhﬁldSWi‘z&;eﬂI@hﬂﬁe caneirint Blaprdied, mommlanmﬁﬂ\ﬂﬁ %aﬁ bel ongs to

an 'interface 4 didesisi 8 ks MBbsdielecannot
be an Int%rfpgﬁsé’ lt“ e(*BdeX%sftl&@ flglac écrﬁ,%trﬁget%{l?@gbvél rngl Li sts\/lgl?ue aend 5

MapVal ue. Thb Sreatecstupda@tthmllwgom*m?aém}?ﬁ‘iif‘é%lﬁlp\é“fsqnﬁma‘ﬁtﬁ b class of the
nethods. Interface indicates bé}fiﬁdeﬁd}%lﬁﬁh&l@]dﬁdﬂém&nm s controller can be
used by a non-Pal nyra application. ‘'reference”: Thi S Stereotype is
appl i cabl e only onF@rIaaﬁqesdehrawlatgmmeﬁ%vde‘@tlvpéfenmwyol l er' . Reference

i ndi cates that t he"l rrpl 1%&?%& %ebgﬁc (Qiss &mh&h%@%%@&hﬁ%hﬁ@ﬁﬁﬂ@lgCan exist in
non- Pal nyra appl i cation TG ged Val ues ‘ "orderincode":

Thi s Tagdged Val ue i'wwae: |1W°é©%¢1?’é’ﬂelféth@F‘WCﬁ@”tuﬂ% order of the specified code
within the group Of'mr%tetﬁ'rinbluit@ahd:rmapﬂtmmethhﬁlonode This stereotype is

related to the stereot 13Selatiod:Ni s Tagged Val ue is
used for the contr§'F3F°8¥'g‘°ts61eé'ﬁg§t¥pe°fthereqmreddegﬁ?dgsc? ot It 15c n be useful

to call a control | ésmey"i héicadsitmsthp tregeietags o thejderendegy FlatipafEe ANt r ol | er
can have nore than "l%n. n&i!:dte@%hat the source relation must be one of the collection of the target

15 class.
“eontains”: indicates that the collection of target relation is included in the collection

of source relation.
“exclusive": indicates that at most one of the source and target relation can be set.
wor's indicates that at least one of the source and target relations must be set.
20 "yor": indicates that only one of the source and target relations must be set.

je SLA Tagged Values
“slaname’”: This Tagged Value contains the name of the Class that inherits from the

Palmyra interface SLAInterface.
“context™ This Tagged Value contains the parameters to find the SLA.
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"controllernane”: This Tagged Value is used with the Stereotype
"actiondynam cenunf. It indicates the controller class nanme, which contains
t he met howot2bhato4sasuur ns a |i st of values (enun). 20"act pommBzoai/002081 S
Tagged Value is related to "actiondynam cenunmi’ stereotype. It indicates the

met hod that returns the Iist of val ues. "possi bl eval uesfornul a":
This tagged value is applicable on aggregation relations only. Its val ue
must be a valid criteria and it will be used when retrieving the possible

val ues of the relation. 25"rounding”: this tagged value is applicable on
attri butes having as type Doubl evValue. It's used to specify a rounding type
which will be applied to the PQhsterefreshe attri bute. "wor dsi ze":

This Tagged Val ue indicate giis%fe?q%&pgégpﬁfﬁﬁﬁ%\éhnlgssesqla lg%aaé%%f%g)g%? of a word

shown in present at i Gff/e5ed he “Sear ¢ a very
| ong string. ‘codeflauFauandiod Wakth beldrigsto Fa jgethed/abune e ot pagmgis exfiPessi on

that will be %rn cHlaled,as, %ﬁaog%I t"ﬁyb&mﬁ@ilcel’&’glue, Coﬁé@h&f’“aﬁl@'%‘f’ﬂerﬁﬂ& a":

Cal cul ation Formilas are used to Indicate that arfelatlonls
assi gned Aut WaeXalueaChiyregitietion dinakprpirale E’éFlHGPba‘t“isb?fﬂé“)Pﬁﬂé’g%l B4 he formul a
can depend oRqRkil8kat fhb Bl@SdsOf this@biioil@ RS Yehadd bk tordafmyredpliatirhe Entity

class. An expressign s ar.i t hnet,i ors,
applied on field or §&f4f rJB}H %}%ffcﬂ Fal hl[%br%ecr)eysﬁ trlassesga%lgltqeg&% ‘met hods

defined in Cuonitfollbt. efadnasiaditams ¢t thrb fmpéenfeirtetiod ofthis gontrelle prictiad wagm%t n

cal cul ation rﬂﬂgg hSydeans that the vaI ue of the field or relation
cannot be asIsl?1 ne rr{rfﬁl y at runtine. "cal endar path . This Tagged Val ue

cont ai ns Phe fuI | path of1 t he%‘ﬁ’é??ﬁé‘%"s 25t endar . curpatl i": This Taggeq
Val ue contains the Iujeﬁzﬁggt hthlsTag eﬁﬁ@g{sﬁg&g &Lﬁ&%m SR P IBRAYES R Thi s

Tagged Val ue cont ai A< Ava cl ass that 10 rrpl errents
the int erfaceod@mtbumrlﬁmrmgefratmmtes composing e £9dg.eThis sir@tyPalgadcNafGe active is
set as true yﬁcczdd@l'd isin focus. It will be refreshed each tine this
field | oses focus. "ownercl assname": i.s . Tagged Val ue. nust b fied
when the type of the&is é[hHTF%gedvalu‘Kéi}ﬁgrﬁf’é%ICa%?H OSP%C%PISn Tea?a&gﬁcﬁ

Expr essi quVabule)e ubdrul Wi dall 2 eREbIRE by iss afiefiexcedciets 6fil e A vamgpllet Holhawsndor t he
key. owner cI asspath": This Tagged Val ue must be specified when the
type of the fh efE 4 |s Keyl\larreVaI ue, CriterionValue or Expressionvalue. It
will contain the fulepnodehunst: Thindl aegef Splug s aed Wit fhoSfrerolas)

" Busi nessr agggdyal MeniceihS 1isi@teS € 6dnbliedtigk eQiy REicliehiane the hythibdgatBusi ness

Team
returns a list of values (enum).

20 “yetionname”: This Tagged Value is related to “actiondynamicenum” stereotype. It

indicates the method that returns the list of values.

“nossiblevaluesformula™: This tagged value is applicable on aggregation relations
only. Its value must be 2 valid criteria and it will be used when retrieving the possible values of

the relation.

25 “rounding’: this tagged value is applicable on attributes having as type DoubleValue,
It’s used to specify a rounding type which will be app‘licd to the value of the attribute..
“wordsize’: This Tagged Value indicates a number value giving the max length of &
word shown in presentation side. It is useful in the search result of a very long string.
“defaultformula”: This Tagged Value contains an expression that will be calculated as

30 . adefault value.
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20 Al defined Tagged Val ues under this Stereotype will be shown in the
Tagged Val ue subcat egory Busi nessTaggedVal ue for all the UML el enents such
as C ass,wbizelh4sd3el ati on End, Interface. " st or eq@MB2010/0020%7 | S a
Tagged Value in which the user can specify a logical store nane. This one
is used to store the value of an attribute having as type FileNane or one
of its subclasses. The user can associate a specific storage to every
storenanme using the Setup tool. The 25storage can be a folder or a renpte
storage service, such as ftp. “Yieldconfig": This Tagged Val ue is
used to specify the configuration related to a class that realize the

i nterface Rasi nconpt@tastsrenldTelcystion feraplasas wed toandllqa@f‘hab? figd ¥2ds rel at ed

to the sel eclteﬁgonqp£sgw1¥ed automatlcally accordmg(il@§§a[duﬁ{1érﬂm5@éé ! ThERbrEwibaggipen¥al ue
allows the user to specif at 30descr| be Stthg entity. In

y the'lis
t he present a?q%Tﬁfﬁ?l%Fé)”eﬁﬁ@lslﬂi‘%%m ?ﬂnmgle%tétéfllaﬁseén?’ﬁretsﬂ?nsm Tagged Val ue will
be used to pﬁrﬁkﬁﬁﬁﬁtzal bnegl@mapefaws 220 K04 G684RETL, B2OISAGOZ0Blhe
"ortarget"”: | s T f @R forRla e PENdency
bet ween t e B ﬁ?déa?ex{nfa ntro Caarsls'o ﬂel?lglléjrglaﬁ%hg%adﬁ%%ntl?y or in
anot her one nwzmhthathee»Iahl@ pfjhe ﬁeldmmlﬁl@g@ﬁmotbq' preigipd spnRbnat fEE™ehi s Tagged

Val ue to defne an “méndgsmn@@@@yggapvm&amalh@h@m p@nGf tfd Kabkiesanalbnginot her
field in the sane entlt harelatlo

5" excl usi vet ar gee' : u?@? Ta@ﬁ% %C?%??qﬁe\%%%a&lﬁé}c e ‘éas?. ne an
" excl usi ve' depende‘a@yaub;eztzmemmh&gganlr\raemcmﬁawltk;b falhnhﬁaqf@ten@lﬂ clgséhall in the

sane entity or.in apot relation. mPalnyra Types i.Palnyra
Si mpl e TyltBes B0 tsglemteé{ace%?&w es have the ca%abl lity to pers%t alize

tuni ng accor di ng toa«bUrS| ﬁ]@s@gﬁé ke actipiels 6 ay g Afetrelf e P &S oW

|nher| ted froma.sdaaPlfe thi¥Bed ARG t he attr| bute (wWith Ster eotype
"attr") with the approprlate v

Pal myra Sinple Type€ ' qdErums: %éﬁ?ﬁg?%v@i‘er%qs em%eé f}iettrl Ef‘g{hggﬁ%l st

KeyNameValue, CriterionValue or ExpressionValue. It W111 contam a reference of the owner

15  class for the key.
“ownerclasspath”: This Tagged Value must be specified when the type of the field is

KeyNameValue, CriterionValue or ExpressionValue. It will contain the full path of the owner
class for the key. A
“BusinessTaggedValue” This is a special Stereotype defined by the Business Teamn. '
20  All defined Tagged Values under this Stereotype will be shown in the Tagged Value subcategory
BﬁsinessTaggedValue for all the UML elements such as Class, Field, Relation End, Interface.
“storename’”; This is a Tagged Value in which the user can specify a logical store
name. This one is used to store the value of an attribute having as type FileName or one of its
subclasses. The user can associate a specific storage to every storename using the Setup tool. The ‘
25  storage can be a folder or a remote storage service, such as fip.
“feldconfig”: This Tagged Value is used to specify the configuration related to a
class that tealize the interface HaslncompleteState. The user can select a list of fields related to
the selected entity.
“descriptionkeys™: This Tagged Value allows the user to specify the list of keys that
30  describe the entity. In the presentation side, the list of keys specified in this Tagged Value will be

used to present the entity.
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Attribute Type Description StringValue and its subclasses Max | nteger
length of the string. Mask String nmask on the contents of the Striggvarﬁé
i nst ance. whlerheMakue and its subclasses M n Number M nipcwmBuabH@YAI UE foOr
the nuneric nunber represented by subcl asses of NumberVal ue. Max Nunmber
Maxi mum val id values for the nuneric nunber represented by subcl asses of
Nur nber Val ue. Precision jut The number of digits after the float point
which will be saved in the database. Pal nyra default value is 6. ’

defaul tformat string
“ortarget”: The user can use this Tagged Value to define an ‘or’ dependency between
the current field and another field in the same entity or in another one with a relation.
“xortarget”: The user can use this Tagged Value to define an “xor’ dependency
between the current field and another field in the same entity or in another one with a relation.
5 “exclusivetarget”: The user can use this Tegged Value to define an ‘exclusive’

dependency between the current field and another field in the same entity or in another one with

a relation.
m. Palmyra Types
1. Palmyra Simple Types
10 Palmyra Simple Types have the capability to personalize tuning according to business

needs. The user can define his own type, inherited from a simple type, and add the attribute
(with Stereotype "attr") with the appropriate value of his required tuning. TABLE 3 lists

Palmyra Simple Types.
Table 3: Palmyra Simple Types
15
Attribute Attribute N
Description
name Type
StringValue and ifs subclasses
Max Integer max length of the string.
Mask String mask on the contents of the StringValue instance.
NumberValue and its subclasses
Min Number Minimum valid value for the numeric number represented by
subclasses of NumberValue.
Maximum valid values for the numeric number represented by
Max Number
subclasses of NumberValue.
Precisi s The number of digits after the float point, which will be saved in
TeC1S10N int

the database. Palmyra defauit value is 6.

Tt is the format used to input and output the value of the Number
object. The format must be the supported pattem in Palmyra (java
standard patterns). Palmyra default value is

defaultformat | string

WHARO RO JHEHHE

AmountYalue
Min Number Same as NumberValue
Max Number Same as NumberValue
Precision int A default value=8 is mandatory
QuantityValue ‘
Min Number Same as NumberValue

@x - Number Same as NumberValue
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It is the format used to i nput and output the value of the Nunber object.
The format nust be the supported pattern in Palnyra (Java standard

patt er ns)woRalwmpsa4def aul t val ue i s AnobuntValue M n NeoiaB20Sene0zs
Nunber Val ue Max Number Sane as NumberVal ue Precision jut A default
value=8 is mandatory QuantityValue MM Nunber Same as NunberVal ue Max
Nunmber Sane as Nunber Val ue WO 2011/ 045634PCT/ |1 B2010/ 002037 Preci sion jut

Precision int A default value=16 is mandatory

It is the format used to input and output the value of the Number
object. The format must be the supported pattern in Palmyra (java
standard patterns). Palmyra default value is

defaultFormat | String

O B SR
DateValue and its subclasses
max Date The maximum date allowed
min Date The minimum date allowed

The precision allowed is one of the following: DAY, MONTH,
YEAR, HOUR, MINUTE, SECOND, MILLSECOND. When using
this precision in the UML the related data will be saved with the
defined precision in the database.

It is the format used to input and output the value of the Date
object. The format must be the supported pattern in Palmyra (java
standard patterns). There is no relation between the precision and
the format but it is recommended that you use the format .
compatible with the chosen precision. Palmyra default format is

precision String

defauliFormat | String

MILLSECOND.
BusinessDate
min Date Same as Date type
max Date Same as Date type
precision String A default value=DAY is mandatory
defaultFormat | String Same as Date type
UserDate
min L | Date Same as Date type
max Date Same as Date type
precision String Same as Date type .
defaultFormat | String Must be set by the regional settings configuration

il Palmyra Specialized Types

Specialized types are provided by Palmyra in order to allow the implementation of
specific functions. These types include entity types and interfaces. TABLE 4 lists Palmyra
5  Special Types.
Table 4: Palmyra Special Types

Status Type of attribute representing a Lifecycle Status -
AbstractValue A type used to define a persistent object. It is equivalent to the "entity
Stereotype.
CompositeValue A type used to define a non persistent object
Value ] An interface used to define a non persistent object.
Historicized An interface allowing enabling historization of the entity implementing it
C. Process Diagram
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A default value=16 is mandatory defaultFormat String It is the format used
to input and output the value of the Nunber object. The fornmat nust be the
suppor t edvpabtiessssun Pal myra (Java standard patterns). Palrmgzoaodebaul t
value is Dat eVal ue and its subcl asses max Date The maxi num date al | owed
mm Date The m nimum date all owed precision String The precision allowed is
one of the follow ng: DAY, MONTH YEAR HOUR M NUTE, SECOND, M LLSECOND.
When using this precision in the UM the related data will be saved wth
the defined precision in the database. defaultFormat String It is the
format used. to .input and output the value of the Date object. The fornmat
must be the suppor fTeeiprpessst diagra inuibpelngicaoq jspg Ao CEaRmMIPRE PSS There is
no rel ation E%%c%ﬂ@eﬁe&@éo%a%s ﬁ'@ﬁbp'lihﬂoﬁ)fbf/iﬂ@-ﬁni@lﬂ'&:unbﬁonillﬁy sfipeopmended t hat

0 h ) i i Si
you use the formt. compatlble st h,tRS:ShoRer.LaekSh e MR IHIALSef aul

decorations are uniquely created Tagged-Values and Stereotypes designed to facilitate the
5  creation of the target software application.

A process diagram represents a Process Definition. A Process Definition lists what
héppens between the start and end points. It includes all the activities performed by the system
and the users. A process comprises a number of steps. Using the state diegram modeling
technique, the steps are expressed by states, and their interconnectivity is expressed by

10  transitions. Two predefined states are used to define the start and the end of a process. The
transitions between states can be triggered by events and guarded by conditions. One event may
trigger multiple transitions defined in a specific order. When a first condition is satisfied, the
process moves to the next step defined by the transition having that satisfied condition.

States are classified into two types, persistent and non persistent. The pefsistent steps

15  are checkpoints in which the process may stop waiting for an external event, and non persistent
steps represent activities carried on by the system.

1. Process Decoration List

Decorations for process diagrams provide additional information for elements like
states and transitions. Here also, the decorations are categorized into Tagged Values and

20  Stereotypes.
a. Tagged Values

Tagged Values are properties given to elements like interfaces, classes, relations. and
fields. Tagged Values can be mandatory or optional. All specific Tagged Values (defined in a
specific model of a target application) are optional. Once a Tagged Value is added to an
25 -element, a value should be assigned to that Tégged Value. An example of a Tagged Value is the
Calculation Formula, When a Calculation Formula is added to a field, an expression is assigned
as a value to that Calculation Formula.
Analogously to Tagged Values in class decorations, Tagged Values in process
decorations are properties given to elements like states and transitions. Tagged Values can be
30 mandatory or optional. No specific Tagged Values can be defined in & specific model of a target

application. Once a Tagged Value is added to an element, a value should be assigned to that
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mn Date Same as Date type max Date Sane as Date type A default val ue- DAY
Is mandatory precision String defaultForrnat String Sane as Date type
User Dat e wormaiss3®ane as Date type Sane as Date type wax/Bidav/e2opr eci si on
String Sane as Date type

Tagged Value. An example ofa Tagged Value is the Order applied to the transitions. A number
like 1, 2, 3, etc., is assigned to this Tagged Value in order to express the order.
b. Stereotypes

Stereotypes are also properties given to elements. Unlike the Tagged Values, no
5 values are assigned to Stereotypes when they are used. The target Stereotype merely expresses

that a value is desired. For example the Constrainable Stereotype, when added or assigned to an
Entity class type, informs the system that constraints could be added to that Enﬁty class type
later at runtime.

Here also, analogously to Stereotypes in class decorations, Stereotypes are properties

10 given to elements such as states and transitions. No values are assigned to Stereotypes when they

are used. The target Stereotype merely expresses that a value is desired. For example, the
Persistent Stereotype, when added or assigned to a state, informs the system to stop the process
in that step and causes it to wait for an event.

2. Use Case Transition Diagram

15 The use-case transition diagram is uniquely created using state diagram modeling
techniques where specific predefined decorations are applied to provide unique functionality
allowing the system to interpret the diagram and to create use-case acti/ons to be used at run time.
The specific predefined decorations are uniquely crested Tagged-Values designed to facilitate
the creation of the target software application.

20 A use-case transition diagram represents an interaction scenario between the system
and a user through the user interface. The interaction scenario consists of a group of use-cases
represented by states in the state diagram, and the interconnectivity between them is expressed
by transitions. At runtime the use-cases are represented by the user scroens and the transitions
are represented by actions like buttons displayed on the screen. By clicking on those buttons the

25  system displays another screen determined by the transition represented by the button.

Decorations for use-case transition diagrams provide additional information for
elements like states and transitions. The decorations for use-case transition diagrams are limited
to Tagged Values only. An example of a Tagged Value is the Action name, which when added
to a transition gives a label to the button to be displayed later on the screen.

30 3. Use Case Diagram:
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defaul t Fom at String Must be set by the regional settings configuration
Pal nyra Speci alized Types Specialized types are provided by Palnyra in
order to wbl2ow/tsbe4i npl ement ati on of specific functi onspcThBER0/YPES
include entity types and interfaces. TABLE 4 |ists Palnyra 5Special Types.
Table 4: Palnmyra Special Types Status Type of attribute representing a

Li fecycle Status AbstractValue A type used to define a persistent object.

It is equivalent to the "entity" Stereotype. ConpositeValue A type used to
define a non persistent object Value An interface used to define a non
persistent object. Historicized An interface

historization of tPementMLyDpigst orpted ertatt diaggn{jg%m@glggstg%%g‘lﬁl? Q%afdef to
create the UML Use Case Diagram. It allows the definition of use cases, navigation between use
cases and definitions of actions to be allowed by use case at design time. The generation tool
will use this design to generate the registration code re]ativé to all of the defined use cases and
5  actions. The designer can define all actions by a simple drawing of use cases and the different
action that is allowed for each use case.
A new submenu, “Palmyra UCs Diagrams” 620 is added to the UML Designer named
Diagram menu 600 (FIG. 6). This diagram allows the designer to draw his own use cases and to
define the different actions allowed for it. The user can create this diagram by simple click to the
10 menu in the item “Palmyra UCs Diagram.” (FIG. 6). After creating the new diagram the user
can add manually the Stereotype “usecase” to it. After that the designer can add his specific use
cages and actions.

a. Use Case:

The generation tool gives a default name to the use case, for example “USECASEL.”
15  This name can be modified, in this case, to “UCAgency” 1110. (FIG. 11). The user can consult
and modify its properties. Here are the descriptions of the fields:
Use Case: Contains the name of the use case.
Class Name: Contains the class on which the use case will be registered, it can be
empty, in that case the use case will be registered for any classes.
20 Super Use Case: Contains the super use case name. It can be the default Palmyra
(e.g., edit, searchInput, view, etc.) or the user-defined use cases.
Button Input Configuration: Allows the user to define the information used to prepare
the use case.
The user can also fill in some expert information using an expert button provided by
25  the Palmyra UML Designer interface.
Use Case Result: Tt is a set of parameters that can be returned by this use case.

b. Action Handler:

To create an action handler, the designer must click to the related button in the tool
bar. After that he must specify by drag and drop the source and the target use cases. FIG. 11
30  shows the action handler “AgencyCommandSearch” 1130 that is registered in the use case

“UCAgency” 1110.
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The process diagramis uniquely created using state di agram nodeling
t echni ques where specific predefined decorations are applied to provide
uni que f uwotzoommbdssy al |l owi ng the systemto interpret trerTdBago/emand to
run the process later at runtinme. The specific predefined decorations are
uni quely created Tagged- Val ues and Stereotypes designed to facilitate the
5creation of the target software application. A process di agram
represents a Process Definition. A Process Definition lists what happens
between the start and end points. It includes all the activities perforned
by the system and the users. A process conprises a nunber ogj_steps. Usi ng
the state di agram Foostrioageonedini Buy hereretiepss dr&sexiFe¥eey by states,
and their injerconnsahdsddy is expressed by 10 transitions. Two predefined
states are used to define th star{tt an Oﬁlrgaedlernd of a process. The
transitions betweeANo8s SPRENLHHCAHE ot P FHEHET By events and guarded by
condi tions. One eve@nfoniiayie:Dyidglyet thimadrtains|te identfies pf thaonsdore b AeRedpnitee a
specific és)rde{i. tV\b’;}en a first condition is satisfied, the process noves to
the next 3tef defi®ned by the transition hayving that satisfied condition.
States are cl assi f iVé Graeo s thppeler of fie@gio8t ent and non persistent. The
persi stent steps 13,3f&: cheslkpRipbiisonionthekitichintivacpmpesise vaiues s op. wai t i ng
for an external event, and non persistent steps represent activities
carried on BYPHREStem 1.Process Decoration Li st Decorations for
process di agrans pmevigdien Zghdi hdicwralhe itk of thenavigrion Setwese dipanite 155 ©&° Bt at es
and tran%ti%‘&s&fgemggasgl so, the decorations are categorized into Tagged

2

Val ues and reotypes. a. Tagged Val ues . d Val. les are
properties given tJoé’FQﬁ@ﬁdesWIIF‘E‘é‘teFWP%?WB‘EB@?WS@%%@%%@IO eﬂlé(;ns, éSland

fields. TaggggnMabiiesaceamab@ermandatory or optional. Al specific Tagged
Val ues (defined in a spgcific nopdel . npkissakian) are optional.
Once a Tagged Val uég%ft %8 ggeftggqgﬁs%ggcg efrlf%&ri]lfg%h‘g?{va}uue shoul d be assi gned
to that Tagged Val Uthe war iescammpindhesftion PToagigesdnivmraie hecap fisk &Pt i on

Formul a. Wenya, Gal il alLoni FQIYlogedis. added to a field, an expression is
assigned as a value to that Cal cul ation Formula. Anal ogously to Tagged

Val ues in class ded@faeforde oighaEaVaiUes i n process decorations are
properties given toabenpatordinkite §hadfels agivgd: t ransi ti ons. Tagged Val ues can

be 30 nandatory or i.opal . cific.agged Val ues can be defined in a
speci fic model of a® gfcﬁgﬁlﬂcaaﬁbci Fgﬁﬁggﬁ%&&ce a Tagged Value is added to an

el ement, a val ue shbbhisidre Tressiioyneldhis BPe Haterresralgi8dViTe. An exanple of a
Tagged Vajue is thex QX Ael PPl 8thnt & thifigpd dréuapiedehtoner caéh uibecollbitke 1, 2,

3, etc., Is assigned to this T ed Value in order t S5 t.he order.
b. St er eot ypes St er etHBERT4ER: ij%g‘&mﬁ? Fwee%ergefﬂssee‘rlfec?fg?%f%%ent S. Unlike the

Tagged Val uesollettidonp val ues are assigned to Stereotypes when they are used.

The target Stereoty L&l S8t DttarroHBbME: ih hodaRiroetbuedior, exanpl e
t he Constrainabl e azfege‘frgfbo\é;ﬁf\%ﬁgget% aﬁgjéd@%rarag%i gnec]Il tg an rIgnti ty class

type, i nfor mthemmagasigmactmmsiiivat leetbedons i9ihit ¥P¢oul d be added to that Entity

class typg | ater at hynkiRBThibesEcolas0the aRA RO S aytioh ovh&t B @tibypessi n cl ass

decorati ons, Stereotypes.are properties
submission, %Fgontams the name g)f,“?:ole.

Class Name: This field contains the name of the class that this action will register.
Use Case: This field contains the name of the source use case.

In Collection: This field indicates whether or not the action will be executed from

30  collection.

A separate screen shows the target information, which is related to the target use case:
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10given to elenents such as states and transitions. No values are assigned
to Stereotypes when they are used. The target Stereotype nerely expresses
that a vavoeoiw48si red. For exanple, the Persistent SteceaBypepo2sren added
or assigned to a state, inforins the systemto stop the process in that
step and causes it to wait for an event. 2. Use Case Transition D agram
15The use-case transition diagramis uniquely created using state di agram
nodel i ng techni ques where specific predefined decorations are applied to
provi de unique functionality allowing the systemto interpret the diagram
and to create use-case actions to be used at run tine. The specific

pr edef i ned decoratﬁ@w&ﬂanéﬂunﬁ#@@ﬁyﬂﬁg@aﬂ@@*ﬁ&ﬁﬁ@ﬁ“W%@ﬁ%@‘H@@?&ﬁed to

facilitate t%h&ﬁﬁﬁ;ﬂl@@y&fmctvgﬁ)r‘;vﬁﬁﬂeﬁen%@]bigéﬁre application. 20A use-case

transition di'agram represents an interactio ario. be _system
and a user t hrough Qe séqior ﬁ?@?*’ﬁ@gtheﬁgmﬂﬁ lﬁlg Xfcélhegévéglrfgtﬁ oge?ronm sts of

a group of uﬁletaEgasﬁe:cascepr esented by states in the state diagram and the

| nterconngctivity Betyees tn@;??;}? LS XD G980 AAMBILd@RBnlenlibild | et he
use- Cases are represen Cb e screens and the transitions are
represent ed Exymﬁmtar@h@epﬁske buttons di splayed on the screen. By clicking on

t hose buttons the 2@,{554 %fegdg{tﬁy@pm@{ehafonscr een determ ned by the
transition represented Decorations for use-case

transition di agransgrsd; E%eaala’a‘ig?%t@ﬁ%?cﬁf?ﬁ*wh ation for elenents |ike states
and transitions. Thebmiecer Bidiacies 6fols usercamectipdingicticsn di agrans are
limted 49 Tagged X’%lfv?ﬁ Saf?H Yoe aé{bn%%%{m&],% a?JreﬁesI@fg%peamw%dcﬁﬂl&cﬁ&l Action

nane, WhICh when a to a transition gives a |label to the button to be

di spl ayed | ater on @henSeraim: Tzadionse tesiurs 4y taRypsgHpd for each column gl 1y 5 UM
Desi gner tookedsed the state diagram nodeling techniques in order to create
the UML Use Case Di def | vi gation
bet ween use cases afrf‘ifgzr@%ef”‘ftﬁ I%Sﬁés%lo%sfotfg%:t Sr%rseql ptrés %]hgﬁe%%&gi&ﬁcscg&gase at
design tine. thElnmgametcmnsdmxttb@]bemgﬂoﬂusfepet his deS| gn to generate the
registratjon code r arme ’nqsﬁfhdco%n;ﬁleld%fﬁem%uaencases and 5acti ons.

The deS|gner can define all actions a si of use cases and
the different acti ofesiare: |T§1S§1I‘31Id699éadfl51ﬂt?rna’€%gfﬁhetféaés %&eﬂg@tuge 5% A new

subnenu, "Pal nyra L@‘éCaealgmﬁf@a'Goﬁ@ﬁsihSnﬂﬂad)@dlete@getﬂEECdslM_ Desi gner naned

D agram nmenu 600 (F 6).. Thi ram, al | I0ELal Refdraw his own
use cases and to deﬂf’?ﬁ%eczl?{le¥gls$?lglrl@% S 38 %ﬁ}é\ﬁoéf ﬁes % i't. The user can
create this dolegioam by sinple click to the 10 nmenu |n the i tem "Pahnyra UCs

Di agram ",( FI G 6) . iALLLEanGERBY B GhpbdiSic AOMAE hAGH B s diBinkl SR ImeRad) sl ak:
manual |y the Ster eotype "usecase" to it. After that the designer can add

his specific kegdhelgdiderp{dfegt?i ons. a. Use Case: The generation
tool gives a. defaul toplrang Thelkdyhehe tbel oabie fhofiabrls exanplfiits. " USECASEl . " 15Thi s

name can be mmodif i ggaib leﬁ? a@r thg%ﬁgathgﬂh ) L&%‘Q% Y ﬂhe]i}%g‘resgtgéeq’(]c 11). The user

can consult and no roperties re ar escriptions of the
fields: Use Case: G@ﬂgdmehetthfeeﬁfdh@we t he use case. Cl ass Nane:

Cont ai ns ge class gf, ﬁ%tl@bﬂ&ﬁ@g@k@ﬁ TEAKS ot Lonﬁﬁnaﬁ&ﬁrh&'ﬁa%é@dhmih’é can be

enpty, in that case the use cas WI_ I be regi stered for any cl asses.
confirmation message resource

Confirmation Message Provider: The full path of the provider to get the confirmation
message resource file.
Access Key. Key board short cut.
30 Access Key Provider: The full path of the provider to get the zccess key resource file

44



20Super Use Case: Contains the super use case nane. It can be the default
Pal nyra (e.g., edit, searchlnput, view, etc.) or the user-defined use
cases.  WoO2011/0483at on | nput Configuration: Allows the weenBtaooebime the
information used to prepare the use case. The user can al so
fill in sonme expert information using an expert button provided by 25 the
Pal nyra UML Designer interface. Use Case Result: It is a set of paraneters
that can be returned by this use case. b. Action Handler: To create an
action handl er, the designer nmust click to the related button in the tool
bar. After that he nust specify by drag and drop the source and the target
use cases. FIG 11 C8lwshomentSareers Spicnvhahrihesroenganbs edmiehdaaaith" 1130

t hat iS_regiﬂggéggmhgﬂngkMse case "UCAgency" 1110. The user can consult
and nodify the properties of a useccase. Here are the descriptions of the
fields: Name: Contains tHe WS GF “fe action handler. Action Nane: By

default this contaihs i  f . i i
T% %Eef}rnggedéglggc{iﬁxgﬂt ﬁ{og@gs abA8r REHIAQB genblat@RRENEsON the

Saction type. View O ntai ns e order_of ;the action. Position
Cont ai ns 5hemamywﬁvgﬁmﬁ%EWﬁ@ﬁﬁéWﬁ@ﬁd“@%@ﬁy¥%F@%%?LBﬁé?ﬁﬁﬁ@mvgﬁﬁﬁ% are top
bott om or bogRard Bayiigat 1eRind ¥ cdsiidhClt @fferth ectiby pet indllovhdfonewh gat i on
bet ween the source u d 10 e
g?lblgtg%e? 51???%?1%1'3%@5‘ tyrazlr gdgstdtia%?agl frdd oI&ra@?th’tﬁJ ridden:

| ndi cat es whEEhd S tlh owe override sone nethods of the
acti on handl efzard works.

When a new diagram is added to the UML Designer named Palmyra Wizard Diagram
10 630 (FIG. 6), this diagram allows the designer to draw his own wizard and the different step of
the wizard. The user can create this diagram by simple click to the menu in the item “Palmyra
Wizard Diagram” 630 (FIG. 6).
Afer creating the new diagram, the UML Designer tool automatically adds the
Sterebtypes “usecase” and “wizard”’, The user gives a name to the new diagram, and this name
15  will be at the run time the name of the menu item under the menu “Wizard.” Next, the designer
can add his specific steps (FIG. 12B).
' In the example of FIG 12B, there is a wizard with three steps. The first step allows
the user to create a client, “CreateClientStep;” 1240 the second step allows the user to create a
security account “CreateSecurityAccountStep” 1250; and the last step allows the user to create a
20  cash account 1260.

After creating a use case by clicking on the related button in the tool bar, theuser can - -
put this use case in his preferred position by drag and drop. By default, the tool gives a name to
the use case for example “USECASE1.” This name can be modified, for example the use case
can be called “CreateClientStep” 1240,

25 The user can consult and modify the properties of the use case. Here are the
descriptions of the fields:

Use Case: Contains the name of the use case.

Class Name: Contains the class on which the use case will be registered. The field

cannot be empty.
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Button Show Expert: Shows the action handl er advanced infornation. If the
user is expert in the action properties information, he can click to the
button 15v0OShowvesksspert” to custom ze sone properties. TireTiBEi10/802057 t he
context are as follows: Action Type: represent the type of the action:
Technical : The actions of this type aren't visible; Subm ssion: The actions
of this type are represented in the view, 20RowOperation: The actions of
this type are represented for each rowin a collection; ColumQperation

The actions of this type are represented for each columm in a collection;
Tabl eOperation: The actions of this type are represented in ader of
col | ection, the naWpgdeiapnterct sebefpaameis thet Exysy b@FﬁﬁﬁcFﬁﬁFﬁIQgpg§

25Act i on “Bnﬁwu&@&éuﬁdﬁ&gﬂﬁQQE%mﬁﬁa&Hﬁmbdﬁﬂﬁ@ﬁﬂenngﬁmb&@m@ﬂWDoﬂmmhen t he
action type is submssion. It contains the nane of role. Class Nane: This

field contai®f®PHE nane of the class that this action will register. Use
Case: This field conkaj Msnet hie kepmencof the héuep the cartaysio cesastibe HiACol | ect i on:

This field indicat gz;ﬁé\ﬁ‘?nusa Elntdls tﬁ%r&uﬂ%&a@%ﬁf bggva\Ma{eh 0P8 R¥RE Utekadd om

30col I ection. A separate screen shows target informatjon, which is
related to the tarQB@HU§Emw@@eASﬁOfP”mna“Smﬁﬁﬁﬂiﬁﬁﬂﬁﬁaﬁyﬁghc%WF@Fw%xecut|ng
the action, HiySr PLOREmMbN tHeR ScGat@steMh 8k Reticdtie. Tap plaluaiink ofthariuipt st ay or

e T eI RogE s G, LA, AELL ORI Rntl ol iREC ON Dt
(1) Key Name: The key of a global map of all the wizards steps;
10 (2) Formula: Contains the formula that will be evaluated of the related Key Name.
After the design the user must validate the project with the button “Validate Palmyra
Project” and then save the UML with the buiton “Save Generated UML”. Finally, in Palmyra
Generation tool, the user loads the generated UML and generates the java classcs related to his
model.
15 d. Wizard Action Handler:

To create a wizard action handler the designer must click to the related button in the
tool bar. After that he must specify by drag and drop the source and the target wizard use cases.
FIG. 12B shows the action handler “CreateSecurityAccount” 1250.
The user can consult and modify the properties of the action handler by double
20  clicking. Here are the descriptions of the fields:
Name: This field contains the name of the action handler.
Action Name: This field can have four different values:
(1) Next: When the Action Name is Next, this action performs the action save and
then evaluates the parameters and finally sets them to the next value;
25 (2) viewSLA: When the Action Name is viewSLA, this action constructs a context
from the parameters and does a search of the SLA;
(3) createNewSLA: When the Action Name is createNewSLA, this action creates
anew SLA with the result of the evaluation of the parameters;
(4) finish: When the Action Name is finish, the action terminates the wizard.

30 Position: This field contains the position of the action in the screen.
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the target use case. 50n Return Action Type: The type of the action that
w Il be executed when returning fromthe target use case. Action Type:
representwohelttosp@s4of the action: Technical: The acti onecofiBihi/sonype
aren't visible Submi ssion: The actions of this type are represented in the
vi ew 10RowOperation: The actions of this type are represented for each row
in a collection ColumQOperation: The actions of this type are represented
for each colum in a collection Tabl eQperation: The actions of
this type are represented in the header of collection, the navigation
actions (next, last) belong to this type 15Action Nane: This field. contains
the identifier of Thée Qeridiem: Tt s s TisffldnficgesFeSHRIGPHEPHE Bane of

the class OEHER%t$@&Qﬁ&s&@ﬁmﬁ@@&ﬁﬂuaamﬁa&@brThls field contains the nane of

the target use case. In Collection: is field |nd|c not the
destination use cafB¥il@drstersehquEg e dnﬁﬁfﬁmoneé%mﬁﬁﬂnnnggfgﬂ%ﬁiﬂ&

appear ances g@ii cértéinsaed ediindsyes fdldivd: yi ng paranmeters, such as: Key The
| dentifier of the Vi babsl riky witeleYa®obhieolabloatit bisriine |abels

resource Tile. Label th o t th
| abel s resource f|IeCDWhH@éJS@@mnﬁh%mﬁ%ﬁﬁh%ﬁm4W%W@Wﬁﬂ@g% %ﬁﬂ%ﬁ?ggtlone

Message Key:ngiie key of the confirmation nessage within the confirmation
nmessage resource fi

path of the prOV|d6WmFﬁ%@%?ﬂThgh‘ﬁﬁfﬁ}%gtlgnzﬁggi%geefggﬁﬁggémi%%g.szLess
Key: Key boarid esdnatitns ofithe output parameters are done before the input parameters. This grid contains
10  two columns, as follows:
(1) Key Name: The key of a global map of all the wizards steps;
(2) Formula: Contains the formula that will be evaluated of the related Key
Name.
After the design the user must validate the project with the button “Validate Palmyra
15  Project” and then save the UML with the button “Save Generated UML”. Finally, in Palmyra
Generation tool, the user loads the generated UML and generates the java clasées related to his
model.

. VALIDATING

Validation is accomplished by automatic creation and validation, or validation as you
20 go, much like spell checking in word processing documents. In addition, manual proj ect level
' validation can be implemented. Warning and error notifications are provided for guidance and
correction as required.
After the design phase the user can validate the entire project, or some portion, with a
single step, or through an interface, provided by the system such as “Validate Palmyra Project”.
25  Following validation, the generated UML is saved in a single step, or through an interface,
provided by the system such as “Save Generated UML”. Using a single step, or an interface,
provided by the system such as a Palmyra Generation tool, t};e user loads the generated UML
and generates the java classes related to the model.
Iv. CODE GENERATION

30 A. Palmyra Code Generation Tool
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30Access Key Provider: The full path of the provider to get the access key
resource file Col | apse Current Screen: Specify whether the screen
nmust be owbl2apgmss3ar no after the execution of the acti eoraB2ié/a@osy Use
Case: The preferred enbodi nent provi des another nethod to generate the use
case 5 diagrans by using the WZARD nethod. Wth the UML Designer, the

desi gner can define a wzard by a sinple drawi ng of use cases and the
different action that is allowed for each use cage. FIG 12A illustrates an
exenpl ary Pal nyra cl ass diagram that deanonstrates how the w zard works.
Wien a new diagramis added tla the UML Desj gner nam&*dt Pal.myra W zard

Di agram 10 630 ( FI The Pe)nyrachdeseepiiradigh £ 1819 BRI HEETHREF F670 1w his own
wi zard and the;didf enentEas €Paeh UM MbaBIh solthecdfzefic carmiz idat e t hi s
diagram by sinple. click to the nuin the if. " Iz akek-ddcagr ant
630 (FI G~ 6)dcployed inan apphpqhigp Seévlﬁﬁarﬁﬁe ﬁ%detg?lngmnoélv‘\% 1@?&8@%& faﬁléwﬁgl\% Desi gner t ool
aut omat i cal Ipar adesnykdier Sisecpntdtp dwldyas epliesdon. Fpapevfiazaiogrelidsifl Wfser gi ves a

name to t? € dgﬁu\ﬂt %ﬁ%ﬁ%s rgﬁgdtBMG§olﬁ@mL1§ P¥inkda. PAmGk stde@tisiibolcinme t he name
of the nenu Ttem under the

menu "W zard." xt,..the desidn dd his
speci fic st epsergifthGavaichssps related o the UMfy njofiel Oggﬁ?%‘lﬁﬁ%%mﬁﬁ@%&%%?egt éer%e is a
wi zard with B e8usli@Pshe sTien fdnlasb stetvafistal Cowstiortteps gethe bags predths -a client,
"CreateC ient St epﬂ" 124f0 the second step allows the user to create a
security accHserhied BLa€acyr tyAccount St ep” 1250; and the last step allows
the user to create al20 Cabh PabwouimpliefigyScrcen After creating a use
case by clicking on the related button in the tool. bar, MSeh Gap put
this usel®ase in hitke BrtarRPIRYLLOEPEHER 153%“83?%"19‘16%%%&? 8?)&%%; defaul t, the
tool gives aERIAR of Qletthe etisgEagie.f or exanpl e "USECASEL" This name can be
modi fied, for exanple the u &y GAMichgncal l ed "Created i ent Step” 1240.
25The user can consult -and élrr%ﬁ‘??@ %@Brorﬁerti es of the use case. Here are
the descriptions ofukBgioh@iviste klamGassw Gohtadblis stdafiediartee whr Tie use
case. C ass. Nane: Nt ains the I@ﬁ - ighshheridsgiecase will be
regi st er ed. WeapPlicétF"&°@ﬁ%ﬁ§€°%§ufgsﬁﬁmf?aﬂ%° : Qt%?g\ﬁlput ‘Paraneters: A set of
par amet ens t patramhevilisedeby defailsin ths aew B ell Pewyriar flehiyadied fofEPoYHle user can
add more thap, on 8 indithel D& M@heal 86l @hfi Ghrati T r8latgll th the Gtk AMADI WO
colums, as %pgﬁ?a}g%f??ﬁe( Keli/1 Naerre: Thee key name of the value or the context
in case of themB8kA; 5(2) Fornula: Contains the fornula that will be
eval uated of the reated tWe)yhdNadiugs for the generation.

Generate the generated code only: If this option is selected, the code generation will

20  generate only the java classes related to the UML model of the application and the interfaces

related to the controllers.
Show Log: If this option is selected, the system will show the list of Generation Steps
in the Logs part of user graphical interface.
When the user select the path of the new ear file to generate, then press the Next
25 .button, he will enter the version of the ear. When he presses OK, the new ear will be generated in
the specified path. FIG. 13A illustrates creating new application using Palmyra generation tool.
b. Open an Existing Application

When the user selects the option to open an existing application, he must first select

the old Ear in the system folders. Then the user selects the next button to go to the screen of

30  Generation or the screen update.
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Qut put Paranmeters: A set of paraneters that represent the result of the
Current step. The user can add nore than one paraneter in the related grid.
The eval maDi20n%46634t he out put paraneters are done bef or ectrhB2a10/pozo37
paraneters. This grid contains two colums, as follows: (1) Key Nane: The
key of a global map of all the w zards steps; 10(2) Fornula: Contains the
formula that will be evaluated of the rel ated Key Nane. After the
design the user nust validate the project with the button "Validate Pal nyra
Project” and then save the UML with the button "Save Generated UM.".
Finally, in Palmra Generation tool, the user |oads the generated UML and

generates the j avaSok&ssftesratielEie:dfithe eseticads powed oll tesqnti spjensh YFPRCE PO
Hand| er: ecify a palP1oF 6 nf gatidh Z‘-i@rﬂiit @ﬁ‘afain@ﬂhe handlpepetite desi gner nust click
to the rel at%oclf{)ult)ton In the too After that he must specify by drag

and drop the sour c&5HE % thﬁ@ltpéﬂlﬁéqw 7%t d use cases. FIG 12B shows the
action handl er "Cr gat@Betux ittnpAokingite listld S@red packages separated by PREIES &PT can

consul t d nodi f th ro X dl er by doubl e
20<:||ck|$q ef%?ée% %ﬁg‘ élglg{ér%‘%?t%?rg al&g‘?aﬁﬁg&’?}?zﬁt}%{g Nane: This field

cont ai ns thecom@aimyviarﬂthr@eVl%Pli%ﬁ cwaﬁaméwaarcma%% Nane: This field can have
four different val Ygs;iemvapoc: Can be sétld tri¥extalse When the Action Name is Next,

this action perforns the action_ s d. the Rakgeters and
finally sets them t6"¥f&" ﬁ‘gﬁ‘t“\)’gf%‘éﬁhggilﬁ)acmué)mgﬁ é%% aw e ACj[ﬁli on Name is
vi ewWSLA, thigisaftdnen constructs a context fromthe pararret ers and does a

search of,the SLA £ Bhalh Bt NSWEL A; M%Vi@ﬂu&@eysﬁﬁigl on Nane is
fth fi 18 8
creat eNe\f}\%LA this @f |T(1)1€r>1na(1;nreeoat egr)eé 1neWeSLA with the result of the

eval uati on of the Ig@rsgﬁtét%lpgst of Palmyra jars used to compﬂ?th;? genprated java W%iﬁ the Action
Narme is finish, th@zs@&%ﬁlﬁxsf&f&memﬁls&ﬁdtvm wi zard. 30Position: This field
contains the position of To Be

7 ;8’5 fea T seeq anka sgobs 5&?
Overridden: The valRfEEPEr&d &t T‘I dpapkagy Thfes whet her the pr ogramrer
is all ovved t o over wmintfeeRomThedstl pold of tof X¥hdlede bd tsperdignd| er . | nput

Paraneters: The user k@uetﬁx D08 s §510¥RERFatddAnd henphiedvathedt gri d.
Thi s gl’l& cont ai ns%fiﬁgﬂ%gﬁ%%ﬁgq FV : I:ii%%Keyal Nanme: The key name of

the val ue orwdfaezepRudds in case of the SLA: (2) Formul a: Contains the
formula that will hepvuskisahexivofildwia bs edifitadiikeishoiMaamerating any java classes

businessServicesPath: The path of the business services directory that will be added
automatically in the ear file.
20 sequenceStore: If true, the user can specify her own sequence data store in the Setup
side.
2. Generation Screen
Once the user created a new Ear file or chose an existing Bar file, the user can set
generation options on the generation screen. Two sub-screens compose the generation screen,
25  one is called UML Source and the other is called Generation Options.
a. UML Source

In the UML Source screen (FIG. 13A), the user can select the UML file to be
generated (mandatory), select the business services path (optional), exclude or include some
packages of the application to be generated, and add or remove shared packages. By default, all

30 packages will be generated, and there are no shared packages.

b. Generation Options
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Qut put Paranmeters: The user can add nore than one paraneter in the rel ated

grid. The eval uations of the output paranmeters are done before the
i nput parwoebewmse3¥hi s grid contains 10 two col ums, asPColBIAs/002037 (1)
Key Name: The key of a global map of all the w zards steps; (2)

Formul a: Contains the foinula that will be evaluated of the rel ated Key
Nanme. After the design the user nust validate the project with the button
"Val idate Pal nyra 15 Project” and then save the UML with the button "Save
Generated UML". Finally, in Palnyra Generation tool, the user |oads the
generated UML and generates the java cl asses rel at ed tg his gel. L1l
VALI DATI NG Val i dat Indhis foseen G8GM3BI; %éwrwaﬁﬂféﬁ%&w@ﬂ&?ﬂ%ﬂ%ﬁt‘gﬁ “USFi dation,
or validati QB cAmpily ¢ g&@ra@@;avﬂbl@sﬂaﬂah&(ﬁcﬁlmﬁécktmh@ﬁ&i ddgodsn wor d processi ng

docunents. |n addition, nanual np¢ enent ed.
Varning and error REETHS €BE1%i ?Ea‘ﬁp °1ba§1% ge%fn?ro?ongﬁ%%%g%%&gﬁgﬁaggr rection as

required. the generat@fjb@rclasae deSi gn phase the user ‘can validate the entire

proj ect, SOMe por DicBorSn8l @ pSnSRowhe (shiiou@hgaatht ftpenéace,
provi ded gy t he sy g (ﬁﬁ?’%ﬁlg qtgsw i;alel dastg FI}aI ?rv;r ae Project”. 25 Foll ow ng

val i dati on, Qat%etogﬁeﬁﬁlﬁﬁﬁtéldﬂ@TNL is saved in a single step, or through an
interface, pr OVI de@nlgyfe;mn@mmnapamaom<ed SeacedGeneratvelicigM only twsi ng a

single step, %qmy Q?Filg Bﬁﬁe@&f Eg’&g‘r A ftj ng n%%/af%eaghesl fﬁmog%ﬁlale%r BuiRAHAY T @

Generation t gener a enerates_the java
cl asses r eI afhiz dptton istrioechae@the cddVgen@@@E V@EW@WW@W&’PW?@ Eep i

Generatl Togl. I Palxy b am &gﬁ(ﬁﬁ&atl on tool is an -
trat i e
appl i catl on % o rae?lsegfréeraelg gfﬁloEntS{g%/prl Ss;lggAppl i cation Archive (Ear) file

froma UML nodel . The" generiteSd°®ar file is ready to be deployed in an
appl i cation server %u %at%?&?en%%@%&%é R4 twfbﬂctléﬂaﬁtkg%dgiﬁg Q@é;@sldhgtEér Alel he

generated Ear all Tes required depl oy an plication. The
new Ear al soTwnobudess edrriPOwH@S@f%P’éﬂ}Ffaﬂébelifﬁﬁrélﬁccﬂ%r]tséff‘ Fed to the
fol der XML of, Ralswha. Pali nyra generation tool can generate the Java
cl asses related to the UML npD of the application and the interfaces
related t'§ the controllerd. TRESPSFERM can al so show a |ist of Generation

Steps in the Logs LD GRtemoW @ fcas B bidtoDebemt  Pal myra
Application Ser een%%glpﬁé% nglbﬁeslﬂss&édtg QD Hueomttelo y Cion

_ _ Irst step of the code n ‘Eon is to create a
new Ent er pri Sevigghivilleaply 8y mﬁ’@PﬁW@ g @QFQ}GCW Fa ﬁéer( gﬁj?% dan - exi st ing Ear
file. a. Create a New Appbi catdoffigurations Screen
The screen Configurations is used to add, remove, or restore configurations files. It
20  also permits the building of configurations. The user can add or remove the configuration of the
view format, application server configuration, labels configurations, life cycle configuration,
reports configuration, and transactions configuration (see FIG. 13D). The button remove will
remove a selected file from the Ear and the button restore is used to cancel a modification made
by the user. When the user clicks on the button ‘Build Configuration’, all modifications made by
25  the user will take effect. FIG. 13D illustrates configurations options using Palmyra ge;leration
tool.
4, Output files
Once the generation process succeeds, it generates several files: the ear file; the
_ generate source and lib jars named respectively GeneratedCodeSrc.jar and GeneratedCode jar;

30  the folder classes contain the unzipped file GeneratedCode jar; the folder src contains the
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This option allows the creation of a new Ear in a folder specified by the
user. This new application contains the default services and configurations
(FI G 13Ayo2it4sesde 15generation will include by defaulptTiiB2oibveo2oew Ear
all Palnmyra jar files required to deploy an application. The new Ear
includes also all the default configurations related to the fol der XM of
Pal nyra. There are two other settings for the generation.

Generate the generated code only: If this option is selected, the code
generation will 20 generate only the java classes related to the LTM. nodel

of the application and the interfaces re to t cOo &lStin

Show Log: | fnzirpedsiloBtricnirdedeSejascrdye foﬂdﬁ%ﬁ%@éctcgw tﬁf % (}\{/?/%t E[r?dil.lslt of
Gener ation %mtb@em%nkﬁ%bﬁmﬁro@mer graphi cal i nterface When t he
user sel ect the Ef)ath {g%dgr&% ar file to generate, then press the Next

25 button, he wi 87S1°0n of the ear. Wen he presses OK, the

new ear will be geney at ed 0. tAngnﬁQg@ddgG@graﬁaﬁ h. FIG 13Aillustrates
creating new application usin nyra generation tool. b. Open an Existing

Appl i cat ison TheWh@JﬂlaﬁiJwenHﬁ@crn iSeWaob gentiate aoPdri synerttoiaprdascR AR R st i ng
appl i cation, nmus t .. ke ovsdiamsd ol ders. Then
)@& file ’tuﬁ%atﬁnté m}ﬁ 2 it = of ja Jtaﬂ Gl aﬁ@‘ﬁpd‘at@ tihe

t he user sel o tothe screen O 3 Genertatl on or t he
screen updatcenfiguration ﬁleswﬁh@avmg@‘mﬁng prprationioi Fie 11 #logiyes BEBF AgEdsS to save

al I the conf Iegag{oﬁlgﬁc e%tl@tpﬁmcegsewm&onﬁ)ﬁ@@'lﬁ bbnaelmttﬂib Unar rrtohl@llmm@ur ation

file that coftaine the related i es: earPath: Patheof the
Ear file. file1410,2) usm§ﬁf§r}@@lbg]6l2° geﬂ r§tf’ #alv?ﬁi%ofo&e ﬁmomhas |e];satltgd8 shareg ,

packages;$epas@tRd) RynpoRET $enckod j&e xanpkee usmﬂﬁﬁ&l AP gdcHAREdker

com pal nyr a. deyices \ L Bt%ﬁi%d@%‘(deﬁ@ﬁ\dpﬂtela&ﬂhe
com pahnyral‘ifmé’ﬂr 1Y16°rm[g#e3roa?%\r]g§%Dﬁ%c Can be set to true or fal se.

i sCreation: alclmdwctié;toashM@Phéthei’%@yff‘%@eélg%ﬁrcreat| on of new Ear or an-
update of an existipng.ene. 1Oprefix: The nanme of the prefix if one exists,
else it is set to an enpty string. dassPath: The list of Palnyra jars used
to conpile the genéf%ted java classes. |istJar War: List of added jars and
war s. 15 Java classes for the simple types and entities

Java interfaces for the UML Interfaces
Abstract controller classes correspond to the controllers (to be manually extended
later to provide the implementation of the methods)
_Action handler classes to manage screen-level actions (may be enhanced by adding
20  manually written code if necessary).

XML files:
Constraint model description file: contains the definitions of the constraints to be

loaded 1ater in the system at runtime [
Process description files: One for each process contains the definition of the process

25  to beloaded later at runtime.
There are two ways to use the Automatic Generation: a simple call to a static method

or ﬁsing a property file.
' a. Using the Automatic Generation with a call to a static method

Using the code generation Tool or processing an automatic generation, the de;veloper

30  has the possibility to generate an ear, generate java classes from an XML file, update the ear with
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gener ati onPack: The sel ected packages to be generated. um Fil ePath: The
full path of the XML file to be generated. 15generatedCodeOnly: If true,

t he java wbass@asasuul | be generated and conpil ed w t hout papdBzaioigo2asy Ear
file. verij): If true, the XM file will be verified only w thout
generating any java cl asses busi nessServi cesPath: The path of the business
services directory that will be added automatically in the ear file.
20sequenceStore: |If true, the user can specify her own sequence data store
in the Setup side. 2.Generation Screen Once the user created a
new Ear file or chose an existing Ear, file, the use et 1%enérati on

r. can.
options on t kbst gEineeak v Bpdaie e cqnip e distof pndigniiop 8%%@@ #E€Gener ati on
screen, 25 ofcribss Gadtdpe ferfdivheiSauragomion Thhgenabireris pesforell bk tBeteoradic on

Options. a. UNLL Source ) . our ce. scr FIG 13A), the
user can sel Elleratuﬁ%%&ﬁ\ﬁ_mle PR T é"%%%é%%%% ﬁ%ﬁﬁg%&)’ﬁg S,eg'sel ect the
busi ness services e first wptth saedie)Autamat¢ Geraraem i etllibesi@s methsdewaged of the

applicatign L le..08nshat68ca0d add or renove shared packages. By default,
all 30 packages w |l be generated, and%{;hezre are no shfjlrt%d E)g&lf@ges b
Generation Options Ihismethodhas 1P parppqiers. Site ghqyant PrEnetep g 15190

user ‘can add or
renmove sone jar files that will be used to conpile the generated java

classes, and it can check t{aa%lers_ei,%gﬁgAg@tdegga%n%%@;e JavaDoe: This
option allows the generation of the Java Docunentation of the generated

java classes. 5CoffdeguilgthesaSdethadl beterdorymi&l opti on al | ows the user to
configure the sequence data stare in the. Setup side. .. : |y
VerificatiPon: +f - tﬁfl%cogf)(?alméfﬁmlngatg‘ﬁféecq?%lc??thteﬁoedél %ﬁreagognecﬁlét?%ltn%ranﬁsgﬁ check only
the validity of tHamkiTMnustwdedin folmditetipries whiskearet ‘e ek LA imdfapedid’ Thee

nodi fications in #bhe, Far . Bul, den. 40k sr0Rtian is not checked the code
generation wi'll affect the new nodifications in the Ear. FIG 1013B

i I lustrates genersddlcanisORhiNSit kiufQ nBakapiiabagaard. dhe odw dndeill codtainkjdtat e
Screen jars in the ‘ext’ and ‘extLib’ folders. Also, all xml files in the folder “xn/” will be set to

15 Configs_configjar and PalmyraRessources.jar.

-String umlFilePath: the path of the xml file generated by the UML Designer plug in. this

file will be used to generate java files and the ‘GeneratedCode.jar’.

-boolean sequenceStore: ifit is true, the sequence data store will be configurable. So the

user can indicate the data source of the sequence table in the Setup side.

20 -boolean verifyOnly: if it’s true, the generated code will not be created, the UML model

will be verified only.

-String generationPackages: this string holds the list of packages that will be generated
(separated by a comma). If this string is null, all packages in the UML model will be

generated.

