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AUTOMATED ENTERYRISE SOFTWARE DEVELOPMENT

REFERENCE TO RELATED APPLICATION

The present application claims the benefit of Ul.S. Provisional Patent Application No.
61/251,420, filed October 14, 2009, whose disclosure is hereby incorporated by reference in its
entirety into the present disclosure,

FIELD OF THE INVENTION

This Invention relates generally to methods end systems for avtemated enterprise
sofiware development. Specifically, it relates to methods and systems for automating computer
software development process in connection with graphical modeling approaches. |
BACKGROUND OF THE INVENTION

Business emlerprises rely on iereesingly sophigticated software to manage their
internal opergtion and provide goods and services to their clients and customers, The
development, deployment, maintenance, anc updating of enterprise level software has becoms
essential to carry out almost all business processes.

T: rad;{tionally, goftware development involves extensive manual coding and testing,
As software corgplexity increases, this traditional mamal approach is not idsal. Enterprise
software app'iications ere usually comprised of millions of lines of computer code and have
traditionally required teams of programmers and several years to create, test, and debug. To

implement a system, 2 programmes must face 2 chore of repetitive coding. The software code

- generaied by this manual method {s prone to contain error, and manual testing may be inadequats

1o cover all possible user scenarios, The resulting sofiware product may contain latent bugs that

cause disruption of services and great economic losses,

Model-Based Develomment (MBD) methodologies have emerged that shift the focus

.of the software development process. Modeling happens in the sofiware application process

before coding, A modsl serves as blueprints in sofiware development. A carefully construeted
mode] can help those zesponsible for a software development project's success to assure thet
business functionality is coraplete and correct, end-user needs are met, and program design
gupporis requi,remeﬁts for scalebility, robusiness, security, extendibility, and other '

characteristics, before implementation in code.. Implementation in code afier the fact of design



usually renders maldng 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 visuatize a design and conpare it against the design requiremnent.
The Unified Modeling Language (UML) is a graphical languape for visualizing,

5  specifying, consiructing, and documenting the artifacts of a software-intensive system. The
UML offers a standard way to write a system's blueprinis, including conceptuz] things such as
business processes end system functions as well as concrete things such as programming
language statemnents, database schemas, and reusable sofiware companents. TABLE 1 presents a
ligt of standard UML clements.

10
TABLE 1 STANDARD UML ELEMENTS

Element Properties Standard UML Stereotype
Package Name
Interface Name Ahstract
Class Name Absiract
Atiribute Name Finai
Type
Initial value
: Multiplicity
" Meihod Nams
Parameters
Refumn type

Relation: Realization | Realized Interface

Relation: Inberttance | Inherited Class (Super Class)
Relation Type:

A Simple/Ageregation/Composition
Role
Symmetric Role
Cardinality
Navigahility

Automatic code generation (ACG), but not apniication generation, has also become
available fo 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
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application to géthsr with all its necessary parts such as the interface and data componenté with
the processing components. The ACG process usually cornprises an automated code generator
that reads meta-~data Tor a specific set of designed pattans and generates software code ina
specified programming language. -An automatic cods generator may also be used fo capiure
knowledge e;nd business rules for enterprise software applications and generate the millions of
lines df codes in a'short smount of time in any desired computer language and for any platform.
The process of ACG makes a software development project more agile. A changein
implementation can be treated as e different rendering of the same meta-data. Once a potion of
the source code is generated, a programmer 18 then free to fill in the gaps that are left by the cods
generator, and to concentrate on the parts of the systern that matter. This improves development
speed and reliability via code generation process. .

Service Oriented Architechure (80A) 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
intrinsically unassociated units of functionality, which have no cell to another service embedded
within them. These software services typically implement functionalities a humean would
Tecognize as a service, such as filling out an cnline application for an account or viewing an
online bank statement. Instead of having services with embedd=d calls ta each other in their
source code, SOA defines protocols which describe how one or more services can communicate
with each c;'rher. A flexible, standerdized archilecture is required to better support the connection
of various applications and the sharing of data. SOA unifies business processes by siructuring
large applications as an ad hoo collection of smaller modules called services, These applications
can be used by different groups of people both inside and cutside the company, and new
applications built from a mix of these services from the global pool lw]:u‘bit flexibility and
uniformity. Building 1l applications from the same pool of services makes achieving this goal
miuch easisr and more deployable for affiliate companies. This architesture 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.

Tt would be beneficial and desirable to have a strearalined enterprise softwars

development tool that incorporates portions of these past methods to provide a graphical

- modeling and design fool, automate most or ail of the coding, and has a framework of reusable



camponents and services that facilitates the generation of cusiom enterprise applications,
Currently, there is no kmown process for automatically producing a software epplication that
desigas, generstes, and integrates all the elements of an exccuiable application. For example,
there are products that may create 2 design outline for an executable application, but will not

then creats the elernents specified in the design, such as the nser interface, persistence {database
design, data storage and date trausfer) and processing stepa to name a few. The curreat invention
accomplishes this desired need, of design, generation, integration and production in one system,

which need has not besn provided in prior systems,
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SUMMARY OF THE INVENTION

It is therefore an object of the invention to provide such a tool. To achieve the above
and other objects, one aspect of the present invention presents a method for generating a software
application using a computer system which comprises the steps of: modeling a business process
in a graphical design tool implemented in said computer system, said graphical design tool
capable of generating models to serve as blueprints in development of the software application;
creating at least one Unified Modeling Language (UML) model to formalize the described
processes by using one or more state diagrams to represent the modeled business processes, and
onhe or more class diagrams to represent data models and to represent predetermined business
rules that are applied to the described business processes; validating at least oneé UML model by
detecting syntax etrors using a predetermined syntax, in order to validate either at least one state
diagram or class diagram, or combination thereof; transforming at least one validated UML
model into metadata that is used to generate functional and non-functional aspects of the
software application; generating a new Enterprise Application Archive (Ear) file and/or selecting
an existing Ear file, the new Ear file and/or the selected existing Ear file comprising a plurality of
Tava Archive (JAR) files required for deployment of the software, wherein at least one JAR file
is added and/or removed; generating a project that contains said at least one validated UMIL.
model, wherein generating said project comprises removing all conflicting stereotypes; and
generating code automatically by: converting the UML model into an XML file, using the XML
file to generate Java source code, and compiling the generated Java source code using a compiler
and creating the at least one JAR .

In one embodiment of the present invention, the transforming step includes generating
the software application.

In another embodiment of the present invention, the generated software application is
combined with pre-existing libraries.

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

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

In another embodiment of the present invention, the generated application includes a

predefined set of functional requirements,
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In another embodiment of the present invention, the generated application includes a
predefined set of non- functional requirements.
In another embodiment 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 on, or some combination thereof.

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

In another embodiment of the present invention, the method further includes the step of
deploying the target application by means of a deployment tool 490.

Another aspect.of the present invention presents a method for generating a software
application using a computer system which comprises the steps of: modeling business processes
in a graphical design tool implemented in said computer system, said graphical design toel
capable of generating models to serve as blueprints in development of the software application;
creating at least one UML model to formalize the described processes 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; validating at
least one UML model by detecting syntax errors using a predetermined syntax, to validate said
state diagrams, said class diagrams, or a combination thereof; transforming at least one UML
model into metadata that are used to generate functional and non-functional aspects of the
software application; generating said software application 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 configuration files; generating a new
Enterprise Application Archive (Ear) file and/or selecting an existing Ear file, the new Ear file
and/or the selected existing Ear file comprising a plurality of Java Archive {(JAR) files required
for deployment of the software, wherein at least one JAR file is added and/or removed, wherein
said software application is deployed as a layer that sits on top of 2 UML visual modeling tool as
a plug in; generating a project that contains said at least one validated UML model, wherein
generating said project comprises removing all conflicting stereotypes; and generating code
automatically by: converting the UML model into an XML file, using the XML file to generate-
Java source code, and compiling the generated Java source code using a compiler and creating

the at least one JAR.
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Another aspect of the present invention presents a method for generating a software
application using a computer system which comprises the steps of: modeling business processes
in a graphical design tool implemented in said computer system, said graphical design tool
capable of generating models to serve as blueprints in development of the software application;
creating at least one UML model to formalize the described processes by using one or more state
diagrams to represent the modeled business processes, and one or mare class diagrams to
represent data models and to represent predetermined business rules that are applied to the
modeled business processes; validating at least one UML model by detecting syntax errors using
a predetermined syntax, to validate either said one or more state diagrams or class diagrams, or a
combination thereof, producing at least cne validated UML modei; transforming at least one
UML modetl into metadata that are used to generate functional and non-functional aspects of the
software application; generating a new Enterprise Application Archive (Ear) file and/or selecting
an existing Ear file, the new Ear file and/or the selected existing Ear file comprising a plurality of
Java Archive (JAR) files required for deployment of the software, wherein at least one JAR file
is added and/or removed; generating a project that contains said at least one validated UML
model, wherein generating said project comprises removing all conflicting stereotypes;
deploying the software application as a layer that sits on top of a UML visual modeling tool as a
plug in; and generating code automatically by: converting the UML model into an XML file,
using the XML file to generate Java source code, and compiling the generated Java source code

using a compiler and creating the at least one JAR.
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BRIEF DESCRIPTION OF THE DRAWINGS

which:

A preferrad embodiment will be set forth in detail with reference to the drawings, in

FIG. 1 is a schemnatic disgram of an exemplary computing envirenment;
FIG. 2 is a schematic diagram of an exemplary network environment;
FIC. 3 is a schematic disgram of multi-tiered client-server environment;

FIG. 4 is 2 flow chart of the general process of developing a enterprise sofiware using

the preferred embodiment;

FIG. 5 is an exemplary Palmyra UML Designer File memy
FIG. 6 is an exeraplary Palmyra UML Designer provides additional menu options;
FIG. 7A is an example of an Enumeration class;
BIG, 7B is an exarnple of a TypeName class;
FIG. 7C it an example of a DynamicTypeName class;
FIG. 7D} is an example of an Adtribute class;
FIG. 78 ig an example of & Controller ciass;
FIG. 7F i an example of ActionEnurnerationClass;
FIG. 8 is an example of & Constrainable clasg;
1G. 9A is an example of an Entity class;
FIG. 9B is an example of a Composite class;
FIG. 9C is an example of a Macro class;
FIG. 9D is an example of a Confroller clags;

FIG. 10 is an interface class containing Value Interface, Abstract Value Interface,

Storage Fnterface, Historicized Interface, and the hierarchy of these interfaces;

FIG, 11 shows the action handler “AgencyConmmandSearch™ that is registered in the

use case “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 applicetion using Paloryra generation fool;
FIG. 138 illustrates generation options using Palnryra generation tool;
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FIG. 13C illustrates screen Services, which is used to add, edit or remove services,
the button “Build Services” applies the modifications in the selected Bar file;

FIG. 13D illustates configurations options using Palmyra generation tool;

FIG. 14 illustrates the main stepe of the autom;.tic generation process; |

FIQ. 15A llustrates an example of Relation One to One;

FIG. 158 illustrates an example of Relation One to N;

FIG. 16 illustrates an example of relation with interface;

FIG. 17 {llnstrates an example of an instance of inheritance;

PIG. 18 illustrates 2n example of the user interface of the Menn Editor Tool;

FIG. 19 illusirates an exemplary soreen of Palmyra login screen,

FIG. 26 illustrates an example of the entity suthorization process;

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

FIG. 22A illusirates an exemplary Securitylern UML Model;

FIG. 228 illustrates an exemplary Policies UML Model;

FIG, 22C ilkusirates an exemplary Securityltemn's Roles UML Model,

FIG. 23 iliustrates an exarple of UML model of the View Format Service,

FIG. 24 illastrates an exeraple of how an application according to the preforred
embodiment integraies and communicates with different platforms;

FIG. 25 {lustrates the architecture of the system in abstract and where the Toput and
Output Devices fit into this system;

FIC. 25 illustrates an overvisw of the Mapping process;

FIG. 26 illustrates an example of configuration of Mapping;

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

FIG. 28 illustrates an example of the worldlow engine and how it menages the states
in the system,;

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

FIG. 30 iﬂustrafes the main methods defined in the Value Interface of Package
com.palmyra.arch basicStruct.data;

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

FIG. 32 lusirates the composition of Classe;
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FIG. 33 illustrates the exceptions provided by

com.palmyra.arch. basicStruct. exception;

FIG. 34A illustrates the subclasses of the CompositeValue class;
FIG. 34R iltustrates the subclasses of the SinngValue class;
FIG. 35 illustrates an example of creating and defining CompositeValue class felds;

FIG. 36 1llustrates an example.of the class diagram of SimpleValue type and its

subclasses;

FIG. 37A is 2 UML diagram ilfustration of a queried clags in a find operation is X,

and that the queried fields ave: +, il.+, 1112+, 3.4

FIG. 378 is & reduced UML. diagram illustration of queried class in a find operation is

X, and that the queried fields arer +, i1+, 11,124, 3.4

Mapper;

FIG. 38 is & UML diagram illustration of a search query;

TIG. 39 is a UML diagram illustration of another search query,

FIG. 40 is 2 UML class diagram illustration of expanded key struciure;

FIG. 41A is a UML class diagram illustration of a PQL guery;

FIG, 41B is a UML class diagram ilustration of a reduced PQL query,

FIG. 41C 1s a UML class diagram llustration of 2 one to n relation:.

FIG. 42 15 a UML diagram illustration of the Design Model of the ProcessExecuter;
FIG. 43 is a UML diagrem iltusiration of the Design Mode! of the Traverser; and
FIG. 44 is an exemplary UM diagram illnstration of the design modql of the

FIG. 45 is an exemnplary UML diagram illustretion of the design model of the DBDS

vendor specifie subclasses;

FIG. 46 s an exemplary UML diagram ilkustration of how to use the interface

historicized;

FIG. 47A s an exemplary UML diagram iliustration of how to use the scheduler

moduie in the design of an application;

repeat;

FIG. 478 15 an exemplary screen of a job messsge configuration;
FIG. 47C is an exernplary screen of how fo configure a job to be repeated dailfy;
FIG. 47D 18 an exemplary screen of how o configure & time of day in a job daily
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FIG. 47E 1is an exemplary seresn of how o agsign an annvai holidey to a calendar;

FIG. 47F is an exemplary screen of how to essign an exceptional holideyto a

calendar;
FIG. 47G is an exemplery soreen of how to assign a weeldy holiday to a calendar;
FIG, 47H is an exemplary screen of how o define the dependency between a job and
& calendar ‘
FIG. 471 is an exemplary screen of how to configure a job to be tracked;
FIG. 471 is an exomplary screen of the result of track execution of job scheduler;
FIG. 48 iflustrates u design of a presentation contreller that allows it support many
technologies;

FIG. 49 illustrates an exemplary process of responding fo client request via
presentation controller and sssocizied components; |

FIG. 50 iltnstrates retrieving an action based on & context;

FIG. 51 illustrates 8 UM, representation of a Scheduler; and

FIG. 52 fllustrates an example of a Palmyra Schedule Trace.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

A preferred embodiment will be set forth in detail with reference to the drawings, in

which like reforence numerals refer to like elements or steps throughout.

Example Computing Envirbpment

FIG. 1 and the following discussion are intended to provide a brief general
description of a suitable computing environment in which an example embodiment of the
invention may be fpplemented. % should be understood, however, that handheld, portable, and
other computing devices of all kinds are conternplated for use in connection with the preferred
ebodimertt, While 2 general purpose computer is described below, this is but one example.
The preferved embodiment also may be operable on a fhin client having network server
interoperability and interaction. . Thus, an example embodiment of the invention may be
implemented in an environment of networked hosted services m which very Httls or minimal
client resources are implicated, e.g., a networked environzent in which the clent device serves
merely as & browser or interface to the World Wide Web.

Although not required, the invention can be implemented via au application
programming interface (API), for use by a developer or tester, and/or included within the
network browsing software which will be described in the general context of computer-
execittable nstructions, such as program modules, being executad by one or more computers
(e.g., client workstations, servers, or other devices). Generally, program modules include
routines, programs, objects, cormponents, data struchires and the Iike that perfiomm pai’ticular tasks
or implement particular abstract dafa types. Typically, the functionality of the program modules
may be combined or disiributed 25 desired in various embodiments. Morsover, those skilled in
the art will appreciate that the invention mey be precticed with other computer system
configurations. Other well known computing systems, environments, and/or configurations that
may be suitable for use with the invention include, but are not limited to, personal computers
(PCs); servér compuiers, hand-heid or laptop devices, multi-procsssor systems, microprocessor-
based systems, programmable consumer electronics, network PCs, minisomputers, mainframe
computers, and the like, An embodiment of the invention may also be practiced in distributed
computing envivonments where tasks are performed by remote nrocessing devices that are linked

through a conununications network or other date fransmission medium, In a distributed
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computing ervironment, program modules may be located in both local and remote computer
storage media including memory storage devices.

FIG. 1 thus illustrates an example of a suitabls computing systém epvironment 100 in
which the invention may be implemented, although as made clear aboves, the computing system
environment 100 is only one example of a suitable computing environment end is not intended to
suggest any limitation a5 fo the scope of use or functionality of the invention, Neither should the
computing environment 100 be interpreted as having any dependency cr requirement relating to
any one or a combination of components illusirated in the exemplary operating environment 100.

With reference to FIG. 1, an example system for implementing the invention meoludes
a peneral purpose computing device in the form of akomputer 110. Components of the
computer 110 may include, but are not limited to, a processing unit 120, 2 system memory 130,
and & gystem bus 121 that couples various systemn components including the system memory to
the processing unit 120, The system bus 121 may bo any of several types of bus stractures
including a memory bus or memory coﬁtrol]er, a peripheral bus, and & local bus using any of a
variety of bus architectires. By way of example, and not limitation, such axchitechres nclude
Industry Standard Arxchitecture (ISA) bus, Micro Channal Architecture (MCA) bus, Enhanced
ISA (EISA) bus, Video Electronics Standards Associztion (VESA) local bus, Peripheral
Component Interconnect (PCY) bus (alzo known ag Mezzanine bus), and PCI-Expross bus,

The computer 110 typically includes a variety of computer readable media,
Computer readable media can be any available media that can be accessed by the computer 110
and include both volatile and nonvolatile, removable and non-removable media. By way of
example, end not imitation, computer roadable media may comprise computer storage media
and commumication media. Computer storags modia inglude both volatile and nonvolatile,
removeble and nop-removable media implemented in any method or tectmology for storage of
information such as computer readeble instructions, data structures, program modniss or other
data, Computer storage mediz include, but are not limited to, random access memory RAM),
read-only memory (ROM), Blectrically-Brasable Programmmable Read-Only Memory
(EEPROM), flash memory or other memory techmology, compact disc read-onty memory
{(CDROM), digital versatile disks {DVD) or other optical disk storage, magnetic cassettes,
magnetic tape, magnetic disk storage or other magnetic storags devices, or any other medium,

which can be used fo store the desived information and which can be accessed by the computer
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110. Commurication media typically contain computer readsble instructions, data siractures,
program modules or other data in a modulated data signal such as a carrier wave or other
tramsport mechanism and include any nformetion delivery media. The term “modulated data
signal” means & signal thet has ons or more of its characteristics set or changed in such 2 manner
as 1o encods information in the signal. By way of example, and not limitation, communication
media includes wired media such as & wired network or direct-wired connection, and wirsless
media such as acoustic, radio frequency (RF), infrared, and other wireless madia._ Combinations
of any of the above should alse be included within the scope of computer readable media,

The system memory 130 includes computer storage media in the form of volatile
and/or nonvolatile memory such as ROM 131 and RAM 132. A basic input/output system 133
(BIOS), containing the basic routines that help to transfer information between elements within
computer 110, such as during start-up, is typically stored in ROM 131, RAM 132 typically
contains data and/or program modules that are immiediatoly accessible to and/or presently being
operated on by the processing umit 120, By way of exampls, and not limitation, FIG. 1 illustrates
operating system 134, application programs 135, other program modulss 136, and program data
137. RAM 132 may contain other data and/or program modules.

The computer 110 mey also include other removable/non-removable,
volatile/noavolatile computer storage media. By way of example only, FIG. 1 illustrates a hard
disk drive {41 that reads from or writes to pon-removable, nonvéiaﬁie magnetic media, a
magnetic disk drive 151 that reads from or writes 10 a removable, nonvolatile magnstic disk 152,'
and an optical disk drive 155 that reads from or writes to a removable, nonvolaiile optical disk
‘iSG, such as 3 CD ROM or other optical medivm. Other removable/noa-removable, -
volatile/nonvolatile computer storage media that can be used in the example operating

environment inchude, but are not Hmited to, megnetic tape cosseties, flash memory cards, digital

varsatﬂﬂ disks, digital video tape, solid state RAM, solid state ROM, and the like. The hard disk

drive 141 1s typically connected to the sysiem bus 121 through a non-removahble memary
interface such es interface 140, and magnetic disk drive 151 and optioél disk drive 155 are
typically connected to the system bus 121 by a removable memory interface, such as interface
150,

The drives and their agsociated computer siorage media disenssed above and

iltustratsd in FIG. 1 provide storage of computer readeble instructions, data structurss, program
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Il;.Od'iﬂBS gnd other data for the computer 110. In FIG. 1, for example, the hard disk drive 147 is
llustrated as the storing operating system 144, application programs 145, other program modules
146, and program data 147, Note that these components can either be {he same as or different
from the operating system 134, application programs 135, other program modules 136, and
program data 137. Cipera’cing system 144, application programs 145, other program modules
146, and program data 147 are given different mumbers here to fllustrate that, at & mindmumy, they
are different. A user may enter commands and informeation into the computer 110 through input
devices such as a keyboard 162 and pointing device 161, commonly referred {o as 2 mouss,
trackball or touch pad. Other input devises (ot shown) may include a microphone, joystick,
game pad, satellite dish, scammer, or the like. These end other input devices are often connected
to the processing unit 120 through a user input interface 160 that is coupled to the system bus
121, but may be connected by other interface and bus structures, such as a paraliel port, game
port or & universal serial bus (USB). _

A monitor 191 or other type of display device is also connected to the system bus 121
via an interface, such as s video Interface 190, In addition to 2 monitor 191, computers may also
inchude other periphiral oulput devices such as speekers and a printer (hot shown), which may ba
conmected through an output peripheral interface 195,

The computer 110 may operate in a networked environment using logical connections
to one or more remote computers, such as 4 remote computer 189, The remote computer 180
may be a personal compter, 2 server, a router, & network PC, a peer device or other common
network nods, and typically includes many or all of the elements described above relative to the
computer 1 10, although only a memory storage device 181 has been illustrated in FIG. 1. The
iogical connections depicted in FIG. 1 inchude a Jocal arca network (LAN) 171 and 4 wide area
nefworlk (WAN) 173, but may also include cther networks. Such networking environments are
commonplace In offices, enterprise-wide compuier networks, intranets and the Internet,

When used in a LAN networking environment, the computer 110 is connected to the
LAN 171 through a network interface or adapter 170. When nsed in 2 WAN networking
environment, the computer 110 typically inciudes means for establishing communicatioﬂs over
the WAN 173, such as the Infernet. Tn a networked environment, pmgraﬁ& modules depicted
relative to-the computer 110, or portions thereof, may be stored in the remote memory storage

device. By way of example, and not imitation, FIG. 1 illustrates remots application programs
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185 as residing on & memory device 181. Remote application programs 185 include, but are not

limited to web server applications stch as Microsoft® Intemet Information Services (IIS)® and

Apache HTTP Server which provides content which resides on the remote storage device 18 Tor
other accessible storage device to the World Wide Web. It wili be appreciated that the network
connections shown are exemplary and other means of estébﬁshing 1 comrnunications link
between the computers may be used.

One of ordinary skili in the art can appreciate that 2 computer 110 or other client
devices can he deployed as part of & coroputer network. In this regard, the preferred embodiment
pertains to any computer system having any number of memory or storage units, and axy numbsr
of applications and processes occurring across any mamber of storage units or volumes. An
embodiment of the may apply to an environment with server computers and client computers
deployed i a network environment, having remote or local storage. The preferred embodiment
may alsc apply to 2 standzlone computing device, having programming language finctionality,
interpretation, and execution capabilitiés.

Ezample Network Environment

FIG. 2 illustrates an emnbodiment of a network environment in ‘which an embodivoent
of the present invention can be implemented. The network enviropment 200 contains a number
of local server systems 210, which may include a number of file servers 211, web servers 212,
and application servers 213 thal ars owned and minaged by the owner of the local network.
These servers are in communication with local user systems 220 which may incinde & lerge

variety of systems such as worksiations 221, desktop computers 222, laptop computers 223, and

“fhin clients or terminals 224. The local user systers 220 may contain their own persistent

storage devices such as in the case of workstations 221, desktop compuiers 222, and lapiop
compaters 223, They can also have access to the persistent storage, such as a database, provide
by the local servers 210. In the case of thin clients and terminals 224, network storage may be
the only availabie pexsistent storege. The users within the local networlt usually get access to the |
wider area network such ag the Internet 280 thouph the Jocal server systems 210 and typically
some network security measurss such as a firewall 270. There might also be a number c;f Temote
systers 200 that can be in conmumnication with the local server systems 210 and also the local
user systems 220, The remote computer systems can be a variety of rernote terminals 291,

remote laptops 292, ramote desldops 293, and remote web servers 294,

14
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Chent-Server environment

The client-server software architecture model is a versatile, message-based and
modular infrastructure that is intended to improve usability, flexibility, interoperability, and
soalability as compared fo centralized, mainframe, time sharing computing. Client-server
describes the relationship between two computer programs in which one program, the client is
defined as a reguester of services, which makes a service request from another program, the
server is defined as the provider of services, which fulfills the request, A client-server
application is a distributed system comprised of both client and server software. A client
goftware process mey initiate a communication session, while the server waits for requests from.
any client.

In a networlg, the client-server model provides a convenient way to efficiently
interconnect programs that are distributed across different locations. Transactions among
computers using the client-server model are very common. Most Internet applications, such as
email, web sccess and database access, are based on the client-server model. For example, a web
browser is a clent program at 2 user computer that may be used to access iufarmatibn at any web
server in the world. For a customer to check a bank acoount from a remote computer, 2 client
program, which may run within a web browser, forwards a request to & web server program at
the bank, The web server program may in turn forward the request to a datsbase client program

that sends a request to a datahase server at another bank computer to refiieve the requested

.account balance information. The bzlence information is returned back to the bank database

client, which in trn serves it back to the web browser client in the customer’s computer, which
displeys the information to the customer. .

FIG. 3 llustrates an exa.mple of multi-tier client server architecture, Multi-tier client-
server architecture allocates different tasks and services to different tiers. In the example multi-

tier architecture of FIG. 3, there are three logical tiers. The first tier 310 18 one or more clients

" 311, 312, the second fier is an application server 321, and the third tier 330 is a data server 331

332. Atthe client tier, the olients 311, 312 provids the application’s User interface and also act
as presentation servers. The application’s graphical user interface is genefally & CUSTOm-
generated web page to be displayed by & web browser on the client computer. There can be one
or more application servers 321 that host the business logic, and one or mpre‘data servers 331,

332 to provide data stﬁrage and validation services. The main body of an applicationistuncn &
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shared host 321. The application server 321 does not drive the graphical user interface, rather it
shares business logic, computations, and a data retrievel engine. The presentation of data,
retrdeved is handled by fhe preseu‘caﬁoﬁ server at the client tier. With less software on the client
systems, there are fewsr security concerns. Applicetion scalability, support costs, and
tnstallation costs are all more favorable when the software is concentrated on 2 single server then
when the software is distributed amongst a number of deskiop clients, Tﬁcre are many dift‘erent
implemeritations that may be produced using component technelogy in {he application server
tier, such as CORBA (Commnon Object Requost Broker Architecture), ETR (Enterprise Java
Beans) and DCOM (Distributed Component Object Model).

In one preferred embodiment, the system implements Enterprise JavaBeans (ETB)
technology in itz architecture. EJB is 4 Java Application Programming Interface (API), which
allows developers to focus on the actual business architecture of the model, rather than having o
worry about endless amounis of programming and coding peedcd io cormect all the working
parts. The developer can design {or purchase) the needed EIB components and arrange them on
fhe server zs needed. EJB is a component architecture for developing and deplovment of

component-bagsed distributed applications, A.ppﬁcations written using EJB are scalable,

- transactional, and multi-user secure. These applications may be writien once, and then deployed

on any server platfonm that supports the EIB specification.

Io an BEIB multi-tier environment, the clent provides the vser interface logic, the

business rules are separated o the middle tier, and the database is the information repository.

The chent does not access the database directly. Instead, the client makes a cali to the EJB

- Server on the middle tier, which then accesses the database, EJB Server provides a framework

for deploying the middle-tier logic of distributed component-basod applications. EJB Server's
high-performance transaction server provides efficient management of client sessions, threads,
database conmections, and fransaction flow. The Web browser connects to EJB Server or a Web

server via HTTP to download an HTML page conteining a Java applet that performs presentation

. fimctionality. The applet communicates with EJB Server, calling middle-tier components that

perform business logic. Data servers and siorage servers stores, processes, and protects the
corporete data, BJB Server manages a pool of connections fo the database, cobrdinating the
transaction processing to those servers.

The Preferved embodiment
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This form of preferred embodiment teaches metheds and systems for autcmated
development of 2 software appcetion. The method inclades various processes for defining the
application, modeling the specific business process or function to be porformed by the software
applcation, creating vniqusly specialized UML models to further define the process or function,
and validating the models against a set of predefined unique syntax rules. The validated models
are ther umiquely transformed into a unique metadata form that corprises generated application
code and XML files used by the target application. FIG. 4 provides a general schematic of the
major steps of the sofware engincering process of according to the preferrad embediment
method. In general, the software engineering process nging the preferred embodiment comprises
the steps of first designing and modeling a business process using the UML graphical design tool
410. The business process is modeled using an enhanced version of UML provided by the
invéntion with metadata. The UML modsl and metadaia are validated 420 and serve as input for
the automated code generation engine 430. The automated code generation engine parses the
UML model and metadate and generates deployable source code for the target application 480
wtilizing an enterprise applicatior development framework, referred to as the Palmyra
Framework. Some manual coding 450 is sometimes needed to éupplement the automatically

generated code, but the amount of manual coding is dramatically less than pror methods and

usually directed to specific or specialized features of the application. Th= preferred ombodiment

can algo include configiration tool(s) 460 and & test'and bepchmark tool 470, Once configured
and tested, the target application is ready for deployment 490, _
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1 GRAPHICAL DESIGN OF SOCFTWARE MODEL USING UML DIAGRAMS

This form of a preferred embodiment provides an sasy-to-use graphical software
engieering tool, The automatic code generation process starts with 2 standard modeling
approach using UML design tools such as MagicDraw or Rational Rose. These tools are applied
to create UML, diagrams to represent the desired business process and the desired data model.
The graphical modeling and desigh tool can be used by both users and consultants. The
preferred embodiment facilitates the resse of existing components, which include both business
and technical com})onents.