25 -String sharedPackages: this string holds the list of shared packages (separated by a
comma). This siring will be set to the file ‘sharedPackages.properties’ in the

‘GeneratedCodejar’.
-String prefix: string presents the prefix name of the sheared packages.
-String version: the version of the ear file.
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The update screen provides the user the functionality of updating an
existing Ear file. Two sub-screens conpose this screen, one is called

Servi ces woadotiasether is called Configurations. 15a. SeP¢raBx18002eEn

The screen Services is used to add, edit or renove services, the button
"Build Services" will apply the nodifications in the selected Ear file (see
FIG 13C). b.Configurations Screen The screen Configurations is used to
add, renove, or restore configurations files. It 20 also permts the

bui |l di ng of configurations. The user can add or renove the configuration of
the view format, application server configuration, |abels confl rations,
life cycle confi-geniangenaalEplPuls iHEnFIgUERS %ﬁﬁeraté’ﬁ(ﬂ’fla?%ﬁlﬁéf&?’ loh% one-
configuration (see FIG 13D butto enove ted file
fromthe Ear andSiécBHf e ercé@%}gé‘ﬁ dequEeus ed C?népﬂatmc’f hegg&%%d?a V%g%slg\%n nmade
by the user. Wiemittshell, tsetasglaihokB bomlctied ditrmtagerlly:Buiill dorGamell gsiagison' | al |
nodi fications nmad V\A|| take effect. FIG 13D illustrates
configurations opt%}eoc%dse %%r%lgné%{r?yra generation tool. 4. Qutput files Once
t he generation prbga&%%e;%%&@ﬁﬂmc irte sgaaﬂfe@ivesomaergaiemfenbmclassdaevﬂem file;

t he , generate source. an i b S ectively

Gener at edCodeSr cf'&edah Be@ﬁﬁﬁé’te 8’6’18%@ Genem e%SOfEBJ?oI der classes contain
the unzipped fi | ! 8 Eu@lh&@rs' 1666 600t MM bR unzi pped
file Gener at edcoghggggéx%gs%g%@%ﬁhﬁ thefpgllﬂ f ervces a

der MicSre cont ai nﬁ thg trollers
declared in the meatleﬁllm@thw Erbritedys srePRling 1B gF Hiraiedules 5% a Code
Generation 1. Pal gyirR a&ié&Qf@ﬂabr@1s66}ﬂ&n1€§r@$iraﬁﬂtmloéiﬁeepamtammmngovﬂwer ation is

a way to _generate an Ea e cl.asses pdat e
Che Lar Wfcn a | i e e G R e B R n Db R e PO

configuration fites w thout using the Code Generatl on tool. FIG 14
illustrates the main steps of the automatjg ner at.i OF Pg%cess \é\rlgl ch
conmprises: 1) corfPdptiphepdetéSerives: aeriistiop H@Fdle%l at gt thed 1% 485 81" isi ng t he
XM file to genepditEorl B¥AedSOME 6L. code (known as generated source code) 10
1420, and 3) conpiling the generated Java source code using JSDK conpil er
and creating a | Hlatipn dafeadPumbhiravieoniGles: 3ARIetirEf FiFp daicapdat £f ¥yobf UM

model inyg an X%on&'k&r@uoﬁ@i%s'@ﬁt@ﬁ@é ﬁi\ﬁ@ﬂo%%ﬁ%rﬁfh@wﬂl%@adﬂ%dfohe Pal myra UML
Desi gner. El ene Java cl asses for, the swl e types and entities

Java interfaces f@ﬂ”fgsh@’”fM” IoR PP HRES ORI LB APPS] | er cl asses
correspond to t h?Str%Pg zl]e}>a§ljfz’:§he atg optge log Hféai!f !tgnﬁfh%gﬁﬂa the value

‘AutomaticGeneration.log’.
-String compilerPath: the path of the compiler that will be used (when the usr wants to

20 use & specific java compiler like the compile with 2 java 1.5 compiler).

-String compilerVersion: the version of the compiler that will be used (when the user

wants to use a specific java compiler like the compile with a java 1.5 compiler).

The combination of all these parameters allows the developer to execute one or many

25  options:

i. Create an Ear file from scratch.

If the parameter ‘isCreation’ equals true and the Ear file is not null, a blank Ear will

be created. The list of parameters shown in TABLE 6 represents an example of this option:
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| ater to provide the inplenentation of the nmethods) Action handl er classes
to manage screen-|evel actions (nmay be enhanced by adding 20 manual ly
witten owdeoiffo4peseessary). XM files: Constraint nodel pdeaBrai@bo20sy fil e:
contains the definitions of the constraints to be |oaded later in the
system at runtinme Process description files: One for each process contains
the definition of the process 25to0 be | oaded |later at runtine. There are
two ways to use the Automatic Generation: a sinple call to a static nethod
or using a property file. a.Using the Automatic CGeneration with a call to a
static method Usi ng the code generation Tool or processing an
automatic generation, the devel oper 30 has the possibility to generate an
ear, generate java clTasisesExbmpimy 2aaXdikrs for brestingipdat @e e sazith with a |ist of

jars and wars and %E%%%EP&pquﬁﬁ;w%&g a list of configuration files. This
docunent descri b&s d for every option. The generation is

per f or ned usi ng ﬁﬁ@%ﬂﬁ@%ﬁ%??%gﬂﬁﬁepﬂﬁﬁéﬁﬂhﬁﬁé §§W§m§ﬁgﬁhrlo i s reproduced

if the cosle genenadda@niCieatin =itsicused. The first way to use the
Aut omati ¢ Genera n the static nmethod generate() 5in the class
Aut0|nat|cGEnera%h%ﬁWhﬁﬁ&ngQhLod has 19 paraneters. The rel evant
paranmeters are | ibealedsqaproyRisre flse; Table 5: Pal myra Auto

Gener ati on Par anebdsas verffydrty eaaldet | e: the ear file that will be created or
updat ed. 10-Stri LuanPath the path of the code generation
containing all ggggg%ﬁggﬁﬁﬁﬁ 1t nust contain four directories which are:
rart', exPLib’ Sﬁ%ﬁﬁﬁmdﬁﬁﬁ"’lb These directories are used in the
generation of a mBMg@aﬁx—“'boolean is Creation: if it is true, a new ear

w |l be created. %Fg ng$oqumnll contains all jars in the "art' and
extLib' fol ders. xrnl files in the folderwill be set to
15Configs_ conflgﬁ%@mﬁﬁﬁmpﬁmﬁﬁ?gﬁésé Wrees "jar. -String undFilePath: the
path of the xm fsdrgcgebaateld by the UML Designer plug in. this file wl

be used 4Q gener %Bﬁeajn%&@ratehzlvﬁé‘oc&r@ls& he Gener at edCode. j ar’
String businessServicesPath = null;
Collection updatedServices = null;
Collection updatedConfigurationFiles = null;
String logFilePath = "D:/BUG.log";
20 String compilerPath = null;
String compilerVersion = null;

AutomaticGeneration.generate (new File(carFilePath), codeGenreétionPath,
isCreation, umlFilePath, sequenceStore, verifyOnly, generationPack, sharedPack, prefix, version,
GeneratedCodeOnly, classPath, generateJavaDoc, businessServicesPath, updatedServices,

25  updatedConfigurationFiles, logFilePath, compilerPath, compilerVersion);

-If the parameter codeGenerationPath is null or an empty string, it will be set to the
parent of the project directory. In any cése, the codeGeneration directory usually contains the
following folders:

xml: contains the xml files used for service configuration.
30 ext: contains the Palmyra jars

extLib ; contains external libraries.
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- bool ean sequenceStore: if it is true, the sequence data store will be
configurable. So the user can indicate the data source of the sequence

tabl e i n wbeoSausg4si de. 20-bool ean verijiOnly: if it'spCruB010/b@20gEner at ed
code will not be created, the UML nodel will be verified only. -String
gener ati onPackages: this string holds the list of packages that will be
generated (separated by a comma). If this string is null, all packages in
the UML nodel will be generated. 25-String sharedPaekages: this string
holds the list of shared packages (separated by a comm) This stri ng wil |
be set to the file sharedPackages. properties’ in th%111 ey at edc%q

-Siring prefix: stas m@/lomlﬁslelﬁlosedtth%e"ﬁ?’é@lcio%’ AaifRs gD @“%%é’?f%q&“%ac kages
-String ver g{s&ﬁ' ‘to 43R YdtS Len g&ferateh@p;ﬂlaitloﬁ inkt€n th ZamevimploP sdmyra. The picture

gener at edCo 1}, the generation of java classes wl|
be done. -Sf"?l?‘ﬁéi‘m("f’lsﬁ’%‘pﬁt“hc’fﬂieﬁ@dérFCtosr}éPath required in the conpilation of

t he generated j avarjﬂikaﬁlsez&dlrdcfory, the sxthill fplder irglides oalg SOPRHTBTHEPPPOB@c al cul at ed
automatical | it Wil RS BAmbRgo astengder at i on

di rect or;% Sﬁ& f’%%onems'eaﬁeer a%?d@i%%ﬁgggﬁe&%%ﬁ&g?athe e jgva doe of the
gener at ed jdvcatm@lltas@e@nwﬁtqmpbées)cr eated, A new jar w I | be generat ed:

Gener at edCodelLi bf@{efouowirétp[mﬁgshmbstha@s&ﬁafmbmmlhb the path of business

services jars that_wl| ed_aut t Rlpwte jars
corresponding to. tﬁ?%@?ﬁ@&ﬁ“@g‘c (ioﬁ kiylestﬁgfd]%%mﬁ%fem. It athere is

SOMe M SSi NGohpunsntd. Mhd thest GpeThf uewbmb‘sztchnﬁgare\ﬂ?&mﬁis%&“% Iphelsgad Yot ten in a

log filecalled ' Gepesaliof; E!Gtﬁ%cﬁﬁ%tm{oflﬁ&wwtbc@ﬁemndnhomthe path of
the ear. -Collection u%dtat edser vi ce, s: éol | ection gegsum]i;l%%at hat cont ai ns

the |ist of genegmting aﬁmew@ﬁ@odamewpé%ﬁn%&aaif BT 2t HEE: | | ection
updat edConf '@M@Eér@@fhﬁ&@dat&i@@ﬁéu&ﬁbﬂfﬂm af nulti Bethe tdilatf theosthadins the |i st of

15configuration files t B kodcEMBLModPbthe W || be
added to Cortfigs._ éBW?“Ftb&enerauon%enﬁg? g%%ﬁg%ﬂ%gegio PO SWLtCh} ts nare.

-String | ogRidreat, hmlftlhbﬂpwatlﬁn@&%ehéeﬂfwaa pingratiqnPacicishaediaph Pfe?"r VR ¢ ake

the val UF | futomat 'ngg‘?a!@eﬁbg&eb P clds@aih; gcneratel avaDoc, bDiifebsBgvicaRph,| er Pat h: the
pat h of %e conpiler that wl

be use use a
specific j a\}@d@%ﬂﬁﬂ"’l"@r updptRdC op e HEH PP E’%P?ﬁh §°m%1féﬁ)aq? 5 %%ﬁ%l& 1éér)) -String
conpi | er Veryﬁhjﬁﬂjexctuh&iSMﬁé’d?hcﬁ)’j of the conpiler that will be used (when the

user uants to Use gspeeilt CohaUANARTRIA AL didhe LG Aol o [ava 1.5

conpiler). The co ft°6n e parameters al | ows the devel oper to
execut e one @trensiwr{y ear”. Tn this example applicationName =" Essai” v

20 The following steps are performed:
Step 1: Creation of the temporary folders
Create the directory TMP under the codeGenreation folder. In this example, T™MP

will be placed under: »
“D:\Projects\PALMYRA1 1.00FRAMEWORK \build\out\codeGeneration”. In this new directory,

25  we copy all the contents of the directories ext and extLib folders (those under the
codeGenreation directory).
- Create the directory Workingfoldef umder the codeGenreation folder.
- Create the directory unEar under the new directory Workingfolder.
- Create the directory basedir under the directory unEar.
30 - Create the directory META-INF under the directory basedir.
- Create the directory config under the directory unEar.
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250ptions: i.Create an Ear file fromscratch. If the paraneter isCreation’
equal s true and the Ear file is not null, a blank Ear will be created. The
i st of pwmoamatmse4shown in TABLE 6 represents an exanplreTaBoityd@ospt i on:
Table 6: Exenplary Paraneters for creating an ear file fromscratch String
earFilePath = "D:/ Test/ Test.ear"; String codeGenreati onPath =

"D. 1IPALMYRAL11. 2 / codeGeneration"; 5boolean isCreation = true; String

um FilePath = null; bool ean sequenceStore= fal se; bool ean verifyOnly =
fal se; String generationPack = 10String sharedPack = String prefix = String
version = "1.0"; bool ean generatedCodeOnly = false; String classPath

nul | ; 15bool ean gefiep atteddivabeerrkicafien es String busi nessServi cesPath

nul I; Coll e_Ct ion _L'pdaf[ %%fh\!kﬁ?ﬁe‘fa ﬁliébtioh.xﬁﬁ"df @6 birfht directory (under the
updat edConfigurationFiles = null; Stri I olgfi | ePat Q =D ;4 BUG | 0g";
20St ring conpil er Pat h 2a73#q conspalpygto gﬂﬁ et VI LA RUPTE

(codegenenration/workingFolder/unEar/config).

5 - The copied xml file will be parsed then the ignored lines (starting with “<I)
will be removed. The values of the nodes "display-name" and "context-root",
will be set to the value of applicationName (in this example “Essai”) and the
value of the node "web-uri" will be set to the carFile name (in this example:
“Essai. ear”).

10 The “application.xml” file is a deployment description for the J2EE application. This
' file must be located in the top level META-INF directory.

' - Copy the XML file “ibm-application-ext.xmi” of the current directory (under
the package “com.palmyra.tools.builder”) to the directory config and remove
also the ignored lines. For the new-copied file, we focus on every item named

15 "xmi: type" under any attribute of any element called "moduleExtensions". If
we find an item which value is “applicationext: WebModuleExtension", we
change the value of the attribute “31{Root” to "ALT-INE/" + applicationName
+", war".

- Copy the XML file “jboss-app.xm]” of the current directory (under the

20 package “com.palmyra.tools.builder”) to the directory config. For the new-
copied file, we set the value of the node “loader-repositoryfocus” to
"com.vermeg.services:loader=<applicationName>.ear". The modified xml file
will be then copied to the directory workingFolder/unEat/basedit/META-INF
.The utility of such file is to isolate the class loader of every application by

25 configuring a unique domain.

- Copy all the modiﬁed application files (application.xmil, ibm-application-

| bnd.xmi, ibm-application-ext xmi, jboss-app.xml) to the directory
workingFolder/unEar/basedit/META-INF. To this directory, we copy also the
file “was policy” (under the package com.palmyra.tools.builder).

30 - Create the directory unWar under the directory Workingfolder.

- Create the directory config under the directory unWar.
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Aut omati cCeneration. generate (new Fil e(earFilePath), codeCenreationPath,
isCreation, urnlFilePath, sequenceStore, verifyOnly, generationPack,

shar edPacko 2prigfssess ver si on, Gener at edCodeOnly, cl assPatrbr/1gEnen@vglavaboc,
busi nessServi cesPat h, updat edServi ces, 25updatedConfigurationFiles,

| ogFi | ePat h, conpil erPath, conpilerVersion); -1 f the paraneter
codeGenerationPath is null or an enpty string, it will be set to the parent
of the project directory. In any case, the codeGeneration directory usually
contains the followng folders: xm: contains the xm files used for
service configuration. 30ext: contains the Palnyra jars extLib : contains
external |i brari esStep 3:Building the x84 8i¢i ousl y nmenti oned, the ext directory
contains all the Pal nmypg, Ja $ul@dics 88 tled nstal I, to deploy and to use a
generated application wthin the fra rk 1' ahny The ni el ow
shows the content of tﬁ‘éle@R?madi‘i°?/§(8’ikbltg§’\i\é)eﬂunwwcont%lg’ frﬁ?l’[F? T(egv Ctog}!éﬁ%%ﬁd#r ectory,
the extLib fol der incl udespa YisplomaRal wilbasOoriponta pErrEaSu e onrponent s

are used by the framewnk ' Sp{EO) TIRXANDY B WHiDbPRIS hean XML
docunent i>l(;r t o manage eerrfjﬁ g%é%?%p%%gm%%ﬁo’%sbﬁwﬁt re shows_t he. content
of the fol der extLib. attributeidmrﬁpréhwﬁmemo‘wa%ﬁppc%ﬁ?%m HEHgOSA SRR gur at i on
files used by sone of Yhe,fhaypwakdk conponents. The npbst commons are used
to configure the presentation | abels and. vi formats. 10The object of this
part of the docunent i $'% RGNS SF%“W%&%”M ear without generating a
Gener at edCodedar or up@adateligh diddorg asnfipetau@erkakfoldgar anet ers unl Fi | ePat h,
updat edSer vi ces and updat edConfi qur at.i anki | e : By the call of the
met hod: Mt omat i cGener AP35 éﬁsicetgfﬁgméld ﬁ%l}/fvfgll—lfl ere%%ecédr%%:k}erél?at h), _
codcGerireationPath, i SEreatdomtuaidicolyshihivil segudrcesiohee YeF iy only,
gener ati onPack, sharedPac A ¥ecns i@en, 15Cener at edCodeOnly,

cl assPat h, generat eJavé%odéﬁdﬁ[g?{)'}r\%gaé‘\ég{e%n?esPath, updat edSer vi ces,

updat edConf i gur at i &kFi HesdlingFgEKFEPdeIAes conpi | er Pa. th, conpil er Versi on,

hasi sf, excl udedShar edRagk)on the contents of T3 GirR&EEIMEP:€r appl i cati onNane provi des
the name of the earfile w_thqut the extension ". ear". In this exanple

appl i cat tdnName =" Essai "If%%ﬁé”f%"frlﬁew ng steps are performed:

Ifit is the war of the ear: its name is the name of the application, we

retrieve the versions of wars in the manifest of the war, else (if it is just an
added war), retrieve the value of the attribute “earversion” of the manifest
file of such war. Then extract the content of such war file to the directory

20 basedir (which is under the directory unWar).

If the file is an ear file:

Extract the content of such ear to the folder basedir (under unEar), we then
iterate on the content of this ear and we do recursively the same thing for
the encountered files (ear, jar or war)

25 If the file is a jar file and if its name is different from
"GeneratedCode jar", it will be copied under the unEar/basedir folder.

- Create the META-INF directory under the directory unWar.
- In this diréctory, create the manifest file "MANIFEST MF" .In such file, we
create the attribute “Created-By” for which we set the value:” Palmyra at

57



Step 1: Creation of the tenporary fol ders Create the directory TWP
under the codeCenreation folder. In this exanple, TMP will be placed under:
" DAPr o] ecwe\2PALIvEGRALL. O1FRAVEWORK) bui | dl out \ codeGener at iPQm/iB200v0d20375 new
directory, 25 we copy all the contents of the directories ext and extLib
folders (those under the codeCGenreation directory). Create the directory
Wor ki ngf ol der under the codeCGenreation folder. Create the directory unEar
under the new directory WorKki ngfol der. Create the directory
basedir under the directory unBar. 30-Create the directory META-INF under
the directory basedir. GCreate the directory config under the directory
unEar. Step-2: Buil di rigutsnieDasgyp endctht FeRve |M%’éfe“‘(‘f8ﬁ5]9ntfﬂléw§?h V& Té
"application.xm " of tRgueUrgeten dbrfeRtitraridved wrdesiot, hecipatleagiribute is

“com pal nyra.tools. builder”) to the new directory config

(codegenenr at i on/ wor ki f§ESTder / unEar/ confi g). 5-The copied xm file will be
parsed then the i gnor edExhides cgshanftiiony f uﬂEaffbabéﬂ)r/SWIPEHaltieﬂ%eéﬁ@?%ﬁ The
val ues of _the nodes "di spl and "context-root", will be set to the
val ue of %ppl i cati onNa unE %%Xse@ﬂé%weexa |l e "Essai ") and the value of the
node "web-uri™ wil ISthe: Ié@tdtﬂlgéhetuﬁ@m@é?queéafnarre (in this exanple: "Essai.
ear"). 10The "appl i_catigpe¥@lile ol rbBerArde pheyiRniccdesKy-INWdjojarfuirtto t he

| 2EE application. This file nust be | ocat.ed dn th edt hleﬁql META- 1NF
directory. GCopy the XNPOkiPyekemeptpadg ﬁfrimg%lte’l] IS Y o g fhe current
directory (under the paokageron w@mmllneiymaistvobbesremeﬂwer") to the directory
config a’}ﬁtre”‘)"e al so 4 nynci)rgﬁ]o%gsag}{} cégﬂﬁﬁaméi%tm%( W*QQJ%@&OW@ swe focus

on every em naned 15"Xx el enent call ed
" modul eExt ensi ons" ~ If Eveﬂrrsmﬁmwwﬂc@ﬁ‘f%ﬁf@wavwﬁié/%w%%IEWB‘EJ?\%%

WebModul eExt ensi on”, Ngfaxrﬁlhtﬁen\ﬁcﬁé Mﬁoxﬁﬁg xhél@ﬁoaﬂi&lﬁ wmuie@exfoaﬂn&d?oot " to
"ALT-I NF/" +appI|cat|on r the X f“engf) 0SS- app. xm "
of the current direct or§repiraett vafre ?‘U’ba&l?kg hagms g 581 A PSTPEots. bui | der ™)
to the directory confi gse rfafued heAsi@WorooRb@ticAinNamexte set the vaI ue of the
node "Il oader-repositoryfoc "

"com ver reg. ser vi ces: | oaddP egﬁﬁfﬂ'?} P g irgi-namen willpe ot fo SRPHPREm file
will be then copied to Tiealdé sfeedrpelymendnideritpediaiening Bak Yesaide diocr? META- | NF
.The utility of such fiLa%pl%c%tiowalkéo.l ate the class | oader of every
application by

- The value of every node under "connection-factory-jndi-name" will be set to
" ApplicationsQueueConnectionFactory”.
20 - The value of every node under "destination-jndi-name" will be set to
“<applicationName >Pending".

The same modifications as the previous task will be applied fo the XI\/IL file:
unBar/basedir/service/ MET A-INF/jboss.xml except that the value of every node under
"destination-jndi-name" will be set to "queue/< applicationName>Pending". ,

25 For the XML file workingFolder/unEar/basedif/service/META—H\]F/ibm—ejb-j ar-
bnd.xmi, under the element "ejbBindings", the eventual value of the attribute "jndiName" will be
set to the applicationName and the eventual value of the attribute "listenerinputPortName" will
be set to “<applicationName> ServiceListener".

Step 6: Creation of the jar file servicejar
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25configuring a unique domain. Copy all the nodified application files
(application.xm, ibmapplicationbnd.xm, ibmapplication-ext.xm,

j boss, appwerhj/isssthe di rect ory wor ki ngFol der/ unEar f basedirnsiti/de2ddd. To
this directory, we copy also the file "was.policy" (under the package

com pal myra.tool s. builder). 30-Create the directory unWar under the
directory Wirlcingfolder. Create the directory config under the directory
unWar. Step 3: Building the web.xml file Copy the xm file "-web.xm"
under codegenenrati on/ wor ki ngFol der/unWar/config, for the new copy, the

val ue of the property "display-name"” wil] be set to the valuy '
appl i cati onName. S{®Rethentemt ¢ dlfa%%YWer&Wﬁ%Pﬁ‘iﬁé{H@—mﬁé@g&T? & ?%88%%% val ue
w il be set .t hhe ahlifd BulairdstlybnEgToldeterelerenteringdEBdp" . Those

nodi ficationhs are shown in the follow ng picture: Create the directory
gefl;tﬁ g Id%rse g:

basedi r und&F/iamgstml Beage Fectory config under \rkingf ol der.

10- Creat e the dir estpor Viahtinglthe Qufigirgiogilder Wor ki ngf ol der.  Create the

eventual directory.wi il GPRL fiddr tRGn&aELéRG{bRT®, dirsorgEeht e t he
directory "D\ Essa?%’@ggglge\é%k ntSSt ep 4: ' Hangll ing the external folders

lterate on tibider workingFriderginfighe directory TMP: 15If the file is a war file:
If it is the war ofqriReneasie viotkingPade cindighdra caRmpuraint, e pepfpititkeat i on, we
retrieve the ver_sior&a of wars in the manifest of the war, else (if it is
just an addtF VRS OYEMPEve the value of the attribute "earversion" of the
mani fest file of such waevaliEhéthe exibntatdatad o ot eret tof PERRON har file to the

directory 20basedir (which iscunder the @i feclofYot s )wilbsctdoe file is an
ear filelExtract the%m’aélhet()fgl?gtg{)g% eeisr to the fool der basedir (under

unEar), we then iterat &ApplicettveQessefBprcti®f2¢Hl’s ear and we do recursively

the same thing for_thegpcouniet aivhic FEsalf @@ ame) afll @ketvdlpc265l f the file is
ajar file and if its nane |s_different from"CeneratedCodejar", it wll be

’

copi ed under the unEar i*BRSEHTRS] der .
- The value of the atiribute “nonXaDataSource” will be set to

15 “<applicationName>NonXaDataSource".
- The value of the attribute “ServiceQueueName” will be set to
“<applicationName>Pending".
Those modifications are shown in the pictures below:

For the XML file workingFolder/config/appServersConfig.xml, perform the

20 following modifications:
- For all the nodes under the root node: “AppServerConfigurations”, focus on

the value of the attribute: “initial ContextFactory”
If it is equal to “weblogic _jndi_WLInitialContextFactory”, set the value of the

attribute “securityProvider” to "weblogic".

25 If it is equal to "org_jnp_interfaces NamingContextF actory™”, set the value of

the attribute “securityProvider” to "jboss".

If it is equal to “com_ibln;websphare_naming_WsnmitialConteXtF actory" set

the value of the attribute “securityProvider” to "websphere".

Step 8: Creation of the properties folders
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Create the META-INF directory under the directory unWar. In this
directory, create the manifest file "MANI FEST, M .1n such file, we create
t he attriwoteir/ddseat ed- By" for which we set the val ue:" pRaliByYMe0@D37
<current Date>" and the attribute "Manifest-Version" for which we set the
value "1.0", Then, for each retrieved war version, a related new attribute
is created. Extract the content of the jar file: unEaribasedir/service.jar
to the directory 5unEar/basedir/service. Step 5. Updating the unzi pped
service.jar Parse the file

wor ki ngFol der/ Unear Thasedi r/ servi ce/ META-NF/ ej b-jar.xm to | ook for .

el ements under t helteraiden the pdytentafie pzare™ ¢ ch nane is |i ke "AsynchronousX",

such el enent g, WdumyRfr @O daRM ok/Sonk ."ﬁﬁ&@.@&@@dﬂﬁéﬂ@m&ﬂ@wpﬁwm'(| n this
exanpl e Y'Asy?lcghrﬂgngg%lrzssai ") ° EQP e X i

: . : or file .
wor ki ngFoldetmdFedsy Pegas 1PV rea NETHm /t%%TV(%liieéwue?et)cfﬁatgri?%?e , then
t he foll ow ngorgholdeiatdierafipsi | | be perforned: Every el enent under

"ej b-nane which name. is |ike "AsynehronousX' will be renaned to
"Asynchr o?mus<app| i%%:asie%n lekfr%ﬁ. 15-The val ue of ever% el enen

t.u
"jndi-name" will béSeicrBARMIRAL A FRAMENORKHE ey a?mélefmﬂﬂ&&g’ nt
under "l ocal gj ndiccB@Bhe MildwindrBldseiltR creltezal <appl i cationName>". The
val ue of every node under  "connect. nIfactory-j ndi -narne” will be set to
" Appl i cat i onsQueueConnect §8 I%Saﬁcfnﬁlg 49€%20- The val ue of every node under

"destination-jndi-nane" wll-.be set;dQmsappl i cati onName >Pendi ng".
The sanme nodi fications a\é\ttnhlé‘p? el\g/\l (1)usor¥tngsk wll be applied to the XM

file: unkgr/basedir/servieafiMETMiFAbF ikbRSSt XM except that the val ue of
every node under "destination-jndi-name” will be set to "queue/< ‘
appl i cati onNanme>Pendi ng" . Ca&iggrorfig@edde fil e

wor ki ngFol der/ unEar/ basedi r/ servi ceNl ETA-I NF/i bm ej b-jar- bnd. xm , under

t he el ement "ej bBi ndi ngs" Confige CafigPadT val ue of the attribute "j ndi Nane"
will be set to the appli Catqiﬁ%gél\lgrg%}ﬁ{]dac& he eventual value of the attribute

"|1i st ener| nput Port Name" wf &) 0<app| i cati onNane> Servi ceLi stener".

Step 6: Creation of the jar,dll.6.385Nbge | ar
15 PalmyraResources

Every file under workingFolder/config will be copied, switch its name to a
correspondent directory: (a file which name starts by a property name (in the property file:
config.properties) will be copied to the created directory having as name the value of this
property).

20 For example, the xml file: appServersConfig.xml will be copied to the Directory:
workingFolder/handleConfig/Configs_config/AppSer.

If the name of the file doesn’t much any property name, this file will be copied to the
directory: workingFolder/handleConfig/Configs_config ‘

Step 9: Creation of the config jar files

25 - Under workingFolder/handleConfig, we create the directory "META-INE",
then, under this folder, we create the manifest file "manifest.mf", in which we
put the following attributes:

Manifest-Version = "1.0"
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From the content of the directory workingFol der/unEar/basedir/service, we
create the jar service.jar having as manifest:

wor ki ngFovoeniumkse/ basedi r/ servi ce/ META- | NF/ Mani f est . wC1/1BIaovooresdel et e
the folder service. Step 7: Handling the configuration files 5Copy all the
contents of the folder xm under the codeCGeneration directory to the fol der
wor ki ngFol der/config. For the XML file

wor ki ngFol der/ confi g/ servi ce. Resource. xm, we perfoui the follow ng

nodi fications: The value of the attribute "dataSource" will be set to
"Dat aSour ce" 10-The value of the attribute "JnECbnnectlonFactoryhbne" wil |
be set to "Appl|cat|onCpeuer@Né@%?bn?%%@%&V‘Tmﬂﬁ%%PWﬁiue of the attribute
"Local i ndi Nane" will be set to LOC@J @I%cgt ngage>" The val ue of the
attribute "nonXaDataSource" W FFioT g TR (pnligsversion ,

15" <appl i cati on aDat aS S m¢dlSa fhertiBe attribute
" Ser vi ceQJeueNa va Ief)?%ersmnls %%ngﬁ)arameﬁgllnca ?rloen %&E;I ondi ng Those

modi fi cati ons ar@msﬁbWNTWﬂwvﬁ@H%W@ﬂ@ﬁ@§f@éW@%wmsﬁm““ubemem For the XML

file morlgngFoIder/conﬁmgL H@%@&ﬁ@ﬁ&@@@iﬁ&m%ﬂhxkﬁﬁ@f@hﬂgﬁhﬁm%ﬂﬂ&0||Omnng
nmodi fications For al

e nodes unde root node:
" AppSer ver Conf i gur at i orf&eeted #88&?°8ﬁ“?ﬁ%mvgfﬁ% Yof the attribute:
"i ni ti al Cont ext Fact or y"wdifingFbldershaitp@ahfig\@onfigs_config.

"webl ogi c_j ndi V[Inltln Cbnggﬁ%ﬁ%még_%mhmﬁﬁhaﬁﬁﬁgﬁ%k&ﬁm%hgaP%m%%ﬁBébUte

"securityProvider' I'S equ
"org_jnp_ |nterfaces Nanmn@@@wpéwﬁﬁﬁﬁﬁ@W@emm“§@ﬁmﬂﬁ§F@%?ﬁ%ﬁ%f the attribute

'securi typrovider” Tkg?a? ﬁle'wohimg'F L1adrSmeAYALdid®imyraR esources jar that will be
"com. i bm websphere_ nanlng Vs nl |nt|aICDﬂ£extFactory" set the value of the

attribute "securityProviaEfTopdocried gHat @=clo% an” 8: Creation of the
properties folders workingFolder\handleConfig\PalmyraResources.

Step 10: Creation of the war file
- Exiract the content of the jar file unEar/basedir/webService.jar to the directory
15 unEar/basedir/webservice.

- Create the war file <applicationName>.war (in this example: Bssai.war) in the
directory unEar/basedir from the content of this directory. The Web-Inf
directory of the war will contain all the content of the folder

4 unEar/basedir/webservice/com/palmyra/arch/webservice/web except the .class
20 and the .scc files.

Step 11: Creation of the ear file

- We create the manifest file for the ear: workingFolder'unEar\basedirMETA-
INF\manifest. mf. In this manifest, we fill the following properties:

- Manifest-Version = “1.0"
25 - Created-By" = ‘Palmyra at <The system date>*
~Class_Path = <list of all the jar files under workingFolder/unBer/basedir>

In the directory workingFolder/unEar/basedir, we replace the manifest of the

jar: servicejar by the new created manifest file.
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Iterate on the content of the property file

"/ coni pal nyral/ arch/tool /updat or/config. proPerties.” For every encountered
property,wonreat@sa4snew di rectory having as nanme the val peTaB2dbtyo®opr operty;
the new folder will be created under workingFol der/handl eConfig. 5In this
exanpl e, under the directory: D: \Proj eels

\ PALMYRAL11l. O\ FRAMEWORK\ bui | d\ out co deG enerati on/ wor ki ngF old

er/ handl eConfig the following folders will be created: Configs config \
Label s Configs_confiffiew ormat 10Confi gs_confi g\ AppVi ewf onnat
Configs_config\Reports Configs_configlAppSer Configs_canfigUransactions
Configs_confi g\ Li fe@cﬂ@itqtsﬂaﬂﬁf?ﬁf@R@ééﬁ%@é?c@?f‘é%“’g?‘feg%g%dgr

wor ki ngFol der/ confi g Wybiinbe1&oRimebas@wiMEI - INFénmissemf ad aeddirve®geondent
directory: (a file which nane starts by a property nanme (in the property
file: config.properti eBfPH P be copied to the created directory having as
nanme the value of this r 20kKor exanple, the xm file:

appServer sConfig. xm wﬁal%%g[ \E:%%ﬁnedq"ltao the Directory: :

wor ki ngFa) der/ handl eConti.gkdanf opaaanbi ¢fvipnSate>" I f the nanme of
the file doesn't nuch any property name, this file wll be copied to the
directory: worl dngFol deClakaPali eGonfdf gl Bt flgsideioridneselep/ makalessedity on of

the config jar files 25Under worl ci ngFol der/ handl eConf.i we create the
directory "META- | NEmer thpelpment ey VRrign 1ol febire afpbuisy E‘éﬁ?’gfott AL c’f’ﬁwest file

e mani
“mani fest . nfoombi Jios fin Wes Ruthplé Ne. fol  owi ng attributes: Manifest-Version
''1.0" Created-By = "Pal nyra_at <The..s Aderru iS00, slect

"Pal nyr a: Confi g: <verEigis efnﬁlﬁéarégf ?ﬁfeth%fsl%%em@rogﬁgﬁo 1% gi ver? as_paraneter to
the met hod geeaerirties s not an external jer, so the files listed in Table ## for example will not be

selected. '
For every selected fils, a new attribute under Palmyra Version Info will be created.

The new atiribute will have as name the name of the selected jar file (without . jar’”) and as

value the last modification date of the selected jar.

15 Take the jar file commons-codec-1.3 as an example, for this jar the attribute:
commons-codec-1.3 3 will be created having as value the date of the last modification in this jar.
This new manifest file will be used to update the manifest file of the jar servicejar
-Create the ear file (in this example: D:\Essai_codegen/Essai.car from the content of the
directory workingFolder/unEar/basedir. This car will have as manifest the file
20 workingFolder\unEar\basedirMET A-INF\meanifest.mf and as application file the xml file

workingFolder\unEar/config/application.xml .
Delete the folders workingFolder and TMP (under the codeGeneration directory).
1i. Generate the generated code only

This option creates an Ear without generating a GeneratedCode.jar or updating the ear

25 because all parameters “umlFilePath’, ‘updatedServices’ and ‘updated ConfigurationFiles’ are

null.
Tn order to generate the ‘GeneratedCode.jar’ without updating the Ear and without

creating a new Ear, just set the parameter ‘isCreation’ to false, sct the parameter ‘umlFilePath’

with the path of the UML file and set the parameter * generatedCodeOnly’ to true.
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This file will be used as manifest for the following jars that will be
created: 5-The jar file workingFol der\unEar lbasedi r\ Configs _configjar that
will be cweabadsfssam t he content of the directory: PCT/IB2010/002037

wor ki ngFol der\ handl eConfi g\ Configs_config. The jar file

wor ki ngFol der\ unEar\ basedi r\ Depl oynent Config.jar that will be created from
the content of the directory workingFol der\config 10-The jar file

wor ki ngFol der\ unEar\ basedi r\ Pal nyraResources.jar that will be created from
the content of the directory worki ngFol der\ handl eConfi g\ Pal nyr aResour ces.
Step 10: Creation of the war file Extract tu? content of the

jar file unEar/bas&diter webSdbuiies’ jdiurteedChefimiereEtiey Just o n

15unkar/ basedi r/mki*%aifahﬁn%rs se@(eﬁ@ets@l& h&mmmyf I eBerstpppdci-c abdraRidae>. War (i n
this exanple: Essai, in the di ;() gr/b&§%€|r framp the content of
this direct oPVﬁXTYFﬁl% agshth’ oiepstets arV elidds eSS ar © ntain all the .

content of t hﬁnﬁﬂ@ﬂ\/ﬁﬁfon are a set of switches for the case of generation.

unEar /basedi r f websey vi, Ce/at%&ggfgﬁ%)@}ﬁrb%d%ﬁtg WEbsesM el BhaRKeRRadde | ol ass

20and the’ . scc fil s Ot eation o he_ear file (f(ﬁltethe
mani f est fi | @xpiation h‘@rSéaThe ligionf RACPIETET Thevy ﬁﬁé&ﬂ@ﬂé@éﬁm%’ﬁﬂlﬁw 18
INF\rnanlfes(; BE . In thls mani fest, we fill the follow ng propertles. -

Mani f est - VerS| on = syst em dat e>"
-Class Path = <li st %’]‘e 7a1E)femlp}"i1@gagllmchs ﬁg)@cncreamg ﬁed% Eééed]ef'::‘)l der/unEar/ basedir>
I n the directorysiag karFilgF@lheI@/hstﬂaﬂ/ezbésedl r, we replace the manifest of

the jar:gervicegaf CJ%G&RQUJQ@% Creat A e hesietbidettonW i te the mani fest
for the ear: We recreate the manifest file

wor ki ngFol der \ unmﬁ%ﬁgﬁﬁfﬁ“ﬂ‘l\%ﬁ%l NE/ mani fest.nf and we fill it with the
propelties: - MaSirfheshFWehathi=gip:/Fest/kst@inls- Creat ed-By" = "Pal myra at <System
Dat e>" Pat gtg:liglts of all the jar files under

wor ki ngFol der/ u%ar aéséleé(}cc 0 %

ir> b}ag er the el ement Pal nyra Version Info, set
the attribute Ve,bgqﬁﬂvirqur}%— fue of the paraneter version (in this
exanpl e 150). String generationPack ="";

String sharedPack = "";
String prefix =
String version ="1.0";
boalean generatedCodeOnly = false;
20 String classPath = null;
' boolean generateJavaDoc = true;
String businessServicesPath = “D:/BS”;
Collection updatedServices = null;
Collection updatedConfigurationFiles = null;
25 String logFilePath = "D/BUG.log";
String compilerPath = null;
String c‘ompilerVersion = null;
AutomaticGeneration.generate (new File(earFilePath), codeGenreationPath,
isCreation, umlFilePath, sequenceStore, verifyOnly, generationPack, sharedPack, prefix, version,
30  GeneratedCodeOnly, classPath, generateJavaDoc, businessServicesPath, updatedServices,

updatedConfigurationFiles, logFilePath, compilerPath, compilerVersion);
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Then we iterate on the jar files of the folder workingFol deriunEar/basedir,
sel ect 1l0Oevery file that is not an external jar, so the files listed in
Tabl e ## wonoeasghe W Il not be selected. For every selpertiBzhid/nd2e37 a new
attribute under Palnyra Version Info will be created. The new attri bute

wi || have as nane the nane of the selected jar file (without ". jar") and
as value the last nodification date of the selected jar. 15Take the jar
file commons-codee-1.3 as an exanple, for this jar the attribute:
commons-codec-1.3 3 will be created having as value the date of the |ast
nodi fication in this jar. This new manifest file wil|l be usedg {0 _update the
mani fest file of thrjeat sswrad tbe GerratedBedsdpawitiont WAFME bp 82 (GRS exanpl e:

D: \ Essai _co L. ©85aif SrROT e f6 @ e Bler O riubi®e hctigied D thye parameter
wor ki ngFol dgﬁﬁ%&?ﬁgg’seﬁ?m ' e

r. This ear, wi_ll have as nif ile
20wor ki ngFol ‘eaieRatta syt fie Saarr e METAC ﬁ?ﬁ%ﬁ?ﬁ%ﬁ? ?%ﬁﬂe%?&e%?@%‘s%?%%t til’ on file
thexm file gwor Kisogplaasirinkamk anfitgiCapfauiatefilehnystbe e pédigorehe f ol ders
wor ki ngFo] der antd T'\él?ist(e&’lrr‘lq%ﬁ@e codeCeneration directory). Generate the
gener at ed® cGESRTY" " This option creates an Ear without
generating a CeneratedCode.jar or updating the ear 25 because all
paraneters " unl Fit,6Ra8t BxemplapeiahetbSaripaas trre witipdatodaGomf igur at i onFi | es'
are null. In order, to }ﬁepagjrgmqt h& .ot SeneratedCode. jar’ without updating the
Ear and without cFBafFHG 4" neW Bir st set the paraneter GsCreation' to
fal se, set the pawagetledenteyiiinPitheHa LWWH%@%SE%W“B‘F“%M UML file and
set the pagranet ep,gapgcatedCedeOnly' to true. Further, " updatedServices’
and' updat edConf i .urat'%%ﬁhl*esi must be null. The parameters
sequenceStore', SUBEPMFVEHPY ™ "generati onPack', “sharedPacle, *prefix,
‘version, classPhediéansqgemesStrasifalaDo ¢! , ' business S ervicesPath' |

conpi | erPat h'  ang,,GeMRif@iMersieon’ are a set of switches for the case of
generati on.

—

String generationP ack ;
15 String sharedPack ="";
String prefix ="";
String version = "1.0";
boolean generatedCodeOnly = false;
String classPath = null;
20 boolean generateJavaDoc = false;
String businessServicesPath = null;
Collection updatedServices = new ArrayList();
updatedServices.add(new File("D:/Test/SmartPosition.jar"));
updatedServices.add(new File("D:/Test/statemonitoring j ar"));
25 Collection updatedConfigurationFiles = null;
String logFilePath = "D:/BUG.log";
String compilerPath = null;
String compilerVersion = null;
AutomaticGeneration.generate (new File(earFilePath), codeGenreationPath,
30 isCreation, umlFilePath, sequenceStore, verifyOnly, generationPack, sharedPack, prefix, version,
GeneratedCodeOnly, classPath, generateJavaDoc, businessServicesPath, updatedServices,

updatedConfigurationFiles, logFilePath, compilerPath, compilerVersion);
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5The GeneratedCode.jar will be created in the root of the earFilePath (if
there are no conpilation errors). The |ist of paraneters shown in TABLE 7
repr esentwoaniignssspl € of this option. Table 7: Exenpl ar pcPaBzmmev@nss f or
Generating the Generated Code Only String earFilePath = "D/ Test/Test.ear";
10String codeGenreationPath = "D/ PALMYRALL. 2 / codeGeneration"; bool ean
isCreation = false; String umFilePath = "D:/Test/test.xm"; bool ean
sequenceStore= fal se; boolean verifyOnly = false; 15String generationPack =
String sharedPack = "11; String prefix = "a"; String version = "1.0";

bool ean generat edCodeOnly = false; 20String classPath = null.: bool ean

gener at eJavaDoc = t r déthe Briig cbleSsaseBap §i Pl Spn Rty siingy L WIRBE SR, ' o 0t on
updat edSer vi ges, 5 lpiojéé?&éie@c&tyi@@nm@g&em&ﬂegwm&emgmmm contah | ;

c
25String | ogFiTePath = UG [og"; String compilerPath.= null; Stri
compi | er Ver SR il P SR AOAET CSIBFART OF generate (el

generate (n

File(earFil e—i&ﬁ h sér.d?dg}%%ce%tﬂ{lglgma%g%%ﬁ ’ﬁle,iﬁwiilﬁt%qué\jaﬂl& um Fi | ePat h,

sequencesSt or eri | generationPac sharedPack, prefix, version,
30Gener at £dCade@atiopenadtigndRat h, gener at eJavaDoc, busi nessServi cesPat h,

updat edSer vi ces, updat edConf.i gur at i ' ' |
c g mpi | er Ver S-iIfdlfaF)paraPneter classPa‘ph is got m%r&tfor?e%%ﬁuhl%? “”),l tl?egbllza!ssl peaﬁ)l%lﬁ be ga?cqmeh er Pat h,
automatically: it will contain all existing jars in the code generation directory and all existing jars

in the Business Service path if it is mentioned.

By the call of the method:

10 AutomaticGeneration.generate (new File (earFilePath), codeGenreationPath,
isCreation, umlFilePath, sequenceStore, verifyOnly, generationP ack, sharedPack,
prefix, version, GeneratedCodeOnly, classPath, generatel avaDoc,
businessServicesPath, updatedServices, updatedConfigurationFiles, logFilePath,

compilerPath, CompilerVersion, hasJsf, excludedSharedPack);

15 The following steps are performed:
Step 1: Creation of the temporary folders
-Create the directory TEMP under the parent of the earpath, (in this example,
TEMP will be created under: " D:\\Essai_codegen”

-From the xml file (given in the parameter umlFilePath), load the object
20 UMLApplication

-Delete the eventual folders(src and classes) under the parent of carFilePath (in

this example, under " D:\\Essai_codegen)

-If the parent of the earfile (" D:\\Essai_codegen”) doesn’t exist, create this

directory.

25 -Create the new folder doc under the carfile Parent (in this example "

D:\\Essai_codegen®\doc™).

-Modify the loaded application in order to make it ready for the code generation '

(See the document Generation Mechanism).
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In order to generate the "GeneratedCode.jar' wthout updating the ear and
wi thout creating a new ear, the path of the UM file to be generated nust
be speci fwedoiw4sdse paranmeter "um FilePath', set the paramaBsEno0028€r eati on’
to fal se and the paraneter "generatedCodeOnly' to true. Also

updat edServi ces' and' updat edConfigurationFiles' nust be null. Additional
S paranmeters are listed in TABLE 8: Table 8: Exenplary Paranmeters for
Updating the ear with a list of jars and wars String earFilePath =

"Dl Test/ Test.ear™; String codeCGenreationPath = "D:/PALMYRALL. 2 /
codeCGeneration"; 10bool ean isCreation = true; String umFilePath = null;
bool ean sequenceSt or eCrefiaihs dircolypilesse vpés fhp pepgt gt the gagfle dirocyyj ng

generationPack = "; 15String shar %odP ck Sglrg{nﬁg}?gsrir? ie(yiir:tos r‘jsga,gan]\éersi on =
i C ul'l;

"1.0"; bool ean gener aPBFETECHAYEES LT £ R 8ssPath = n

20bool ean gener at eJavahetic{StcahspunSht Gagaivudiaess8br vi cesPath = nul | ;
Col I ection updatedServices = new ArrayList(); updatedServices.add(new
Fi | e("D:/ Test/ Smar SRogi ¢aian pighenryrertyiyéat edSer vi ces. add( new

Fi | el( | D: /S £;e;st / slt at le:_rY})G}SEthhla Bﬂb%fy"ﬁ)le) 'ﬁftt%ﬁ@d.ﬂr@&ﬁieﬂmn&bpdﬁtsmdﬁ:‘@mﬁ Fubiat i onFi | es
= nul |; ring | ogFi th = "Dl 0g-:.. String conpilerPath = null;
o e TS AT 1S her ati on. g

String conpil erVersi Eener ati on. generate (new

File(earFilePath), cogdeGeny.eatiqnPath,

DataSource
SecurityStore

10 The values of those attributes will be set during the setup.
~Create the property file “gcstorename.properties” .In this file, the atfribute
ATFiles will be added.

-Create the property file “sharedPackages.properties” under the “src” directory. In

this file, we put the prefix mentioned as parameter and a list of shared packages.

15 Step 3: Compiling the generated code
If the compiler version and the compiler path are not mentioned, a defauit compilet is
used having as path the value of the system class path variable. Before performing the
compilation task, redirect the compiler's error output to a stream other than the standard error
stream so that the cofnpiler's error output can be read into the errors array list.
20 Then compile all the java sources under the directories “src” and “MuSrc”, the
“ class” files resulting in the compilation will be added under the “classes™ directory
Step 4: Create the generated code and source jars.
-Prepare the directory “classes” to the jar creation: A list of files have to be

deleted from this directory before making the jar. Those excluded files are:
25 ;All the non-directory files under “MuSrc”

-All the Palmyra classes. |

-Make the jar file, “Testl.jar” from the content of the directory “classes”.

-Make the jar file, “Test1Sre.jar’” from the content of the directory “src”.
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30 isCreation, um Fil ePath, sequenceStore, verifyOnly, generationPack,
sharedPack, prefix, version, GeneratedCodeOnly, classPath, generateJdavaDoc,
busi nessSgovhoieaRath, updat edServi ces, updat edConfi gur arconbio1e602037

| ogFi | ePat h, conpil erPath, conpilerVersion); -1 f the paraneter
codeCen.erationPath is null or an enpty string, it will be set to the
parent of the project directory. In any case, the code Generation directory
usually contains the folders xm, ext and extLib (see the paragraph: create

an ear fromscratch). -If the user didn't nention a path for the | og
file, it wll take the value5Autornatt|cGenerat|onIog)tl - f ar amet er
classPath is not mentifehetetsmibesksth s mentiongdpdn this SE@PlFAEHRSH SFHWCBS al cul at ed

automatical ly: it w LlpGOntaighidhir A iostHopyI¢ ALSERVICEh@tTdlldtegene tat i on

directory and all existin ars jn the Bus yice S
nmentioned. By the calqmlwg%h@%%odlﬂ e {5 %18-1?%%@ g@{enoéﬁéaflﬁé%% earsg%néé ne
File (earFilePath), Qﬂidﬁ&iﬁﬂﬂm@rﬂ%&nm Foi s@nglatif tayrpplipationihpeiPetshd

sequenceStore, verif ener G S RIRAG K je P el X, version,
Generated%odeOwly, %é é % & R %E?avngoc ELbu5| nes?a;% vi.cesPat h,

géner at e
updat edS ervi ces, updbaiu@mmmsgﬁh Eﬁh‘bﬁﬁslf@?‘i PRygRrE R P¥er Pat h,

Conpi | er Versi on, has-&%ﬁeat@éé%ln@@&@ RakaaPaekhe (thkﬁs'Ehteodhlahmvmmgalsteps are
performed: Step 1: Creation of thg tenporary folders -Create the directory

TEMP under the parentpabetibeirearygeNE. (in this exanple, TEMP will be
created under: " DA\ Essai codegen" -Fromthe xm file (given

in the parameter tunl Fil ePat hji g&ﬂaf?ﬁéEﬁmlfé‘étllsté’éﬂm%ﬁFfcat| on -Del ete
kc‘?

t he eventual folders(src under - id.gRBath (in
this exatPle, under™ fd%stw d“%%ﬁﬁa& Genv u?[%@ﬁgzweg%ﬁﬁgggﬂﬁgel earfile ("

DA\ Essai _c Odﬁgﬁﬂi' ip Fil® eaarésmm@slust ofb ﬁremdevafsﬁ@ adddfif g ’E‘Icﬂfl‘i/doe?’g’t & dte the new
fol der doe u nd ﬁ/%‘?ﬁ%ﬁgwggg ?{t 53 aﬂe@rstsKUWsn i€ XRBIH Srepresents an example of

D: \\ Essai co?fe iie | oaded application in order to nmake it
ready for th@ﬂS@G@I@ generation (See the docunent GCeneration Mechani sn).
-Create the di rectﬁatythybﬁe&oﬁy‘q‘ﬂdﬂquﬁdaﬁh@meernfﬂafemtﬂie(haanﬁete directory.
-CGenerate the so [ges. f | asses and controllers in the directories "src"
and "MicSrc" (Sed PRE-HS&Ment Generation Mechanism). Step 2: Creation of

the property fileg, p@ %ﬁ*ﬁe‘?o%tﬂ@coﬁ@c%@ﬁﬁdytecfsleﬂv@es"xﬁla&&&mﬂ[\/n’&iula&t&pert| es" under
the src directory .

Step 1: Creation of the temporary folders
_Create the directory AppTemp under CodeGenerationPath

-Create the directory workingFolder under CodeGenerationPath
20 -Create the directory unEar under workingFolder
-Create the directory basedir under unEar

-Create the directory c'onﬁg under unEar

-Create the directory unWar under workingFolder
-Create the directory b‘{asedir under unWar
25 . -Create the directory c’ionﬁg under unWar

Step 2: Building the web‘.}iiml file
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file, the followng attributes are defined: AutotestDataSouree DataSource
SecurityStore 10The val ues of those attributes will be set during the
setup. - Gveavm/Mbesaproperty file "gcstorenane. properti epCTaBroio/moe37til e,
the attribute ATFiles will be added. -Create the property file

"shar edPackages. properties” under the "sre" directory. In this file, we put
the prefix nentioned as paraneter and a |list of shared packages. 15Step 3:
Conmpi | i ng the generated code If the conpiler version and the
conpiler path are not nentioned, a default conpiler is used having as path
the value of the systemclass path variable, Before performng the

conpi l ation task, rTa@istetordobrecddspping weY 88 epiedf CTEHIBRH TRt BT §°EET eam ot her

than the stapdardy &fhRhn sbi6@MAM)t hat the conpiler's error output can be
read into the errors array. |ist. J% all the java sources under

OThen cgn%hl?
the directories "sritoP Sahepyinghseqrile tp g iemporgiySH&Siony | o5 resul ti ng in the
conpi l ati on wil| berhiadae donsisid et cophies thetaatl éste udilatadcto greylir@tapimTeBpeat e t he

gener at ed _code L.ars. -Prepare the directory "classes"” to the jar
creation: °A def@o%}gé%?{a@%}) tg’ve to be deleted fromthis directory before

maki ng the jar. Thok¥® ‘eXeidlipple piqmwsolpa: 25- Al the non-directory files
under "MSrc" -All tBeodRal sk osibBESES wiltUyBiteacl® theatiredtéry enEat\Feesiin Thear "

fromthe content of the directary."classes'. .-NMake - L& (sdest i
Src.j ar" fr SRt théia\ﬁf g]ﬁtlllcﬁlﬁedtlﬂ IS §71 @?g}aﬂt{mﬁllg%@te& %]1%?11 ugl{NaM)a &ir. (Sg_ee

busi nessSer viteesRaiph: drsutenmrbnifomedsatc)i N t hi s exanpl e busi nessServi cesPat h

=" D\ Pro et s\ PAL Ng[%%éﬁ O JM]\%@W l(l% e\xg‘h'ﬁlé, ltioRly bentdids@keagiiON t he
ed nodul es |'ook f

Unl appl i cati on use , _for each nodul e, or ajar file having as
nanme (theusedesdeidiebreidddnihapar Sepprdghigyedory e s ppl i cati on has t he
used 5nodul e " Cal endaise uset @akted ¢ eadwitl thejanti eethice jCahedigar@envipawill bander

hu. si nessServi cesPath. 1f the file is found, ad N = RVAND)
directory. Réﬁ@%‘f‘“‘?ﬂ%%&%segﬁ% e Cgle tremﬁl}sle\L/é f)%% tgﬁﬁﬁadrcr%d HOARE wbliEeol ikt

(t heusednodulienamedtiampiljeamew jaD8k etréedtitre di rectory TEMP. Update the Ear with
a list Of15| ars and M@ﬂ’§ Creating the war file

Create the war file <applicationName> war (in this example: Essai.war) in the
directory unEar/basedir from the content of this directory. The Web-Inf directory of the war will
contain all the content of the folder unEar/basedir/webservice/com/palmyra/arch/webservice/web

except the .scc files.
20 _Tterate on the content of the directory AppTemp (In this case, this directory

contains only the copied earfile).

-Open the manifest of the found ear file and look for the attribute "Palmyra

Version Info.”. If such attribute is not found, an exception will be thrown.

Step 6: Creating the ear file _
25 -Create the manifest of the ear and make the ear file as explained in the

paragraph: create an car from scratch.
-Delete the folder workingFolder
-Delete the folder AppTemp

iv. Update the Ear file with a list of confi guration files
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10l n order to update an Ear, the paraneter " updatedServices' nust contain a
collection of javalo.File' representing the list of | ars and wars to add.
| f the Eawof2ni4ss3es not exist, an exception will be throwiB2oitveo2bsst of
paraneters shown in TABLE 8 represents an exanple of this option:

-Create the directory "TEMP r under the parent of the ear file (here under
15D: Essai _codegen). -Copy all the files of the collection updatedServices
under the TEMP directory. Step 1. Creation of the tenporary folders -Create
the directory AppTenp under CodeGenerati onPath -Create the
di rectory wor ki ngFol der under CodeCGenerationPath 20-Create the directory
unEar under wor ki ngradedradd @ueastwispaondiles &vadiey sa¥e@9'™ under unEar -Create

the director: ¥ %&@dnﬁgﬂﬂﬂﬁ@lley A conthh 8 381RBctioh 8f hiva. ﬁ@ll@l’rwr‘“mﬁﬁg thelhal ef
wor ki ngFol der”

eate the directory basedr d t he .
directory coffstgaddntdde Barrfigoosiad s an SRRt ﬁ’gﬂf ROV gaa%?ﬁnﬁg ITEH%S e
This step i SwyjineeessSROChITRs Saife,jway ‘BémyraRecawesstdwilch ¥seitag a new ear (See
the par agg aph: create an gar {Iﬁx%@h% Ligh & oeneali SR with o ROpYyRge t he ear file to
[

a tenporary directory s step consists on copying the ear
file to be updated,ut é%cc;nhQfajdtoru@&ﬁl@iu%nﬁﬁcpééﬁéfﬂloﬁ isu6 dr b picpatis Genethatli onPat h.

Step 4. Handling.the ext al opi ed ear

filTe wil borsdimErags ohek °J&F?18§F%Fh>9wﬂ R epd%@’]it%né&fé%%%f of the

war file i ncogtided il be hassedesthe fiisl dnd bely prasnuntea b the resin wetbeddd the figer

unvir/ based! kb aSBdDBoRalk %%?mz in B8 Rk Gerdllo By OM scratch) . 10The
director

content of tﬁ‘ hi's exanp \ég %lthe j ar
file Agenfla.j arfabled: lﬁ@ma]@dé’afaﬁléte’is IfféUé’éfﬁ the iA*Pt@’T‘atlfr%E?Iattoﬂ & apmgefr% .
unEar\ basedir. String earFilePath = "D:/Test/Test.car",

String codeGenreationPath = "D://PALMYRA11.2 / codeGeneration";
boolean isCreation = true;
String umlFilePath = null;
15 boolean sequenceStore= false;
boolean verifyOnly = false;

—
»

String generationPack

String sharedPack ="";
String prefix ="",
20 String version="1.0";

Boolean generatedCodeOnly = false;

String classPath = null;

boolean generateJavaDoc = false;

String businessServicesPath = null;
25 , Collection updatedServices = null;

Collection updatedConfigurationFiles = new ArrayList();
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In case user updates the ear with the jar file service.jar, the directory

service will be created under unEar/basedir in which extract the content of
t hi s addewof2oiim4saad t hen reconpress this content to nmalkeraBrawng2as7 fil e
service.jar. 15Step 5: Creating the war file Create the war file

<applicationNane> war (in this exanple: Essai.war) in the directory

unEar/ basedir fromthe content of this directory. The Wb-Inf directory of
the war will contain all the content of the folder

unEar/ basedi r/ webser vi ce/ coni pal rnyra/ arch/ webservi ce/ web except the .sec
files. 20-Iterate on the content of the directory AppTenp (In this case,
this directory cont aiméatedfpyfisrpdéonEipieetneafits(T8jles. Open t he nanifest of the

found ear file and | qgkil @isdche Bldsibyt e "Pal myra Version Info.". If such
attribute is not found, an exception will be thrown. Step 6: Creating the
ear file 25-Create thgda@nbifesitiaFidshdéd @ev FietD:fake the ear file as

expl ained in the par h; e r@h.Ba{nfromscratch. -Delete the f ol der
wor ki ngFol der - Del et Z\%t-ﬁgesefﬁoaﬁg ef?;e%p%?}éhp i)f)/f Update the Ear file with a |ist

of configyration fil e§inglogFilePath = "DIBOGA&"; to add some configuration files
to an Ear, the paraneter " updatedConfigurationFiles' nust contain a

col l ection of javado.$tidggompiggatbsentli ng the list of files to add. If the
Ear file does not exist, an exception will be thrown. Every configuration
file will be set in tHengcoppilarssiesifily. jar' or ° Pal myraRessources' switch

its nanme. 5b.Using the Automatic Generati. i t P 1. ile
The second way to u%”éonfaﬁ%éeéiﬁf?tb"ﬁ&f’rfeﬁateg%%we#l%Fef%qr%epigglﬁtc 9 e??ﬂ?{ahgnpg{rh’operpy file
with all needegtafionf enfiEPibsequiteeStbre,9trifyOnlpacsmsipdiagk, shwdirck.preiaBeEoy

represent,s aaer%xa?‘e%hc%O@& SRR mOPL LR avioc WMubihesBRrRBDPEB dipasedshiicdsl r st and

only paramneter to the in method in the class AutonmticGeneration (the

only class i ApdetseConipurgtiopidien 1Bl aBriPapyet Ao TABiE Ve 'By enpl ary Par anet er s

for Using the Aut onBliepSened@iisenren th a property file String earFil ePath

= "D/ Test/ Test . ear ;]_il%r [ tg%thoEeg?enr eationPath - "D:/PALMYRALL. 2 /

codeGener at i on":; BFIEeaH B t¥6n = true; String un FilePath = null;
isCreation: Indicates whether the file is a creation of a new Ear or an update of an

15 existing one. True or false (False by default).
codeGenreationPath: The path of the directory ‘CodeGeneration’ of Palmyra. If this
property has no assigned value, it will be set to the parent of the current directory.
umiFilePath: The full path of the UML file to be generated by UMLDesigner.
sharedPack: A string holding the list of shared packages separated by commas.
20 prefix: The prefix of the shared packages.
generationPack: The list of generated packages, separated by commas.
verify: If true, the XML file will be verified without generating any java classes. (Felse
by default).
generatedCodeOnly: If true, the java classes will be generated and compiled without
25 updating an Ear file. (False by default).
listJarWar: The list of added jars and wars, separated by commas.
xmlConfig: The list of configuration files that will be added to the Bar, separated by
commas. V
logFilePath: The path of the log file. If this property has no value, it will be set to

30 " AutomaticGeneration.log".
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15bool ean sequenceStore= fal se; boolean verifyOnly = false; String
generationPack = String sharedPack = String prefix 20String version =
"1.0"; bowbean/gssser at edCodeOnly = fal se; String cl assPatch/is2mebdzpsbool ean
generateJavaDoc = fal se; String businessS ervicesPath = null; 25Col | ection
updat edServices = null; Collection up datedConfigurationFiles = new
ArraylList(); wupdatedConfigurationFiles.add (new File ("D :/Test/
service.transaction_File.xm|")); updatedConfigurati onAes.add (new File (D
:/ Test/ VF_Presentation_ViewFormatxm " )) ; 5String |ogFilePath =

"DIEUG | og"; String conpilerPath. = null; Stri ng,con‘c;{)i I'er Version = null;
Aut omat i cGener at isamengeSiver:af teic( thevserr SEHIIoFa PRIRAPS JETHsEBAECSTT §fPat h.

i sCreation, unil Ia;ahsglgg;\g&au@equenceSt ore, verifyOnly, generationPack,

shar edPack, prefix, version, 10 ner at ed Only, cl assPat h,
gener at eJavaDoc, gﬁ(féqtﬁ{é‘g‘?@éfrﬁe(%ggﬁﬁﬁgeWpdg%g@dSer vi ces,

updat edConf i gur atsienkiskesesPhibgit bePatthy bugupictinepiitchiorydonpilibepdded si on) ; The
properties in thig bLilGnAl i saALRak find BEnRRL Br il imbliga Bafuldih @ vy

is Creation: Indicates whether th e is a creation of a new Ear or an
updat e of an 15exilenil g cwfimgjingkis pal-f al se (Fal se by default).

codeGenr eat i 0NPat fyike: P ahdbadfof thb epediiit e@ipltryoftos®Gener ati on' of Pal nyr a.

curront di rect of youdiiterreRbinE ke dopreisshl BFER i Te Fo be o
generated by UM DesiRgmeFhe chbarédRaidkthe goumilptiongf thotuinaed te i pulbfheshar ed
packages rpepar at ecgas@éth%m%a’ins all jars in the code generation directory.
TABLE 10 represents an example property file.
Table 10: Exemplary Property File
% Create a property file containing these properties:
carPath=D:/test/Test.ear
15 isCreation=true
codeGenreationPath="D:/Palmyra 11.2/codeGeneration”
umlFilePath=D:/test/testGen.xml
generatedCodeOnly=false
prefix="d"
20 verify=false

listJarWar= D:/test/SmartPosition.jar, D:/test/statemonitoring,jaz, D:/test/test jar,
D:/test/dashBoard.war

xmlIConfig=D:/test/presentationContext test.xml,D:/test/test.xml
logFilePath= D:/test/GenerationLog.log

25 businessServicesPath="D:/BS”

* invoke the main method in the class AutomaticGeneration

- Using Windows console V
> java -jar ExternalBuilder.jar propertyFileName
- ‘Using a batch file

30 path=D:\bea\jdk141 05\bin
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20prefix: The prefix of the shared packages. generationPack: The |ist of
gener at ed packages, separated by commas. verini: If true, the XM. file wll
be verifiwo 20itvdasass generating any java cl asses. (Fal sepoy/Bafiaw2037.

gener atedCodeOnly: If true, the java classes will be generated and conpil ed

Wi t hout 25updating an Ear file. (False by default). listJarWar: The |ist of
added jars and wars, separated by commas. xm Config: The |ist of
configuration files that will be added to the Ear, separated by commas.

| ogFi | ePath: The path of the log file. If this property has no value, it
will be set to 30"AutomaticCeneration.log''. sequenceStore: If true, the

user can specify hijsvac¥mns28enanea2mn Fdbuer Sprwsith-Diga cssigpNoNge. (Fal se by
defaul t). gef@hﬁ%%@ﬁ%m&_sgdk&%eﬁéﬁ,ﬂdﬁ%=ﬁ(B'&'sﬁ@enb%l ghe BathilBuilder jar

busi nessServi cesPat h: The path of the business services directory that wll
be added 5auPJBH‘E‘cYF13?§F“P§/ to the Ear by conparing the nanes of the inported
nodul es i n t Ne UMEFLOWBNGNd the existing jar in this path. conpil erPath:
The path of the specific conpiler (optional). conpiler Version: The version
of t_hle s_pécif:cc ﬁ“errpiﬁ’aé?yrf(%%%ﬂ&ﬁbl). classPath: The class path used in the
conpilation of the nerated code. If it i ull, the 10 th will
contains all jars il%ﬁ‘maepr%vé 82 JERSHAT P51 t%?trhgt@ osrti)/?umln%\%ef%}%%sfsggr esents an
exanpl e pr opeedloyingitieeencerdlapplitBionEixe vpicas ppRetpeetvys HokEAWelegp e a

property 1| G GO 3hat 10ohien s BrARSI beSmBaikaliiz b t fpliffaskrasar
This set-up tool also manages the communication with different database providers like Oracle,

10 Microsoft SQL server, or IBM DB2.

When going through the deployment steps using the setup tool, the configuration
established by the user can be stored in a file for a future use.

The Palmyra Setup Tool supports a number of operating systems, application servers,
and databases, for example:

15 (1) operating systems: Windows, Linux;

(2) application servers: Weblogic 8.1, Weblogic 2.1, Weblogic 9.2, Weblogicl0.0, JBoss
3.2.x, JRoss 4.0.x, TBoss 4.2.x Websphere 5.1, Websphere 6.x, chSbhere 7X;

(3) databases: Oracle (up to version 10g), DB2, DB2 for z/0OS, MYSQL (version 4.1.18
or newer), SQL server (versions 2000, 2005 and 2008).

20 The Palmyra Setup Tool provides wizard-like steps to complete the setup operation.
The first step is the welcome screen. .In the welcome screen, the user can find the Options
button. Clicking on the Options button brings up the options panel which contains four opticns:
Sécurity data source has different properties, Sequence data source has different properties, Load
setup parameter, and Update setup parameter.

25 The second step is to specify Operating Systems and Application Servers. At this
step, the operation system and the application servers can be'seleoted. '

Different application servers require varied detailed information. For Weblogic 9.1
and Weblogic 9.2, the username and password of an administration account of Weblogic must be
passed. For Websphere 5.1, the server nafne and node name must be passed. For Websphere

30  6.x, the server name and node name and profile name must be passed and the type of the

application server (Network deployment or Normal) must be selected.
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codeCenr eati onPat h="D./ Pal myra 11. 2/ codeGener ati on"

uml Fi | ePat h=D: /test/test Gen. xnl generat edCodeOnl y-fal se prefix="d"

20veri f yabelsa/d4sauJar Wai = D / test/ Smart Fosi tionj ar, PCT/IB2010/002037
Ditest/statemonitoringjar, D/test/testjar, D:/test/dashBoard. war

xm Config=D:/test/presentationContext.test.xm K D/test/test.xm

| ogFi |l ePath= D:/test/GenerationLog.log 25businessServicesPath="D:/BS" *
invoke the main nethod in the class AutonaticGeneration - Using Wndows
console > java -jar External Builderjar prop ertyFileNane -Using a batch

file 30path= D. \b ea \jJ dk141 05 \bin j ava - -

- Xdebug - Xnoagent -TBy thrdsteonoishesi=AmiEtion Wﬁ?%ﬁérf%/%ﬁ?é%%?&demmzm

bt oper tyFi | eleey ﬁmiegpbﬁﬁﬁf‘ﬁéaé‘i\&‘ésfmgﬁmd o ool PahOL oogr e
_ _ V. DEPL a ra_Set Too). P \ L.OV a

wi zard- | i ke EetEFnEar Thit “Sa‘ifi?gﬂieéer&rg{ufl Cojie:] ‘ésy?ﬁ?é“%‘irbéggf‘gwéwgé’%wgf ?\g t he

gener at ed appi@Seats @ DsfailtIME) VB ussiens of TEosst PO hs eyt greprReBEA Wbl ogi c,

or 1BM Vepsphere. p oty QetrJi‘&ErEf\Jvasﬁh%reSjtﬂé‘?enkphome‘éﬁeow?ﬁaxﬁmtfismmr fatte e of

the appli cation servers. Is set-up tool also nmanages the communication
wi t h differepssedat abase providers like Oracle, 10 Mcrosoft SQ server, or

| BM DB2. ~ Wagp 1ok Ag it Beughiht Be peaplieypaknf thsBepsheistatigl s he set up
tool, the conflguratlon established by the user can be stored in a file for

a future uses.p_eci ed_at this stphe Pal nyra Setup Tool su por ts a nunber of operating
systens, appl i cat i ame &8k verisio se;mdjdahmbﬁ@@mcfeﬁog ewempeand Raspveyd f % at i ng
systems: 1W n&‘e?%’acéow o gin into the installed application is entered at this step.

The last step is to setup Data source parameters. All applications need data sources to

run successfully, these data sources have parameters which must be passed, for example:
Database type: the type of the database;
Operating system: the operating system on the database machine;
15 Host name: the host narme of the database machine;
Database name: the name of database instance;
User name: the database user name to be used;
Password: the password of the username.
The user can test the communication with the specified database by clicking on Test
20  Connection button.

All Palmyra Ears have at least three standard data sources: security store, autotest
datasource and data source. Tn most cases the security store has the same parameters of the data
source, so by default the setup tool does not show the security store for entering its parameters,
to show it, go to options panel and select the check box “security store has different properties.”

25 Additional options can be specified based on type of application server selected.

For Weblogic, additional options include:

Deploy and configure the application server: install the application into the
application sever with all the needed configuration.

Remove the deployed applications: remove all the deployed applications before

30 installing the new application.
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(2) application servers: Wblogic 8.1, Wblogic 9.1, Wbl ogic 9.2,

Webl ogi ¢c10. 0, JBoss 3.2.x, JBoss 4.0.x, JBoss 4.2.x Wbsphere 5.1,
Webspher ewb.2811/0M&838phere 7. x; (3)' databases: O acle (upctraswaosiosr 10g),
DB2, DB2 for z/0S, MYSQL (version 4.1.18 or newer), SQ server (versions
2000, 2005 and 2008). 20The Pal nyra Setup Tool provides w zard-1ike steps
to conplete the setup operation. The first step is the welcone screen. In
t he wel conme screen, the user can find the Options button. Cicking on the
Options button brings up the options panel which contains four options:
Security data source has different properties, Sequence data squrce has

di fferent properti es RetoecthsBIfe garanmivepl thypgssegsedee tearylF HAS  anet er .
25The second step is a&,ﬂicgbgﬁggr@ég Qperating Systens and Application Servers.
At this step, the operation system ?nd_ Ehet aP?}' i.ctti on. seryers can be

sel ect ed. Di fReEEnhe SHET et @b ErE B BEIPY & VArT ed det ai | ed

i nformation. For Webl@gi €icQatdbagenisivase bbpydhieciad bie diitees tothisrraptisatRAFasswor d of

an admi ni gtration account. of QS S RAS HdrQEvébsphere 5.1,
t he serve? name and ncg‘)@@%hrelg%l}%rfﬁit%%e epassggftoFora% b sphere 30 6.x, the

server name and node Vit thenpblipgior parer Hiatrpalniadaicder spplcaind sq¥Y e Py pe of
the application ServeupNehMeik xae R :9EBRtetar opbatidimser, Mistuppraelect ed.

The third step is to specify. | i.cati on server, hone, dj QLy..and | M6
‘?FB‘?]?V%IF@?\/%})#]% dvltk% 555 ¢ rensed latct qv%hcgl!t HE GleR b re @

Provider. For all ver [ erver, the hone
directory for the apphécatiwlly.server and the domain which will be used and

t he server, nane mnmu e L AREISHS OV sAeloa eries or
\?II\(}S gﬁhle laser 93%%&§9thp§e§%v%§;lstg}9 (i)' }] lhae} lg{llé?g@[ Q¥ { M

Def aul t ). For all 'versions o , y the domain djirectory nust be 5
passed. For ZAmimees sitmrstioioayhbystcpdate heebidichag babig fPEEt 8y and t he
| M5 Provider ppisierPe passed. The fourth step is to specify the Ear path.

The path of the I install ',&Jﬁ#ecified at this step. The fifth
step is to sgg’up%%?ﬁgg%ﬂﬁéﬁ‘ggﬁg?%?s. he usemaxne and password of the
10defaul t accounty to QO DafdbRe tRsi Nstall ed application is entered at

this step. The last step is to setup Data source paraneters. All
applicatigns need dal@aSI £R&wE @ chidfvs&ilg ebssiauing yolutrhgsdéced atdrostainges have

paraneters whj ch nust. be passed I exanpl e; t LXRE1 dype of
the dat abase; MOFEFEH 1?1@”%%5%“8%&&0? g’yélbees?'sg{%? ﬁsﬁl g?%s’% %ﬁ?gﬁrt e dogtﬂ%base
machi ne; 15Hdsdignpase accoddmg brobd claveergefinéd in ke (A4 dsadiestpidthi ne; Dat abase nane:-

the name of datab asﬁieipglsoirsf@ﬂbg Srodule generates table names from UML classes following this rule:

TableName=lastPackage+’' ' +ClassName+ ‘_'

20 For example, if the full name if the class is a.b.c.d. MyClass, the generated name is
d_MyClass_ NB: If generated name exceeds 30 characters, it will be truncated from the
beginning the it the max length (30, constant underscore is included).

For example, if the class name =
a.b.c.d.EntityWithLongNameForContractTest, the generated name will be:

25 tyWithhongNameForContractTest .

Relations betwoen Classes arc represented. FIG. 15A illustrates an example of
Relation One to One. In this example, table X will contain y$code__ and y$pk_. Indexes on
y$code_ and y$pk_ are created (only in case of compositions, for aggregation relations, the

UML must indicate so).
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User nane: the database user nane to be used; Password: the password of the
usernanme. The user can test the conmmunication with the specified database
by clickiwg2on/0ksests 20 Connection button. Al Pal myra Eacs/iBzueo@b31 east
three standard data sources: security store, autotest datasource and data
source. In nost cases the security store has the sane paraneters of the
data source, so by default the setup tool does not show the security store
for enteri ng its paranmeters, to showit, go to options panel and select the
check box "security store has different properties." 25Additional options
can be specified based on type of application server selected. For

Wbl ogi ¢, addi ti onalG.opt ilonstes acdxerdes ofD@btl@yOr&m@Nc@ﬁhlﬁ gamelettide vppili cat i on

server: instal !I’agtxl SO&EF" Q%korm1 ggs% the, catid ap. é@ayegr(mwﬁlbas@l,ﬂ t he

needed confi YUFALT 6N The foye app{ll cations: remove all the
depl oyed apmma&uoonﬁorb@f@a@HBQFtws%@PFYSWQIW%@%@W sgbpl i cation. Renmpve the

IM5 file store: remRpygs ﬁiulatra&@@a ?I@Qﬁglatfohevrﬂﬂﬂ%faﬁww&& dfgdrépationayipl i cat i on
server. Renobve the server cache he |n h| S %)l%)l i cation

gr t he J% g
server. Chpyanipetaainpaiade maeids gmssé%‘ﬁ%ﬂdflﬁ I SR RS HRS S e?’% 0 this
appl i cati on s&d ¥elcontBop ulldafe adthe didsbYyBory¥2. copy the ant library to this

appl 1 cat | on server P RIRLSal 0% PRt LEAL O BELYAIyG) ass patfi update {he
application server "6 a<s araneters path: to nake the setup

operation fastminténeﬁaseﬁumqoanahbﬁ(ew@l ‘lmpﬁ%@ﬂglmoﬂoﬁssa“t ext file, which
can be reused | ater, Xsfé(k}'gtg%gegta@c%vﬂﬁlﬁ%ltgpgm{y%\%lﬂltaﬁmtté?ﬁw nengRl lbukGdke user

can reuse the generat ed t by clicking the button Load Setup
Par anet erl§ i pddehe option panel, or can update them by clicking the button

update Setup Par aWﬁﬁl@ﬁﬁppm!lfyon%@sﬂtt&i&t%ﬁ%ﬁ%ldﬁmeA Creating
Dat abase Tabl es ,

Field name= attribute name + ’_

For example: name --> name_
. Tn one particular implementation, if generated name exceeds 30 characters, it will be
15  truncated from the beginning to fit the max length (30, constant underscore is included)
For example, if the zttribute name= longFieldNameForPersistenceContractTest, the
generated name = ameForPersistenceContractTest_
Fig. 17 illustrates an example of Irtheritance. The mother_ table is created normally
(no special treatment). The child _table will contain only pk_ field with fields declared on class
20  Child (a2). Every insertion in the table child will be accompanied with an insertion in the table

mother .
Constraints are created according to integrity rules:
The “unique” stereotype on a field F (a unique field) in an entity E will be

translated into this following action:
25 Altering the E_ adding a constraint of type unique on F.

" The “code” stereotype on a field F(should be mandatory) in an entity E will be

translated into this following action:

Adding a constraint of type unique on the field F.
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15The dat abase structure is conposed of tables having colums, indices and
constraints. This structure is created automatically by the system using

t he met adwbaocwmsdsed fol |l owi ng the desi gn phase accor di mgTiB20tiye02087asses
defined in the UML cl ass diagranms. The persi stence nodul e generates table
names from UML cl asses following this rule:

Tabl eNane=| ast Package+' ' +Cl assNanme+ 20For exanple, if the full name if the
class is a.b.c.d. WO ass, the generated nane is d WC 1 as s_NB: If

gener at ed nane exceeds 30 characters, it will be truncated fromthe
beginning the fit the max I ength (30, constant underscore is included). For
exanpl e, if the cl as<hasindsx=tageed vajudpne figld F in an entity B will be translated into thes

Enti t yWt hLongNameForGaRtl.actolest, the generated name will be: 25

t yW t hLongNar neFor ContractTest . Rel ati ons between C asses are
represented. FIG 15A3realuthﬁ1t1ﬁcake:sthalﬁcﬁxarrpl e of Relation One to One. In
this exanple,-table X will contain y$c ode_ and y$pk_. Indexes on y$ code_
and y$pk_ are cré&at edJl(d@imlgPaiaWS%:"é@éeSof conpositi ons for aggregati on

rel ations, the UML nust indicate_so 15B i| Mstrates an
exanpl e of Rel ati orFhexEEet Bty ’Fpﬁh‘faﬂ?%ls @?ﬁﬂ‘ffﬁ&sm%a% e@“‘? Pmceﬁs IBRTE N x$
code_ and Xx$pkcess, 4K Rx@Hn OfddUCEs dne@dersiofnittha$kare a:pecauorelaitvmglm@@nl y in case
of composi “@{Q‘;Wé@ stﬁ UG angatolus?%fsgo% %1%@ élféfmédhﬁat&xéér@ﬂ{hmtmemw cate so).

FIG 16 illu 1 on th interface. I n case of
aggr egat i on mdds 5 cash 1t6n1t1@1s fhaéﬁab%eﬁfftuﬁée thapf ke ydpet ia gecpatey Rde MERIER add a

field superl %ﬁgei@@@y%ﬁié'ﬂgdel Ti[tlah@ thik SoébsyMik bys@NlIatITot A @utbahtlc updarertake t he
class Y1 or anlgs ance, of X is Jin relation with instance of VI,

super | nt 18r f dEgseEfriphre yifopt ?ﬂ%p?mﬁﬂ TFE 44t to full: name of class YI.
In case of aggr egatm@m,gﬂmﬁehrelnmhm }pﬂaﬁemfthy ayplivatibh omwhanmpgrdiagsieady | | $ type_
attribute i Sq n ecil' ap?‘ldﬁat%qls EEQT@ afgfﬁgrﬁ‘.l ﬂﬂgdésltgﬁ) 5@65 a%{ylmn%ﬁgr{ éhglyg]é@ akdQhift id abl e

fleldfollovvs nane= ute name + exanpl e: nane -->
name_ turn, may affagt thdesiprpliticciiiabase Thise Evreatt Be'Pord 1P$/ fe@@‘fﬂ%% €8 nanme

exceeds 30 ¢ M&?&@éﬁ)hcah&n, Wi dikinPRmdEng fdedordadhrcRrs hedchegrasarvaryménd it

the max | %n gEiat]ca 1(11%}93 sto(r:aogre] Stﬁeq%%dalflengglgs '%Sgrgtloln %s plronldec&J m%he)p ersistence service to allow

modifying the underlying storage while reducing data loss risks to bare minimum.

Tn this document, the modifications to be executed while choosing the “Update

Tables” option is described.
Adding a new entity in the model (with n attributes) is translated into these following

20  actions:

-Creating the entity’s table in the database.
-Adding a primary key constraint on the field pk_

-Adding n+7 records in the FormatData_ table, which contains information about

all columns of all tables (n atiributes with 7 technical fields)

25 Removing an entity from the model is translated into these following actions:

-No action (The Entity’s table is still existing)

Changing the name of an existing entity in the model from E to E2 is translated into

these following actions:
-Creating a new table E2_ (the table B_ is still existing)
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For exanple, if the attribute nanme=

| ongFi el dNanmeFor Per si st enceContract Test, the generated nane =

anmeFor Perwovamasdant ract Test _ Fig. 17 illustrates an erammB®1e002037

I nheritance. The nother_table is created naiially (no speci al
treatnment). The child_table will contain only pk_ field with fields
declared on class 20 Child (a2). Every insertion in the table child_wll
be acconpanied with an insertion in the table nother.. Constraints are
created according to integrity rules: The "uni que" stereotype on a field F
(a unique field) in an entity Ewll be translated into this follow ng
action: 25Altering theerBrmiagitip sgeactioayistcripidin thepretigiiacadifique on F. The
"code" stereotype on a field F(shoul d be mandato _in. an.enti Ewll be
transl ated into thi4dpsepguf %@Pﬁﬁﬁmgﬁﬂggﬂﬁggm%%ég??a?%#ﬁgwh%¥%§EUnLque
on the field F. The -‘Aistie ks tdbRE) ed addaztie new fialdfi el d F in an entity E wi ||
be translated into these follow ng action: Creating an index . on that field.
Updat i ng Dat abase TabDé§ﬂ§FHQWP@ﬁ§é@M§UPﬁﬁé@%y%ﬁﬁ@%@@?%%ﬁ@ﬂﬁdﬂgﬁbloped
using an kterative pragessw hkough this process, each iteration produces a
new version of the software application having nore functionalities than
the previous versi Grmoviihenayvein anedithi esity Biasamled mbadkbesp fPllphies WVPshodel s

for each iteration, t at N d be updated in accordance
R o v

to the netadata represen rough this process, the system
al lows for an aut oL URIaRE off ficldeintd Gdal AkesE g SithyE isumeslardtimiothesel 0si ng
previ ously entered data. During the devel opnent phase of the

appl i cati on, PHPVRE%pgr adi ng al ready depl oyed applications to new

ver si ons,iot he desi gn -@ftednyehcagp B_dateiding aokw SnldFRA getll exagige BRiedabld Bt ur n,

may affect the design of the database. These changes include .

addi ng/ removi ng cl ass®sletingdlikserEiprgelaphioiFdn e pmaiiatag B thyP FEHETFHg fiel d

to/fromeach class. | R AR mb@rddbe SR FVnetlEdRITe: fbdata in the storage, the

"Updat e Tabl es" operation is provided in the persistence service to allow

nmodi fyi ng t he underAddingg nst exigge thatriolie (tha dertdinyg athatuées) 1HeBNCFHERELTt 0 bar e

m ni mum ' o i&f%%@g%ﬁwgﬁsla&ﬂﬁmm@ bhsatd Livhst 0 be executed while
e 1abl es” op

choosi ng themgﬁﬁgg tion Is described.
15 -Creating the entity’s table in the database.

-Adding a primary key constraint on the field pk_

-Adding n+9 records in the FormatData__table (n atiributes, 7 technical fields,
entity$code and entity$pk fields).

-Tnserting new records in the ConstraintsData_ for the indexes and the constraints

20 created for this entity. (Next section for more details)

Adding a new relation of type composition or aggregation between two entities will

be is translated into these following actions:

-Altering the table which should have the foreigll keys in the database by gdding
the owner’s $code and $pk fields.

25 -Deleting all the entries related to the teble which should have the foreign keys in
the FormatData_table then adding new entries. (Including owner§code and

owner$pk)
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Adding a new entity in the nodel (with n attributes) is translated into
these follow ng 20actions: Creating the entity's table in the database.
Addi ng a woi2oarossdsey constraint on the field pk_ - Addi ngcmaB2mecazosis i n t he
Fornmat Data_ tabl e, which contains infornation about all columms of all
tables (n attributes with 7 technical fields) 25Renbving an entity fromthe
nodel is translated into these follow ng actions: -No action (The Entity's

table is still existing) Changi ng the name of an existing entity in
the nodel fromB to E2 is translated into these follow ng actions:
-Creating a new table E2_ (the table B is still existing) -Perfornmng the

same actions descru%léniganeWﬂwétltpTCémawhﬂ%@eﬂd&MC@lWAGH‘?tW@WélbﬁéWSFFeéfnéo Fin an
exi sting entiy E%fglo tiansl ated into these follow ng actions: -Altering the
table E_ by addin enewfleIdF -Deleting all the entries
related to the enti tyNE"l?‘Wﬂfoﬁ-‘éeq“tﬁr mat Data_ tabl e then 5addi ng new entri es.

Removing a field F nan existi %lﬂpﬁﬁ%&%ﬂﬁthﬁila&ﬁé s ltl@@e@ﬁlo'wmggcﬁohﬁg €

foll owi ng actions: -hﬁ}bglﬁare atlon(s was never assij :

Changi ng the nane of -&ddcidndo preputg ifthEpultiplica chengediopsid Sehes t]f‘%/felﬁl‘iné&"m
translated into these;folJ.0u ReBetdRns: vickQ=4. tering the table E_ by adding
anewfield F2. (Fis still existing in the table E) -Deleting all the

entries related to E iwhdhe rfeionnat®atcaangtdatt eystehehmaddionpeneiiiceizies. (No

more record for F, a AL rb?%%edrableotﬁat‘hgs)themgdbfégolé new entity in the nodel
(that contains n attrlES fe 3 I n conposition or aggregation with anot her

entity is translat Qﬁlaﬁgﬂﬁgoafieihesst?pefvﬂhb%ﬂ@ecﬁﬁ%&lﬁ&%ﬂ&&r&bﬁm| ng the entity's
table in t he dat aba? e—Alt-erAt\géj conégemedp {)16 g‘amgdlglré th%(% ﬁts Ia @};PG OSQChtS@E chEe%hsd pk

if the RDBMS allows it.

-Deleting all the entries related to the concemed table in the FormatData _ table

then adding
new entries.
15 . Updating Database Constraints

The database table-constraints are created in accordance with the integrity rules
defined in the UML models using field and relation multiplicities. Whenéver modifications are
made to the integrity rules the table constraints must be updated. The system provides for an
auntomatic update of database constrainfs when possible. When constraints cannot be updated

20  automatically because the previously existing data does not comply with the new cén‘straints, the
system generates a report that facilitates manual intervention. The system provides information
such as the failed constraints.

* Sometimes the changes, made to the design of the application, do not include
adding/removing classes or fields. Sometimes all you need is to modify the constraints of some

25  fields. In this case there's no need to invoke the "Update Tables" operation. Instead, you cen use

. "Update Constraints" operation.
The generated SQL code to be executed differs from one DBMS to another.
Here details the modifications to be executed after choosing the “Update Constraints”

. -option.
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-Adding n+9 records in the FormatData_table (n atiiibutes, 7 technical
fields, entity$code and entity$pk fields). -Inserting new
records iwothe/@sssst rai ntsData_ for the indexes and thepcunBimeDIzOE?
20created for this entity. (Next section for nore details) Adding a new
relation of type conposition or aggregation between two entities will be is
translated into these followi ng actions: -Altering the table which shoul d
have the foreign keys in the database by adding the owner's $code and $pk
fields. 25-Deleting all the entries related to the fable which should have
the foreign keys in the Formaat Data table then adding new entries,

(I'ncl udi ng owner $cdddingihe “wimneTspilype to 2 field F (2 magdaorydield) Bet=r& BN of type
i nheritance hetween -t Gitkid S%nWi | | be translated into these follow ng
actions: -No action to execute. Changi ng afrel at i on' s multiplicity wll be
transl ated into theseA%PFB’\WiEﬁﬁddﬁ’cgtai"g‘?‘?E.n TREAEE PO to execute if the
multiplicity change dpesn't~chat h i g L =¥ ahed to

mul ti-val ued or vice ’ggfag%cqn%%%%a%ﬁhgcée %%!lglgn%é}t%g?eghi?gr{g?hanged? t he
system changes t he yol 866 0f “«uhid@efsRFBiyBTo K EYS Fl@akforyNin b entityeibvidl bt hat  has

t he navi gabl e role., Chan irlg a field's type will be translated into these
fol | owi ng actielaed intpdheas PRYVIREHE Encer ned tabl e by modifying the field' s
dat a-type, such step -suaieeadsblefE topeerRDBYBe abiwwsnsirtint. - Del eting all the
entries related to the concerned table in the FormatData_ table then adding
new entries. 15C. UpdaUptrjrfeanafsad®*@onst r ai nt s

*Removing the “unique” stereotype to a field F (non mandatory) in an entity E will be

10 translated into these following actions:

-Altering the table B_ by removing the unique constraint.
-Altering E_ by rendering F nullable
-Updating ConstraintsData

Adding the “code” stereotype to a field F(should be mandatory) in an entity E will be
15 translated info these following actions:

-Adding a constraint of type unique on the field .

-Updating ConstraintsData__

Removing the “code” stereotype to a field F in an entity E will be translated into these

following actions:

20 -Removing the unique constraint created on F.
-Updating ConstraintsData

Adding the “index” tagged value to a field F in an entity E will be translated into

these following actions:

-Creating an index on that field.
25 -Updating ConstraintsData_

Removing the “index” tagged value to a field F in an entity E will be translated into

these following actions:
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The dat abase tabl e-constraints are created in accordance with the integrity
rules defined in the UML nodels using field and relation multiplicities.
Whenever wodnfiasdssons are made to the integrity rul es trhe/rBzhb/en2037
constraints nust be updated. The system provides for an autonmatic update of
dat abase constraints when possible. When constraints cannot be updated 20
automatically because the previously existing data does not conply with the
new constraints, the systemgenerates a report that facilitates nanual
intervention. The system provides information such as the failed
constraints. Sonetinmes the changes, nade to the design of the
application, do not i-Roppidethaddivgtieemiiidgdcl asses or fiel ds. Sonetines
all you need is to nodify the constraints of sone 25fields. In this case
there's no need to i m/pkéEns hestagiPatte Tabl es” operation. Instead, you can

use "Update Constralnts oneralign., Higrgenaraled, Shicadsileshenaxecut ed

differs fromone re detai the nodifications to be
execut ed aft &ilowihpasibmg t he "Update Constraints” . option. Adding the

"uni que" stereotype tQugfinglithidfE (3 nvangal s denhitie] @ (F & hamteorii adt yulle Wil | be
translated into these foll'owing actions: -Altering the E_ adding a
constraint of type uniUgiingQodstraintsData_ - Updati ng ConstraintsData
(removing all entries then redefining new entries) 5Renpving. the "uni que”
stereotype to a fi elhdngigthemeantionsof »field §ie erfofiy ¢ oo tp Palgle fitis| at ed i nt o
these fol | oW QR8¢ kANS: bk iding: the table E_ by renoving the unique
constraint. -Updating ConstralntsData . Renpving .the. "uni —_1 otype to
a field F (non mandatdWyesthe tﬁ‘ﬁe%%info?’f%n%f%e% élori%tFr(a%%%g?hég Cl&ﬁ‘gg@ t hese
fol |l ow ngoactions: -Ahiering the table E_ by renoving the unique
constraint. -Altering E by rendering F nullable Updating ConstraintsData
-Updating ConstraintsData :

Removing a relation of type aggregation or composition will be translated into these

| following actions:

Dropping created indexes on the owner$code and owner$pk fields.

15 -Updating ConstraintsData_

Adding a relation of type aggregation will be translated into these following actions:

-Adding a unique constraint on owner$pk if the multiplicity is 1.
-Updating ConstraintsDataﬁ
(NO INDEXES ON FOREIGN KEYS)

20 Adding a relation of type composition will be translated into these following actions:

-Creating indexes on foreign keys
-Adding a unique constraint on owner$pk if the multiplicity is 1.
-Updating ConstraintsData.__ |
V1.  CONFIGURATION
25 A. Presentation

1. Menu
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Addi ng the "code" stereotype to a field F(should be mandatory) in an entity
Ewll be 15translated into these follow ng actions: -Adding a constraint

9f type uwwoque/masssthe field F. -Updating Constrai nt sDat aCRapmni/n@0she

code" stereotype to a field Fin an entity Ewll be translated into these
fol l ow ng actions: 20-Removing the unique constraint created on F.

Updating ConstraintsData Adding the "index" tagged value to a field F in an
entity Ewll be translated into these follow ng actions: Creating an
!'_ndex on that field. 25-Updating ConstraintsData Renovi ng t he

i ndex" tagged value to a field Fin an entite{1 Ewll be tran <|3 ted into
these fol | owi ng acThesmset applipriopicrg cauké FiikfaR T FEAR Rl pE‘?Yé“t% ?Bftg‘f d.
- Updat i ng Coé%ﬁﬁoﬁt?o}nrﬁa%p@ftt@cse ChangiReudihen Mehisizpd ddgidbyal pfihvayd helkee-Fkei n an
entity Eto 1I'w be translated into these follow ng actions: 5-Altering
the table E_Stflé%fmﬁpdi fying the definition of F (F is henceforth not null).
- Updat i ng Const rai nt gDat aMerfalEditgiTag t he nmultiplicity of a field F in an

entity E from1l to nuIIab_Ie will be transl & in t hese fgl.lo i.ng

actions: 5Al teringThRalmuahfiangvorgoiset ?%“% v %‘g?of ﬂ?@iw&ﬁ SFE

(Hencef ort h, gJr, &M IR of the application menus. The Menu Editor Tool allows for menu
configuration capability. The menu editor as an offline tool requires information from the server;
that information inchudes the current menu, the users defined in the system, the class paths of the
model, the action type, the use cases, free parameter and additional parameters. This tool allows

10 for loading of pre-built menu configuration files and then reflecting these configuration files in
the system. This tool also allows for loading of an Import/export configuration file that allows
the system to import or export the current configuration or get a configuration from another file
through importing it. Further, this tool allows for manipulation, in which the current
configuration file can be manipulated and changes would be applied to the current systém.

15  Additionally, the tool also provides different configurations for different user groups and
multilingual labeling in which labels are configured so they support certain language. Finally,
the tool also allows for adding new menu items. FIG. 18 represents the user interface of the
Menu. Edi‘tor Tool. '

The configuration menu items must be registered by defining an initalizer and call the

20  method AdvancedMenuGenerator.register().

TABLE 11 illustrates an example of adding new menu items.

Table 11: Example of Adding New Menu Items

SimpleContextImpl simpleCtx = new
SimpleContextImpl(UseCaseConstants.EDIT,
Boolean.FALSE,
Menu.class.getName (),
ActionTypeConstants . TECHNICAL,
ActlonConstants.CREATE) ;

AdvancedMenuGenerator . register( AdvancedMenuGenerator.PUBLIC,
nConfiguration>Menu®, "Menu Manager’
simpleCtx, null, false,
MenuProvider.class.getName());’
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10nul ). -Updating ConstraintsData Renpbving a relation of type aggregation
or conposition will be translated into these follow ng actions: -Dropping
creat ed iwoesns4s634t he owner $code and owner $pk fi el ds. PETRZIAL/DORG37
ConstraintsD ata_ Adding a relation of type aggregation will be translated
into these followi ng actions: Adding a unique constraint on owner $pk if
the multiplicity is 1. Updating ConstraintsData_-(NO | NDEXES ON FOREI GN
KEYS) 20Adding a relation of type conposition will be translated into these
foll owi ng actions: -Creating indexes on for ei gn keys - Addi ng a uni que
constraint on owner$pk if the multiplicity - Updati ng
ConstraintsD ata_ Wths @@nplecﬂmmtmug%esﬁreé”%ll@f‘(tn&t“?fﬁfﬁla&mmnu The
target application megusineeRiahidlbiuGeteatd MERWEES ADBIIN e veorgedign g ovi ded
by the application. Each oféépﬁe menus can contai n sub-nenus and

addi tional pAdEwESNEePHengratoF ke structure. 2.Menu Editor Tool 5The

Pal nyra framework proy ! ea%dlmb@rn fh mudt e Gittesin used t o
define the structure 041 qﬁ%aﬁlotf%gipggltﬂlogﬁgﬁenus ge-léqﬁEdl tfor Tool all ows
for menu Torthé fHllewns bm: efalpbfb‘iem Ty PRk W‘EH?E”@HPT%WE éph‘ﬁasﬁtff’l fie t ool
requires information fr t he server that information includes the current
nmenu, the users defi ﬁ@d n?“ﬁeo grﬂ?ét?%m the class paths of the nodel, the
action type, the use C?é@éﬁ 8% %ﬁ@i@wﬁexﬁl@@anaddltlonal paraneters. This
tool allows 10for |odd ng of pr e- 't menu configuration files and then
reflecting these confj IﬁHﬁr@Icht@d'\leet}ﬂeﬁﬁe dteit is to be viewed in the initialization mode.

additionalParameters: the additional parameter that is needed in the target

10 context.
resource: the full path to the resource provider.

When finishing the creation of the menu structure, the system generates a file that
contains the menu structure to be uploaded into the target application.

3. View-format

15 The Palmyra framework automatically generates, screen pages used to create, edit and
search the abjects of the Entity class types that are defined in the UML mode] of the target
application. The contents of the screens are generated in accordance with the fields and relations
of the entity classes by using an algorithm to generate a default layout of the screens. The usage
of the visual elements that represent the fields and relations (text boxes, combos, lists, links) and

20  their distribution on the screens might be manually modified later using the View-format
configuration tool. View-format can also remove unnecessary fields from the screens and can

create groups of fields.

The view format of a Palmyra screen is represented by an instance of the class
com.palmyra. arch.pfesentation.model.viewformat. ViewFormat. This class contains:
25 i ‘Screen properties:
Label: contains the screen title;
isForCaching: whether the skeleton of the screen is cacheable;

showTitle: whether the title of the screen is visible.
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the system This tool also allows for |oading of an Inport/export
configuration file that allows the systemto inport or export the current
confi gur avoaniemseet a configuration from another file torasghomnozpsrting
it. Further, this tool allows for manipulation, in which the current
configuration file can be mani pul ated and changes woul d be applied to the
current system 15Additionally, the tool also provides different
configurations for different user groups and nultilingual |abeling in which
| abel s are configured so they support certain | anguage. Finally, the tool
also allows for adding new nenu itens. FIG 18 represents the user
interface of theidguomedictor Tool . The configuration menu
itenms nust be registered by defining.an .Jnitalizer and call the 20 nethod
AdvancedMenuGener at of & S8 “?ﬁgﬁg§ﬁFﬁqq%%f¢é@%s an exanpl e of adding
new nenu itens. Table, 11: 108 @I@y\gr&@mmletaenﬁmmem

Si nmpl eCont ext | npl siﬁ%ﬁ%%?& :gﬁ%afg%ﬁgﬁngﬁ?extlnpl(Usecasernstants.EDIT,

Bool ean. FALSE, Menu. €#tess; get Name(), ActionTypeConstants. TECHNI CAL,
Acti onConst ant s. CREATE) ; AdvancedMen rat.or. register(
AdvancedN%nuGEneratoW@ﬁﬁﬂﬁk&““’ ?ﬁ?égﬁggﬁ%ﬁ>wbnu", "Menu Manager'

sinpleGx, null, fa Si%fog%@@x?t‘ﬁft@iﬂ BN 13551 BRINER()adpropraf strbinsreexanpl e,
the structure incl udes e followng informtion: ei t her

X rol e:
Advanc edVen usGesien dctasseR e ae INEPE P ey R o T prory Enery, i afé
AdvancedMenuGeRenrat or . ADM N. path: the path of the parent

of the newy created jtem_Th ath_mu |tk €Qeehn Sthe following form
item >iten>. ... >par F?ﬂf%’“%ggﬁoﬁf$gﬁ%3%§?%%&e ??:1t was not found..

| abel : -t *f&‘ hame OT t Uﬁ‘ecjisgz ciﬁ/%gﬁé‘@)@’@kﬁ/@r}na{\m@ retgi%fe_gﬂﬁlsiﬁé a_rmécﬁeemext to
call. ishzit: indicates whéthér the itemis to be viewed in the

initialization node. ornot
FIG. 23 shows the UML Class Diagram of the view format service.
'3. Actions Configuration

The Palmyra Framework generates default actions for every screen. The user can
15  modify soms properties of these actions using the Action Configuration service. He can hide or
show the action, change its icon, change the position (Top or Bottom), change the arrangement
of actions.
4. Translator
The Translator is a configuration module of the Palmyra framework that manages
20  internationalization of many presentation elements like labels, enumerations, screen title ...

a. Labels

The automatically generated screen pages have screen elements (text boxes, combos,
lists, links, etc.) with descriptive labels. The labels are generated using the field-names or
relation-names as defined in the UML class diagrams. The labels can be modified later using the

25  Translator module. When using the screen pages, the labels are chosen according to the language
defined in the user profile.

b. Enumerations
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addi ti onal Paraneters: the additional paraneter that is needed in the target
10context. resource: the full path to the resource provider, When
fini shi ngwdhelcusaui on of the menu structure, the systewcgapaneab®@esa file
that contains the nmenu structure to be uploaded into the target
application. 3.Viewformat 15The Pal nyra framework automatically generates
screen pages used to create, edit and search the objects of the Entity
class types that are defined in the UML nodel of the target application.
The contents of the screens are generated in accordance with the fields and
relations of the entity classes by using an al gorithm ne a default
| ayout of the scre@nlsneriﬁh@sa@@%@@edﬁs%ﬁ@*t@ﬁté‘aﬁ’éﬁ?enbartéﬁ%‘iiép{eﬂ%‘fmd; esent the

fields and rgl@abicQnges (bM%l inkAXEHL cef ﬂﬁ@iﬁm Ih ltkﬁfs&eeﬂphgbk,ﬂi)aldamdmg 0 t hei r

distribution on the screens ht be nm dif uging the
Vi ew f or mat EORHFRERREEE GRS FB%‘FFQ&YW BREF B 78 S%tgnmpa O%Bgvgﬂir?ge&gﬁ%sn?écessary

fields from fhebseiiesna wrbdifan udizet kengkotpsdutsf Whenaystg the screen pages, ige vi ew
foi.u.iat_of a an Jsostance of the cl ass
com pal rry?a E( (1:%% V?mg%sgrnetcg%%g&&dﬁlérioletﬂvllg%g%%r%%g]?yl\r} ewFo?rrat This cl ass
contai ns: 25Screen pr5oper19?f§§tVall_”éb%‘l’nﬁg%%fﬁflal ns the screen title;

i sFor Cachi ng: whet her kel et TeShoww i tl e:
whet her the title (Elﬁ ileﬁaﬁ il}leeséﬂ’ﬂnt%%m@on Sgrt}%e aﬁf&%g&@ F%ﬁtﬁ?g@%ﬁt ?s readonl y:
whet her the feefictididend eagbeinbypr 6hlselﬂlwé<kﬂnél£ al@ﬁfﬁf&*t"é@%”%é’?%@‘ih %%e field.
is mandatory in @rdergtpsave an instance to database; .5Vi'sible: whether to
show or hide the field. The information that |ink one view format
i nstance 1ho the appropri ahemsgtfien are stored on the class

com pal myr a, arch. present ati on. nodeLvi ewf or mat . Fact ot yEnt | y, ther% are two
fiel ds: Context: Spegichieatitnds bomedsssnolfy Wi callsrEs SR AR TACHIESR Pehall

10Preci se: ngfsﬁécﬁf}é u\é@%*aﬁs&erﬂs h&uﬂ\(dnﬁ‘déhdn@héwletsaﬁe q&@s&ior[ eghsteyed wikng a preci se

context or not. shows th lBJ Cl ass Diagram of the view fornat.
servi ce. credcntlals such as user/password com inations.

The concept of ASP, i.e., Application Service Provider, is included in the
15  Authentication module. In fact, the latter considers a user as a pair of User Name and ASP
Value. This allows defining mors than one user with the same name provided that they have
different asp values.
in Palmyra terminology, ASP is the Segregation of data and processes between
different entities sharing the same database. An entity can be a bank, a branch, a department or
20  any repartition required By the client. For example: A user with an ASP Value equal to X, will
only see date relative to X.
FIG. 19 shows an exemplay Palmyra login page.
In Palmyra, Authentication is done by two methods:
(1) Internal Authentication: authentication mechanism in which the authentication is
25 managed by the application itself using a built-in component. Here, the usernames and
passwords are saved in database. When using the internal authentication mechanism, the
application provides for a security configuration tool to create new users, which is usually done

by the system administrator.
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3. Actions Configuration The Pal nyra Framework generates default actions
for every screen. The user can 15 nodify sone properties of these actions
usi ng t hewdabignsdanfi gurati on service. He can bide or soouBiheo®osr on,
change its icon, change the position (Top or Bottom, change the
arrangenment of actions. 4. Transl ator The Translator is a
configuration nodule of the Pal nyra framework that manages

20i nternational i zation of many presentation el enents |ike |abels,
enunerations, screen title ... a. Labels The automatically gener at ed scr een
pages have screen el enents (text boxes, conbos, |ists, I|nkts f’m?
descriptive | abel s (2 Fhiemplayéienticaion: FheRistias corarms s i & 81’“?% WesS or

rel ati on- nangs,ag udefldiethei Nwhhe kitMa ahas gdirgghasoredheudoabeal Beican be

nodi fied | ater usi n the or dul'e. When using the screen pages,
the | abels a‘r’f@k”&tﬁlﬁé 818}5“8& ?1863]%?“% inguage defined in the_user

profile. b. Enumer amihediBation in Palmyra usBrfitres t tegheacaegresiserb frem gyer diat ip ypes that

repr esent ate t>%om anat't Qmpa?]e%qgsfsxlaﬁlﬁ@ﬂ%tfo&grdéﬁvc@-th%@Jﬁhl@:dY@BﬁesSOd@fwhsﬁed in the
uwvliL cl ass ar agram P e SCreen pages % vi.ng_ enumera ation cl ass

types are di ’s'bllbay*éﬁafé@ t%%ﬁiﬁ’&“lﬁé%@e%ahW%We%]?Pém eﬁ{}%ﬁ HBEEIS ues. The
avail abl e Vaﬁéeh%&m&ﬁﬂ p&%@wdm%lﬂﬁdfel&r u&homgeﬁfheleiﬁwemb atd@asswmddhéle cpheh using

t he screen pages, S5avai |l abl ¢ val u st aphe, | anguage
defined in th erﬂ@"é‘r‘ %P%??q ESENEREPA fﬁr\/%%degﬂ%& rﬁ‘&%gg;?%uglg 'ILhe def aul t

val ues conf i gafiat itaris ©esswE det the ¢p@h@tﬂtﬂrﬁeﬂ’@éﬁqdrf@fthR5W“ HRCHTEREARs for a
specific fie A ific user. This allows deflnlngadlfferent
def aul t vgl ulggltlgagteoac ger B. Security 101. Auth

Aut hentication is tThe aﬁ?éﬁaﬁgfh*ie‘évﬁﬁ 95RO S TESY o CIQ 5 C?USFWS pled APl acti ng
on behal f of wapeedafidtrddafins, venichayeshednsed toﬁﬁ;ﬁrbmlmtheclaftr dmmgantbmﬁtgmt(ﬁﬁ’e .

e o, Rl R e Bl (GEAEN Al AR R TSRS R

conbi nat i ons R ication Service Provider, is
i ncl uded in Bhplicli®n At rerriiy stnvers thwsale@emaﬂﬁn plapast g prd DAD ATEHO L 58P der s a

User as gs pa'(lﬁce %fcu\)léﬁﬁéctmlﬂags)w another example, Jboss also supports the implementation

of Active Directory.
The security kernel offers an interface for authentication called AuthenticationDriver.

The implementation of this interface depends on the authentication technique required by the
client.
20 The AuthenticationDriver interface contains 6 methods:

boolean init(): initialisation of the security authentication driver (exp: Load of setup

user).

String authenticate (ServletRequest servietRequest): the implementation of this

method depends on the technique used for authentication.

25 For exemple, in the case of internal authentication, we can implement this method to

get the username, asp and password from the ServletRequest parameters and then check this pair

if exist in the DataStore.
In the case of external authentication it will be replaced by the JSecurityCheck

servlet, which will play the same role of check of users’credentials.
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Val ue. This allows defining nore than one user with the same nanme provi ded
that they have different asp values. In Palnyra term nology, ASP is the
Segr egat iwo 20f1/0dad3a and processes between di ff er ent pemtiB2a1@8028%m7Ar i Ng

t he sane dat abase. An entity can be a bank, a branch, a department or 20
any reparation required by the client. For exanple: A user with an ASP

Val ue equal to X, will only see data relative to X. FIG 19 shows an
exenplay Pal nyra login page. In Palnyra, Authentication is done by two

met hods: (1) Internal Authentication: authentication nechanismin which the
aut hentication is 25 managed by the application itself usin g ilt-in
conponent. Here, thedigetirases S fFaddlngrasonielegsrsd | hﬁ“ﬁg?@ﬁ When

using the i n%lﬁ‘lléﬁﬁgt]()ﬂ%mgﬂl&l%is QRthbE6 RavAE SRiontdwad ﬁs{éﬂ‘l[ahﬁatﬂ thdcagrodVi des for a
security con

I guration toQ cr € new use al l'y done by
the system a@ifimi %‘f}‘ﬁ%ﬁcétfonOsﬁﬂtyﬁﬁ“ﬁéﬁﬁiﬁ‘éﬁﬂ%H’teﬁse%fd%aatc%“%ﬁn hfrﬁg&glppl i cation
communi cates with af}mgxsﬂemzmhat&mmrfieqwsmmﬂemwr e merehatafionedd Miser e
there o 5 kAT bR Dl N SARSRALDG: LSRRG el 7 o edential s

(for exa rector Aut hentication in Pal myra uses
Filters to check eazezti lqgezq@e’?tefﬂswf réqu‘ﬁmgﬂEZéﬁReSP‘P’Fe fegpore) Bedip PG AN

aut henti cat e&‘ tﬁ?ﬁ&h&f‘aﬂb&f Wabtlon bﬁoéo@ﬂ'tﬁﬁ[séﬁg itvalidatdQeskiefjui r ed resource.

O herwise, it wll be forwarded_to the For m Based
aut hentication to SEAFHERE ﬁ?@?’ﬁ%ﬁ@“ﬁﬁ‘ﬁs “ge Qetﬁr%mf”eslpﬁ'%lzﬁﬂl#%ﬁ whi ch

verify the usgnasmRmamcihpagswertsion bfihe héL@ageeﬂ@ﬂlﬁkteémmﬁMﬁ@ﬁ*ﬁ cati on,
users anqopasswords are stored in a customregistry such as LDAP. So the
first step i S1°%" assure that the a pplication server used, for dtfeicr.))rlk|

support the integr a%nyemplifmmﬂflﬁl°éft}}?l?r%tf’%‘ﬁﬁ’ai“é@‘il@tﬂr%?’dsﬁ?&@ﬁﬁﬁ%ﬁ‘i i Ser ver
connects to ;Vﬂl@hw§ﬁglstrele(g¢§mey to collect user-related information when
creating credenti al s éh are then used to represent the user during

aut hori zati on (for when logging into an application to check
passwor ds) .. For exarrpl e Websphere Application Server security supports the

i mpl emantlgt ion of %@e%ﬂtok@@%tﬂkf%@é&tc&@*’(V%&gisterAuthentication

Driver (

new MyAuthenticationDriver ()
)i

}

20 The last connection date is stored for each Security User.

To enforce the security in the Palmyra framework, account management is
implemented through account lokout and password policy. Both are configurable in a property
file called passwordConfiguration. The containing properties are:

minLength: is an integer that defines the minimum length required for a

25  UserCredentials password. Its default value is 0.

u@AndLow: is a boolean that defines whether both upper and lower case characters
are re(iuired for a UserCredentials password. Its default value is false

mixedChars: is a boolean that defines whether both numbers and characters are
required for a UserCredentials password. Its defaultValue is false

30 passwordValidity: is en integer that defines the validity period of a password in days.
By default, this property is empty.
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15 (like ActiveDirectory of wi ndows). As another exanple, Jboss al so
supports the inplenentation of Active Directory. The security kernel offers
an i nt er f'woeofimsaut henti cati on call ed Aut henti cati onDr iPeenB20iore02037

i npl enentation of this interface depends on the authentication technique
required by the client. 20The AuthenticationDriver interface contains 6

nmet hods: boolean initQ initialisation of the security authentication
driver (exp: Load of setup user). String authenticate (ServletRequest

servl et Request): the inplenentation of this nmethod depends on the technique
used for authentication. 25For exenple, in the case of int

aut henti cation, weweaRepraps ensger thai dsfineg p BERIepo SRS e Wg‘rﬂ}’fziﬁséem asp and

password fr M@ﬁ%&%&@@ﬁh@ﬁéne@cﬁﬁ@dﬁ&ﬁg@hﬁ cebgiilhemeheckdtbiswigai r i f
exist in the Dat aStore. I n the . ease of extternal authentication it will be

repl aced by HaWOIBXEIEWtVT%Vd’?@&]IEt@%ﬁr?ﬂe@mem "ch will play the same role of
check of users' CI’QﬂHMtNZ&I1Sanlnttgﬂrdla‘dC’@@meﬁl(h@tlmh?goﬁfﬁ@ﬁmmrd@@Fma@ﬁﬁéhuest

| et R ctiddhr s ¢ dret hi
Servi e t gggg@haser to {S;le mac%r d& Scfglgnt%tﬂasufg& t%'[; Bﬁ%ﬁ&l %atté ﬁﬁ )V&ﬁd ﬂhﬁﬂﬂa@ﬁﬂiﬁ I'S

met hod I'n the case afl o fries
aut hent i cat i sressthearpliajahudie the AEEEP" praiRse ﬁt gzl (Peéﬁéfﬁwéé tﬁ‘§)a°1 Fefise
sessi on. Strjfgs ﬁoﬁﬁ%}f’l@e@aﬁﬂt(}ﬁé@dﬁeﬁ?is\éh@ﬂyl?equest servl et Request): the

i npl enentation of this Snethod ret Addf §egshignl d exi st
in the cache el se FEFYPR Sﬂﬁﬁppmssmgc 1gnont)§881) ‘g‘%%ﬂ"t ?‘% erv etSRequ%stIer equest ,

Ser vl et Respossiethe esiipseduire b her o sigh emte At appliohorodlt daFSAAEHM eI SRY t he
act1on ohy oG8l ﬂcalaa%o,@xn Yk HALeHSESahRRenisBlydave toir ovm,
e

ig

fail Logi n Seryf quest, Servi et Response respons e).: p.case of
authen‘ucatlon schemes. This feature allows end users to log on once pet session rather han

logging on to each resource or application separately.

2. Authorization

Authorization is the process whereby the interaction between uscrs and application
15  resources is controlled, based on user identity or other information. In other words, authoﬁzation
answers the question "What can you access?"
The definition of the authorization process method used by the application is done by
the implementation of an interface AuthorizationDriver.
Palmyra authorization system is implemented on different layers:

20 a. Groups

System users can be grouped so that they are managed casily. The security
configuration tool allows creating groups and corresponding users. Groups may also be grouped
in other groups in order to create a hierarchy. ’

Two groups are created by default when starting the application for the first time:

25  Administrators and VermegAdmin. VermegAdmin is part of the group Administrators.
' If a SecurityUser belongs to VermegAdmin or Administrators, then he has all
priviledges on the application.
b. Roles
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aut hentication fail the inplenentation of the failLogin method is to tel
where forward the 10request. Any inplenmentation of the authentication
driver nesdgotimasdsel | owi ng static block in which we regipstraB20a0mo2dsi ver
static | 15DriversFactory, getDriversFactory().registerAuthentication
Driver( new MyAut henticationDriver () ; 1 20The |ast connection date is
stored for each Security User. To enforce the security in the

Pal nyra franmework, account managenent is inplenented through account | okout
and password policy. Both are configurable in a property file called
passwor dConfi guration. The containing properties ar

uti nLength: is an Ralkegersetirafilodissd tnaws-cptpishg 55 Q?ﬁ?ﬁﬁgérﬁﬁ‘tnﬁto & ARAFEE for a

25User Cr edenfi filoS. BRIV, Ghe dolics adefead ﬁsmgaieu@um@ c&lﬁguratlon tools. RapfelLow, is a
bool ean that defines wheth

bot h upper .and cters are
requi red forasegleéere@oeaférwrﬁérfg%%e%r’é e g Saceuflguﬁmfl aafg%r ?}s fal se
m xedChars: is a boobeamintidizs crekiddiba dgfaukitvaemeartitpshdeppliipatrarier tiafastdlsr act er s

are requi ged 1{19{ le 1vgssaﬁlr quetﬂéé 1&11 §§MJS. . Its defaultValue is false
30password di tgy an I nt at defines the validity period of a

password in days_ By def aul t, RE fss property is enpty. warnBefore: is an
| nteger that defi ngl‘?l Prhvzlpgnelrs::e ergstrl 1cuonts OYusFlrs are Q{p esé/éﬁﬁnctt'xa%'af*wﬁal’ﬁﬁtM1§sBOU| d

start warning a us neeq is credential s nust be
used al ong Wiybds dpsssibreeiail wﬂatwgpccswélﬁfawwn Riglits acp pageredisimg benpt y .