Tn one embodiment of the present invention, the graphical modsling and design tool is
based on a commercial UML visuzl modeling tool such as MagieDraw. MagicDraw alone is not
sufficient to fimction as the graphical modeling and design tool of the prsfen“eti ‘embodiment.
Although MagieDraw functions as a visual dizgramming tool, it does not check for design errors,
control Stereotypes and Tagged Vatues, reject wrong data, or provide warnings. When using
MagicDraw as a tool to build and design UML models, the invention create the Designer tool as
& plug-in for MagicDraw to enhances its function, The enhanced UME Designer, referred to asa
Palmyre UML Designer, constitutes an additional layer that sits on top of MagicDraw in order to
overcome the limitation of creating UMIL models thaf do not conform to ths pro-defined mles
and to avaid errors during and afier the design process. The Palmyra UML Designer tool
employs several steps to achieve this. First, the Palmyra UML Designer tool checks whether the
designed modals conform fo pre~defined Palmyra rules by validating imitial vaiues, multiplicities,
types, ete. Second, the Palmyra UML Designer tool makes diagrams ready for the generation
process without human error. Third, the Palmyra UML Designer fool endbles the addition and
change of relations and simple fields wniformly throughout the application with precigion.

' Fourih, the Paloyra UML Designer tool checks for Paimyrs elements, and adds or corrects new

eligibility between thelr Stereotypes in order to avoid conflict and design errovs. Finally, the
Palrrryra UL Designer tool makes nee of value references for Tagged Values instead of String
Vahlcs, | '

The preferred embodiment is not lixaited to MagicDraw, or any other particular UML
design tool. Accordingly, one can implemeﬁt this vafidation fonctionality through the uss of

other design tools, such as a stand-alone application, or an add-on for ancther UML visual-desig;n
ool '
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The UML Designer alsc provides usability features that help a user to create a UML
model. The UML Designer provides user fiendly interfaces for panels, classes and Tagged
Value input. Tt autematically loads models confonming to the preferred crnbodiment within
projects. The UML Designer simplifiss the use of the Palmyra classes by grouping them into
four main categories, which are Entities, Interfaces, Controllers, and Simple Values, The UML
Designer adds needed Stereotypes to the classes depending on the type salected. The UML
Designer also displays available parent types at runtims,

Palmyra UML Designer can also provide a set of new actions to the selevied design
tool, FIG. 5 represents a UML Designer File monu 500 having example new actions,

New Palmyra Project 510: This sub-menu is used to create a new Paluyra project. A
Palmyra project contains the Palmyra UML model and removes ell conflicting Stercotypes,

Fulmyra Save 520t saves the active project.

Validate Palmyra Project 530: This snb-moenn 18 used to validets the Palmyra Rules
of the project

Open Palnyra Code Generafion 540: This sub~menu is used to open the Code
Generation Tool and passes io it the full path of the related UML modsl (in Palmyra XML
format). This sub-menu is used when the project is validated, The path of the Code Generation

Tool is specificd with the installagtion of the plug in.

Generate Log Files 560: This sub-menu is used to generate log files. A first log file
contains the list of enfities without code in the current model. Tts name is the concatenation of
the name the model and © Futities WithoutCode. log”. A second log file contains the list of fields
which do not have the Tagged Valne ‘crurpath’ and do not have & simple value (the fietd must
heve at least one °."). Its name is the concatenatior of the current model name and
“ FieldsWithCurrPath.log”. This sub-menu comes avallable when the project is validated.

There are several types of diagrams that are created using the UML desipn toals, such
ae class diagrams, process diegrayns, and use-case transition dagrams. Palmyra UML Designor
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 technigues where
specific predefined types of classes and decorations are epplied to provide unique functionality

allowing the system to interpret the diagram and to generate the data structure at generation time.
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The specific predefined types of classes are uniguely created in a standard UML mode] that is
provided by the framework of the invention. The classes are organized into fypes of classes such
as Entities, Controllers, Simple Tyﬁes, snd Interfaces. The classes in the model are a part of the
framework libraries. Palmyra UML Designer provides direct access to graphical tools for
creating UML class diagram through the Palmyra Class Diagrams submenn 610.

The specific predefined decorations are uniquely created in the same stendard UML
model that is provided by the framework. The decorations are also organized into types such as
Tagged Valies and Stereotypes that are designed to facilitate the creation of the target softwars
spplication.

1, Class Types

Palmyra consists of four class types, Simple, Entity, Controller, and Interface.
a. Simple Types

Simple class types are primitive structures that contain one single date element like a
number or a date or list of characters. The simple types can be predefined by the standard model
provided by the framework, and they can also be defined in a specific mode! of & target
application. Simple types are used as felds for more sophisticated classes like entity class-types
or zs parameters for the methods contained in the confroller class-types. These simple class
types can also be constrained in & way to provide Inmts and definitions of the data elements such
a8 rounding for numeric elements and formatting for text elements and preset values.

An example of a predafined simple type is StringVakue, A StringValue simple type is
a text structure that may be constrained by a maximum number of charactors, Another example

of 2 predefined simpile type is BooleanVelue, where the data clement can beve a value of true or

" false.

An example of a defined simple type is AgeValue. In this example, a simple type is

-crested using the name AgeValue that is defined to inherit attributes from another predefined or

& newly defined Simple type. For example, AgeValue is set to inherit from InteperValue, which
is a predefined simple type thet contains an integer between the range ~2,147,483,648 to
2,147,483 ,647. In addition, a consiraint 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
inherits the att;'ibute of an ability to provide a range of values and i can be further defined with
specific values established by themeeds of the target application.
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Simple class types also have an Enumeration class. An enumeration class describes
an enumeration type. Possible values of this type are defined within the class atiributes. FIG.
7A iltustrates an example of an enumeration class. In this particular example the class contains a
Hst of users with their attribuies. In this example userl had a list of properties such as
UserName[i] = Developer, UserName[I +1]=Designer. The Enumeration class can be
represcinied in 8 Combo Box in the generated application.

i. TypelName class

A Type Name Class is an emmmeration filled af run-time that contains all gub class
names of a specific class, FIG. 7B illustrates an example of a TypeName class. For example, if
a type name extends “Constraints T ypeName” and the Tagged Value “dlassname” has as value a
class “X”, at Tuntime the system will show in 2 combination box all sub classes’ names of the
class “X’ having the Stereotype “constraints”

il DynamicTypeName

A Drynamic Type Name Class is an eramneration filled at run-time that containg all
sub classes of a given clags with two additionsl properties. FIG. 7C illustrates an examiple of a
DynamicTypeName class. For example, if the user defines a DynamicTypeName class that has
a8 ‘classname’ Tagged Value the Class “N”, the ‘includetypes’ aa “Type 4bstractValue’ and the
‘excludenpes’ as “Type_Constrainteble’, the system will show all sub classes of “X” extending
“dbstractValue” and that do not have the Stereotype “constrainable’, The description of all
possible types is detailed in Palmyra Stareotypes & Rales (infra).

i, Astribute class

An Afiribute class is used to castomize 2 simple type that extends one of the ?almyra
Stoaple types and adds specific properties that the user needs. FIG. 7D {llustrates an example of
an Attribute clags. The Aftribute class defines a set of properties for a specific obiect. Inthe
axample shown in FIG. 7D, four properties are defined for a specific attribute asr], In another
cxample, the user can define & new atiribute having as type Amount Value, give'i‘o this atiribute
the precision and the defaultformat Tagged Values, and after that define all atiributes,
parameoters, and returned values of operations in the application.

v, ControllerName
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A controller name is like a type name, except that the baseclassname is a controlier.
FIG. 7 illustrates an example of a Controller class. For example, if a controller name hes the
Tegged Valus “baseclassname” as value a congrolier “C”, at runiime the systom will showina
combo box 2li sub classes’ names of the controller “C”.

V. Action Bnumeration

An Action Frumeration Class is a dynamic entmeration that is filled at nmfime by
the execution result of & method in a controller, FIG. 7F illustrates an example of Action,
Brumeration Class. For sxample, 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
returns 2 Collection Value, and then creates an Action Enumeration Class with Tagged Value
“controllername” equal to the name of the new controfler and “actionname” equal to the name of
the method thet will 811 2t runtime the values of Markst Operation Type. When some vaiues of
the Market Operation. Type are added, modified, or deloted, the changes will be done only in the
file.,

b, Entity Types

Entity class types are heterogeneous structures that contain fields having one or more

Sirmple class types, and Entity class types can have relations with other Entity class types. Like

Siraple 'types,lthe, Entity types can be predefined by the standard model provided by the
framework or they can be defined in & specific model of a target application. Entity types are
data elements that compose the data structure of the target applcation that also can be used as
parameters for the methods contained in the Controller class-types. These Exntity class types can
also be constrainad, enhenced, and modified I 2 way to provide more precise date elements in
accordance with the needs estzblished by the target application.

Pntity class types can have multiplicity of definitions for the fields and relations. The
integrity of the instances of Entity classes, referred to as objects, is checked at runtime for the
correciness of those cbjects in accerdance with the predefined multiplicities. '

The relations belween Enatity classes types are categorized nto four groups referred to
as generalization, aggregation, composition, 1d association.

Generalization relations are used o express inheritance. The inheriting class is
considered an extension of the existing class that can add more fields or relations and/or can

modify sorme features such as multiplicitics of existing felds and relations.
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Ageregation relations are used to make i1 possible for a data structure defined by one
Entity clags to point to other data structures defined by other Entity classes.

‘Composition relations are used to incieate that a data structure defined by one Entity
class is composed of ather date shretures defined by other Entity classes.

Association relations are used to associzte fhe 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 i, Coniains,
Sameds, Or, Xor, and Excliusive, Relation dependencies are applied to a pair of relations, the
two relations are called the source and the farget, Therelations eligible for such dependencies
are Agegregation or Composition relation types.

Jn relation, dependency is used to indicate that the element belonging to the source
relation is simultaneously a mermber of the target relation-colicotion,

Coninins relation dependency is used to indicate that the collection of elements
belonging to the source relation includes the collection of elements that belong o the target
relation,

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

Cr relation depondency 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.

Exciusive relation dependency is used to indicate that at most one of the two relations,
source ot target, should be assigned at runtime. l

There are different types of entities:

i Entity Class

Az Entity class is 2 persistent clags in the databage (realizés the “dbstract Value”
inferface), having aftributes (inherits from “CompositeFalue™) and relations with other classes.
FIG, 9A illustrates an exemple of entity class, i

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

(expandable, nen expandable, and Business Tagged Value), and Atiributag,
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i Consirainabls classes

A Constrainable class is a persistent class in the datehase on which we can define
constraints. F i3 en “entity” that has the Sterectype “constrainable”. FIG, § illustrates an
exzmple of a Constraingble class 810,

fiil.  Constraints classes

The objective of 2 constraints class is to define constraints on a Constrainable claga:
The “congtraints” class should inherit from the consitained cless (which should have the
Stereotype “Consiraineble” ur “constraints” also).

FIG, § ifustrates the use of Constraints/Constrainable classes. The classes Equity
820, Right 830, and Warrant 840 are securities that have specific properties (fixed value,
multiplicitj'). The constraints are!

Bqguity 820: In this class the attributes: asseiNature is frozen, read only, and has fixed
value “Equity.”

Right 830: In this class the attributes: assetNature is frozen, read only, and has fixed
value “Right.”’ )
' Warrant 840: [n this class the attributes: assetNature is frozen, Tead only, and has
fixed value “Warrant.”

iv. Composite class

A Composite class is niot persisted in the database, which does not realize the
“AbstractValue” interface), and it has atiributes and relations. It igherits from
“CompositeValue”. Tt also can have Stereotypes and Tagged Valuss. FIG. 5B provides an
example of a Composite class. '

v, Magcro Class

The Macro class is used to optimize the repetition of some attributes in the class
diagram. When some attributes (from different classes) are commion for many classes, the
defnition of a macro can be very useful. In fact, s macro expresses a semantic grouping of some
attributes within the same class in order to be used by other classes. FIG. 5C provides an
example of 2 Macré class.

d. Controller Class
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Conirolier class types are algorithm definition structures; they contain one or more
written algoxithms 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 thoy can be defined
in a specific model of a target application. A Method may have one or mare input data clements
referred to as input parameters and may refurn 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 inferfaces. A controller may have a short name known by an alias; this alias
ig used by the application code or by the expressions used as caleulation formulas toreferto a
specified Controller. FIG. 9D provides an sxaruple of a Controller class.

€. Interfaces

Interfaces are heterogenecus structures that serve as templates containing fields

having one or more Simple class types and can have relations with other Enfity class types or

interfaces, Like Simple types and Entity types, interfeces can be prodefined by the standard

model provided by the framework or they can be defined in 2 specific model of a targst
application.
The Tnterface category contains the following interfaces, which are illustrated in FIG.
10: _
1. Vealue Interface l '

“Value” 1010: this interface is the super interface of all clements in the famework.
All implementing classes are not persistent by defenlt. The user can define its own “value’
interfzce that extends Value or cmé of it sub-interfaces. The new interface is used to define
attributes end make relations with other interfaces or classes. All implementing classes are not
persistent (having the ‘composite’ stereotyps for example)

. Abstract Value [nierface

“Abstract Valae™ 1020: This interface is the super interface of all persistent entities in
the database. It defines the technical flelds (pk, creationDate, creatorUserid, updateDate,

_updatorUserld, accessPoint, type). All sub-interfaces of AbsiractValue must have the stercotype

‘absiractvalue’ and all sub-classes must have the stereotype ‘entity’. If the user defines an
‘absiractvalue’ interface, it czn define atiributes (but not operations) and make relations with

other classes or interfaces.
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Hi. Storage Interface

“Storage’™: Az interface with the stereotype ‘storage’ speciﬁes'storage of
implementing entities, A storage Interface must inherit from AbstractValue interface. The user
must add the related Trpged Value “datasource”. All classes that implemennt the created
interface will be stored in the specified data source. The mapping bstween the value of the
tagged value ‘datasource’ and the real database will be performed when deploying the
application.

Example: A clicnt 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
new storage entity thar inherits from Storage interface and assigns to it the carresponding data
source.

iv. Historicized Interface

“Historicized” 1030: indicates thet the implementing eniity will be historicized. The
system defines two mterfaces: Historicized and HistoricizedOnDelete. A Historicized entity is a
class that inkerits from one of the two mentioned inferfaces. The system will maintain the
history of all medifications made on instances of this sntity. The user can define its own
‘historicized’ interface that defines the tagged value “historydatasource’. All classes that
implement the created interface will be hisforicized in the specified history data source. The
mapping between the value of the tagged value *historydatasource’and the real database will be
performed when deploying the application.

The hierarchy of these interfaces is given in FIG, 10,

3 Class Decoration Types

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

Decorations for class diagrams provide additiona! information for elements like
interfaces, clagses, reletions, and fields. The decorations are categorized into Tagped Values and
Stersotypes. Taggf:ad Values are used o add information to an element by means of 2 desired
value such as a number or character. Sterectypes are addsd to classify thess elemenis into groups

such as Entities and Consiraints, or to add information like the Stereotype Consirainable,
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however no values are assignad {o Stereotypes. The list of avaﬁlai:;le Tagged Values and
Sterectypes differs in accordance to the type of element.

All the Stereotypes are defined exclusively in the standard UML model provided by
the framework. In addition, some of the Tagged Valuss are defined in the standard UML model
and others mey be defined by a specific mode] of a target application. TABLE 2 Iisis Palmyra
Stereotypes and Tagged Values:

Table 2; Palmyra Sterocotypes and Tegeed Values

Element Properties Palmyra Stereotype Palmyra
Tageed Value
Class Name eritity context
constrainable descriptionkeyes
canstraints domeainmanager
composite fieidconfig
cached indexgroup
BaAmess
slaname.
' uniguegraup
IDACIo
comiroller Alias
utility ,
e domainmanager
typename classname
domainmanager
dynamiciypename classpame
.| excludetypes
includetypes
domainmanager
atir defanltformat
domainmanager
mask
max
Toin
precision
rounding
conirollername bassclassname
actionent actionmame
confroliername
domeimmanager
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Inferface

[ MName

J

value
abstractvalue

comtext
domainmanager
indexgroup
5ameas
maxgroup
siapname
UTHQUSEouD

storage

datasource

historicized

historydatasource

Aftribute

Name

type

izl value
multiplcity

code

asp
unique
SEUence
transient

Active
calculationformula
calendarpath
curpath
defaultformula
domaimmanager
exchusivstarget
index

invisible

label

order

ortarget
orderincode

1 originalname

ownerclasgname
ownerclasspath
readonly
rounding

style

skewad
wordsize
xortarget

QOperation

Name
Return type
Parameters (name and type)

Relation:
Dependency

Between tow Association
rélations

In
BEITISES
contains
exchisive
or

Kot

Root
BQUICE
target

Relation

Type:
Simple/Aggregation/Composition
Cardinalities

Navigability .
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Role code Active

Synmumetric Role set asp -

Tist caloulationformrie
map defanliformula
transient domainmanagsr
Unigue index

: indexisunique
indexname
invisible
joincondition
order

orderincods
originalneme
possiblevahnesformula
readonly

style

skewed

Role . For relations between
Symmetric Role ' constraint classes:
originalName

a. Inmtroduction to Tagged Values

Paﬁmyra elements can have propertiss that ave called Tagged Values. Tagged Values
are properties given to slements fike iﬁterfaces, classes, relations, and fields. Tagped Values can
be mandatory or optional, All specific Tagged Values {defined in a specific model of a targat
application) are optional. Once a Tagged Value is added to an element, a value should be
assigned te that Tagged Value. An example of & Tagged Value is the Calculation Formula. When ‘
a Caleunlation Formula is added to a feld, an expression is assigned as a value to that Caleulation
formuta. '

b, Introduction to Stereoiypes

Stereotypes are also properties given fo elements. Unlike the Tagped Values, no
values are assigned fo Stereotypes when they are used. The targst Stereotype merely expresses
that a value is desired. For axamjﬁe, the Constrainable Stereotype, when added or assigned o an
Entity class type, informs the system that constraints could be_ added to that Butity class type

later at runtime.
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Pakmyra Stereotypes and Tagged Values can be classified according to the level of
applicability. They can be defined at atiribute level, class level, a relation level, or a dependency
relation level. TABLE 2 Lists Pabmyre Sterectypes and Tegged Values.

c. (Class Stereotypes

"eniity™: a class with the Entity Stereotype is persistent,

"ecomporite™: a class with the Compos{te Stereotyps is not persistent,

“mAacro": a clags with the Macro Stereotype has a group of attriontes that could be
repeated in more than one class. These atidbutes will be pert of the atiributes of each class
having an additional attribute baving as type this Macro class. Every attribnte having as type
Macro class will be replaced by all the atwibutes of this Macro class in the generation step.

“controller: = class with the Controller Stereotype can have only operations
(actions). _ .
. “typename™: 2 class with the Typenamme stereotype is used to Hst all the subclasses of
one class. This information is set in the Tagged Value classname, If the user adds a typename
class having the classname Tagged Value as *StringValue® for example, evary field having fhis
typename class as type wiH have as values all subclagses of “SiringValue®,

“dynamictypename™: a class with the Dynamictypename Stereotype is a variation of a
Typename class. In addition to the elassname, the user can specify the inchuded and excluded
types. There are 9 types that the user can specify: %ype_AbstractValue, type Imterface,
type_CompositeValue, type_Constraintable, type Constraints, type_CollectionVaius,
type_SimpleValue, type_BusinessEntity, type_ExcludeAll, and type_IncludeAll

"gifr": a clags with the Atlr sterectype can have an added resmiction to an element of
a Palmyvra Simple type. The user can specify a customized simple typs with all required
prope:rties, such as defanlt forrnat, maslk, Vmax, mixn, precision, and rounding.

"emum": a class with the Enum Stersotype represents an erumeration. Its attributes
present all fossible values for a fisld having 2s type "emum.” Hvery BEnum class element shonld
inherent from a Palmyre StringValue type or one of its subclasses.

"eontrollername”; a class with the Controllername Stereotype can list 2l the
subclasses of a controller. This information is set in the Tagged Value baseclassname. -

"actionemum: a class with the Actionenum Stereotype bas values dynamically

assigned at run fime. An Actionsnum has two Tagged Values: controllername and actionname.
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The possible values for an Actionenum class are the result of the execution of the action

specified in the Tagged Value actionname related fo the controller specified in the Tagged Value
controllername.
d. Interface Sterectypes

"value™: A “value’ interface 1s 2 non persistent interface.

"ahstractvalue": sn interface with the ‘gbstractvalues’ stereotype is a persistent
interface Allit sub-classes can be saved to any storaga service.

“Storage™ an interface with the stereotype starge is used to identify a *datasource’
(database), which is nsed by 2l implementing entities,

“historicized": an interface with the stereotype “historicized” is used to identify an
‘historydatesource’ (database), which is used to store the history tables of all implementing-
entities. '

e. View related elements

These elements help dafine the default view of their entity atizributes and relations.
These properties will be added to the meta-data of the element that is used by the Palmyra
Presentation service.

ipvisible™ an attribufo with the Invisible Tagged Value can be uged to make an
associated object not viewable iz all service paths. I the viser wants the object to be visible fora
certain path, the user must add it using the view format. -

"siple": an atiribute with the Style Taggéd Value can be used to have s 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 criteriz determining the condition that must be verified in
order to apply the specified layout.

"order’: an atiribute with the Order Tagged Value containg an integer value giving
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.

"label": an attribute with the Label Tagged Value will be viewed using the specified
Véiue in the label,

"readonly": an attribute with the Readonly Tagged Value may not be modified.
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"rozen' (defined using changeabilily property in the UML editor): when set as an
attribute, the UML designer must give the attribute an initial value, and its default view willbe a
Read Gnly mmode.
i Database related elements

"mandatory” (defined using multiplicity property in the UML editor, see TABLE 1)
when sef at attribute level, this atiribote indicates that 2 value of this field must be set o & value
other than null. _ l

"index™ an attribute with the Tndex Tagged Value set must be indexed in the datab ase
to accelerate search performance. When defined at a class lovel, it is used ag a Tagged Vahe and
is get to the group of attributes that must be indexed (@t index=keyl, key2, key?). more than -
ohc group must be indexed, several Tagged Valuss musi be set).

"urique": an atiribute with the unique Stereotype set indicates that this clement has a
unique constraint in the database. When defined at a class Ievel, it is used as a Tagged Value, and
is set to the group of attributes that must be unique (e.g., unigue=keyl, key2, key3). If more than
one .group must be vnigue, several Tagged Valuss must be set). "unigue" verifies also the
"mandatory” praperty and the "index" tagged value.

“datasource™: used with the Storage Stersotype, this interface Tagged Valne
specifies the database (o use for all entities (and their subclasses) that realize this interface. The
values specified in the UML will be mepped to real datebase when rumndng Palmyra Setup tool,

"historydatasource™: this is & Teagged Value used in interfaces that extends the

"Historicized" inferface. It is usad 1o specify the data sovree to be used for the history.

"eode"; A code iz a string that uniqusly represents am object, It comprises of oneora
concatenation of a set of its attributes and relations, The d=fault entity code is its database
primary key. When an atiribute or a relation hés code as a Stersotype, this indicates that this
attribute or relation is part of the object cods. If the code is composed, the Stereotyped atiributes
must be ordered using the ‘orderincode’ Tagged Valve, "rode™ also verifies the "mandatory”
property and ths “index" and "unigue" Stereotypes.

"asp"; this s a stereotype used in attributes fo manage the sharing of global entities
between different users. The user is allowed to access only e subset of the associated entities. An

administrator must set the user pruperties to fransparently map it to the asp atiribute, which
determines the allowed subset to access. '
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"indexgroup": this Tagged Value is nsed to indicate that the associated group of
atiributes must be indexed in the database fo accelerate search performance.

"“wriiguegroup™: this "E-Cagged Velue is used fo indicate that this group of ativibuies have
a umique constraint in the database,

"skewed™: when this Tagged Value is set o true, the object will be passed 1o the SQL
query s the conteni of its value end not 23 2 prepared statement.

"fransient™: mdicates that this attribute or relation is transient end wili not be mapped
to the database. -

E. Constraint mods! related elements

"eorsirainable”; this Stereotype indicates a class is subject to be constrained. This
Stereotype is mandaiory in the crestion of constrained classes from a super class, _

Yeonsiraints™; this Stereotype indicates a class has & consiraint on ifs super class. The
constrained class can change some of its super properties at run time such as Attribume ranges and
relation cardinality,

. "originalname"; this Tagged Value is associated with a relation of a constrained clasg

to indicate the original name of the overridder relation {or role). The Stereotyped classisa
constraint on its super class.

T, Model related elements

"sequence": this Stereotype is associated with an attribute thet will be dynarmically
assigned 8 unique sequenced value,

"set": A set is the default Stereotype applied to 1 to n composition and aggrepation
relations. '

"[Est": A list is a Stereotype that applies to 1 to n composition and aggregation
relations. It indexes the owned elements according to 2 user-defined order, These elements a:ré
displayed in order and can be re-crdered using either the up and down amrows or the "order Iist"
action. . |

"map": A map is a Stersotype that eppliss to 1 to r composition and aggregation
relations. Jt indexes the owned elements according to a user-defined role (key).

“indexname”: this Tegged Value indicates the name of the index applied to an
attrﬁ':;utﬁ. A
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"indexisunigue": this is a Tagged Value thet defines 2 uniqueness condition that
groups both the index field end the symmetric role of the owner in a "map" relation, When such
a unique condition is applied only one collection item is returned for each possible value of the
indexed fieid. When no unigue constraint is applied, more than one item can match cach
possible value of the indexed field. In such case the relation will be invisible and it is impossible
to create or update the collection via Paimyra defaul’t presentation interface.

L. Dependency relations related elements

For all dependency relations three Tegged Values are mandatory:
*root™: indicates the basic class to which the dependent relations belong,
"source™ indicates the role of the source relation. '
"farget": indicates the role of the target relation.
Stereotypes define the type of the required dependency relation:
Tsameas™: indicates that the target class of the dependent relations ave identical.
“in": indicates that the source relafion mmst be one of the collection of the target
olass,
“contains”: 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.
"or"; indicates that ai least one of the source and tarpet relations must be set.
"xor'; indicates that only ome of the source and target relafions must be set,
iR SLA. Tagged Valuzes '

“slaname”: This Tagged Value contains the name of the Class that inherits from the
Palmyra intarface SLAInterface.
“comtext”™; This Tagged Value coniains the paremeters o find the SLA.
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k S0A Stereotypss

“Iuterfuce”: This Stereotype is applicable only on classes having the stersotype
‘controller’. For a method which belongs to an “interface’ controller, all the parameters and ths
returm, value cannot be an Interface or the CompositeValue, CollectionVélue, LisfValue and
MapValue. This resiziction is not applicabie for any sub class of the methods. Interface
indicates that the mothods of this controller can be used by a nor-Palmyra application.

“reference”: This Stereotype is applicable only on classes baving the stereotype
*confroller’. Reference indicates that the implementation of this controller method can exist in
non-Palmyra application.

L Other Tagged Values

_ “orderincode™ This Tagged Value is an integervaiue giving ths order of the specified
code within the group of attributes composing the code. This stereotype is related o the
siereotype “dode™.

“alias™: This Tagged Value is vsed for the coniroller to specify & unique alias to it. Tt
cen be useful to call a controller by its alias instead of its full u!ame. A coniroller can have more
than one aﬁ.ﬁs. ’

“controllername”; This Tagged Value is used with the Stereotype
“actiondynamicenum”. It indicates the coniroller class name,. which contains the method that
returns a lst of values (enum).

“apﬁonmme”: This Tagged Value is related to “actiondynamicemam™ stereotype. It
indicates the method that returns the list of vaiues.

“vassiblevaluesformula’™; This tagged value is applicable on aggregation relations
onty. Its valoe must be a valid criferia and it will be used when retrieving the possible values of

the relafion.

“rounding™ this tagged value is applicable on atiributes having as type DoubleValue,
It's used to specify a rounding type which will be appili ed to the vatue of the attribute..

“Wordsize”: This Tagged Value indicates a number value giving the max length of &
word shown in presentetion side. Tt is useful in the search result of a very long string.

“defauliformula”; This Tagged Value contains n expression that will be calculated zs
a default value. -
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“calculationformula™: Calculation formulas are used to indicate that 2 field or a
relation is assigned antomatically according to & caleulation expression. The formula can depend
on other fields or relations that are defined in the Entity class. An expression is a Hist of
arithmetical or logical operators, applied on field or relation vaines, or on results of ealling
methods defined in Controller class types. If a field or a relation has & caloulation formula this
mezans that the value of the field or relafion cannot be assigned manually at runtime.

“calendarpaik’™; This Téggsd Value contains the full path of the business calendar,

“curpath™: This Tagged Value conteins the full path of the currency class.

“domainmanager”™: This Tagged Value contains the full path of the java class that
implements the interface Domamddanager,

“gotive’: The Tagged Value zetive is set as true when a field is in focus. It witl be
refteshed each time this fieid loses focus. |

“ownerclassname”: This Tagged Value must be specified when the type of the field is
KeyNameValue, CriterionValue or BxpressionValue. It will contain a reference of the owner
class for the key.

“ownerclasspath’™; This Tagged Value must be specified when the type of the field is
KeylNameValue, CriterionValue or ExpressionValue, [t will contain the full path of the owner
class for the key.

“BusinessTagged¥alue” This is a special Stereutype defined by the Business Teﬁm. '
All defined Tagged Values under this Stereotype will be shown in the Tagged Value subcategory
BusinessTaggedValue for all the UML elements such as Class, Field, Relation End, Interface.

“storename”: This is a Tagged Value in whick the vser can specify a logical store
name, This one is used to store the value of an atiribute having as type FileNams or one of its
subciasses. The user can associate 8 specific storage to every storename using the Setup tool. The
storage can be a folder or & remote storage service, such as fip.

“fieldconfig”: This Tagged Value is used to specify the configuration related to a
class that reefize the interface HaslncompleteState. The user can select a list of fieids refated to
the selected entity,

“descriptionkeys™, This Tagged Value allows the user to specify the list of keys that
deseribe the sntity. In the presentation side, the list of keys specified in this Tagged Value wilt be
used to present the entity.
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“orinrget”: The user can use this Tagged Value to define an ‘or’ dependency between
the current field and ancther feld in the same entity or in another one with a relation.