![ ﬁ;'t(oéghlg reS Ee%mﬁpco'nﬂgf&gﬁ tobN@e r%{s 'aﬁ@a'ierraﬂ%nélumeﬁreﬂpusfyﬁb'réa&du@ﬁﬁ@mﬁ dtrials
10 and roles also using the security configuration tool.

In Palmyra the authorization process is done in two levels:
(1) Entity level: in which the system checks on the user privileges. FIG. 20
illustrates the process of entity authorization implemented by Palmyra.
(2) Service level: in which the system checks on whether certain action is allowed
15  tobe performed. FIG. 21 illustrates the process of service authorization process.

Roles in Palmyra are defined by their names (Roleld). They enclose Entity Policies
and Service Policies. The latter will define the privileges that the role offers to. a'user or a group
of users.

To grant the access to a specified entity to 1ole, the entity policy is associated to the

20 Role. Those associations are based on a create condition, update condition, delete condition and

find condition. If these conditions are verified, the user which role is granted can access to the

entity.
Entity policy is identified by: Application Name: ALL or the name of the application
and 11‘Enti’ry Name.
25 The “create condition”, “update condition”, “‘delete condition” or “find condition™

fields are a Boolean expression that can be:

Empty: this means that there is no restriction on this create/update/delete/find .

action.

“false”: No right to execute create/update/delete/find action.
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5 the user to be inactive (The SecurityUser's |IsActive property is set to
fal se) and thus can no nore access the application, unless the

adm ni st reip@o11Aakéate it again (set IsActive to true) ecriB2heodnses after
8 hours. By default, this property is enpty. Palnyra al so supports Single
Sign on (SSG authentication nmechanism Single sign- onis the ability to
require a user to sign on to an application only once and gain access to
many 10 di fferent application conpOnents, even though these conponents may
have their own authentication schenes. This feature allows end users to | og
on once per session rather than | ogging on to each resource or application
separatel y. 2.AuthorEZHF$@n0%@@ﬁ%ﬁ¥%ﬁﬁqWﬁ$kﬁ§”@ﬁbh%¥65@§§”ﬁﬂ%@%5y t he
interaction between ysgpspeids @RRbmIRLILOSE nkbtisesioy. (asmbls atdnter-ot | ed, based

on user identity or other information.. In other word ' pQn
answers the question°mﬁﬂﬁﬁmbgﬁd§%ﬁc%b%%%1. %ﬁ@“ﬁg%ﬁﬁ?Fﬁgﬁggﬁbﬁﬁ%
aut hori zati on pr ocessvitieh hittbuta ek dayel totee appit nsaean bpddlsedderiarlsy t he

impl enentation of an jnterfaceAuthorizatheppriver. Pal nyra.authorization
systemis inplenmented on different |ayers: 20a. G oups Systemusers can be

grouped so that theyeafg JBNagEY QSN baThestsaCUIdety . BoNtfieguE@tiitors t 0O
al l ows creating groups_and correspondi ng users. G oups nmay al so be grouped
in other grolpEPrgy 4eTsPE 8%t e a hierarchy. Two groups are created by
def aul t when st art imgedtiecapphimgati. e orstdrrrhicr stathi Aestr2stidivient st rat or s

and VenuegAdm n. VennegAdmi n...S 8; tﬁ@ group Adm nistrators. If a
SecurityLBerg%%Pgﬁﬁgyﬁ%s é%%%%%@&%?%m ?%&ﬁﬁ%ﬂstratqrs, then he has al
priviledges on the Tampni batrsnto ekcRok gpgcified action in a specific service to rale, the

service policy is associated to the Role. Those associations are bas;ed on a condition. If this
condition is verified, the user which role is granted can access to the application
name/service/action. ;
Service policy is identified by Application Name, Servi;ce name and Action name.
15 The Condition field is a Boolean expression that can be;:
Empty: this means that there is no restriction on ﬂﬂs application

name/service/action. !

' Lo .
“false’”: No right to access to this application name/service/action.

Expression containing the following keys date, houir, time, currentUser,
20 userProperties or parameters or a combination of; mentioned keys.
Given this syntax: identifier operator value, each of the latter keys can be used as

either an identifier or a value.

Date: is evaluated as the current date, a BusinessDate instance.

Example: date = = ‘10/12/2100b’, ie., allow action execution only at 10/12/2100,
25 Hour is evaluated as the current hour, getHour() of a TimeValue instance.
Example: hour = = 8,i.c., allow action execution only at 8 o’clock each day

Time: is evaluated as the current time, a TimeValue instance.
Example: time = = “08:00:00:0007",1e, allow action execution only at 8 o’clock each

' day.
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Rol es are user-profiles used to pre-establish a set of configurations to be
applied to the later cleated users. The roles are created using the
security wonbigusati on tools. Roles are assigned | ater PoTpBBEMI/002837%Y
created users using the sanme security configuration tool. Arole "admn" is
created be default when starting the application for the first tinme. 5This
role gives all rights to the application resources. c.Ri ghts The privil eges
and restrictions of users are expressed in terns of what Entity-class types
they can access and what process parts they can run. Rights are configured
using the security configuration tool. The rights are |later assigned to
the previously cre&teenUsarisvaprisupie FORAIFH @énggla]élﬁ)mfféllcﬁ&xfl}%e security
confi guratiofn,teglysdn-Palygra the authorization process is done in two

| evel s: 1) Entity |evel ich the s steqf%[?11 eeks: gn t he user
privileges. FIG 285" Toﬁirf‘?sats@%betuFFébbgP??éé%“gntéfﬁ’rogﬁTyl%VeWl ori zat

i mpl enent ed Qﬂtappﬁhﬂmtép&mcs propertyName. The latter i§ 2yaluBied v thecutren vder’s seprifthi ch t he
system checks on %er ertal n_action i | owed d. FIG
21 il ust ? at@%peft}%ahﬁr EERE BFTISER ?rctée%ute%gfillhzatl o‘ﬁ&%%egcg?sgﬁg%élagiml n

Pal nyra are defutinedlhytht herentuaamm(l@?@IS@M‘)alueThey encl ose Entity Policies

and Service Polici @g,dhe i @%E@Jed%ﬂ the ﬁﬁ&dnﬁ@sﬁuﬁﬁ* pRfain¥bls 8g@ENdnttakhddie rol e
offers to. al user or a grou user t he agces%(%fo a specified

entity to ropesmNage 1Se“rﬁa{af“§teb‘€ﬂﬁie&§/“°f1§ef§?§%%§8? @8@5%11“1}8 '€ Those
associ at i OnSEﬁhﬁleb@éﬁl&eeQxa ooheat ereandivkbomn djpdatz&ecomhrt ihoronddenet e

condition and find conditijon condit L.ons ) L Efowline user
whi ch roll@ Igleaﬁf‘ g‘?ﬁﬂ&f&@gﬁteﬁ 68:&5? n%edse[% ey cu—:eatetqlb he el e \{I?Ehilt eﬁll thlf«l»l cy is

identified byeculippdiiticaciiamn Nanme: ALL or the narre of the appl [ catl on and

Entity Narre 25The hgge?\ﬂéeecoﬁi Tymt a0 sarvm%ﬁ&@D&%ﬁiﬂth erserd@ ete
condition" or "fi nJ condi tion” are a Bool ean e ﬁaryiumnz t hat can be:

Enpty: this means tH&t 2¥héefe aP%ZQt%HUrSE%t? e PP SHT YRS ation
creat e/ updat @Mﬁﬁcﬂéle/sfaécHQalg@FmomA ifisabtseth exdimlary SotritplemEREE iodel, FIG.

cr eat e/ u[)}gat 4 e/ find ti%ﬁlcles Lﬂgf%o%élsénggli(?a% Biu1R0.4 Benfigl | ow ng keys

dat e, YT P SATIREY - iSerProperties of a conbination of mentioned
keys. Exanpl éecuratbflttqrndﬂnlﬂlﬂﬂmffewrent User this delete condition neans that

according to this r‘@ile?va ud? Wacée@%@%}ﬁ@ﬁloﬂ\&eﬁﬁm@%h&ki frk Biak en Wdidethe@daks to t he
current user algc}?ogze%%o goe sloet".f%e(:j operating pmnc1p1e of these checks relies on the entity and service
policices related to the user A.
20 ‘When checking if a user is authorized or not, from each role a condition is formed
and added to the union of all roles.

Example: User A needs to seatch for instences of Entity E. User A has one role X
and arole Y inherited from the Group B, which he is a member of. Role Y has an EntityPolicy
instance P2 on Entity E with a find condition set to creatorUserld==currentUser. This condition

25  means that the User A can only see instances that he created when doing a find on E. Role X has
an EntityPolicy instance P1 on Entity E with a find condition set to empty. Taking into account
the latter information, the user A will see 2ll instances of E.

The reseason is simply because a criterion has been formed with the two conditions of

role X and Y as a union and sent as a query to the database. The criterion is pk!=null |
30 creatorUserld == “A”.
' C. Tnput and Output Devices
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S5attribute = userProperties. propertyNanme The entity coin. Palnyra .
arch. basi cStruc t . data. Bus ines sEnti ty is the super entity of

busi ness wotnil@se34 The entity tom Palnyra . areboTibzaio@vsuct
data . AbstractValue is the super entity (business entities plus Palnyra
entities). 10To grant the access to execute a specified action in a
specific service to role, the service policy is associated to the Role.
Those associ ations are based on a condition. If this condition is verified,
the user which role is granted can access to the application

nane/ servi ce/ acti on. Service policy is identified by
Appl i cation Name, Sbysdnoetehiaret apisatRs CoGHs REME SR ERE e RETEPSA i el d is a

Bool ean expr mﬁﬁﬂatfoﬁﬁ;ﬂt}ﬁﬁ{ér Q@temEﬂﬁtaﬁbhcimbhsﬁlsiﬂE ainGreftRatmtuierien and no

restriction on this application na ac ight to
access to t hmesagmgProkogels on ™ n@??ep‘éeélﬁ i’@ ﬁé’lrr‘i‘ @afeeeééﬁ%é%%(fz rﬁt]t\%lsiu gg t he
fol |l owi ng key@pcﬁﬁa&lEythme&medtemﬁmxm@mrmmcwmese pZCGQPQEr@rl@}}é%HﬂPJé@u‘BW

parameters of a co ti Q0. td.oned keys. Gven this syntax: identifier
operator val ueemels} léﬁ af)}‘:’ram:r‘pgL ¢ XS can be used as either an identifier

or a val ue. Date: |T§Ué6\ﬁalhﬂ>&t%ﬂ’mﬁs°nﬁﬁ"é YPrrent date, a BusinessDate
instance. Exanpl e: flat&mTn tDevlJa/Cfbaﬁg’uraZ&ﬁﬁblaspemﬂcn&ss,agﬁweoﬁea@tdo(ﬂns111

execution . only_at 10/ 2/ 21 i the current hour ,
get Hour () of M55751E% ae @Pé%@g uoéxhccs?ieegumLOlﬁO%En% Y ., allow action
execution only at 8)eﬁhecd lu@kereasshhaﬂalgplémemethc lréerléﬁﬁépm@?eé(@e%@eflehén &l r ent
time, a -lil maé@s! l‘i% hﬁsr%§ gu@ﬁ;ﬁ@e hlgffﬁcJMt@the E;Jeﬂﬁc message %e M 16 m@@ment%gneihoﬂ e.

al | ow actl on“eXecution onl é?é o' cl ock eac Ug

eval uat ed as orieei (Y pseageegds pi- awﬁnraFﬁlQV&F‘ﬁ%‘?CP‘?‘?’é%%fﬁ’r?% esﬁ§ E\ IR aH(S:tl}?rent User
= = mlg!seegpPernqaa@atl es: is to be used before a security property name
wWith the fol | ow ng l;ﬁ%g)ﬁﬁmne‘éﬁgﬂn% enﬁgﬁﬁo{n%l?ﬂ&{%%&gr}émm The latter is

eval uated as the c S 'secur
Output Device Configuration: The output device configuration is an entity class with

15  acode field deviceID. It has several fields according to the device type (For example, the mail
_ server in the cutput device mail configuration or the hostname in the output device FTP
configuration).

Output Device: The output device manages the writing of values to a device. So it’s
associated with an output device configuration. All output devices should extend the abstract

20  class OutputDevice. Palmyra defines five types of Output Devices: Output Device Queue,
Output Device File, Output Device FTP, Output Device Palmyra Service and Output Device
Mail. Each extended Output Device inherits a ByteArrayOutputStream Attribute and implements
the method flush. The inherited field can be obtained by calling the method getOutputStream ().
This method returns an OutputStream. The method flush () writes the content of the inherited

25  field to the device defined by the associated output device configuration. ‘

New I/O devices and protocols can be added by adding new modules and new
libraries for these /O devices and protocols. Modification of the /O devices is usually not
performed during runtime. The application is taken off line and re-deployed with the new
modules and libraries

30 D. Mapping Tool
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5 property val ue. Exanpl e: userProperties . rrenuld = = "value' " , i.e.

all ow action execution only if the current user's nenuld is set to val ue 1.
Par amet erwo 2081/40630e used with the foll ow ng syntax: pareraBeneoasanName,
where paramNane is a paraneter of the action defined as an actionNane in
the ServicePolicy. Exanple: paraneters. conf 1g. creatorUs erid = =
currentUser, this condition 10 neans that the paraneter "config" needs to
be created by the current user in order to allow the execution of the
action. The service com Pal nyra. arch. servi ce. Busi nessDel egate i s the super
service. FIGs. 22A, 22B, and 22C illustrate the main part of the enpl ary
Aut hor i zati on UM nveigihg is Sfretifisheapidps theplity pboanyerting gRpcst &€ gt | ary
Securityl |l em UM  MRASloe ohit&io taBet 338t(s) Yabks b AR gdioSX BIFPL Billystikted dnci es UM
Model , and FIG 22C i1l ust rates an exenplary Securityltem s Roles UM
Model . Wen ‘é’cﬁé‘?@"r"fﬁwé@@%‘%pr&"r‘fssappl i cation resource, checks are done on
whet her the user is authouUsezetMippingdleginisitfhe operating princi ple of these
checks relies on the entity and service policices related to the user A
20When chécking i f e Mseringnaechastspdt 1558@or not, from each role a condition
is formed and added to thg unioafheaing&lith ofitelvesld Exanpl e. User A
needs to search for instances of Entity E. User A has one role X and a role
Y inherited from t Hgit@ bapaBworthebiyrhdats lsfeﬂ“r?@ﬁ%‘é’ra spfciel pRigcb (e igécq

Enti tyPol i cy.«i ek anGe. ik e&éﬂteﬁﬂ@'ﬁcﬁﬁal%aﬁé‘c&ﬁn@-ﬁ$ﬂl BdlorGenehs islp@ﬂﬁedsﬁhg fameral |
creatorUsera---current

is caopdition 25 A can
only see i nsP@pediverat° ﬂrfé’“@r“é%r%eéﬁal&dléﬁdlﬂvcﬁ’f ??601{;‘3@?“” nverép%% %Q{f has an
Ent i t yPolipcy sticig tha beeerfed intbpflivhiicnylate oljedidpnavhfch thg pooesdistdplingdset to enpt'y.

Taking into account the 'ﬁtteﬁntegtﬁeftﬁ%@ﬁﬂof?éﬁts the user Awll see all
i nstances of E. e reseason 1s sinply because a criterion has been

folioed wththe tV\DA@@éh@lbﬁsla@aﬁse@ﬁsxﬂeﬁhl serv:}iesamlmh& Ia@ma cismingapeaifid olsetrtin as a
guery to the database,

s i TAT
C | nput and Eﬂf'rﬂﬁl tnte%\ff t%egénocesseseﬁrolr Mmhr tlfc)e 1rg3upol%lt1{e uﬁlﬁ%%s&%ﬁ%&g

d target application
contai ns pr ea@ximsibg messige hrdataiobisctt Haite ummragetovlﬁ@f%thmfﬁ@éﬁlﬂ% BAS with ot her

syst ens 31@0' %@? L:{g%ﬁth'e Mg Y kB gccﬁhﬁﬁ@ﬁ&@ges@ﬁﬂw& adtd QecRREsIRESBGI 0]

protocol s. Queue, Mai'l via SMIP are exanpl es of

prot ocol s suplmrmaé@f’fﬁ%/ t he pref erred enbodi ment. For each of these
protocols, an Input apd amofipuftién Staypiee IS i ntegrat ed in the target
application. To use an Input Device, one needs to: Define an | nput
Devi ce Confi-gur at i oMepgirighs @11@@@??11@“?@@@%@%%6 e agRi"E his in the

| GDevi ces Co Q&ﬂf&h&faﬁ&ﬂ Bid SeRERENH B mdher faafdeicgiipabl@ridaokis prenu.

20  immediately. This gives a large level of flexibility to the users of the system. The configuration
of mapping is created at runtime of the application using the presentation tier, Different mapping
configurations can be assigned to different processes. For example, in the router, for each
incoming message type, a parser (driver) is configured and then a mapping could be specified.
FIG. 26 illustrares an example of configuration of Mapping.

25 3. Mapping Process

The mapping mechanism creates the destination class in order to map the objects. The
creation of a destination-class using mapping comprises a number of key-mappings or

elementary mappings.
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Define a listener class that inplenents the interface |nputDevicelListener.
In this 10 class, he has to subscribe his |listener to the specific nessage
type and wo 20npl4ss3ent t he nmet hod onRecei ve( MessageHeadewrcwib2o1die@nszan i nput
device consuner notifies a listener, it calls its onR eceive nethod. The
Qut put Device inplenentation defines two actors: Qutput Device
Configuration: The output device configuration is an entity class with 15a
code field devicenD. It has several fields according to the device type
(For exanple, the mail server in the Qutput device nmail configuration or
the hostnanme in the output device FTP configuration). ng ut

Devi ce: The out put KeeMegningrisanadyesntorisagging oreprationr e it Be 4rsge Y%%. So
it's associ i hds © o HogUhetaiud BhoulAbk exmatt@iftondiby i ces
shoul d exteﬂ%ﬁgﬁﬁhéggﬁggg%%g%%gﬁggéﬁCutputDevice. Pal myra defines five
types of QutPwee Devi ces: Qut put Device Queue, Qutput Device File, Qutput
Devi ce FTP, Qut put TResduee FRatmy® cSeesvibcesaind H€ds e thDeaprag o qpict tEach

ext ended Qut put Vi inherits. # LEAM AL L e and
inplenentél%¢a§eﬁg$%8§ﬁffﬁ?ﬁﬁo%_g$f%ﬁ%ﬁ#?%ﬂM%%%ngggnﬁgeaobtgined by. cal | i ng
t he met hod gety@eripiroStmewntn commkfios. Fstchbdd: PEOHPHY an Qut put Stream The

met hod flush 0 wri t:e8liten & eNE:8RtsiAmat dndsnhetditioedlf b tdsal drhgtiehie devi ce

defined by the associ ated out pyt device confjgurati-Qn.__ .  » .110
devi ces and PIBEEESTEIELT Dbeémgﬁ?iéﬁowc’&%}{ ’i?@é' 6\5\?%%@37 es bﬁXdTaﬁéév}lvEﬁ' braries

for these | lQifeviyseswantdmplotdacidl s. Mdification of the 110 devices is

usual I'y npt perfored durl o 0 AP RkInGAdeOibt istnd @gemerf fa | i ne and
re-deploggd W th tﬁ%mﬁgﬁfﬁ%gﬁﬁgg'gﬁﬁm?gbrgries SODFthSing Tool Mapping is

a tool whi chihjsicer p duwersipeshapil ps padegfhisduirvebt 3 98790} ect s (e.g. copying field
val ues from sour ce 19k 86tk Bplsaf @aterelj ect (s) based on a configuration).
FIG 25 illustrates vervi ew of. the. Mappi.n : ok Mappi ng
Mechani sm 5The thpiﬁgﬂggﬁﬁh ?ﬂ???“ﬁ?%3“%%%mg§&ﬁ§%ﬁ%§%%%%%§§??hlguter

wor | d : byt¥dshi n t he franeWrk Pal nyra data is represented by a speci al

obj ect (tge interfac e(Z)H]yzﬁlé HEverBR Ghr kb Rer N RREMRIS -39 fornfaXio@hdledk ddldfofnat0M Ng
fromouter devices is parsed using general purpose dri.vers t.he out put

. 0
is generally in a dri@EPmggabGoavertgy igihich e Fﬂ§ﬁ§8§?VEm%%ﬁ%HF§MTO shoul d
be convert edpidbar Rifdseaitipeadatdidbjcesisridno whivelhe.t he process is defined.

Inte g ratin g co np 0 g@rlﬁ%ueéjﬁ gg?v_lpll‘tcé',%g gliulcl(l:ﬁg 'co%@é’teﬂ(y@c(?ﬁeg ﬁ gorg&ﬁﬁé}?ﬁ 3@ ervi ces

that nmay require cre jects 1n order to integra their
processes. Fodil, focanpllez.t he i nput of the accounting business service is an

accounting nessage M%pﬁgkée&me% thb corkfrsibDfodéS8E 2 VRN SudnBreliBicRgiial € t he
accounting In an . ' .
Palmyra applications. Having a module that performs the process saves development time.
FIG. 27 illustrates in detail the process of Mapping converters.

4. Types of Mapping
Mapping is used to maps an object (source) to another object (target). There are two
25  types of mapping: ‘ _
(1) Field to field mapping: one field from the source is mapped to one field in the
target (no expressions).
(2) Rich Mapping: Newer version of mapping which maps one object (source) to
one or multiple object(s) (targets). The source value is extracted by a formula (e.g., the formula
30  may be ‘firstName + lastName").
E. Loading Lifecycles of Objects and Constraint Models
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15. application, he should create accounting nessages having other data obj
eats as sources such as client paynents. 2. Configuration of Mpping

Mappi ng iwoconfa4gasaabl e and custom zabl e at runtine: thecwhBioro/oepp ng
configuration could be changed at any nonent and the configuration effects
take place 20 imredi ately. This gives a large level of flexibility to the
users of the system The configuration of mapping is created at runtine of
the application using the presentation tier. D fferent mapping
configurations can be assigned to different processes. For exanple, in the
router, for each incom ng nmessage type, a parser (driver) is configured and
then a mapping coulAdrivessspeeinfiegentpamees delinitiondhcsrdeeahs @%&“ﬁaﬁﬁ’ émg‘

confi gurati ope Qfie «N%Qﬁ ngdehgé@ehm%)'wﬁﬁe Y §t£€@§§am is calledahfea_ﬁﬁ offBL{DyIhalg)

nmechani sm cr eat es e destinatjon cl]ass in The
creation of BASSTIHS BHECPASS ‘sﬁéf”ﬁegmﬁeaaﬁ mﬁtﬁn @St Prises Lk Eusme%‘g%%&ge?

key- mappi NgSmetage kiendtod hyscmapPIThgsorkilow is related to myes Wadpegtsin F e ment ar y
mappi ng ¢ § n | L gyt &t o) nad{afthe%f!ckﬁé de (%]nﬁg&l N l}yq'ﬁegﬁér FIEVAS iMustchte ol o 1h@we one or

nore key mappl ng SHG ow the”val ue should be extracted fromthe
sour ce. Workﬂowerllﬁ@eS@meﬁétm@?%‘lhas‘%”&ﬁe@%ﬁ%sm on based on fields from

assigned to the tar ource f e r ossAnount
+ commi ssi on® tatﬂ?%%gg?@%‘fah'ﬁé%bﬁmmg& Sraphical s tecrg’lo%rgmﬁmon i gga expr essi on
t hat defi nesretemasing gophical fatd diggraneigia PRI Bngungee? iticiners GGSHE%@PWHP&

execut ed., FOL 4 %{ter%b%ﬂdn?%&&%gloﬂhg%gﬁpaﬁor{ ead: operationType == "buy". Target
key: bal anceéln source

bit". 10Soneti nmes tthr efﬁul of ~
appl yi ng the sour céﬂfheﬁenmaaoﬁéf@stheriﬁfceqsldtag&aﬁ%”?Ei”@fé’fmeldfw LSt HCE® case a
conversi on sket feshe 16&&&nth£ﬁb;ﬁlcitﬁnm&sbe}é]fﬂ ceianetdnesal thiteilowes dieevafdour
types of convefters Bui nver tiAag-occurs by
executing anP& P?‘B%a%’é % L{Hi?ﬂf“hload 2 dg%ﬁ‘)mn&% % %{%%S & 01091
converting vaituesefiowinddited Bhtgy rress. Bl@dlmthh@foc@a@félssﬁgi}inﬁle’ﬁtty0135565 toa (3)

Enuner at i 3n e rl\ko%iﬁc tliolﬂs mglﬁeéyagorctW@&%QEﬁﬁiﬂﬁQhrfBe%d@-at@ﬁ)jhlhﬁ@ftéron of
pairs. Each alr specl |es mul tiple_val ues whi

are converte
val ue. deploying (}!&)apﬂllﬁﬁ*é? i1k Gé‘ﬂt\%r}@@f fils P‘f?d\‘m?l ’c?ﬁhetgfi’ém@fﬁ‘?ﬁ}?rlf g‘?n i ?)dgcgl fies a
converting tyHaehe S06m akhd modifi@ans a8 dk&nago cczﬁwapxpmngh@mda"sattqn neegeassaliyhe '
conversi on pr O esersﬁl ; g‘i‘%@ lﬂfe%fs stFélélrelrrPLcrfacg %Ltlellklé gfﬂ%ﬂ%ge ofinP alrgrfg%arvgh@‘igm ications.

Havi ng a noddf' &t TS 7 S A tine. FIG 27
il lustrates iapaldigyalle gblkﬁ@ﬂ@@@d@%ﬁ%ﬁf@%ﬁmoﬁ@@ébﬁk%@ﬁé nstraint models are

20  class diagrams that define specific Entity class types known as constraint classes. They add
constraints on pre-existing class types defined as Constrainable. The constraints are additional
integrity rules defined in the UML models based on existing entity classes; they are next
converted into XML files during the generation step. The generated application provides for a
tool to load XML files that represent constraint models into the application. Modification into

25  constraints or adding new constraints can be done anytime after deploying the application. The
resulting XML file is then loaded into the system and the modifications are taken into
consideration.

F. Trace Configuration

The generated application provides the functionality of writing a trace in specific files

30  created on the server machine. The trace is used when necessary to analyze the tasks done by the
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4. Types of Mappi ng Mapping is used to maps an object (source)
to another object (target). There are two 25 types of mappi ng:

(1) Fi el awoaofivabes4mappi ng: one field fromthe source i ecrapmadodo3one
field in the target (no expressions). (2) Rich Mapping: Newer
ver si on of mappi ng whi ch maps one object (source) to one or multiple
object(s) (targets). The source value is extracted by a fornula (e.g., the
formula 30 may be 'firstNane + |lastNane'). E. Loading Lifecycles of Qbjects
and Constraint Mddels A process diagramrepresents a process definition.
Process diagrans are created using the state diagram nodeling t%chni que,
where a st at gpltiztgrradioiles fortubed talijef meljense Teee aenfigiaiton %P EF a wor kf | ow
engi ne, whi clgh &, RS nBklgusiAlif 18st omat on that manages the business
processes, nmanages the |ives of these §t at es, 'I;hg Jor Iég le?"é’atimﬁ Sﬁzgla%ed to
entities and repredbnekpaiion nidenipr seprEEtig™ P HG faRP RS F{hE TiYecycl e i s
conf i gur abl endays 6Tes UsRIzencktd@ito 2@¢ ihb rars i1t dtoesabdas s@scimpiam ifst edvecdofisreks | ow
engi ne and how.i ages _t es in the system A lifesycle or automata
fileis ag elsf°|%fiéeggf§g%§?$egig%§ds%a%gxm | anguage the graphical state di agram
defined in UML. S&fteReperBati ng the graphical state diagramin UM., Palrarya
reinterprets the graphical state diagraminto XM |a a Q it can be
easi |y understood SPITiRE AGEAmYYIAP EFRTE 2HDUFAN RS t%era{(}g&eks%%b The” &8

appl i cati on. ydethd feesilgRN & Rhdrondy@beipslly tdpertpmolreky ey agrkansiver eittin ansf oi r | ed
into XM file sria O R flchERe El?yri 08 driNcl N8 ARRES LAk MPosSTiNg a
speci fi ¢ configtra ion tool that a | ows afterwards performng a syntax
check on 10hephvdd eahytr-ese ves ingefder huild Rengral( tsmnlicn g thetfan Prieeddd® et i ni ti on

with a previ gushyrdefs RegkEnt ob¥atc! ass. Binding is the process of assigning
entity classes to a_ 15 process. .Modifjcati.ons he life e
process definition T@aﬁmﬁ‘@t‘?&rﬁ‘ﬁ’zcaﬁfnlﬁﬂﬁ}‘ief%ﬁ’ﬁf Oggi}cftéf)r o {ﬁa)%ﬁ%%gg%lf‘%%ati on.
The resul ti nguofddint ide@picoDu.cBe Report Wstegie per dtlicoresataben sexyiceh Bt deidaedd i nt o
the system and, t he .nodi.f i [ N 4,0t Q1.GARsE ASL el YHata The

nodi fi cation’i sep%rgsrllsen%r%% dl°§%%éag$%§vr}%§é%ﬁ%%§ﬁghnt tFﬁe ELUIC\}/%%Desi ner interface to

t ake advaiit agetabforsmhithppfirgmetaryio begnicrs thenecaapsbibs RIYs FRETGR S or can be
configured t @, e%RRk bbjetM Metdi@Sis @RlayrinioaBsdataabditd irad el csiogioeth2 Bgliesisn.di agr ans

that define specific Enti cl ass _types, known as const rai : . They
add constr ai Hg%degwdgp@_%\g{]i{é{% {‘?ﬁ"’dﬁmﬁgém%dycﬁlésgm S PRE: tcgg‘)d%ovﬁltsﬁ?rrﬁg)?%gﬁ e. The

constraints afeedigdglittrarenal integrity rules defined in the -UM nodel s based

on existing entity lgelp%ﬁssaﬁzs endr1&Mn %ﬁﬁpl@%&xatgﬁ@wto?ﬁTMﬂtoPR?%sécﬂ dné@ge during
t he generation step. e dgenerated application provides for a ;t’f?t%!’ to | oad

XM fi | e20t hdta pd frraglefititienBieRapatdeHegesea drie sPepar BT (8 FY
Modi fi cat i on Bt 0TGRS HRldHaSmetkrs ad dippBedienblansit Rgloftiganettim. fdedone

LT, oSS PSR B0 S R i e

Report. For example, if the user just wants the personal information of the Employees who are
older than 25, then he can define search criteria to customize the Report gathered data. The

25  Report can also define an entity which is the name of the main type (class) representing the
entity to be displayed. For example if the user wants to build a Report which includes the
Employees’ personal information, the main Entity will be Employee. The Report can define the
names of the attributes (fields) of the main Entity to be viewed in the Report, for example
employee first name. Further, these fields can be grouped, ordered, and represented in many

30  different ways such as charts. Finally, the Palmyra system also provides for the capability to

generate reports programmatically by providing various methods for generating and modifying
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F. Trace Configuration The generated application provides the
functionality of witing a trace in specific files 30 created on the server
machi ne. wbeotwmse4i s used. when necessary to anal yze tlreTiiBEk60@03®E by t he
application and to log for bugs or technical problens. Trace Configuration
can al so record business | ogs and nodul e specific |ogs. The
application provides for a configuration tool to determ ne the |ocation,
size, and nanes of files to be generated to store the trace. It also
enabl es selecting froma |ist of predefined 5levels of details in the
generated trace. G Reports Reporting tools are vital to.enter

appl i cat i onse tokeafaceslBabroguarinere @tveprk Vl’%égABW?éz PGS R r}téhsesnri@e Eﬂloﬁslet y to
gener ate dy gﬁ@;ﬁ%&ﬁ%ﬁ@@@ﬁgﬁx@@mbﬁemagmﬁnﬂhﬁyﬂwmwkwahmghmeﬁn&@ﬁtain
criteria. The Report nodule is tge Pakié%&?HWQJcr&19@%@995&%0@5@'}' gener at es
generic repBPRoE COMRIseEn FIYVHPEL “wRE PG USe user 1 nterface to build Reports
(' t enpl at esiwke 4 hads tieaandetfotiskidrebat, eny sroplepaerfica e ordsrPyt SHHPHE B ENt
format s. . The ; A LT PRV 16:86ns] I@nfraines the&i8&! | y of
creatingsReﬂﬁﬁﬁgm%g?ﬁggpﬁe 5§%§%§§%g§§§{§ﬂ o the application  TheReport
Witer is paEdior@boltdish peiitsendesicrisnraesial g Repy y&?%%%???bn of> Reports is
gas ed on Metadatas de!‘f@%ﬁﬂﬁioﬂﬂiﬁ%@h@@ astolv@ifand thé Wycot egis repppeadding dyyamig 3 ed ) as

ata 15 containers and t ranmeter.s tq . er Yvndeherathed the
Reports in éﬁ&é@ﬂﬁﬂm§%7%¥%’%ﬁ?ggﬁﬁ?%%¥f%?gﬁggmg%%fsﬂﬁggﬂﬁ'ta fg t he
definition @&@ﬁﬁhﬁah@adQQH&mksmgmﬂ@nnﬁvﬂéﬂﬂ%%éd&ﬁﬁpﬁﬁ%ﬁiy?P$Tw?s derived

from XM, files {Snlus a?hg{tjﬁﬁ%.sfh%n@ra?ﬂ@5§a&§5d§&§cﬁaﬁi@dﬁﬁl’eﬁeﬂa&dthemdetp adk i tten
|

code, and pr %X|splng raries. Reports are gener %ﬁq i ltiple formats
li ke PDF or chiftviio otieRPmlisaioatrod et %6526“6&’3{35‘/ cg%m?%r m &Aee? fﬁn%{ti ons. The

Report desi Qugponeas) sheks HQ asRABapRY. At Deillssitios berntepr@piopHEPscriteria. The
val ues of these paraneters are supplied just before the Report generation.
These paraneters are a set of optional conditions to be applied when
collecting the data to generate the Report. For exanple, if the user just
wants the personal information of the Enpl oyees who are ol der than 25, then
he can define search criteria to custom ze the Report gathered data. The 25
Report can al so define an entity which is the nane of the main type (class)
representing the entity to be displayed. For exanple if the user wants to
build a Report which includes the Enpl oyees' personal information, the main
Entity will be Enpl oyee. The Report can define the nanmes of the attributes
(fields) of the main Entity to be viewed in the Report, for exanple

enpl oyee first name. Further, these fields can be grouped, ordered, and
represented in many 30 different ways such as charts. Finally, the Palnyra
system al so provides for the capability to generate reports
programmatically by providing various nethods for generating and nodifying
the interfaces for programmers to work with. TABLE 12 illustrates an
exanpl e of the nethods that the Pal nyra Reporting Tool exposes
programmatically to work with the reporting tool. Report conprises an
essential part of any application. However the design of the Report may
take a lot of time and effort. Mreover, any sinple nodification on the
Report design may cause 5 the application to stop running and require
restarting. For these reasons, Palnyra has the XSL Editor Tool which
facilitates designing process of the Report by the designers. This tool

al lows for various design functionalities, such as nodifying the | ayout of
the report, adding dynam c data, nodifying the |abels, addi ng expressions,
and adding images to the design Finally, the Report witer tool also

provi des neans to represent data in a diagramformat. The Pal nyra
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10system contains a chart library. This library is a Java-based charting
that enables the user to add charts to his java applications and web pages.
The |i br avg 2001musé3as AWT based chart components, appl et #cTapzhieoazn t
servliet. FIG 29 illustrates the report generation steps. Table 12: An
exanpl e of the nethods that Pal myra Reporting Tool expose
progranrflaticallY to Nvork-MIithereportingtool Exanple of Report
generation FileCQutputStream output = new

Fil eQutput Stream("D:\\ Report.pdf"); String reportNane = nyReport";

Col | ectionVal ue paraneters = new Col | ecti onVaI_ue,Ig)' ] cally &

par amet er s. sEblelpadmrrenele Nahemethpdoib LR IHEAREP RS T REFRUP BREBFEFANFY &t ri ng
criteria = "(yl==\"testCriteria\woithlmz{pamnamet er Nane})'; Report Generator
report Generator = new Report CGener alt orf(ge; ort conoration

report Gener at or . gener at eRepor t CIF ST, CABOLY MaRewpat ampt er s, new

| CDri ver Def aglﬁii%ﬁjpbgﬁﬂe Lrdyk264t8) ; Exanpl e Report Export Action public

cl ass Acti onExpert@vrandRenort exteitde ACTPUftAndl er Adapter inpl enents
Initializer PgFi-ga(E:SEATIC T Toal sk o NG (EXRERICOMMND, REPORT =
" Expor t ConmaneReqeret-dtor pedovi@teret F@H‘E%EFGFQG@FWHUR&QQI‘ t() (1 private
static Acti onExpErICoNBIER BteE o= TS PPN E B REW ACT 1 "6TiEXpor t ComandReport () ;
publ i c stati ¢”ACtTohEXport ComandReport get|nstance() { return instance;’
private static bool ean i sl niti &dpEdreecfai=8e® 26ti5Ti c static bool ean

i ni t I al I Ze() p{Lbllii cgsis %LtﬂhrtEch%Lt!c%x%qaReéorlslemh@%mlo%%ahdlgmkﬁxﬁ implements
ActionsUti| . createq;ppheContext( ActionTypeConst ants. RON OPERATI ON,

EXPORT _ COWANDL:REPORT,t : sea s e Consterit SMBD ToroBop | g tCFRgEport"

Account Conp. cI?éﬁjgéftl‘iia’r?é‘P)‘BCf’maAﬁﬁteWéh@Uti | . registerAction(context,"

I nst ance) ! private static ActionExportComandReport instance = new
ActionExportComandReport () :

public static ActionExportComandReport getInstance() {
return instance;’

¥

private static boolean isInitialized = false;
public static boclean initialize() {
if (lisInitlalized) { ’
SimpleContext context = ActionsUtil.createfimpleContext (
Acti onTypeConS' tants.ROW_OPERATION, EXPOR’I‘_COMMAND_REPOR‘I‘ R
UseCaseConstants.EDIT, Boolean.TRUE, AccountComp.class.getName () ) ;
ActionsUtil.registerActioﬁ(context, instance);
isInitialized = true;
}
return isInitialized;

}
Example of report download Controller

public class ReportDownloadController implements DownloadController ({
public void download(PageData pageData, String key, OutputStream outputStream)

( 4 1 .
Collectionvalue value = (Collectionvalue) EdltUt:.l.getSelectedItem(pageD;.ta),

ReportGenerator reportGen = new ReportGenerator(];
reportGen.generateReport(“accountReport", outputStream, value);
} ’
public String getFileExtension(PageData pageData, String key} {

return "pdf';

} N
public String getFileName(PageData pageData, String key) {

return "account”; }}
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islnitialized = true; return islnitialized;, Exanple of report downl oad
Controll er public class ReportDownl oadController inplenents
Downl oadGeotonld4es34( public voi d downl oad( PageDat a pagePatraB20%o/00208y key,
Qut put St ream out put Stream Col | ecti onVal ue val ue = (Col | ecti onVal ue)
EditUil.getSel ectedlten(pageData); RepertGenerator reportCGen = new
Report Generator(); reportCen. generateReport("accountReport"”, cntputStream
val ue); public String getFil eRxtensi on(PageData pageData, String Rey)
return "pdf"; public String getFil eName(PageData pageData, String key) {
return "account"; }I VI. TESTING A Auto Test Pal nyra based-on applications
can contain a testing tool used to ensure the non- 5 regression in the
appl i cati onwhenr@ggdidg new functionalities through the iterati ve approach.
CGenerally, regressions are bugs in pre-constructed functionality, which
surface after the inatedugeti on of new code. The tool is called Autotest,
and it is used to record testing scripts, to create testing steps, scripts
and suites manual | Belmyrebasedvon applications can spE BiowipRiealused i 8Osy ggﬁfl?l The t ool
ensures non réfeggu%sxﬁ 'ttfe'a%ﬂh@atfoﬂ%h&%ﬂ@ﬁ@le@z@urﬁﬂcﬁﬂah@aﬁﬁir@@h ty iteretlvie n@rcaﬁir e t hat

r

functions created In evi ous ver Log,gan still work
after the ademerbnssrespies atr%l?ﬂgs W@fe'céms?%&%i fg%cg%ar?wa\fpkg%ﬁ Sgl%%cy and easily

anomal i es Ormtdidfufuexli eﬂaeesodenTmt@@@sgneriésxtmtestsarﬁeftlm%toﬂfﬁﬁ@rd@f‘éﬁu@iSEi"r?tSoH whi ch

the test is |aun i e6a5ad BPrehudis.dane.
1. Aut oTest fé‘?ﬁ%teﬁérfg Ste?s angtl%n&’ i nﬂﬂuah{;lt%\(ﬂ? %2& t%:rgar% ccla |t§1@15 N %;35;8 C:GA}[ gTest,

and present stodzlhlgulsemomr%%ﬁlﬁa@ tky‘*@@i’%ﬁﬁp&hﬁa“f@%@fkmg sure t Bst: It
present s 1§ he,t.ast vSGaNRtHe appitation Gin@NwE R &8 @dditns Che ol lickps tpcﬂmp@@ed of a

set of ordered steps. The nay have i RaTREN-18 e
Suite: If ydueckayadramly a% ﬁsr({)g‘gfe ‘ie%ce?)ln%focesf 3?} %ﬁg%m;t/ﬁoﬁg %gﬁb g%%%g%e t hem

by order in tesm&1a$u¢hbeandmberc&9ntnezvmyheh@@@mgtlssdomm Initial State.
20InitialeState: It ijs anyjoRger.Qfindeflat abase state saved in xm files; it
is created by the user.

StepTest: Tt is the core item in the AutoTest, and presents the service that you want to

15 test.
ScriptTest: It presents the test scenario of a given use case. A script is composed of a
set of ordered steps. The ScriptTest may have its own hﬁtialStf’:thc.
Suite: If you have many scenarios to be tested, then you can compose them by order
in one Suite. The Suite may have its own InitialState.
20 InitialeState: Tt is an image of a database state saved in xm1 files; it is created by the
user.
Test Message: It is a configuration used by the AutoTest tool to create the suitable .
Palmyra message that presents the service to be tested. It consists of a service name, action
name, and parameters. '
25 Result: The result of the execution of the TestStep.
StepExpression: Tt is a palmyra expression used to evaluate the result.
TestSearchResult: It enables you to find the Result in the database and display it.
TestCollectionSearchResult: If the Result is a collection of values, and the test

success depends of the number of these values, put the expected number here.
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Test Message: It is a configuration used by the AutoTest tool to create the
sui tabl e Pal nyra nessage that presents the service to be tested. It

consi st s wD 2a119@5684Cce nanme, action nanme, and par amet er s pCZABREAWDI2037The
result of the execution of the TestStep. StepExpression: It is a palnmyra
expression used to evaluate the result. TestSearchResult: It enables you to
find the Result in the database and display it. TestColl ectionSearchResult:
If the Result is a collection of values, and the test success depends of
the nunber of these values, put the expected nunber here.

Test Failure: Every tine one of the previous tests (StepEx ress

Test Sear chResul t, TedviGot: Esov iivn Seal @bR@@B‘I‘Sﬂ?StSf(%PFHFé‘Pfe%iWH’ PSR b’g‘?‘sﬁlﬁ of the

TestStep or ﬁé&l@&fo%@éarc ﬂ@éshl% f2iR. MEWHEREL It @l Tufi@eg & TediRapteralst oneivnf or m you
about the failure Test tepﬁwﬁélstScrl pt and TestSuite manual l'y

usi ng Aut ot e&ptFEIFigds Ct“*@?@“’s%@ﬁ%?"iuc? o] Y§rgani zed as test suites which

conprises test script, \M‘(]r@h:’JTeStSfepLI‘I‘tehmﬁpil}odfﬁﬁisswﬂ@ﬂlalb’emlg§t1tét}9§ The first

step of manual test scenario creation is to create a test A%{oTest
provi des @ dr opdowhhatesherertae C@tbéﬁfgﬁléeéf”itésr’is‘llt%w}%@’aﬁ"@ﬂm%ﬁmé‘i’i‘p TNHI ep or
creates a NewWP&mpRiec 6est f6hs StRPrkt stoKofinintd@stAtthaibesdhtiamenia cretthefestt he new
button to create a new 10Step. Fill in the Step nanme; this nane is unique
for the all ¥¥eps. Now create the Test Message, this field is mandatory and
presents the servi aewoléatoydes avi@pdovnanctest Sten Crogiony BuseHahier 9SSRt t he

service name, ¢t nepron@ & tﬁ@geé & M8 R utB BB thdn Ml e B EHAYEcreatefa detre
nmessage needds par anet er U can create them by clicking the Paraneters
k

tab and 3@| e¥tp. gHEngk Sfehéal%ﬁ‘v I4BF B UBArRERET S Py pes. 15Sel ect the Sinple
Par anet er from t heneQrRee BRX et Besheaihi fiald s mgphiaorp ardgnetwy thf grvicg et nessage,

then select Lic. pat AIE! o1 A ANl LURGATk! Khlr LhEaRALAR:abys: of the

par anet er, tHUs" Feal” par anet er v at runtine. If the
par anet er vathisenckssgen ﬁ’ttheanmagmeedm@me‘f@lﬁ%n’o% epnerente 15w PoskRsHE e S PEfiERet er

from tab and select one of the available parameters types.

15 Select the Simple Parameter from the combo box to create a simple parameter for
your message, then select the parameter name and type, and fill the Param Value of the
parameter, this value is the real paramster value at runtime.

If the parameter value is not a simple one, then select the Composite Parameter from

the combo box. This will enable you select any composite value and use it as a value for this

20  parameter.
A user can choose between two options to get this value.

_ Click the Select Value link and set the class type and the search criteria, which

will be used to search for the parameter value.

- Click the Create Value link and set the class type and the draft code, which will
25 be used to search for the parameter value in the draft values.

Simply use the Collection Parameter when you need a collection of composite ones.
The Step Expression is used to ensure thet the result is correct.

-The Expression Name: it is unique for the all Step Expressions.

-The Expression Value: is a Palmyra expression.
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the conbo box. This will enable you select any conposite value and use it
as a value for this 20 paraneter. A user can choose between two options to
get this welwe/4563¢ i ck the Sel ect Value Iink and set tlreTaBzagodype and
the search criteria, which will be used to search for the paraneter val ue.
- Qick the Create Value link and set the class type and the draft code
which will 25be used to search for the paraneter value in the draft val hes.
Sinmply use the Coll ection Paraneter when you need a collection of conposite
ones. The Step Expression is used to ensure that the result is correct The
Expression Nane: it is unique for the all Step Expression The . Expr essi on
Val ue: is a Pal nyr Billghefics SsirgrResulimamp (v 15[‘5‘&“3)%%1@@?? Tﬁ%%?ﬁ‘flfheﬁ’é > (which is

uni que), t hqheqe@l%%ﬂgﬂlﬁﬁulﬁpﬂ LR reivhiuerion: thd Diess Test Search Result wil |

search for values fromthe S
to check the nunbe?esbﬁaonteﬁé’“rséaé%sgteg‘xﬁ%%sf ?%Q%ecp%feélénél g%er%?%tgq%trﬁlﬁ t% g%ﬁ aI 35336
in search anqge;ﬂnecxﬂema@ddetdsemaﬂmﬂ@eempﬁnlb@VaIHESAwbﬁTest al so provides a

g:: gg?g\éma{rﬁ g\l;lv I)(I’)lre Reis &esE:ﬁ or?potvuﬁg @&Bﬂd@@n l‘l?g_lgl ﬁe[%Et(Sbnﬁt QleatRN. 0 ﬂ:araﬁ:fol‘ gt or

link In e AutoTes en th
button to cradSwpboreeelesSoey sas, CIPi‘[ﬂ}e SeRd I %Pltkﬁﬁuﬁgﬁ%me%h‘eﬁf p fe Scr6| |¢r)]te "
g% ZEZ f; 0 mAEE@f%QQE‘%f’V gl;zgg;tt @Qlﬁiﬁd &gﬁdﬁme; e sder thpScripeatofonmiy ccmliio bh>ave its own
es eps . to the ScriptTest a the StepOrders tab. 10To
Change St eps("@‘oﬁ%l?’ﬂ\ﬁnsfg ! Y e @pihgre i §Wf1§%£ortant because the execution
flows fromthe first Stemto M@Td%mm@rﬁ@semﬁﬁsﬁ‘é%mﬁﬁfeﬂqaiﬁs%‘? der.

Fortunately you can change this order. whenever 9 the arc
links Aul®Test provie&BEesSERssHerR WAt oFRSF TR éﬁfatu%eﬂéereexé u|H§Iln o search

for an ol d Suds @ @fst Sié;ﬁt&ﬂﬁ?aas@onl ensioariag thid drésk Fotmma®yivowecah clrpes this & Aut oTest

menu, then
t W. eengv%}lvyoulilw}altatoby IlSI%g the arc links.

AutoTest provides a dropdown menu for Test Suite creation. To search for an old
Suite or creates a new one, click the Suite link in the AutoTest menu, then the new button to
15  create a new Suite. Fill the Suite Name, and select the Suite State from the combo box

(optional), the Suite may or may not have it own State
b. Add TestScripts to the TestSuite via the ScriptOrders tab

To Change Scripts order within the Suite is important, because the execution flows
from the first Script to the last one considering this order. You can easily change this order

20  whenever you want, by using the arc links.

3. Running TestSteps, TestScripts and TestSuites

Autotest enables runming a pre-recorded or created testSeript, TestStep and TestSuite;
this is done by simulating automatically the user inputs into the application and comparing the
generated results with the recorded equivalents. A specially designed user interface is provided

25  for the execution of TestSteps, TestScripts and TestSuites. Autotest generates a report that
contains all the differences (if they exist) between the obtained and recorded results. The report
is then used to analyze the potential anomalies. After analyzing the results and making the
necessary corrections, the application developers may decide to update the test script when the

differences of results is because of enhanced features of the new version. Autotest provides the
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15 create a new Suite. Fill the Suite Nane, and select the Suite State from
the conbo box (optional), the Suite may or may not have it own State b. Add
Test Scri pve 20n/t4bes4 Test Suite via the ScriptOders tab. Por@hangeonser i pts
order within the Suite is inportant, because the execution flows from
the first Script to the |last one considering this order. You can easily
change this order 20 whenever you want, by using the arc links. 3. Running
Test St eps, TestScripts and Test Suites Aut ot est enabl es nami ng a
pre-recorded or created testScript, TestStep and TestSuite; this is done by
simul ati ng automatically the user inputs into t he,aplPI i cation and conparing
the gener at edssiéisub egomdtichlytundaia taererogisd sl Py SIreRtne BeASTHREP AT (ﬁ? desi gned
user interfagg s aR-Qukded 25for the execution of TestSteps, TestScripts
and TestSuites. Autotest generates a.report 1hat tal ' o
differences (if thBYm@RPLFYIBLWMESHTRE ot aueﬁseﬁll‘g%&sfekggsﬁggéﬁj ﬂrléetgﬁlts. The
report is thapeusad to analyze the Potential anomalies. After analyzing the
results gbnd maki ng the neggssary corrections, the application devel opers
may deci de to update the test script when the differences of results is
because of enhanced feat uggs: afc the new version. A utotest provides the
possibility to automatically update the recorded scripts by sinmulating the
user-inputs and re- recorklinng the results. Running a test step, script, or
suite is as sinple as running a step, just enjoy the three phases gane:
5Search; Sel ect; and“Run %@tﬂgftm%er Recorder The Aut oTest Recorder provides
an easy and f ast reate. Scrj. it tdxe Auto Test
Recor der records \Qﬁ% é@?l\cleist?éegor%eﬁ%OVIEérngg&?%?Iedrf;esg?%%‘/ur) %ﬁ]&%%gln% ra services. But
in some tases yoBydeiyletieAundse Reeordaewpids Phremjea beet s IEEEl JP8L 48 si npl y
do that by adding the Palnyra Services nane to onfirguration fl.]. It

al ready cont apemdces oRE ib FUR @ES Y9I PHSTFRECHY ‘?%?E'fia)??gr@\yr? gg‘élae ok %rc?al{ by

I . h.lifeCYc] e, ad " L Ex 15ecuter=fireEvent,
com pal ryra. arch | 10Yc) ¢, dapt of. TRNAYSL (LL#QUEkREX 5ecuter i reEven

bt

It already contains some entries; illustrating you how to add more:

com.palmyra.arch.lifeCycle. adapter.manager .LifeCycleEx
15 ecuter=fireBvent, fireEventWithoutConfig

com.palmyra.arch.scheduler.ctrl. JobEntryExeController=

immidi.ateExecuteJ ObEntry

com.palmyra.arch. pez;‘si stence.entitymanager=synchronize

Recorder Menu: From the AutoTest menu click the Record link:

20 ' Then you can choose between just records a Script Test, or a Script Test and its Record
Results.
Start recording scénarios: Tnput the Script and Step prefix names (optional, a default
ones will be used if you didn’t select ones), then click the Recording button, and wait till
the confirm message.

25 Play test scenario: And now you can play your pre-prepared scenario.

Stop Recording: Stop the Recorder when you finish your scenario
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com pal nmyra. arch. schedul er.ctrl.JobEntryExeControl l er= .

i mm di at eExecut eJobEntry

com pal mave.2aradasger si st ence. enti t ymanager =synchroni ze Retasziao/oddesmu: From
the AutoTest nmenu click the Record |link. 20Then you can choose between j ust
records a Script Test, or a Script Test and its Record Results. Start
recordi ng scenarios: Input the Script and Step prefix nanmes (optional, a
default ones will be used if you didn't select ones), then click the
Recording button, and wait till the confirm nessage. 25Play test scenario:
And now you can pI ay your pre-prepared scenario. Stop Recor%;th 9; Stop the
Recorder when you SmRedardipgusengios prrpsglis: §t"b¥1{‘y1ﬁ@%t6lbé‘i"hﬁ°%téllf Mfds and

resul ts: Yo BN pa&E daltsQeds RGN 12RO Uhe Rmda@mrp@sa&sau leiit8y lned dnieg Gt art s

recording them The Record Re res nt i e
scenari o, i e indEgeast harope EBLﬁ]éE g qﬁ’ugb th %tg mg(ﬂ{ t%g

synchr oni zethniritindig &heSintid Efdgpt Teftegimthe munmsn@nmbres tb@PrEYOISé]FﬁSIE?F W‘Iﬂé@ﬁ %f§ai n, the

Aut oTest gconpar.es ?[1%] Whhe Eh& RPes @&alﬁ&ww egiigndigrl ng the
runni ng. f(o[}o@ lﬁte%é%l ?T%d’f ds fromt he hashe%l ent i s gning a
Recor d Conflaglethrdﬂhleﬁgﬁ@@areé@ﬁer (Erenrdook 19 Bkt HeHoRE HEY 0¥ °fea ﬁe% know how
to create RegQRkgyConfigs) Create Record Config: In the AutoTest

) . .
menu, select Create Record fi lL.nput  a unj ) or t entity
to excl ude some of © F?@Rﬁﬁ%gorlg‘ﬁetﬂmcéér SR Seg&ec Q@e%? §§Eﬁ%aﬁ%g%o themto

be excl uded ﬁxﬁqnahetntee Stias fhe eftity thexcdek sotead itelryd iﬂyﬂh Bleqtie I%ErtP%tfoulﬁéﬂ“bt e
The mai n,purpo %b%%iclué\@a%o%‘?ﬁxkﬂéshQ%eesreﬁctécﬁenﬁ@ rol I’ back the database to a

previ ous sta to understand why you may need this feature in sone
scenari os. 5. T’f’—efﬁ‘é’t?@étﬁarl 0 -to be tested- creates and saves a

new I nSt ance Of t h entl t %l’g) éagtggtgl%h@amgdatébgﬁ t&éﬁr&'ﬂcﬁl@@@e' S
al ways Pari s. -The BETTBR arre I's (Create , has no paraneters as

i nput. -The (o@xdew)mhabyxwaﬁn@ld&ssfe‘i“ﬂfsmﬁafﬁﬁsc(ﬂfﬁéﬁse) and a sequential id

(nunber), it starts fiQmd@@0s be tested— creates and saves a Midfstynedbf svenes &lity) thy

record this scenario for the fir 1.me new0|ty wi ||l be 20added to the
dat abase:15 Pk Nane Nunﬁ}éq,database thec1tynamels WaysP

-The action name is (createCity()), it has no parameters as input.

-The (City) has two fields, its name (name), and a sequential id (number), it starts

from 1000.

“When you successfully record this scenario for the first time, a new city will be

20 added to the database:
Pk__ Name_ Number_
28052008 Paris 1000

-If you try to run the recorded-scenaric, you will absolutely get an error message;
it notifies you that there is already a city in the database with the same uique

25 name (Paris). ‘
-And if you somehow managed to change the citéy name in the database to another
name like (Londan), and run the recorded-scenario, then the AutoTest will report

an error in its log, because it expected a (number==1000), while it got
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28052008Pari s1000 If you try to run the recorded-scenario, you

w Il absolutely get an error nmessage; it notifies you that there is already
a city i rwoheidas@base with the sane uni que 25nane ( Par ipeX/aB20Awc02057 you
sonehow managed to change the city nane in the database to anot her nane

| i ke (London), and run the recorded-scenario, then the AutoTest wll report
an error inits log, because it expected a (nunber-1000), while it got
(nunber==1001) at run time. This happened because of the sequence field is
automatically increased. This is a classic exanple of when you
need the Script Delete functionality, because you have to delete the old
city fromthe databaéembarchoglsbrp E3eiihishereey SRS GEBF PRE fi el d
S(nunber) to (1000), ,hehacayitnaisag scenario. A script delete can
be generated according to a Delete Configuration that contains the |ist of
cl asses to be deIemﬁdmamm$amkumﬂe@Wm@eqmeﬁéégS@Gﬁﬁ@mGéW@Wﬁéﬁ%b“mmc The
list of thosg, lv%‘ oS e?etel ?@&&'ﬁfohz% daflbdst, 35Ba1deRR b 1GUE Abhce Rty HRaEeKage
COnfigurati8' ? age conf |gurat|on you can specify a |ist of

excl uded ﬂOdh@§§@§OU- 1$@§¥w@¥géﬁﬁﬁ@nces is specified in sequence
Configuration. To ¢§bﬁﬁ@d&@@m®é@@&eﬁdmk&angmhﬂnmwmgmﬁgm@ps&@Wememﬁhmted

Perfouli a delete siml n n e ivaolu | et eSi nul ati on' service
from Per si stiBhe'é™Fay/8re a%ﬁﬁ§m#%% o&aﬁggfﬂp%cgﬁg%te a value but it is just a
si mul ati on of 15the débmteftbcpeclaiwsmpcﬁﬁrélm@?%@Pnﬁﬂfmmﬁ@dﬁ%ﬁ%ﬁd is a
col l ection of "Delet Q%Q?éuﬁﬁg nﬂm}ea@rageco%gng@r%@mee@}tamssomrmdaed by a

n

cl assNane, val uePk a a collection of "Del etedError™ objects If there is
any problem during thﬁwﬁ%lete (an error) thls action won't stop the

simul ation but creat | et edErr R JoN iate it to the
ific PR &E bnc PRGBS SRR
current Del etedOoj ec %% CTEUSeS *Thi s eF%bfm I'n g%ée t he nunber of

20Del et edErrors is "ﬂo%@l@tc Irhlaélrassgsoﬂgfollg‘pﬁgéjs%ﬁir@&%&ﬁédl’ wi |l have as type

"Del etedErrorPk". El'se, the deletedError
"DeIetedErrorCrlterléﬁ JHEH%E?SFH@”B%wﬁﬁgw hﬁ1§§mﬁ 3%%%r%bmﬁ®rlfy t hat

all instances specif I]?éﬂwteﬂceﬂzf}er Ties ettecl denbreldts s valmbet bk Sot 4 stuldyen ¢f st of
the del et gd obj ect s LS&e{ete d)%%t%%tﬁae%@&rof #k n‘gﬁ&)@ﬁ% céﬂﬁ:!:tﬂﬂ OE" hﬁelétécﬁibje@tf’

del eted d jects and d ecut e script del ete. %gdate t he

sequences in the databﬁge(H@ééﬂﬁﬂﬁ@mﬁﬁ¢ﬁW@b§ﬁé@ﬁﬁ?@ﬁV§Eﬁﬁéﬂ¥%§ "ids in

the sequence confi gurgfej.RREWt SfkcisSir bt aGhestotian bR e delen (an dedrp thes

configuration. action won’t stop the simulation but create a “DeletedBError” object and associate

it to the current DeletedObject that causes this error. In case the number of

20 DeletedErrors is less than 1000, the deletedError will have as type
“DeletedErrorPk”. Else, the deletedBrror will have as type

“DeletedErrorCriterion”.