“yortarger”: The user can use this Taggad Value 1o define an “xoz” dependency
hetween the current fiold and another field in the saze entity or in another one with a refation.

“exclusivetarget”: The user can use this Tagged Value to define an ‘exclusive’
dependency between the current field and another field in the same enfity or in another one with
a relation.

m.  Palmyra Types
i, Palmyra Simple Types

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 toning, TABLE 3 lsts
Palmyra Simple Types.

Teble 3: Palmyra Simple Types

Attribute Attribute

Drescription
ngme Type
StringValue and it§ subclasses
Max Integer max length of the string.
Mask String mask on the conients of the SiringValue insiance.
NumberValue and its subclagses
. toan | Mintmum valid value for the numeric numbsr represented by
Min Nuzmber subclagses of NumberValue. :
Max Nuraber Maximurn valid values for the numeric number represented by
subclassss of NumberValue, )
Precision | int The number of digits afler the float point, which will be saved in

the database. Palmyra defanit valne is 6.

Tt is the format used to input and output the value of the Number
object. The format must be the supported pattern in Palmyra (java

defaultformat s standard pattams). Palmyra default valoe is

. VISR SRR G R

AmountValue
Min Nuomber Same as NumberValue
Max Number Same as NumberValue
Procision int A defasht value=3 is mandatory
QuantityValue _
Min Number Same 28 NumberValue

[Max - Number Same se NumberVahie
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Precigion mt A default value=16 is mendatory

1t 15 the formet used to nput and output the vahie of the Number
obiect. The format must be the supported pattern in Palmyra (java

defaultFormat | String standard patterns), Palmyra default velue is

HAR) O SRR
DateValue and ifs subclasses
max | Date The maximum date allowed
min | Date The minimum daie 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,

precision String

It is the format used to juput and cutput the vatue of the Date
object, The format must be the supported pattern in Palmyra (java
stendard paiterns). There is no relation between the precision and
the format but it is recommended that you use the format
‘cornpatible with the chosen precision. Palmyra default format is’

defmiliFormat | String

MILLSECOND.
BusinessDaie ‘
min Date Same as Date type
max Dais Sarpe as Date type
precigion String A default value=DAY is maandatory
defaulfFormat | String Same as Date type
| UserDate
min L | Date Same as Date type
max Date Same as Daie type
precision String Same as Date type .
| defauliFormat | String Must be set by the regional settings configuration

i Palmyra Specialized Types

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

Table 4: Pakmyra Special Types

Status Tvpe of attribute representing a Lifecycle Status -
3 H 4 T i3 -3 ¥
AbstractValue . ?type used to define & persistent object. It is equivalent to the "entity
tersotype.
CompositeVaiue A type used to define a non persistent object
Value ' An interface used 1o define a non persistent object.
Historicized An interface 2llowing enabling historization of the entity implementing it
C. Process Diagram

39




10

15

20

25

30

The process diagram is uniquely created using state diagram modeling techniques .
where specific ﬁredaﬁned decorations are applied to provide unigue fimctionality allowing the
systemn to interpret the diagram and to run the process later at runtime, The specific predefined
decorations are uniquely created Tagged-Vaiues and Stersotypes designed to facilitate the
creation of the target software application.

A process diagram represents a Process Definition. A Process Definition lists what
hai:pens between the start and end points. It includes all the activities performed by the system
and the users, A process comprises a nurnber of steps. Using the state diagram modeling
technique, the steps are expressed by states, and their inferconnectivity is expressed by
transitions., Two predefined states are used to defins the start and the end of a process. The
transitions between states can be iriggered by events and guarded by conditions. One event may
irigger royltiple transitions defined in a specific order. When a first condition is satisfied, the
nrocess moves to the next step defined by the transition heving that sstisfied condition.

States are classified info two types, persistent and non persistent. The psfsistant steps
are checkpoints in which the process may stop waiting for an external event, and non persistent
steps represant activities. carried on by the system.

1. Process Decoration List

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

a. Tagged Values

Tagped Values are properties given to elements like interfaces, classes, relations, and
fields. Tagged Vaiues can be mandatory or optional. All specific Tagged Vaines (defined in a

specific model of a target application) are optional, Onee 2 Tagged Value is added 1o an

-slement, & value should be assigned to that Tagged Value. An example of a Tagged Value is the

Caleulation Formula. When a Caleulation Formuia is added to a field, an expression is assigned
as a value to that Calenlation Formula,

Analogously to Taggsd Values in class decorations, Tagged Values in process
decorations are properties given to elements lile states and transitions. Tagged Values can be
mandatory or optional, No specific Tagged Values can be defined in & spacific modsl of a target
application. Once a Tagged Valueis added to an elerment, a value should be assigned to that
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Tagged Velue. An example of a Tagged Value is the Order applied to the transitions. A number
fike 1,2, 3, efc., 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
vahues are assigned to Stereotypes when they are used. The target Stereotype merely expresses
that a value is desired. For sxasaple the Constrainable Stereotype, when added or assigned 1o an
Fntity class tvpe, informs the system that constraints could ve added to that Z%nﬁty class type
later ot untime,

Here also, analogously o Sterectypes inclass decorstions, Sterestypes are properties
given to elements such as states and transitions. No vaiues are assigned to Stereotypes when they
are used. The target Stereotype mersly expresses thai 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 Cage Transition Diagram

The use-case transition diagram is uniquely created usi:ig state diegram modeling
techniques where specific predefined decorations are applied to provide unique functionality
allowing the system to interpret the diagram and to create use-case actii‘;ns to be used at run tims.
The specific predefined decorations are uniquely created Tagged-Values cesigned to facilitate
the creation of the target software application.

A use-case fransition diagram represents sn inferaction scenazio between the system
and 2 user through the user interface., The interaction sconario consisis of a group of use-casss
reprosented by states in the state diagram, and the inmterconnectivity betwesn them is expressed
by transitions. At runtime the use-cases are represented by the user screens and the transitions
are represented by actions Hles buttons displayed on the screen. By clicking on those buttons the
system displays another screen determined by the transition represented by the button.

Decarations for use-case transition diagrams provide additional information for
elements like states and wansitions. The decorations for use-case transition diagrams are limited
to Tagged Vealues only. An example of 2 Tagged Value is the Action name, which when added
to a transition gives 4 lzbel fo the bution to be displayed later on the screen.

3. Use Case Diagram:
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Paltyra UML Designer tool used the state diagram modeling techniques in order to
create the UML Use Case Diagram. It allows the defimition of nse cases, navigation between use
cases and definitions of actions to be allowed by use case at design tims. The genertion tool
will use this dzsign to generate the registration code relative to all of the defined use cases and
actions. The designer can define all actions by a simple drawing of use cases and the different
acticn that is allowed for each uss case.

A new submenuy, “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
moenu in the item “Palmyra UCs Diagram.” (FIG. 6). After creating the new diagram the user
can add manually the Stercotype “usecase™ to it. After that the designer can add his specific use
cases and actions.

a. Use Case:

The generation tool gives a defaulf name to the uge case, for example “USECASEL”

_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 felds:

Use Case: Contains the name of the use case,

Class Name: Containe the class on which the use case will be registered, it can be
empty, in that case the use case will be registered for eny classes.

Super Use Case: Contains the super use casename. It can be the default Palmyra
(e.g., edit, searchInput, view, eic.) or the user-defined use cases.

Bution Input Configurarion: Allows the wser to define the informetion used to prepare

the use cage,

The user can also fill in some expert information vsing an expert button provided by

the Palmyra UML Designer interface.

Use Case Result: Tt is a set of parameters that can be returned by this use case.
b, Action Handier:

To oreate an action handler, the designer maust click to the related buiton in the tool
bar. After that he must specify by drag and drop the source and the farget use cases. FIG. 11
shows the action handler “ApericyCommandSearch™ 1130 that is registered in the use cass
“UCAgency” 1110,
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"The nser can consul and modify the properties of 2 use case, Here are the

descriptions of the fields:

Name: Contains the name of the action handler.

Action Name: By defanlt this containg the jdentifier of the action, it depend on the

action type.

View Order: Contains the order of the action.

Pogsition: Contains the position of the action in the screen, possible values are top,

bottom or both.

Navigarion Type: Indicates the type of the navigation between the source use case and

the tarzet use case.

To Be Chverridden: Indicates whether the programumer is allowed to overiide some

methods of the action handler.

Bution Show Expert; Shows the action handier advanced information.

If the user is expert in the action properties information, he can click to the button

“Show Expext” 10 customize some properties.

collection;

The felds of the context are as follows:

Action Type: represent the type of the action:

Technical: The actions of this type aven’t visible;

Submission: The actions of this type are reprassnted in the view;

RowOperation; The actions of this type are reprasented for cach row in a collection;

ColumnOperation: The actions of this type are repregented for each colum in a

TableCperation: The actions of this type am ropresonted in the header of collsction,

the navigation actions (next, last) belong to fhis type

Action Name: This field contains the identifier of the action when the action type is

submission. It contains the name of role,

collecHon.,

Class Name: This field containg the name of the clags 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 executeci from

A separate screen shows the target information, which is related to the target nse case:
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Navigation Type: After cxecuting the action, this property indicates whether the
application will stay or move forward to the new page.

On Reiurn Action: The name of the action that will be executed when returning from-
the target use case.

On Return Action Type: The type of the action that will be execuied when returning
from the targe! use case.

Action Tvpe: represent the type of the action:

Technical: The actions of this type aren’t visible

Submission: The actions of this type arc represented in the view

EowOperarion: The actions of this type are represented for each row in a collection

ColumnOperation: The sctions of this type are represented for each columnin a
coliection

TubleOperation: The actions-of this type are represented in the header of collection,
the navigation actions (next, last) belong to this type

Action Name: This field contains the identifier of the action.

Class Name: This field coniains the name of the class of the target use case,

Use Case: This field contains the name of the target use cage.

ir Collection: This field indicates whether or not the destinetion use cass is for
collection.

The user can modify the appearances of the action by modifying parameters, such as:
Key: The identifier of the view. A

" Label Key: The key of the labe! within the labels resource file.

Label Provider The full path of the provider to get the labels resource file.

Image Src: the name of the image.

Confirmation Message Key: The key of the confirmazion message within the
confirmation message resource file.

Confirmation Message Provider: The full path of the provider to get the confirmation
message resource file.

Access Key: Key board short cut.

Access Key Provider: The full path of the provider to get the access key resource fle
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Collapse Curvent Screen: Specify whether the screen must be coliapsed or noafter
the execution of the action
c. Wizard Use Case:

The preferred embodiment provides another method to generate the use case
diagrams by using the WIZARD method. 'With the UML Designer, the designer can define a
wizerd by & simple drawing of use cases and the different action that is allowed for eac]‘:\ use

cage, FIG, 12A illustrates an exemplary Palmyra class diagram that deamonstrates how the

wizard works.

When a new diagram is added to the UML Designer named Palmyra Wizard Diagram
630 (FIG. 6), this diagram aliows the designer to draw his own wizard and the different step of
the wizard. The user can create this dtagram by simple click to the menu in the ttem *Palmyre

Wizard Diagram” 630 (FIG. 6).

Afier creating the new diagram, the UML Designer tool automafically adds the
Steréotypes “usecase” and “wizard”, The user gives aname to the new dlagram, and this name
will be at the run time the name of the mem item voder the mem “Wizard.” Next, the designer
can add his specific steps {FIG. 12B).

" In the example of FIG 128, there is & wizard with three steps. The first step allows
the user to create a client, “CreateClisntSter;” 1240 the second step aliows the user to create 2
security acoount “CresteSecurityAccountSiep™ 1230; and the last step allows the user to create &

cash accourt 1260,

After creating a use case by clicking on the related button in the too} bar, the user can - -

put this use case in his préferred position by drag and drap. By default, the tool gives a narme to
the use case for example “USBCASEL.” This name can be modified, for example the nse case
can be called “CreateClientStep” 1240,
7 - The user can consult and modify the prop erties of the use case, Here are the
descriptions of the flelds:
- Use Case; Contains the name of {he use case,
Class Neme: Contzing the class on which the use case will be registered. The fisld

cannot be empty.
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Input Parameters: A set of péramctcrs that are nsed by this use case for filling fields.
The uvser can add more than one parameter in the related grid. This grid contains two columms,
as follows:

(1) Key Name: The key name of the value or the context in case of the SLA;

(2) Formula; Conteins the formula that will be evaluated of the related Key Name.

Output Parameters: A set of parameters that represent fhe result of the curreat step.
The user can add more than one payvameter in the related grid. The evaltuations of the ouiput
parameters are done before the input parameters. This grid contains two columns, as follows:

(L) Bey Name: The key of 2 global map of ail the wizards steps;

(2) Formula: Containg 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 button. “Save Generated UML”. Finally, in Palmyra
Generation 100, fhe user loads the generated UML and generates the java classes related fo his
model.

d. Wizard Agtion Handler:

To create & wizard action handler the designer must click 1o the rvelated butfon in the
ool bar. After that he must spocify by drag and drop the souree and the target wizard use cases.
FIG. 128 shows the action handler “CreateSecurityAccount” 1250,
The user cen consult and modify the ;Smpert&es of (he action handier by double
clicking. H=re are the descriptions of the fields:
Name: This field contains the nams 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 paramsters and finally sets them to the next value;
(2) viewSLA: When the Action Nams is viewSLA, this action constructs a context
from the parameters and does a search of the SLA;
(3) createNewSLA: When the Action Name is cresteNewSLA, this action creates
a mew SLA with the result of the evaluation of the parameters;
(@) finish: When the Action Name is finish, the action termmates the wizard,

Position: This field contains the position of the action in the screen.
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To Be Overridden: The vale stered at this field indicates whether the programener is
allowed 1o overrids some methods of the acticn handler,
Input Parameters: The nser can add more than one parameter in the related grid. This
grid contains two columas, as follows:
(1) Key Name: The key na.mc of the value or the context in case of the SLA;
{2) Formula: Contzins the formula {hat will be evaluated of the rolated Key
Name.
Quiput Parameters: The user can add more than one parameter i the related grid.
The evahiations of the output parameiers are done before the input parameters. This grid contains
two columms, as follows:
(1) Key Name; The key of a global map of all the wizards steps;
(2) Formula: Containg the formula that will be evaluated of the related Key
Nams.
Adfter the design the user must validate the project with the button “Validate Palmyra
Project” and then save the UML with the bution “Seve Generated UML”. Pinally, in Palmyra
Generation fool, the user loads the penerated UML and generates the java clasées related to his
model.
I VALIDATING

Validation is accormplished by automatic creation and validation, or validation as vou
go, much like spell checking in word processing documents. In addition, manual proj ect Iovel
validation can be implemented. Warning and error notifications are provided for guidance and
correction ac required.

After the design phase the user can validats the entire project, or some portion, with a
single step, or tirough an interface, provided by the system such as “Validate Palmyra Project”.
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 2 single step, or an interface,
provided by the system such as a Palmyra Generation tool, ﬂ;e user loads the generated UML
end generates the java classes related to the model.

IV. CODE GENERATION

A Palmyra Code Generation Tool
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The Palmyra code generation tocl is an applicatjon that generates an Enterprise
Application Archive (Bar) file from a UML model. The generated Ear file is ready to be
deployed in an application server. The code generation will include by default in the generated

Bar all Palmyra jar files required to deploy an applcation. The new Ear also imcludes all the

" defeult configurations related to the folder ML of Palmyra. Palmyra gensration toal can

generate the java classes related 1o the UML model of the application and the interfaces relzted
to the c;mtrollers. The system can also show a list of Generation Steps in the Logs part of the -
user graphical interface. .

1. Select Palmyra Application Screen

The first step of the code generation is to create a new Enterprise Application Archive
{Ear) fle or select an existing Bar file.
a. Create a New Application

This option allows the creation of 2 new Ear in a folder specified by the user. This
new application contains the default services and configurations FIG. 13A). The cods
generation will include by default in the new Har all Palmyra jar files required to deploy an
application. The new Ear includes aiso all the default configurations related to the folder XML of
Palmy}.‘a. o

) There are two other seitings for the peneration. ‘

Generate the generated code only: If this option is selected, the sode generation will
generate only the java classes related to the UML moedel of the application and the interfaces
related to the controllers. ‘

Show Log: I this option is sclected, the system will show the list of Generation Steps
in the Logs part of user graphical interface.

Whern the user select the path of the new ear fle io generate, then press the Next

button, he will enter the version of the ear. When he presses OK,, the new ear will be geperated in

the specified path, FIG. 13A illusirates creating new epplication using Palmyra generation tool.
b. Open an Bxisting Application

When the user selects the option to open an existing appiication, he must first select
fhe old Ear in the system folders, Then the user selects the next button to go to the screen of

Generation or the screen update.
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Save Configuration File; If the user needs ;co save all the configuration steps, he must
specify a path for the configuration fils that contains the related properties:

earFPath: The full path of the Zar file. | ’

sharedPack: A string holding the Iist of shared packagss separated by commas. For
example: com.palmyra. arch.broker, com.paimyre. arch.devices input,
com palpiyrs.arch. devices.output, com.paimyra.arch mapping, ...

generateJavaDoe: Can be set 1o frue or false,

isCreation: ndicates whether the 8ls is a creation of new Bar or an update of an
existing one.

prefix: The name of the prefix if one exists, else it is set to an emply string.

classPath: The list of Palmyra jars used o cornpile the generated java classes.

listJarWar: List of added jars and wars.

generationPack: The selected packages to be generzied.

upnlFilePath: The full path of the XML file to be generated.

generatedCodeOnly: If true, the java classes will be generated and compiled without
updating an Ear file. .

verify: If true, the XML file will be verified only without generating any java classes

_ businessServicesPaih: The path of the business services directory that will be added

automatically in the ear file.

sequenceSiore: If true, the user can specify her own sequence data store in the Setup
side.

2. Generation Screen

Onee the uger created a new Ear file or chose an existing Ear file, the user can set
generation options on the generation screen. Two sub-screens compose the generation screen,
one is called UML Source and the other is called Generation Options. '

£ UML Source

In the UML Source screen (FIG. 134), the user ¢can select the UML file to be
generated (mandatory), select the business services path (optional), exclude or include soms

packages of the application 1o be generated, and add or remove shared packages. By default, afl

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

h. (leneration Options
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Tn this screen (FIG. 13B), the user can edd or remove some jar files that wili be used
to compile the generated java classes, and it can check the related options:

Generate JavaDoc: This option allows the generation of the Java Dosumentation of -
the generated java classes.

Configurable Sequence store: This option allows the user to configure the sequencé
dats store in the Setup side.

Only Verification: If this option is checked, the code generator will check only the
validity of the UML model. In this sase it will not affect the modifications in the Har. But when
this option i not checked the code generation will affect the new modifications in the Ear. FIG.
138 illustrates generation options using Palmyra generation tool.

3. Update Screen

The update screen provides the user the functionality of updating an existing Ber file.
Two sub-screens compose this screen, one is called Services and the other is called
Configurations.

a. Services Screen

| The screen Services is used to add, edit or remove services, the button “Build
Services” will apply the medifications in the selected Bar file (see FIG. 13C).
b, Configurations Screen

The screen Configurations Is used to add, remove, of restore configurations files. It
also permits the building of configurations. The user can add or remove the configuration of the
view format, applrication server configuration, labels configurations, life cycle conﬁguration;
reports configuration, and transactions configuration {see FIG. 13D). The bution remove will
remove 2 selected file from the Ear and the button restore is used fo cancel 2 modification made
by the user, When the user clicks on the button “Build Configuration”, all modifications made by
the user will take cffect. FIG. 13D illustrates configurations options using Palmyra generation
fool.

4, QOuipus fles

Onece the generation process suceeeds, it generates several files: the ear file; ths

. generate source and b jars named respectively GeneratedCodeSrc jar and GeneratedCode jar;

the folder classes contain the unzipped fls GeneratedCode.jar; the foider sre containg the
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unzipped file GeneratedCodeSre,jar; end the folder MucSre contains the conirollers declared in”
the UML o be implemented by the programmers. '
B. Palmyra Code Generation

i. Falmyra Automatic Code Generation

The Automa’;ic Generation is a way to generate an Ear, generate java classes from an
XML file, update the Ear with a Hst of jars and wars and update the Bar with a list of
configaration files without using the Code Generation tool.” FIG. 14 illustrates the main steps of
the automatic generation process, which comprises: 1) converting the UMY, model fnto an XML
file 1410, 2) using the XML fle to ger:erata Java source code {imown as generated soures code)
1420, end 3) conpiling the generated java sowrce code vsing JSDK compiler and crsating 2
library Java Archive or JAR 1430, The converting of UML model into en XML file can be

“achieved firough the use of the Palmyra UML Desigrer.

Elements:

Code:

Tava classes for the simple types and sntities

Tava interfaces for the UML Interfaces

Ahstract controlier classes correspond to the sontrollers (to be manually extendsd
later to provide the implementation of the methods)

_Action handler classes to manage sereen-level actions (imay be enhanced by adding

manually written code if necsssary).

XML files: )

Constraint model description file: contalns the definitions of the constraints fo be
loaded Eéter iz; the system at Tuntime .

Process description files: One for each process containg the definitien of the process
to be loaded later at runtime.

There ars two ways o use the Antomatic Generation: a simple cail to a static ‘met\hod
or flsiug aproperty file.

' 2, Using the Automatic Generation with & call 1o 2 static method

Using the code generation Tool or processing an automatic generation, the developer

has the possibility to generate an ear, generste juva classes from an XML file, update the ear with
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a list of jars and wars and update the ear with a Iist of configuration files. This document
describes the steps performed for every option. The generation is perfonned using the Automatic
Generation. The same scenario is reproduced if the code generation tool is used. ’

The first way to use the Automatic Generation. Is to call fhe static mothod genem;:ed
in the class duiomaticGeneration.

This method has 19 parameters. The relevant parameters are listed in TABLE 5.

Table 5: Palmyra Aute Generation Parameters
-File earFile: the ear file that will be created or updated.

4

-String codeGenreationPath: the path of the code generation confaining all jars of
Palmyra. It must contain four directories which are: ‘ext’, ‘extLiB’, “onl® and ‘Iib*. Thase

directories are used in the generation of a new ear.

-boolemn {sCraarion: ifit is true, a new ear will be created. The new one will contains all
jars in the ‘exr’ and ‘extLib’ folders. Also, all xml files in the folder ‘xm!” will be set to

Configs_config,far and PalmyraRessources jor.

-String umiFilePath: the path of the xml file penerated by the UML Designer plug in. this
file will be used to generate java files and the ‘GeneratedCode jar’.

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

user can ndicate the data source of the sequence table in the Setup side,

-boolean verifOnly: if it's true, the generated code will not be created, the UML model
will be verified only. ‘

~String generationPackages: this string holds the Hst of packages that will be generated
(separated by a comme). If this string is null, all packages in the UMI. model will be

generated.

-String sharedPackages: this siring iolds the lst of shared packages (separated by a
comuma). This siring will be set to the file ‘sharedPackages.properties’ in the

‘GeneratedCode jar’.
-String prefix: string presents the prefix name of the sheared packages.
-String version: the version of the ear file,
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~boolean generated CodeOnly: if it’s true, only the generation of java classes will be done.

-String classPath: the classPath required in the compilation of the generated java classes.
Ifit"s mull, the class path will be caleulated automatically: it will contains all existing jars

in the code generation directory.

“boolean generatedJavaDoc: if it's true, the java doc of the generated java classes will be

created. A new jar will be generated: ‘Generaied Codelibjar’ .

-String; businessServicesPath: the path of business services jars that will be added
automaticzlly to the ear, Only the jars corresponding to the used modules in the UML
will be added. If a there is some missing jars inl the specified path, 2 warning will be
written in & log file called ‘Generation Warnings.log’ that will be found in the path of the

oor.

-Collection updatedServices: a collection of Files that contains the list of jars and ware

added or updated in the ear.

-Collection updated ConfigurationFiles: a collection of Files that contains the list of
configuration files that will be added to the ear, Bvery file will be added to
‘Configs_configjar’ or ‘PalmyraRessources jar’ switch its name,

-String logFilePaih: the path of the log file, If'it’s null, it will teke the value
‘dutomaticGenerationlog’.

-Stiing compilerPath: the path of the compiler that will be used (when the usr wants to

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

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

wants to use 2 gpecific java compiler like the compile with 2 java 1.5 compiler).

The combination of all these paratneters allows the developer o execuie one or many

options:

i Create an Bar file from scraich.

If the parameter “isCreation’ equals true and the Ear file ie not moli, a blank Ear will

be created. The list of parameters shown in TABLE 6 represents an example of this option:

33



10

20

25

30

Table 6: Bxemplary Parameters for oreating an ear file from seratch -
String earFilePath = "D/ Test/Test.car”;
String codeGenreationPath = "D:/PALMYRAIL.2 / codeGeneration”;
boolean isCreation = true;
String umlFilePath = mil;
hoolean sequenceStore= false;
boolean verifyOnly = Ialse;
String generationPack = "*;
String sharedPack ="";
String prefix =™
String version = "1.0";
boclean generatedCodeOnly = false;
String classPath = mall;
boolean generatelavaloc = false;
String businessServicesPath = nuli;
Collection updatedServices = null;
Collzction updatedConfigurationFiles = null;
String logFilePath = "D/BUG.log";
String campilerPath = mail;
String compilerVersion = null;

AuvtomaticGensration. generate (new File(earPilaPath), codeGenreétionPath,
isCreation, um(FilePath, sequenceStore, verifyOnly, generationPack, sharedPack, prefix, version,
GeneratedCodeOnly, classPath, gensratelavaDoc, businessServicesPath, wpdatedServices,
updatedConfipnrationFiles, logFiiePath, compilerPath, compilerVersion);
-If the parameter codeGenerztionPath 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 xmi fles used for service configuration.
 ext: contains the Palmyra jars

extlib ; contains external iibraﬁes.
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As previously mentioned, the ext directory contains ali the Palmyra Jars required to
install, to dsploy and to use a generated applcation within the framewerk Pelmyra. The pioture
helow shows the content of the ext directory. . ’

Unlike the ext direciory, the extLib folder includes only non Palmyra Components,
Such companents are used by the framework for certain goals (For example, to parse an XML
document or to manage terplates).

The folowing picture shows the content of the folder extlib.

~ The xmi folder contains the xml confi gufation files used by some of the framewoarl
components. The most commons are used to configure the presentation labels and view formats.

The obiect of this part of the docurment is fo show how to create an ear without
generating & GeneratedCode.jar or updating the ear because all paramesters vmiFilePath,
updatedServices and updatedConfigurationFiles are null. By the call of the method:

AutomaticGeneration. generate (New File {carFilePath), codeGenreationPath,
isCreation, uralFilePath, sequenceStore, verifyOnly, generationPack, sharedPack, prefix, version,

GeneratedCodeUnly, classPath, generatefavaDoc, businessServicesPath,
updatedServices, updaiedConﬁgmaﬁénFﬂcs, logFilePath, compilerPath, compilerVersion,
hasTsf, excludedSharedPack);

The parameter applicationName provides the name of the earfile without the
extension * ear”. In this example applicationName =" Essai” :

The following steps are performed:

Step 1: Creation of the temporary folders

Create the directory TP under the codeGenreation folder. In this example, TMP
will be placed under:

“D:\Projects\PALMYRAL i.O\FRAMEWORK\bUiid\ém\codeGeneration”. Inn this new directory,
we copy all the contents of the directories ext and extLib folders (those umder the

codsGenreation directory).

- Create the directory Workingfoldef under the codeGenreation folder.
~ Create the direciory unEar under the new directory Workingfoldasr,

- Create the directory basedir under the directory unBar.

- Create the directory META-INF under the directory basedir,

- Create the directory config under the directory unEar.
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Step 2: Building the application files

Copy the xm] file “application.xml” of the current directory (under the
package “com.palmyra.tools.builder”) to the new directory config
{codegenenration/workingFolder/imEazr/ confi .

The copied xml file will be parsed then the ignored lines (starting with “<!™)
will be removed. The values of the nodes "display-nama" and "context-root”,
will be set to the value of applicationNaime (in this exampls “Bssal™) and the
value of the node "web-uri" will be set to the carFile name (in this example:

“Essai. gar”).

The “application.xm!” file is a deployment deseription for the J2EE application. This
" file must be located in the top level META-INF directory.

Copy the XML fle “lom-application-ext.xmi” of the current directory (under
the package “com.palmyra.tools. builder™) to the directory config znd remove
also the ignored lines. For the new-copied file, we focus on every item named.
“xmi: fype" under amy attribute of any element called "moduleExtensions”. If
we find an item which valve is “applicationext: WebModuleBxtension", we
change the value of the attribute “alfRoot” to "ALT-INE/" + applicationName
+" war'.

Copy the XML file “fhoss-app.xanl” of the current directory (under the
package “com.palmyra-tools.builder™) to the directory config, For the new-
copied file, we set the value of the node “loader-repositoryfocus” to

"eom. vermeg.services:loader=<applicationName™.ear". The modified xmi file
will be then copied io the directory workingFoider/unEar/basedin/META-IINF
.The utility of such file is fo isolate the class loader of every application by
configuring & unigue domain.

Copy all the modified application files (application xml, ibm-application-
bnd.xmi, ibm-application-ext.xmi, jboss-app.xml) to the directory
worldngFolder/unEar/basediy/MHTA-INF. To s direciory, we copy also the
file “was policy” (under the package com.pabmyra.toole builder).

Create the directory 1mWar under the directary Workingfolder.

Create the directory config under the directory tmWar.
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Step 2: Building the web.xml file

Copy the xml file "web.xmi" under ‘
sodegenenration/workingFelderfanWarfconfig, for the new copy, the value of
the property "displey-name"” will be set to the vaine of applicationName.
(Remember that apphicationName="Essai”}. The same value will be set to the
atiribute id under the element “wab-app”. Those modifications are shown if
the following picture:

Create the directory basedir mder unWar,

Create the directory config under Workingfolder.

Create the directory handleConfig under Workingfolder.

Create the eveniual directory which will contain the earFile (here, we create

the directory “D:\Bssai_codegen™)

Step 4: Handling the external folders

Tterats on the contents of the dirsctory TMP;
Ifthe file 1s & war file:

IFit is the war of fhe ear: its name is fhe name of fhe application, we
retdeve the versions of wars in the manifest of the war, else (if it is just an
added war), retrieve the valus of the attribute “earversion” of the manifest
file of such war. Then sxfract the content of such war file to the dirsctory

bagedir (which is under the directory unWar),
If the file iz an ear file:
Extract the content of such ear to the folder basedir (under unEar), wo then

iterate on the content of this ear and we do recursively the same thing for

the encounitered ffies (ear, jar or war)

Ifthe file is a jar file and if its nams is different from
"GeneratedCode jar", it will be copied under the unBar/basedir folder,

Creats the MIETA-INF directory under the directory unWar.
In this diréctory, create the manifest fils "MANIFEST MF" JIn such file, we
creste the atiribute “Created-By” for which we sst the value:” Palmyra at

57



4]

135

25

Step 5:

<gurrent Date>" and the attribute “Manifest-Version” for which we set the
value 1.0%. Then, for each retrieved war version, a related new atiribute is
created.

Bxiract the content of the jar file: unEar/basedir/service.jar to the directory
unBar/basedir/service.

Updating the unzipped service. ar

Parse the file workingFolder/Unear/basedir/service/MET A-INF/eib-jar.xml to
look for elements under the node "ejb-name® and which name 15 like
“AsynchronousX”, such clements will be renamed to
“Asynchronous<applicationN aﬁe>”(!n this example © AsynchronousEssai “).
Far the XML file workingFolder/Unear/basedir/service/META-INF/weblogic-

. eib-jaraan], then the folowing modifications will be performed:

Bvery element urder “gfb-namne” which name 1s lke “AsyachronousX” will
be renzmed o “Asynchronous<applicationName>”,

The valus of every element under "ndi-name” will be set to applicationName '
The value of every element under "local-jndi-name” will be set to "Local
<appiicationName>".

The value of every node under "connsction-factory-judi-name” will be set to
"ApplcationsQueneConnectionFactery”.

The valoe of every node mnder "destination-jndi-name” will be sat to

“<applicationName >Pending”.

The same modifications ag the previous tagk will be applied to the XML file:

unBar/basedin/service META-INF/jboss.xml except that the value of every node under
"destination-jndi-name” will be set to "quens/< applicationName>Pending'".

For the XML file workingFolderumBar/basedir/service/META-INE/ibm-gib-jar-

bnd.xmi, under the element "efbBindings", the eventual value of the attribute "jodiName" will be
set to the applivationName and the eventual value of the atiribute "hstenerinputPortName” will
be set to “<applicationName> ServiceListener™, ‘

Step 6:

Creation of the jar file servicejar
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From the content of the directory workingFolder/unBEar/basedir/service, we create the

jar service jar having as manifest: workingFolder/unEar/basedir/service/META-
INF/Mvanifestf, Then we delete the folder setviﬁé.

Step 7: Handling the configuration ﬁleé

Copy all the conients of the folder xmi nnder the codeGeneration directory to the
folder workingFolder/config. A

For the XML file workingFolder/config/service Resource.xmi, we perform the

following modifications:

The value of the attribute “dataSource” will be set to “DataScurce”
The valug of the attribute “FmsComectionFactoryName” will be set to
“ ApplicationQueneConnectionFactory™.

The value of the attribute “LocalindiName” will be set to "Local<
epplicationName>"

The value of the siiribuie “nonXaDetaSoures” will be set to
“<applicationName>NonXaDataSource”.

The value of the ativibute “ServiceQueueName” will be set to
“<apploationlame>Pending",

Those modifications are shown in the pictures below:
For the XML file workingFolder/config/appServersConfig.xml, perform the
following modifications:

For all the nedes under the root node: “AppServerCorfigurations™, focus on
the value of the attribute: “mitial ContextFactory”
If it i equal to “weblogic_indi_WLnitlalContextFactory™, set the value of the

attribuie “securityProvider” to "weblogic”,

If it is equal to "org_jnp_interfaces WamingContextFactory™, set the valns of

the attribute “securityProvider™ to "/boss”,

Ifit is equal to “com__ibm_;wehspharemnanxin&WsnIniﬁalContextFactory" set
the value of the atiribute “securityProvider” to "websphere".

Step 8: Creation of the properfies folders
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‘ Jierate on the content of the property file
*feomy/palryra/ a.fch/toolfupdator/conﬁg.properties.“ For every encountered property, create a
new directory having as name the value of this property; the new folder will be created under
workingFolder/handleConfig,

T this example, under the directory:

DAProjects\ PALMYR AL L. 0FRAMEWORK \buildwut\codeGeneration/workingFold
er/handledonﬁg the following foiders wiil be created: .

Configs_config\labels

Configs_config\Viewformat
‘Configs_config\AppViewformat
Configs _configiReports
Configs_config\AppSer
Corifigs_config\Transactions
Configs config\LifeCycle |
PalmyraResources

EBvery file under workingFolder/config will be copied, switch ifs name to 2
correspondent directory: (a file which name starts by a property name (in the pmﬁerty file:
config.properties) will be copied to the created directory having as name the value of this
property).

For example, the xml fite: appServersConfig.xmi will be copied to the Dirsctory:
workingFolder/handleConfig/Configs_configlAppSer.

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
- Under worldngFolder/handleConfig, we croate the directory "META—ENP",
then, under this folder, we create the manifest fle "mamifestl.mf", in which we _
put the following atiributes:
Manifest-Version = "1.0"
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Created-By = "Palmyra at <The system date>

Version = "Paimyra:Config:<version>" +

The value of version is given s parameter to the method generate,

This file will be used as menifest for the following jars that will be created:

The jar file workingFolderunBar\basedi\Configs_corfigjar that will be
created fom the content of the direciory:

workingF older\handleConﬁg\Cmﬁgs__coﬁﬁg.

The jar file worlingF olderunEartbasedinD eploymentConfig jar that will be
created from the content of the directory workingFolder\config

The jar Bls workingFolderunEaribasedir\PalmyraResources jar that wili be
created from the content of the directory
workingBolderthandleConfig\PalmyraResources.

Step 10: Creation of the war file

Extract the content of the jar file unBar/basedivwebService. jar to the directory
unEar/bagedis/webservice.

Create the waz file <applicationName™>,war {in this example: Hssal.war) in the
dixeotory unBar/basedir from the content of thie directory. The Web-Inf
directory of the war will contain all the content of the folder
unBar/baseditfwebservice/conypaimyra/arch/webservice/web except the .class
and the .scc files.

Step 11: Creation of the ear file

We create the manifest fite for the ear: workingFolderwnBar\bascdir\META-
TNF\manifestimf. In this manifest, we fili the following properties:

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

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

jar: service jar by the new created manifest file,
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Write the mani:{’csﬁ for the ear: We recreate the manifest file
workingFolder\mBaribaseditME TA-INF/manifest.m? and we fill it with the
properties:

~ Manifesi-Version = “1.0"
- Created-By" = “Palmyraat <System Date>"
~ Class Path = <lgt of all the jar files vnder workingFelder/unEar/basediz>

Under the element Palmyra Version Info, set the atitibute version to the value of the
paremeter version (in this example 1.0}

Then we iterate on the jar files of the folder workingFolder/mEsy/basedir, select
every file that is not an extemal jar, so the fles listed in Table ## for example willnot be
selected.

For svery selected fils, a now atiribute under Palmyra Version Info will be creatsd. '
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.

Take the jar file commons-codec-1.3 as an exampie, for this jar the attribute:
commons-codec-1.3_3 will be created having as valus the date of the last modification in this jar.
This new manifest file will be used to update the mavifest file of the jar sarvice.jar _

-Create the ear file (in this example: D\Essai_codegen/Essal.ear from the content of the
directory workingFelderfunEar/basedir, This car will have as manifest the file
workingFolderunEar\basedirMETA-INFunanifest mf and as application fle the xmal file
warkingFolder\umFar/config/application xmi

'

-Delste the folders workingPolder and TVMP (under the codeGeneration directory).
if. Generate the generated code only

This option: creates an Eer without generating a GeneratedCode.jar or updating the ear
beoause allpﬁrameters ‘umlFilePath’, “updatedServices’ and ‘updatedConfigurationFiles’ are
null, ‘

In order to generate the *GeneratedCode jar” withowt updating the Bar and without
creating 8 new Har, just set the parameter “isCreation’ to false, set the parameier “umiFilsPail’

with the path of the UML file and set the parameter ‘generatedCodeOnly’ to frue.
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Further, ‘updatedServices” and’ updatedConfigurationFiles’ must be nuil,

The parameters ‘sequenceStore’, ‘verifyOnty’, ‘generation]?aélc’, ‘sharedFack’,
‘prefix, “version, ‘classPath’, ‘génera’telavaDoc',’businessSsnricesPath’, ‘compilerPath’ and
‘compilerVersion’ are a sef of switches for the case of generation,

The GeneratedCode,jar will be created in the root of the earFilePath (if thers are no
compilation errors). The List of parameters shown in TABLE 7 represents an exan;xplc of this
option. '

Tgble 7' Exemplary Parameters for Generating the Generated Code Only
String earFilePath = "D/ Test/Test.ear”;
String codeGenreationPath = "DH/PALMYRAIL 2 / code(Generation™;
Boolean isCreation == false;
String wmiFilePath = “D:/Test/test. xml”;
baoolean sequenceStore= faise;
boolean verifyQuly = false;
String generationPack = "
String sharedPack = "";
String profix = "a";
String version = "1.07,
boclean peneratedCodeOnly = false;
String classPath = null;
boolean generatelaveDoo = frue;
String usinessServicesPath = “D/BS”,
Collection updatedServices = null;
Collection updated ConfigurationFiles = null;
Siring logPilePath = "Dn/BUG log";
String compilér?am = npll;
String c;ompiierVersion = puil;

AutomaticGeneratior. generate {new File{earFilePath), codeGenreationPath,
isCreation, umnlFilePath, sequenceStore, verifyOnly, generationPack, sharedPacl, prefix, version,
GeneratedCodeOnly, classPath, genersteJavaDoc, businessServicesPath, updatedServices,
updated¢ConfigurationFiles, logFilePath, compilerPath, compilerVersion);
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T order to generate the ‘GeneratedCode jar’ without updating the ear and without
creating a new ear, the path of the UML file to be generated must be specified in the parameter
“umlFilePath’, set the parameter ‘isCreation’ to false and the parametér ‘generatedCodeOnly’ to
true, Also ‘updatedServices® and’ npdatedConfigurationFiles’ must be null. Additional
pérameters are listed ;n TABLE 8:

Table 8: Exemplary Parameters for Updating the ear with & st of jars and wars
String earFilePath = "Di/Test/Test.car’; '
String codeGenreationPath = "D/PALMYRALL.2 / codeGeneraticn";
boolean isCreation = true;

String wnlFilePath = null;

boolean sequenceStore= false;

boolean verifyOnly = false;

String generaﬁon})acié == M

String sharedPack = "*;

String prefix ="";

Siring version ="1.0";

boclean peneratedCodeOnly = false;

String classPath =null;

boolean generatedavaboc = false;

String businessServicesPath = null;

Collection updatedServices = new ArrayList(y
updaicdServices.edd(new File("Dy/Test/SmartFosition jar"));
updatedServices.add(new File("D:/Test/statemonitoring jar'));
Collection updatedConfigurationFiles = nall;

Siring logFilePath = "D/BUG log";

String compilerPath = nuli;

String compilerVersion = null;

AntomsticGeneration.generats (new Fila(earFilePath), codeGenreationPath,
isCreation, ymiFilePath, sequenceStore, verifyOnly, generationPack, sharedPack, prefix, version,
GeneratedCodeOnly, classPath, gencratefavaDoc, businessServicesPath, updatedSeryices,
updatedConfigurationFiles, logFilePath, compilerPath, compilerVersion);
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<If the parazneter codeGenerationPath is null or an empty siring, it will be set to
the parent of the project directory, In any case, the code Generation direciory usually contzins
the folders xml, ext and extLib {ses the paragraph: create an ear from scratch).

-If the user didu’t mention a path for the log file, it will take the value

¢ AutomaticGeneration.log’.

-If the parameter classPath is not mentioned (nuil or 7, the class path will be saloulated
automatioally: it will contain all existing jars in the code generation directory and ell existing jars

i the Business Service path if it is mentioned.

By the call of the method: _
AutomaticGeneration.generate (new File (earFilePath), codeGenreationPath,
isCreation, um!FilePath, sequenceSiore, verifyOnly, generationPack, sharedPack,
prefix, version, GeneratedCodeOnly, classPath, generatelavaDoc,
businessServicesPath, updatedServices, updatedConfigurationFiles, logFilePath,
compilerPath, CompilerVersion, hasfsf, excindedSharedPacl’;

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: " TX\\Essai_codegen”

-From the xml file (given in the perameter umiFilePath), load the object
UMLApplication

-Delete the evenmal folders(ste and classes) under the parent of cerFiicPath (in

this example, under " D:\\Bssai_codegen’™)

~If the parent of the earfile (" D:\\Essai_codegen”) doesn’t exist, create this

directory.

~Create the new folder doc under the earfile Parent (in this exemple "
Dr\Essai_codegenihdoc™).

“Maxdify the loaded application in order to make it ready for the code generation '
(See the document Generation Mechanism). '
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~Create the dirsctory MucSro under the parent of the earFile directory,

-(Yenerate the sources for classes and conirollers in the directories “src” and

“WMucSrs” {Seo the document Generabion Mechanism),

Step 2; Creation of the property files
-Create the property fle "datasource.properties” under the src directory .In this
ﬁie, the following attributes are defined:

AutotestDataSource
DataSource
SecurityStore

The vaiues of those attributes will be set during the setup.
-Create the property file “gestorename properties” In fhis file, the attribute
AlfFiles will be added,

-Create the property file “sharedPackages.propertics” under the “sre” directory. Tn

this file, we put the prefix mentioned as parameter and a Hst of shared packages.

Step 3: Compiling the generated code

1f the compiler version and the compiler path are not mentioned, a default compiler is
used having as path the value of the systern class peth variable. Before performing the
cornpilation task, redirect the compiler's error output to & siream other than the standard error
stream so that the coﬁ:xpiler‘s error output car be read into the errors array list.

Then compile all the jave 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 znd source jars.
-Prepare the directory “classes” o the jar creation: A list of Hles have tobe
deleted from this directory before making the jar. Those excluded files are:

-All the non-directory files under “MuSrc”

-All the Palmyra classes, |

-Make the jar file, “Teatl jar” from the content of the directory “classes”.
-Make the jar file, “Test] Srejar” from thc.cantent of the directory “sre”.
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-If & businessServicesPath is mentioned, (in this exampls businessServicesPath,
=“D\Projects\PALMYRALLOTECHNICALSERVICES\out\lib”), iterate on the
Urnlapplication used modules, for each module, look for a jer file havieg a5 name
(theusedmodulename) Gen.jar, For example, if the application has the used
modale “Calendar”, look for a file named: “CalendarGen.jer” under
businsssServicesPath. If the file is fouﬁd, copy it under the TEMP directory.
Repeat the same for a file baving as name (theusedmodulename)impl jar .

- -Delete the directory ’ﬂEI\dP
i tUpdate the Bar with a list of jars and wars

In order to update an Bar, L‘hs parameter ‘updatedServices’ must contain a collection

of 9 avaio.File’ representing the Hst <‘jf jars and wars to add. If the Ear file does not exist, an

exception will be thrown. The list of‘parameters ghown in TABLE § represents an example of
this option:
-Craate the directory “TEMP’;? under the parent of the ear file (here under
D:\Essai_codegen).

-Copy &1l the files of the colléction updatedServices under the TEMP directory.

Step 1: Creation of the temporary folders

“Create the directory AppTemp under CodeGenerationPath
~Create the directory workingFolder under CodeGenerationPath
-Create the directory unEar under workingFalder

-Create the directory basedir under unBar

-Create the directory c[onﬁg under umBar

-Create the directory n!nWar under workingFolder

-Create the directory b:aaedir under un'War

-Create the directory éonﬁg under inWar

Siep 2: Building the web'.aécml file
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This step is processed the same way a5 in cese of creating a new ear (See the
paragraph: create an ear from scratch). '

Step 3; Copying the ear file fo a temporary divectory

This step consists on copying the ear file to be updated, to the directory AppTemp
under CodeGenerationPath,

Step 4: Handling the external folders )

The content of the copied ear file will be sxiracted to the directory unBarbasedir. The
content of the war file included in this car will be naturelly extracted under unWar/basedir, (See
the paragreph: creete an ear from scratch).

The content of the TEMP directory (in this example, it only contmins the jar file

. Agenda.jar) to be added to the ear file) under the directory unEar\basedir.

I case neer updates the ear with the jar file service jar, the directory service will be
created under unBar/basedir in which extract the content of this added fite, and then recompress
this content to make a new jar file servics jar.

Step 5: Creating the war fils

Create the war file <epplicationName> war (in this example: Hysai war) in the
directory unBar/basedir fom the content of this divectory. The Web-Tnf directory of the war wil}
comiain all the content of the folder unEar/basedir/webservice/com/palmyra/arch/webservice/web
except the .soo files,

-lterate on the content of the directory AppTemp (In this case, this directory
containg only the copied earfile),

-Open the manifest of the found ear file and look far the attribute "Palmyra

Version Info.”, If sach atfribute is not found, an exception will be thrown.

Step 6: Creating the ear file
-Create the manifest of the ear and make the ear file as explained in the

paragraph: creats an ear from seratch.
-Delete the folder workingFolder
-Delete the folder AppTomyp

iv.  Update the Ber file with 2 list of configuration files
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In order to add some configuration files to an Ear, the parameter
“‘updatedConfigurationFiles’ must contain a collection of *java.jo.File’ representing the list of
files to add. Ifthe Far file doss not exist, an exception will be thrown. Bvery configuration file
will be setin the ‘Configs_configjar’ or ‘PalmyraRessources’ switch its name.

[:3 Using the Automatic Generation with a Property File

The second way to use the avtomatic generation is to fill a property file with all
needad information, The list of parameters shown in TABLE § represents an example of this
option,” It will be passed as the first and only parameter to the main method in the class
AutornaticGeneration (the onty class in the jar ExternalBuilder.jar).

Table 9: Bxemplary Parameters for Using the Automatic Gensration with a property file
String earFilePath = "Di/Test/Test.ear™;

String codeGenreationPath == "DY/PATMYRAILZ / codeGeneration™;
boolean isCreation = true;

String umFilePath = null;

boolean sequenceStore= false;
boolean verifyOnly = false;

String generationPack = ",

String sharedPack ="";

String prefix = "";

String version = "1.0%;

b;)oleau generatedCodeOnty = false;
Siring classPath = null;

boolean generatelavaDoc = false;
String businessServicesPath = mull;
Collection updatedServices = null;

Coliection updatedConfgurationFiles = new ArravList();
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updatedConfigurationFiles.add (new File ("D:/Test/

service.ransaction Filexmll"));

updatedConfigarationF ilos.add (na‘w Fite ("Di/Test/
VF_Prescnfation_ViewFormat.xml" )} ;

String logFilePath = "Dv/BUG.log™;
String compilerPath = null;
Siring compilerVersion = mull;

AutomaticGeneration. generate {new File(earFilePath), codeGenreationPath,

isCreation, umlFilePath, sequenceStore, verifyOnly, generationPack, sharedPack, prefix, version,
GeneratedCodeOnly, classPath, generatefavaloo, businessServicesPath, updatedServices,
updatedConfigurationFiles, logFilePath, compilerPath, compilerVersion);

The properties in this file are:
earPath;: The path of the Bar file.
isCreation: Indicates thfhcx the file is a creaticn of 8 new BEar or an update of an.
existing one. True or false (False by defanli).
codeGenreationPath: The path of the directory *CodeGeneration® of Palmyra. Ifthis
property has no assigned value, it will be set to the parent of the current directory.
umdFilePath: The full path of the UML file to be generated by UMLDesigner.
sharedPack: A. s’tn'ng holding the list of shared pacliages separated by commas,
prefic: The prefix of the shared packages.
generationPack: The list of generated packages, separaied by commas.
verffy: I true, the XML file will be verified without geperating any java classes. (False
by defaulf). '
generatedCodeOnly: If true, the java classes will be generated and compiled without
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 Par, separated by
conumas, '

logFilePath: The path of the log file. If this property has no valus, it will be setto

-* AntomaticGeneration.log",
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sequenceStore: If true, the user can specify his own seqitence data store in the Setup side.
{False by defaulf).
generateJavaDoc: True or false (False by default),
businessServicesPaih: The path of the business services directory that will be added
autornatically to the Ear by comparing the names of the imported modules in the UML
file and the existing jar in this path.
compilerPath: The path of the specific compiler {optional).
compiler Version: The version of the specific compiler (optional).
classParh: The class path used in the compilation of the gencrated code. If it iz null, the
class path will contaings afl jars in the code generation directory.
TABLE 10 represents an sxample property file.
Table 10: Exemplary Property File
* Creato & property file containing these properties:
carPath=D/test/Test. ear
isCreatiop=true
codeGenreationPath=""D:/Palmyra 11.2/codeGeneration”
umiFilePath=D/test/testGen xml
generatedCodeOnly=false
prefix="7d”?
verify=false

Hstler'War= D/test/SmartPosition jar, D/test/statemonitoring,jar, D:ftestfiest jar,
D:/test/dashBoard. war

xmIConfig=D:/test/presentationContext. testxml, D /est/test ximl
logFilePath= D:/test/CenerationLoglog
businessServicesPeth="D:/BS”
* invoke the main method in the class AutomaticGeneration
- Using Windows console '
> java -jar BxtornalBuilder,jar propertyFileName
- "Using abaich fils
path=Di\bea\jdk141_05\bin
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java -Xms256m -Nmx512m ~Xdebug -Xnoagent -Dijava.compiler=NONE -
Krunjdwp:transport= dt_socket server=y,address=5051,suspendsn -jar Ex’tﬁmaiBullder Jjar

propertyFileName
Y. DEPLOYING

A Palmyra Sstup Tool

Palinyra provides a wizard-like setup tool that aims to autormate the process of
deploying the generated epplications into various application servers like BEA Weblogic, or
IBM Websphere, or others It iz done to hide the complicated nature of the application servers.
This set-up tool alse manages the communication with differsnt database providers like Oracle,
Microsoft 8QL server, or IBM DB2.

' When going through the deployment steps using the setup tool, the configuraiion
cstablished by the uger cen be stored in a file for & future use.

The Palmyra Setup Tool supporis a number of operating systems, application servers,
and databases, for example:

{1) operating systems: Windows, Limx,

(2) application servers: Weblogic 8.1, Weblogic 9.1, Weblogic 9.2, Weblogic10.0, TBoss
3.2.x, JBoss 4.0.x, JBass 4.2.x Websphere 5.1, Websphere 6.x, We‘nSﬁhere 7%

(3) databases: Oracle (up to version 10@, DR2, DB2 for 2/O5, MYSQL (version 4.1.18
or newer), SQL server (versions 2000, 2005 and 2008).

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 nser can find the Options
button. Clicking on the Options button brings up the options panel which contains four options:
gacurity data source has different properties, Sequence data source has different properties, Load
setup parameter, and Update setup paramater.

The second step is to gpecify Operating Systems and Appiication Servers. At this
step, the operation system and the application servers can be selscted.

Different application servers require varied detailed information. For Weblogic 5.1
and Weblogic 9.2, the usemame and passv_vord of en administration account of Weblogic must be
passed, For Websphere 3.1, the server name and node name must be passed. For Websphere
6.x, the server name and node name and profile name must be passed and the type of the

application server (Netwerl: deplovment or Normal) must be selected.
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The third step is to specify Application server home directory and JMS Provider. For
all versions of Weblogic Application Server, tha'home directory for the appligation server and
the domain which will be usad and the server name mugt be passed besids to the JMSB provider
(MQSeries or Default IMS). For ell versions of JBoss, only the domain directory must be
passed. For all versions of Websphere, the server home directory and the JMS Provider must be
passed.

‘ The fourth step is to specify the Ear path. The path of the Bar 1o be installed is
specified at this step. |

The fifih step is to setup User Login Parameters. The usemname and password of the
default account to login into the installed application is entered at this step.

The last step is to setup Data source parameters. All applications need date sources 1o
run successfully, these data sources have parameters which must be passed, for example:

Database type: the type of the database;

Operating systerm: the operating system on the database machins;
Host name; the host name of the database machine;

Database name: the name of database instance;

User name: the datebase user name to be used;

Password; the password of the nsememe.

The user can test the communication with the specified database by clicking on Test
Connection bution.

All Palmyra Ears have at least three standard data sources: security store, autotest
datagource and data source. In most cases the security store has the same parameters of the data
source, so by default the setup too! does not show the security store for entering its'parameters,
to show it, go to options panel and select the checﬁ; box “security store has different properties.”

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 depleyed applications befors
instelling the new gpplication.
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Remove the TMS file stare: remove all the messages from the queues in this
application server.

Remove the server cache files: clear the cache in this application server.

Copy the datebase drivers: copy the data base drivers to this application ssrﬁar.
Copy the ant library: copy the ant library to this application server.

Update the application server class path: updats the application server class path.
Setup parameters path: to make the setup operation faster, the setup parameters
can be save in & text fie, which car be reuscd later without the need fo rewrite
therm mannally.

"I'he user can reuse the generated text fiie by clicking the button Load Setup
Parameters in the option panel, or can update them by chicking the bution update Setup
Parameters.

VI  CREATING DATABASE STRUCTURE

A Creating Database Tables

The datsbase strocture is composed of tables having cohummns, indices and constraints.
This structure is created automatically by fhe system using the metadata created following the
design phase sccording to the classes defined in the UML class diagrams.

The persistence module generates table names from UML classes following this rule:

TableName=lastPackage+’ ' +ClassName+ *_7

For example, if the full name if the class is a.b.c.d. MyClass, the generated name is
4 MyClass, WNs:If genafatsd name exceeds 30 characters, it will be truncated from the '
beginning the fit the max length (30, constant underscore is included).

For example, if the class name =
B.5.c.d. EntityWithi-ongNameForContractTest, the generated neme will be:
tyWithLongNameForContractTest .

Relations between Classes are represented. FIG. 15A illusirates an example of
Relation One to One. Tn this example, table X will contain yécode_ and y$pk_. Indexes on
yScode_ and yv$pk__ are created (only in case of compositions, for aggregation relations, the
UML must indicate 50).
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. FIG. 15B illusirates an example of Relation One to N, In this example, table ¥_ will
contain x$code_ znd xSpk_. Indexes on x$code_ and x8pk._ are created (caly in case of
compositions, for aggregation relations, the sysiem st ndicate 50}, '

FIG. 16 illustrates an example of relation with interface. In case of aggregation with
an interface, in the table related to Class X we add afipld superInterface$type . This
feld will contain the full name of the class Yi or Y2,

NB: If an instance of X is in relation with instance of V1,
superinterfacestype_ in table X_will be sef to full name of class Y1,

In case of aggregation with mmttiplicity n with an interface, ..Stype_ atiribute is not
added.

The mapping from & clags attribute fo a table field follows this rule:

Field name= attribute name + °__°

For sxample: name --> name_

. In one particular implementation, if generated name sxceeds 30 characters, it will be

truncated from the beginning to fit the max length {30, constant underscore is included)

For example, if the attribute name= longFicldNameF orPersistenceCdnh'actTest, the
generated name = ameForPersistenceContractTest
Fig, 17 illustrates an example of Inheritance. The mother_table is created normeally
(no special veatment). The child table will contain only pk  field with fields declared on class
Child (a2). Every insertion in the table child wili be accompanied with an Insertion in the table
mother , ,
Consiraints are created according to mtegrity riles:
The “unique” stereotype on a feld F {& unique fieid} in an entity E will be
transtated into this following action: '

Altering the E_ adding a constraint of type unigue 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 vnique on the feld F.
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The “Index” tagped value on a feld F in an entity E will be ranslated into thegs

following action:
Creating an index on that feld.

B.  Updating Database Tables

The target software applivation is developed using an iterafive process. Through this
process, each iteration procuces a new version of the software application having more
functionalities than the previous versions, Whenever modifications are made on the UMT.
models for each iteration, the database structure should be updated in sccordance to the metadata
represented by the model. Through this process, the system allows for an autommatic update of the
database structurs without losing previously entered data.

During the development phase of the application, or when upgrading already
deployed applications 1o new versions, the design of the application often chenges, end thig, in
turn, may affect the design of the database. These changes includs adding/removing classes
toffrom the application, or adding/removing fisld to/froms each class. In order to preserve current
data in the storage, the "Update Tables" operation is provided in the persistence service to allow
modifying the underiving storage while reducing data loss rigks to bare minimum.

In this dooument, the modifications to be execited while choosing the “Update
Tables” option is described.

Adding a new entity in the model (with n attributes) is translated into these following
actions:

-Creating the entity’s table m 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 atiibuies with 7 technical fields)
Removing an enfity from the model is tremslated into these following actions:
-No action (The Entity’s table is still existing)
Changing the name of an existing entity in the mods! from B to B2 is translated into
these following actions:
-Creating a new table B2 (thetable B s still existing)
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-Performing the same asctions described in the previous seenario.

Adding = new field F in an existing entity E is translated inio these following actions:
-Altering the table B_ by adding the new field F,
-Deleting all the entries related to the entity E in the ForrnatData_ tsble then
adding new entries.

Removing a field F in an existing entity E is translated into these following actions:

-No action (NB: if the field was never assigned). -

Changing the name of a field F into F2 in an existing entity E is translated into thess
following actions: '
-Altering the table E_ by adding a new ficld F2. (F is still existing in the table B )

-Deleting all the entries related to E in the FormatData _table then adding new

entries, (No more record for F, a new record for £2).

Adding 2 new entity in the model (that conteins n attributes) in composition or

" aggregation with ancther eptity is translated into these following actions:

-Creating the entity’s tzble in the databese,
-Adding a primary key constraint on the field pk_

-Adding n+9 reccrds m the PormatData table (n atiributes, 7 technical fields,
eniity$code and entity$pk Helds),

-Inserting new resords in the ConstraintsData_ for the indexes and the constraints
created for this entity. (Next section for more detaile)

Adding 2 new relation of type compesition or aggregation between two entities will
be is translated into these following actions:
-Altering the table which shouid have the fcreign keys in the database by adding
the owner’s $code and $pk fieids. ‘

Deleting all the entries related to the table which shouid have the foreign keys in
the FormatData_table then adding new enizies. (Including owner$eode and
ownerfpk)
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Adding 2 new relation of type inheritance between two entities will be translated into
these following actions:

-No action fo execute.

Changing a relation’s multiplicity will be translated into these following actions:
- No action to execnte if the multiplicity change doesn’t chenge the relation fom

single-valued to malti-valued or vice versa.

- When the reiation nature is changed, the system chenges the place of the foreign
keys to be in the table that haes the navigable role.