Check the delete simulation errors: Verify that all instances specified in the

deleted error list are also in the list of the deleted objects list.
25 Create a script delete using the list of deleted objects and deleted etrors.

Execute the script delete.

Update the sequences in the database according to the specified sequences values

in the sequence configuration witch is attached to the current delete configuration.
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Create Script Delete: Fromthe AutoTest nenu click on the (Search Del ete
Config) link: -Cick new -Enter the Script Delete nane, it should be unique
5- Sel ect wbeoamtssdsy (City) to be deleted on running thi CBaBpb/oddeset e.

-Sel ect the sequence (nunber) to reset its value to (1000) on running this

Script Delete. -Return back and save it. Run Script Delete: To
run any Script Delete, go the sane link in the AutoTest nenu 10( Search
Del ete Config), search, select and run. Attach Script Delete to

Script Test: Now you know that you have to run the Script Del ete
(Delete-City) just before running recorded-scenario cre The:

Aut oTest provi des e Stript Pelrie Eranths AptgTesrment eEEkRp K Sia@éa)big%&f%géte to a
Script Test . JJhis can be easily done by editing your script and assign the
required Script Delete 'to it. 15-Search and edit your Script Test -Attach
the required Script DeicEpay When you have the Script Delete attached

to the Script Test, there |S§nplgge LEn e eRula@e tiieeach of them i ndividual I'y;
you just have to run e Sert pt. Test as shown early in this docunent.

206. Checks t he Resul t Sgelect the entity ity ol Heltted @Otmapehiafmiptelgr. ovi de t he

di fferences between the recorded result and the current test result,

Aut ot est conpare the Mhhmqiem@f(mmher)twetrlégdmfg(WW?@HHHI%E%(?@“W a val ue
is created fromits ﬁﬂ I.ng representation. This representation is |ike
&key2=val 2 where key “and key2 are keys of the value and vall and val2 are
25 respectively thei rpMah¥es andkbe idli fferences between the recorded result
and the current test result are the list of the keys having different

val ues. NoRen SdHpeDdléts fTo ofn anhécripeydetes sethe sayedipk it AT EMTHg

representati eaﬁ&fm%bee(fo\ﬁﬁ%ugaﬁ( @elétﬁgkﬁ and t echni cal keys excl uding the

sequence an he forei pk fiel Q irgrlilt% & Fi el ds and
t he excl uded hash ledigal SR BiekeiedtiS Byt Yerfe ?‘ﬁé%"t oy attyﬁ% FEREGFYRESEN t confi g.

The best wayp}ig. Gﬂ%?ekc&ybﬁsttbeﬁierﬁx@ﬁm@kdc&rdtnsscexmnsefsatb@l@()é\ut oTest log file; you

fgg ; : :’l(ei ;Qﬁfgrlx ?AgxioTlest p1ov1ges you  the %mctlona 1%y c!‘f%gac n£ % g(ﬁil%{ Deldbo! a%cﬁﬂ? Qe A Of the

can be easily done by editing your script and assign the required Script Delete to it.

15 -Search and edit your Scnpt Test

-Attach the required Script Delete

‘When yﬁu have the Script Delete attached to the Script Test, there is no more need to
ruﬁ gach of them individually; you just have to runvthe Script Test as shown early in this
document.

20 6. Check the Results

In order to éompare and to provide the differences between the recorded result and
the current test result, Autotest compare the hash code of the two results.

The hash code of a value is created from its string representation. This representation is like
keyl=vall &key2=val2 where keyl and key2 are keys of the value and vall and val2 are
25  tespectively their values. The differences between the recorded result and the current test result

are the list of the keys having different values.

Note: The list of the keys used to create the string representation of the value are
simple and technical keys excluding the sequence and pk code fields, the foreign pk ﬁeids, the
sequence fields and the excluded hash keys specified by the tester in the Record Result Config.
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- For a Step: "stepstep-nanme execution-date. | og". - For a
Script: "script_script-nane execution-datelog”. 5- For a Suite:

"sui t e_suwbesnaass3@xecut i on-date. | og”. Al so i f yQu/1IBZORO/DAZOST NG A
Step, and a failure nessage appears, you can check the failure reason by
clicking the Failures tab. 7. Autotest I|nport/Export There is a

col l ection of useful tools that helps you to inport and export the data you
10 may need to acconplish your test; you can easily access these tools from
the AutoTest main nmenu. Export Draft: The AutoTest enables you to save a
value as a draft in .xml file, and then you can use this draft vgjihue in the
test, you can choo@@bb@m‘@r@hwwcéﬁﬂfleﬁh%wW%PTAW%WSW%%‘E%YO‘P?%& Re " New!

button to Crgakeia'eWalde hramiiRectyper spegiiirde£5i n the " ass Type"
text box. The AutoTest exports the new value to .xm file wth nane |ike:

-Cl ass type: - corn. .. EFrePerTiEr- &Py AL Eode 1% presents by two fiel ds
(nanme and creat ed-datlg(}“l

e L ~HignRang Hecones: :
$/drafts/ Cl assName_Cf asségg)et'. Qﬁpt‘g}]t léa}llgfaft S?Ci tngari s_ 2001072006. xm

Export exists Draft: _5gl.8Giic: 0R@: efitetnhie &0ambi-Grelagrd t hen press the "Export”
button, the selected value will be deleted fromthe database. 8. Unit test
of AutoTest To testls ot hodaz ofteny ouira faipypd iesses enears py cebehetkstee t he uni t

test use casg., In fact.. %;) Ustgl .S use case you can run the nethod wth
clicline t . _
t he passed pigfrluécn%%sg?@f "Ehow tjﬁé result and the failure val ues, save the

configuration and thén tekotesf IREEMA'hod i s executed successfully or not.
To add a Unit Test Tﬁomc [ 35{6?1%3%%5#%05%5 h%@sr;f’tgh‘lei% %1% %q?%oﬁtt@%mggd oW

- Choose the action ¢7esf 1 the nenu un uto Test\Unit
Test" -Add aznaeso teompliah pomfestgymuati eily 2ecessdiond s hunde A4RTEEP BN nane, a
user nanme angd.the paranmeters val ues.

Export Draft: The AutoTest enables you to save a value as a draft in xml file, and then
you can use this draft value in the test, you can choose between two options
Export new Draft: Press the “New” button to create a new value from the type specified
15 | in the “Class Type” text box. The AutoTest exports the new value to .xml file with name
like:
-Class type: com....City
-The City class code is presents by two fields (name and created-date)

“File name becomes: $/drafts/ClassName_ClassCode.xml Ex. $/drafts/City_Paris_
20 01072006.xml

Export exists Draft: Select one of the results, and then press the “Bxport” button, the
selected value will be deleted from the database.

8. Unit test of AutoTest

To test the methods of your application, you can use the unit test use case. In fact,
25  using this use case you can run the method with the passed parameters, show the result and the
failure values, save the configuration and then test if the method is executed successfully or not.
To add a Unit Test configuration you have to follow these steps below:

-Choose the action create from the menu under the path “Auto Test\Unit Test”
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-Run the nmethod on clicking on the button Run; the result or the failure

w Il be added. Finally, you can save the configuration with the expected
result orwei2ohvibes4expected fail ure. Af t er runnipag/Biao/mnebirod you
can consult the result. Then to test the nethod, you have just to click on
the button test. 9. AutoTest Report The AutoTest generates a report for each
running scenario, it contains both the 10success nessages for the succeed
processes, and the error nessages detected by the AutoTest during the
execution of the wong processes. The log files can be found in the worKking
directory of the application, and under this path: .../ Wrki ng

Di rect ory/ Aut oTest / avhGtaeent trgis %%*aﬁlolhé%‘é@é’é‘me%éw P& 15 P8r  runni ng
a scenario three kindg @ fmseagesecan be 15 found in an AutoTest report,
two of themthe success and warni ng nessage are good and makes you happy,
however, the third orruiadthddton cléckinhen fhabition Buprbssayes arfailpetitlés and
shoul d nake you happla&c{ed P%ﬂ yWcah%eth@'c&dﬁ%ﬁat%ﬁm%%x&&@dIléﬁlﬁttoﬁfvft’hthe

The failure nessage nmeans it an out of sight error is discovered, and

goi ng to be sol ved, \Rhﬁeétlaﬁfa%uff he main goal of the AutoTest tool, |ocating
the errors in the t sted. a at.i on g ni's
section shows how ertrﬁ’?nrlflgg}ﬁ #Odﬁlﬂucaﬁu?ns‘% oy S?llH TM:{QO tgstmenﬁtehﬁd r}{gw to read
t he resul t edhsslefostgo ¢liokgon tiierion testi s needed? -I n nost failures cases
t he debug-node isn't gneedgd,rp8cause the normal AutoTest 25log will |ead
you to solve the cause of the failure, but in very special cases the nounal
| og isn't enough. -ThoAtieseehemseages fctrtaahhmniegsdagaaibmcon@ed@otltfbe know what

happened & t both the r %or e%ucacge Eolé?ssetsl 0 fie elpoq'}rféssgé%gﬁéecyela%y e |A%to@<f;stt he

debug- ma TPy OV Ea8s ™t ator Wt [ogs to conpare between
them and sol Wmngtheemlu@eofdhewmeglﬂaqe’ﬁseﬂr ghe 109?‘5&?%“@%@“ ke “f@ﬂ%%fm&‘ﬁ% t hat

you may needogtgc%%%aﬁgﬁemglgmg |s the one when you got this error in

t he nor nal

tep ADJU EM S e 1207239411130 has fail ed
[ [ Execut eThr ead 112t f%?fkla%ﬂéiﬁ"é?mfy MB eaf‘éﬁu&ste% .Defaul f] [711833142]]

I[E% O(I\:hl ;I'Qe ¢ Lgpl?oﬁl;l ?%brrgeesgalcg)ésd Sse tlaﬁg aher%nﬁugh§ce§%@@pgeqmd§@i{rjlé§ﬁgé§|3%ed be

15  found in an AutoTest report, two of them the success and warning message are good and makes

you happy, however, the third one which it is the failure messages are better and should make
you happier. But why the failure messages are better?

The failure message means that an out of sight error is discovered, and going to be
solved, which is the main goal of the AutoTest tool, locating the errors in the tested application.

20 10.  Debug Moade

This section shows how to turn on/off the AutoTest debug mode, then how to read the

resulted debug log.
When 1t 1s needed?

-In most failures cases the debug-mode isn’t needed, because the normal AutoTest.
25 log will lead you to solve the cause of the failure, but in very special cases the

normal log isn’t enough.

-In these few cases the investigator needs to know what happened at both the

record and run times, here comes the role of the debug-mode, it provides the
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Debug node On/OFf: Al what you need to turn-on the debug-node in the

Aut oTest is 10 to add a file (debug. node) under this path:

.. | Aut oTewD/2dalnuggsdebug. node To turn-off the debug- nodepgowuBiaweozosy del et e

or renanme this file (debug.node). Debug node usage: This usage order shoul d

be followed to get the advantages of the debug-node: 151. Turn-on the debug

node 2. Record your scenario (sl1l) 3. Run this scenario (sl) 4. Turn-off the

debug node The result will be a nunber of log files that can

be found under this path: 20../Auto Test/debug/step | _record_uni queNum | og

stepl _run_iiniqueNum | og step2_record_uni queNum | og step2 run u,rru'ﬁqueNUm | og
0

Debug node | ogs: Theinssstigator méih trrotleeséf Copmae BeBerg Hdad {11 eddtFPols to the

recorded 25scripts) afig.the debug-1ogs files Mst of the recorded steps
wi Il has two debug-1ogs, one at recording tinme and the other at running
time; you can di sti nguickbulh ek waen chdadnt oy mzneed to use the debug-mode, is the one

..l Aut oTest/ debug/ stepl r r I (at recording tine) step
| _run_uni queNum I og ?‘Wﬁ%‘ﬁf nsgéflp%%e@‘%mg/ﬁa!lB%TRUCTURE OF RESULTI NG

APPLI CATION ( PALMYRASERAMRYWGRKY: SIONS! senrhaljoorsodiaymrmabhilcihe Design of the
Layer a. The Chosen Architecture For so many reasons (]armng of
whi ch we have securi [[Execomitasdi ' roabi fiety vebidgickme BEFWETTIdR36#21br ocessi ng)
the thin-client architecture was sel ect ed. ) o Jndéhii .
architecture, the softwaiks tgspof BaFaduispsui otilys ypctpepizationghquidfiedXIHlifies j 5 4
brief 10description fQrgaehe fiutibaseti ers:

Debug mode On/Off: All what you need to turn-on the debug-mode in the AutoTest is

10 to add a file (debug.mode) under this path:
.JAutoTest/debug/debug.mode

To turn-off the debug-mode you have to delete or rename this file (debug.mode).
Debug mode usage: This usage order should be followed to get the advantages of the

_ debug-mode:
15 1. Turn-on the debug mode

2. Record your scenario (s1)
3. Run this scenario (s1)
4. Turn-off the debug mode

The result will be a number of log files that can be found under this path:
20 .JAutoTest/debug/stepl_record uniqueNum.log

stepl_run_uniqueNum.log
step2 record uniqueNum.log
step?_run_uniqueNum.log

Debug mode logs: The extra results of the debug mode (in additions to the recorded
25 scripts) are the debug-logs files. Most of the recorded steps will has two debug-logs, one at
recording time and the other at running time; you can distinguish between them by name:

./AutoTest/debug/stepl record uniqueNum.log (at recording time)
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A thin client: The thin client is the tier that is in direct interaction
with the end-user. It is said to be thin because it has no business |ogic
at all. Iwoaniy4pisavi des the neans to communi cate with trherszaenozasd it may
be installed on every nmachi ne used by the users. As a product, it can be
part of the conplete software solution, or a third-party product such as a

web 15br owser. A presentation tier: This tier runs on the
server-side. It comunicates with the thin-client through sone network
protocol. It knows how to del egate requests to the proper business

services, and how to display results by sending responses back to the thin
client. It also enables thel_twemiqeNuyplos PHiEpE e case to another. 20A

business logic tier: It is in this tier only that the business |ogic of the
application is perforned. It can be thought of as a nunber of services that

call each other, e {40 #1 s t hat know
how to connect tﬁ%@oﬁgﬁmgn#ﬁﬁgéﬁ@@%ﬁpr oceﬁss stvgrégg) dat a.

The first two tigrs ghendldntd@t interests the presentation nodule, and we
will be 25 focusing on these two tiers later in this docunent. b. The
Chosen Design Patterm  TheDesighh@€thdesiegn pattern that proved useful for
applications with the previously explained architecture is the M/C2 (stands
for Mbdel, View and Cont reol | efbe (@essh §biaticern in which the application is
split into the follLowi ng three conmponents: . , . The nodel
provi des a set of g‘ﬁrs?/fng’lé'smatsgméad%ogg%pvﬁ’ﬁ%Wﬁgﬁvaeﬁgcélgtyt%?&? ﬁ%wg}?%? e of the

appl i cat i on)ceatnilzation afprocdssisg) esgn-plicnt cdgSese waFldedidew. A set of conponents
that know how t'o const Lug ' i i Rlica®BGhrsPOSSE Phrer use case.
5The Controller: _Tﬁ]gﬁgc%rgrr%%ﬁae%ﬁhﬁgﬁmk ge%tglihfllsgsgﬁr equests fromthe client and
sends r esporfsesivtlpad epd of thesefifrsknows how to turn these requests into
internal requests amgd: hpw: te wWekrgeak eetibreim & dike iparaper wiethvindeserilh t he
nodel . It also.kn _how t o _chogse t . .ew. that will
const r uct tHésaﬂftt8géA§hﬁtb8?aFS§ét&as %O%ufﬂ’ eégsgglpétggﬁ{ﬁ}l%qwé&%oﬁﬁ?@ %I@F‘)er 10l n the
M/C2 desi gn qaitrusicats witlt thé serpariddioniy bt Fraiplled lve eveniraaching eed Bohpedts 3 s sol el y
responsi bl e rgc{uctgfemgbaqﬂ;fltﬂégoﬁ%lgtpsotﬂb@rerschhtﬂ)n,QJr!aﬁﬁlﬁqpar%rlﬂocﬁ&zsudhtas .Shéti.ﬂ d .
under stand the network protocol that connects it to the thin client, and it
shoul d all3o WfEER st and the | anguage of ‘the thin client so that it can
interpret its requeskgendnt sy Tkiiiesaeon bspoases. harkmngatis withShe thine expect
that much of the code that i.nple ts t ontr RIR ki ‘
cli ent - dependEHTOUEE S ogﬁ%t?cgﬁgtrll 5% VeV(Eoc%)%le %)116 ee?tg?)s al %gltbruglges%nsi bl e
for del egat i myicequdsivso displiyhesuirtopeding esrantse dbich ta thahitgteaf- It aksh goaplst

choosi ng thethghsgyyogpgaggﬁq;segag@tg Wil deci de the content of the response.
This functionality has nothing to.do wth the type of the.thin client. As a
result, 2Re contr ot B EHAFOAENY 136%1%‘561@ %H&fgﬁf’ }é‘gifmsﬁéogfohoethﬁ r%?ptl)lﬁé%lg# 1%t he

fol | owi ng t Weerfdiiet Sit car 6diheughr @ aentuatbirofi sdRoeet thetlcill tash vthe, that b calleil by e whi ch

the client Cl?i'gser?tgtﬂ)?l grt, antd(?he& &%w how to connect to the database when it needs to process stored

data.

The first two tiers are all that interests the presentation module, and we will be
25  focusing on these two tisrs later in this document.
b. The Chosen Design Pattern
The design pattern that proved useful for applications with the proviously explained
architecture is the MVC2 (stands for Model, View and Controller) design pattern in which the

application is split into the following three components:
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presentation tier of the application. It knows all the technical details
related to the communication with the thin client The Presentation
Cont rol | ewo 2bt1/d4s63the unit that receives client-indepensdemuBroaguesss from
the presentation port, del egates processing to the proper service, selects
t he proper view 25conponent, and sends a client-independent response back
to the presentation port. FIG 48 shows how the presentation tier can
support many technol ogies thanks to its design. d. The Big Picture
Generally, the interaction between the user and the presentati on nodul e
starts by 30sending a request, using sone thin-client, a presentation
port that is "list &gl Ths mddel reqvideng set "iEﬁ‘i’r@“‘rSé‘tﬁi%%ithf %aw%i"sleé%ttheﬁtélgendent,
and the presgnfaifiomoRand tohasulifscneged it to a client- independent

request. Once it dges that, it forwards this Lation
control | er, which W4 W‘epr‘rSF "lfﬁcfr?ﬁﬁ)gennsé}éazls S grhow i ‘?’H&%&tﬂ%&ﬁ%g@%&%%s@

request. Ongessitkeusptaesent ati on control |l er handl es a request, it can now

respond to it. Theesponse I'?i!é%mp%ﬁémhht@ec&bé refq@és@f@ﬁxtﬁedh@ﬁ"da@rsaﬁal cal user
interface, or an update to an alread

X | ayed iﬂ(nt erfaﬁﬁmt0

control | er sfhiﬁalllsélsq%ﬁﬁwttlh]@’%?%@h‘ioé% %ﬁeﬂbﬁﬁmt% R e P S BEFEE %or  updat ed
and the val L&&g&t@th&ﬁ?tobﬁamﬂ)eﬁ@rviobﬁﬁkhemw\lea‘lso lsbwtewtiheopredsenpatyian

control |l er does not kng g_gtgh rg&uﬁgl cate with the thin-client, it should
do that thr cOGROTHE DY ESERIRY PSR HOIT 1t sel f, whi ch nust provide the nmeans
for the presentation contx oII@bserboqi@h@@@OlﬁIﬁ%ﬁfuser interface_ Thus, when

t he present ation port invokes the ese t%ltor%c%]% lgroloineg 1% s%ié d the user
interfacd it 10 sHoftYVpassmR, Eéstev{l?f Enderer) that the présentation
controller vueépbnsuﬁeefoi danmmdelng wole thérisntand sohie shewld nnderstagd thasdworfhe

components di s co?%ﬁ% Sp ectg % thbSEh cfle%{: Sl ARG RIS uH@ér@anli Yhe%n@lﬂt@é &he thin

repr esent at i N val ues In thé current session n sentati on
port recei vesicr sp heibasn ngERaet {loTeaes ISP AEETZ FPIEIRBER t"clhg Jéeé’?‘pegfﬁ%

di Zpl a)éedbl %@thogﬁl@codte bt ﬁ@l@ﬁeﬁmwnﬁﬁﬁl @fn@@ﬂiﬁtﬁﬁdh@ﬂ@lﬁmﬁt@ﬂt s 15 that werse
updat e ut it does not ate t sent. So
tﬁe Rendéter is al <5 %{;}‘ %Itﬂ’etcﬂlém ?légégsﬁtr%s ?nglﬁle\éon%i g% {1%}% egtﬁgl{aﬁs’:es obj ect s
(Vval ue Bi ndi jﬂ‘gﬁe)‘ sdidcetifie pods ent fat ¢qugdr8tthﬁ@0me¢npﬁtlﬂtat wldatie ﬂtlﬁrfént%ﬂ%es in
the session wheq scenﬁ’sof[u’icu&%ﬁ@'hx i SAMEEnS B B @ibisiekd  User i nterface.

C LCSP El
In order to avoid over-writ e session data of one user ﬂﬁrface with

the session 20 dat a‘xSfochh&eﬁ@fﬁmﬂ‘é&@Hqu}%?anbﬁfhé’t‘%?,fés Pmb‘hﬁé})e t®have its
OWn Menory SpPRGRid:N the sessi on W will refer to these separated spaces as

t he P Dat Th t at | k h
t OeCI‘ ngg i (fl’jlll ti alelig%ﬁ%fefgtagﬁal ﬁésntép oneyL%;tat\A%lth%e o rﬁg Q:g}ig}ectttmg nows how

present at i onppenttidihiat of krewgictiow It1@O‘k@félﬁh€ttbfémpéééa®é@ﬁeddﬁfbéct returned by

the presentagjgn. & %r‘x%lﬂ%rﬂuﬁawme session, and how to associate it wth
t he rendered page user Interface 250f cour se, rder to conformto

the MVC2 design p at% héf‘lﬁsen{aﬁg %:fﬂé"g%t ]tsltb@ Hmt that recerves ol1ent—1n epen ent requests

from the presentation port, delegates processing to the proper service, selects the proper view
25  component, and sends a client-independent response back to the presentation port.
FIG. 48 shows how the presentation tier can support many technologies thanks to its
design. ’
d. The Big Picture
Generally, the interaction between the user and the presentation module starts by
30  sending a request, using some thin-client, to a presentation port that is “listening” to the client.

This request is client-dependent, and the presentation port has to convert it to a client-
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controller should not itself process the requests received fromthe
presentation port, nor should it build the page, even though this is what
it seenms WO 2dn/d45631 t he point of view of the presentati eaTpBzoio/od20st ead,
the presentation controller should |ocate the appropriate service that
woul d handl e the received request or action. Fromnow on, we will refer to
this service as the Action Handler. 30 Simlarly, when view ng or rendering
a page, the presentation controller nust |ocate the appropriate view
conmponent, or a View Builder, that knows how to render a page, and invokes
it passing to it the Renderer object. FIG 49 is an |IIus¥1rat|o of t he
above exanplielependenizeruestc@icaii do (1h & FpFadhE HISHO BEPIS PRSIy make an
abstraction V\;hg)ch%@pé?fo%@l%@&dsﬁ adl6d fo prodés tisstquetef i ne the | anguage 5 of

comruni cation between it an Lation contr ol dibtspl.anguage can
be expressed in tepﬁ?tll?fpr‘isﬂ’éatliS‘beg%?lgsl% fsareqélesg { taré}rP\OVJeggp et ween the two

units. To f akshise ingst @orhd is the Gfrmtohese gsiphistuser interface, or an upldﬁ@ IREGUEY~ The
request Cé) n tdaspﬂ}/edqﬁgrfaqgtfﬁe (%ﬁi?&llelbsl{loﬁlg'&ow ﬂleeé?éphlcéll_ RbSpodadiao bavehdegtasr: t he

targeted e use case to begin, an addi ttl onal tr?l? ﬁgrgss;ﬁrs t hat
af f ect the emé%ﬁﬁtapéﬁe@%lueﬁweb%?%‘?n Fyres S‘??Féhfil?’i?séxﬁt’%&on T hi°s"Obj ect
nmust be decli@hedol & obmuﬁéa@aaﬂthttaaﬂuaml@q retshedd denhat hBugntle wechatpnesent at i on
port shoul d vide its o ALatd h6ce.

i npl ement at i* gﬁl? ﬁ%@fwwnﬁ%g&ns 6tp he” ﬂ]nQJ gr tlén %E@%geaﬁgst

The Page DatTus, Fhbsthoppenttionept @@éiﬂ?a the mfh?émét@%ﬁ’f@ﬁu% bpdudd e dse PEardt each
di spl ayed, pag&q }Iagya?l o'b]tect?bﬁéﬂdgreg%a@ 1h9 bR EniatontcBRroB @581 @ 1o dehdeShaipbidnibe
identified using a unique identifier so that it can be referenced in |ater
requests/resﬁﬁdﬁlﬁs‘é?m@@%e Session: In nuch the sane way the request waps a
client-specific r eque&)fmpoﬂeh@ asEsed anthatsonwiap s asuell maphicslpedsfitaiorsessi on.
The interface of this, ob |86 I regentation
control | er, QERIAFHGRIY e tﬁ%“%%é@%%a@ ﬁ{esﬁ%&?%h%CQ%ég1%55&%19&?61 objects to
the session indctia brmis wshend 1 i rdntertie TREAUETSP ToRRERFHPRIPATE of ¢ hi s

obj ect (RyStyaksQ BEdech RUGH nbthadwRwhb eFRRURNOE (24 rgeRtut.obl ter ) defi nes

the set of components that any presentati ort il o build.
Each present BERYH ipdiors i der BspasTFaos 0 @Hog béecpsg%l ?%n(aofgg?qwlhé

interface. |}§resaﬁiﬁtlba|pbrytoﬂiﬁl$ht upﬂmhethmemhIﬂemwsrpwhqnﬁhe@m@smﬁﬁ@éﬂquest from The
Val ue Bi ndi n VY] 1 i he View Builder invokes the Renderer to build the user
interface, I s‘h sldm ass to it instances of this class to specify how each

vi sual conponent r’rﬂlpsrd@?ao peidioma- P gibe sesvion daie oy ascpferface B ssPhe

Bi Pd| ng apj ﬁ@&asofﬁﬁdﬂhep%acﬂ%ﬁ'egmlte@&&r(or@ygd) hest pive sieoaibh oy gadetin the sdﬂ@dﬁ% t he
val ues in the_Page Data a_new request . Locating
t he Appropri %&“éei%{ctt’ LS SM@VZ‘};WE‘%W gﬁﬁe\%&&ar %j N rEfsfﬁnta%to T (éc?i'g%llyegnatf approach of
request handtdnpgnent he keontivokd ester ptidizepiveippes aFpst Batg obipet, et ig Bquest , and
then, it r un§r8$e ﬁ)olﬂl ‘aﬂ ﬁge Bl o { ﬁle%gge%aato@ﬁ&%n%néd%@@xe@%ﬁ&%@oﬂ f-el se

stat enents) vent ua lead to the ri ht action to be
per f or med. IPPthh]ﬂGS mafbﬁmewe tend k%étoéﬁﬁféat%* witlhge repdsrRdpage sy SEEFY ¢ o

mai nt ai n,ysbecause '(f)fc@urEbeM\loﬁﬁffonShf&rW%&Bm%ﬁglpaﬁeﬁmﬁ[elp&lsemaaquest) nust be:
added, then the lgeﬁgg?ﬂd,&o%‘é?lfpé?csé%ﬁ%fg s}gﬁgcte% %omth??e%ﬂ%gn %g,nopgé{gulénl s

ni ght i nt r odE®@&° 0 Use the registryl actory
desi gn patt ebuild thapapdyben ppehdlacis whithiteseems to do from the point of view of the presentatmn

‘port. Instead, the presentation controller should locate the appropriate service that would handle
the received request or action. From now on, we will refer to this service as the Action Handler.

30  Similarly, when viewing or rendering a page, the presentation controller must locate the
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actions register thenselves at a factery. Wen the controller receives a
request, it |ooks up the 5action that is interested in this request from

t he fact owg.20flilmase3egi strati on and | ook-up operations ar @eCiap®i10s8i208y a key
object. This key may be built fromdata in the request and related data in
t he session, The View Builders nust be | ocated the same way. g. The Need for
a Context Suppose that the user interface contains a "Save" button, and the
user clicks on it. In 10 this case, the presentation controller wll
receive a request telling it that a " Save" action nmust be done. The

D et L oML lonthlhy Lol WB.AIL AARGLST [ ALt aned Latbfis action
concl ude t hapastittedo & éhp Regder plpect. kféGMS@d@nulblStmen e thomovesxtnpde. act i on nane
associ ated with the pressgd bubiQnio, HONENELataddiSi S insufficient, since
the action handler registered for the "Save" action will handle all "Save"
actions regardl ess d&adr td hekepagBtricionth ihe Prefdati e oisrtoe hust dotine xiasgusge Thi s
means that t 0 e ' nt ext,
i ch %he&gs@%@ﬁﬁaﬂéﬁe&gnﬁ%& fﬂrésgmat I?ﬁo%ﬁ%g? T‘ﬁﬁ!?ﬂg}a eca%?%h%%acg@r

i nterface i stemstofigp Plye%ﬁ tbqtsr@anhmﬁ@%m%? ot Tofdowts atlisleof Bpticbieds of t he

system and each end Rééuésﬂ Tﬁm@f%qx&%%xﬁzﬂisla y@d%hdeﬂ%&%@@en@frh@ B NRE me The
actions the userq}&%rfo be handl ed

é% as th%1 "Save" actijon N{an%

differently He& hy Bt ‘F?é” e8I PRI PRT BRI AR PRECEYBR0f t he
entity the phgeusties plggyheliigerfas ¢f df otf doemeoitdestired ih theackskintatigmeontraiiegr act i on

w th any ;pag - .k G - . g known
use- cases 19995 e&h%,géﬂ%&égﬁfﬁﬁﬁﬁﬁrﬂdeﬁ _ﬁgvgrhlsé%eglg%%t%%ﬁ%@ﬁil%%aﬁéﬁenuser creates
new entity ofpifparittos wihmait Hehoyapbedicatdcprpiantontes. View 1t is the

:Jse cas? i nh\/\hi ch trherdass @'r’c]zz‘a\/iflﬂy\&j@ﬂeﬁ&s@&@@é’se@&&@%&@&e@éﬁeﬁ?&( <cach dﬁplayed Sear ch
nput nthis e-case t ser specifies se riteria wt

he/ she wil | %aé%#(ﬁ}ﬁ 1@%?“%??@?‘?%& {hes B LRt %g‘gglf‘gwmgfﬁ?@u? lge”flﬂ% S%se case
i n whi ch t hethgstern ghirefpleropd intliie réquestsdespntsest | es that neet the 30criteria
speci fiedsin the sqprghi RRUL,HEES Myther@ugsb@rfmqg&% egiﬁ\é‘? «abpye, the

"Save" action is a business action ped entity. There
are other tyPE¥nare gep brsnirseticrssiinviyaree REEPYpT: érgbeca HélPFtbFfi’iﬁla“lgm ng

such act i onsin ifelpeesttSE6n @atollt, EMtAiR@nIQ fHe ntde@Sry hRthads@éladi@afd utlibgpk @yed one.

Yet there ar ther nd YPES o ions that can originate froma user
GSBSSI

t
interface. THe actions that hlglél%frogls}tt‘n the page, or the 5 content of its
conponents, when ofiée Borpenéninkdgaceodhif olgd| (nasielse kadplaes inche Ieseftatmat | ons.

To sum upg a.eRMtB4trncdhe REASHLNEH; M LG LBRLObd- O B Rk BRI 8 -

Each presentation port miust provide its own implementation of this interface. It actually must
wrap the client-specific response.
The Value Binding: When the View Builder invokes the Renderer to build the user
interface, it should pass to it instances of this class to specify how each visual component maps
25 to the values in the Page Data. These Value Binding objects can be used later by the presentation
port to update the values in the Page Data (i.e. when a new request is received).

£ Locating the Appropriate Action Handler/View Builder

In the traditional approach of request handling, the controller reads the parameters in
the request, and then, it runs through a chain of if-else statements (and nested if-clse statements)

30  that would eventually lead to the right action to be performed. In this approach, the code of the
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The use case nanme. The entity type. The action type (visual action,
techni cal action, navigation, refresh, light refresh). 10A parameter that
i ndi cat eswpdepensizag on the action type) the acti on namecTiuh®ioenzosfat i on

role, or the nodified conmponent. More Precise Context

The

above-nentioned context is a sinple one that may not be sufficient in sone
cases. In general, we need to know the precise context in which an action
was performed. The 15 precise context is defined in terns of the sinple
context of the current page, and the precise context of the caller page.

The caller page is the one fromwhich the user accessed,
FIG 50 il ustotéshadnmpipaivaleesiotil wpaw s (Faeh haaded Pre

he c t page
%Wﬁﬁ 5 Bry from

3‘ efg :’;I\lj Ie'[] ¢ ? Etagagﬁ - theA O BHPEHE- %étsta%ﬁleﬁﬂ@ﬂﬁut Ed’lﬁodliﬁe\{ AivhBuhiktd @meduce bugs. By
e presentati on modul e vl reql Stet hasi a0 ons ARty ew

buil ders for the nbSEiHPREARS Y e

instance, for the

fol I owi ng CQak@xﬁgﬂaﬁﬁmﬁasﬁat£MuMy‘Emmﬂ@yme@@raﬁmva€WW@fﬂéﬁﬁﬁ%§??e Val ue) .
25Acti on 5t YRE aguon G %%@eresr ﬁ{ntqgg& Lest Ve fagtory. Thﬁ regM\ﬁatiMl bdd 16dkngl op@@iond ered a

default dcti

one requestahabmvh@gﬁé%ﬂ@mﬁhﬁm%kvgﬁﬂP?mﬁi§¥£&@%§H%é%$ﬁ%?b‘ié%d$%§§§882dfPat

/?igtEPf) In ty tyREwioPUhE eRGBul@r ki 6 188641 0f sapvpesi te Val ue) .
g. The Need for a Context

Action tyPe:

Suppose that the user interface contains a “Save” button, and the user clicks on it. In

10 this case, the presentation controller will receive a request telling it that a “Save” action must be

done. The presentation controller will look up the handler registered for this action and invokes

it. This is the simplest possible case, and from it, we conclude that the key used in the look-up

operation is the action name associated with the pressed button. However, this 1s insufficient,

since the action handler registered for the “Save” action will handle all “Save” actions regardless

15  of the page in which the source button exists. This means that the presentation controller needs to

know the precise context, in which the event happened.

i Defining the Context

Any user interface is actually a visual representation of one of the entities of the

system, and each entity in the system is an instance of some type. The actions the user performs

20  (such as the “Save” action) may be handled differently according to the entity type. This means

that the type of the entity the page displays is part of the context.

In addition, interaction with any page is actually a special case of one of the following

known use-cases:

Edizr: Tt is the use-case in which the user creates new entity or updates an already

25  existing entity.

View: Tt is the use-case in which the user views an already created entity.

Search Input: In this use-case the user specifies search criteria with which he/she will

search for entities.

Search: This is the use-case in which the user displays the found entities that meet the

30  criteria specified in the search input use-case.

112



Paraneter: Save. Even-though the context is different, but since no
action handler is registered for it, the presentation controller should

sel ect t hwo™"8Bupase3hcti on Handl er”, which is the handl er pcegesxuen@ds? or the
nore general case (i.e. the default action handler). 5i.The Action Handl er

I nterface Every Action Handl er on the system nust inplenent the
interface coni.pal myra.arch. presntatinmactions. Acti onHandl er: public
interface ActionHandl er { Target I nformati on

execut eActi on( Request request, 10PageData pageData, SuperActi onHandl er

super Action); Bi ndi ngsMap get Possi bl eBi ndi ngséPa eDat Pfﬂp@ge%t a,
String key, Super Aethicorrsmirdiver 2both &1 ABTF 01100 14 SRBEFE PEGRBY ST o™

get Modi f i edkeys).at0 e08Dal dncr Bpgabatians tStinenAiphic dridapldi-e ety Fendct i on) ;
String getActionPositionl oUpdat e( PageDat.a' pa i.@aHand! er
super Act i on}uch ggjions, the uscr Ga?ﬁ{ég%?ene e Eecaeedﬁoase %%%%Cﬂ%l&?gp tﬁlﬁé%rrgge i mpor t ant
one i s executefalsitatn angndd fouy olser it Toxastens detriesh s prss® heogi ¢ rel at ed

to this %Ct icc?n@ént J)ttitsrc] OBQES%OQ%E%EI &leRt-is modified, are examﬁlas)on-EﬁtﬂiaRQﬁueSt . The
request contains any data sent by e client hi,

t : Tlsgtgjncludesthe
targeted page or tFesvmd®, wauiext eyl l5EEHHY VIR "AEd Y "6 Ral  par ameters t hat
af fect the executdeQg: 2R@hkmé. he business logic. The interface of this object
nmust be declared_in the Epresent ation controller, (2) The Super
Action Handl er. VEAF"6PPen, a devel oper needs to extend the action handling
functionality forheactopeor Giisudagion, irhpisal pesiam 3igHHen FRELEIEIEESBY needs to
call the super ag%glgg@tgm%ﬁgata‘s (RPRnMink B Me hiisd Hg) 1@ adtion Rarhiamdheigztidonst ead
of knowi ng and extending the actual type of the super action handler, the
interface of theoketilsMHHUPBIP st al | ow passing a special 30 obj ect
(with an interface simlar taditheMacthrene heamdter interface) through which
i nvocations can be nade to the super action handler. Thtfsw{a% t he
devel oper need not Therdovetmratioped epaiexttiypumple onoret wael bordficls i RS er . or how
to | ocate ityedhe,Sa0wt RENRIKEHUE MIHSE seonttis Bdviihtah asioewadpsi fbrded. She
(3) The Page Data. Obviously, the _data of th I ! 10 the
busi ness!%er®ECEe AL S aﬁ%in d%ﬂ?ﬁ?ﬂ Oégﬁeﬁlénpreé’aﬁeéng) H@%%Fﬁgp%?g%rn h Hl%#Jltr?(c:lgeeot his data
i s kept in aoRagefBatdicgbjetie calivhpaghisite duhors whigh BauspressddyicEEed to t he
di spl ayed page, then this object should be passed to the action handler.
5(4) The Targg{' I nformation. After executing, an act&lo th resentation
control ler w |l doFBhé0 Bsteleheohe SHphiLSpETSE dHe eaﬁ‘&}oriy%c’ < &R
responsi bi ligyf the action handler to tell the presentation controller

what to do next by returning Tar get .l rRRL Qmagbi ect: Calling a new
page: In®¥his case the a(r:&i'i onglll?ﬁrn glrlHar?@[se%/spem y |pn its result the

cont ext By default, the presentation module will register basic actions and view builders for
the most general and known use cascs. For instance, for the following context:
Use case: Edit.
Entity type: Any (i.e. Composite Value).
25 Action type: Action.

Parameter: Save.
We will find registered a default action hendler that invokes the “synchronize”

method. Suppose that one request had the following slightly different context:
Use case: Edit.
30 Entity type: Currency (a sub-class of Composite Value).
Action type: Action.
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of the called page (including the action to be performed upon calling it),
the data to be 10passed to the called page, and the action to be executed
upon ret uwoing/f4sam t he cal | ed page. Forwarding to a newCpaBmEi10/0i2037
simlar to the previous case, only the called page cannot return to the
caller page, and so, there is no need to specify the action to be executed
upon returning. 15Staying in the same page: This allows performng another
action wthout transferring control to another page. The action type and
name is found in the sinple context in the Target Infoilliation object.
Returning to a caller page: The action handler nust specify the data to be
returned to the Remuiesr: Spegge. 20None of the previous operations. Thus, the

Target Infointati Oﬁveﬁl?}ioﬁgﬁ thmb%{ext(i@dlif@dmlﬂ bitseicE @ dctond Hagla tstredidutdder it,

Navi gation Type: It cou S Re ne, Target
Cont ext: Usé Wﬁm“éﬂéﬂg’é“{nﬁ%”eﬁé\?}%géﬁlﬁcbt 'Fu%er i 3 Lfgalx%lﬁ éh%g} 5 mégémég%r war d. ?Jse
Case Confi guegdidraltor tideore gabiapasedtd. tha defanltsetipdesiéad- t o t he cal | ed page (for

exanpl e 25the value to be vi eped);Jhend0-mRetaten Action: The name of the
action to be executed upon returning froma called page. The On-Return

Action Type: The tEﬂﬁyQ&mhh@mﬁ@bﬁmagmﬁnham&mﬂauﬁmdmummhmxeturning froma
cal | ed paAgtclo%]%ygléaEaf;la-iﬂrIes%ﬁfﬁ ion. agzar};pAftlon;{?lﬁilggsent ati on generic Action

Handl er esentation generic Action-
Handl er: Acti onSaweic interface ActlonHandler {

TargetInformation executeAction(Request request,
10 PageData pageData, SuperActionHandler superAction) ;

BindingsMap getPossibleBindings (PageData pageData,
String key, SuperdctionHandler superAction) ;

15 ModifiedKeysInfo getModifiedKeysInfo (PageData
‘pageData, SuperActionHandler superAction) ;

String getActionPositionToUpdate (PageData pageData,
SuperActionHandler superdAction);

20 }

This interface has 4 methods, the more important one is executedction, and its role is
to execute the business logic related to this action. It has three parameters:
(1) The Request. The request contains any data sent by the client. This data includes
the targeted page or the use case to begin, and any additional parameters that affect the execution
25  of the business logic. The interface of this object must be declared in the presentation controller,
(2) The Super Action Handler. Very often, a developer needs to extend the action
handling functionality for a special case. This means that the developer needs to call the super
action handler from within his/her action handler. Instead of knowing and extending the actual
type of the super action handler, the interface of the action handler must allow passing a speciel
30  object (with an interface similar to the action handler interface) through which invocations can-
be made to the sﬁper action handler. This way, the developer need not know the actual type of
the super action handler, or how to locate it. The same technique must be used with view

builders.
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Qubl.1l:c Class'' A gtionSaVe' e;ttends Actii,on$andl edapter. inplenments
-alrrryralnitial Zer 5.private public "etati:hod eanj:4tia];4eU if
(I'niti aliwedpiBi4ngheCont ext context " . = PO@MB2010/002037
Act...16n5i npl eCcEteNt: (' AptiontypeConst anps. JOUB4I SETt Y, 25 Acces
4.1-41i) 30 Act icnqUti_ iTeg.i.:$4& E: Ap6i o. nl nf o(new
Contcxtlltipl(coht.ex info false "return :PrQa:te.:4c:.lio0.nSave() -.

, private' stati cActionSaye instance) static.. public.:

(3)The Page Data. Obviously, the data of the page is the input to the business service
that will handle the request of the user. Since this data is kept in a Page Date object, which is the
session space dedicated to the displayed page, then this object should be passed to the action
handler. 0

5 (4) The Target Information. After executing an action the presentation controller will
do one of the following operations, and it is the responsibility of the action handler to tell the
presentation controller what to do next by returning a Target Information object:

Calling a new page: In this case the action handler must specify in its result the context
of the called page (including the action to be performed upon calling it), the data to be
10 passed to the called page, and the action to be executed upon retuming from the called
page.
Forwarding to a new page: It is similar to the previous case, only the called page cannot
return to the caller page, and so, there is no noed to specify the action to be executed upon
feturning.
15 Staying in the same page: This allows performing another action without transferring
control to another page. The action type and name is found in the simple context inthe
Target Information object.
Returning to a caller page: The action handler must specify the data to be returned to the
caller page.
20 None of the previous operations.
Thus, the Target Information object must contain the following attributes:
Navigarion Type: It could be Call, Forward, Stay, Return, or None.
Target Contexz: Used in case the Navigation Type was either Call or Forward.
Use Case Configuration: The configuration to be passed to the called page (for example
25 the value to be viewed)
The On-Return Action: The name of the action to be executed upon returning from a
called page.
The On-Return Action Type: The type of the action to be executed upon returning from a
called page.
30 TABLE T1 is an example of Presentation generic Action Handler: ActionSave

Table T1: Example of Presentation generic Action Handler: ActionSave
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Tub, lic' Target T: nformat Lop exectirteAttL6nUe.ciust..e.cruet.,. Pa.geCata
.,, .8.apejrActi..DnHanal et, GuperAr..710 gageData.:,gtVa: Lu...(
trY{" , ™ogetiimasesni ri OLOnt a4g, p, | argLLTni o. W1, , PCT/IB2010/00208

, Tgn. oxma. t zpn(yal ue); return t4rget;, gOve,. A . .,,
pub4ci n4i | i gMeget 15: osi ; 016BI ndiri gs: (. ?af feDai . pagpDat a,
enab. 1,0. Saye: 7 :(..(E. 6j"itdciLgur.at).p.agopta ...

, - ct UseqapeCopfi gurazi on. () Eneb14: 9SeD. f (enaj 371: ASaVe) A. C.: cEThn .
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bi ndi ngs: a4Opt encor"stants: ., SAVE, elenent) return.'binditcrs 4dve:erice:
.. ..", - "S. Apo4. Act Lonkl andi er. superAdtjoni .. pb5eurn

new. , . 1. IWeizgiididssss| nf ot nuLl ., ," :7!/obE. FlI.E D.DS):; | PCTIBXh&odew
Bui l der Interface Often, when a page calls another, the called page nust be
rendered inside the caller one. To allowthis to be abstracted, the View
Bui | der nmust have the follow ng nethod: buildView. The Presentation

Controller will nest calls to the View Builder of a page wi thin the
calls to the View Buil der of the caller page. To follow is the input of any
vi ew bui | der The. fof n. the. 10 be
presented v e SgFB B e vi ded
by the Pres ring

t he vi sual erface.: Th ‘ { ‘

control | ér eci de:.t hat. sone..p ‘‘be-updat ed of out

rendering t
Bui | der con

updat eKeys. ts to
be updat-€d.
15
20
25
30 j- The View Builder Interface
Often, when a page calls another, the called page must be rendered inside the caller
one. To allow this to be abstracted, the View Builder must have the following method:
buildView. The Presentation Controller will nest calls to the View Builder of a page
within the calls to the View Builder of the caller page. To follow is the input of any view builder:
35 The Page Data: The page data must contain the data to be presented visually by the

view builder.
The Renderer: The object provided by the Presentation Port to aid the Presentatlon

Controller in rendering the visuel user interface.
The Request: Sometimes the presentation controller may decide that some pages must
40 beupdated only, without rendering them entirely. For this reason, it is useful that the View
" Builder contains the following method that is used in this case:
updateKeys. The updatcKeys method must return a list of the components to be
updated.

This is an example of a ViewBuilder interface:
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This is an exanple of a ViewBuilder interface: public interface

Vi ewBui | der { Contai ner buil dView Renderer renderer, Request request,
Pagecat a wageDai4sg34 Super Vi ewBui | der super Vi ewBui | der); BCriB2010/Rebsr ns a
Set of conponents to be updated. *1 Set updat eKeys( Render er
renderer, Request request, PageData 10pageDat a,

Super Vi ewBui | der super Vi ewBui | der, Set nodifi edKeyslnfes, Formform; k. The
Page Data 15As nentioned before, the Page Data is the session space
reserved for each displayed page or user interface. Page Data objects have
identifiers used to access the page data in the session. These identifiers
are al so used t e@ubiid insndéred Vierive 1€eF tthei r correspondi ng Page Data

obj ects. Howevergon0RGR AnPagsiDal erabf ectrehSet@caredesttheeqgmitext of the
page nust be restzgeett=soaztbmdtat he Presentation Controller can | ocate the

appropriate Action Handl er that wil popeiat eusdriibee sbound Page Data
object. The best way to restore the context is by keeping it in the Page

Dat a obj éct itself. In addition, since pages call each other, and since
t hese pages nust be rendered in the sanme franme that represents a whol e use

case, it is useful to.lgl,each RageDataskhestikeepusidtetierence to the
Page Data object that corresponds to the caller page. 25G ven this, the

Page Data obj ect need”hot keep its whole context. Instead, it only needs to
keep a sinpl e camtexpddicreys (Rredease rraferere| BSB avanecTEEti dIF9EYPE® and t he
par anet er)). The waasbaid, t he context information can be found in the caller
Page Data object. In fact, ifsuerdesirvelad isnperfizgeufrdem t et Cont ext

obj ect, the Pagendaracobjechreanrbentfhought of as an inplementation to this
interface. 301. How the Presentation Controller Wrks When t he
presentation controller receives a _request, this request either wll
initiate a new use case, Yor it*Wf8P%e part of an already initiated one. In

the fornpr case. the, [ SONGSEoTURLp.EOR Rl LS, SiRLEcOR! Gl affuyide use
case to be initiat &R Fhe a?“f_erg, the request nust provide, a
page or user interface. Page Data objects have identifiers used to access the page data in the
session. These identifiers are also used to bind rendered forms to their corresponding Page Data
objects. However, once a Page Data object is located, the context of the page must be restored so
that the Presentation Controller can locate the appropriate Action Handler that will operate on the
20 found Page Data object. The best way to restore the context is by keeping it in the Page Data
object itself.
Tn addition, since pages call each other, and since these pages must be rendered in the
same frame that represents a whole use case, it is useful to let each Page Data object keep a
reference to the Page Data object that corresponds to the caller page.
25 Given this, the Page Data object need not keep its whole context. Instead, it only
needs to keep a simple context (i.c. use case name, class name, action type and the parameter).
The rest of the context informatiwon can be found in the caller Page Data object. In fact, if we
derive an interface from the Context object, the Page Data object can be thought of as an
imﬁlementation to this interface.

30 ) 1 How the Presentation Controller Works

When the presentation controller receives a request, this request either will initiate a

new use case, or it will be part of an already initiated one. In the former case, the request must
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reference to the targeted Page Data object and information about the action
to be perfornmed. "Wien initiating a new use case, the Presentation

Cont r ol | ewormsito4ss3e@at e a Page Data object and initializecrusbyoeepyi ng the
context information to it. For already initiated use cases, the 5
Presentation Controller nust only copy the informati on about the action to
be performed fromthe request to the Page Data object. This will actually
nodi fy the context of the Page Data object. In both cases, the
Presentation Controller nust |ocate the proper Action Handl er obj ect and
invoke it. The Action Handler object will return an Tar ett for %I on
obj ect that caeinite smple peiexidite vehresspp baapst fohe BETPorTeF "SR mwga 0 next.
The Action . Hagdlet ¥ cdetiagenitotgal dnd mfnewionseucasetiomnde byisnd new Page
Dat a obj ect _nust _be constructe nd ] in a0Er i of the
cal ling use "Bx¥a&it a&’?ﬁflﬁwﬁl&waﬁcﬁe %esElgga]ll%illl?”eoghgn%r 151!&gcerg)l nvo E@bé}a et(}{sa&lrneans t hat
t he Present atiiidine iOondopyibd thy confekt| infopmation t it of SplvikatcdredRS When t he | ast
cal I ed ACS“ %esbﬁa[ﬁ §5ntrg§e(f ﬁnqﬁ%nlgllaﬁ;y tﬁ@nﬁ%x‘aﬂaﬁcﬁ@%o@%h@ﬂﬁ togd%@blﬂfdﬂmbffrqﬁer f or med.
152. aUl ener at ed aE;%I iC t| on. aut ﬁﬁﬁtl cg (}/m%rl,% ides

web- based usﬂ@rfequﬂ%t@rt e Daphhisg B‘ﬁﬁ’t’e‘aﬂm PSR PE PSR Driioc ess takes t he
met adat a (Whhgeh. i ncl udes cl ass and process) as input and output visual

el enents which can S&IeeMNed | braiies.
The generated pageg 8 en%ag‘n%mﬁ%ngm?gg@{%% gggoégéemﬁ%&vb%% ects,ﬁiho sear ch
for already objegtabdidvaedbihe dron Fndlenobieet i repyn dipgetdnippiadet L pal nyr a

framewor l!%f%ﬂiﬁﬁés Gkl THCORABE ESn1SLEeRNIIAEEES TUS Betich Blatdl@atag deciiidict , and
e o

search t ects of the Entit SS hat a £l e UML
nodel of the?a apgyetse ssp PILETsiAgA” Pﬁﬂ?g)alf‘c?h%‘gm“% efontgtﬂ"é:%%%l%eheng%q%{rhgp&gg}gner at ed

i n accor dangeabiebt of e cﬁh@lud@cawmdraabmmmﬁamlemm@bemvplseﬁ ElisasseshPy using
an algorith Sd Actideualageri t hm
generates tkr?’ee rgsgrgtu fg%‘)zl %ﬁgy}ﬁ{oal 3%%%?%5 o%tt%ggsglgﬂglsses 25and then the
vi ew f or mat ctee)éétstlz@amp ﬂl@teéwlhfé shgEdpeperfemedal | ocate the visual elenent if
needed. The usage of ot he grizsual el ements that represent the fields and

rel ati ons (text boxes, conbos, lists, links) and their distribution on the
screens night be nﬁhu@hérgtedmpdlncfaimldluﬂoaw@ﬁllmwms # Heb-hApdsd grgigee. The

configuration,f¢ ?cd Ul 336t %&ofoésg?akés% rQJtad&tQ@vh‘r&@ﬁclu'd&tc&VsJ a%ﬁ@robb&é) agmpe Vi ew
format configura tool can perfornmed at matical ly

generated s cfrnéeﬁplﬁ é(gé% clerpertsay Whéa%@tlmblfmﬁeé G%IFI?% d a&? Gt ’fagﬁ%scfeﬁrglt‘bnlngﬁ nch
actions |ikeripauerddd palek @'Eeasﬁﬁlsdiﬁ% ehreafPhoc sgsist ©satddorabtadprrsatqidef i ned in
the procgss dia ra aut N o Sgc@eglget

appl i cat g(g objec &TF() edl‘? IS ’lglg?glmig aﬁ{e ?1?5&<1%Eaﬁ9abl&g nthQ on. pages
when new usep@msl tacrea»tfdem w@dearqh thepbicgt erﬂ@ee&nﬁa/ﬁbﬁ (FRee Fhétrﬁfetf%eﬁ?F& it He

use-case tra ﬂlf/{lll_tnlloga og{h@ﬂfg%{%phcatmn The cotfBB@7 §1Q§‘&éeﬁd e BB bhtoNS aablaelded, the
action-related treatnent 1s witten manuall ﬂ rate |ntpe
fng an gorlthﬂ 1

appl i cati on Wik e fefendpiations Aeta ey plaspy s SRR T W i tten
code i s necengal yr thieRens Menelaatithieenctates & ignitts hesedoothegreted iffedlases needed
to be enhanced | n _accordance .w t | dvisdPaeRas hheatdm

Al SO as gg fthepﬁecvaw forﬁlat to?lc 19[61‘%16?]196??(! 1fe aﬁ:ocgtgﬁx vis IT)B/I‘ 2 app! i Catel on
provi des t heuaag@qfﬁlewsudhelﬁm@ltsmaaéFm@aqﬂﬂh% %éﬂs aﬂ@ﬂt@kﬂ%@ﬁﬁ%?@"i §OPop.4gff: t hat

hel ps each aﬁ@s{)&fﬁ@ﬁfeﬁ @1stH§t§1|6n Brpthgft@ééhﬂhlght ba_ﬂaﬂﬁ@ﬂy ﬂ1cbd$ﬁed l%dsmgthﬁ‘i/ﬁ@ provi des
an i ndication out. the volume o rdllsttsthetasks

that a user MEBCHESERIBIH TESEH Iﬁ‘?g?nﬁgxguﬁ?te Wi uFm% SRS dependi ng
on hi s 15pr opefiirekn tobh@n segevibeedpromvinges confi guration int erface to all ow,
a super user to assign properties and conditions to users. It also
guarantees that all tasks are assigned.
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A dashboard is a set of nodes, each node contains sub nodes. Each node
deals with an entity. Entities are displayed according to conditions

defi ned byothe/msssuni strator of the dashboard. A |ist ofcraBdao/e@osesponds
to each entity. Atask is a link to the product use case 20 allow ng the
achi evenment of this task. The cenfiguration of the Dashboard is perforned
at run tine. 3.lnput and Qutput Devices a.l 10 Devices The I nput and Qut put
devi ces are the gateways of machi ne based comunication 25 with ot her
systens. The franmework defines the tenplates that input and out put devices
should follow. It also defines sone input and output vidcbeﬁ that support
comon protocol s |Thkeut@EmHcalgppaicd bR TR 28 Er g ne Sﬁtioéprg%ﬁsﬁf Brintérs and
faxes (as oytRHbeIEMILE S} or ERE of QERIM Mrc@isirelasd afies (desdusingores sage
exchanges. The input_ devices 1accetptted .nmetnpgtsaa&g%iogener ated from ot her
systems to HeFRaeRyo MRy 8P A pN Cat Fonand the out put 30 deyices send
messages gener at edpbyfid dationt eeme blsaljspiided an pagas when new use-casey %ﬁ%&‘?ﬁld%ﬁf’l y from

the co ni cation. apd.the. Lypeqef sbopd device used, nessages arriving
to thems%st%eé‘r e%ﬁ?glhﬁg%gtuélgga?sedai n order ?o transfer tthe nessage i nto data
g{ﬂl’ctgrh mar%g] 1y an

represented in a sUhmapicdcagispere 19670 PrectipyrgEr TSHp ¢ ’s 1s done
t hrough t woisepanal @ JRGli@Ssing he UM geersioandl t he mappi ng. 5The nmessages

generated by the system depend al so on PBRRL A% dA RS i MBE Sedefnear der to
transformdata fro ei“ﬁfl'éaﬁﬁgfmlné%ér°ew‘5%ﬁ?ssaaﬂ\§hn i m‘:i)él an i nter rﬁedip;f%ee f orm and

eventual | y bindeeded trtessiaged inaccovbrpsimi aFpreifivagsgi ng nodul e is a
configurgtion-based format traggbesmer. The configuration 10defines the
source and target type (two entity class types defined in the netadata of
the target appli caik@m)pamnotihdahphiressacntetieetthalrdior wppidasindrerilcs®s of t he

source type éenst 2 ttﬁeeDJsf-lb%qu 1ol lAL{ﬁﬁlbgaﬁ’d fsg%& tﬂgtg@%s JaMpa%plicIm vhdr@N@bohizat i on
formul as ar &% THES

Ising the expressions |angua %{ de{?:aﬁed %é t e
framewor k. ThHeDeish ewidi dnegrayideiandnsticens apeg &r [‘S‘i’lPIPT‘% sk BPPRHETS cal
operations @[ :10s Y ekenRiesabinesdn e heds oon litthenilk edpadialonés of the
source el ement. The configuration also.15. proyides the PB%&’&%N LdoLMest O add
condi ti olfs BHPEHES MEPHTV RGP PHST P L?'ilrgcf‘?él,m]feé%%[tﬁa o(_évoan ué the ins ?udgti ons with
satisfied cantiohdians teusers.@xdoghachices that all tasks afflesigrehpi ng confirguration is
done after the d.epkgéfs'ﬁ 4i9f st {)ﬁo@a@,@hdh%&é BReindRd nédae eeanbiguiakiions are
stored in specific database tables. N N

entity. Entities are displayed according to conditions defined by the administrator of the
dashboard. A list of tasks corresponds to each entity. A task is a link to the product use case
20  allowing the achievement of this task. The configuration of the Dashboard is performed at run
time.
3. Input and Output Devices

a. 1/0 Devices

The Input and Output devices are the gateways of machine based communication
25 with other systems. The framework defines the templates that input and output devices should
follow. It also defines some input and output devices that support common protocols like FTP,
HTTP, Quéucs, Emails via SMTP, printers and faxes (as output devices).
| The communications are made using message exchanges. The fnput devices accept
messages generated from other systems to be read by the target application and the output

30  devices send messages generated by the target application.
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The mapping nmodule is principally used in Input and Qutput operations
wherein data 20 is converted frominternal systemrepresentation into

i nt er rediwoeorig@psegent ati ons used by the drivers and vi ®eTuBZa&002037 Dri vers
Drivers are used to read fromor wite into specific formats. In | nput

devi ces, nessages arrive fromexternal systens having a predefined format
like XIVIL or XLS or SWFT. 25 These nessages are parsed and converted into
internedi ate structures defined by the driver. In Qutput devices, nessages
are generated in order to communicate with other systems The generated
nmessages al so have predefined formats. q &p fa Jor mat, or type of
format a driver cdndpederlydomdho cPrEvEratmRasRd BePPrEdHE Felttat e of
drivers. It alsgdefihpRsnayaet sefiddspawed & ofder to sameer ﬂuormsswesnt‘b Mf@e XM, fixed
text, and swft nmes v r hgas at i ons,
espe cially \Rﬁé‘?ﬁcnfeﬁ @Ef%}t%éetmzingerff?rthe t%ge?ga%]&%%!)ne?faltﬁs d@ﬁlaLthI%@ghlcE‘g@;a bf or mat but it
is al so a | angulaghe &vetshad Gt maringr e of the tags and el enents are defined in

a schema at runti ot S el bOkE tﬁ@%eaiﬁsoﬁn%ﬁ&pplﬂg&dstﬁwlﬁw
dat abase 5taabl e. C tfg%nea%s%eﬁa er g %’sset c.Structur Tlg &5 tltg@t
gla ot'man a a I

defi nes t he orist tadratsiprp fate ﬁ@nfﬁ%ﬁﬂﬂ?mﬁ%onéﬁ? PEEPRE 58T ¢ st ruct

consi dered thgesaey e of the Pal nyra framework because it is used by aII the
framework services. All nig ta definitions, whether by neans of

gener ated code or by dynam C ition using constraint nodels or by neans
of witten code, '@heb@e?p%fig%d&m@ aE&tﬂBlr@foﬁ—bﬁt&f fored trdBrobyert The cindigirgion

structure. By using the prede ed t » types
inherit the %@rt?éthie W&ielaﬂoté@et&pe?tﬁf’ 8‘6‘%@ SSt és dailmed ,nhlge}?%?[z}%?% lj(%Ilr%aand

de- seri al'i zabpleRionpmd dtfes pess irisfoirt ﬁé@vmes hﬁh@ wgrcatypﬁﬁﬁtfhec% divglugsef cul at ed
fields. Bas'tﬁeﬁ?rtg%tltl}gg l’krhgtr%ggo &S0 %o%ném%e@%%g%ﬁe%ﬁkﬂg@ige bameal |

entities in is a set of interf ces and cl asses rttgtat adds
new f eat ur esbyttey fraewesksihe eureges grovide @a%tmblt?nttm EORRTELEB1 % P % ses t hat
are used in the. fewehapmeits ofhapplJanad df@RsoudhisentcTiassdguatia alsp apper s f or
t he Java r|mt|vsan Java Collection fr g@]g%of Basi c
Struct urég pr‘mdes e E)déléﬁlgggnscoéln}\wm ﬁ]f/qg}{@%}rété mglbagh:;ICSt ruct contains
several sub- mmk:a)gemh st edromditipnyporetared ar e: 20com pal t nyr a.
arch. basi cStruct. %?%ﬁg)ﬁg@ %@H%oﬁ%&ﬁ%eﬁtﬂ@&e@h%mﬁ bivRd Splaatbnsind tet ur ed

€

data classes in th
configurations are stored in specific database tables.