Chznging a field’s type will be translated into these following actions:
- -Alter the concerned table by modifying the field’s data-type, such step succeeds
ifthe RDBMS aliows it

-Deleting all the entries related to the concerned table in the FormatData_ table
then adding

new eniries.
c Updating Database Constraints

The databage table-constraints are created in accordance with the ntsgrity rules
defined in the TIML models using field and refation multiplicities. Whenéver modifications are
made to the integrity rules the table constraints nmust be updated. The system provides for an
sutomatic npdate of database constrainis when possible. When constraints cannot be updated
antomatically becanse the previously existing dats does not comply with the new cénétraints, the
system generates a report that facilitaies mapual intervention. The system provides information
such as the failed constrainis. |

 Sometimes the changes, made to the design of the application, do not include
addingfrexmoving classes or fislds. Sometimes all you need is to modify the constramnts of some

fields, In this case there's 1o need to invoke the "Update Tables" operation. Instead, you can use

. "Update Constrainis” operation.

The generated SQL code to be executed differs from one DBMS fo another,

Here details the modifications to be sxecuted after choosing the “Update Constraints”

. ophion.
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Adding the “onigue” stercotype o 2 field F {2 mandatory field) in an entity B will be
translated into these following actions: ,
-Altering the E_ adding a constraint of type unique on F.

-Updating ConstzaintsData_ (removing all entries then redefining new entries)

Removing the “unique” stereotype to a field F {mandatory) in an entity E will be
translated into these following actions:

-Altering the table B by removing the unique constraint.
-Updating ConatraintsData__

<Removing the “unicue” stersotype to 2 field F (non mandétory) in an entity E will be
translated into these following actions:

-Altering the table BE_ by removing the unique constraint,
-Altering B_ by rendering F nullable
-Updating ConstraintsData

Adding the “code” stereotype to a feld F(should be mandatory) in an entity E will be
translated into these following actions: ’

-Adding a constraint of type unique on the fleld F.
-Updating ConstraintsData

Removing the “cods” stereotype to a field F in an entity E will be translated inio these
following actions:

-Removing the umdque constraint created on F.
-Updating ConstrainisData_

Adding the “index” tagged value to a feld F in an entity ¥ will be franslated into
these following actions: |

-Creating an index on that feld.
-Updating ConstraintsData

Removing the “index” tagged value to 2 feld F in an entity E will be translated into

these following actions:
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-Dropping the index created on that field,
-Updating ConstraintsData_

Changing the nultiplicity of 2 field F in an entity E to 1 will be translated into these
following actions:
-Altering the table E_ by modifying the definition of F (¥ is henceforth not nuil).

-Updating ConstramtsData_

Changing the multiplicity of & field F in an entity B from 1 to malleble will be
transiated into these following actions:
-Altering the tabie E_ by modifying the definition of F (Henceforth, F could be
rell). |

-Updating ConstraintsData_

Removing arelation of type aggregation or composition will be tranglated into these
following actions: '

-Dropping created indexes on the ownerScode and owner$pk fields,
-Updating ConstraintsData_

Adding a relation of type aggregation will be kranslated into these following actions:

-Adding a unique constraiat on owner$pk if the multiplicity is 1.
-Updating ConstraintsData_
-(ND INDEXES ON FOREIGN KEYE)

Adding a relation of type composition will be translated into these following actions:

-Creating indexes on forsign keys
-Adding 2 unique constraint on owner$pk if the multiplicity iz 1.
-Updating ConstraintsData_ .
VI  CONFIGURATION
A Presentation

1. Mem
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The target application menvs contain all the pathways to the screens provided by the
application. Each of these menus van contain sub-menus and additional pathweys in & tree-like
strachure,

2. Menu Editor Tool

The Palmyra framework provides a tool calied Menu Editor Tocl, which is used 1o
define the structure of the application menus. The Menu Editor Tool allows for menu
confignration capability. The menu editor as an offline tool requires information from the server,
that inforrmation incldes the current mer, the users defined in the sysfem, the clags paths of the
model, the action type, the use cases, fres parameter and additional parameters. This too] allows
for loading of pre-built menu configuration fles and then reflecting these configuration files in
the system., This too] also allows for loading of an Import/export configiration file that ellows
the systern o import or export the current configuration or get 2 configuration from another file
through Imperting it. Further, this too! allows for manipulation, i which the current
configuration file can be manipuiated and changes would be applied to the current systcin.
Additionally, the tool also provides different confi gurations for diffsrent user groups and
multilingual labeling in which labels are configured go they support certain fanguage. Finally,
the tool also allows for adding new menu items. FIC. 18 represents the user intarface of the
Memu Ed{tbr Tool. |

The configuration menu items must be registered by defining an initalizer and call the
method AdvancedMenuGenerator.register().

TARBLE 11 illusirates an example of adding new menu items.

Teble 11: Example of Adding New Mem Items

SimpleContextImpl simpleltx = new
SimpleContextImpl (UseCageConstants. EDIT,
Boolean. FALSE,
Menu.class.getName (),
ActilonTypeCongtants . TECHNTCAL,
ActionConstants. CREATE) ;

AdvancedMenuGenerator . register{ AdvancedMenuGenerator . PUBLIT,
"Configuration»>Menu", "Menu Manager®
simpleCix, mull, false,
MenuProvider . class.getWame () ) ;
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Tn this example, the structure includes the following information:
role: sither AdvancedMenuGenerator. VERMEG _ADMIN for vermeg admin or
AdvancedMenuGenerator. ADMIN.

path: the path of the parent of the newly created item. The path must be written In

the foliowing form: itemi>jtem2>....>parent. The path will be created if it was not found.

label: the nams of the item.
targetContext; the target simple context to catl.
isFuit: indicates whether the item is fo be viewed in the initlalization mods.

additionalParameters: the additional parameter that is needed in the target

context.
resouree; the full path 1o the resource provider,

When finishing the creation of the menn structure, the system generates a file that
contains the menn structize 1o be uploaded into the target application.

3. View-format

The Palmyra framework automatically generates screen pages used to create, edif and
search the objects of the Entity class types that are defined in the UML model 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 (fext boxes, combos, lists, links) and
their distribution on the screens might be manually madified later using the View-format
configuration tool, View-format can also remove unnecessary felds from the scresns and can
create groups of fields.

The view foﬁnat of a Palmyra screen is represented by an instance of the class
com. palimyra.arch, p}‘esent;ztimz.model. viewformat ViewFormat, This class contains:

: -Screen properties:
Label: coptains 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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Fields properties:
readOnly: whether the field is read-only or editable;

Mandartory, whether the field is mandatory in order to save an instance to

database;
Visible: whether to show or hide the field.

The information that livk one view formgﬁ: instance to the appropriate sorcen are
stored ont the class com.palmyra arch.presenimion. model. viewformul, FacioryEntry, there are
two fieids:

Context: Specify the context of the correspondent screen;

Precise: Specify whether the view format was registered using a precise comtext

or not,

FIG. 23 shows the UML Class Diagram of the view format service.
3. Actions Configrration

The Palmyra Framework generates default actions for every screen. The user can
modify somes propertics 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, Transiator

The Translator is 2 configuration module of the Palmyra framework that manages
internationalization of many presentation slements iflce labels, enumerations, screen title ...
a. Labels

The automatically generated screen pages have screen slements (text boxes, combos,
lists, links, ete.) with descriptive labels. The labels are generated using the field-names or
relation-narnes ag deﬁne& in the UMY class diagrams, The labels can be modified later using the
Trangiator module. 'When using the screen pages, the labels aze chosen according to the language
defined in the user profile. |

b. Frumerations
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Enumerations are Stmple class types that represent a text with a predefined set of

-available values defined in the UML class diagram. Tn the screen pages, fislds having

enumeration class types are displayed as combo boxes with the set of available values, The
zvailable vatues can be modified using the Translator module. When using the screen pages, the
svailable values are chose according to the language defined in the user profile.

5 Default Values Configuration

The default values configuration service allows the definition of defanlt vaiues forz
specific field and 2 specific user. This allows defining & differsnt default value for each user.
B, Security : {

1. Authenticafion

Authentication is the mechanism by which callers provs that they are acting on behalf
of spcciﬁc'usars or systems. Authentication enswers the question, "Who are you?" using
credentials such as nser/password combinations.

The concept of ASP, L.e., Application Service Provider, is included in the
Authentication module. In fact, the latter considers a user as a pair of User Name and ASP
Value, This aiiows defining more than one user with the same name provided that they have
different asp values.

I Palmyra terminology, ASP 18 the Segregation of data and processes between
different entities sharing the same database. An entity can be a bark, & branch, a department or
any repartition required ﬁy the ciient. For example: A user with an ASP Value squal to X, will
only see data relative to X

FIG. 19 shows an exemplay Palmyra login page.

InPalmyra, Authentication is done by two methods:

{1) Internal Authentication: authentication mechanism in which the anthentication: is
managed by the application itself using 2 built-in component, Here, the usernames and
passwords are saved in databass. When using the internal suthentication mechandsm, the
application provides for 2 security confguretion tool to create new users, which is usually done

by the system administrator.
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* {2) Bxternal Authentication: The application communicates with an external system
in which users are defined. Whexe there is a custom registry, which stores the users and their
credentials (for example LIDAP, Active Directory).

Authentication in Palryra uses Filters to check each request sent from user. If it is
sent from an anthenticated session it will be forwarded to the required resonrce. Otherwise, it
will be forwarded tc the login page. Palmyra uses Form-Based authentication fo send the
usemname and password to the Filier, which verify the usemame and password. In the case of
BExternal Antherrtication, users and passwords are stored in a custom fegistry such as LDAP. So

the first step is to assure that the application server used for deployment support the integration

with a custom registry.

The epplication server connects to the user registry to collect user-related information
when creating credentials, which are then used to represent the user during authorization (for
example, when logging into an application fo check passwords). For example, Websphere
Application Server security supports the implementation of most major LIDAP directory servers
(likke ActiveDirectory of windows). As another exampie, Thoss alsc supperts the implementation
of Active Directory.

The security kernel offers an interface for zuthentication called AuthenticationDriver.
The implementation of this interface depends on the authentication technique required by the
client.

The AuthenticationDiriver interface contains 6 methods:

boolean iniif): initialisation of the security authentication driver (exp: Load of setup
user). | A

String authenticaze (ServietReguest servietRequest): the implementation of this
method depends on the technique used for authentication.

For exemple, in the case of internal authentication, we can iplement this method to
get the usemame, asp and password from the ServistRequest parameters and then checl this pair
if exist o 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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void login(String userNome, ServietRequest servietRequest). in the case of defanlt
anthentication we implement this method 1o cache sessionld and userName, In the case of
gxtornal authentication (jsecuritycheck) the user name is already cached in the sessio.

String isduthenticated{ServieiRequest servietRequest): the implementatiaﬁ of this
method is to return the userName if sessionld exist in the cache slse retum null

void logout(ServietRequest request, ServietResponse response): the implementation
of this method allow the action of logout the user by invalidate session,

void fuillogin(ServietRequest request, ServietResponse response): In case of
authentication fail the implementation of the faill.ogn method is to tell where forward the
request. '

Any implementation of the authentication czlriver needs the following static biock in
which we register our Driver ‘

static {

DriversFactory.getDriversFactory () .registerduthentlication
Driver (
new MyAuthenticationDriver ()
) g

}

The last connection date is stored for each Security User,

To endoroe the security in the Palmyra frameworlk, account management is
implemented through account lokout and password policy. Both are configurable in 2 property
file calied passwordConfiguration. The containing properties are: -

minLength: is an integer that defines the minimum length recuired for a
UserCredentials password, Its default value is 0.

‘ u;oAncLLow: is a boolean that defines whethsr both upper and lower case characters
are required for a UserCredentials password. Its defantt vaive is false

mixedChars: is & boolean that defines whether both pumbers and characters are
required for a UserCredentials password. Its defauliValue is false

passwordValidity: is en integer that defines the validity period of a password in days.

By defanit, this property is empty.
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wamquém: is an integer that defines the namber of days before which the system
should start warning a user that he needs to change his credentials. It must be used along with
passwordValidity. By default, this property is empty.

lockOutNbr: is 2n integer that defines the number of failed pasgword trials that causes
the uger to be inactive (The SecurityUser’s IsActive property is set to falsé) and thus can no more
access the application, unless the adminisirator activate it again (set IsActive to truej or ifhe tries
after 8§ hours. By default, this property is empty.

Palmyra also supports Single Sign on (850) authentication mechanism, Single sign-
onis fhe 3bi11£y to require z user to sign onto an apﬁiicaﬁon only once and gain scoess to mzuyly
different application componerits, even though these corﬁponents may have their own
authentication schemes. This feature allows end users to log on once per session rather than,
logging on to each resourcs or application separately.

2. Authorizatior

| Authorization is the process whereby the interaction batween users and application
resources is controlled, based on user identity or other information. In other words, authorization
answers the quesi_ion "What can you access?" (
The definition of the authorization process method used by the application is done by
the implementation of an interface AuthorizationDriver,
Palmyre authorization gystemn Is implermented on different layers:
E: (Groups :

System users can be grouped so that they are managed easily. The security

. configuration tool aliows creating groups and corresponding users. Groups may also be grouped

in other proups in order to create a hierarchy.

Two groups are created by default when starting the application for the frst time:
Administrators and VermeghAdmin, VermegAdmin is part of the group Administrators.
' If a SecurityUser belongs to VermegAdmin or Adminisirators, then he has all

priviledges cm the epplication.

b, Roles
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Roles are user-profiles ﬁscd to pre-establish 2 set of configurations to be applied to
the later created users. The roles ere created using the security configuration tools. Roles are
assigned later o proviously created users using the same security confipuration toal.

A role “admin” is oréated be default when starting the application for the first Hme.
This role gives all rights to the application resources.

c. Rights

The privileges and restrictions of users are expressed in terms of what Entity-class
types they can access and what process parts they can rum. Rights are configured using the
secuxity configaration tool. The rights are later assigned 1o the ismviou,sly created usars, groups
amd roles also using the security configuration fool,

T Palmyra the authcrization process is done in two levels:

(1) Botity level: in which the system chiecks on the user privileges. FIG. 20
illustrates the process of entity authorization implemented by Palmyra.,

(2} Service level: in which fhe system checks on whether certain action is allowed
to be performed. FIG. 21 illustrates the process of service authorization process,

Roles in Pelmyra are defined by their names (Roleld). They snclose Bntity Policies
znd Service Policies. The latter will define the privileges that the role offers to s'user or a group
of users. '

To grant the access to a specified entity to role, the entity policy is associated to the
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 o the
entity, |

Entity policy is identified by: Application Wame: ALL or the name of the apﬁlicaﬁon
and ]éntity Narme,

The “creats condition™, “update condition”, *‘delete condition™ or “find condifion”
fields are a Boolean expression that can be:

Empty: this means that there is no restriction ox this create/update/delate/find |

setion.

“false™: No right to execute create/update/deleta/find action.
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Expression containing the following kays date, hour, time, curreniUser,
userProperties or a combination of mentioned keys, Example: atiribute ==
currentUser, this delete condition means that according to this role, only instances
with an attribute value equal to the current user can be deleted, Example2:
athibute = = userPropertiss. properiyNames
Ths entity com .palmyra.arch.basicStruct.data.Busines sEntity is
the super entity of business entities. !
The enfity com. Palmyra.arch.bagsicstruct. Sata .BbstractvValueis

the super entity (business entities plus Palmyra entities).

To grant the accass to execute a specified action in a specxﬁc service to role, the
service policy is associated to the Role. Those associations are bas{ad on a condition. If this
condition is verified, the user which role is granted can acoess 1o ti’;le application

nare/service/action. |

Service policy is identified by Application Name, Serviice name and Actlon name.
The Condition field is a Boolean expression that can be:
. !
Empty: this means that thers is no restiction on-this appiication

name/service/action. i
“false’™: No right to access to this application narme/service/action,

Expression containing the following keys date, houir, time, currentUser,
userProperties or parameters or a combination ofgmcntioned keys.
Given {his syntax: identifier operator value, cach o:f the latter keys can be used as

either an identifier or a value. T

Date: s evaluated as the current date, a BusinassDate instance.

Example: Gate = = 110/12/2100b s 1.e., allow action execution only at 1(/12/2100.
Howr is evaluated as the current hour, getHour(} of a T:imeValue instance.

Example; hour = = 8,ic., allow aoﬁen execution only at 8 .o’c‘}eck each dlay
Time: is evaluated as the cuurent time, a TimeValue instance.

Example: time = = “08:00:00:000%,ie, allow action exejoution only at & o'clock each .

i

. day.
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CurrentUser: is evaluated as the current user, a StringValue instance. Example:
currentUser = = “X” o

UserProperties: is to be used before a security property name with the follaﬁfing
syntax: userPropertics. propertyName. The latter is evaluated as the current user’s security
property value. Example: userProperties.menuId = = “valuel”,ie, allow action
execution enly if the current user’s menuld is set to valuel.

Parameters: is to be nsed with the following syntax: parameters paramName, whers
paramName is a parametet of the action defined as sn actionName in the ServicePolicy.
Example: parameters. conf ié .creatorUserId = = currentUser, thiscondition
means that the parameter “config’” needs to be created by the current user in order fo allow the
execution of the action.

. The service com. Palmyra.arch.service.BusinsssDelegate is the super service.

FIGs. 22A, 228, and 22C illustrate the main part of the exemplary Authorization
UML modél.‘ Specifically, FIG. 22A illustrates an exemplary Securityltem UML Model, FIG. .
228 iflustrates an exemplary Policies UML Model, and FIG. 22C flustrates an exemplary
Securityltem's Roles UML Medel.

When 5 user A access an application resouree, checks are done on whether the wser is
éuthorized to do so. The operating principle of these chacks relies on the entity and service .
policices related to the user A.

When checking if a user is authordzed or not, from each role a condition is formed
and added to the union of all roles.

" Bxemple: User A needs to search for instences of Entity B, User A has one role X
and arole Y inherited from the Group B, which he i5 a member of. Role ¥ has an EntityPolicy
instance P2 on Entity E with a find condition set to creatorUserld===currentUser. This condition
means that the User A can only see instances that he crezted when doing & find on B. Role X has
an EntityPohicy instance P1 on Batity E with a find condition set to smpty. Taking into account
the latter informetion, the user A will see all instances of E.

© The reseason is siﬁapiy becanse a criterion has been formed with the two conditions of
role X and ¥ as a union and sent as a query to the database. The criterion is phkl=nnl |
creatorUserld == “A",

C. Input and Quiput Devices
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The generated target applcation containg pre-existing libraties that manage the
communications with other systemg and applications vsing different commmication and
messaging protocols. FTIP, File, Queue, WebDav, Mail via SMTP are examples of protocois
supported by the preferred embodiment. For each of these protocols, an Inpnt and an Output
device is integrated in the target application.

To use an Input Device, one needs to:

Define an Input Device Configuration with a specific message type. He can do this in
the I0Devices Configuration submermu of the Configuration Tools meru.

Define a listener class that implements the interface InputDeviceListener, In this
class, he has to subscribe his listener to the specific message type and 1o implement the method
onReceive(MessageHeader mb). When an input device consummer notifies a Hstener, # calls its
onReceive method.

The Dutput Device implementation dafines two actors:

QOutput Device Configuration: The output deviee configuration is an extity class with
a code field deviceID. Tt has several fields according to the device type (For example, the mail

_ gerver in the cutput device mail configuration or the hostname in the output device FTP

configuration).

Output Device: The cutput device manages the writing of values to 2 device. So it's
associated with an output device configuration. All cutput devices should extend the sbstract
class OutputDeviée. Palmyra defines five types of Output Devices: Output Device Queue,
Qutput Device File, Output Device FIP, Ouiput Device Palmyra Service and Cutput Device
Mail. Each extended Output Device inherits 2 ByteArrayOutpuiStream Aftﬁbute and Implements
the method flush. The inherited field can be obtained by calling the method getOutputStream. (). |
This method returns an OuiputSiream. The method flush {) writes the content of the inherited
field to the device defined by the associated output device configuration. -

New /O dévices and protocols can be added by adding new modules and new
libraries for these I/O devices and protocols. Modification of the /O devices is usuaily not
perforrned during runtime. The application is taken off line and re-deployed with the new
modules and librazies

- D, Mapping Teol
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Mapping s a tool which provides the ability of converting objects {e.g. copying field
values from source object to target object(s) based on 2 configuration). FIG. 25 illustrates an,
averview of the Mapping Drocess.

1 Uses of Mapping Mechanism

The Mapping mechanism is used for:

a. Connecting with outer world

Within the framework Palmyra data is represented by a special object (the interface
“Value” and its imnplementers). Bxternal data coming from oufer devioss is parsed using general |
purpose drivers, so the output is generally in & driver-specific format. Driver specific objects
should be converted into application date chjects on which the process is defined.
b. Irtegrating components

Applications also use business services that may require creating specific objects
order fo infegrate their processes. For example the input of the accounting business service 1s an
accounting message (a data object). If the user wants to integrate the acoounting in an
spplication, he should create acoouvnting messages having other data objects as sources such a8
client payments. .

7. Configuration of Mapping

‘Mapping is configurable and customizable at runtime: the whole mapping
configuration could be changed at any moment and the configuration sffects take place
immediately. This gives 2 large level of fexibility to the users of the system, The configuration
of mapping is created at runtime of the application using the presentation fier, Different mapping
configurations can be asgigned to different processes. For example, in the router, for each
mcoming message type, a parser (driver) is configimzed and then & mapping could be specified,
FIG. 26 i]iustrat.es an example of configuration of Mapping,

3. Mapping Process |

The mapping mechanism creates the destination class in order to map the ohjects. The
creation of a destination-class using mapping comprises a numiber of key-mappings or

slementary mappings,
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Key Mapping is an elementary mapping configuration of a field in the target. Every
field may have one or more key mappings to define how the value should be extracted from the
sowurce, '

The Source Formula is an expression based on fields from the source to construct the
value which will be mapped or will be assigned to the target. For example, 2 souce formula
may read: grossAmount -+ commission. Target field: netAmount.

A Condttion is an expression that defines a condition. If the result is true, then the
mapping i8 executed. For exarpls, a condition may read: operationType = “buy”, Target key: -
balanceType zource forrnula: “debit™. |

Sometimes the result of applying the source formula does not fit the target field. In
this case a cotversion should be made. This is done by a converter,

-There are four types of converters:

(1) Built-in Converter, in which convesting occurs by executing an action edited
by the user.

(2) Date Converter, for converting values from date format fo another date formet.

(3) Bnumeration Converter, in which the converter specifies a collection of pairs.
Each pair specifies rﬁulﬁpls values which are converted to one value,

{4) Numeric Converter, in which the converter specifies a converting type: abs,
ceil, floor and Jog. |

" Mapping saves time as the conversion process is a very frequent requirement in
Palmyra epplications. Having a moduls that per‘for:ﬁs the process saves development fime,
FIG. 27 illustrates in detail the process of Mapping convértars.
4, Types of Mzpping

Mapping is nsed to maps an object (source) to another object (farget). There are two
types of mapping: ' )
‘ (1) Field to feld mapping: one fleld from the source is mépp ed to one field in the
target (no expressions).

(2) Rich Mapping: Newer version of mapping which maps one object (souree) to
one or multiple object(s) (targets). The souzce value is extracted by a formwla (e.g., the formula
may be ‘firstName + lastName").

E. Loading Lifecycles of Objects and Constraint Models
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A process diagram represents a process deﬁﬁﬁon. Process diagfams are created using
the state dizgram modeling technique, whare a state diagram is called a lifecycle or automata.
Later, a workflow engine, which is a finite state automaton that manages the business processes,
manages the lives of these states. The workflow is related o entities and represented in UML by
s state dagram and the Efecyele is configurable by the user. FIG. 28 illusirates an eﬁample of the
workfiow engine and how it manages the states in the system. '

A lifesyele or automats file is an XML file déscribing in XML language the graphical
state diagram defined in UML. Afier creating the graphical state diagram in UML, Palmrya
reinterprets the graphical state diagram into XML language so it can be sasily understood during
and after the building process of the application.

In the generation step, the process diagrams are transformed into XML files, Those
XML files arz loaded in the application using a specific confi guration tool thet allows afierwards
performing a syntax check on the loaded process-definition and binding the process definition
with a previously defined Entity class. Binding is the process of assigning entity classesio a
pracess, Modifications on the lifecycle or the process definition can be made at anytime after
deploying the application. The resulting XML file produced in the generation step is then loaded
into the system and the modifications are taken mto cemmera’s:wn The modification is generally
performed through the UML Designer interface o take advmltage of the built-in validation
capability. The generator can be configured to export XML files only. Constraint models are
class diagrams that define specific Entity class types known as constraint classes, They add
congtraints on pre-existing clase types defined as Constraingble. The constraints are sdditiona]
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 inio the applcation. Modification into A
constraints or adding new consiraints can be done anytime afier deploying the application. The
resuliing XML file is then loaded into the system and the modifications are taken mio
consideration. |

F.  Trace Configuration

The generated application provides the functionality of writing a trace in specific files

created on the server machine, The trace is nsed when necessary to analyzs the tasks done by the

94



10

15

20

25

30

application and to log for bugs or technical problems. Trace Configurstion can also record
business logs and module specific logs.

The epplication provides for a configuration tool to determing the location, size, and
names of files to be generated fo store the trace. It alsc enables selecting from a list of predefined -
levels of detalls in the generated frace. ‘

G. Reports

Reporting tools are vital to enterprise spplications that deal with data. They give the
user the possibility to generate dynamically reports on the data they work on given certain
criteria. The Report module is the Palmyra tool that defines and generates generic reports. It
provides easy-to-use user interface to build Reports (“templates”} that can be used later to
generate Reports in different formats, '

The generated application provides the functionally of creating Reports usicg the data
entered into the application. The Report Writer is part of the presentation service. The definition
of Reports is based on Metadata, which indicates the entity class types to be used as data
containers and the parameters to be entered when generated the Reports in order to select the
eppropriate objects. Metadata is the definition of data loaded in the memory of the application.
It is derived from XML files (e.g.,, process and constraints), generated code, written code, and
preemstmg lbrazies,

Reports are generated in multiple formats like PDF or HIML or RTF based on the
data and form definitions, The Report designer can define some parameters to be used in the
criteria. The values of these parameters are supplied just before the Report generation. These
parameters are a sof of optional conditions to be applisd when collecting the data to generate the
Report. For example, if the user just wants the personal information of the Employees who are ‘
older then 25, theﬁ he can define search criteria to cuginmize the Report gatherad data. The
Report can also define an entify which is the name of the main type (class) representing the
entity to be displayed. For example if the user wants fo build a Report which includes the
Employees® personal information, the main Enfity will be Employee. The Report can define the
pames of the attributes (fleids) of the main Bntity fo be viewed in the Report, for example
employee first name. Further, these fislds can be grouped, ordered, and represented in many
different ways such as charts. Finally, the Palmyra system aiso providss for the capablh’ty to

generate reports programmeticaily by pr cvxdmg various methods for generzting and modifying
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the inferfaces for programmers to work with. TABLE 12 iltusirates an example of the methods
that the Palmyra Reporting Tool exposes programmaticaily to work with the reporting tool.
Report comprises an essential part of any application. However the design of the Report may
take a lot of thme and effort. Moreover, any simple modification on the Report design may cause

‘the application to stop running and require restarting. For these reasons, Palmyra has the XSL

Editor Tool which facilitates desipning process of the Report by the designers. This tool allows
for various design fiunctionalities, such as modifying the layout of the report, adding dynamic
data, modifying the labels, adding expressions, and adding images to the design. Finally, the
Report writer tool also provides means to represent datain & diagramﬁ format. The Palmyra
sysiem confains a chart library. This library is a Java-based charting that enables the user to add
charts to his java epplications and web pages. The library contains AWT based chart
comporetits, epplets, and a chart serviet. FIG. 29 {lusirates the report generation steps.
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Table 12: An example of the methods that Palmyra Reporting Tool expose programmatically to
' worle with the reporting tocl

. BExomple of Report generation
FileOutputsStream output = new FileGutputStream{"D:\\Report.pdf"};
String reporitName = "myReport”:

CollectionValue parameters = new CollectionVelue();

parameters .seb {*parameterNane”, new StringValue {"testParametsr®));
String criterla = "(yl==\"testCritexia\")&[xl=={parameterMame})*;
ReportGenerator reportéenerator * new ReportBenerator(};
reportGenerator. generateReport (output, rap ortMame , parameters, ney
IoDriverDefaultConfio(}, criteria);

Example Repozt Expori Aotion

public class ActiopnExporiComandReport extends ActlonHandlerddapter implements
Initializexr { .
private static fimgl String BXPORT_COMMAND REPORT = "ExporiCommendReport?;
private ActionExportComandReport(} [
} .
private static ActionExportComandReport instance = new
ActionBEyxportComandReport ()

public static AcktionExportComandReport getiInstamce () {

return instance;’

private static boolean isInitialized = false;
public static boolean initdelize(} {
if (tigrnitialized) ( .

SimpleContext confext = ActlonsUtil.creatbefimpleContaxt |
ActionTypeConstants  ROW_OPBERATION, EXPORT COMMAND REPCRT,
UseCaseConstants.EDIT, Boolean, TRUE, AccountComp.class.getMName());

ActionsUtil . registeriction{context, instancei;
islnitialized = true;
H

return isTnitialized:
Example of report downiload Controller

public class ReportDownioadController implemsnts DownloadControiler {
public void downlecad{PagesData pageData, String key, OutpubStream oubpubStream)
{
CollectionValue vaelue = (CollectiomValue) BditUtil.geitSelectedItem{pageData);
ReportGenerator reportGen = new ReportGenerator(]; '
reportGen. generateReport ("accountReport®, outputStream, value);

public String getPilefixtension(Fagebata pageData; String key) {
return tndft; )
}
public String getFileMame(PageDats pageData, String key) {
return "account”; }}
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VI TBESTENG
Al Auto Tost

Palmyra based-on appiications can contain 2 testing tool used to ensure the non-
regression in the application when adding new fanctionalities through the iterative approach.
Generally, regressions are bugs in pre-constructed functionality, which surface after the
introduction of new code. The tool is called Antotest, and it is used fo record testing seripts, to
create testing steps, scripts and suites mannally, to run it later, and to compare the results. The
too] ensures non-regression in the generated apptcation by making sure that fanctions created in
previous version of the applcation ean still work after the additions. The ioel helps fo discover
precisely and easily anomalies or differences in process-results between the version on which the
test is Iannched and the version in which the recording is done. '

1. AwtoTest Terminologies

StepZest: Tt is the core item in the AutoTest, and presents the service that you want io
test.

SeriptTest: It presents the test scenario of a given use case. A seript is composed of a
set of ordered steps. The ScriptTest may have is cwn Initi_aISt@ic.