The mapping module is principally used in Input and Output operations wherein data

20  is converted from internal system representation into intermediate representations used by the

drivers and vice-versa.

C. Drivers

Drivers are used to read from or write into specific formats. In Input devices, ’
messages arrive from eitemal systems having a predefined format like XML or XLS or SWIFT.
25  These messages areiparsed and converted into intermediate structures defined by the driver. In
Output devices, messages are generated in order to communicate with other systems. The

generated messages also have predefined formats.

For each format or type of format a driver can be created. The framework defines the
template of drivers. It also defines a set of drivers for some formats like XML, fixed text, and

30 swift messages.
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ccan. pabnyra. arch. hasi eStruct anet adat a: Thi s sub-package contai ns
descriptor or neta-data classes, the |ist of deanons, integrity checkers
and donaiworranzgsssg. com pal rnyra. arch. basi cStruct excep®PcoenB20ii®o37

sub- package contains the framework 25custom zed exceptions. FIG 33
illustrates the exceptions provided by this package.

cont pal nyra. arch. basicStructinit: this sub-package contains the nmain class
General I nitializer.java responsible of |loading all Pal nyra cl asses when
staring the server. coinpalnyra. arch. basicStructinterfaces: this

sub- package contains the definition of the interfaces to the different
modul es in the frafwmworikersaetre aenfizestons. giedaly ghen Begpatisfexdledtience,

Lrace, per Sishafc e il fRslAbks hishesyabesanttiieofmnagen dbims

sub- package al so contai ns a def a enment tlon e rface.
com pahnyr a.98fmeR ngaehcrapt Erine; aBd “Eggﬂ ER VP S ﬁ(oéesén ¢ Sé)fe ?1%%%%21%}5 f%ltg

interfaces all owng Bhneghdfaidri tion, the conflguratlon and the reglstration
of drivers. 5b. Package com pal nyra. arch. basi cStruct. data This package
cont ai ns & he basi ¢ cbnst Magt Strichird he franmework. Cl asses in this package are
the main data bl ocks used in buildin pljcation ! a
framewor k. These clapdemialy @@#ﬁﬁ% F%g?gﬁ?%rrg%%v ﬁ%ﬁéﬁ'gﬁFs%%he hi ghest
abstracti on 1 ©v&kidérsd thmra‘dfmmma fraflavek byvbuse it acleedd)erfall Fre SemevEtle onmron

behavi or bet PR 11 he me%crlnia’ 511191@] V%Eﬁérbym%ls%@kéﬂ@raﬂe@&%ﬁ fasRyddesd at es that
al | inpl enenfi’i§” clrasses w be Cloneabl e, Conparabl e, and g %Lﬁllzable

| n addi ti on,defimpérerian tdnpiging madses bt@??nb‘éf%tﬁ%ioﬂﬁéstbéﬁfdf)?gﬁ\te&p % §

format t eghy huaR-y.gadable. wdsin@gﬁ p@ﬂdﬁnéﬂ\{hn}dﬁaunﬂaﬁﬁrﬁplemdng ek eﬁmmhleng
cl asses can be saved str.i.n

G th o et adHteoGe Pl BB peate e M bkt Y S A S RS T et
t he defln|t|mmm§mﬂxmﬁmMyed@mmﬁhkﬁsvaIue Table 13 illustrates the nain
met hods defined in BEShGGS M@tjmlé%cfg]éé ﬂg %{aﬁg’rﬁi bggtc lPﬁ&JKﬁ% all entities 1n the

at

com pal myr a. ar ch. basi 65t I uct a: Table n net@}% flne avan t he
Val ue Interf%@@mﬁﬁ1@@@&@@@“@5#Fﬁ@ﬂﬁ?$§tﬁ?éﬁbﬁ eﬁ%f?% Hﬁi Fackage

com pal nmys a. g{sGhm kﬁ&%ﬁ&@&aﬂah@anﬁﬁnﬁﬂb@nﬁmabamh@mmmrﬁmwmhaﬁﬁuwaIue

extends Serializa raSerializable void
CheCk'ntegr'%¥Wq%ﬁOﬁ%ﬁ%ﬁaﬂpwgwﬁumﬁ§ggequl %3%5?%%z voi d checklntegrity()

throws IntegrityExceptiom. Packages of Basic Structurc
The main package com.palmyra.arch.basicStruct contains several sub-packages. The
most important are:
20 com.palmyra.arch.basicStruct.data: This sub-package contams simple and structured
data classes in the framework.
com.palmyra.arch.basicStruct. metadata: This sub-package contains descriptor or
meta-data classes, the list of deamons, integrity checkers and domain managers.
com.palmyra.arch.basicStruct.exception: this sub-package contains the framework
25  customized exceptions. FIG. 33 illustrates the exceptions provided by this package.
com.palmyra.arch.basicStruct.inii: this sub-package contains the main class
Generallnitializer java responsible of loading all Palmyra classes when staring the server.
com.palmyra.arch.basicStruct.interfaces: this sub-package contains the definition of

the interfaces to the different modules in the framework such as: configuration, security,
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voi d checkRul es() throws Rul eException; 25C asse getC asse(); C ause

getCl asse(String key) throws ProcessException; Field getField(String key)

t hr ons KeyblabHausaiExcepti on; void setVal ue(String stringcTRBmfobh@opr of il e);
void setValue(String string) throws Il egal For mat Excepti on; 30void

read(I nput Stream i nputStream 10Driver i0Driver) throws |OException; void
read( | nput Stream i nput Stream String string) throws |OException; void
write(QutputStream outputStream [0Driver i0Driver) throws |OException;
35void wite(CQutputStreamoutputStream String string) throws | OExcepti on;
hj ect cl one(bool ean bool ean0); Object claone(); void dese i al Stri
string, Strivegpoater FasePysisteRsr FEREE ooy oW Seanrecs (1 Sl"ib‘?ac “HEF #5? fogtens
tOS}Er: n?(FLOIdeka@ﬁﬂﬁ%im&Fﬁﬁondwm@lﬁtaifa(cStr| ng strl ng, String stringl, Profile
profile rows KeyNot Foun al.For i on:  voi d

set (String string, “EHFIHG" g’E%(gaS&%mcfﬁr%l\ﬁrs ﬁgt%%gééx%g%%?%ﬁy

II'l egaLFor maetllﬁwme;ﬁteld@fthntloLGWﬂOdﬂMIQIS‘md|‘fhﬁ>qe&ﬁtfﬁti0ﬁgfdf\YallSue val ue) throws
KeyNot FoundException; c. Basi CpRiiodhm Mnha Beh esicd@hasiacSt ruct i s conposed
of Si npl eVal ue(s), Col | ecti onVal ue(s) and Corrp05| teVal ue(s) .

This package contains the basic constructs in the framework. Classes in this package
are the main data blocks used in building applications under the Palmyra framework. These
classes implement the interface Value that is the highest abstraction level in the framework. This
interface defines the common behavior between all framework objects. The Value interface

10 states that all implementing classes will be Cloneable, Comparable, and Serializable. In addition,
implementing classes can be constructed from properly formatted human-readable strings and
XML documents, and implementing classes can be saved to similar strings and XMLs. Every
value is associated with a metadata descriptor class of type Classe that can be used to inspect the
definition and nature of this value. Table 13 illustrates the main methods defined in the Value

15  Interface of Package com.palmyra.arch.basicStruct.data:

Table 13: Main methods defined in the Value Interface of Package
com.palmyra.arch.bagsicStruct.data
package com. palmyra .arch.basicStruct.data;
20 public abstract interface Value entemds Serializable, Cloneable,
Comparable, PalmyraSerializable {
void checkIntegrity(int int0) throws IntegrityException;
void checkIntegrity() throws IntegrityException;
void checkRules{) throws RuleException;
25 Clasgse getClassge():
Classe getClasse(String key) throws ProcessException;
Field getField(String key) throws KeyNotFoundException;
vold setvValue(String string, Profile profile);
void setValue(String string) throws IllegalFormatException;
30 void read(InputStream inputStream, IODriver iODriver)

throws IOException;
void read(InputStream inputStream, Siring string) throws IOException;

vold write (OutputStream outputStream, IODriver i10Driver)

throws IOException;
35 void write(OutputStream outputStream, String string) throws IOException;
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Each one of these types requires special procedures for use. However, there
are comon rules in using all of the nentioned types, these rules are:

Each Val weoabjiemsednas a Cl asse instance associ ated w t hpcraBflies®osn pe,
this instance is 20 the description of this value and is provided through
the getC asse nethod. FIG. 32 illustrates the conposition of C ass e.

Each Val ue object has a default constructor, a string paraneter

constructor, and a nethod setValue. This nethod takes a string and
constructs the content of the object fromthis string. 25Each Val ue can

provide its content in a readable strlg%lfornat I n general, changing the
constraint of a 9’?ﬂ€:FiO%%ﬁP8%%HIE§O% O%Fassing the Val ue class and

creating a neM/CP % & | nd_as iati e new class of the
Val ue. Wen sub-¢ 9§f££§§l i é §89n% &gﬂh%r Jaouﬁg al ways create the

proper ingtance g S qgl ggbs val ue, override the getC asse

met hod, and expl »ea&léétd@@iﬁfgesﬁﬂelg30§@£1algl Lt.0Rst ruckole profile) The main
met hods def i ned ikRréie KMahster duhtieidegt eorgr @11 aRtilvodss fmwepinttnent checki ng,
checklntegrity, asds&3eskauhe Sringaiifopardvork-gEtiFondExgtias,data i nf ormati on
about the object, getC asse, and getField; nethods for reading and saving

t he object in di fifegulBoinatEorepts, read, wite, setValue, md to String; and
nam ng nethods. FIG 30 illustrates the main nmethods defined in the Val ue

I nterfacgoof Package £anspaidy keraliChvias ¢Studictnaata. d. Value Interface
The Val ue I nterf aeendasuhbim-eepyasieti es of inplenenting classes. The

Si mpl eVal ue bcl asses are a counterpart -of Java primtives or w apper
classes, or it can sinply be an atom c or sinple value. The Coll ectionVal ue
class is a counterpart ofctheBigaSuetdtldieBeltons APl, or it can be sinply a

col l ecti gn of honobgeneous.itens Val u $s. s t he
counterpdrt of a J 9%9€?§§§”m@P“V}g EQ%E‘§ h% aim&%%‘?@alner that has itens
of differ ent CénypsisVake(s)Si npl eVal ue 10The Slnplevalue class is the

abstraction of 2 siol & oF pal QPG UALUSNBRAIELL eGlutenaThal eans any

i nstance of this class contali ogl cal éﬁ one val ue. Subcl asses of this
class are w%ﬁ@nﬁlﬁmﬁ%@a@é}@@e@ﬁwﬁgtﬂ’ﬁ% °f e:F| G 36 represents the
class di agram of Sippl exad du@ctmymlas@ecﬁnstatnse &60ak1led $/ER 8s Clhss B@Qlﬂﬁﬁjﬁé{aicue 15Thi s

Speci ol dbnstr ArPHERCLY BT M RSP E A B s e B R P ar g
Bool ean Val uesmpbsiticRBABCEsst4, two Bool eanVal ue instances are created. The
second one is creatgd A ARS: thi SacEORLER B sdib QP Ry Shnkthid:, PRFANBL er
method setValue. This method takes a string and constructs the content of the object from this
string.
25 Each Value can provide its content in a readable string format.
In general, changing the constraint of a Value is achieved by sub-classing the Value
class and creating a new Classe instance and associating it with the new class of the Value.
When sub-classing any Value class, the user should always create the proper instance
of Classe that describes this valus, override the getClasse method, and explicitly declare the
30  defanlt constructor. ‘
The main methods defined in the Value interface are: methods for content checking,
checkIntegrity, and checkRules; methods for getting meta~data information about the object,

getClasse, and getField; methods for reading and saving the object in different formats, read,
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Tabl e 14: Exanpl e of Bool eanVal ue 20 Bool eanVal ue bvl = new Bool eanValue();
Bool eanVal ue bv2 = new Bool eanVal ue("true"); bvl.setVal ue(true); 1
Syst em owvopoimt4kesgbvl . get Val ue()); 25System out. pri nt | mCloxaB3010/002037
Systemout.println(bv2.getd asse()); StringValue This subclass is a

-wr apper of Java String class. FIG 34B illustrates an exanple of
30StringVal ue class. The StringValu.e adds to the Java String object three
constraints: the max length of the content string, the mask that the
content nust apply to, and a list of possible valid values. These

constraints are saved in the StringCs neta.data instance assogiated with
the Stri ngVatisescdbluaetd todinds thlnapiR sisthedssi s Hpsrae ?%ﬂ%@eﬁ%dgﬁﬁ%e‘gal ue for

these const [aj S [hSacEHBRURQRE pllinyARIB befcstitesas const rai nts, the
programers nust subcl as thgfg{%t éllt%gVal ue and change these constraints in
the Stringd s instance aSsoci‘ate th the new class as shown in TABLE 15:

Tabl e 15: Exanpl e .of t.r A . i s - :
class MStringval u’lgle g&lﬁlgﬁ?gﬁ%th%%ﬁ% iﬁngtgsglﬁqbﬁﬁyﬁingaaﬁesp_aﬂéﬁgﬁev . public

n . rivate statjc fi
O asse cls slesiesgregtop et TeyppSYS R&@fﬁﬁ%@ﬂ\?&?ﬁﬂéﬁ?%@% brﬁagé@‘%l?)*;c ;Lnal
Renenber: we,shauls Bk waysti@walb gist sy coeetaref hhbvdeflevbts APbmst erdeor and

the C asse getter method, */ publi.c S : dRkBfaHbM Cl S;
public MSt F’?‘Wé‘\%ﬁ’lﬁfét(‘c)n O? hwg%ﬁf)%s 1t8%§gﬁ%§%p%§%%§%§%§ )étt%eicngVal Ue that has a
maxi mum | engiva ciads, of it can be simply a container that has items of different types. ‘

€. SimpleValue

10 The SimpleValue class is the abstraction of a single or atomic value in the
architecture. That means any instance of this class contains, lo gically, one value. Subclasses of
this class are wrappers of the Java simple data types.
| FIG. 36 represents the class diagram of SimpleValue type and its subclasses.

i. BooleanValue

15 This subclass is a wrapper Java boolean primitive. The BooleanValue has no special
constraints or rules. TABLE 14 illustrates an example listing of Boolean Value. In TABLE 14,
wo BooleanValue instances are created. The second cne is created and has its content set from

~ the string parameter;
Table 14: Bxample of BooleanValue

20

PooleanValue bvl = mew BooleanValue();
BooleanValue bv2 = mew BooleanValue ("true");
bvl.setvValue (true) ;
System.out.println(bvl.getValue());

25 System.out.println(bv2);
System.out.println(va.getClasse());

il StringValue

This subclass is a wrapper of Java String class. FIG. 34B illustrates an example of
30  StringValue class. The StringValue adds to the Java String object three constraints: the max
length of the content string, the mask that the content must apply to, and a list of poséible valid
values. These constraints are saved in the StringCls metadata instance associatgd with the

StringValue object, and the default StringCls instance has no value for these constraints. To
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One can get the maxi mum |l ength and other constraints fromthe Stringd s
associated with the StringVvalue. 25MyStringVal ue sv = new MyStringVal ue();

| nt eger rm® 261100466341 i ngCls) sv. get O asse()) .gethax(); SBgsuBIM10/MI37. println
(max) ; / prints out : 4 DateValue The DateValue class is a wapper for the
Java Date class, the DateValue has two 30 constraints: mn and max dates.
TABLE 16 illustrates an exanple of how to create a DateVal ue object froma
data or a string paraneter: Table 16: Exanple of how to create DateVal ue
object froma Date or a String paraneter DateVal ue dvl = new DateVal ue();
35 Dat eVal ue dv2 = new DateVal ue('22/1/1977"); dvl .][%et ‘Vg%%e(,niegvangat e());
Syst em out . phingt fsEeinpre gERa PUETEDS, P OEE R PN SR REA TR ¥ Nurb

erVal ue change ‘EBQS% RS dini a6 theGhagSls Mitrne pidadide wish thichewshpes slotags of all
nuneric classes in the framework. The netadata class for this value is
Number O s cld88F ®¥his class defines two 5 constraints on the contents of
Nurber Val ue: the ni ni numTariellsixpmpleefie cqestaip ondEig a1y, as in the Java
Number clqass, ks &s@ss provi des hel per nethods for conversion between the
vari ous nuneric classes. Subclasses of NunberVal ue are I ntegerVal ue,

LongVal ue, Rloatyadime samestbauplaval eetenfABLE1RFVEIYeust rat es an exanpl e of
how to create different types of NunberVal ue class froma Doubl e, Integer,
or String paramepeivate0Tetic fimalEgimqicechdt hoFt O Ereate’ different types
of NunbetWal ue cl'assF HromiacPotiti'e, 2PhtE§8¥S* &/ ) String paraneter.

v. Dynam cStringVal ued ass . Wrg' %Sgri ngVal ue is a ShLLingval ue that
e I et SHedEri Bt é%%fhae & 2&%@ PhE Tl dnces of
gVal pébﬁc g%ascss%ngége/ﬁsf; g Stringd's instance set in the

15 return cls;

}

public MyStringValue() {
}

20
} -
This code defines a new StringValue that has a maximum length of 4.
One can get the maximum length and other constraints from the StringCls associated
with the StringValue.
25 MyStringValue sv = new MyStringValue();

Integer max = ({StringCls) av.getClasse()) .getMax () ;
System.dut.println(max); // prints out: 4

iii. DateValue

The DateValue class is a wrapper for the Java Date class, the DateValue has two
30  constrajnts: min and max dates. TABLE 16 illustrates an example of how to create a DateValue

object from a data or a string parameter:

Table 16: Example of how fo create DateValue object from a Date or a String parameter

DateValue dvl = new DateValue();

35 DateValue dv2 = mnew Datevalue("22/1/1977");
dvl.setValue (new Date());
System.out.println(dvl.getvValue());
System.out.println(dv2);
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25constructor or in any part of its lifecycle. TABLE 18 illustrates an
exanpl e of Dynam cStringVal ued ass: Tabl e 18: Exanple of creating a
Li st Val uewbnonvmsdser matted string and add itens to it packagmibie®b37 public
class StringlList extends ListValue { private static Classe cis = new
CollectionC s( "test.StringList", StringVal ue.class.getNanme()); public
C asse getC asse() { return cls; public StringList () { 5public
StringList(String value) throws ProcessException { super (value); 1Opublip
static void main(String[] args) { tringList list = new StringList("[22,
GCsane, Maher, gh, 22/1/1955]"); list.addVal ue(new StringVal ue(nwhatever"));
|i st.addVal ue(new StringVal ue("AECDEFG')); 15list.addVal ue(new
StringVal ue("1234567")); |terator NixtieFvamed i st.iterator(); while
(iter.hasNext()) { Object item= iter.next(); Systemout.println(item; 20
f . Col | ecti onVal ue The abstract class NumberValue is the super-class of all numeric classes m the

framework. The metadata class for this value is NumberCls class. This class defines two

5 constraints on the contents of NumberValue: the minimum and maximum value. In addition, as

in the Java Number class, this class provides helper methods for conversion between the various

numeric classes. Subclasses of NumberValue are IntegerValue, LongValue, FloatValue and

DoubleValue. TABLE 17 illustrates an example of how to create different types of

NumberValue class from a Double, Integer, or String parametef:

10 Table 17: Example of how to create different types of NumberValue class from a Double,
Integer, or String parameter.

NumberValue nvl = new IntegexrValue():
NumberValue nv2 = Numbervalue.newlIngtarnce (new Double (88.421));
15 IntegervValue nv3 = new IntegervValue (nv2.asInteger());
IntegervValue nv4d = new IntegerValue("1977");
System.out.println(nvl); // prints out: O
System.out.println(nv2); // prints out: 88.421
System.out.println(nv3}; // prints out: 88
20 System.out.println(nv4); // prints out: 1977

V. DynamicStringValueClass

‘DynamicStringValue is a StringValue that can change its StringCls descriptor class at
runtime. Instances of DynamicStringValue class can have their StringCls instance set in the
25  constructor or in any part of its lifecycle. TABLE 18 illustrates an example of
DynamicStringValueClass:
Table 18: Example of creating a ListValue ﬁom_a formatted string and add items to it

package test;

30
public class StringlList extends ListValue {
private static Classe cls = nmew CollectionCls|
"test,Stringlist®, StringValue.class.getName());
35

public Classe getClasse() {
return cls;

127



25This is the super-class of all containers or data structures in the
framework. FIG 31 illustrates the Collection class inplenmented in

cor n. pal myoaoawebasi cStruct . dat a package. Subcl asses of pCohliB®ad/naodal ue are
either a concrete inplenentation or a filter class that adds a specific
feature to an existing concrete inplenentation. Subcl asses of

Col I ectionVal ue include: ListValue, a collection inplenentation based on
Java List; MapValue (Table 19), a collection 30 inplenmentation based on
Java Map (Table 20); Conditional Collection, a collection that filters the
content of a concrete inplenentation based on a specific condition; and
PageByPageCol | ection, a collection that adds the pagi ng behavi or on ot her
i npl enent ati ons (Tabl e 21). The |l ectionVal ue class is the framework
counterpart of tw@le& PecriebhStonéept in Java. A CollectionValue is a

wr apper % a colfection that has itens of type Value. 35 Table 19 Exanple
of the MapVal ue g%baﬁ% PULIcS .1 St AtrCnY QaluBPi b Slvi | AGELs at:gsyr{onMapVal ue map
= new MapVaI ue() NBP=SEL0uBpM®E", new StringVval ue("JNane"))

map. set ("sal ary"; new I nt egerVaI ue(1234)); map.set("phone”, new

StringVal ue(" +963 (011)-5551234")); map.set("o-nailu, new

Stringvahwe(" rre@ et£Licorbid matppsgenglorepgeb”{ new

Bool eanValue("true") trim@mattohﬂtt ernew ﬁﬁpl%l@éé@z% t%?ad‘taor](lﬁherv\hl | e
(iter.hasNext()) ( Ospect2/it/dav= ter. next( stem out prl ntin(iten;
Tabl e 20: An exanpl e %Ft@ﬂqvé&’t‘?ﬁﬁ'@l L %;)S\g public class

V&t“g 3 =
' g s‘eg gtrlnlg\%iue(ugﬁass ge{ &;rsre();]ew
it

rﬁ;}gﬁé&it ehSi pubI ic IntegerList() f //

Object item = iter.next();
gystem.out.println(item) ;

0

| nt eger Li st extends Li§f
Col | ecti &l s( ntest. FF'{?‘l
public O asse getd as“%ﬁz
continued 15

20 }

f. CollectionValue

25 - This is the super-class of all containers or data structures in the framework. FIG. 31
illustrates the Collection class implemented in com.palmyra. arch.basicStruct.data package.
Subclasses of CollectionValue are either a concrete implementation or a filter class that adds a
specific feature to an existing concrete implementation. Subclasses of CollectionValue include:
ListValue, a collection implementation based on Java List; MépValue (Tgble 19), a collection

30  implementation based on Java Map (Table 20); ConditionalCollection, a collection that filters the
content of a concrete implementation based on a specific condition; and PageByPageCollection,
a collection that adds the paging behavior on other implementations (Table 21). The
CollectionValue class is the framework counterpart of the Collection concept in Java. A

. CollectionValue is a x‘/vrapper of a collection that has items of type Value.

35

Table 19 Example of the MapValue Class

public static void main(Stringl[] args) {
MapValue map = new MapValue();
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public IntegerList(String value) throws ProcessException { super (val ue)
20} Second we define the condition: package test; 25 public class

MyCondi t iwo 20mipl4sssent s Conditi on f public bool ean eval ( @jrastoiobg2psq if
(((I'ntegerValue) obj).integerValue() >= 48) return true; 30else return

fal se; package test; 35 And finally we apply the condition object to the
Li st Val ue instance throw this Conditional Collection instance, public class
Tester { 40public static void nmain(StringE ergs) { // create a ListValue
and fill it with random nunbers. IntegerList |list = new IntegerList(); for
(int i =0; i < 100; 14+) 45list.add(new Inte erVaI ue( Mat h. round( 100 *

Mat h. randon®) ) ) ; maﬂ'&blté"we"ArP%Réﬁ?}r@Véf-“?h @‘é yPageIter ator public
static void nai nSe reh IsjaléFgé) ntegerval o tl styal,ue and fill
it with random nifbeirs! BKEEY, ﬁ‘@galu% Eﬁgﬁlfeo&oy (int i =0;

map.set (" —ma ", new trlngValue

I < 100; g ++) map.set("on-job", new BooleanValue(“true"
ITterator iter = map.valueg().literatox();
while (iter.hasNext()) {

‘Object item = iter.next();
System.out.println(item) ;
10 }
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val ues. set (I nteger.toString(i), new IntegerValue(i));

Systemout. println(values); // create a PageByPagelterator.
10PageByRsgebiiaisdlar pages = new PageByPagel t er at or (val RE€F)IB2010/002037

pages. set PageSi ze(10); pages. set PageNunber(2); Iterator iter =

pages. pagelterator(); while (iter.hasNext()) { 15Systemout.println(iter
next ()); pages.nextPage(); 20An instance of the CollectionCs class is
associated with every Coll ectionVal ue class. The only constraint the

Col l ectionCl's inposes on the CollectionValue is the type of its itens Table
22 illustrates an exanple of ReferencingC ass. Table 22 An exanpl e of

Ref er enci ngd ass 25 packagBbledfotrexampilpef olletionldasNeAfist r i ngVal ue ext ends
StringVal ue f psd&atecfinal static Casse cls = new Stringds("renote.
30NewSt ri ngVal ue™); public C asse getCl asse() { return cls; 35} To renotely
reference thusitd agaswershoutd s¢r esitemda hewvelass! t hat extends the

Ref erence cl ass and have the same name of this class, 40 package renote;
public class NewStiviahg\sHatec irehdscReferehellectionCls

"test.Stringlhist", IntegerValue.class.getName());

public Classe getClasse() {
10 return cls;
1

public IntegerList () {
// continued
15 }

public IntegerList(String value) throws ProcessException {
guper (value) ; '
}
20 )
Second we define the condition:

package test;
25 public class MyCondition implements Condition {

public boolean eval (Cbject obj) {
if {((IntegervValue) obj).integervalue() >= 48)
return true;
30 else
return false;
}
b
package test;
35 : -
And finally we apply the condition object to the ListValue instance throw this
ConditionalCollection instance,

public class Tester {
40 public static void main(Stringl] args) {
// create a ListValue and £ill it with random numbers.
IntegerList list = new IntegerList();
for (int i = 0; 1 < 100; i++)

45 list.add(new IntegerValue(Math.round(100 * Math.random())));
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{} g.ConpositeVal ue ConpositeValue is a data structure that contains
predefined fields definition. The definition of the fields exists in the
Conposi t e€bwimesaace associ ated with each ConpositeVal meT/1B2010b)208t . Thi s
is simlar to the idea of a class in which it is conposed of menbers. A
5Conposi teVal ue object stores in its netadata class the definition of it
fields. Subcl asses of ConpositeVal ue are: DynarnicVal ue, a

Conposi teVal ue that can change its fields at runtinme; ID, a ConpositeVal ue
conposed of a LongValue primary key and StringVal ue code nenbers. FIG 34A
illustrates the subcl asses of the ConpositeVal ue cl ass. The

10Conposi t eVal ue cl ass ex{enugl: ppexamplerbibe Faskaired™ei%hss, thus all
operations Valid for a Coll ect,ignVal Uﬁ are valid for the ConpositeVal ue.

Unlike the @HP%“cﬁtBH’tfélvﬁ?g.%ii]ﬁa“gugrlcﬁ% of - Kt | ;@e r\ég&‘% Ofpa-key not
defined in a Co o@iﬁ?gﬁ %Imgsg eQrﬁ[aX) ggi@r;eg el ds are can have val ues.
The rol e of the §¢tie_agpe_ a as$. ihiihe framework is the sane role of
the class in Java. THhg  fResit-eValiecetass (1S, ansit CHEigsrBatonposed of
predefined fiel dg,stbpAodzopRost rgValue )¢l ass references a Conposited s

met adat a cl ass t hatcrdeté nevabém rdebivurtion. The ConpositeC s by its turn
cont ai nsi@ col | erddeBpréjeitdsahosesesl enper PagrdyHIcLype Pirévisgach fiel d
in turn is assocpatesdswiRdyedispedific C asse type. The

Conposi t eVal ue defdeessePasistiugiertét hods to mani pul ate the value of its
fields. The nostl*i?ﬁé?falrﬁeroﬁe%agﬁﬁ 2a955G812 (&t P i ng key): returns the val ue
of the given keyWhrﬂ?e(k%%'@SPN% % nt.lte (2),.0n ,conmposite (a b.c). getSinple
(String k®y): returnSYtné VAFUE B T he °given si apl e key. set (String
key, Value val Ue%age%%éxéﬂ%_e\(?l ue of the field with the given value. The
key can be sjnple or conposite. The ConpositeVal ue class provides many
over | oaded versions 250f this nethod. setSunple(String key, Value val ue):
sets thepyal ue of hhesshd¥Rk e Cbiekibnis thsstidsogiave Ritlv alctyeollecomiabie CBtsr i ng
key): renoves the value of. th - fromth DI, i _be sinple
or conposit elreP ﬁf%‘@%ﬁ%l%’@@g?ﬁ S)glmﬁ(()as;els)ozn t}rwgcrgorﬁgée?lgﬁ?, 1u§TJ\}g %%ee%? ) it%%g si npl e
key fromthe nenor {fablSDiiBwsstegmeriiBierof RefokeojzClapset urns true if the key has
a value in the nmenory. The key can be sinple or conposite. '

Table 22 An example of ReferencingClass

25
package remote;
public class NewStringValue extends StringValue {
private final static Classe cls = new StringCls ("remote.
30 NewStringValue") ;
public Classe getClasse() {
return cls;
}
35}

To remotely reference this class we should create a new Class that extends the Reference class
and have the same name of this class,

40 package remote;

public class NewStringValue extends Reference

{}
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i sAssignedSinple (String key): returns true if the sinple key has a val ue
in the nenory. Afield defined in a conposite value can be in one of two
states. Aseignedsesuhe field is considered as assigned i fPCriBhago@i3exi sting
value in the nmenory. Every field is considered as assigned after calling on
of the two nmethods: set or get. 5Not assigned: A field is considered as not
assigned if it hasn't a value in the memory. A field has the state 'not
assigned' after executing a renove operation on it. FIG 35 illustrates an
exanpl e of creating and defining ConpositeValue class fields i.Dynam cVal ue
Dyn.am cValue is a ConpositeValue with a non-static C asse instance
associated with 10 it. Thus t$Iogfe¥8ee j nstance can be updated at runtine

and f1el ds can be added ShiLULLIRLA | 3.RY0BIGNE M. OBhaGh Todobl e 23

illustrates an exa I's class An exanpl e
Dynani cVal uehsss: of e Bplistisigan f@eﬁm@mfeﬁé nesaﬁc&r%ﬁsew%@lﬂbqaﬁt%ompﬁ%té}éﬂ‘&e test;

publlc cl ass;
Ci's = new CO g@g;l“k?%%:ﬁmﬁétt@dﬂgﬁegf@%ms%/ﬁh%tﬁ@orﬁ&i’obé&%‘fﬁxeﬁﬁa&{ hc Conpositeds

o5 rot e TS oy cLess)y PR S e O mosel)
Enpl oyee and we addutkia@bds Co@pastieiatue kgndinaeicVpudb b Compdste/eu gt caf
change its fields at runtime; ID, a CompositeValue composed of a LongValue primary key and-
StringValue code members. _
FIG. 34A illustrates the subclasses of the CompositeValue class. The
10  CompositeValue class extends the CollectionValue class, thus all operations valid for a
CollectionValue are valid for the CompositeValue. Unlike the CollectionValue a user cannot set '
the value of a key not defined in a CompositeCls class, only declared fields are can have values.
Thé role of the CompositeValue class in the framework is the same role of the class in Java. The
CompositeValue class is a structure composed of predefined fields. ‘
15 A CompositeValue class references a CompositeCls metadata class that defines its
definition. The CompositeCls by its turn contains a collection fields whose elements are of type
. Field. Bach ficld in turn is associated with a specific Classe type.
o The CompositeValue defines a set of methods to manipulate the value of its fields.
~The most important ones are:
20 get (String key): returns the value of the given key. The key can be simple (a) or
composite (a.b.c).
getSimple (String key): returns the value of the given simple key.
sei(String key, Value value): sets the value of the field with the given value. The key can
be simple or composite. The CompositeValue class provides many overloaded versions
25 of this method.
setSimple(String key, Value value): sets the value of the simple field with the given value.
remove (String key): removes the value of the key from the memory. The ficld can be
simple or composite.
removeSimple(String key): removes the value of the simple key from the memory.
30 zsAsszgned(SZrmg key): returns true if the key has a value in the memory. The key can be

simple or composite.
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35Enpl oyee enp = new Enpl oyee(); Conpositeds cls = (Conposited s)

enp. get C asse(); cls.addField(new Field("enp_nane", StringVal ue.cl ass));

cl s. addFiwba(nemsdsisel d( " enp_sal ary”, Doubl eVal ue. cl ass) pcTaBmieocabiz! d( new
Fi el d("enmp_nmanager"”, Enployee.cl ass, 40Fi el d. COWPOSI TION, null, true,
false)); enp.set("enp_nane", "Osama A Qbied"); enp_set("enp_salary",
"123"); enp.set("enp_manager", new Enpl oyee()); Systemout.println(enp);
5JD cl ass I D class represents an identifier or primary key for a
specific AbstractVal ue instance. |ID extends ConpositeValue and is conposed
of three fields; 1dPk, idCode and idType . Each AbstractVal ue instance
provi des a uni quiedssBrddfisriaiteis s free ibbe Frasdevdid® atent 37 REG™ By t he
sequence service, hhRAGEERA InS BSMAsitatad cidem ddaef Moskeact Val ue fiel ds at

runtinme and the type 10 presents the nanme of. the instan ype. Tabl e
24, the code is a éﬁsﬂgnﬁ‘b%ﬁ%ﬁlg SIS e ac%?lg“teiaulefl%%s ie%t%?l ?gﬁu%%mﬁng}ngrsy t hat
have their @vegrmkdGodesifrdpedstiyes atter 9%g®anf@@@/0iﬁwthpﬁﬁeseé€ic€étl i sting that
the fIrStSthree fl?%gﬁﬁgﬁ&upﬁﬂﬁb&mﬁﬂﬁ&k@géﬁ&ﬁﬁ&Maﬁﬂﬁﬂ@éﬁﬁ&h@ﬁyﬁmﬁﬁﬁlr

S

orderInCode property set to an Integer value, whereas the remaining field
has its or dekfiriCoudhogtaspett osyieadt 2feb EHENGRPRUPTHIBE& fiul | . Thus in the
out put of this coderd heinalkies QInfihe cEpiigiahd @&dnifig Ebmiesiwvialie Hess fieliint ed i n
that 15order. Table 24: An exanpl @ OJmié\h&e' D cl ass code package test; 20
public class AV extends Corrpo%i te ue 1 npl enments AbstractVal ue private

static final O assg,clg.vReW AWEdSEYieshinAVon-stew iskethainbe dssoni@mwd with
Fi el d(" personal nunber"”, LongVal ue.c i

nal _nur , .olass, Field. S 5nul .[ue,
fal se, néW IThtBFehEiess HREARF At '%@dlég"(%af TR ﬁ“ﬁ?g&eﬁ‘ %%a,gédnagrvl\}n%lﬂéeﬁbél%{ name",
St ri ngVal ue. Bjnas&yvalké &jdt. St Eusmadslap etanyke,of fisadgdtes clsew | nt eger (1), new
Integer (1), new Integer(2)), ,
Table 23: An example of DynamicValueClass
15 First we define the DynamicValue class,

package test;

public c¢lage Employee extends DynamicValue {

20
private static CompositeCls c¢ls = new
CompositeCls (Employee.class);
public Classe getClasse() {
25 return cls;
}
public Employee() {.
1
30
} .
Then we create an instance of Employee and we add fields to it at runtime,
public class Test {
35 Employee emp = new Employee();
CompositeCls cls = (CompositeCls) emp .getClasse () ; '
cls.addField(new Field(*emp_name", StringValue.class));
cls.addField(new Field("emp_salary", DoubleValue.class)):
cls.addField (new Field("emp_manager", Employee.class,
40 Field.COMPOSITION, null, true, false));

emp . set ("emp_name®, *Osama A.0Obled");
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30new Fi el d("surname"” , StringVal ue.class, Fiel6.SI MPLE, null, true, false,
new I nteger(1l), new Integer(1l), new Integer(1l)), new Field(' salary',

| nt eger Vavoeoolasa4s Fiel d. SI MPLE, nul |, PrruaB20iab@e37 new
integer(1), new Integer(1l), new 35Integer(0)), public O asse getC asse()
return cis; 401 public static void main(String[] args) { AV av = new AV();
av.se.t(" personal _nunber”, new. LongVal ue(22177)); 5av.set("nane", new

Stri ngVaI ue(" AI bert")); av.set("surname", new StringVal ue("Einstein"));
av.set ("salary", new IntegerVal ue(84210));

System out . pri nt In(av. get C0de()); // Prints out: 84210 Einstein Albert 10)1
h. Keys class enp . SetKe%}@_éﬁh@Sf"l s"®¥3Nhp structure that defines names of
possi bl e fields ¢hatetairex dt29% " a ¥l F‘g‘%]tciy&ﬁv};ﬁ ‘ue or a ConPositeVal ue
class. " POSSI bl e3YFHEAnS i FALn Fe SRBY/ represents a field defined in a
Corrp05|teVaI ue but not necessarily an existing field. As long as the class
of the 155 0bject is |oaded, the d&¢lmstion of the field itself exists in a
Fi el d object reachabl e fromthe O asse inst ance assl%g %ttedt ”ﬁst%ﬂ:@ cl ass
name of the Val ue, ﬂ%dﬂssreﬁreﬁﬁiﬁﬁt@’rﬁé““tﬁﬁré’rl?’émﬁé SHP Py R *3° K&V Bnd
consequent | ymebxféﬁds@%mf)&[te\tdﬂ% aﬁcpJEGdrrfplo&d of thet Heldy; idRBydGude and idType . Each The
structure of the s cl ass l a has a key
and a val ue. Abf’ﬂ%:t\ﬁg‘% Y p@t“ hg'o Q]D ?gmgg%%lﬁ%%%gdeﬁgah#emgﬁﬂvﬁgyf| eld and
the val ue |ssealemey@v1g¢3}fe@@dﬁimdmt®hﬁr?m@° Aot Yl eldy & rrgpe i e 9% d or

null if ghi s, fLeld DA JPle Kl@t){ﬁ:e tyE@%l ’lmle'?ﬂthé' R8e & )(B@ﬁg‘{’emuetcbtﬁpcfsdfdaimmr k can

return a Keys | nstance as eVal u. e wa tur
Col | ect i onVa‘iot]’ématlf"étoﬁf‘%‘%“ﬂ%f‘t?@é@g“elf?fg?r ‘%Rﬁptmﬁy ??hg%ecﬁrf i v eact‘)defr}?y{1 he string

"*" as the k@yiheti: Srdddialds ddfibaitin thive\bok Vet pmvwe@@u@bijeléﬁod@ﬁﬁpeﬁﬁ% any

];:c e![ ﬂl gagl | tgg;?m%ﬁi?v?ﬁe YS9 tﬁemﬁmﬁ?}%%fdrﬁs it S B TKEWS pRbAYGL W 8 Qraulthe i tens

value null. Thus in the output of this code the values of the specified fields will be printed in that

15 order.
Table 24: An example of the ID class code

package test;

20 public class AV extends CompositeValue implements obstractvalue
{
private static final Classe cls = new AVCls("test.A v,

new Field[] { '
new Field('personal_number", LongValue.class, Field.SIMPLE,

25 null, true, false, new Integer(l), new Integer(l), new
Integer(0)).
new Field('"name", Stringvalue.class, Field.SIMPLE, null,
true, false, new Integer(l), new Integer(l), new

Integer(Z)), .
30 new Field("surname", StringValue.class, Field.SIMPLE, null,
true, false, new Integer(l), new Integer(l), new

Integer(l)}.,
new Field("salary', IntegerValue.clagg, Field.SIMPLE, null,

. true, falge, new Intege:(l), new fnteger(l), new
35 Integer(0)),
I3N

public Classe getClasse() {
return cls;

40 }
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Conposi teVal ue: returns a Keys instance containing all the fields defined
in the ConpositeC s object associated with this ConpositeVal ue instance.
The frameworkipussstdes the possibility to extract the |ipstr/iBio1keyss7
regarding a set of properties: owner, declared, mandatory, assigned,
relation type, code, calculated etc... 30The set of these nethods are
defined in the Casse class. i. DeepMap C ass Thi s abstract class
is the first inplenentation of the Value interface. It overrides the
defaul t behavior of the Map and inplenments the new object with in-depth
nam ng access. Al Coll ectionVal ue inplenent ati on benefits fromthis class

and accepts conposite object nanes as a key. j. AbstractValue AbstractVal ue
is the super invbdif #tetdd VAR fﬂ%‘r%‘ﬁ%fjé}?t”oﬁf%@té in the application. It 5
contai ns def aul t2oPvtechii €4l i e| ds that are {177s)e}w ng and retrieving
the Abstract Val (& FEORRGT] ST of d el;sné %arj.e;g nical fields are: pk,
type, accessPoi st?t%é’@rggntggrte ¥ Lpdatefat e, updator User I d.

The Abstract Val Ue Q% 1%§ymkﬁwd&ééaégvﬂ% (s ¥4 1)) per si st ency:

synchroni ze: teI E ee §il§gl¢§ﬂgy §@5¢$agg)to save this Abstract Val ue

obj ect. 10del etey, tp%ldr@s the. persostengyisenveee to delete this

Abstract Mal ug object. | azyGet(Strl ng key): retrieves the value of the field
fromthe application st orage. Package

com pal myr a. ar ch. basi eStruct mgltsa ata This package contains four main

parts: the netadat g.den&d mhlpéamaﬁreaial defhof FRINMs Bf pomsifldields that fan axieio Kk
(Si mpl e val ues osite val.u ct.ion val o rs), the
dearmons 15 (§944 ﬂﬂﬂ%\ng“eIOT NeWeRo"e, S/ﬁlﬁe ?l?’sﬁegomlb meatn#ﬂetghe%?r GRhE okl dth

noved h- managers and the
integrity chiekansa Cdmpwbte‘aalm&uancah@;ssesyanemstmg fiePhés Jreg 4 Telci& T HBI di ng t he
met adat a, desgrd piofls Of. L Afud I AEHOE schlASSES Hick  Shassenant. oiiest in the

f r amewor P assocl at’e Cl'asse instance. %8 gncte hol ds
i nf atuation 13%@9‘2 asgoliated| it @p elpe HFF@f%V(ﬁ]fuc’th'@m{}’é}”ﬂ%t K PPBPEFY €S “of t he

Val ue it sel fiey T oiRiRnRQ ARt hogs speﬁlﬁte&ﬂesd chagsotar e: Val ue newi nst ance():

O o o e oS e 8 VOB 000, L RIBL B sl hassemic)
returns the wbtathakey ideScing gtaconntais hheensgpde figf ugldhe V|_1,ug jsa Keys object
get Al ITE(I) e congal%gxlg 953?‘616 68 $dhnis £EE HLRSis B fyal | 1 npl ant ed
| nterface The main three types in the framework can return a Keys instance as follows:
SimpleValue: always returns nuil. ‘
CollectionValue: returns a Keys instance with one entry that has the string "*" as the
key, this means that the CollectionValue object can take any field name, and the value of this
25 entry is a Keys structure of the items of this CollectionValue.
CompositeValue: returns a Keys instance containing all the fields defined in the
CompositeCls object associated with this CompositeValue instance.
The framework provides the possibility to extract the list of keys re garding a set of
properties: owner, declared, mandatory, assigned, relation type, code, calculated ete...

30 The set of these methods are defined in the Classe class.

1. DeepMap Class

This abstract class is the first implementation of the Value interface. It overrides the

default behavior of the Map and implements the new object with in-depth naming access. All
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25Keys get SubCl asses(): returns the nane of all sub-classes. C asse have
many sub-cl asses. The main ones are: SinpleCs: is the root class
hol di ng twe 2oetvmsata definition of a sinple val ue cl asspcCiriB20m8Do2037

sub-cl asses are: BooleanC s related to instances of type Bool eanVal ue,
BytesCs related to i nstances of type Bool eanValue, DateCs related to

i nstances of type DateValue, NunberCs related to instances of type
Nunber Val ue, StringC s related to instances of type StringVal ue and
TimeZoneC's related to instances of type Ti neZoneVal ue.

CollectionCs: is the root class holding the netadata definition of a

col | ecti on allesdonyals émplepprnigtion) baredits o\ g glass picfras §?I’E}?°F1f°t‘\336ft61arfl%sta?i eve the
items type Qffhe collection. 5ConpositeCs: is the root class holding the
nmet adata definition of the co osiﬂ;aﬁleclasses in the framework (entities and
interfaces). Its main rretJ'hods‘ggé%F%' I'eld getField(String nane): returns the

met adata descripti Rgsérgcf,tV?ruJiL 8 perihtS4006.GRG LR b setii the @fplitansn the | i st of
fields 'marked as code,

_ Keys get Keys 0: r rn he nane of
al | fields. crHansfphes tdwrd ﬁeiéﬂrt}i%é@“f'?&ﬁgﬁa‘fgg %\gé%ltﬁ‘%%él’&%w?as“ﬁ’éﬁé g%rfl this
met hod. Keysngetbactatedhi eystifcieitphsyichecdeonacedioktys coapiskeys

get Overri ddenKeys: retu he overridden keys only. Note that all keys =
decl ared ke)}lgéiébc?\tfe‘r‘p%fﬁarépéeﬁ dkeys. “ConpositeC s has many sub-cl asses:

15AVCls: rel ated t Bhediert\Glass thinameteods badsel CoRPHEFEEYal ue and i npl ement s
Abstract Val ue or every, j,bief £RGRs fchdtcn@cbones MRS ARtMaVdie. object.

ConstraintableC s: related to classes having .the stereotype

"const rattht abl e" in CHECUFRICRFTFEFCY PRV ﬁ%%%ﬁ%”* %?neaftg?he%g?%iever y

interface that extendsychSrinpte): tatees\Val are oD ReEivirelh sppligapati@erst o

dynam c val ues cl asses. Packa @ﬁ%ﬁ%ﬁ&&%a&b&}u@t.&téﬁh@'C|vaSS of
dk'to cladses har '

DynamcC s, it is relate ed as "constraints"” in the UML
nodel . The cl ass Firgk@adkse th@i fammathaiys: 0bjneedatddicripinh afidt dndes oribt i on.
Each Conposited s

framework (Simple values, composite values, collection values and controllers), the deamons

15  (IfAdded, IfNeeded and IfRemoved), the domain managers and the integrity checkers.

1. Meta Data classes

The main class holding the metadata description of the frameworlk classes is Classe.
Eaéh object in the framework is associated with a Classe instance. This instance holds
information about the different fields of the Value and properties of the Value itself. The main
20  methods in this class are:
Value newlInstance(): creates a new instance of a value.
Classe forName(String className): retrieves the metadata description of a value
Classe getSuperClasse(): returns the metadata description of the super class.
List getAlllmplementedinterfaces(): returns the name of all implanted interfaces.
25 Keys getSubClasses(): returns the name of all sub-classes.
Classe have many sub-classes. The main ones are:
SimpleCls: ié the root class holding the metadata definition of a simple value class. Its
main sub-classes are; BooleanCls related to instances of type BooleanValue, BytesCls related to

instances of type BooleanValue, DateCls related to instances of type DateValue, NumberCls
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instance holds a group of Field instances. Each one describes an attribute
or arelation with 25another class. The field is defined using a set of
properti es0 20a@563¢ asse (equivalent to its type), m n ROWIBEN0/002037
multiplicity, collection type (map, set or list), relation type (sinple,
conposition, aggregation or association), owner, navigable, transient
etc... The C asse -Field classes are used to describe values with
their fields. However, the netadata of controllers and nethods are

descri bed using the classes Controller, Method and 30 Paraneter.

Controller is a class that describes the netadata of user defj ervices
(or contr ol kedatsd)io intemopyad e NgmbesY Heseirpeslsfelriad @ pspiaceg (‘?Hﬁj\( r8 erties
li ke the namBc/8hdcASelatsdBelstabRE bt hﬁﬁeZoﬁE@’@}uar ed net hods, <all mat hods

etc... The Controller class provi éssx}.?@f Q. Lhe pos mgmgitayco sGIeAke a new

i nstance of a 5contd6FoBrs Y Pyt hew nstance to retrieve a
met adat a desBssl THid @ﬁsp}fvw&sd@mbssmilﬂtﬁp rmeaeﬂlhéemﬁémff@ﬂ@e fableqigtre0 and forAli as

O Method i's a cl ass, Lhak,deserd-ness kit huk@loummbhedoniynia
controller. It provi to access the thod properties |ike the

name, ret ur elassppia thefigmprrrhfrattiss @d ipghgmpliepain @oRodsafss t hat describes a
paranmeter in a ﬁetheggezk'{ezdmrwndﬂe BRik 0d setatutd @s@ipt@ss a filé net hod
properties |like the na The value of a field
in a conposite val ﬁé‘gffzp‘f’eﬂfgdé)&%ﬁm%@chs“%aegpmzagﬁe%%sc? \f ee nethods: get, set
and renove. The caK&ysgétKewcengtumsetbmdle@faﬂtﬂ?@Sr@n@@?@ﬁe%@@séﬁlﬁ’ i npact the

val ue of  pt h)%ﬂofa&eﬁlvél?iol%r fﬁlﬂenétﬁggegrl ty of the parent conposite val ue
i nstance. Deanpbns are Isteners, that run.in tfkﬁe background, and are

i nvoked after eachK@Fé?@?%%We%tfﬁ%ST(“@eetdmgefysc‘} Yrermove) in order to
execute the r eqUI l'ﬁ@sIgéteaérﬂmaiKeysﬂ’wmd’@amﬁﬁld@rl@y&hﬂm Hedthpratlgesour part s:

I f Needed De Dese dq anons are invoked after a get operation on a
field. Each f’ s O GRE T heed. deamon which is responsi bl e of retrieving
t he val ue of a f i eCdmpestgidiangeaiyseb-pesesperti es: cal cul ated, asp, foreign pk,

foreign ¢ode, trangyeplie . QdWieaaPligs {h@clc%xllc@ TomEAIPQSIe b difpledBAsSSOCI at i on,
plc, code etc... For example, 1fSinp eI d Needed is registered for

sinple fiel d%bsﬁﬁﬁfaﬂ‘teOF@’FUHW@{G%@“FF*}CIH %Fé‘f fift value if the parent val ue
is new, else it triesriRugetistrbliacditakieesobvitdibe keyotys i‘wgstkaE)lepndicess.

Def aul t Val utgwtje ns: These deanons are invoked when the systemtries to
assign a def "%V4l ue for a field. Each field has one default if need
deanon which is redpafrsid: Eela@[d to every interface that extends the interface Value.

20 DynamicCls: related to dynamic values classes.

ConstraintsCls: is a sub-class of DynamicCls, it is related to classes marked as

“constraints” in the UML model.
The class Field is the elementary object for metadata description. Each CompositeCls

instance holds a group of Field instances. Each one describes an attribute or a relation with
25  another class. The field is defined using a set of properties: name, Classe (equivalent to its type),
min and max multiplicity, collection type (map, set or list), relation type (simple, composition,

aggregation or association), owner, navigable, transient etc...
The Classe — Field classes are used to describe values with their fields. However, the

metadata of controllers and methods are described using the classes Controller, Method and

30 Parameter.
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25retrieving the default value of a field regarding its properties: pk,
type, calculated, has a default fornula tagged value, has an initial value,
sequence woen11/04538 exanpl e, |fDefaul t SequenceLsNeeded ipsTnBYile@oed f or
sinple fields having the stereotype 'sequence' and it returns the next
value of the field s sequencer. ' | f Added Deanons: These
dearnons are invoked after setting the value of a field. 30 Each field has
many i f added deanmons which are responsible of maintaining the integrity of
field s value or the integrity of the whol e conposite val ue instance. The
list of if added deanobns are cal cul ated once at server startup, They are
cal cul ated regar di Geptpkreistaickspsdbat disprbeipe peiedate Of P eRRSISHVERSE, code base,

plc, code, tyRRuetok ﬁ‘oﬂﬁ'es%tho&s(% 2icghhe 6ol prapstier tike theokdeptits mperr el at i on,
|ndex field, mandataory nple, if we change the value of a code

field, the ﬁ@fogﬁqﬁ@?d?%tﬁ%dﬁdaﬂlmﬂh(gg e?e val ue of the technical field code.
This is perfornmed By doheolidcdmprotdds hiBptieBasieiliyAgeesd 2 new iustanceof 2 Repy ed
Deanons: Thes%oﬂﬁl@%ﬁ%e ﬁlgtﬁod A}m@}%ep%{&s BLRYELHIAE dBecARFBYE: Op&lat i on on
afi el d. Igac ave nany if renpbved deanons. These listeners are
regi stered rvéaghydstirgs H@”Wéﬂﬂf’s‘illﬁ%()opertl es: calcul ation base, foreign pk,
foreign code or i nyuthebke el dedysabbaion (oehd:st)lod)ﬁ%oaccoemnqplterovides

| f Cal cul ati onBasel sRemmved ,i r cipating in a
cal cul at i on FHPMRIPAEH einfethrpgpr‘&j/ ICSE °e’£?/%4“8e”o llfp%e caf%%%%}ést ed field.

Donmai n Managers A Pomedt isMaivagby: dpssritgs chassister natmatoil dsrrpyide PRatdéh rel at ed
to a fie|d: possible owgtaﬂeaeslmmemneana@la@pgnl y. calculation base, min
multiplicity, max multiplicity etc... The donmain manager nechani smis added
to provide the possibility to“cusPB?ﬁ“’fe the 15field s properties at ran

time using the ada%e 48P 1R§E$x§ﬂo§‘iteva1umnstanccéaﬁmb@&%m%@d’lﬁin@ﬂﬁe needs to
define one of the mentl oned properties progranmticall it should define a

class that extteddsetDshail rvere IberAeapeemetad el IH@Q‘O%GF\@W’%ETHP?@& et hods
and regi st erykRioBotkd: 858 c@ﬁw@@éﬁﬁt}ﬂ)fﬂ‘@@ﬁ%Eon@fosﬁehﬂueﬂﬁﬁﬁiﬁd Tetradnglaten a static
bl ock or using the Initiali te The .fra r def aul t
Donai nl\/ai’i%geli‘sgepﬁf thebiu ey é‘ Cgﬁn e 13V° (edz g A E’letm \le\?lg Fh%é g?%ﬁora
iv.lntegrityreftbegierds: to execute the reqhirel &gatineny. T@Iée@mezrssareaiyﬂédeépréfs@é@wft%s ponsi bl e

of verifying the i rllﬁtﬁeg?cdtﬂéargéng hgﬁrdga%fbksnc@&%)ok@cf af{ef"@gefz‘ b;%l'adoﬁon\/a&iewelﬁ,acm |
integrity checkers i

e interface Fieldint e% {f fé%h ggxéer tv\,hl ch 25
defines the W%W@%&W@PN@%@@W?@WW of retrieving theprauf ol Hejd P Adve many
integrity chggkales pahgsd ab G&e@l«i\@t &Id’ﬂelgd'lﬁdé‘ ir@lsiEntpiaoigatld re@gonatonpesitioes

tart Th t d t t t
of 11 Pl CHEBIT: BheWEhie NEPROBCREAT S Lar o0 et a0 T hEval ug

interface i saidivehsithe fields default valueTﬂ‘tee farepd \ehle REav e@fﬁ it dyfes ErpetiRs Yle gt 0, 0

met hod provi ﬂ%ql hé‘ll JpkgVal ue and | t sub-30cl asses ensure the validity of
the included val the val ue nust esp pect thegflne% constraints like mn
g ed when the system iries to asgign

val ue, max val ue, 1??@%8%@?%?*‘@0%?’8?& apghs areyinvo

a default value for a field. Bach field has one default if need deamon which is responsible of

25  retrieving the default value of a field regarding its properties: pk, type, calculated, has a default
formula tagged value, has an initial value, sequence efc. .. For example,
IfDefauliSequencelsNeeded is registered for simple fields having the stereotype ‘sequence’ and it
returns the next value of the field’s sequencer.

If Added Deamons: These deamons are invoked after setting the value of a field.
30  Each field has many if added deamons which are responsible of maintaining the integrity of

field’s value or the integrity of the whole composite value instance. The list of if added deamons
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The inpl enentati on of checklntegrityO method provided in ConpositeVal ue
ensure the integrity of each field: the nultiplicity ranges, value change
in case oVofozasesfti el d etc... The inplementati on of checlhitRteagni2oy )
met hod provided in CollectionValue ensure the integrity of all included
values in the collection. 5Palnyra franmework provides another data check
mechani sm check rules. The business rules regarding a conposite val ue
i nstance can be inplenmented using the Rul es mechanism The devel oper shoul d
?SE?E S%Clasﬁ tgat_inplenents the interface Rifle and define the nethodver

: en the business semantic check is not verified, the vel
shoul d t hr owreealclgiederes BrRervE sagiFel 1Y Pféa%%%aéﬁdd?ﬁafd%f%e%a@fiaé"é’e‘%"'esz = opet

con}pa!ny&awgm@g¥ga§kg§%?%§g%%am%?ﬂkh&mmibhﬁxa@mkﬁgemmanmaﬂﬁémnhe f ramewor k
custom zed except.ions. [ strates.th ' ' by this
package. ThédﬁﬁPﬂ“%ﬁ3@“&?%@“%%9%Ef§%%??%ﬁ?f %%%%§§§%P?%%°?%9§M9§ﬂtine
exception. h@m&ﬁgmhﬁmﬁumnwm@WQESf@¢w@w@éﬁ@ﬁbﬂéiTﬁ?@ﬂﬁﬁﬁﬁﬁﬁﬁémdﬁﬁﬁn
nanlpuIatéogﬁb%%dgé%%gﬁyException: thrown when the integrity is violated.
KeyNot FoundException: thrown when a non defined k i S requested.
PaI|nyraIIIegalFor@H%?E%@éﬁﬁpﬁﬁﬁnTﬁFﬁﬂﬁnﬁﬁ%ﬁwgﬁ%m’ PRy V8 create a

val ue from afeditfunnEkkiethcstidld &g havRiagEX eeptddainandnh Townlivdren & busi ness

rule is not verifjed. .20V Not Foun niiQne i the syst
cannot retrigY&” ‘Jrfe%aﬁql?gttg}ca#cﬁl%nqr?pr?%c% ? %é‘g&glgﬁ !r)ag%] g(%réé%{ *%\Qﬂée%%gdﬁgf pf or gi g ﬁ mp k or
forei gn codemnRrabieéss Expepts ). Fo csemlm{Tredaiceptiisnoid 8486 €itapsul at e

a non Pghmf@a&é%aﬁéﬁgginta%@moh RrBulD R8s ePhOCARDL the calculated field.
Pal nyr aCl assNot FoundException;_ thrown when the user tries to extract a
met adat a 111, Domain Managers )

A Domain Manager is a class that holds information related to a field: possible
values, visible, read only, caléulation base, min mulfiplicity, max multiplicity ete...

The domain manager mechanism is added to provide the possibility to customize the

15 field’s properties at run time using the adapter design pattern.

If the developer needs to define one of the mentioned properties programmatically, it
should define a class that extends DomainManagerddapter, overrides the required methods and
register this class as domain manager of the needed field in a static block or using the Initializer
Interface.

20 The framework assigns a default DomainManager for each field which is calculated
at server startup.
iv. Integrity Checkers

Integrity Checkers are classes responsible of verifying the integrity (the correctness)
of the field’s value. All‘ integrity checkers implements the interface FieldlntegrityChecker which
25  defines the method checkFieldlntegrity(). |
Each field can have many integrity checkers calculated switch the field properties at
server startup. The registered integrity checkers are used to verify the integrity of a ficld content
when the method checklntegrity() defined in the Value interface is invoked.
The implementation of checkIntegrity() method provided in SimpleValue and it sub-
30  classes ensure the validity of the included value (the value must respect the defined constraints

like min value, max value, the possible values etc...}).
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25definition of a not defined class in the application.

i i nni ut abl eFi el dException: thrown when the user tries to renove an

i mut abl ewbizelih46@ltc, updat eDate, updatorUserld etc...) PCHIBEGKNAQO37

com pal myra. arch. basi cStructinit Thi s package contains the
main class Generallnitializerjava responsible of |loading 30 all Pal nyra

cl asses when staring the server. This class contains a nethod called

| oadAl I rl asses() which is iesponsible of: Load all Palnyra classes in the
menory which allows the registration of all C asse instances.

Execute all static blocks in the aP l'ication. These bl ocks §n be used to
regi ster an inpl enBrtmplromiaipn extdsdoiestpyhBabodr st » @WP?G\E EKEGE cont ai ns
two i nterfagesmicd feahimRr mencufabyyngh, vhihé @kigees casclii@ofeh figlti cone can be

i npl enented by a non Pahnyra cl ass_ (busi nes | ass), . N can be

i npl ement ed excl ust¥emplopiraiiony] cﬁ?@&”‘%”l’z‘é{gggﬁ?@éwnﬁg g‘\?‘“té lg\{)aé%%%g%ds to
execut e a speschitdirity Mt aichBstvaats iste vdlect®har t up; such as registration of an
action handler, |ogd ! i ) inlebiaRiSn@neRehe; THshe devel oper
shoul d i%%lenent oﬁ%mggﬁ?ﬁg&%gﬁgﬁ%ﬁ%ﬁﬁ%%?gﬁ%gﬁgé and defipe tpe met hod

10i ni ti al | zeuinestrulehseddns HWIRESIE VS HAITAne Bubt Feerid T e b8 RESh initial i ze.
2. EXpr essi ongecanREEsi @nsopaiahiuiicsamr1:sd i heplpantsshedfitefdeRdppididefati ons'

busi ness. The e used.in cal cul.ati. L4 as,

busi ness r uI%esf,“eﬂ?'Pé{ﬁffilﬁ‘:@%eBg’éggsfmfsis?%anég/% e 1%%%?§%ege]"?%.ad%&ofg5§hey al | ow
par si ng and tewalatadcemnign uere-Rd&Era@idnexpr essi ons (a==1, b>20,alias.f()) They
can be apjthnetic (a+l), \CoNPaLaLf V&, (RstOdch boBsERlexépidFe dj In

the process of expressions managenment, two sub processes can ‘be
di sti ngui shed: t herRapsidg camthstiramvadkatsiogived exceptions. FIGTHellPErteithy is the

process of expression.conpilatjon,,it oroduces a structure used in 20 the
eval uati on o?‘eﬁpﬁ%lsg&oﬁlflgsgﬁ%ﬁ@c%%é parsing of an expressi on can be performed

usi ng one of the tRoiafeehodsFhisxespesds oM gepltT It Kghei %258t forns a
syntactic c h&@éﬁtions thrown during data manipulation. v
15 IntegrityException: thrown when the integrity is violated.
| KeyNotFoundException: thrown when a non defined key is requested.
PalmyralllegalFormatException: thrown when the user tries to create a value from an
unformatted string.
RuleException: thrown when a business rule is not verified.
20 ValueNotFoundException: thrown when the system cannot reirieve an entity from the
storage related to a wrong foreign pk or foreign code. ’ ‘
ProcessException: is a runtime exception used to encapsulate a non Palmyre
exception thrown in a business process. ‘
Palmyra ClassNotFoundException: thrown when the user tries to extract a metadata
25  definition of a not defined class in the application.
| ImmutableFieldException: thrown when the user tries to remove an immutable field
(pk, updateDate, updatorUserld elc...). '

m. Package com.palmyra.arch.basicStruct.init

* This package contains the main class Generallnitializer.java responsible of loading
30 all Palmyra classes when staring the server. This class contains a method called loadAllClasses()

which is responsible of:

140



Expressi on. parse(String exp, Casse cis). Perforns a syntactic and senmantic
check. 25The Evaluation process aims to retrieve the expression resulting
val ue. Theormim4sssacepts of the produced structure are @omaBzmb/po2van i abl e,
Operation and Function. a.Constant It represents a constant value. 30The
evaluation result is defuied fromthe beginning. It can be of different
types (nunber, date, string...) The syntax of constants varies according to
the type: Nunber : 1.2; 452001 5.32E8 String : "constant value" 5 Date :

' 24103/ 2006b" Bool ean : nue; false Null value : null b. Variable A variable
generally represents a Value field (E.g.: name, a, b123, taxRate...)
10Vari abl es are I|mm¢ar&mmMa@hﬁvaﬁh@@m@mxﬂﬁﬁk@@EW@@“%V“%%%U%Wékﬁﬁt|on
process. The variable evaluation result |s retrleved fromthe Val ue

i nst ance useé I n the Eval uation process. %}es are us Qper ati ons

and Functions defi }}ﬁefqteoql} staEc bl@%@p&lﬁq aaﬂloi@ ﬁesgt 081FFSG be usedqo 1e 1ste

e exXpressions with
three ltensm&&@ahaﬂwofe@gecaﬁ@ﬁmm%ﬁndz The operandl and operand2 can. be

varlables o]
Arit hnet Pe: r].“1‘1_15 pac] cagp conI 2 rt\%'\os 2 !ei%glce? rzzt%{lz%r%%a dg)ﬁ% z%zl%%?@héﬁrst@a@eetfaﬁﬁé ons:

1mplemented by anon Palmyra class (business class) and the second can be implemented

exclusively by a Palmyra class. When the developer needs to execute a specific treatment at

server startup; such as registration of an action handler, loading a properties file or filling a

cache; the developer should impiement one of the mentioned interfaces and define the method
10 initialize with the following signature public static booleén initialize.

2. Expressions

Expressions deﬁne; some simple parts of the applications’ business.
They arc used in calculation and default formulas, business rules, mapping process,
life cycle design ete...
15 They allow parsing and evaluating user-defined expressions (a==1, b>20,alias.f())
They can be arithmetic (a+1), comparative (b<10), logical (¢ & dle)...
In the process of expressions management, two sub processes can be distinguished:
the Parsing and the Evaluation
The Parsing is the process of expression compilation; it produces a structure used in
20  the evaluation of the expression. The parsing of an expression can be performed using one of the
two methods:

' Expression.parse(String exp): performs a syntactic check.
Expression.parse(String exp, Classe cls). Performs a syntactic and semantic
check. ‘

25 A The Bvaluation process aims to retrieve the expression resulting value.
The main concepts of the produced structure are Constant, Yariable, Operation and
Function.

a. Constant

It represents a constant value.

30 The evaluation result is defined from the beginning.
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20Comparison: >, >= == 1= <-= < Assignnent:= Delimter: ; (used for actions
inlife cycle) d. Function Function expressions can be deconposed into two
parts: fuwmotzoowm4saae and 25 paraneters The syntax of a fPamaB2a0@pr essi on
is alias.functionNane(paraneterl, paraneter2...) The paraneter can be

ei ther variable or conplex expressions The paraneters are

eval uated separately, and then the function is invoked with the eval uation
results. The evaluation result of the function expression is the function
invocation result. i. Service 5The target application is a service-oriented
systemthat can be deployed in a distributed environnent. The distributed
platformis fornedi%Wbapg%ﬁﬂﬁﬂiwﬁﬁﬁwﬁﬁPWﬁﬁ%%ﬁP&N&plication Servers on which
the application i sydephayeshnsidhisSenissisc@rdig@nsgpe:of functions that can be
called locally or renntely.,Iggx,g%QEglso be called in a synchronous or
asynchronous node. AN kB 1 erert ed to using a name that is 10

i ndependent of its agt ngg%ﬁggay | ocation. The Service Pattern in Palnyra
uses one faade BIB to of fer the synchronous service, called Facade, and one
nmessage driven bean B&B. vmopidoes t he asynchronous service, called
AsynchronousFacade. Therefore, users can benefit fromall avail able J2EE
features whil e hidi ngodlidaer rueclpl exity. Synchronous Call: The synchronous
service call consists of: 15Build the nessage to be executed Define the

i nvocation attribute¥uibdeutE! t he nessage Exanple: //prepare the nmessage to
be executed ZOServicers%age.ygéﬁgge =

A variable generally represents a Value field (B.g.: name, a, b123, taxRate...)
10 " Variables are literals which values are retrieved by the evaluation process.
The variable evaluation result is retrieved from the Value instance used in the

Evaluation process.

Variables are used in Operations and Functions definition.

¢.  Operation
15 Operations are expressions with three items: Operand1 operator Operand2
The operandl and operand2 can be variables or complex expressions
There are five groups of operations:
Arithmetic: +, -, *, /
Logical: ! (not), & (and), | (or)
20 Comparison: >, >=,==, I=, <=, <
Assignment. =
Delimiter: ; (used for actions in life cycle)
d. Function

Function expressions can be decomposed into two parts: function name and

25 parameters
The syntax of a function expression is alies. functionName(parameterl, parameter2...)

The parameter can be either variable or camplex expressions
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BSFact ory. get Servi ceDri ver().createServi ceMessage( X. cl ass. g et Nane(),
"actionB"); /1l add the paraneters to the nessage

nmessage. SWORariawsd3er (" par anD”, new StringVal ue("first 2Ppanpret/er203?) ) ;
[lafter building the message, it is ready to be executed BsFactory.

get Servi ceDriver() . call Service (nessage) ; For each Controller,
Pal nyra generates a caller class (Servi ceNaneCaller) that offers the

i npl enentation of the steps needed to call each action synchronously.
30Exanpl e: W can call the service which we called in the previous exanple
in one row of code XCaller.action.B (new Strin, gVaI ue("fi rgt g rarreter")
):  Asynchronous @&k baraitercat ¢vaaieksendrasys g hebometist i Vet "8t need to
add | nvocat LQnatd.istmt e to the method call Service(). This

I nvocati onAttribute give us t ity to determn cal.l Lype,
Synchr onous or Asﬁ&ﬁ‘f%‘ﬁ%%es(‘@ﬁtgﬁ‘?m%e VIeH rc}%eoué i0 ﬂgorce&}nsman exanpl e:

Servi ceMessage nessage = 1. Service

BSFact ory. get Servi ceDriver().createServi ceMessa t% &X cl a% 9; et Name(),
HactionBJ): // additekeechamphisitnds ssoahoseiysy Lot By SFVRBEan0”, new
St ri ngVal ue (shib6isd enPignae®! Bie’ dﬁsﬁ‘lbutedplatfomh hvacad b;oerrAtntomolﬁmnéglr@itt =

BSFact ory. get Servi ceDriver nvoe nAttributes(); //this nmessage
will be exelriEd R?yfﬁ%fﬁ?fb%éd%hs ”p%éaatt1 niS ?f&gg;ichronous (true):;

BSFact ory. get Ser vi & ebritaier {) ofdiaﬂ011®eﬂm C@@(@mé derelly agquyotely. They can alsgdp v ces

are defrmed ygipg %m%h&é%l Qh@%mmo&léhﬂmﬁéeﬁs f&%@@@ahgmmm asses cal | ed
controll ers. ,& con has a nane short na Qaa%ﬁﬁ nunber

of et hods. lereaiptasK el Bvagherat di S P@‘F%B Seapiedilites
gener at ed caglgret e fmEleRbasSRRIcS, cslleelFa:tadHlardfoné_’ﬁestSiEe dsten best B torpéleded t o

define the service, then u dded i rong€r to cover
the functi oﬁ?i’?’°}1r?’f‘8‘ilsesﬁrleyﬁf zﬁfrﬁ?egnﬁs eﬁ’iﬁg Sl;a%gdﬁ %ggvﬁﬁr% Esgﬁt taking into

consi der at i @neilttiel2EB ddaire ahilalb¢iegiegr complexity.

Synchronous Call: The synchronous service call consists of:
15 Build the message to be executed
' Define the invocation attributes
Execute the message

Example:

//prepare the message to be executed

20 ServiceMessage message =

BSFactory.getServiceDriver (). createServiceMessage(X.class.g
etName (), "actionB");

// add the parameters to the message
message.setParameter("baramO ", new StringValue(“first

25 parameter”)) ;

//after building the message, it 1s ready to be executed
BSFactory.getServiceDriver () .callService (message) ;
For each Controller, Palmyra generates a caller class (ServiceNameCaller) that
offers the implementation of the steps needed to call each action synchronously. -
30 Example:We can call the service which we called in the previous example in one row

of code
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For each controller these are the main generated cl asses:

An interface named X: This interface contains the nethod specified in the
U VI L 25aso0acttimapss4i n this controller An abstract cl asspcahiBado/éizesr act 3f :
This class is for technical reasons and will not be used by the user of
this controller A concrete class XCaller: This class contains the nethods
defined in the interface X and provides a shortcut to call the service X

with default contracts of the 30service. " A concrete class XFaetory: This
class provides different ways to get the registered i nplenentation of the
service X The devel oper has to gr ovide, 'a cl ass tha)t)_extends

Abstract X and he cEalgsvectiorh@erane ReVmam' sttt witE Skt r’d code to
register it, otheryi,seo.hfs shpdbdanas®ic hsybdranpisly, 5Sestvbddsaddef i ned in the

UML nodel can be invoked usi | i fec . £S8k A s ky written
code. The a&veSEPBIPESoHr nfeﬁjgd §%1%%chng$‘ ’?ﬁgmﬁ%‘%ﬁ g’%@h?gi%g SEHIEEM gﬁgnt rolled by

the securit yewmehshie.callipee, Symamsmes orgwaichioedya (Hebplt s yachensek vi ces (whet her

t hey supgort trans[%(r:ét.i %{1& not, and whether they start a new transaction
or enbedded in the (_:alf er transaction) can be configured at runtinme using a
speci fi c confi gurcavie'=66¥S "EOTAE" Pal myra Service Modul e all ows the end
user to confi gurgsraefofiBttd;vinkbicieser vireetesarviigelfirssear e lpenct el y:
Renot e Service Co igkj)ratliao,pi IBs)to be executed with a specific transaction
type: Service Transacti’on Cont i guration Is to be broadcasted either in a
Cluster or to otherdAppid eatdn¥sTs Br oadcast Configuration 15Calls to Wb
Servicesjgare fully ipplementedhynthe (Spindnoe, |ayestriFhyatonfifgusati on
needed to call a web seryice is done on runtime through a

WebSer vi ceConf i RAEFFLT 'Ast ance.  Lifecycl e The Lifecycle
managenent conponent InurrictorsritthrebtreEnsFtion of an object fromone state to

anot her accordi ng.to the assoc):atssh wial ecliaghamdahatnreptesent(s: a
process. This nodule 1s used to run all '%h% prgce§%%§lsp fined in the target
application. It {4&p8seitree wlly GRtFIRE 10 T°da new pr ocesses and to
associ atss them t o pr evi aushygefdoneds ¢lragsses. The system takes the new

processes into Cgépgc%g£§tg}e%§e£$1%5r§;§ﬁ5 Loading: dhelksage, att);
Services are defined using UML class diagrams. They are represented by classes
called controllers. A controller has a name, a short name or alias, and a numbei*.of methods. A
controller is considered as a group of services. The generated code then represents skeleton of
20 the structure needed to define the service, then manually written code is added in order to cover

the functional implementation of the methods without taking into consideration the technical

aspects. ‘
For each controller these are the main generated classes:

An interface named X: This interface contains the method specified in the UML

25 as actions in this controller

An abstract class called AbstractX: This class is for technical reasons and will not

be used by the user of this controller

A concrete class XCaller: This class contains the methods defined in the interface
X and provides a shortcut to call the service X with default contracts of the

30 service.

144



As descri bed before, state diagrans are used to define processes. Actions
can be defined in the entry points of the states that formthe state

di agr ans.wOandit45e3as can be defined in order to guide tireTaR®mAMHO2037 pat h.
Bot h actions and executions are defined using the Palnyra 10 Expressions

| anguage (PEL). Processes can al so be defined to | ead several other
processes (one process to control and to |aunch several other processes).
iii. Security I nternal and external Authentication and single
sign on (sso) 15Rol e based authorization iv. Job-Schedul er Pal nyr a
Schedul er is a technical nodule in the Palnyra Framework that is

responsi bl e of managirgnardieclexEButTib RS Flag erEden oY © getthe A job
is a Palnyra Control Lgfe8q iRidQetitntontha spatdx.cul ar configurati on The

| atter 20configuration is to be specified at runtine. A job can be

created, nodifi ed, Teelced@d:; hat vacked? cad teketudsebstratial by evatismt i cal | y.

The Pal nyra 11%%9 % &' IBNAYENRHE t ﬁ&kt@ﬂ?%th&%@hé ﬁlbﬂ@n@{ﬁdl)flﬂdpk ure.
Itlstlghtlyre ed"to the modul

Pal nyra_ Cal enda mq i S, respon3|ble
of Hol i days 25 andSBrstsreisd eélveéﬁ\%wg Wé@@ﬁ@ﬁ@ Lsing lifecyoles, ﬁi‘B’Fssé? il nyr a
Appl i cation Iﬁe@ué&?%ﬁm doBe. trhencBadisnyy af thedeadial e riffmdulses is sammeligbgtiequi si t es
need to be fulf d desi actio duhegds to be
defined as efe‘i’fﬁ'fyﬁ%tﬁiu]le%ﬁ‘ﬁtr Cg?%f}feg&m Xs Semce%@‘[hftﬂ?r%%ﬁ%g} c(;\ﬁl_i,tjalsn?&ntéss Cal endar
needs to be mor, aaltmthefﬁmystartrmb\en@mcam@nmEértﬂﬂthnythseélH@Wﬂct@ﬁb%%l ates an
attribute Wctoﬁgtugﬁ aSthl ngl}{??spe&ﬁ’%nﬁgmatmntool EX&WD' €. V\é will be

configuring a ase TestController's. nethod " g R wel |. as an
i nst ancel®f the enﬂ“tVﬁw@%ﬁd\é‘?‘i‘%&p‘w@(}m'eﬁ?f@Tt8ﬁ?i’§13ure °B5‘fnhlm HoWh i n FIG

47A. sece:RUNt i me, a JobEntry instance stores all necessary

| nformation abou%u? gacaﬁed remott(%l;ﬁ%em&e gé}vlkgC %%Le 5Job Massage The

rret hod to be exe e actron of the serviceNane

"coni . Test Controk She SROWY, | Dbk GranblBs Service TrdRe4€dnl donBtratidie j ob wil |
be scheduled to éyfeceuatx% da?/m;/ %e Jgpnﬁnétarntﬂllpr?g from 24/1212009. It can al so
be schedul ed oncg,;, B Bbdelsied e la\ciuse ekeh Yirermpplidations:BrosoustEntiguratibhe
repetition setting is shown in figures FIG 47C and FIG 47D. 10Holiday
Treat nents We can asbdigWehobividays iy itnhlemeaddén thasernyGayes Adaroniigortion nst ance,

needed to call a web service is done on runtime through a WebServiceConfiguration instance.
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we assune that 25/12/2009 is an annual holiday, 26/12/2009 is an
exceptional one and Sunday is a weekly holiday, The |ist of holidays wll
be consi dgoadimdasss4executing jobs as foll ows: The hol i dagTiiB20ad/0d2e37 t 0 be
ignored or to be considered. The holidays creation is shown in figures FIG
A47E, 47F, 470, 4711. 15Track Execution: Pal nyra Schedul er offers the
possibility to track the execution O a ,Job, through JobExecution

i nstances. As shown in the figures FIG 471 and FIG 47J, the first
execution of the job will be 011 24/12/2009 at 5pm The status of the
JobExecution instance inset to waiti ng, I f finished sucaessfully, it wll
be changed to Success. The nextilekéE€¥s on of the job, considering the

hol i days on 25/12, 26/ 2 and 27/ 1 n %g%g&% at
5pm The Schedul er ™ Cngmél?f‘é%elﬁgmﬁ?”(ﬁ%)%jin torﬁ'ﬁ%“%l%g?lg%i%na%;%rl nci pal
Pal nyra Schegduheimoths: atdoalingeathhaskdomted stafe Glasis el CREEHS 2 PPOPS Hergeds o a wor Kk

job Tist, sort 0k R @l mmm s piraginkfio ead nared
Pal nyr a- sch&dir et mﬁkﬁl@g e e|§gésﬁnon tﬁ & Xﬁ) 1 ISIA which is the

first job t@e‘berO%E@%@m @éPClafeﬁ@ﬁ“ tp Pfe%‘is{yée@%‘fp Cllaisgs t@?@%"ﬁ télﬁcs e’ and
execute it. processe@hﬁ%ohﬂ@raamlﬂ@t ﬁiﬁaldsdmgahetrme creation of the correspondi ng

JobExecution insta %cﬁejc&gx Cgore Qrgcgi ams eu@gclt%%l@ﬁnhgroggsﬁgtﬂcﬁ&s@ﬁt@ppr opriate

nmessage based on t age Fhf |on 0 d then let the
Servi ce nodukfnetmnic eatry points of the states that form the state diagrams. Condmonsrcﬁt@ % et @%fld naned

Pal nyra- JOb%nE %%eéu dy@l{e%%uﬁo%ptdth%o@ﬂe@tﬁn@m&u@dn@a@ﬁeﬂﬁamgiglﬁ@ P3fuytzhe wor k
job list. reshes its |ists each LOAD JOBSI NTERVAL, which defaults to

120 m nuﬂés EXPIéﬁs’foé%lﬁ‘igﬁﬁerﬁ}éFéﬁs sending a query to the database to get all
the jobs that ar e p¥pest ed als@be d3fndxeleadtsedraiwthdriproctstre (doaproesss tp aecdPlal  of
tinme, i.e. tE>§ Q(Lﬂloenall stgorgcse with a Waiting status and an execution
date "real De?P PRETE PBY ?Fw N (currentDate+ LOAD JOBSI NTERVAL).

The cycle of a JobExecution |nstanclé Fo®ENf rom status "Waiting" when
created to "Sent" when_ the rel qb reaches. its execution date and is
starting to be hantf®E§ B eftﬁ@al&g’ﬁ%%ﬂogﬁn FEEHERBE 5 éss" when its

j obMessage i s goi nBolkbashkavgantitred and finally to "Success" if the

j obMessage has been successful ly exgcutgéer@iuerFail" if something went
wong, i.e. an Exception occurred. Starting the Schedul er thread
can be done eit her pamyQnBicigalid Medbicd hrdappliietaniyorFrstamwtiuptishr ough a

property called A Tl CALLY START or at runtinme 10 through the
Appl i cation rg%’ﬂlé?&grgfﬁ%ﬂlﬁhm exceution o i%dl%%%gﬁra Schedul er has jts own
| ogger, with very gyeci b PdmymeCritrdtigyethof mah aﬁazthl@f eripyatigeiRaklign of a
Pahnyra %heggﬁ%;a@]{g@oe%mmmgngt or age Layer 1 Persi stence 15The

|

persi stence service 1s conposed of  several ni;a tngdul e Entity
Manager : A job canbe created modified, deleted, tracked an cxecu manua. y or

automatically.
The Palmyra Scheduler management includes repetition and failure.
It is tightly related to the module Palmyra Calendar, which is responsible of Holidays
25  and Business Calendars management.
For a Palmyra Application to work with the Palmyra Scheduler module, some
prerequisites need to be fulfilled at design time: ‘
The action to be scheduled needs to be defined as a method in a Controller.

An implementation of Business Calendar needs to be created. This implementation Entity

30 should encapsulates an atiribute with the stereotype “code”.
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responsi bl e of receiving and transform ng queri es. Data Store:
responsi bl e of communi cating with the database and returning the result to
t he EntitwoNkanzgss34 PQL Parser (Pal nyra Query Language) pciiaBzhityyozosre Entity
Manager to parse PQ. 20queries. a.Entity Manager The Entity Manager
is acontroller that fully conforns to Palnyra standards. It inplenents the
Busi ness Del egate interface.. Fromthe user's perspective, the Entity
Manager performs all the work related to saving/retrieving Pal nyra val ues
to/fromthe data store. The 25Entity Manager serves as an interfacing and
parsing stage. Plus, it delegates processin o the prao oqe sing unit,
which in turn perfExnmetWﬁ@Wlél(’ppe‘allﬁgwgkhbﬁﬁi?g ’thF?S’Ft%W&Eé?m FEE 1 hree

groups of agtans u, hlaRdgid eﬁﬂyWCElbﬂaﬁ&tlédOﬁyChaﬁaﬁmmuhm iPRIG. $1%at enent s:
(1) Formatting actions: These actions are to m Omamma %’Eﬁbwﬁaﬁl%t%n updat e

its format, or upd(ﬁtPém‘i‘lfl%aé@ﬁ%ﬂlaﬁtﬁf%smlefﬁggﬁcesﬁ%ry NS sinply iterate the
configured ¢abse spdiilees and i nvoke the 30correspondi ng procedure in the

proper data store. 2 1200 #HBese actions
up d]a{J M(esslge ‘E{b&h‘%@k@%&é&%&j% % o8 ﬁ%é QRS of t

are to insert, e values In the data store. (3) Search
acti ons: SeampramP“CtoméFeﬂE@tﬁrOB@t Vevipen B} €%t s that neet sone condition. The

followi ng secti Onsﬂéé’f@z‘oﬁ«lﬂﬁe}obenm{éﬂﬁﬂittse;feaﬁmmﬂsatbbﬁstaﬁmgﬂemut| ng each one
of 5these grou ext ive v /e

Persi st ence é’éf/%‘?oge“ %8 ala%%% &W‘?@&%W“Esﬂlé% howy%ﬁgilyp%gt\l}%y s cohveni ent

| evel of sepgeadonemilget sheenintiigecsiiar 4 Cohd FlRe+@per at i ons performed by the

Per si st eﬂ)ce servi Cﬁoh n? e&tgﬁi l\ﬁgéaﬁ agfykaﬁaﬁmé)&@éﬁ&ﬁ niyb&%nd@r@FJr@i’sfﬁdehese
operations and nani pu eir state. This s%gplaratl 10 real |zed by

0
defining a nrrens gt Qéﬁﬁ/t?%?tl%antaﬁlﬁlal @B?ﬁya%ﬂz{zﬂ %frhef‘%epmna agy 58 ¥ations.
These cont e&tv&elﬁ%ﬁ)haﬁa’@hel HsteE h&mjaﬁ;GJhE b donﬁdereﬂbjheﬁmcuhimbbmmows @hé' and
“get" met hods at_contain e t he
actual work hﬁ%@y&eﬁ]@r Bt Sﬁgngrteg?r ip gegoson% Tec hehflhdgfs el @qg%gﬁ?ﬁg%ﬁss their
par anmet ers afd, ATRA/PLA7EL e t he contents of these contexts. This sinplifies

par amet ef passi ng P%Elyﬁc@&tz&h@a%?fals%égulc%to@f&@%eﬁ&si@ﬂ%ﬁ@-ﬁrbcﬁlﬁw&k@ﬁt&ﬁ%fzlilg, and
is |ess costl f ormance-w se

per f or med byTog [foupi I EEc iR EsERiey A ghoa i85 feugss ﬁﬁ’i ﬁ?laaf%g}t%%{g?vt\h/aegn % product
i s manuf act ukediomrte Jdbtwﬂr[rﬁa/@smalzm(g 285pp1, Dkkstdtis 0 fithd fohBxeowtion inftase &rs§t.  The

product enters f heg‘%@ gegﬁl%qltc%sgfu ly, twl%l?‘gc c%an%gdtlogggcésgn of raw ma‘t er' als. It

goes from or@"“&{%y cont ext can be t ht of as a
product thatThgets ewcmes‘@eqjolbyOItSidermzémhela@Yssqnﬂé/llét%/ﬁl and 27/ 12(Su11day will

20 e on 28/12/2008 at Spro.
The Scheduler UML is shown in FIG. 51.
The operating principal of Palmyra Scheduler is that each time a job is created, it is

added to a work job Hist, sorted by the nearest date of execution. A running thread named
Palmyra-Scheduler-Thread relies on this work job list to know which is the first job to be
25  executed, then it waits for its execution time and execute it.
Creating a Job leads to the creation of the corresponding JobExecution instance.
Executing a job consists in creating an appropriate message based on the JobMessage
information of the job and then let the Service module handle it. ’
- The thread named Palmyra-Jobs-Feeder-Thread is the one respansible of managing
30 the work job list. It refreshes its lists each LOAD_JOBS_INTERVAL, which defaults to 120

minutes. Refreshing means sending a query to the database to get all the jobs that are expected to
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20 conponents. Its initial state provides the raw i nput of the Persistence
service, and its final state contains the proper output. Thus, a context
may cont avo 20ampsatt ri butes that are required by all thecpnBoeesi2ogy phases.
However, each phase, or each conponent, is concerned only with a subset of
these attributes. So, each conponent nust have its own view of these
contexts. Gven this, the singleton conponents nust be defined to take
sub-contexts as their paranmeters. Each sub-context 25is actually an
interface that defines the set of attributes that should be present in a
context to be eligible for processing by the correspondjng.conponent. The
cont ext of bnexcopdmathindlr ittt intyeralof Hp.2 &t PlFe flo%ilﬁta“é?iBV”%S%P&%%MS? all the
conponent s L hal oAcBlidn A% ¥ 0t Rhdp BNdvRE fﬁhﬁl@uﬁéﬂﬂ?&te&m@m i@Bt_INTERVHE.).

Processing Units 30As stated _before, the ity M o fills the
proper context witHeCHE ‘tf&?%ﬁ‘é?cgt?? lf?éagceegﬁesrhonf Sya,ms Qﬁ%? %evﬁd ?ﬁl{c}% detg t he

proper pr oces@ﬁt”wgmmmbtelateﬁaﬁseaa]@s tthexeqtint dxctend i statting Bae hadled €648i ng unit nmay
as well i nvgkheedlﬁﬁt:lhtgrh’l.? eg ?igs Jb‘dlkés&g%goﬁ&oﬁ;%ﬁemed%dl ﬁ:&[l?fbeﬁﬁdcéhg’ units

i npl ement t n ace (the Processor interf g{t at has a single
net hod (pr oc.tfélsas))bM%%ehaak%S‘&"?E%ﬂﬁqyé‘%ﬁcuﬁgoﬁ el §f§’?§‘f3 D AFUSEVE> . The
Cache- Awar eEEge?mhﬁgd Units SSorre of t he processors may cache some of, or
all, the data they ene formin 1O anSRadofat  when a
simlar operation P tE“? %fﬁf%{g ?ﬁoneggjteg&%ogﬁg&ﬂ\}étneragltﬁeét are
retrieved fmm;ithxeughammemﬂ@a‘dJWMA’éT@éhéYai@&{T SR DB e$58r & ar e cal | ed

cache-avwgre }9%%%% ?,Fﬁcau&%@hetdﬁgrméﬁtend t he CacheAwar eProcessor class that
provi des an a rac syppose that a

e cachi ng process. For a
cache-aware pr ocesE]@rPallwchﬁdulﬁ?lﬁ‘é%Ss%’sk’%e‘m@b‘rﬁ%?fmf%%P’é’goﬁ?al ns the input
attributes c”ildan111111stxat!2ahofaﬂﬂﬂmmche@nmm&ﬁxauﬁmut attributes a2, b2, c2, and
d2. Wen desi gnl gjtor %ﬂocessor t he devel oper (the persistence Iayer
devel oper) must hoo Ehedut put attributes that can be cached and those
that shoul d be processed gugly..time. Theoretically, the nunber of possible
values for al, hi, d, and dl is infinite. However, suppose that in
practicals si tuat | OMBe peRREn@isieibe i cdnipidietsepelinaoh s@li-mp@éesaﬁmwwamagﬁh S
l'ifespan, find th t si bl e values for al, and el is
very |imted &N Ogrec?lﬁlégangwgr%hgg ‘%ggsl bl e values for dl js reI tively
big. If the user pPesg§ises: xelsmnsﬂﬂmfc@uwmau@gmﬁtbqﬂa@éasa@d rpfgrning i reg El d2

correspond dj reehfiynang.s espectivel y to the input attributes al, cl,

and dl, this leads us_to the concl be
cached, whereas dZPQHSQFed%E’“Wa‘P %C[%?Sl/g}ft}i?%%ﬁ}blg%né e aﬁeybﬂ
reoccurrmc&lufarﬁdaquency of al, hi, and cI (fromwhich a2, b2 and c2 are

gener ated) 20is higher than t ,[ ﬁ%g&rrence frequency of dI Further, if
the user cache d2, the size o e cache should be significantly i ncr eased
to boost perfor Mangge Entity Manager ﬁlaQGﬁrollhehaﬂﬂﬂbafnfcﬁﬁs pOsisiyhlsendsalsUes for -t he
input attributes is_genera g cireul ar d.pe used

i nstead of dmﬁjﬁﬁe‘i‘t%t Bgﬁlﬁsstd’fég% %{E evaoueseusefhgargge(r:%%ﬁgere&%wén Keeps the
| ast and nosgerfusedil keysrk rhlirediasavingastpéving Palmeraelyesto/fron dern goshddl d be
conposed é)f X%J?E ki\“/:liarla ﬁgﬁeg%staﬁllugéﬁagﬁg ﬁldpm@l&lg st@é%ct’l&l i de@éﬁ\fte@;ﬁ@&é@m@%ﬁ@

per

pr ocessof | 'ow ng routine nerate a
cachi ng k ey HI@WWIPWéslﬂgnlﬁl&tWh&@ﬂff W@P@%mﬁhe piel eyt g £y %an{%?)deﬁ% gener at ed
cachi ng key &Oupk 6f dcti@¥ 8n gRttan fort@ActidighL ahiges PQL statements: (3) If cached

data were foun HL};BP@Q]&% chiol%s ?]%etgea aEc or{s Qlte % ttom%.t 0 H&t?@f&re u%% i @&Ba‘t

30gener ate non- cac
or update its constraints. These actions simply 1terate the configured data sources and invoke the

30  corresponding procedure in the proper data store.
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(4) O herw se, generate all output attributes, read cacheabl e out put
attributes fromthe context, and then put the read cacheable data in the
cache usiwg 20hw4s@ahi ng key. The exi stence of this routPoe/IBI1&VE0Y7
cache-aware processor allows the abstraction of 5 the caching process by
defining a super class for all cache-aware processors that performthe
caching routing, |eaving sone parts as abstract nethods to be overridden in
its subcl asses. There is one abstract nethod for each of the
followi ng tasks in the CacheAwareProcessor class: (1) Cenerating a caching
key fromthe context. 10(2) Cenerating all output attri bgt es. %F)
Generating non- cadhdabienpatioidelctopartiontif BSe AFAT (RAQHFFgLER HekBIe out put
attributes {homtfeaeeptext. (5) Wi t| ng cached output attributes to the
context. e. The QOperation Executers n ssi ng
units, which are f(?)rsff“’l?ar?\}%rife%”ﬁ&/%of fe En ity beCfSﬂlH,}g?egsggg?@{d%gﬁ to as the
operati on execut ere fd‘lh@ylchhdnsﬁ}@llahrdw C@lmﬁ@efﬁﬁpmaw ﬁfgex?,cﬁ‘ﬁ%ﬂéﬁ‘ihloﬁﬁoﬁ n order
to be re%oggl zeedousl(;c Qe  operation's name is Xxx, its executer will haVe
the name XxXExecuter '% g Sel ect Execut er, Synchronl zeExecuter, etc.). In
addition to invoki ng t hebot h&ontﬁ*t%’éé%%ﬁpé"a"]l he operation executer serves as
a factory 200bj ect r the other Log SSelienRedss t o i nvoke
anot her processor ’Ji‘ht %Eréﬁtenc&?ervmelstpe cgines(agl?aW%&haﬁpl@%@éﬁ%oessor fr?mthe
oper ati on exeeutebewSen the stee Geratitions wxeEise 8Y th&%?*imﬁ‘&ém? 1otrgHRd B 988 a

central "pal.eft (%lnpgliBanﬁﬁpl?E%ng tﬁesea- kaﬁoﬂﬁﬁk@ﬁﬁaﬁﬂula&&ﬁ% staf. ThieRp@ation St om
executers for SpeCI I C purp per ation

execut er10nustalissd bypddisiggp B’f“%bef ‘bfcﬁrfti’mtﬂil?é QﬁfaB’ctg% i%ﬁq?eﬁev 5 ﬁratdj n% br%esg , SO a
ref erence t Qoitdxtsshrauidiida@bipas@edbjedts thiave dset 'exd ‘ge¥ Bivthsts) Heal Ce%tﬂm 8Xecuters

Irrg\églé?) at h a? a{%;te rr"t ro%goeris 2 T dOTIE%CtLAI Lotk a'ressu%lcﬂsﬁ Qﬂaﬂeﬁg one&Qﬁ§t$£kE (or a

ata store command that woul a,@?%{?]the
operation, opotgxéras th@lr parireetepd riipHate ﬂ*ﬁ%‘méeéﬁa%lcsf’ goniexts g processor

(or an assenhlerd: LHAL LWRnGhvaREs (hes sabaatoabrened, byl it e codlya store and
assenble the resul't in a Pal myra val ue. After invoking the

mapper, end PHEFHIES PG oK | ng the assenbler, the comuand generated by the
mapper is sent to T}kwvag}aﬁape&tlmf@pd;rfmmd@hm Peigieteica Fergesfis vy wmila jpdhe

represent ed b gucglast %mﬁ%%&l W2 RRBYes aWﬂé &}t}o&&h(ﬁ&ﬁm@m aGdior?. hat pre@pt rol s the
fl ow of data 'R er si stence service and the data stortgel Some

oper at i ons reetqlu |ﬂ16@KéXfé1@Iy tohorg 2 A EEIoR PR Bﬁ‘@nﬂ%gté(’?tﬁ@?ém%“% R In other
words, the nBRR&ES: c@ﬂ@(t 23R ﬂi@h@t 8 bk Bluch@at@ueputcadd bphevaibaningieoe t 0

performan operation..So, the operatian ex r ] two sorts
of the offer ZCWRFRERY- s i %ﬁl%m‘%ﬁg‘e % “s“fu? @ﬁeﬁemmgce%mg a?%%gﬂ??ﬁg%e can be

per f ol hi ed hynexetebgoaps They, ecalgktanas tooran mmmﬁﬁ@tefs et st ispRrdt i on. The
second is ¢ qﬂg)p(%gclegs%g gﬂzﬁgs‘.”‘ﬁ&%&&, LRB I ad- e hdh €oifoREH tid ddBocPRRY Bnly with a subset

~ of these attributes. So, each component must have its own view of these contexts. Given this, the
singleton components must be defined to take sub-contexts as their parameters. Each sub-context
25  is actually an interface that defines the set of attributes that should be present in a context to 1?6
eligible for processing by the corresponding component. The context of one operation is the
realization of all sub-contexts of all the components that are involved in performing this

operation.
c. The Processing Units

30 As stated before, the Entity Manager simply fills the proper context with the

parameters passed to it, and then involkes the proper processing unit, passing the context to it.
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t han one data store command. Each operation of the latter category can be
broken down to 10sinpler atom c operations, and it is the operation

execut er 'wonespassitbi ity to do this. f. PQ vs. SQ PCT/IB20Tbve02851t | t y
Manager performs PQL queries by querying the underlying data store.
Services provided by the data store are simlar to those provided by

rel ati onal databases. Since nost rel ational databases are queried by SQ
gueries, alnost each data store operation can be 15 expressed in terns of
an SQL query. The one-to-one correspondence between data store operations
and SQ. queries nmakes SQ. a good tool for expressin uerl s are
carried outES@Pngémgmkﬁﬁﬂaawﬂé@ﬂﬁﬁoﬁﬁéﬁywﬁﬁﬁﬁﬁéﬁg gﬁ“ﬁd&ﬁgkﬁ& EENE way
pseudo code jjSeh3eds fafie @xREG (The PRAESER Frtedthdd) Bhiged d dityfesnirod (drorpisethrent ed.
However, fine details %gbout ho%/to overcone limtations of SQ) are out of
the scope off¢¥ACUHHAURSHES PEFY " Sear ch acti ons The sel ect executer
is the super class of al k. S&b6whe-dperdtocaringNatut ers, such as sel ect-count,
sel ect-historicized, and the rest of Slﬁl|g ?gﬁ gﬁ ers eAsmgtﬁ t.ed before,
and |ike Sany ot her Stk e BiooestoRany SPBe fomsh QLA e I° HS PP H&7S € mappi ng
stage, the Gafamslkes &eraffiflsd e waaseitila ngrastreiggerfona lttrathe &trced n order to
e e A

fol | owi ng tw6"F erie ys or search crlterla contain
keys that relpya@wmftssqrsehdtﬂmn@cwf]@@fﬁaph?ﬁé’ﬁﬁ‘%f@@ﬁsor ‘(@f ﬂ*?"r’r’é""é?ﬁ%?lﬁ BFREPL cont ai n

keys that r %c@éﬁ@tpro@&g 'P%pexﬂmglgls%pbéé%t a @chelﬂa'ﬁﬁbtd’d@sdrﬂhﬁ]’ fpaceses a

Consider the UML 1h 1-40-s D t ] |c SS|na
find opelf%t jcepgest glatxontgmfh? 1ﬁ%_u[t atgrﬁ&teaﬂel?ll gldgtfds d; 2813 g chLeLtpu _'a&x"ﬂa% Egpbf ? T+

i 3.+ anSiIM meﬁ J[b@ﬂgﬁn@ﬂhe phoesgtatha dstebpe (tbopersisienenlayef &relpnsy é}%FS’ac e s a nd
since the pe Exgc!ss %@{bxﬂesc gat QQ]SDB @&hg@ﬂ@ &oge%alﬂhgﬁ\fd 51@&%@@&%}/&1@@ act ual

types of thee?l%?u val ues of {) ﬁ@l’ g
i nvocat i ons Theorttivellseitee aunéﬁb?féo%iﬁbé Vﬁlé@d‘édﬂ 18 Fi ?Wéd Rédmite HOT PR §UPpose

One sol uti onudi$, rRuEEX8GAHSS, bl¥Ey Y € fiditall peLely e efpliteivi’nifetphe fképat thd , i 2 and
i3. Then retri eve them | Thi RLO cks The
first of Mwhit®Rbrrofpasgbet @S%?gélrb@%fﬁ ﬁg %Ec}%(pc%%dastlegﬁﬂé&o !F,%[ﬁ)se keys, or
the user, haglukofosital maﬁelﬁﬂmﬁehmﬂdrwwﬁ@t@ﬁpﬁpm rigibuice s h%;c% et d7al ues and
filter OUt tcraleresvc%d#iﬁ%ﬂ% Ql%tre O Q%to@ﬁae%pu{ Qﬁbﬁ&@@“bﬁ' chand\ﬁhltlﬁﬂeidSuﬁXﬂﬁnSI ve 10

performancevm econ ra ack is that the nore vadlEJ %
retrieved, tdveclhisnaat Reb2zwrc? falide pashsdeVierhnd AL et UBet APV RS, For
i nstance, ifythe tgé,h%(gcyurfeﬁ&erﬂeq&/eﬁ@ ot@0 bi,nsd @neeas wakh e, 8% sndé;2 atepererdiad) each

instance, the user nee erform a S ehrieve il,
ii .i2 an¥ |1§mg}ﬁ‘1fl‘§“ﬁ§’§ﬂ%"uﬁrwg ?qﬁeé‘%sfedb 1%1%%1 Sltft ggl t?atc%irll (P' %ngc *azy- get
operatl ons t acleghquidere eigtifiemttelnatdsaliis bevkt patfprmpdve: f ound i nstances. I n other -

words, it requires gl & Qnmb'e{b\fggs%%fquﬁcstf& i@ ublatisuist OserbWheneitd, dl5i s the
nunber of retri eveé Fl

ues, mis the nunper of quer]ed rlel atﬂ ons with
i nt er f aces) . circular cache Swﬂﬁé?ﬁ P@? mé‘ﬁ‘fdtﬂf?ﬁlﬁp‘i%mf YrEy Vagﬁﬁﬁlh%ﬁg?‘lﬁ’icla%ﬁ’ down to a
nunber of at mapseh&&eixﬁtrﬂoanaed ik, Baclexapge, dteikenfot aehitshoulcasbmpaehofof t he
queri ed i te faces tboto e, dthe classes that inplenent it. Using this
approach ?P‘ﬁa%ﬁe?)f)eratmon the nunber of invocations to the data
store woul d be congtnaniche- M@r@t@ﬁmmﬁwaépé%@nawﬁlm nunber of cl asses

that inplenent each C{Pﬁtﬁeﬂnﬁgeggdoﬂihgﬁefy%ﬁlthehﬂau@ﬁtﬁqb@césadrmeeméxhe interfaces Ii,
12 and 13 can be cast ‘as fol (1) Il as A, 12 as A2

and 13 as A3 (2) Il qS)(Alethegéheraaﬂ cARingRe) td Btrgee BB fom the cache.

(3) If cached data were found, write the cached data into the context, and then

30 generate non-cacheable output attributes.
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(3) I'l. as Al, 12 as A2 and 13 as C3 (4) I'l. as A, 12 as
B2 and 13 as A3 25(5) Il as Al, 12 as B2 and B as B3 (6) Il as A, 12 as B2
and |13 aswOo0(ifjusd3k as B 1, 12 as A2 and 13 as A3 (8) |lpcaaBBi1Wp020® as A2
and 13 as B3 (9) Ii as Bl, 12 as A2 and 13 as C3 (10) Il as Bl, 12 as B2
and 13 as A3 (11) Il as Bl, 12 as B2 and |3 as B3 (12) Il as Bl, 12 as B2
and 13 as C3 So, if the user has n keys that reference
interfaces, and if c(i) is the nunber of classes 5 that inplenment the
interface referenced by key nunber i, then the nunber of atom c operations
woul d be: ifl Consi dering the 9th casti ng possti %Lg itt 15” our
exanpl e, in which | Qtherise zaasraps) all opputaliriteses g cqeheaRls ORI Aty ﬁ’ls%{fiaust r at ed
UML in FIG 37A, woufdediex £duse gutit rtdicehedr datt o thdrechs ggugtde BGidM. i n FI G
37B. Thus, the Select Executer must: (1) Collect all the keys involved in
the query. (2) Sear @ the col | ected keys for those that reference

interfaces, and adﬂeteggcgﬂc% & t@s JobBde-in every cache-aks3) pre@kotiddivetht BBirdcdet &si an
product of all the sets of c '

_ asses that i r?l enent eachsg}ﬁ{ nterface
referencéd By cedimgRegess Hilsfrg Fruat sj3ss3or e RrbeGr el P thePtast i ng
possi bi i ti @&hing (hind Rhvigache faas bd Mgrapiasstiols b bé yverddendoitbivhdasieon, an at omi ¢

sel ect operation shoul.d be perfo . Th i LRRkRati on shoul d be put
in the context of éel?)%lgra}ésfgla%ﬁwté% @ %fhcﬁfgfeg?ﬁc’??%ges know how to cast each

key. 20The SetkestvaExewsbedasirust term nate the iteration over the casting

conbi nations as soon“?@e&eggnm%g@i,ﬁ@fﬁ%'@a{t@(@l val ues reaches the naxinum
nunber of the values to be retrieved that is specified by the user. The

only excgption to thiscustheda apuondenesi s al so specified. In this case,
each atom c operation may retrieve up to the specified nmaxi mum nunmber _
Then, the retrieved ACuesitiasensebeadd camdt #FP¥sed so that they do not
exceed that nunber. This 25 meaag ueries that involve interfaces,

i dz ]% ghata tbh e g‘ the context. t .
order and maxi mum nufB8radge ctrasrlE QUPY AR FPT A S S e rel ati vel y costly.
(5) Writing cached output attributes to the context.

e. The Operation Executers

15 . From now on, the root processing units, which are first invoked by the Entity
Meanager, is referred to as the operation executers. They will follow a special naming convention
in order to be recognized. If the operation’s name is Xxx, its executer will have the name
XxxExecuter (e.g., SelectBxecuter, SynchronizeExecuter, etc.).

Tn addition to invoking the other processors, the operation executer serves as a factory

20  object for the other processors. If a processor needs to invoke another processor it can obtain a
reference to that processor from the operation executer. So, the operation executer can be thought
of as a central “palette’” of processors. This makes it easy to create custorm executerslfor specific
purposes. However, this means that the operation executer must be accessible to all the
processors invoked by it, so a reference to it should be passed in the context.

25 Most Select executers involke at least two processors. The first is a mapping processor

(or a mapper) that generates a data store command that would perform the operation, or part of
the operation. The second is an assembling processor (or an assembler) that would read the data

returned by the data store and assemble the result in a Palmyra value.
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i. PQL to SQL Exanple: In the previous sanple LIM (FIG 37A and 37B), if
the user perfonu the followng PQ statenent: PQ.: select +, il.+ fromX
wher e pk wo200M43d3e Sel ect Executer will p edam . the eguirabBioreno2037 t he
following SO queries: 5(1) After casting il to Al: select T.*, T_.il.* from
XTleft join Al T_il on nisi* = T_il.pk where T_il.pk > 1000 (2) After
casting il to Bl: select T.*, Til.* fromX T left join BL T_il on T.i 1
$pk = T i 1 .plc where T_il.pk> 1000 j. The Interface Keys Col |l ector 10As
above-nentioned, the Sel ect Executer needs to know the keys present in a
query that refer to interfaces, and so, it nust iterate over all the
present keys in a &ftreioyolting thesaareds afl%\’ef?rﬁ%%m%g}%@cas?eé*@%‘FGOIT’IHT“ rf aces.

Hﬁwever, S;J%leé{%b{ By G hafRr £ N tieath Riere Gli@izh @ shekidysiwadieyes@arehicdbi t eri a,
the group functions, and the order fields. |n_othe rds,. I keys are
di st ri but ed Heqatastg MRePerof ey ﬁ?tékéascof%ﬁlﬁééw Y 8&%%\({:%‘” eyﬁée %%? ect or
traver ses akdrvitdd 8k Eaie btoke SRme ppctdionsSajise txeBterutre fhag getdaiR 19%8nd col | ect s

the keys that refer 28 ihgset88M ittt B RediRR rbRakan BBRSo €ach of
t hese keySs ot g'emﬁ grr og%s’e&llglt@lgpﬁg?gnrenges. Thi s rra:é, ismu§t§$a:p% .t he Sel ect

Execut er t o pejéomapmeReraipy. Se.es operaion SEFCEE BT HLETO8HE VR SoTiEg I54E- t o- N
Rel ations 2QLfhdirse $8GE it@hic ofdtBols@labian 08pRRINESR ccCingAtingle darcsicae City is

Cont aj ns. oneoBREHGE B pTHE T R HAEROL e o I AR Y 1y
cont ai ner Mmish oalatagiore doomeidyRack eysativheftthe letfeepataged e GF¥E 9N {he country
contai Nefy ls{m éep SollR %Fgr&fonst, Qrﬁi i‘{ i?lh@-gﬂepa@oﬂ Scecfierb Le@&)'hsibiﬁt@% cIoh_Eis.narTE Of t he
symetric re Ion 1s "country", then the nane of the foreign key is
"count ry$pk”. 25Consi der ft HQH¥S15Bwi ng PQL statenent: select +, cities.+
from Country wher eTI?ér}ﬁl%tyﬁ\/Ia:.!r‘ng%p performs PQL queries by querying the underlying data store.

Services provided by the data store are similar to those provided by relational databases. Since

most relational databases are queried by SQL queries, almost each data store operation caxn: be-

15  expressed in terms of an SQL query. The one-to-one correspondence between data store

operations and SQL queries makes SQL a good tool for expressing how PQL queries are carried

at. So, use SQL as a pseudo query language in much the same way pseudo code is used to

explain how certain algorithms are implemented. However, fine details (about how to overcome

limitations of SQL) are out of the scope of this docunent.