Suite: If you have many scenagios to be tested, then ‘you can compose them by order
in one Suite. The Suite may have its own InitialState,

IniticleState: Tt is sn image of a databage siate saved in xml files; it is created by the
user.

Test Message: It is & configuration nwed by the AutoTest tao! to create the suitable |
Palmyra message that presents the service to be tested. It consists of a service name, action
name, and parameters, ‘

Result: The result of the execution of the TestStep,

S*fépExpression: It iz 2 palmyTa cxpression used to evaluate the result.

TestSearchResull: Tt engbles you to find the Result in the database and display it.

TestCollectionSearchResult: 1f the Result is a collection of values, and the test

success depends of the mumber of these values, put the expecied number here.
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TestFailure: Every time one of the previous teats (StepExpression, TestSearchResult,
TestCollestionSearchResult) fails, and if the run of the TestStep or TestScript fails; a new
TestFaiiure is created 1o inform vou about the failure.

2. Create TestStep, TcstScripg and TestSuite manualiy ueing Autotest

The test scenario can be crganized as test suites which comprises test script, which is

further cornprises of test steps. The first step of manual test scenario oreation is to create a test

-step.

AutoTest provides a dropdown menu for Step Creation. To seerch for an old Step or
creates a new one, click the Step link in the AutoTest menu, then the new button fo create a new
Step. Fill in the Step name; this name is unigue for the all steps.

Now create the Test Message, this fisld is mandatory and presents the service that
you want to test it. So you have to select the service name, action name and the user name for
ihis message. If the message nesds parameter(s), you can create them by clicking the Parameters
1ab and select one of the available parameters fypes.

Select the Simple Parameter from the combo box to creafe a simyple parameter for
your message, then select the pavameter name and type, and fill the Peram Value of the
parameter, this vatue is the real parameter value af mntime.

If the parameter value is not a simple ons, then select the Composite Parameter from
the combo box. This will enable you select anty composite value and vse it a5 a value for this
parameter.

A user can chooge between two options o get this value.

- Click the Select Vzlue link and set the class type and the scarch oriteria, 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 wilt
be used to search for the parameter value in fhe draft values.

Simply use the Collection Parameter when you need a collection of composite ones. -
The Step Expression is used fo ensure that the result is correct. l

-The Expression Name: it is unique for the ali Step Bxpressions.

-The Expression Value: is 2 Palmyra expression.
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Fill the Test Search Result name (which is mnique), the Clags Type and the criteria;
the Test Search Result will search for values from the Class Type

Test Collection Search Result is use to check the number of the results, set the class
type, the criteria used in search and the expected vaiuss” number.

AutoTest also provides a dropdown menu for Test Script creation. To search for an
old Script or creates a new one, click the Script link in the AutoTest memm, then the new button

to create a new Script. Fill the Script Name, and select the Script State from the combo box

~ (optional), the Script may or may not have its own State,

a. Add TestSteps to the SeriptTest via the StepOrders tab.

To Change Steps Order within the Scriptis impoﬁant, because the execution flows
from the first Step o the last one considering this order. Formnaiély you can change this order
whenever you want, by using the arc links. )

AutoTest provides a dropdown mer for Test Suite oreation. To search for an old
Suite or creates a new one, click fthe Suite link in the AntoTest memy, then the new button fo

cregie anew Suite. Fill the Suite Name, and select the Suite State from the combe box

(optionel), the Suite may or may not have it own State

b, Add TestSeripts to the TestSuite via the ScriptOrders b.

To Change Scripts order within the Suite is important, becanse the exeoution flows
from the firsl Seript to the last one considering this order. You can easily change this order l
whenever you want, by using the are links.

3 Running TestSteps, TestScripts and TestSuites

Auiotest
this is done by simulating autornatically the user inputs into the application and corparing the
generatad resulis with the recorded equivalents. A specially designed user interface is provided
for the execution of TestSteps, TastSeripts and TestSuites. Autotest generates a report that
contains 1l the differences (if they exist) between the obtained and recorded resuits. The report
is then usec to analyze the potential anomalies. After analyzing the results and making the
necessary corrections, the epplication developers may decide to update the test script when the

differences of results is because of enhanced feahires of the new version. Autotest provides the
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possibility to automatically update the recorded scripts by simulating the user-inputs and re-
recarding the results, _

Runming a test step, script, or suite is as simple ag rmming a step, just ergoy the three
phases game:

Search;
Select; and
Ean
4. AutoTest Recorder

The AutoTest Recorder provides an easy and fast way to creafe Script Tests.
By default the Awto Test Recorder records all services that are different from Pakmyra

services, But in some cases you may oven need to record Palmyra Services; you can simiply

do that by edding the Palmyra Services name to a configuration file.

[t already contains some entries; ﬂlus&aﬁng you how to add more:

com.paimyzra.arch.lifsCycle. adapter . manager . LifeCyclelx
ecuter=fireBvent, fireBEventWithoutConfig
com.palmyra.arch, scheduler. ctrl . JTobEntryExeContrellers=
immidi..ateExecuteJ obEntry

com.palmyra.arch .pe'rsistence .entitymanager=gynchronize

Recorder Meny' From the AntoTest meny click the Record Tink:

Then you can choose between just records a Script Test, or a Script Test and its Record
Results.

Stayt recording scénarios: Input the Script and Step prefix names (optionel, a defanit
ones will be used if you didn’t select ones), then click the Recording bution, and wait till
the confinm message.

Pilay test scenario: And pow you can play your pre-prepared scenasio.

Stop Recording: Stop the Recorder when you finish your scenario
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Start Recording scenarios and results: You may need to know about the Record
Resulis before starts recording them. The Record Result presents an entity used during the
scenario, in this cese the recorder hash each entity that should be synchronized info a string, then
on rurming the sene Script Test again, the AutoTest comparss these stored hashes with the ones
celculated during the running. - You can exclude some felds from the hashed entity by assigning
a Record Config to the recorder. (Fiave a Jook to the next section to know how to create Record
Configs)

Create Record Config: Tn the AutoTest menn, select Create Record Config. Inputa
unique name. Select the entity to exclude some of its keys. Then, select the keys that you want
them to be excluded from the hash of the selested entity.

5. The Seript Delste

The main purpose for the Script Delete is to rollback the database to a previous state,
to understand why you may need this feature in some scenzrios.
-The scenario -to be tested- creates and saves a new instance of the entity (City) in

the database; the cify name is always Paris. -
-The action name is (createCity()), it has no paremeters as input.

-The {City) has two flelds, Is name (name), and a sequential id (number), it starts
Fora 1000,

“When you successfully record this scenario for the firet time, 2 new city will e

adde;l o the database:
Pk_ Name_ Number
28052008 Paris 1000

-Ff you ry to rux the recorded-scenario, you will absolutely get an error message;
it notifies you that there is already a city in the database with the same unique

name (Paris).

-And if you somehow managed to change the oity name in the database to another
pame like (London), and run the recorded-scenario, then the AwioTest will report

an error in. its log, because it expecied a (aumber==1000], while it got
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(number==1001) at rum time. This happened because of the sequance field is

automatically increased.

This is a classic sxample of when yvou need the Script Delete functionality, because
you bave to delete the old city from the database, and also reset the sequence value of the field
(number) to {1000), before running scenario.

A seript delete can be generated according to a Deleie Configuration that contains the
Hst of clagses to be deleted and a st of sequences to be deleted.

The list of those classes is specified in Class Configuration and Package
Configuration. In the package configuration, you can specify a st of excladed

classes.
The Lst of sequences is specified in sequence Confipuration,

To delets the classes, the followings steps are executed:
Perform a deiets stmulation using the ‘volumeDsleteSimulation’ service from
Persistence layer, This method doesni’t delete a velue but it is just a simulation of
the delete operation. The output of this method is a collection of “DeletedObject”
objects. One delet=dObject is defined by 2 className, valuePk and a collection of
“DeletedBrror™ objects. If there is any problem during the dslete (an error), this
action worl’t stop the siomilation but create 8 “DeletedBroor” object and associate
i to the current DelectedObject that causes this error. In cese the number of
DeletedErrors is less than 1000, the delstedError will have as type
“DeletedBrrorPk”. Eise, the deletedError will have as typs
“DaietedEﬁofCﬁ‘aeﬁ‘n”.
Check the delete sirmlation errors: Verfy that all instances specified in the

delsted error list are also in the list of the deleted objects List,
Create a script delele using the list of deletcd objects and deleted errors.
Execute the script delete,

Update the sequences in the database according to the specified sequences values

in the sequence configuration witch is aitached o the crrent delete configuration.
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Create Script Delete: From the AutoTest menn click on the (Search Delete Config)
link: ’

-Click new
-Bnter the Script Delate namse, it showid be unique
-Select the entity (City) to be deleted on running this Script Delete.

-Select the sequence {munber) to reset its valus to (1000) on running this Script
Delete.

~Return back and save if,

Run Seript Delete: To run any Seript Delete, go the same link in the AutoTest menu

_{Sesrch Delete Config), search, select and 1um.

Aftach Script Delete te Script Test: Now you koow that you have to rum the Script
Delete (Delets-City) just before numing recorded-scenario (sreateCity(}).

~ The AutoTest provides you the Aunctionality of attaching a Script Delete to a Seript Test. This

can be easily done by editing your script and assign the reguired Seript Delete to it.
-Search and edit your Seript Test

»Attach the reguired Seript Delete

‘When you have the Seript Delete aﬁacheé to the Soript Test, there is no more need to
un each of them individuaily; you jist have to run the Script Test as shown early in this
document.

- . Check the Results

In order to ;:ompa.re 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
leyl=vall &key2=val2 where Keyl and key2 are keys of the value and vall and valZ are
respectively their values, The differences between the recorded result and the current tegt resalt
are the list of the keys having different values.

Note: The list of the keys used to create the siring representation of the vahue aré
simple and technical keys excluding the sequence and pk code felds, the foreign pk fields, the
sequence fislds and the excluded hash keys specified by the tester in the Record Result Conﬁg.

104



10

15

20

25

The best way to check the test results is to see the AutoTest log file; you can find the

 log file in the “autotestLogs™ folder, while the formn of the log fle name is:

- For a Step: “step_step-name execution-date lo B
- For a Seript: “soript_script-name execution-date.Jog”.
- For a Suite: “suite_suite-name execution-date.log”.

Also if you sre running a Step, and & failure message appears, you can check the
failure reason by clicking the Failures tab.
7, Autotest Import/Export

There is & collection of useful tools that helps vou to import and export the data you
may need to accomplish your test; you can esily access these tools from the AutoTest main
mMene.

Export Draft: The AutoTest enables you to save a velue as a draft in .xml file, and then
you can use this draft value in the test, you can chooss between two options
Export new Draft: Press the “New™ button o create a new value from the type specified
in the “Class Type” text box. The AntoTest exports the new velue to .xm! file with name
like:
| -Cliags type: com....City

~The City class code is presents by two fields (name and created-date)

~File name becomes: $/drafts/€1assName_ClassCode xml Ex, $/drafts/City Paris
01072006 xml

Export exigts Draft: Select one of the resulis, and then press the “Bxport” burttor, 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,
using this use case you can run the method with the pasted parameters, show the resnlt and the
failure values, save the configuration and then test if the method is exscuted successfully or not.

To add a Unit Test configuration you have to follow thess steps below:

-Choose the action create from the menn under the path “Aunto Test\Unit Test”
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-Add a name to the configuration, a service name, an sction name, & user name

and the parameters values.

-Run the methed on clicking on the button Run; the result or the failure will be
added. Finally, you can save the configuration with the expected result or with the

expected failure.

After runming the method you can consult the result. Then to test the method, you
have just o click on the button test., ' ‘

9, AutoTest Report

_ The AutoTest generates 2 report for each running scenazio, it contains both the
suecess messapes for the succeed processes, and the. error messages datected by the AutoTest
during the execution of the wrong processes. The log files can be found in. the working directory
of the application, and imder this path:

' .. [Worldng Directory/AutoTest/autotestLogs

& Report messages: Essentially, afier running a scenario three kinds of messeges can be
found in ap AutoTest report, two of them the success and wearning message are good and makes
you happy, however, the thixd one which it is the faihme messages are better and should make
you happier. But why the failure messages are better?

The failure message means that an out of sight ervor is discoversd, and going to be

solved, which is the main goal of the AufoTest tool, locating the errors in the tested application.

10. Debug Mode

This ssction shows how to tarn on/off the AutoTest debug meode, then how to Tead the
resuited debug log.
‘When it 15 needed?
-In most failures cases the debug-mode isn’t needed, becanse the normel AvtoTest
Iog will Iead vou to solve the cause of ihe failure, but in very special cases the ‘

normal log isn’t enough.

-In these few cases the investigator needs 1o know what happened & both the

record and run times, here comes the role of the debug-mode, it provides the
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investigator with two logs to compare between them and solve the cause of the

failure,

-Practically the known case that you may nesd to use the debug-mode, is the one

when you got this error in the normal log:
Step ADJU_EMISSIONS _fireEvent 1207239411130 has failed
[[ExecuteThread: 12" for gueue: 'weblogic kemel Default’] [7118331427]

Eror: The fype of the recorded result at this synchronization should be [X] while
the found type at run-time is [Y]

Debug mode On/Off: All what you need to turn-on the debug-mode in the AutoTest is
o add a file {(debug.mode) under this path:
JAutoTest/debug/debug.mode

To turn-off the debug-mode vou have o delete or rename this file (debug mods).
Debug mode usage: This usage order should be followed fo get the advantages of the

. debug-mode:
1. Turn-on the debug mode
2. Record your scenario (s1)
3. Rnn this scenario {81)

4, Turn-off the debug mode

The result will be & nurober of log files that can be found under this path:
JAutoTest/debug/stepl _record uniqueNum.log

stepl_nm uniqueNum.log
step? record uniqueNum.log
gtep?_un_umiqueNum.log

Debug mode logs: The extra results of the debug mode (in addilions to the recorded
seripts) are the debug-logs files. Most of the recorded steps will has two debug-logs, one at
recording time and the other ai running time; you can distinguish between them by neme:

~JAutoTest/debug/stepl_record uniguelNum.log (at recording tims)
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stepl_run uniqueNum.log (af numing time)

VI STRUCTURE OF RESULTING APFLICATION (PALMYRA FRAMEWORK)

Al Presentation Layer
1. The Design of the Laysr
a. The Chosen Archifecture

For so many reasons (among of which we have security, mainisinability and
ceniralization of processing) the thin-client architecture was selected.

‘ In this architecture, the software system is split to at least 3 tiers. This is a brief
description for each of these tiers: :

A thin cliens: The thin clent is the tier that is in direct interaction with the end-user, It
is said 1o be thin because it has no business logie at all. Tt only provides the means to -
commnmmicate with the user, and it may be installed on every machine used by the users. Asa
product, it can be part of the complete software solution, or & third-party product such as a web
browser.

A preseniation tier; This tier runa on the server-side. It commmmicates with the thin-
client through some network protocol. It kuows hiow to delegate requests to the proper business

serviees, and how to display resulis by sending responses back to the thin client. It also enables

the user to go from one use case to asother.

A business logic tiers Tt is in this tier only that the business logic of the application is
performed. it can be thought of as 2 number of services that call sach other, that are called by the
presentation fier, and that know how to connect to the database when if needs to process stored '
data, . . '

The first two(ﬁers are ell that interests the presentation module, and we will be
focusing on these two tiers later in this docurment,

. The Chosen Degign Pattern

The design pattern that proved useful for applications with the previously explained
architectire is the MVC2 (stands for Model, View and Controlier) design pattern in which the

application is split into the following three componerts:
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The Model: The model provides & set of services to access the database (or the state
of the application) and to ran business processes.

The Piew: A set of cornponents that know how to copstruct the user interface for each
possible use case.

The Coniroller: The component that receives requests from the client and sends
respohses back fo it. It kmows how 1o turn these requests into internal requests and how ic’
delsgate them to the proper services in the model. Tt alse knows how to choose the proper view
component that will construct the user interface.

' o, Closer Loole at the Condroller

In the MVC2 design pattetn, it is evident that the controller component is solely
responsible for communicating with the thin client; and so, it shonld understand the network
protocol that connects it o the thin client, and # shonid also understand the language of the thin
client g0 that it can interpret its requests, and synthesize responses back fo it. B¢, we ekpect that
much of the code that implements the controller component is client-dependent.

On the other hand, the controller is also responsible for delegating requests to the
proper service in the model, and for choosing the view component that will decide the content of
the response. This ﬁmcﬁonali‘& has nothing to do with the type of the thin cHent.

As a result, ths controller compoﬁent can be thought of as the union of the followi'ng
W0 units: 7

The Presentation Port: It is the only unit at which the client can connect to the
presentation ter of the application. It knows all the technical details related to the
comrmunieation with the thin clent.

The Presemtation Controfler: Tt is the unii that receives client-independent requests
from the presentation port, delegates processing to e proper service, selects the proper view
componernt, and senclis a ciient-independent response haclk to the presentation port.

FIG. 48 shows how the presentation tier can support many technologies thanks to s
design. l

d. The Big Picture

Generally, the interaction between the nser and the presentation module starts by
sending a request, using some thin-clent, to a presentation port that is “Hetening” to the cHent.

This request is clisnt-dependent, and the presentation port has to convert it to a client-
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independent request. Once it does that, it forwards this request to the presentation controller,
which will perform the necessary action to process this request.

Onoe the presentation controller handles a request, it can now respond to it. The
response must come in the form of a new graphical user interface, or an update to an already-
displayed interface. The controlier should know the graphical components to be rendered or
updated and the values to be bound to them. However, since the presentation controller does not
know how to communicate with the thin-client, it should do that through the presentation port
#self, which must provide the means for the presentation controller to render the user interface.
Thus, when the presentation port invokes the presentation controller to build the user interface, it
should pass an object (a Renderer) that the presentation controiler will use to render components
on the user interface, _

The components displayed on the user interface are usually graphical representations
to the values in the current session. When the presentation port receives e request due to an
interaction between the user and a displayed interface, the port knows the graphical components
that were updated, but it does not know how fo update the values they represent. So, the
Renderer Is also a way for the presentation controller to pass objects (Valee Bindings) to the
presentation port to help it update the values in the session when the port receives a request from
the built user interface.

In order to avoid over-writing the session data of one user interface with the session
date of another, each user interface (or page) must have its own memery space in the session. We
will refer to these separated spaces as the Page Data The presentation coufroller is the
component that knows how to create, initialize and update a Page Data object, but it is the
presentation port that knows how to keep fhe Page Data objoct returned by the presentation
controlier in the session, and how to associate it with the rendered page (or user interface).

Of course, in order to conform to the MVC2 design pattern, the presentation
controller should not itself process the requests received from the presentation port, nor should it

buiid the bage, even though this is what it seems to do from the point of view of the presentation

‘port. Instead, the presentation controller shouid 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,

Similarly, when viewing or zendering 2 page, the presentation controller must locats the
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sppropriate view component, or a View Builder, that knows how to render a page, and invokes it
passing 1o it the Rendorer object. FIG. 49 is an illustration of the above example.
&. Abstraction of the Presentation: Port

In order fo make an abstraction to the presentation port, we must define the language

of commumcation between it and the presentation controller. This language can be expressed in

 terms of the objects that are exchanged between the two units. To follow 15 a list of these objects:

The Request: The request contains any data sent by the client. This data inchudes the
targeted page or the use case to begin, and any additional parameters that affect the execution of
the businegs logic. The interface of thiz objsct must be declared in the presentation controller,
end each presentafion port should provide its own irnplementation of that interfzce, The
implementation will most Ukely wrap the client-dependent request. _

The Page Data: Thiz object represents the session space reserved for each displayed
page. Thus it should be stored i the session. It should be identified vsing & wnique identifier so
that it can be referenced in later requests/responses. '

The Session: In much the same way the request wraps a client-specific reguest, the
segsion also wraps a client-specific session. The interface of this abject, which must be declared
in the presentation controller, contains only the necessary metheds to add Page Daia objects to
the session and to remove them flom it

The Renderer: The interface of this object (inust also be declared in the presentation
controller) defines the set of components that any presentation port should know how to build,
Bach presentztion port must provide its own implementation of this interface. It actually must
wrap the client-specific response.

The Value B inding: 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
fo the velues in the Page Data. These Value Binding objects can be used later by the presentation
port to update the values in the Page Date (i.e. when a new request is received).

£ I;o cating the Appropriate Action Handler/View Builder

In the traditional epproach 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-else statements)
that would sverrtually lead to the right action to be performed. In this approach, the code of the
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controller is hard to maintein, becanse if a new sction (which handles & special request) must be
added, then the chain of iftelse statements must be modified, and this might introduce bugs.

A better approach is to uss the registry/factory design pattern. In this approach, the
actions register themselves at 2 factory, When the controller receives a raquest, it looks up the
action that is interested in this request from the factory. The registration and look-up operations
are done using a krey object. This key may be built from data in the request and related dats in the
gession, The View Builders must be located the same way.

g, The Need for a Context

Suppose that the user interface containg & “Save” buttor, and the user clicks on it. In
this case, the presentation controller will receive a request teliing it that a “Save’ action must be
done. The prasentation controller will look up the handler registered for this action and invokes
it. This is the simplest poszible case, and from it, we conclude that the key nsed in the look-up
operation is the action hame asgociated with the pressed button. However, ths is insuffcient,
since the action handler registered for the “Save” action will handle a1l “Save” actions regardless
of the page in which the source bution exists. This means that the presentation vonfroller needs to
know the precise coniext, in which the event happened. ' A

I Defining the Context

Any user interface is actually a visual representation of cue of the entities of the
gyster, and each entity in the system is an instance of some type. The actions the user performs
(such as the “Save”™ action) may be handied 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
knowsn use-cases: '

Edir: It is the use-case in which the user creates new entity or updates ap aiready
existing entity.

View: It is the use-case in which the user views an already cresied 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

criteria specified in the search input ase-case.
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In the exarnple given above, the “Save” action is a business action performed on the
displayed entity. There are other fypes of actions used to navigate the displayed entity. Using
such aciions, the user can view the entities related to the displayed one. Yet there are other types
of actions that can originate frorn & user interface. The actions that refresh the pags, oz the
content of its components, when one component is modified, are examples on such actions. -

To sum up, a context cen be defined using the following attributes:

The use case name.

The entity type.

The action type (visual action, technical aotiqn, navigaiion, refregh, Hght fefresh).

A perameter that indicates (depending on the action type) the action name, the navigation
role, or the modified component.

ii. More Precise Context

The above-mentioned context is & sirmple one that may not be sufficient in some
cases. In general, we need to knew the precise context in which an action was psr%ormed. The
precise context is defined in terms of the simple context of the current page, and the precise
centext of the caller page. The caller page is the one from which the user accessed the current
page. - . |

FIG. 50 iilustrates how the action will be refrieved from the factory from a given
context.

h Super Action Handlers / View Builders

By default, the presentation module will rcgis{er besio actions and view builders for
the most generél and known uss cases, For instance, for the following context:
Use case: Bdit. '
Entity type: Any {:iv.e, Compaosite Value),
Action type: Action.
Parameter: Save,
We will find registered a default action handler that invokes the “synchrenize™
method. Suppose that one request had the following slightly different context:
Use case: Bdit,
Entity type: Currency (& sub-class of Composite Value).
 Action type: Action.
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Pararpeter; Save.

Even-though the cortext is different, but simee no action handler is registered for it,

the presentation comiroller should select the “Super Action Handler”, which is the handler

registered for the more general case (i.e. the default action handler).

i The Action Handler Inferface

Bvery Action Handler on the system must izplement the interface

com.palmyre.arch.presentation.actions.Action Handler:

public intsrface Acticniandler |

TargebtInformation executelcotion{Reguest reguest,

PageData pagelata, SuperictlonHandler superadction);

BindingsMap getPcssibleBindings (Pagelata pageData,

String key, SuperhctionHandler superiction);

ModifiedKeyeInfo getModifi edKeysInto (PageData

‘pageData, SuperictionHandler superiction);

string getActionPositionToUpdate (PageData pageData,

SuperdctionHandler supericition):

}

This inierface has 4 methods, the more inportant one is executedction, and its role is

10 execute the business logic related to this action. It hasg three parameters:

the fargeted page or the use case to begin, and any additional parameters that affect the execution

(1) The Reguest. The request containg any data gent by the client. This data fncludes

of the busizess logic. The interface of this object st 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 & speciel

chject {with an interface sitnilar to the action handier interface) through which invocations can-

be made to the super action handler. This way, the developer need not know the actual type of

the super action handler, or how to locate it. The same techmigue must be vsed with view

'i_auildsrs.
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(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 2 Page Data object, which is the
sossion space dedicated to the displayed page, then this object should be passed to the action
beandler, “

(4 The Target Information. After exe;:uting an action the presentafion controller will
do one of the following operations, and it is the responsibility of the action handler o tsll the
presentation controller what to do next by retuming a Target Information object:

Calling o new page; In this case the aciion handler must specify in its result the context
of the called page (including the action fo be performed upon calling it), the &ata io be
passed to the called page, and the action to be executed upon returning 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 need to specify the scfion fo be executed upon
fetumf!ng. '

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 simpie context in the
Target Information object.

Returning to a caller page: The action handler must specify the data to be returned to the
caller page,

Nome of the previous operations.

Thus, the Terget Information object must contain the following attributes:

Navigation Type: 1t could be Call, Forwazd, Stay, Retumn, or None.

Target Conzext: Used in case the Navigation Tvpe wes either Cell or Forward,

Use Case Configuration: The configuration to be passed to the called page (for example
ihe valee tc be viewed)

The On-Retwrn Action: The name of the action 1o be executed upon returning from &
called page.

The On-Return Action Type: The type of the action to be exscuted upon returping from a
salled page.

TABLE T1 1is an example of Preseniation generic Action Handler: ActionSave

Table T1: Example of Presentation generic Action Handler: ActionSave
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] 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 Controlier 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:
The Page Data: The page date must contein the data to be presented visually by the
view puilder. o ' )

The Renderer: The object provided by the Presentation Port to aid the Presentation
Controller in rendering the visual nser interface.

The Request: Sametimess the presentation controlier may decide that some pages must

be updated only, without rendering them entirely. For this reason, it is useful that the View

" Builder contains the following method that is used in fhis case:

updateReys. The updatcKeys method must retum a list of the components fobe
vpdated.

This is an example of & ViewBuilder interface:
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public interface ViewBuilder {

Container buildView{Renderer renderer, Request recuest,
PageData pagebdata,

SuperViewBuilder superViewBuilder):

I*z‘c
* Rebturng a Set of components to be updatesd.
*/

Set updateXeys (Rende:rér renderer, Reguest reguest, PageData
pagebata,

SuperViewSullder superViewBuilder, Set
modifiedReysInfog, Form form) ;

}
k The Page Data

As mentioned before, the Page Data is the session space reserved for each displayed
page or user interface. Page Data objects have identifiers used {o access the page datz 1n the
gession. These identifiers are also used to bind rendered forms to their corresponding Page Data
objects, However, once 2 Page Dats object is located, the context of the page rnust be restored so
that the Presentation Controller can locate the appropsiate Action Handler that will operate on the
found Page Data object. The best way to restore the context is by keeping it in the Page Data
object itself,

In addifion, since pages call sach other, and since these pages must be rendered in the
same frame that represents a whole use cass, it is useful to let each Page Deta object keep 2
reference to the Page Data ubject that corresponds to the caller page.

Given this, the Page Data object need not keep its whole context. Instead, it only
needs o keep a simple contoxt (L.e. use case name, class name, action type and the parameter).

The rost of the context information 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.

imﬁlementaﬁon to this interface,

L How the Presentation Controller Works

‘When the presentation confroiler receives a request, this request either will intiste a

new use case, or it will be part of an already mitiated one. In the former eage, the request must
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contain the simple context of the use case to be initiated. In the latter, the request must provide 2
reference to the targeted Page Data object and information about the action 1o be performed.
When initjating a new use case, the Presentation Controller must create a Page Data objeot and
initialize it by copying tI:m context informadon to it. For already mitiated use cases, the
Presentation Controller must only copy the information about the action to be performed from
the request 1o, the Page Data object. This will actually modify the context of the Page Data
object. .

In both cases, the Presentation Controller must locate the proper Action Handler
object and invoke it The Action Handler object will return an Target Information object that
determines what the Presentation Controller should do next. The Astion Handler may decide to
call 2 new use case, and thus a new Page Data ohject must be construcied and Enked to the Page
Data object of the ¢alling use case, and a new Action Handler must be invoked. This means that
the Preseniztion Controller will go into a loop that breaks when the last called Action Handler
decides thai no further actions should be performed.

2. GUL

The generated application automatically provides a web-based user interface. The
antomated Ul generation process tales the metédata (which includes class and process) as nput
and output visual elements which can be implemented as HTML page or native screen Hibraries.
The generated pages ars basic usge cases to create new objects, to search for already created
objects, and to edit or delete objects. The Palmyra framework automaticaily generates screen
pages used {o create, edit, and search the ohjects of the Entity class types that are defined in the
TUML model af the target application. The contents of the screzps are generated in accordance
with the fields and relations of the entity ¢lasses by using an slgorithm to generate a default
layout of the scroens. The algorithm generates the layouts based on the stricture of the classes
and then the view format tool cen later be used {o re-allocate the visual element if needed. The

usage of the visual elements that represent the Selds and relations (foxt boxes, combaos, lists,

' Iinks) and their distribution on the screens might be marmally modified later using the View

format configuration tool, The modification of the user imterface using the View format

configuration tool can be performed at runtime.
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The automatically generated screen-pages contain a set of predefined buttons that
laumch actions like save or delete or search. Process-related zcdons (defined in the process
diagrams) are also aufomatically generated in the target application.

Specific actions can be also be addad on pages when new use-cases are defined in the
tarpet application using the use-case fransifion diagrams.

When specific actions are added, the action-related treatment is written fnanually and
integrated in the epplication using the UML generation tool

The mannally written code is necessary when the required ireatment is nof predafined
or needed to be enhanced in accordance with a spesific need.

2, Dashboard

Also as part of the Graphical User Interface, the Palmyra application provides the
users with the Daghboard incl A dashboard is a tool that helps sach application user to kmow his
"To Do" list, and it also provides an indication about the volume of his tasks. The dashboard lists
the tasks that a viser has to perform. Bach user has his own list of tasks depending ori his
properties. The service provides configuration interface to allow a super user to assign properties
and conditions to users. It also guarantees thet all tasks are assigned. \

A dasbhoard 1s a set of nodes, each node containg sub nodes. Bach node deals with am
eatity. Bntities are displayed according to conditions defined by the administrator of the
dashboard. A lst of tasks corresponds to each entity. A task is a link to the product use case
allowing the achievernent of this task. The configuration of the Dashboard is performed at run
time.