20 "g. Search actions
The select executer is the super class of all select-operation executers, such as select-
count, select-historicized, and the rest of similar executers. As stated before, and like any other

executer, the select executer may invoke the mapping stage, the data store, and the assembling

stage more than once in order to perform a complete select, or find operation. This depends on

25  the following two factors:

(1) The queried keys or the search criteria contain keys that represent relations

with interfaces.
(2) The queried keys contain keys that represent one-to-n relations.

h. Handling Interfaces
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The obvi ous SQL equi val ent of the PQL statenent would be: select T.*,

T cities.* fromCountry T left join Gty licities on T.pk =

T eities.wountwos$pk where T.area > 1000 Si nce pChaBzoag/od2030f t he
previ ous SQL statenent has not tree-like structure (in fact it is a set of
records that contain the fields of the country and the city) the attributes
of one country is found in as nmany records as there are cities in that
country. The only thing that differs in these records is the al ni butes of
the city. This redundancy will consume a considerabl e amount of 5 nenory
and network bandw dth. Plus, it requires additional conputations to reduce
this big set to a(toneé;erﬂfthglhF%CWAa3mqu}éﬂ?9“EeaWe‘Efé SPPEY out with a

single SQL §}%a?att1gﬁ7§&t and that the queri REAESs RO, 110+ HLiG, 143C, | et e need to execute

a find operation to fetch X'instances.al eir ér t hen
Per si st ence | ayer P icﬁéﬁéxpgf.téstge a?jxéatugyrsg?rq?tﬁ Cefﬁ‘ﬁ‘p since the'p Q§[£n%9§é‘ra\l§cc

T_. accessPokhfkno mednsYo kb andeance fhe yotuakiBypk of théfengities a@@@sﬁs Po i\’nﬁﬁes of type X,
10Ty et o & difh findtac¥e crbMes: T_Y_. type ,
. Updat e&@l@ o hons*{y%%& %39&%%%& de-find thete entites,

creationDat e torUserId .,
T_ ok, T type , e, seipidmn@@awfeéute tthuerwﬁ’aﬁtéi’mé%ﬂ& 1‘6¥“Bﬂr’1 iy BT left

join test_Yl.¥u,e8 la(zJ)LThlg-%kQaclﬁlag_mM mzﬁﬁﬁﬂzﬁvb&d@ rihe fixsbyf which fpichat &S oser
Once the Data Store |l dyer returns th %(s)erc%nch st ances whi ch

encapsul at e °¥HE! Flﬁﬁ?“ld?{ 107508 heEHkEHH e tﬁ ©8E Sto? aIua{Cv ctor tw ce: one for
creating t heetXevingHeanic@sndfickr bihehevtlhe thapiverof oect B eaditipg WhishisyRep¥teances and

conbi ne het we L, tnrc];ee—wgs&elgg gegcg{d rwgg&%schajt the EB[ etvlaﬁés LPLiied atd Iﬁ)di&ha%ﬂ nsi der

the fol |l ow ﬁ’ exanpl e, pose t 35 we van i per f oi ni
the fol | owi npgedfs iomérfméé‘zatgﬁ@ﬁ@mts@é? Eeltmsﬁancer i ‘fheﬂueﬂr rplripyed 109 PERACR %SPe pk >
1090 X, bifon Y8 e o R InkiWe, i@ nesdk @l1b8rf(ﬁ1mpl’l£h§ugbt opérhriengta estyevevd Uil ¢ abé first
split tofour smal | er eries ast i Mo} t1?: Il as
A, 12 as A23 (% mepus fat Y usen “fe‘gédd%?nilé gﬁgc’p%ﬁa{“%‘igf’sfe&l% o Slr)(( as Bl, 12
as B2 all the found instances. In other words, it requires 1 -+ n*m invocations to the data s ore (where n

15  is the number of retrieved values, and m is the number of queried relations with interfaces).
A better solution is to break such operation down to a number of atomic operations.
In each operation the user cast each of the queried interfaces to one of the classes that implement
it. Using this approach, for a given operation, the number of invocations to the data store would
be constant. This constant depends on the number of classes that implement each queried
20  interface. In our example, the interfaces I1, 12 and I3 can be cast as follows:

()Tl as Al,I2 as A2 and I3 as A3
(D11 as Al, 12 ags AZ and I3 as B3
(3) 1l as Al, 12 as A2 and I3 as C3
(4) 11 as Al,12 as B2 and I3 as A3
25 (5) 11 as A1, 12 as B2 and I3 as B3
(6)11 as Al,12 as B2 and I3 as C3
(7)T1 as B, I2 as A2 and I3 as A3
(8)I1asBl,12as A2 and I3 as B3

(9) I1 as B1, IQ as AZ and I3 as C3
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Then each of the 4 smaller queries will be split again to two atom c
queries because of the one-to-n relation between il and i12. Let us take the
first twowoanmhimsdsuons as an exanple: (1) After castingPCi/iB®igboasd 12 as
Al the Select Executer will performthe follow ng two queries: 5PQ1:
select +,from X where pk > 1000 cast 11 to Al and i2 to A2 PQL2(one-to-n):
select +, 11 . i2.+ from X where pk > 1000 oast 1 to Al and 12 to A2

(2) After casting Il. as Al and 12 as B2 the Sel ect Executer will perform
the 10follow ng two queries: Pcp:select +, il.+ from X where plc > 1000
cast il to Al and i2 to B2 Pq_4gone-to-n . select +, 11.12.-F from X where
pk > 1000 cast 11 t@0Al asgHeZiapBE gndB32si5Not e that the second termin the

casting clause in the_queries PO 1 d PQ.3 is not inportant and can be
onitted because i?2 i@l)ﬁbf‘s%r%% a’?dﬁtglta%ée% query. Plus, this casting term

will not affect the rat.e gustyey So, if we omt it, PQ1l and PQ.3
will be identical angg\r}m?ﬁaéﬁlfgta?%\aie t he sane val ues. Therefore, further
optim zation can bg gaResed fasWeed elaeteretitiaReitdentid cali) i tenivelsr o20mies The

Reduced Combi natjons The solution.to the previo [ I .detect the
unnecessar yﬂtﬁh‘gﬁeﬁﬁmtﬁﬁﬁwabeé? ‘Peﬁce&é%]éery atThg 1,‘éh§% 1§-3 %b%p%:ﬁc%{é%}%ggﬂlg omi t

t hem gener abige:a new reduced conbination. |If the Sel ect Executer kept a
set of the reduced conbinations of the_gexecuted atom c queries, it wll be
able to skip an atomc query if itsr conbi nati on already exists in
that set. 25In our exanple, before gerigkating PQL1, the conbination (A,

A2) wll be reduced to (Al). This reduced conbination will be added to the
reduced conbi nations set after executing PQ.1. Before generating PQL3, the
conbi nati on (A, BRjnsiérink theéthreesting padsibibty (g exaplech v g@dﬂiﬁs@ﬁ?g%a&l n the

reduced comi,Ngt {008s SalinusEMEAL M 8. 1MewaueTdtcdlRddn sl chse bemsietqped.
Detecting the unnecessaé%l casting terns is an easy process. It wll be

shown t hit ((REL MFG 378t Esithe [yERSFETFREn atomic query is to col lect all

t he keys present in thabieginekesanvolved inhig dkey. of the casting term does not
exist in the collected keys, then that casting termcan be saf&l omtted.
5n. The Mappi ng St agé?) Search the colfqied ey i gsedtahtsbrones PedHEM &19AE ‘F%F"ﬂ
generating a data stege command fromthe contents of a context. If the
operation is performed by executing nultiple data store conmands, the
executer of that ope(BiChorateis Cortebion preductps elbiimreatchf claweli thay imfrancgicatient s of

the context and | nvo%%er%apeerefgr%?crc&)ﬁ)}; Jlléif{e?fs FRRAE Siep 4. An@PdLdan @R cadibe MaPPI Ng
stage may generate data used to
possibilities.

(4) For each castirig possibility, or combination, an atomic select operation should

be performed. The casting combination should be put in the context of the

operation so that later stages know how to cast each key.

20 ( The Select Executer must terminate the iteration over the casting combinations as
soon as the number of assembled values reaches the maximum number of the values to be
retrieved that is specified by the user. The only exception to this is when an order is also
specified. In this case, cach atomic operation may retrieve up to the specified maximum number.

| Then, the retrieved values are sorted and trimmed so that they do not exceed that number. This

25  means that the queries that involve interfaces, order and maximum number of values to be

retrieved are relatively costly.
i. PQL to SQL Example:
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10 optimze the work of the follow ng assenbling stage. The mappi ng st age
is not necessarily represented by a processor object. It is a |logical stage
t hat can we epussent ed by nulti ple processors. PEDNMB201gD02@37 | nput ,
parts of the resulting data are always generated by the mapper. These parts
can be cached, so that the mapper need not regenerate themevery tine it
receives the 15 sane input. This is true as long as we assune that these
data are not dependant on the current user who perforns the operation. For
security reasons, the entity manager may need to nodify the input of an

operation (e.g. adding security conditjQqns pendi ng _on_t GLLent user
that is perforni néﬂ‘ih‘EPfeVFﬁ‘i%a“ﬁ%eaWLgﬁgtér]%haé&%‘gsﬁtﬁ% Seg‘i?g??“g%’ rels%t a

di fferent dpdppggtmeme conmand for each user. 20As a result, nost mappi ng
stages shoul d be spljt into two 3965, gpting stage, and a ,
transform ng stage. ﬂ#%‘e“é%ﬁ%#ﬁ%%t agererr%}ﬂ? ies the input depending on the
user properties syt Bate EcSelviPp-foReSe 8BRS/ alende pe nlewtng EQDudie user. The
transform ng stage transforns the user-independent, Or g gdata store
command. 5The adapti g ‘%@%Qzém?gé} e %egegnit"égﬁﬁyr}gmﬁsr(gggg@onr&ca‘r l ed the

adapt er. \Wer eas t her A5gkr-ansf.grwhengl st&geld08 represent ed by anot her

processor called the transforner. Since the data dealt. Wlél by the
transformer is adapt@Afmdesting iltodtl: sekrgehendBriton fid 1t ST or-me?™ may be
cache-aware processof jisQ.=ThepSalect ihsapioso As stated before,
the select adapter nodifies the input to nmake it independent from 30 the
current user. It nainly j.nTokesrfacefepdedisdger cal l ed the Criterion Expander,
whi ch expands the input criterion object b%e ‘?dd{?ngﬂt I]e folséngvu\ljan Soriteria:
(1) Secul0ity crit ehdahoverpationed therSelor BEEHEHTES AHRY ST ey criTeri a for
the root quepied: ©lid&scesaidsd amuaaehequeril @€proghtsss ih haterhiassarcdifttect | y or

indirectly, an ag?eré%g a];[n{'e%%s; o\?;‘eEJe o Qud‘{“ke%@ it a{uﬁ@ﬂl fﬂﬁ"&ﬁ&ieg o6 | S8arch

(2) | sol at i ¥° CfFiteria’are t fromthe \_/aluei?.of t he ASP
fields in thetess tetroguéniteds, elddeprdThddenpiieregdsn hesc ket FedFEdUY B t he
current usernk“%eg)gps%&&gs_ p. The Criterion Expander | npl enent ati on

of the isolation criteria will not be discussed further.i i nment ,
since itlis strai ghtflepiasr gevs %U\T@Wé?%veré‘?f&ﬁﬁﬁs@écgﬁersﬁ &y% %:erkiC e){e@ééicgl?%gt as

easy to i nplagn@nkcts thintelyki@athrg@ltdinictmvec Mt exilds a Barhsintays e af @eekedr'e added
Lo e\ OO e el 5208 ALl by LRI BduGkanaRR-AONNR aliRY S,

directly or JHHPFEEE aggregation relations wWth the root queried class.
When we i nvekebitdtensecurity nodul e to query the security criteria for one
class, the keys in the retujnedentieNRal@ne relative to that class, not to
the root queried class in the find operation. This nmeans that it cannot be
added aszds. The keysis saisdn, herctariarisivatedcostritddt cittieyebiEd Fempll Hii%e to

the root quearcjnee— LA begaﬁgéoegtﬁmicgﬁqryrc&@aig%e brndrd Gties Ihe SUPPASERf Or exanpl e,
that the queri ed Ikeys are: [+, a.bic .y + In t hdl s [fase, securi ty
criteria showdods behaddeentsing mast sgsindorigy ke febrofropg reogdy RfP R e |
conposi ti on Jehiall PBS nihd dF X )elat SHRPESE” th@te hdne of the smintapicoelittogrs on for Y
s == “country”, then the name of the foreign key is “country$pk”.
25 Consider the following PQL statement:

select +, cities.+ from Country where area > 1000

The obvious SQL equivalent of the PQL statement would be:
select T.*¥, T cities.* from Country T left join City T _cities on T.pk =
T cities.country$pk where T.area > 1000
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20, We can not add this criterion as is because it is not expressed in
ternms of the keys of X, and so it should be translated, The sinplest way to
transl at ewdt20i19045634add a prefix to the keys of the critecraBagohabiows:
a.b.c.y.sc.sb.sal.d.id = 1000 The drawback of this approach is that it may
require a consi derabl e nunber of j oin 25operations at the data store

| evel , because each "dot" in a conposite key represents a join operation.
In the previous exanple, the conposite key "a.b.c.y.sc.sb.sal.d.id" can be
reduced to the following key: "a.d.id". This can be done only when the

rel ations are one-to-one relations. Table 25 illustrates the, i# quthn1that
gener at es a reducethce thapegi qféhelpgylous SQL statement has not treeqlisg |S'%UC§15€ in, ‘gb it hm f or

generating @& ‘éﬂl(akﬁﬁg GRS kfcSikieyr 1t crommg aGDREaty] Bt rtirdglekdyds coBtiryiing key2)

{ 5if (symTetrlc eyl) equals flrst return.c el keyl),
rest (key?2); fandi a{m?l@tfw s Redere ¥° “1"1@ %y“?{ry ifge 0“1%’1“3&%%&%%%%%

Since the crdeér@dis 0B atﬁibﬁﬁﬂd&hie dftgéms retdondmwﬂawnsmm copsideiallel aR@Ysoli n or der to
[

the crit@ri & ReaH 15 °%$?l quer keys nust not_contain the two used
"wild cards'o a(treeérhoftgh Su@ﬁd’QiﬂuW cqorps £8A, OH?Wg‘saegll‘éﬁa?Q&éfa‘?%nnust be repl aced
with the keys they:dieRg %Sf@@tmcaletdwtﬂaécao beclhefidnpentbed ful fosensf t he 15

keys expander andl ng the cessary for the
later tr ansia@pwﬁbﬂug]pé&étanc%gﬁ%g sas’ceglﬁ1 VeI w1ll égg%cratcaﬁl% §>f él? g gue“ ed after

one-to-one keys, thesetew taypedoiof key@cmexngm@%PSSP%ﬂthe keys

expandermdoes hot ge{q(-%,r %;egtloﬂDﬁgyEf }stcEe'éfé;UéE@d T@S%Ead’yltk’egener ated a
special structure that—contal ns a nunber of sprit "Reys structures, Each one

of these Keys 205tru&yufué‘%at°9|a‘€—»quer| ed in a different atomic query. This
structure is illustrated in th{'ggurwreat%m?%é temélm%seée re?k T typel N€ keys

referred to by the "f+r3? are rieved 1n the
next atom c query, wiengasDitheT". srei@feﬁlﬂéﬂdLérlmatWSbﬁ_ﬂeﬁe@rJ%mfeét ¥h&grBups of
keys to be retrieved4n later atom c queries. The values retrieved by these
gueries have one-ton relations with the val ues 25assenbled fromthe "first"

retrieveg keys The KeysT tox$ireseddner - Bscr el ations are the keys of the
map of the "second” relation. In fact, this structure has the sane :
tree-like structur@nmfhettue Wicelrser studtaeeo of roeerd AsanrarEd npafldt s er ves

the purpose Qsﬁﬂt Sﬂ%l oot b B oL Erid AW SwiR b loHC ok GutiAd (1t ReuskBys addmigtoticepiesent

one-to-n relatio
for creatmg the Y instances and combine between the created instances.

1. Further Optimizations

20 Consider the following UML in FIG. 3 8, for example, suppose that we want to

perform the following find operation:

select -+, il.+, i1.i2.+ from X where pk > 1000

Tf we follow the previous approach, the query would be first split to four smaller

queries by castiﬁg il and i2 as follows:
25 ()11 as Al, 12 as A2

)11 as Al, 12 as B2
(3) 11 as B1,I2 as A2

(4) 1 as B1, 12 as B2
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The met hod that handles one-to-n relations in the Sel ect Executer actually
traverses 30 the Expanded Keys structure recursively and perfonns the
necessar yweatonmseyeri es at each recursion | evel. Thougkrceapandoorgikeys is
an early process perforned by the Sel ect Adapter, but since it depends only
on neta-data, not on user data, it may be a cache-aware processor. r. The
Keys Collector It will be shown |ater that the data store needs to know all
the tables involved in a query, and how these tables are joined. In order
to specify these tables all the keys present in a query nmust be coll ected.
5The Keys Col l ector perfornms this task. It traverses a nunberbogusestructures
present in a sel eciierasit €tic 4smaler qperes Gl EF FIUHRERIBAT AREGFBED "Fiict i ons,
the order Kgyg. @Rt hetiGl etk @ an@ind ol the ctedirt tve cknalisations ashee@msler uct ur es.

The output of this processor is a,si e SqeBhi att tains all
the coll ected keys. &h%f?ei{&%?gngégf*i ‘%I(S:%ngr% ‘ﬁé\ggyf\sofe&l;ée{?%%%tnoﬁgﬁ%q%apti ng

stage. It does not bfelleviggttvoqudnes:0 transform ng stage either, because it

does not generate any data store structure. However, since l%e)ﬁ col | ection
mpecapsrocestsoor. s. The

nust fol bow t he adapt@Hgspesess, il -t AEY" Be"Bealhex
Assenbl er This processQmal s2 esponsi bl e for creating Val ue objects out of
the record |ist provided by the Data Store Service layer. 15It iterates

over this list of Repormoicshpmeescand ttaatestrmexvdise depeddPhg on the

requi red keys expandg%s{pgltpﬁﬁegﬁ@(_@aggej@. In case of Find operations that
require relations to be fetched the assenbler scans this |ist nore than one

time in order to cre@? Rat-Rehhg haRC s 106 BesRlcedaduteowil pelssehbl | ng val ues
can be an expensive step dgpendi ng on the size of the value (nunber of
20fi el ds!% o be set). IRViEs F&"F5*opti mi ze this essential step Palnyra

framework uses the nyb£§:tsgig&di+rllgi@_&p@ggm x where pk > 1000 cast il to

Al and 12 to B2

PQL4 (one-to-n): select +, il.i2.+ f£rom X where pk > 1000

cast il to Al and 12 to B2

15 Note that the second tenm in the casting clause in the queries PQL1 and PQLS3 is not
important and can be omitted because i2 is not present in the query. Plus, this casting term will
not affect the generated SQL query. So, if we omit it, PQL1 and PQL3 will be identical and will
retrieve the seme values. Therefore, further optimization can be done if we detect such identical

queries.

20 m. The Reduced Combinations

The solution to the previous problem is to detect the unnecessary casting terms before
generating each atomic Query, and omit them, generating a new reduced combination. If the
Select Executer kept a set of the reduced combinations of the executed atomic queries, it will be
able to skip an atomic query if its reduced combination already exists in that set.

25 In our example, before generating PQLL, the combination (AL, AZ) will be reduced to
(Al). This reduced combination will be added to the reduced combinations set after executing
PQL1. Before generating PQL3, the combination (Al, B2) will be reduced to (A1), which
already exists in the reduced combinations set. Given this, the query PQL3 will be skipped.
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to make the assenbling step works concurrently. Not all types of find
operations can use nultithreaded assenbler, so, the assenbler decides

whet her tworun/iss@4work in parallel or not depending onpCimaBieysoznsy be
assenbled. t. Collecting One-to-N Keys in Criteria 25Consi der the foll ow ng
PQL statenent: select from Country where city .popul ation > 1000000

Since the relation "city" is a one-to-n relation, each country the previous
query returns has at |east one city that neets the search criteria. The
equi val ent SQL statenent woul d be: select T.* fron1CDuntry T join
City T city on T.pk = T_city.country$pk where T7city, 3] g 1000000
The probl em ari seSolkir Tyenpreessayy FEFEIEAREDF 15 SHPENEOEET § ﬁ &t Own i

i nstance, cgpskdl Q£ggggm&q£h@m&@ngﬁhnsnaiﬂnmmmwsﬁ@eﬂ&ﬁmmqpﬂnﬁpyfmefron1

Country where city.population >
t hrough t wok‘g thg f‘gF es nPh%ggf ﬁnr%gatcol? tev\}%ey(s:, then éhat EQ gtcﬂﬁ' Edndbe 'sfilgte;];’rg:’l{md

shown preV|6Mﬁ$¢ If we follom/the sanme steps perforned by the Sel ect

Eixecuter_,5 t he query moulq Be: v §%@ gg T.pk, T city.* fromCountry T join
ty T city on T.pk = T cCity. country pk where T city. popul ation > 1000000

However, for each TiRtdubRyeshgeRuapdnyible fir gergrasnga dajalstorercemprshiooift y t hose

cities whose erng\l}l?lég%;o&?ext if%he%%)%a{%lonls'})ygogﬁ V\%@QQQCQO n%‘ﬁﬂ;@é]{g@@!o?e‘ c@ﬁmﬁlﬂﬁh

countries | &t cause ulation is less t
equal to 100REEQut et gelmerst, fnekck pAnynang, mkpétfy ’thﬁ‘émfeﬁff S s R o aV| or.

glhgt Isgl: ;Jt |T oIO s tﬁeoapﬁ%ma@a Appér add@loh.owd lﬂ@pﬁgsta@tnﬁgf%éfﬁﬂte dmstedad: sel ect

T
city. couMtr Wﬁ%ﬂ?@? xﬁor@o{%}g ]%ﬂq%w1?%ljﬁ2%ﬂ%lmg sjtage e ma%mgst%éetg no?pecls’s&ﬁy T

represented by a processor object. It is a logical stage that can be represented by multiple
Processors. ‘

For a given input, parts of the resulting data arc always generated by the mapper.
These parts can be cached, so that the mapper need not regenerate them every time it receives the

15  same input. This is true as long as we assume that these data are not dependant on the current
user who performs the operation. For security reasons, the entity manager may need to modify
the input of an operation (c.g. adding security conditions) depending on the current user that is
performing it. This means that the same PQL query may result a different data store command
for eéch user. '

20 As a result, most mapping stages should be split into two stages: an adapting stage,
and a transforming stage. The adapting stage modifies the input depending on the user properties
so that this input becomes independent from the user. The transférming stage transforms the
user-independent input to a data store command.

The adapting stage is represented by a processor called the adapter. Whereas the

25  transforming stage is represented by another processor called the transformer. Since the data
dealt with by the transformer is adapted and is user-independent, the transformer may be cache-
aware processor.

o. The Select Adapter

As stated before, the select adapter modifies the input to make it independent from
30  the current user. It mainly invokes a processor called the Criterion Expander, which expands the

input criterion object by adding the following criteria:
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T.pk = Ccity.country$pk where C city. popul ation > 1000000 20 In this
query, we join the City table to the Country table tw ce giving two

di fferentwal2oagasssto the City table. The fields of the EctyBlaabb@ozr e
retrieved fromthe first alias, while the condition is specified in terns
of the second alias. The "distinct" keyword is used to avoid retrieving
mul tiple copies of each city. Since one-to-n keys in criteria are given
different aliases they nust be marked by the 25 Keys Coll ector so that the
transforner generates the appropriate table joins. u. The Sel ect
Transfornmer The Select Transforner is invoked by the Sel ect Executer each
time the latter wahtSscurity giemier Tt eritericd sxmandst sldaseqidy giterigdor fedeet et -
Transf or mer clta{saaﬁléfo%ézﬁ (PR ALAMNG HHUSF Y MIREE:1a] d b dehias ralitien anditkabl e in
the context) to a data store query. The inpl enentation of the

Sel ect Tr andfopifi@iclagont ai ns a sequence.of invocations to 5ot her
processors, or tra(mS[f;cQarnﬂEErﬁenaT’hlmm@e:ehmbrfrsmtﬂreafnmscﬂfﬁﬂﬁﬁﬁéﬁélflsrlaé}tcures in
t he cont ext t d Lowss Queri ed/ Needed
Keys 4 Data ‘§ %‘F’ eeéll\?%’tgs 3%‘%?“% %q%g%?égg{ogﬁgéﬁg% u§e§1%1| %d Cass + Coll ected
Keys 4 Data Store Tabl e st Theturéndxpie¥i on Data Store Condition 10G oup
Functions 4 Data Store Funct Lel ds
(Order Fields) 4 [55'6’%‘“%’?%9’08 Bgdlé?lgtﬁ%g&?ré?‘ﬁla@be Igscufség%uﬁg% %H&u%rrg O der
Recor d since Tk er=Bptfewtrd THamesfoiddineyecysidy dridarings nobis g6y Jaipplepepke

oper ati ons, 13%91901(1 c%’ten%%ecm'hﬁrtcmgﬁa R LRENEr %Bﬁu@i’e@@l@s’%%ﬁﬁ’ for allwenelbﬁsslﬁey
Tr ansf or ner In an atom.c Present in the

queri ed Weyghaphave, ﬁéeoﬁé&rrlé‘hf@&tbﬁ ESFeR OB Y tgﬂéfooéﬂlfeﬁ% %, shoul d be
transformed to a d%anﬁetmo&efhb@écdqtyﬂod&ttaqﬁtﬂheseﬁu@rcehtar@f‘aomlﬁ@@ﬁlete key
whose prefi the tabl e I d:exlglas, and
whose suf fi eﬁéﬁ“ﬁﬁ’ﬁﬁﬁr@mﬁa %lelatfve% tgﬁ%gésnmm ﬁ}o‘%t:ager?fse& glr1 mers need to do
such transf aperatondihisafeatsdles it ctvhptde PBlebniDALOETRET briraandwl sa teb¥ar ri ed out

by anot her aog%c%%g-eléub%tﬁe%oéra@gn‘%&iclgy aII the transformers. This object is
the Key Transtormer

nor e Aatomc query
and in di¥ferent s??f{ﬁ’éfrdli‘ee@’lngm(}tzﬁe 955 ?szﬁaé’?p?’%étmrﬁue]ﬁedrﬁgg%l hvoked to
transfonn the sane key, a.munber+iof times. To reduce the cost of such
repetitive transformations, the key transfornmer must naintain an internal

In this case, security criteria should be added for class X and class ¥ (A,Band C

have composition relations with X). Suppose that the security criterion for Y is:

gc.sb.sal.d.id == 1000

20 We can not add this criterion as is because it is not expressed in terms of the keys of
X, and so it should be translated. The simplest way o translate it is to add a prefix to the keys of

the criteria as follows:
a.b.c.v.sc.sb.sal.d.id = 1000

The drawback of this approach is that it may require a considerable number of join
25  operations at the data store level, because each “dot” in a compasite key represents a join
operation. In the previous example, the composite key “a.b.c.y.sc.sb.sal.d.id” can be reduced to
the following key: “a.d.id”. This can be done only when the relations are one-to-one relations.

Table 25 illustrates the algorithm that generates a reduced composite key:
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25 map of the transfornmed keys. This means that the key transforner
is a state-full object that can not be reused in a different operation.
However, wbeokiepsdsnansformer may be cached to be used | acenBiofio/Hizessane
gquery is perfornmed again. So, the key transfonner nust be passed to the
transforners in the context. The transformer nust conformto the follow ng
rules: (1) Relations, whether conposite or sinple, generate table aliases
only. (2) Keys, whether conposite or sinple, that represent sinple
attributes, generate conplete data store fields (i.e. alias + field nane).
5(3) ldentical relations or keys generate the sane aljases and data store
fields. (4) Two differthie2fchletilon®: supreigdariiefd AUFLFE ihe same alias. (5)
Two different keys can never generate the sanme data store field, but they
may gener at @:1-Ng; S8AB@lskasng peQyj dedithateybhei r prefixes are identical,
and that their suffixes represent sinple attributes that are declared in

t he samescl ass. 480(6)mrEheik 83yl hequagrel itk Eerds éne-to-n keys in criteria
are a distinct grouprefurkeysicatriansfer ity -stieH &&y% shoul d not generate
the same al ilasése generated by the ot her keys. However, transfoiwations in
this group al oneFEHHROFMtd the pFf®fious rules. The Keys Transformer
transfoi ni s 't he expanded queried keys to a meta-record of 15queried data
store fiml ds. The transf qi nhakew®Expmdgtrai ght forward, because it only

iterates over the | eaf keys and invokes the transfarner for ch key.
For instance, cons$lﬂ@ﬁhet°ﬁéﬂ?_nﬁwﬁﬁ?rélﬁffdé%m?‘ﬁalttgéueﬂ Ne-Tate! g%iré? Quélgﬁ%i der al so

the fol | ow RERQristiatie rBBinustidebgatdedbefate dxpanding theeriferiomedtingieat 8cpk > 1000
20Thi s query wouyl d be perfor.ned.through cuti ng, Qney . fJuRly: XView is a
vi ew on X argaer’\?gk%g’?%g‘%tC?%ﬁlg%e%oge#%@gv%%% ?Ie' In thi )s scéﬂar i 0, ﬁi nce no
i nst ances ofchohassmi wirbdlackiwighstbelriy e, renpier.andbisighpBipl gerose P Pat ri evi ng

t he _pri rrgy I(k%y d é]ana(m_ I nstead, the primary key of X (or XView) should be
retrieved, and the second query woul d be as tf OLA QWS forming stage.

In addition, expanding the keys 1s necessary fort g stag
However, since one-to-n keys are queried after one-to-one keys, the two types of keys must be
separated. So, the keys expander does not generate a Keys structure. Tnstead, it generated a
special structure that contains a number of split Keys structures, Each one of these Keys

20  structures are queried in a different atomic query. This structure is illustrated in the UML class
in FIG. 40.

The keys referred to by the “first” relation are the keys to be retrieved in the next
atomic query, whereas the “second” relation refers to the groups of keys to be retrieved in later
atomic queries. The values retrieved by these queries have one-to-n relations with the values

25  assembled from the “first” retrieved keys. The keys to these one-to-n relations are the keys of
the map of the “second” relation. In fact, this structure has the same tree-like structure of the
CKeys structure it encapsulates, but it serves the purpose of splitting the CKeys structure at the
keys that represent one-to-n relations. '

The method that handles one-to-n relations in the Select Executer actually traverses

30  the Bxpanded Keys structure recursively and performs the necessary atomic queries at each
recursion level.

Though expanding keys is an early process performed by the Select Adapter, but

since it depends only on meta-data, not on user data, it may be a cache-aware processor.
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select distinct T.pk, T.y z.* fromX T left join Y Ty on T.y$pk = T y.pk

join Z Ty z on Ty.pk = T_y_z.syn¥Y$pk where T.pk > 1000 Thi s
change wasomad@4b@seaause, by the tine the second query i eCeABmubd/e)3* he
cache 5 of assenbled values will contain instances of class XView only, and
the keys to these instances will be the primary keys of X In fact,

it is the Select Executer's responsibility to determne the inplicit keys
to be added, because it is the processor that recursively iterates the
one-to-n keys to be retrieved, and therefore it is the only processor that
knows the prinmary key of the previous recursive level. 1.0w. The Table

Bui | der The Tablwe E@iﬂgﬁ&f’uﬁﬁﬁqu ds the table structure that specifies

how tabl es shoul d be, | oined a h . s a .1 esli JbBeme tables. To
E}rvx@],lloet ﬁ'}}%wﬁgtgﬁqgatgﬁ%ftghbx%ige% LB 8Ly ER:tisy

build this struct iTder traverses all e coll f.ct ed keys

th
recur si vel yquelpendbsetibhediokb patédn gaydo wentyaicrs il of He \RayE Bt 8sent in a

query. The Tabl i.lderquses the Key Transforner to determ ne the aliases
of the tabl%lgr.yn%fﬁ%tg!ﬂ%s are joined as fohltovvs: alﬁu%%erlzo{?éu%.éw}grjes%t%é Each
relationsis transfloeked Cobrels poProspt et "F1E 1 W0 "t 4 €s of the two rel ated
classes.  (RlectGomnet ale BEadueAd ke hegrodaihogisnsothe e érys elddbsaidera} 84 oi ned to

the tables of their sub-classes. N b b QDS Qfnole®ead Qfuk @ans are
retrieved fPUMT R HEPEHE a&u(:)r?s‘?ﬁg(@%teo '?)hat reprensgents the relation. (4)

Condi ti ons ehtatnhell gepdedtdizat i on joins are: Tl.pk T2.pk, where Ti is the
alias of the tabl @ShQLeyE BB1eS4RBE 6! RBSg toatthddhlng Sagk.ietoad riodislw tathe t abl e of
5) Joi

t he subcl ass. 25( oi.ns of non-mandatory relati : = @ich. And
j 0i ns of OnaHaPERYE 7 Silich AL 1 uHEY &Y aﬁ%&%g%sf‘%plaﬁgtg%}jk%{ekﬁ%. H story

Service in Raheaedion Wk 200 0ABHBARCTHRSBR BL0YBORGBFWare Processol- pahnyr
framework provides the pgssibilily.to keep images on the types instances
each tine they are changed. In order to do so, the type nust inplenent an
interface of type fhishRtds&iizegonsRaf ercrdatngdVahic odots Fop! teareterHissperiei zed
type, the Persi stenceéﬁg%/eti creates another table - along with its

Sori gi nal oRete PAR G ™6 ®dves the i mages of that type instances. The
tabl e nopne is sufff itcaek doy thifiest ofdeprd idptenceyapd creates The Value depending on the

required keys expanded by the KeysBxpander. In case of Find operations that require relations to

be fetched the assembler scans this list more than one time in order to create the instances of

these relations.
Assembling values can be an expensive step depending on the size of the value (number of

20  fields to be set). In order to optimize this essential step Palmyra framework uses the multithreading aspect

to make the assembling step works concurrently.

Not 21l types of find operations can use multithreaded assembler, so, the assembler decides
whether to run its work in parallel or not depending on the keys to be assembled.

t.  Collecting One-to-N Keys in Criteria

25 Consider the following PQL statement:
select + from Country where city.population > 1000000

Since the relation “city” is a one-to-n relation, each country the previous query

returns has at least one city that meets the search criteria. The equivalent SQL statement would

be:
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Note that this table contains the colum pk_ but it's not unique since

i mages of the sane instance have the pk of the instance itself. A unique
constrai nvoie11adaesd on this table over the col ums (pk_pCenBztio/ondet ej and
the History table has the same colums of the original "LCtable. The inages
are saved in History table each tine the instance is created, nodified or
del eted. An exception can be done using an interface of type

Hi storicizedOnDel ete, which nmakes the systemsave an inmage only in deletion
operations. Saving an inmage is done with filling the colum creationD ate
by the exact time of the 15 synchronization event and the u d%te ate

col um b)é :ht[a)a;/al uelﬂgéﬁg‘?— Inﬁ-x*. fprenCaotel PREYECHAs 6 be aved. the | ast
i mage update e value will take the current nchr qni QN j i
the new i mage' s TefFEat-CERDAREPE of AT r'émcdtgop%pﬁﬁ%ﬁkon %alrlrg@%doggedacﬁ gajt :JgﬁlDlalt Ee
Updat eDat e 09/ 08/ 2008 Alain 20 08/08/2008

The problem arises when we query fields from the city relation. For instance,

consider the following PQL statement:

5 gelect +, city.+ from Country where city.population >

1000000

This query is performed through two SQL statements. The first of which is the same
SQL statement shown previously. If we follow the same steps performed by the Select Executer,
the query would be:

10 select T.pk, T_city.* from Country T joim City T _city om

T.pk = T_city.country$pk wheres T city.population > 1000000

~ However, for cach retrieved country this query will retrieve only those cities whose
population is greater than 1000000. Synchronizing such countries later would cause the cities
whose population is less than or equal to 1000000 to be deleted, and this is not the intended
15  behavior.

The solution is to perform the following SQL statement instead:

select distinct T.pk, T city.* £from Country T Jedin
city T_city on T.pk = T city.country$pk join City C_city omn

T.pk = C_city.countryspk where C_city.population > 1000000

20 In this query, we join the City table to the Country table twice giving two different
aliases to the City table. The fields of the City table are retrieved from the first alias, while the
condition is specified in terms of the second alias. The “distinct” keyword is used to avoid

retrieving multiple copies of each city.

Since one-to-n keys in criteria are given different aliases they must be marked by the
25  Keys Collector so that the transformer generates the appropriate table joins.

u. The Select Transformer
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Alain: 25 . 09/08/2008 1.0/0812008 10 . ". :Alain 30 10/08/2008 11/08/2008
Alain ' 35 11/08/ 2008 . Long. Max 20 Exanple: If it's required to get the

i mges ofwa 2Pewmeds4i nst ance where pk = 10 between the daceasfide/sazg2009 and
11- Aug- 2009, then the systemw || execute a query like: i

The Select Transformer is invoked by the Select Executer each time the latter wants
to generate a data store query. So, the Select Transformer transforms an atomic query (whose
attributes are available in the context) to a data store query.

The implementation of the Select Transformer contains a sequence of invocations to

5  other processors, or transformers. These processors transform the structures in the context to
their data store counterparts as follows:
Queried/Needed Keys > Data Store Meta Record (queried fields)

Queried Class + Collected Keys 2 Data Store Table Structure
Criterion = Data Store Condition

10 Group Functions = Data Store Functions (sum, max, min ... etc.)
Group Fields (Order Fields) 2 Data Storé Order Record
Order Fields = Data Store Order Record

The Select Transformer performs relatively heavy operations, and so, it must bea
cache-aware processor.

15 v. The Key Transformer

Each key in an atomic query, whether present in the queried keys or the search
criteria or any other structure, should be transformed to a data store field. A data store fieldis a
composite key whose prefix represents the table alias in which the field exists, and whose suffix
is the name of the field. Since all transformers need to do such transformation of keys, this
20 . common operation should be carried out by another cbject that is shared by all the transformers.
This object is the Key Transformer.
Some keys may appear more than once in an atomic query and in different structures.
So, the key transformer might be invoked to transform the same key a nummber of times. To
reduce the cost of such repetitive transformations, the key transformer must maintain an internal
25  map of the transformed keys.
This means that the key transformer is a state-full object that can not be reused in a
different operation. However, the key transformer may be cached to be used later if the same
query is performed again. So, the key transformer must be passed to the transformers in the

context.
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3. Find operations with nmassive results Palnyra framework is safe capable
to execute find operations that nay return nmassive results. Retrieving big
vol umes e 20aEse3aenory problem The used techni que i sPpcoaBzaiogozosre pl ea
of the required instances in a find operation on the colum plc of the
concerned table using the passed criteria, then, when sone date of the
result 5is to be iterated, the systemfetched. a result page using a sub
list of the obtained pks. Paged find operations is done using the class
LazyPageByPageCol | ection. This class offers to the possibility to access
the result sequentially and randomy. Seguential access is done by .

obt ai ni ng a speci &he iranefrrteomusysinfpgn {Hae fETHBBFFt er at or i terator() ORandom
access is done by sehti ol h-RagG8mPIbETsin, paebtaaicnkdes onlyhen accessi ng
it using the nmethods:” void eet PagoNunmbear (i nt pageNunber) and public

Col | ecti onVal ue get Qures$) whéod be@ntosiprr simpleSyattehieesni sprep I P ¥ Fis EoPE At

synchroni ze a value, the tLLY e TRNRYES. L HRKESe:)! he appropriate
"Processxecut er” depcglﬁglletﬁgﬂ?%or?ﬁe gcti on type (egel ete, insert, or update).

Al the yal ues 20 gy putial Ritibh oPakMuhaarie sofe tiypenDéepsvafiddso for this
reason the ProcessExecuter checks the integrity and the rights and calls
the Traverser that t@pmerdfsenatelatiotyeanoisjaetiertotlesans ¥¥s and i nvokes the

appropri ate Mapper. b. Piccessl| xecuter
PRTOop PP (5) Two different keys can never generate the same data store field, but they may

generate the same alias, provided that their prefixes are identical, and that their

suffixes represent simple attributes that are declared in the same class.

L0 (6) The keys that are marked as one-to-n keys in criteria are a distinct group of
keys. Transforming such keys should not generate the same aliases generated by

the other keys. However, transformations in this group alone conform to the

previous rules.

The Keys Transformer transforms the exp anded queried keys to a meta-record of
15  queried data store fields. The transformation is straight forward, because it only iterates over the

leaf keys and involkes the key transformer for cach key.
For instance, consider the UML diagrams in FIG. 414 and 41B; consider also the

following PQL statement:
select +, v.+, v.z.+ from X where pk > 1000

20 This query would be performed through executing one SQIL query:

XView is a view on X and Y, whereas ZView is a view on 7. In this scenario, since no
instances of class Y will be assembled, there would be no use of retrieving the primay
key of Y. Instead, the primary key of X (or XView) should be retrieved, and the second

query would be as follows:
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The Design Mddel of the ProcessExecuter is given in the UML in FIG 42.
25The super class of all synchronization actions is the class
"ProcessBxocuotigs634The treatment of a delete action is acffiBzeaervo2bsom t he
two other actions (insert and update). For this reason, we have the 2
Sub- O asses "Syncbroni zeExecuter" and "Del et eBxecuter". c, Traverser

The Design Mddel of the Traverser is given in the UM. diagramin FIG 43.
30There are two types of traversers: (1) SingleTraverser: traverses a
singl e val ue and executes the actions on this value. The singleTraverser
has two Sub-C asses: Del eteTraverser and. InsertTraYerser. 167 WO

2011/ 045634PCT/ | B20 501002082yt Gpdht SFatel sE°™ £ravesrS§ed®two val ues. The
old value witch is obtai ned from dat abase and t new o it i«s.nodi fi ed
by the user. d.RBppef~Ffhé de¥iyh Irotef %fyﬁe"“lvahfepf)"e@wi s”%%ﬁ?ﬁ“ st%”ﬁe | TM.
diagramin FIG 44 The final, 5action to execute in the Database is a

del ete, insert, “8F*%pd&fe actron. For this reason we have these three

cl asses: the Del eteAction class, the Up dateAction class, and the

| nsert Action cl asSis ThesSHReladhasse, f thatihe ay mchiionirz atkowehdrictshs is t he

cl ass Synchroni zati onActijon 4. Persi st.e Y &1y bl ShERS! S these mstances
Per si st eAce®i &R B%Yag\?f?i@sco?tﬁ%mﬁtgécgsl qgicﬁrg%?yi % |{¥iter erg the find,
assenbl i ng, wikeiirgriaay kdBdEKet i on operati ons. ‘ Search listener: In

order to operate %n%a'ct,sﬁ BNESsefeOIExBuRLHGBnRARRY Bl deRfnikd1B: iMbRGIayEaber nust
i npl enent the intertace SearchListener and register gr in the

_ t he |
O asse of t hied berest i ddhesmenceshr ey pravselY L dFoREl ]%eysﬁﬁ\{}%{%%g@%%or e
starting theeapaliyisis off plobsdt eeaiknsvednd firindrope pathd wevious tesurtiyglpvehl |y used to
change the passed criteria: ic.knterface 1S istehg extends Serializable
public Vi d onSear ch( Sea?vcgkgﬁ%%%ﬁﬂ%%nt ext, Super SearchLi stener |istener)
throws Servi ceExcept irdls Builder builds RIS ERb@urk ingt @evites hgwustios shdodl Uch@ngdr evi ous

| i stener, the programer nust inplenment. Ze ' nhgr&gggolfgﬁﬁml]% siiener and
regi ster thés héﬁ‘?%’i‘itbélgm‘b*ﬂmcfegﬂileﬁ‘?ig’rbf“é%msfg% P ELt St ene ext ends
Seri al i zabl e collected keys recursively, because the collected keys contain all the keys present in a query.

The Table Builder uses the Key Transformer to determine the aliases of the tables.

15 Tables are joined as follows:

(1) Relation joins: Each relation is transformed to & join between the two tables of
the two related classes.
(2) Generalization joins: Tables of super-classes are joined to the tables of their
sub-classes.

20 (3) Conditions of relation joins are retrieved from the meta-data of the field that
represents the relation.
(4) Conditions of the generalization joins are: T1.pk =T2.pk, where T1 is the
alias of the table of the super-class, and T2 is the alias of the table of the sub-
class. \

25 (5) Joins of non-mandatory relations are lefi-join. And joins of mandatory

relations or generalization are inner-join

¢

2. History Service in Palmyra
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public void onAssenbl e(Asseffi bl eCont ext context, SuperAssenbl elLi stener
superLi stener) throws ServiceExceptionT 30For Synchroni ze operations, the
pr ogr ammeworzusio456spl enent the interface Synchroni zelLi st ecenBzndos2esy st er
the inplementer to be invoiced in one or nore of the follow ng situations:
Before insert. After insert success. 6S WD 2011/ 045634PCT/1B2010/ 002037
After insert failure. Before update. After update success. After update
failure. 5 public interface I SyrichronldeLi Sterier extends Serializable
publi ¢ void onSynchroni ze( Synchroni zeCont ext cont ext,

Super Synchroni zeLl i stener supetListener) throws Servi CEEXCE tti on: . 0

Note that the regiPstwationmvas povigedhopersdildy akewd gy S OB A REeG Usi ng t he
BSFact ory. g9glPehshateNeeed wediler o dNab e tPenoe: ihplemene i interfat POWE s done in
the runtime, then, ‘the praogranmmer has the 15control on the situations of
when t he Iigts@ﬁ‘é@drﬁ?é@t“‘)fé‘tg'ﬁsi ng the conditional clauses. o

| nvocation of thege: dailsHiamenizd e, dedamstest laye croplet BRDFsEis LWEIPEF si st ence
| ayer inyokes.-besid inslRRethe tafid natb @ shifisddener s

regi st er d ?%gf‘maF ng-1}1%%{1??8%2&?5{%%3%%??&&%% 1{t%he concerned type. Collecting
t hese |i st ethetesmttaies -pl ace using a |istener adapter that groups all the
listeners that nmustydg: imMaie@dnhns tht heuaomc buttexchot ywpee sig@Thezed ¢fdtcener

adapters ar Sarr%ai'gspagn% hgx%ﬂletprl](aé% thglengt%l!l(}% Etgaﬁcg ullli&%%gns’égﬁ% HRedonligc@hsileat € them
the columns (pk_, creationDate_) and the History table has the same columns of the original

[0 table.

The images are saved in History table each time the instance is created, modified or
deleted. An exception can be done using an interface of type HistoricizedOnDelete, which makes
the system save an image only in deletion operations.

Saving an image is done with filling the column creationDate by the exact time of the

15  synchronization event and tﬁe updateDate column by the value Long.max.
When another image has to be saved, the last image updateDate value will take the

current synchronization date just like the new image’s creationDate column and so on.

Pk v name _age CreationDate UpdateDatg
S Naind s 0 a0 | 08/08/2008 09/08/2008
R s 25 o] 09/08/2008 : 10/08/2008
G SR dAain T |30 B 10/08/2008 ~ . |.11/08/2008
o ot A 35 . | 11/o8/2008 . Long.Max

20  Example: ‘
If it’s required to get the images of a Person instance where pk = 10 between the dates 08-Aug-

2009 and 11-Aug-2009, then the system will execute a query like:

25 gelect name, age.. from PersonHistory where, creationDate <= .
.jand 'updateDate >=08/08/2008

3 Find operations with massive results
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each time they are required. a. Database Connection Service The persistence
| ayer i s based on a database connection service which communi cates directly
with the wetahaassvia }DSC. I n order to optim ze the perComBanaeeodst abase,
vendors 25usual ly provide specific drivers that support better their
products. Having a database connection service separated fromthe entity
manager enabl es using the right driver for each provider w thout making any
;nmodi fications in the persistence | ayer. These and ot her advant ages
of the preferred enbodinent will be apparent to those skilled in the art
fromthe foregoing specification. Accordingly, it will be recognized by
those 30 skilled in the art that changes or nodifications may be nade to

t he above descri bed enbodi nents w thout departing friona the broad
inventive concepts of the invention. It should therefore be understood that
this invention is noteaniyRitin@dot ©safcbe@abparduicauind rreaivhiddi b S "deTr i bed
herein, but WO 2014/045634RCT, LB20LMRO202#%ni s rat her intended to include
al | changes_and o 14,al) OnSudinale, gk utihblfliieust oRgnapduspir i L of -t he
invention. This layer T§ responsible tgeor deal ing wth different, RDOBMS which
are for the nomdntotor 8l B oSG T 'S Server "Snd DB2. SDate Store | ayer,
just |ike thes Pengicgterice sivay &l treukretentes g g4t Ee? . Besi de that,
this |layer uses the pokymarophiicnsext enshachisyaieBrtastlt4esPabti sh a

di al ect for eacmffMDssibﬂityto acocss ibadsal: Sh@hdy bayepmigeal s W t h RDBMS using the
standard SQL specificatiaon, L o 1B GRS S RIBEARMbAL | on may occur
caused by the differ F‘% l(56%1dﬁl&c'?s\y/\ltadonél@/Ob%)n[s;;t%andard SQ_H%nd t he vendor specific
one. 10The default e t he comanufication with the RDBMS is
Dbds, and for the devkahd.Qns:sdenliyenegnahgwanbeRale nyded, foprarenorik made sub
classes of this main class. Refer to the FIG 45. Dealing with RDBVS is

. e mef.
done in Data Stare edure can

tor iterator ()

ablic veid setPageNumber (1nt pageNumbe

and .
S public CollectiomnValue getCurrentCollection ()

a, Synchronize Actions

To synchronize a velue, the entity manager invokes the appropriate
“ProcessBxecuter” depending in the ection type (delete, insett, or update). All the values
20  manipulated in Palmyra are of type Deep Map. So for this reason the ProcessExecuter checls the
integrity end the rights and calls the Traverser that traverses all the object’s relations and invokes
the appropriate Mapper.
b. ProcessExecuter
The Design Model of the ProcessExecuter is given in the UML mn FIG. 42,
25 - The super class of all synchronization actions is the class “ProcessExecuter”. The .
treatment of a delete action is different from the two otber actions (insert and update). For this
reason, we have the 2 Sub-Classes “SynchronizeBxecuter” and “DeleteExecuter”.

c. Traverser

The Design Model of the Traverser is given in the UMTL. diagram in FIG. 43.

30 There are two types of raversers:
0 Sz'nglevaérser: traverses & single value and executes the actions on this value. The

singleTraverser has two Sub-Classes: DeleteTraverser and InsertTraverser,
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do a whol e operation by itself or it may invoke some other procedures to
get the job done. 15The class Dbds provides access to the different

procedur esowbiwhsaue responsible for executing the oper atirapmibo@ost or med
fromthe Persistence |ayer. The pol ynorphismclearly appears when a sub
class of Dbds overrides some procedure getter in order to provide the RDBMS
suitable one. Al Data Store procedures inplement the interface: Procedure.
pul.allc interface hiocectir /** This method executes the operation
represented by this Procedure object. It takes its input fromthe
specified context paraneter, and wites |Its output to the sane context
paraneter. 0-param context Context The state, input, and output of the

Procedure object. public void execute (Context context) throws
Dat aSt or eExcepti on; Exampla@r«d0: 204k 64 5684 TRCH hBXOWH0# GOREBom database In
MySqgl, in order to obtain the row nunber, SQL statenent should use the

expression: @n insteamﬂﬁﬁm@W@%ﬂﬁﬁésWWﬁﬁﬂ?Yﬁ§“ﬁ%ed in Oracle, this means that
the procedure responsible for insert-fromselect statenments nust be vendor
specific, hence, the nethod tHat PMEPAFrns this type of procedure in Dbds is

overridden in the relat e[(ae rﬁmd%ﬂ& L@aﬁ;ﬁ&g given in the TUML diagram in FIG. 44. The final
5  action to execute in the Database is a delete, insert, or update action. For this reason we have
these three classes: the DeleteAction class, the UpdateAction class, and the InsertAction class.
The super class of all synchronization actions is the class SynchronizationAction.

4, Persistence Layer Listensfs

Persistence layer provides the possibility to interfere the find, assembling, saving and
10 deletion operations.
Search listener: Tn order to operate a listener for a search operation the programmer
must implement the interface SearchListener and register the implementer in the Classe of the
cancerned search type. This listener is invoked before starting the analysis of the required find

operation, Its typically used to change the passed criteria:

15 | public interface [Se ' extends Serializable {

i3]

public vold onSearch(SearchContext context,
SuperSearchListener listener) throws ServiceException;

20 |}

Assemble Listener: just like the previous listener, the programumer nust implement

the interface AssembleListener and register the implementer:

public interface Be J?j awtends Serializable {

25 pubiic void onAssemble (AssembleContext context,
SuperaAssemblelistener syperListener) throws ServiceBxception;

}

30 For Synchronize operations, the programmer must implement the interface
SynchronizeListener and register the implementer to be invoked in one or more of the following
situations:

Before insert.
- After insert success.
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I n Dbds: public Sql Exec get Vol unel nsert Sql Exec() { return
Vol umeSqgl Exec. get Voi uneSg/ Eec(); } In My/Sqgl Dbds: WO
2011/ 045680RGi/d4B230@10/ 002037 What is clainmed is: 1. A nmecmaBfii@po2gener ati ng
a software application using a conputer system conprising the steps of:

(a) nodeling business processes in a graphical design tool 410 inplenented
in said conputer system (b) creating, in said conputer system at |east
one UYLL nodel to formalize the business processes nodeled in step (a) by
usi ng one or nore ﬁgq&gﬂ%hﬁgrans to represent the nodel ed business
processes, and oné or “ore cl ass di agranms to represent data nodels and to

r epr esent predeteég%ﬁqﬂ pusiness rules that are applied to the nodel ed

busi ness processes; . ?c? validating, in said conputer system the at

| east one LIIVIL ggggbdﬁggmgﬁﬁdetecting syntax errors using a predeterm ned
syntax, to validate either said one or nore state diagrans or said one or
nore cl ass di agr apBer WHatafgarbi nati on of said one or nore state di agrans
and said one or nore class di . _and (d) transformng, in-sakd

conput ef pEYFI & Mtk sk AlSHE

e sk Ve mottendg afeatiédaPhest ep (c)| into
met adat @ that are used to generate functional and non-functional aspects of
t he sof {war epwpdlci eatd amsy2chThe sretShodhef 2 i@esOrF 5 WHEERA t he
t r ansf of gi:pgr steprontteldes egenermd g st FecBofthRAre 2PPIicERTron-"436. | 3. The
met hod ¢of Claim2, wherein the generated software application is conbi ned
wWith predexisting libraries 440. 4. The nethod of O aim2,-—wheretln-t he
generated software application is conbined wiwth manyally _witten code 450.
VO 2011/ 045634 PSTRBROLOI QORISR uses themrsisat By ot #4114 P wher ei n t he

nmet adat a ] Ltk Lask e of application code, constraint nodels,
autonataE§?%§§¥§§%%lﬁocunéﬁagpion. e met hod of Clain1%%sm@erein~the
a

6. Th
generat ed appl i datei Yincs thetcgisieaion isioatia e Biite PR MR EAAR Pequi r ement s.

15  control on the situations of when the listener must act using the conditional clauses.

Invocation of these listeners is accumulative, which means that Persistence layer
invokes ~beside the concerned type listener- all the listeners registered for the interfaces
implemented by the concerned type. Collecting these listeners takes place using a listener adapter
that groups all the listeners that must be invoked for the concerned type.

20 The listener adapters are cached so that Persistence layer shouldn’t recalculate them
each time they are required.
a. Database Connection Service -
The persistence layer is based on a database connection service which communicates
directly with the database via JDBC. In order to optimize the performance database, vendors
25  usually provide specific drivers that support better their products. Having a database connection
service separated from the entity manager enables using the right driver for each provider
without making anymodifications in the persistence layer.
These anlﬂ other advantages of the preferred embodiment will be apparent to those
skilled in the art from the foregoing specification. Accordingly, it will be recognized by those
30  skilled in the art thét! changes or modifications may be made to the above described embodiments
without departing from the broad inventive concepts of the invention. It should therefore be

understood that this ‘linvention is not limited to the particular embodiments described herein, but
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7. The nethod of Claim?2, wherein the generated application includes a
predefined set of non-functional requirenents. 8. The nethod of Caim7
wher ei n twe 2priadedsuned set of non functional requirenensTiBivo@e3s?at | east
one of security managenent, |oad bal ancing, transacti on nanagenent, user
interfaces, and a skeleton on which to build algorithns. 9. The nethod of
Claim2, wherein the generating step includes adding manually witten code
to the generated application. 10. The nmethod of Caim1, further conprising
depl oying the target application by neans of a deploynment tool 490. 11. The
systemof Claim1l, wherein the syntax includes Stereotypes () for classes
(conposite, constrainable, entity, macro, viewable), st at.esf(l oadabl e),
fields (ASR;incotiép ishielasnses erjredidieions et res WHER DURPE ST Shd rel ati ons
(code, Li.$kenshBP, set, transient, unique). 12. A nethod for generating a
sof tware application usin or : PLL Bt Agmiha: st eps of :

(a) nodeling g@]@ﬁaﬁeééséesﬁ?% %%%eeé%%tgﬁlgg%gﬁlﬁ%%ﬁ%g%&gn tool 410 inpl enent ed
i n sai dCcorputSar MSysifery andWB22011/ 045634PCT/ | B2010/ 002037 (b) creating,
in saj d conputgf, sayStyeMust®ke themsistena ByddMses o dettet pritfrobveiddt®e t he busi ness
processes nodeled in ste by - USh I .8asamm rbavsepr esent the
nodel ed® ﬂ@fe’h‘@%Ss‘fheﬁf’l%cérghsl%ls%%)ésﬁ‘g%g a‘?segggig%gsﬁhgﬁgleto_ epresent data nodel s and
to represent praederapin drdgvilyl e Higg by ﬁf)ﬁ@f%ja“{% ¥ne”odel ed busi ness
Pr 0CESSQSye cases. b dViddibihadyl 3@ caifdd Brathatifeompa basvees s ttandyd fPleandt | east one UML
nmodel 420 b det efcti ng syntax errors using a predeterm ned syntax, to

val i dat &% *?daf BEH¥ & %i agrans, said cl ass di agr OF & GO nation of said
st at € di agr amsThaddeut des el maeseHhagREHEC gyt &25%’}\4 glsener’gdgl ng said software
appl i catgQRvi4380 SHthcdbak, maiys seattotanee apphisoat homapalsgetdepl oyed to a
server b tﬁ@;founi ng the valiidated UML nodels into source code, comnbining
t he traﬁg?h?) 'cf’code with pre-existing |ibraries, and configuration files.
13. The met hodPwneGihRRFYS i ARpFdP B ISE By P PE8PI T SES transf or i ng the

val i dat ed JlEM: op¥Ra@lby itrtror ineiyddakasohhaler spwmdurs énket te igettet-at e functi onal and
hon- f] y nctional T}%%Bg%to§s p?JVidEJL@C€§QJ tﬁné’\@ffe@en@ﬁwedlﬁeatvh@mare responsible for

executing the operations transformed from the Persistence layer. The polymorphism clearly
appears when a sub class of Dbds overrides some procedure getter in order to provide the

RDBMS suitable one.
All Data Store procedures implement the interface: Procedure.

20 [public interface [P

/** 3
% This method executes the operation represented by this

Procedure object. o
25 * Tt takes its input from the specified context parameter,

and writes
* Tts output to the same context parameter. )
* @param context Context The state, input, and output of
the Procedure
30 * object.
*/
public void execute (Context context) throws
DataStoreException;

35 |12

Example:
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In MySql, in order to obtain the Tow number, SQL statement should use the
expression: @rn instead of rownum which is used in Oracle, this means that the procedure
reéponsible for insert-from-select statements must be vendor specific, hence, the method that
returns this type of procedure in Dbds is overridden in the related RDBMS Dbds class.

In Dbds:

public SglExec getvolumeInsertSglExec () {
return VolumeSglExec.getVolumeSglExec() ;
}

In MySqlDbds:

public SqglExec getVolumeInsertSglExec () {

¥od. mySglvolumeInsertSglExec() i

These and other advantages of the preferred embodiment will be apparent to those
skilled i the art from the forogoing specification. Accordingly, it will be reco gnized by those
skilled in the 21t that changes or modifications may be made to the above-described
embodiments without departing fmm'the broad inventive concepts of the invention. Tt should
therefore be understood that this invention is not limited to the particular embodiments described
herein, but is intended to include all changes and modifications that are within the scope and

spirit of the appended claims.
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What is claimed is:

L.

A method for generating a software application using a computer system, comprising the

steps of:

2.

(a) modeling business processes in a graphical design tool 410 implemented in said

computer system;

(b) creating, in said computer system, at least one UML model to formalize the
business processes modeled in step (a) by using one or more state diagrams to represent
the modeled business processes, and cne or more class diagrams to represent data models
and to represent predeterminedbbusiness rules that are applied to the modeled business

processes;

(c) validating, in said computer system, the at least one UML model 420 by detecting
syntax errors using a predetermined syntax, to validate either said one or more state
diagrams or said one or more class diagrams, or a combination of said one or more state

diagrams and said one or more class diagrams; and

(@) transforming, in said computer system, said at least one UML model validated in
step (c) into metadata that are used to generate functional and non-functional aspects of

the software application.

The method of Claim 1, wherein the transforming step includes generating the software

application 430.

3.

The method of Claim 2, wherein the generated software application is combined with

pre-existing libraries 440.

4.

The method of Claim 2, wherein the generated software application is combined with

manually written code 450.

172



WO 2011/045634

PCT/1B2010/002037
5. The method of Claim 1, wherein the metadata comprise at least one of application code,
constraint models, automata files, and documentation.
6. The method of Claim 2, wherein the generated application includes 2 predefined set of
fimetional requirements.
7. The method of Claim 2, wherein the generated application includes a predefined set of
non-functional requirements.
8. The method of Claim 7 wherein the predefined set of non functional requirements

includes at least one of security management, load balancing, transaction management, user

interfaces, and a skeleton on which to build algorithms.

9. The method of Claim 2, wherein the generating step includes adding manually written

code to the generated application.

10.  The method of Claim 1, further comprising deploying the target application by means of

a deployment tool 490.

11.  The system of Claim 1, wherein the syntax includes Stereotypes ( for classes (composite,
constrainable, entity, macro, viewable), states (loadable), fields (ASP, code, same as, sequence,

transient, unique), and relations (code, list, map, set, transient, unique).

12. A method for generating a software application using a computer system, comprising the

steps of:

(a) modeling business processes in a graphical design tool 41 0 implemented in said

computer system;
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(b) creating, in said computer system, at least one UML model to formalize the
business processes modeled in step (a) by using state diagrams to represent the modeled
business processes, and class diagrams to represent data models and to represent

predetermined rules that are applied to the modeled business processes;

(c) validating, in said computer system, the at least one UML model 420 by detecting
syntax errors using a predetermined syntax, to validate said state diagrams, said class

diagrams, or a combination of said state diagrams and said class diagrams; and

(d) generating said software application 430 such that said software application can
be deployed to a server by transforming the validated UML models into source code,

combining the transformed code with pre-existing libraries, and confi guration files.

13. The method of Claim 12, wherein step (d) comprises transforming the validated
UML model into metadata that are used to generate functional and non-functional aspects

of the software application.
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