3. Input and Oatput Devices
8. IO Devices

The Input and Cutput devices are the gatewsays of machine based communication
with other systems. The framework defines the templates that input and output devices should

- follow. It also defines some inprut aad output devices that support common protocels Iike FTP,

HTTP, Queues, Bmails via SMTP, printers and faxss (as output devices).
The commumications are made using message exchanges. The input devices accept
messages generated from other systems to be read by the target application and the output

devices send messages generated by the target application.
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Tndependently from the communicstion port and the type of input device nsed,
messages arriving to the system should be parsed in order to transfer the message into data
represented in a suitable menner for the target application. This is done through two separate
modules, the drivers and the mapping.

The messages generated by the system depend also on the mapping and drivers in
arder to fransform data from internal representation into an intermediate form and eventually into
2 message. '

b. Mepping

The Mapping module is a configuration-based format transformer, The configuration
defines the source and target type (two entity class types dedined in the metadata of the target
gpplication) and defines how to transform feld-values of the sourcs type into the feld values of
the target type. The fransformation formulas are written using the expressions language defined
by the framework. The expresgions provide the possibility to make arithmetical operations or to
invoke predefined methods on the fieid-values af the source element. The configuration also
provides the possibility to add conditions on the mapping mnstructions, so that only the
instructions with satisfied conditions are executed.

The mapping configuration is done afier the deployment of the application, and the
configurations are stored in specific database tables.

The mapping module is principally used in Triput and Output operations wherein. data
ig converted from internal systém representation infto intermediate representations used by the
drivers and vice-versa.

G. Drivers

Drivers are used to read from or write into specific formats. In Input devices,
messages arrive frurp m;temal systems having a predefined format like XML or X085 or SWIFT.
These messages are parsed and converted inio intermediate structures defined by the driver, In
Ouiput devices, messages are genersted in order to comnmsicats with other systems. The
generated messeges also have predefined formats.

For each format or type of format a driver can be created. The framework defines the
template of deivers, Tt also defines s set of drivers for some formats like XML, fixed text, and

swift messages,
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Some drivers require configurations, especially when the format is flexible. For
exarople, XML is a format but it is also a language so the structure of the tags znd elements are
defined in a schema at runtime and the configurations are stores in a specific database table.

C. Business Layer
1. Basic Structure

The template that defines the metadata in the framework is called the basic structure,
Tt is considered the core of the Palmyra framework becanse it is nsed by ali the framework
gervices. All the metaéata’deﬁxﬂﬁon&, whether by means of gensrated code or by dynamic
definition using constraint models or by means of written code, is based cn the template defined
by the basic structure. By using the predefined t&nﬁplate, all the implementing types inherit the
fumctionalities of integrity checking, serialization and de-serialization, and the possibilities of
havmg autornatically calculated fields. ‘

Basic Structure defines the syntax and bagic behawor for ali entities in the
framnework. It is a set of inferfaces and classes that adds new features to the basic clasges in Java,
Tt i5 composed of classes that are used in the development of applications, These classes are
wrappezs for the Java primitives and Java Collection framework,

a. Paclkages of Basic Structure

The mein package com.palmyra.arch.basicStruct containg several sub-packages. The
most important are:

com, palmyra.arch.basicStruct. data: This sab-package contains simple and struciured
data classes in the framework. _

com, palmyra.creh.basioStruct. metadaia: This sub-package contains descriptor or
meta-data classes, the list of deamons, integrity checkers and domain managers.

com.palwyra.arch.basicStruct. exception. this sub-packapge contains the framework
customized exceptions. FIG. 33 illusirates the exceptions provided by this package.

com.palmyra.arch. basicSiruceindt this sub-package contains the main class
Generalinitializer java responsible of loading all Palmyra classes when staring the server.

com.palmyra.arch, basicStruct. iterfaces: this sub-package contains the definition of

the interfaces to the different modules in the framework such as: configuration, seearity,
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335

sequcnce; trace, persistence, franslator, lifecycle and file manager, this sub-package also containg
a defanlt implementation for each interface.
com.palmyra.arch. basicStruct.jo: this sub-package defines a list of interfaces
allowing the definition, the configuration and the re gistration of drivers.
b. -Package cormpalmyraarch.bagicStruct.data

This package contains the basic constructs in the famework, Classes in this package
are the main data blocks used in building applications vnder the Palmyra framework. These
classes implement the interface Value that is the highest abstraction level in the Srameworle. This
interface defines the common behavior between all framework objects, The Valne interface
states that all implementing ciasses will be Cltmea’élc, Comparable, and Serializable, In addition,
implementing classes can be constructed from properly formatted humsan-readable strings and
XML documents, and implementing classes can be savad fo similer strings and XMLs. Every
value is associated with 2 metadata descriptor class of type Classe that can be used to inspect the
definition snd nature of this value. Tzble 13 illustrates fhe main methods defined in the Value
Interface of Package com.palmyra.arch.basicStruct data:

Table 13: Main methods defined in the Value Interface of Package
com.palmyra.arch . baslicStruct.data
pachkags com .palmy:t:a .arch . basicStruct.data;
public abstract interface Value extends Seriaslizable, Cloneable,
Comparable, PalmyraSerializable {
vold checkIntegrity (int intl) throws IntegritvExceptiong
vald checkIntegrity(} throws IntegrityvException;
woid checkRuleg({) throws RuleException;
Classe getClaszse(); .
Classs getClasse(String key) throws ProcessBException;
Field getPield{String Xey) throws XeyNotFoundBException:
vold setValue{String string, Prefile profile);
volid setValue(String string) throws IllegalFormatxceptlion:
vold read|InputStream inputStrsam, I0Driver i0Driver)

throws I0Exception;
void read(InputStream inputStream, String string) throws I0Exception;

wold write{OutputStream cutputStream, I0Dmiver 10Driver)

throws IOException;
void write{OutputStream outputStream, String string) throws IOException;
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Object cleone{boolean beolsanl);

Object clena();

vold deserialize (Btring string, String stringll:;

vold degerilalize(String stringl;

S8tring toString(Profile profile);

void. set (String string, String stringl, Profile profile)
throws RKeyNotbFoundExcepticon, IllegalFormatException;

void sei(String string, String siringl) threws KeyNotFoundException,

IlegalFormatException;

void zet(String string, Value value) throws
KeyNokFoundException;

c. Basic Struct Main Rules

LasioStruct is composed of SimpleValue(s), ColiectionValué(s) angd’
CompositeValue(s).

Each oue of these types requires special procedures for use. Howsver, there are
common rules i using ail of the mentioned typés, these rujes are;

. Each Value object has a Classe instance associated with its Class type, this instance is
the description of this value and is provided through the getClasse method. FIG. 32 illusirates the
composition of Clazse. '

.. Each Value object has a defaulf constructor, a string parameter constructor, and a
method setValue, This method takes a string and constracts the content of the cbject from this
slring.

Each Value can provide ife content in & resdable string format. )

Inn general, changing the constraint of 2 Value is achieved by sub-classing the Value
class and oreating a new Classe instance and associating it with the new class of the Value,

When sub-classing any Vahie class, the user should always create the proper instance
of Classe that describes this value, override the getClasse method, and explicitly declars the
defanlt constructor, ‘

The main methods defined in the Velue interface are: methods for content checking,
checkIntegrity, and checkRules, methods for getting meta-~data information sbout the objsct,
getClasss, and getPield; metheds for reading and saving the cbject in different formais, read,
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write, sefValue, and toString; and naming methods. FIG. 30 illustrates the main methods defined
in the Value Interface of Package compalmyra.arch.bagieStruct. data.
d. Value Interface

The Value Interfacs has three varieties of implementing classes. The SimpleValue
classes are a counterpart of Java primitives or wrapper classss, or it can simply be an atomie or
simple value. The CollectionValue class is a counterpart of the Java collections AP, or it can be
simply a collection of homogeneous 1tems. The CompositeValue class is the counterpart of a
Java class, or it can be simply 2 container that has items of different fypes.

€. SimpleValue

The SimpleValue cless is the abstraction of a single or atomic value in the
architecture. That means any instance of this class contains, logically, one value. Subclesses 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

This subclass is a wrapper Java boolean primitive. The BooleanValue has ne special
constraints or rules. TABLE 14 flustrates an example listing of Boolzan Value, In TABLE 14,
two BooleanValue instances are created. The second one is created and has its content set from
the string parameter;

Table 14: Examyple of BooleanValug

BoolzanValue bvl = new BooleanValue();

BoolsanValue vz = new BooleanValus{"true®);

bvl. setvalue (true} ;

System.out.prinktlin (bvl.getValue(});

System.out.printin{bv2);

System.cut.printin{bv?.getClagse());

. StringValue
This subclass is a wrapper of Java String class, FIG. 348 illuswates an example of

StringValue class. The StringValue adds to the Java String cbject three congtraints: the max,
length of the content string, the mask that the content must apply to, and a list of poséihle vakid
values. These constraints are saved in the StringCls metadata instance associated with the

StringValue object, and the default StringCls instance has no value for these constraints. To
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change ove or more of these constraints, the programmers must subclass the StringVaiue and
change these constraints in the StringCls instance associated with the new class as shown in
TABLE 15: _

Teble 15: Example of the constmaints on StringValus

package test;
public class MyStringValue exbends StringvValue {

private statle final Classe ¢ls = new StringClsl(
"test . MyStringValue!, new Integer{4)):

/% Remember: we should always explicitly declare the
default constructor and the Classe yetter method.*/
public Classe getClasse() {

reburn cis;

}

public MyStringValue{} {
}

This code defines 2 new StringValue that has a maximum Jength of 4.
One can get the maximum length and other constraints from the StringCls associated
with the StringValue.
MyStringValue sv = new MyStringValue();

Integer max = ({StringCls) sv.getClasse()).getMax(};

Svstem.out.printin(max); // prints ocut: 4

The DateValue class is a wrapper for the Java Date class, the DateValue has two
constrafnts: min and max dutes. TABLE 16 {ilustrates &n example of how to create a DateValus
objoct from & data or a string parameter;

Table 16: Example of how to create DateValue object from a Date or a String parameter

TDatevValue dvl = new DatevValue();

DateValue dvZ = new DatevValue(*22/1/1877");
dvl.setValue (new Date());
System.out.printin(dvl.getValus());
Systen.cub.printin{dva);
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. NumberValue

The abstract class NumberValue is the super-class of all mumeric classes in the
framework. The metadata clzss for this value is NumberCls class. This class defines two
conetraints on the contents of NumberVaive: the minimum and mexinmm value. In aédiﬁon, as
in the Java Number class, this class provides helper methods for conversion between the various
numeric classes. Subclasses of NumberValtue are IntegerValue, LongValue, FioafValue and
DoubleValue. TABLE 17 illusirates an example of how to create different types of
MumberVahae class from a Double, Integer, or String paramctaf;

Table 17: Example of how to create different types of NumberValne class from & Double,
Integer, or String parameter.

NunbervVelue nvl = new IntegerValue():

NumberValue nvi = Numbervalue.newlInstance{nsw Double{88.421}};
IntegervValue nvl = new IntegerValue(nv?2.asInteger({});
IntegerValue nvd = new IntegexrValuse(*18777);
Syatem.out.printin(avl); // prints out: 0
System.out.printin{nvi); // prints out: 88.421
System.out.printin{nvi}; // prints out: 88
System.out.printlnluve)l; // prints out: 1977

v. DynamicStringVahieClass

‘Dynamicsuing"\?a}ae is a StringValue that can change iy StringCls descriptor class at
runtime, Instances of DynamicStringValue class can have their StringCls instance set in the
constroctor or in any part of its Hifecycle. TABLE 18 filnstrates an example of
DynammeStringVameClags:

Table 18: Bxample of creating 2 ListValue from 2 formatted string and add items to it

package tegst;
public ¢lass Stringlist extends ListValue |

private stabtic Classe cls = new CollectionCls|
"tegt,Stringlist", StringValue.class.getName(});

publioc Classe getlUlasse() {
return cls;
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}

public Stringlist{) {
) ‘

public StringList(Str:i;ng value} throws ProcsgsExceptlon {
guper (value);
1

public static void main(Stringl! axgs) {
tringlist list = mew StringLdist("([22, Csama, Maher,
gh, 22/1/195533%);
list.addValue(new Stringvalue ("whatever®));
list.addValue{new StringValue ("ABCDEFG"));
list.addValue (new StringValue {"1234567"));
Iterator iter = list.iterator{);
while (iter.hasWNext{}} {
Object item = iter.next{)};
System.out.println(item) ;

£ CollectionValue

This 15 the super-class of all containers or data structures in the framzwlcmk; FIG. 31
illustrates the Collection class implemented in com.palmyra. azch.basicStrust,data package.
Subclasses of CollectionValue are either a conerete implementation or a filter class that adds a
specific featine to an existing concrete implementation. Subclasses of CollectionVaiue include:
ListValue, a collection implementation based on Java List; MﬁpV‘alue {Teble 19), a collection
implementation based on Java Map (Table 20); CenditionalCollection, a collection that filters the
content of & c-oncrete irmplementation based on 2 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 & wrapper of a collection that has items of typs Value.

Table 19 Example of the MapValne Class

public static void main(Stringl] args) {
MapValue map = new MapValue(};

128



10

map. set ("name’, new StringValue {"IJName®)});
map . set {"salaxry’, mew IntegerValue (1234}) ;-
mep . set ("phone®, mew StringValue("+363-(011)-5551234"));
map . set ("e-mail®, Dew StringValue ("me@somewhere.com”));
map.set{"on-job*, new BooleanValue {"true®});
Iterstor iter = map.values(}.iterator(};
whilse {(iter.hasNext()) {
‘Obiect item = iter.next();
System.out.println (item) ;
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Table 20; An example of CollectionClassValue
package test;

public class Integerlist extends Lisgtvalue {

private static Classe cls = pew CollectionCls(
“tegt,Stringhist?, IntegerValue. clags.gestName(l};

pubhlic Classe getClassel) {
return cls;

H

public Integerlist() {
// continued

3

public Inlsgerbist(String velue) throws ProcessException {
guper (valus) ; '
¥

}
Second we define the condition:

package test;
public clasgs MyCondition implements Condition {

public boolean eval (Object oki) {
if ({{IntegerValue} obld).integerValue() >= 48]
return true;
else
return false;
}
}
package Lest;

And finally we apply the condition object to the ListValue instance throw this
anditionalCollecﬁon instance,

public class Tegter {
public static vold mein(Stringl] axrgse) {
// oreate 8 LigtValue and £1il1l it with random nunbers.
IntegerList 1ist = new IntegerList(); ’
CBor (dnbk 1 o= 0; 4 < 100y 1+44)

list.add(new IntegerValue(Math.round(100 * Math.random()]));
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Table 211 An example of the PageByPagelierator

public static vold mein(Btringll] args) {
' // create a ListValue and Fill it with random numbers.
Mapvalue values = new MapValue();
for {imt i = 0; i < 100; i++)
values. set (Integer.toString (i), mew IntsgervValuel(i});
System.out.printin(values);
// create a PageByPagelterator.
PageByPagelterator pages = new PageByPagelterator (values);
pages.setPageSize (10) ;
pages. setPageNunber (2) ;
Iterator iter = pages.pagelterator{);
while (lter.hasMext{)) {
System.cubt.println {iter next{));
} .

pages.nextFage(};

An instance of the CollectionCls class is associated with every CollectionValue ¢lags.
The only constraint the CollectionCls imposes on the CollectionValue is the type of its items.
Table 22 illustrates an example of ReferencingClass. '

Table 22 An example of ReferencingClass

package ramote;

public class NewStringValue extends StringvValue {
private final static Classe cls = new StringCls{"romote.
NewStringValue®) ; '

public Classs getllasse () |
raturn cls;
3
)

To remotely reference this class we should create 2 new Class that extends the Reference class
and have the same name of this class,

_package remote;

public class NewStringValus extends Refersnce

{}

131



10

15

20

25

30

£ CompositeValue

CompositeValue is & data structure that contains predefined fields definition. The
definition of the felds exists in the CompositeCls instamce associated with sach CompositeVealue
abject. This is similar to the idea of a class in which it is compossd of members. A '
CompositeVatue object stores in its metadata class the definition of it fields.

Subclasses of CompositeValue are: DynamicValve, a CompositeValue that can
change its fields at runfime; 1D, a CompositeValue composed of 2 LongValue primary key and-
StringValue code members. .

FIG. 344 illustrates the subclasses of fhe CompositeValue class, The
CompositeValue class extends the CollectionValue class, thus all operations valid fora
CollectionValue are valid for the CompositeValue. Uniike the ColiectionValue a user cannot set
the value of a key not defined in 2 CompositeCls class, only declared fields are can have values.
Th;a role of the CompositéValue class in the framework is the sams role of {he class in Java. The
CompositeValue class is a structure composed of predefined fields, ‘

A CompositsValue class references 2 CompositeCls metadata class that defines its

definition, The CompositeCls by iis turn contains a collection fields whose elements are of type

. Ficld. Each field in turn is associated with a specific Classe type.

The CompositeValue defines a set of methods to manipulate the value of its feids.

_The most importent ones are:

get (String key): returns the value of the given key. The key can be simple (a) or
composite (2.b.c),

getSimple (String key: returns the value of the given sitpls ley.

sei(String key, Value value): sets the value of the field with the given value. The key can
be simpie or composite. The CompositeValue class provides many overloaded versions
of this method.

setSimple(String Jrey, Value vaiug): sets the value of the simple field with the given value.
remove (String key): removes the value of the key from the memaory, The field can be
simple or composite.

removeSimple(String key): removas the value of the simple key ﬁ'ozﬁ the memory.
isAss?gned(Srrirzg key): returns true if the key Bas a valye in the memory, The key can be

stmple or composite.
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isAS‘s"z‘g;zaa’SimpIe (String key): returns true if the simple key has a value in the memory.
A field defived in 8 composite value can be in one of two states.
. Assigned: the field is considered as assignad if it has an existing valus in thc-mt:mcry.

BEvery field is considersd as assigned after calling on of the two methc;ds: set or get.

Not assigned: A field is considered as not assl gned if it hasn’t a value in the memory.
A field has the state “not assigned” after executing a remove operation on it

FIQ. 33 illustrates an example of creating and defining CotmpositsValue class fields

' i DynamicValue

DynamicValue is a CompositeValue with a non-static Classe instance associated with
it. Thus this ¢lass instance can be updated at runtime and felds can be added at runtime to this

DynamicValue object, Table 23 illustrates an example of using this class:

Table 23: An exarple of DynamicVaiueClass
First we define the DvnamicValue class,
package test;
public olage Employes extends DymamicValue {

private static Compozitells cls = new
CompositeCls (Employee, class) ;

public Classe getllasse() {
ratorn clsy

;

public Employee!) {.
1

H
Then we create an instance of Bmployee and we add figlds to it af runtime,

public class Test {
Employse emp = new BEmplovee();
CompositeCls cls = (CompositeCls) emp.gebClasse|();
ols.addField(new Fileld("emp_name", StringValue.class));
cls.addField{new Field('emp_salary"®, DoubleValue.class)}:
cls.addField (new Field(‘femp_manager", REmployee.class,

Field.COMBPOSITION, null, *trus, false));

emp . set (Temp_name®, "Osama A Obledv);
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emp . set{"emp_salary”, "1237);
emp.set ("emp_manager", new Enployee());
Syatem. oub.priatlin{emp);

iL. 1D class

1D class represents an identifier or priméry key for a specific AbstractValue instance.
1D extends CompositeValue and is composed of three fields; idPk, idCede and idType . Each
AbstractValue instance providss a unigue ID instancs, the pk is provided and maintained by the
sequence service, the cade is evaluated from the AbstractValus fields af umtime and the type |

~ presents the name of the instance type. In Table 24, the codeisa SiringVaine composed of the

combination of fields that have their orderTaCode property set. We can see in the codes listing
that the first three fields defined in this AbstractValue class have their orderinCode property set
1o an integer value, whereas the remaining fleld has its orderlnCode property set to the default
value nuiL Thus in the output of this code the values of the specified fields will be printed in that
order,

Table 24: An example of the ID class code

package test:

public class AV extends ComposibevValue implementcs AbstractvValue
{ .
private static f£inal Clagse cls = new AVCIs{"test.AV",
new Field[] { ‘
new Field{'perscnal_number', LongValue.class, Field.SIMPLE,
null, true, false, new Integer(l), new Integer{l), new
Tnteger ()], A
new Field({'name', Stringvalue.class, Fiald.SIMPLE, nunll,
true, false, new Integer(l), mew Integer(l}, new
Tnteger{2)],
new Field("surname", StringvValue.class, Field.SIMPLE, null,
true, false, mew Integer(l), new Integer(l}, new
Integer(l)}, ’
new Field{'salary', Integervalus.clasg, Field.SIMPLE, null,
true, falge, new Integer(l), BEW‘integer{l), new
Integer(()),
Py
public Classe getClasse() {

reburn cls;

}
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public static void main(Stringl] args) {

AV av = new AV();
av.set ("personal_number", new LongValue(22177}));
av.set {"name", new StringValue{*albert"));
av,sebt {"surname", nsw StringValuve (YEinstein”)):
av.set{®salary', new IntegerValue{84210));
System.outb.println{av.getCode{));
// Prints out: B4Z10 Eingtein Albert

T}

h. Keays class.-

L

Keys class is a Map structure that defines names of pogsible fiefds that can existin a
CollectionVelue or a CompositeValue class. “Possibie” means that the key represents a field
defined in a CompositeValue biet ot necessarily an existing field. As long 25 the class of the
object is loaded, the definition of the field itsslf exists in a Field object reacheble from the Clasge
inetance associatad with the class name of the Value, but in nomitime the veiue object may have a
key and censequently a value for the specified fisld or may not.

The structure of the Keys class is a Map, so every entry in this Map hasakey and a
value. The key is & String object contains the name of the field and the value is 2 Keys object '
containing possible keys for this field or mull if this field has no keys,

The main three types in the framework can return a Keys instance as follows:

SimpleValue: always returns null. ‘

. CollectionValue: returns a Keys instance with one entry that has the shing " ag the
key, this means that the CollectionValue object car take any field name, and the value of this
entry is a Keys structure of the items of this CollectionValue,

‘ CompusiteValue: retirns a Eeys instance containing all the fields defined in the
CompositeCls object associated with this CompositeValue instance.

The framework provides the possibility fo extract the list of keys regarding a set of
properties: owner, declarsd, mandatory, assigned, relation type, code, calculated etc. ..

The set of these methods are defined in the Classe class.

i DeepMap Class

This ghatract class is the firs! implementation of the Value interface, B overrides the

defanit behavior of the Map and implements the new object with in-depth naming access. All
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CollectionValue implementation benefits from this class and accepts composite object names as
akey,
iR AbstractValue

AbstracfValue is the super interface of all parsistent objects in the application. It .
cortains defzult or technical fzlds that are used in saving and refrieving the AbstractValue from
any storage service. The technical fields are: pk, type, accessPoint, creationDate, creatorUserld,
updateDate, updatoriserld.

The AbstractValue has three metﬁods that deal with persistency:

Synchmnize: tells the persistency servics to save this AbstyactValue object.

delete tells the perdistency service to delete this AbstractValue object.

lazyGet(String key): retrioves the value of the field from the application storage.
k. Package com.palmyra.zrch basicStuct.metadata

This package contains four main parts: the mefadata description of all elements in the

" framework (Simple vaiues, composite values, collection values and contrdllers), the deamons

(ffAdded, IfNeeded and IfRemoved), the domain managers and the integrity checkers.

i, Meta Data classes

The main class holding the metedata degeription of the framework classes is Classe.
Ea;:h object in the framework is associated with a Classe instance. This ingtance holds
informetion gbout the different fields of the Value and properties of the Value iself. The main
methods in this class are:

Value newlnstance(): creates & new instence of a value,

Clesse forName{String classNamg): retrieves the metadata description of a valne

Classe getSuperClasse(): teturns the metadata description of the super class.

List getAlllmplementedInierfaces(): retums the name of all implanted interfaces.

Keys getSubClasses(): returns the name of all sub-classes,

Classe have many sub-~classes. The i ores are:

SirpleCls: is 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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related to instences of type NumberValus, StringCls related to instances of type StringValue and
TimeZoneCls related to instances of type TimeZoneValue.

CollectionCls: is the root class holding the matadata defindtion of a collection valus
class. This class provides the possibility to reirieve the items type of the collection.

" CompositeCls: is the oot class holding the metadeta definition of fhe composite

clagses in the framework (entitiés and interfaces). Its main methods are:

Field getField(String name): retams {he metadata description of a field.

List getCodeFields(): returns the list of fields marked as code,

Keys getKeys(): returns the name of 211 fields. The CompositeCls defines many
overiceded versions cif this method.

Keys getb eclatedKeys(): retuens the declared kevs only.

Keys getOverriddenKeys: return the overridden keys only. Note that all keys =
declared keys -+ overridden keys,

CompositeCls has many sub-classes:

AV Cl: related to every class that extends CompositeValus and implements
AbstractValue or every interface that sxtends AbsiractValue.

ConstraintableCls: related to classes having the stereotype “constraintable” in the
UML model,

InterfuceCls; related to svery Interface that extends the inferface Velue,

DynamicCls. related to dynamic values clagses,

ConstreintsCls: is » sub-glass of DynammicCls, it is related fo classes marked as
“constrajuts” in the TIMEL model

The class Field is the elementary object for metadata description. Each CompositeCls
instance holds a group of Field instances. Bach ons dssoribes an attribute or & relatior with
another class, The ﬁelci is defined vsing a sst of properties: name, Classe (equivalent to its type),
1min and max multiplicity, collection type (map, set or list), relafion type (simple, cornposition,
aggrogation or association), owner, nevigable, transient ste. ..
_ - The Classe ~ Field classes are used to describe values witl their fields. However, the
meiedata of controllers and methods are desoribed vsing the classes Centroller, Method and
Parameter,
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Controller is a clags that describes the metadata of vser defined services {or
controliers). It provides methods to access the controller properties like the name, aliss, super
confroller, declared methods, all methods etc...

The Controller class provides also e poseibility to create 2 new mstance of a -
controller wsing the method newlnstance() and to reirieve a metadata description of & controller
via-the methods forName(} and forAdlias().

Method is a clzss that describes an action {or a method) in & comfroller, It provides
methods 1o access the method propertics like the name, return type and paiame’cars.

Parameter is a class that desoribes a parameter in a method. It pmvidés methods to
aceess the method propertiss like the name and the typs.

it Deammons

The value of a fieid in a composite vetue instance can be managed using three
methods: get, set and remove. The call of every method of the mentioned above can impact the
value of other fields or the integrity of the parént composite value instance. Deamons are '
tisteners, that un in the background, and are invoked afier each elementary method {get, set or
remove) in order to execute the required irestment. The deamons are divided into four parts:

If Needed Deamons: These deamons are invoked afier 2 ger operation on a field. Bach
field has one if need deamon wiich is responsible of retrieving the valoe of a field regwrding its
properties: caleulated, asp, foreign pk, foreign code, ransient, navigable relation, composition,
association, pk, code sic... For example, I[fiSimpleFieldlsNeeaded is registered for simple fields
ad it returns the felds default value if the parent value is new, else it tries to get the valne of the
kev using lazy process,

Default Value Deamons: These deamors are invoked when the system iries to assign
a efanlt value for a field. Bach field has one default if need deamon which is responsible of
retrieving the defenlt value of & fleld regarding ifs propertias: pk, type, calculated, has a defanit
formmla tagged value, hag an nitial valus, sequence ele... For example,
IfDefauliSequencelsiieeded is registered for simple fields having the stereotype ‘sequence’ and it
returns the next vaive of the field’s sequencer,

If Added Deamons: These deamons are invoked after sefting the value of a field.
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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are calculated once ai server startap, They ars calculsted regarding the felds’ properties:
celculation base, code bage, pk, code, type, foreign pk, foreign code, transient, collection
relation, index field, mandetory etc... For exarnple, if we change the value of 2 code field, the
system must recaloulate the value of the technical field code. This is perfommed by the deamon
JfCodeBaselsAddad . '

If Removed Deamons: These deamons are invoked before executing a remove
operation on a field. Fach field can have many if removed deamons. These listeners are
registered regarding the f=ld’s properties: celoulation base, foreign pk, foreign code or
imrmutable {non removable fields). For example, FlaloulationBaselsRemoved is registered for
fields participating in a caloulation formulz and it removes the value of the caleulated field.

i, Domain Managers

A Domuin Manager Is a class that holds information related 1o & feld: possible .
values, visibis, read only, calculation base, min muiitiplicii“y. max mubtiplicity ete...

The domain manager mechanism is added to provide the possibility to customize the
field’s properties at run time using the adapter design pafttern.

If the developer needs 1o define one of the menticnsd propertics programmatically, it
should define a class that extends DomainManagerddapier, overrides the required methods and
register this class as domain manager of the needed field in a stetic block or veing the Initfalizer
Titerface.

The framework assigns a defeult DomainManager for each field which is caleulated
at server startup. |

iv. Intogrity Checkers

Tntegrity Checkers are classes responsible of verifying the integtity (the correciness)
of the field’s value. Alllintegri‘sy checkers implements the inferface FieldBregrityChecker which
defines the method checkFieldintegrityy). ‘

Each field can have many integrity checkers caloulated switch the field properties at
server startup. The registered integrity checkers are used to verify the injegrity of 2 field content
whien the method checkintegrity() defined in the Value interface is mvoked.

The implementation of checkintegrity) mefhod provided in SimpleValue and i gub-
classes ensure the validity of the included value (the value must respect the defined constraints

like min vaiue, max value, the possible values sle...).
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The implementation of checkIntegrity() method provided in CompositeValze ensure
*uha'imeg:ity of sach field: the multiplicity ranges, value change in case of frozen feld ete. .,

The implementation of checkintegrity(} method provided in CollectionValne snsurs
the integrity of all incinded velues in the collection,

Palmyza frameworlc provides another data check mechasmism: check rules. The
business rules regarding a composite value instance can be implemented vsing the Rules
roechanism, The developer should define a class that tmplements the interface Rule and define
the method verify (. When fhe business somantic check is not verified, the developer should
throw an exception of type RuleExceprion.

L Packsge com.palmyra.zrch.basicSiruct.exception

This package contains the framework customized exceptions. FIG. 33 illvstrates the

excéptions provided by this package. The main ones are:
. DaiaException: This exception it a runtime exception, It is the super class of

exceptions thrown during data manipulation.

IntegrityException: thrown when the ntegrity is violated.

KeyNotFoundException: thrown when a non defined key is requested. _

PalmyralllegalFormatException; thrown when the user tries fo create a value from an
unfonmeatied string.

RuleFxception, thrown when & business ruie is not verified.

ValueNotFoundException: thrown when the system cannot refrieve an entity from the
storage refeted to a wrong foreign pk or foreign code. ’ '

ProcessException: is a nimiime sxoeption used to oncapsulate a non Palmyre

exception thrown in & business process.

Polmyra CiamNotmeciExceprion: thrown when the user tries to extract a metadata

definition of a not defined class in the epplication,

ImmutableFieldBxception: thrown when the user tries to remove an Immatable field
(vk, updateDate, updaterUserld eic..,). '
m. Packege com.palmyra.arch. basicStmet.init
" This package contains the main class Generallmitializer jove responsible of loading

all Palmyra classes when staring the server. This class contains a method called loaddllClasses!)

which is responsible of:
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Load all Palmyra classes in the memery which allows the registration of all Classe
instances. . .

Faxecuts all static blocks in the application. These blocks can be used to repister an
implementation of each component driver.
This package contains two interfaces: Initializer and Falmyralnitializer. The first one can be
implermented by a non Palmyra class (business class) and the second can be implemented
exclusively'by a Palryra clags. When the developer needs 1o exsoude a specific treatent at

server startup; such ag registration of an sction handler, lvading a propertics file or lling a

" eache; the developer should :‘tmpiament cpe of the mentioned interfaces and define the method

initinlize with the following signature public static boolean initialize,

2. Exprousions

Expressions defmef some simple paris of the applivations’ business.

They are used in caleulafion nd default formulas, business rules, mapping process,
lifs cycie design ete...

They allow pareing znd evaluating nser-defined expressions (z==1, b>20,alias.K))

They can be arithmetic (a+1), comparative (b<10), logical (v & d|e)...

In the process of sxpressions management, two sub processes can be distinguished:
the Parsing and the Bvaluation

The Parsing is the process of expression compilation; it produces a struchure used in
the evaluation of the expression. The parsing of an expression can be performed using ore of the
two methods:

Bypressionnarse(String exp): performe a gsyntactic check

Expression.parse(String exp, Classe ¢is). Performs a syntactic and semantic
check, ‘

The Evaluation process zims to refrieve the expression resulting value.

The main coneepts of the produced structure are Constant, Variable, Operation and
Function,

a Constant

It represents a constant value,

The oveluation result is defined from the beginning.
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Tt can be of different types (number, date, siring...)
The syntax of constants varies according to the type:

Number ; 1.2; 45200L; 5.32E8

Strng : "constant valus"

Date : *24/03/2006Db'

Boolean : frue; falss

Null value : null

b. Varigble

A varisble generally represents a Value fisld (2.g.: nams, g, b123, taxRate...)
Variables are Hierals which values are retrieved by the evaluation process.
The variable evaluation result is retrieved from the Value instance used in the
Evaluation procsss.
Varizbles are used in Operations and Functions definiton,
¢.  Oporation

QOperations are expressions with three items: Operendl operator Operand2
The operand] and operand2 can be variables or complex expressions
There are five groups of operations:

Avithmetic: +, - %,/

Logical: | (not), & (and), | (or)

Comparison: >, 7=, == =, <= <

Assignmeni. =

Delimiter: ; (used for actions in life cyole)

d. Pumnction

Function expressions can be decomposed into two parts: function name end
ﬁarameters
The syntax of a function expressicn is alias.functionName(parameterl, parameter2...)

The parameter can be either variable or complex expressions
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The parameters are svaluated separately, and then the function is invoked with the
evaluation results. .

The eveluation result of the function expression is the function invosation result.

i Service

The target application is a service-oriented systemn that can be deployed ina
distributed environment. The distributed platform is formed by & number of’ configured
Applicaiion Servers on whick the application is deployed,

A gervice is 2 set of functions that can be called locally or remotely. They can also be
palled in & synchronous or zsynclzonons mode. A service is referred to using a name that is
independent of its actual physical location. The Service Pattern in Paimyra uses one fagade ETB
to offer the synchronous service, called Facade, and ons message driven bean EJB to offer the
asynchronous service, called AsynchronousFacade. Therefors, users cen benefit from all
gvailable J2EE features while hiding their complexity. '

Synchronous Call: The synchronous service call consists oft

Build the message t¢ be execuiod
" Define the invocation afiibutes
Execute the message
Example:
//prepare the message to be exs=cuted
ServiceMessage message = _
BSFactory.getServi ce_Driver (} .createberviceMessage (X.class . g
atName (), "actionB");
// add the i:arameters to the message
message.setParametsr ( "éaramo ¥, new StringValue(“first
parameter”)};
//after building the message, 1t is ready to be exesguted
BSFactory.getServiceDriver () .callService {message) ;

For each Controller, Palmyra generates a caller class (Servi ceNameCaller) that
offers the fmplementation of the steps needed 1o call each action synchronously. -

Example:We can call the service whick we called in the previous example in one row

of cods
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¥aller.actionB (new StringValue(“first Parameter”));
Asymchronous Call: To call a service asynchronously, we just need 1o add
InvosationAtiribute to the method callService. This hrvocation Atiribute give us the ebility to
determing ths call fype, Synchronous or Asynchronous (defanltis Synchronous)
Here iz an example:
ServiceMessage message =
BSFactory.getServiceDriver() . c:raateServiceMessage {(X.cless.g
etName (), "actionB®};
// add the parameters
message. setParameter ("paramld", new StringValue(“first
parameter”});
InvocationAttributes att =
BSFactory.getServiceD’riveﬁ: (} .createInvocationaArtributes () ;
//this message will be executed Asynchronously
att.setisynchronous (true) ;
BSFactory.getServiceDriver().callf8ervice{message, atb);
Services are dsfined nsing UML class diagrams, They are represented by classes
called controliers. A controller has a nams, a short name or elias, and a numbei'.of methods. A
conirolier {s considered as a group of services. The geuerated code then represents skelston of
the structure needed to define the service, then manually written code is added in order fo cover
the fimetional implementation of the methods without taking into consideration the technical
aspects.
For each controller these are the main gcnera{ed classes: ‘
An interface named X This interface contains the method specified in the UML

a5 aetiors n this confroller

Axn abstract class called AbséraceX: This class is for technical reasons é.nd will not
be used by the user of this confrolier

A concrete class X Cadler: This class contains the methods defined I the inferface
X angl provides a shorteut to call the service X with default contracts of the

SEIVIes.
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" A concrete class XFRactory: This cless provides éifferent ways to get the

registered Implementation of the service X.

The developer has to provide a class that'extends AbstractX and he can give it the
parze he warts and write extra code 10 register it, otherwise he should name it Xfmpl.
Servicer defined in the UML model can be invoked using lifecycles, expressions or

manuzlly written code. The accessibility of the services to different users is controlled by the

secuzity module. The transactional behavior of the services (whether they support transactions or

not, and whethar they start a new iTansaction or embedded in the caller transaction) can be

- configured at runtime using a specific configuration tool. :

The Palmyra Service Module allows the end user fo configure, on runtime, which

service:

Is to be called remotely: Remote Service Configuration.
Is o be executed with a specific transaction fype: Service Transaction Configuration
Is to be broadcasted either in a Cluster or 1o other Applications: Broadeast Configuration

Calls to Web Services are fully implemented by the service layer. The configuration
nesded to call a web service is done on runtime through a WebServiceConfigiration instance.
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il. Lifecycle

The Lifecycle manégement component monitors the transition of an object rom one

state to anofher according to the assccieted sate diagram that represents 2 process. This module

is used to run all the processes defined i the target application. It is possible, af runtime, to load

new processss and to associate them to previously defined classes. The system takes ‘iha new
processes into consideration right affer loading them.

As described before, stats diagrams are used to define processes. Actions can be
defined in the entry points of the states that form the state diagrams, Conditions can be defined
in order to guide the exscution path. Both actions and executions are defined using the Palmyra
Expressions lenguage (PEL).

Processes can also be defined 1o lead severel other processes {one process to confrol

- and to launch several other processss).

i, Security
Internal and external Authentication and single sign on (ssc)

Role based authorization
iv. Job-Scheduler

Palmyrs Scheduler i5 a technical module in the Palmyra Framework that is
responsible of managing the execution of scheduled jobs,

A job is 2 Palmyrs Controller’s method with a particular configuration. The latter
configuration is o be specified & runtime, .

A job can be created, mo dified, deisted, tracked and executed menually or
antometically.

The Palmyra Scheduler management includes repetition and failuzre.

It is tightly related to the module Palmyra Calendar, whichis responsible of Holidays
and Business Calendars management, i

For a Palmyra Application to work with the Palmyra Scheduler module, some
prerequisites need to be fulfilled at design time: o

The action to be scheduled needs to be dsfined a8 2 method in a Controller.

An implementation of Business Celendar nesds tc be created. This implementation Entity

should encapsulates an atiribute with: the stereotype “code™.
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Bxample: Ws will be configuring & Job based on the TesiControlier’s method “add”,
a5 wel] as an instance of the entity MiyCalendar called “myCalendar”, botk shown in FIG. 47A.

Al Runtime, z JobEntry instence stores 2il necessary information ghout how an action
is to be scheduled:, ' .

Job Mef;vmge: The method to be executed, i.2. the actionName “add” of the
gervicelName “coﬁi.TestComroHer", shown in. FIG. 47B.

Repetition: The job will be scheduled to execute dailly at Spm sterting from
2471272008, It can also be schedulsd once, mimtely, kourly, weekly, monthly or ennupally. The
repetition setting is shown in figures FIG. 47C and FIG. 47D.

, Holiday Treatment: We can assig,ﬁ holidays to the calendsr myCalendar. For instance,
we assume thet 25/12/2009 is an annual holiday, 26/12/2009 is an exceptional one znd Sunday is
a weekly holiday, The list of holideys will be considered when executing jobs as follows: The
holiday is either fo be ignored or to be considered. The holidays creation is shown in figures FIG
478, 47F, 47G, 47

Track Execution: Palmryra Scheduler offers the possibility to irack the execution ofa
Job, through JobExecution instances. As shown int the figures FIG. 471 and FIG.47], the first:
execution of the job will be on 24/12/2009 at Spm. The status of the JobExecution instance iée-set
to waiting. If finished sucéessfully, it will be changed to Buccess,

The next execution of ﬂ.xe job, considering the holidays on 25/12, 26/12 snd 27/12(Sunday), will
be on 28/12/2008 at Spm.

The Scheduler UML is shown in FIG. 51,

The operating principal of Palmyra Schsduiér is that each time = job is crented, it is
added fo a work job Lst, sorted by the nearest date of execution. A running thread nemed
Palmyra-Scheduler-Thread relies on this work job Iist to know which is the frst job to be
executed, then it waits for its execution tirne and executs it.

Creating a Job leads to the creation of the comresponding JobExeculion instance.

Executing a job consists in creating an appropriate message based on the JobMessage
information of the job and then let the Service module handie if.

- The thread named Palmyra-Jobs-Feeder-Thread is the one responsible of maﬁaging
thg work job Het. It refreshes its lists eack LOAD JOBS INTERVAL, which defuulis to 120
minutes. Refeshing means sending a query to the database to get all the jobs that are expected to
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be executed within the ietter njervel of tims, 1.6, JobExecution insténces with 2 Waiting status
and an exccution date “realDate” that is lower than (currentDate+ LOAD _JOBS_INTERVAL).

The cyele of & JobExecution instance goes from status “Waiting” when created o
“Sent” when the related job reaches its execution date end is starting to be handled by the
Scheduler, to “TuProcess” when its jobMessage is going to be exscuted and ﬁﬂaﬁy 10 “Success”
if the jobMessage has been successfully executed or “Fail” if something went wrong, i.e. an
Exception occorred.

Starting the Scheduler thread can be done either auiomatically et the application

startap through 2 property called AUTOMATICALLY _START SCHEDULER or at unfime

through the Application Scheduler Meru.
The Paimyrs Scheduler has its own logger, with very specific texminology. FIG. 52
is a1 iliugiretion of 3 Palmyra S cheduler Trace EJ.(ampls.
C. Storage Layer

1. Persistence

The persistence service is composed of several main sub-modules: Entity Manager:

. responsible of receiving and transforming queriss,

Tiata Store: responsible of cormmunicating with the database and refurming the result
to the Entity Manager.

POL Parser (Palmyra Query Language): Used by the Entity Manager to parse PQL
queries, |

& Extity Manager

The Entity Manager is a coniroller that fully conforms to Palmyra standards. I
implements the Business Delegate interface.. From the user’s perspective, the Entity Manager
performs ail the work related to saving/retrieving Palmyra values to/from the dats store. The
Batity Manager serves as an interfacing and parsing stage. Plus, it delegates processing to the
proper processing umit, which in fum performs the acteal work. The Entity Manager defines three
groups of actions, in adition to the action that executes PQL statements:

(1) Formatting actions: These actions are fo format the data store, update its format,
or update its constraints. These aciions simply iterate the configured data sources and invoks the

corresponding procedure in the proper data store.
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(2) Synchronization/delstion actions: These actions are to insert, update or delets
vahies in the datz stors.

(3} Search actions: Search for the AbsiractValue objects that meet some condition. -

The following sections explain the components responsible of executing each one of
these groups of actions.

b. Context-Drives Approach

The Persistence service is designed in such a way that provides convenient level of
geperation between the state of the operations performed by the Persistence service, and the logic
of the components that perform these operations and manipulate their state. This separation is
realized by defining & number of contexts that contain the state of these operetions. These
contexts are bean-like objects (L.e. objscts that have “set” and “get” methods) that contain no
logic at all. The componenis that do the actual work are singleton stateless objects that take
contexts as their parameters and manipulate the contents of thess contexts. This simplifies
paraﬁaetar passing between the various stages of operetion processing, and is less costly
performance-wiss.

Ths way an operation is performed by the Persistence service is very sitmilar to the

way a product is menufactured while 1t moves along = production line in 2 factory. The product

enters the production line as 2 collection of raw materials, Tt goes from one stage o another.

Likewise, a context can be thought of 22 & product that gets processed by the various singleton.
components. Its initial state provides the raw input of the Persistence service, and its final state
contains the proper output. Thus, 2 context may contain maﬁy attributes that are required by all

the processing phases. However, each phase, or sach component, is concerned only with e subsst

_ of these attributes. So, sach component rmust have its own view of these coniexts. Given this, the

sinpieton components must be defined to take sub-contexts as their parameters. Each sub-contsxt
is actually an interface that defines the set of attributes that should be ﬁrasant in a contextto be
eligible for processing by the corresponding component. The context of cne operation is the ‘
rezlization of all sul-contexts of ]l the components that are involved i performing this
operafion.

¢. The Processing Units

As stated bofore, the Entity Manager simply fills the proper context with the

pararheters passed to it, and then invekes the proper prosessing unit, passing the context to #,
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Each processing unit may as well invoke other processing units and so forth. All processing units
implement the same interface (the Processor interface) that has & single method {(process) that
takes a context as its single paramster.

d. The Ceche-Aware Processing Unifs

Sosme of the processors may cache some of, or all, the data they generate while
performing an operation, so that when a similar operation is performed later, the data to be
generated are retricved from the cache instead of regenerated. Such prosessors are caled cache-
aware processors, and they extend the CacheAwareProoessor class that provides an sbstraction 10
the caching process. For example, suppose that a cache-aware processor, say P, processes a
context that contains the imput atributes al, b, c1, and d1, and the output attributes 22, b2, ¢2,
and d2, When designing this processor the developer (the persistence laysr developer) must
choose the output attributes that can be cached and those that should be procsssed every time. |
Theoretically, the number of possible values for a1, b1, cl, and d1 is infinfte. However, suppose
that in practical situations, and given a Hroited period of the application’s lifespan, find that the

.mmmber of possible values for al, b1 and ¢l is very limited, whereas the number of possible

values for dl is rélaﬁvely big. [fthe user presume that the oufput atibutes a2, b2, ¢2, and 42
correspond direcily and respectively to the Input atiribuzes al, bl, e1, and 41, this leads vs 1o the
conclusion that a2, b2, znd ¢2 should be cached, whereas 42 should be calenlated every time,
because the reoccurence frequency of 21, b1, and ¢1 (from which a2, b2, and ¢2 ere generated)
18 higher than the reoccurrence frequency of d1. Further, ifthe user cache 42, the size of the
cache should be significantly increased to boost performance. |

Sines the nunber of possible vatues for the mput atiributes is generally unlimited, a
circular cache should be used instead of a map to store the cached values, The circular cache
keeps the last and most used keys. In our example, the key for caching should be composed of
the input attributes 21, bl, and ol

Amy cache-aware processor performs the following routine:

{1) Generate 8 caching key from the input attiibutes of the context.
{2} Use the generated caching key to refrieve data from the ceche,

{3) If cached dafa were found, write the cached data into the context, and then

generate non-cachezble output attributes,
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(4) Otherwise, generate all ontput attzibutes, read cacheable output attributes from
the context, and then put the read cachesble data in the cache using the caching
kev.

The existence of this routine in every cache-aware processor allows the sbstraction of
5  the ceching process by defining a super class for all cache-aiware processors that perférm the
caching routing, leaving some parts as abstract methods to be ovsn*iddén 1 its subclasses.
There is one abstract msthod for each of the following tasks in the
CacheAwareProcessor class:

(1) Generating a caching key from the context.
10 (2) Generating 2l oufput atiributes.
(3} Gensrating non-cacheable output a.tl:ributes.
{4) Reading cacheable output attributes from fhe context.
(5) Writing cached output attributes to the context.
e. The Operation Bxecuters

15 . From now on, the root processing units, which are first invoked by the Entity
Maneger, is reforred to as the operation executers. They will foliow a special naming convention
 in order to be recognized. If the operation’s neme is Xx, its execufer will have the name
XxxExecuter (¢.g., SelectExecuter, SynchronizeBxecuter, stc.).
T addition to invoking the other processors, the operation executer serves 28 & factory
20  object for the other processors, If a processor nseds te invoke another processor it can obtain &
reference 1o that processor from the operation excouter. So, the operation executer can be thought
of a5 a ceniral “palette” of processors. This mekes it easy to create custom executers for specific
purposes. However, this means that the operation executer must be accessible to all 1;115
processers invoked by it, so a reference to it should be passed in the context.
25 Most Select executers involee at least two processars. The first is a mapping processor
(or 2 mapper) that generates a dats store command that would perform the operation, or part of
the operation. The second is an assetibling processor (or an assembler) that would read the data

returmed by the data store and assernble the result in & Palmyra value.
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After invoking the manper, and before involdng the assembler, the command
generated by the mapper is sent to the date store through a special software leyer representsd by
the data Store wrapper, which is an chiect that controls the flow of data berween the Persistence
service and the data store. Some operations require executing more than one data store
command. In oiker words, the mappers and assemblers might be executed more than once to
perform an operation. So, the operation executer should recopnize two sorts of the operaﬁons it
performs. The first is atomic operations that caa be performed by executing a single data store
coramand for each operation. The second is composite eperations that require 6}{6u’{1‘f2111g mors
than ane data store command. Bach operation of the latter category can be broken down to
simpler stomic operations, end it is the operation executer’s responsibility to do this.

f. PQLwvs SQL ‘

The Entity Manager performs PQL quaries by querying the underlying deta store.
Services provided by the data store are similar to those providsd by relational databasss. Since
most relational databases are queried by SQL queries, slmost each data store operation can be-
expressed in terms of an SQL grery. The one-to-one correspondence between dats store
operetions end SQL querles makes SQL 2 good tool for expressing how PQL queries are carmied
aut, So, use SQL as 2 pscudo query language in much the same way psendo code is used to

‘ expiain how certain algorithms are Implemented. However, fine details (about how to overcome

Timitations of SQL) are out of the scope of this document.

"g. Search actions

The select executer is the super class of all seleci-operation exccuters, such as sglect-
count, select-historicized, and the rest of similar exsonters. As stated before, and like any other
executer, the select executer may invoke the mapping stage, the data store, and the assembling
stage mare than once in order to perform a complete select, or find operation. This depends on
the following two factors: |

(1) The gueried keys or the search criterie contain keys that represent relations
with mterfaces,

(2) The queried keys contain keys that represent one-to-n relations.

h. Handling Inferfaces



10

15

20

25

Consider the UML in FIGs. 374, 378, suppuse that the queried class in a find
operztion is X, and that the queried fields are: +, i1+, 1142+, i3+
Since thers are no data store cortainers for interfaces and since the persistence sorvice

has no means to know in advance the actual typss of the entitiss releted to the values of type X,

multiple mvocations to the data sfore are needed to find these entities.

One solition is o execute the query without retrieving the keys il, i2 and i5. Then
refrieve thern lazily. This approach bas two maiz drawbacks. The first of which is that the user
can not place conditions on these keys, or ths user has fo svalnate these conditions after
retrisving the values and filter out the vahies that do not meet the condition, which is expensive
performance-wise. The second drawback is that the mors values are retrieved, the moore the user
needs to perform lazy-get operations. For instence, if the query retrieved 100 instances of ¢lass
X, then for each instance, the user needs to perform 3 lary-get operations to retdeve il, 1142 and
i3. This means that the user needs edditional 300 lazy-get operations 1o retrisve the relations of
all the found instances. In other words, if requires 1 +n*m invoestions 1o the dats store (wheren
is the menber of retrieved values, and m is the numober of queried relations with interfaces).

A better solution is to break such operation down to 2 number of atomic operations.
In each operation the user cest each of the queried interfaces to one of the clesses that implement
it. Using this epproach, for 2 given operation, the number of invecations to the date store would
be constant. This constant depends on the mumber of classes that implement each queried
interface. In our example, the interfaces 11, 12 and I3 can be cast as follows:

(DTl as AL, T2 as A2 and I3 as A3

(N asAl 2 as A2 and I3 58 B3
(311 as Al 12 as AZ and 13 25 C3
(4)Ties A1, T2 asB2 and I3 25 A3
(5)11 28 A1, 12 as B2 and I3 as B3
(5) 11 as Al,72 as B2 and I3 as C3
(7)T1 as BL, I2 23 A2 and I3 &5 A3
(8) T as B1, I2 a5 AZ and I3 a5 B3

(9)11 as B, 12 as AZ and 13 a5 C3
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(101 esBl,RasB2and 3 as A3
(1INl asBl, 2 as B2 and I3 es B3
(12)I1 as B1, 12 23 B2 and 13 as C3

Sa, if the user has n keys that reference interfaces, and if c(i} is the number of classes
that implernent the inferface referenced by key number 1, then the number of atomic operafions
wouid be;

fugy

1]c®

i=]

Considering the 9th casting possibility in our example, in which I1 is cast as B1, 12 as
A2 and I3 as C3, the illustrated UML in FIG. 37A, wouid be reduced in this case to the second -
UML in FIG. 378. Thus, the Select Exeouter must:
(1) Collect all the keys involved in the query.

(2) Search the collected keys for those that reference interfaces, and add them to &
bst.

(3) Caleulate the Certesian produet of all the sets of classes that implement sach
interface referenced by the keys found in step 2. This pives gli the casting
possibilities.

{4) For sach castidg 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 1o cast each key.

The Select Executar mrust terminate the Heration over the casting combinations as
soon as the number of gssembled values reaches the maximum mumber of the values to be
retrieved that is specifisd by fhe user, The only exception to this is when an order is also
specifisd. In this case, sach atornic operation may retrieve up to the gpecified mayimum nunber,
Then, the retdeved values are sorted and trimmed. so thet they do not exesed that wamber. This
means that the gueries that involve interfaces, order and maximum number of vaines to be
retrieved are relatively cosﬂy.

i, PQL 1o 3QL BExample:
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In the previous sampls UML (FIG. 37A and 37BY, if the user perform the following
POL steiement:
PQL: select +, il.+from X where pk > {000

The Select Bxecuter will perform the equivaient of the following SQL gueries:
(1) After casting i1 to Al: select T.*, T_i1.* from X T Jeft join Al T_ii on
Tilspk =T _il.pkwhere T_il.pk > 100D

(2) After casting i1 o Bl select T.*, T i1 from X Tleft join B1T il en
Ti1$pk =T il.pk where T_il.pk > 1000

j.  The mterface Keys Collector .

As gbove-mentioned, the Select Executer needs to know the keys present in a guery
that refar fo interfaces, and so, it must iterate over all the present keys in a guery {o search for
those that refer to interfaces. Fowever, such keys can be found in the guerisd keva, the search
criteria, the group functions, and the order Selds. In ofher words, these keys are distributed in &
nuraber of structures. '

_ The Interface Keys Collector fraverses all the struchures in the Select Executer context
and collects the keys that refer to interfaces. The result is a map that maps each of these keys fo
the interface it references. This map is used by the Select Bxecuter to generate all the casting
combinations.

. k. Handling Ore-to-N Relations

I this section, the relation between a country and a city is used as an example. This is
5 one-to-n relation because each country contains one or more citics. In the data stors, the
records in the ¢ity container must contain foreign leeys that reference resords in the cotntry
contsiner. If the name of the relation is “cities”, and the name of the symmetric relation is
“country”, then the name of the foreign key is “coumtrySpk™.

Consider the following PQL statement;

select +, citles.+ from Country where area > 1000

The obvious SQL equivalent of the PQL statement would be:
select T.%, T_cifies.* from Country T Ieftjoin City T_citles on Tpk =
T _cities.country$pk where T.area > 1000

155



10

135

26

25

Since the result of the previous SQL statement 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 iu as many records as there are cities in that country. The only thing that differs in these
records is the attributes of the city. This redundancy will consume a considerzble amount of
memory 2nd network bandwidth. Plus, it requires additional computations fo reduce this big set
1o a tree. Though suck a PQL guery car be carrisd out with a single SQL. statement,
Refering to FIG. 41C, let we need o exacute a find opsration fo fetch X instances
elong with their Y instances, then Persistence layer will generate 2 query of the shape:
select T_.accessPoint , T y_x$code , T y_x3pk , T_y_.accessPoint_,
T v _creattonDate , T_y_.creatorUserld , T y pk T v _type ,
T y_updateDate_,

T_y_upéetorUser]d , T .creationDdate , T .creatorUserfd , T .pk , T .type .,
T _.updateDate , T updatorUserid _fromtest X 7T leftjointest ¥ T v_on
T ,
pk_=T_y_x$pk ) order by T_pk_asc

Once the Data Store layer returns the vector of record instances which encapsulate the
result, the assembler scens this vector twice: one for creating the X instances and-the other one
for creating the Y instances and combine between the created instances.

1. Purther Optimizations

Consider the followng UML in FIG. 3 8, for exxamyple, suppose that we want to
perform the following find eperation:
select +, 11,4, i1.i2.+ from X where pk> 1000

If we follow the previous approach, the query would be Hrst split to four smaller
queries by casﬁﬁg 11 and i2 as follows:
(1118 A1, 22 as A2

(2311 as AL, 12 aa B2
(3)11 a8 Bl,12 ag A2

4)I1asB1, 12 as B2
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Then sach of the 4 smaller queries will be split again to two ztomic queriss because
of the one-to-n relation between 1] and i2. Let us take the first two combinations as an example:
(1) After casting I1 as Al and I2 as A2 the Select Bxccuter will perform the

following two queries:

PQLIL: select +, i1l.+ Efrom X where pk » 1000 east il to
21 and 42 to A2

PQL2 (one-fo-n): gelect 4, 11.12.+ from X where pk > 1060
gast 11 to Al and 12 to A2

(2) After casting Il as Al ané 12 as B2 the Select Bxecuter will perform the

following two queries:

PQL3: gselect +, 1l1.+ from X where pk > 1000 cast il to
Al and i2 to B2

PQLA {one-io-n1): select +, 11.1i2.+ from X whers pk > 1000
cast 11 to Al and 12 to B2

Note that the second ferm inAthc casting clanse in the queries PQL1 and PQL3 is not
important and can be omitted becanse 12 is not present in the query. Plus, this cesting term will
not affsct the generated SQL guery. So, If we omit it, PQL1 and PQL3 will be ideatical and will
retrieve the same valuss, Therefore, Turther optimivation can be done if we detsct such identical
gueries.

m. The Reduced Combinations

The sohrtion to the previous problem is to detect the wimecessary casting terms befors
generating sach atomic éuery, and omit them, genaraﬁng 2 new reduced combination. If the
Select Executer kept a set of the raduced combinations of the executed atomic queries, it will be
able fo sldp an atomic query if its rednced combination already exists in that set.

In our examyple, before genorating POLL, the combination (AL, AZ) will be reduced to
(A1). This reduced combination will be added to the reduced combinations set afier 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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Detecting the unnecessary cesiing terms is an easy process. It will be sﬁoﬁn that the
first step in generating an atomic query is to collect all the keys present in that query. So, if the
Key of the casting term does not exist in the collected reys, then that casting term can b séfely
orniited. ‘

n. The Mapping Stage

The mapping stage is responsible for generating a data store commend from the
confents of a context. If the operation is performed by executing multiple data store commands,
the executer of that operation must, for sach command, modify the contents of the context and
invoke the appropriate mapper. In addition, the mapping stage may generste data used to
optimize the work of the following assembling stage. The mepping stage is not necessarily
represented by & processor object. It is a logical stage that can be represented by multipie
Processors. .

For a given input, paris of the resulting data sre always generated by the mapper.
These parts can be cached, so that the mapper gc&é not regenerate them every time it receives the
sarne 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 eniity mansger may need to modify
the inpt of an operation (c.g. adding security conditions) depending on the current user that is
performing it. This means that the same PQL cuery may regult a different data stors command
for eéch user. ‘ ‘

As a result, most mapping stages should be split info two stages: an adapting stage,
end o transforming stage. The adapiing stage modifies the input depending on the vser properties
50 that this input becomes independent from the user. The transff.arming stage transforms the
uger-independent input to & data siore command.

The adapting stage is represenied by a processor called the adapter. Whereas the
transforming stage is represented by another proeessor called the transformer. Since the data
dealt with by the transformer is adapted and is user-independent, the transformer may be cache-
EWaTe Processor,

0. The Select Adapter

As stated before, the select adapter modifies the input to make it independent from
the current user, If mainly invokes & processor called the Criterion Expander, which expands the

input criterion objsct by adding the following criteria:
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{1} Security criteria: The oriterion c-lzxpandex adds security criteria for the root queried
class, and for each quariaé class that has, directly or indirectly, an aggrepation relation with the
roat queried class.

(2) Isolation criteria: These criteria are built from the values of the ASP fields fa the
oot queried class. These values are retrieved from the current user propertiss.

p. The Criterion Expander

Implementation of the isolation criteria will not be discussed further in this document,
since it is siraightforward. However, adding security oriteria is not as sasy io implement, Unlike
isolation criteria, security criteria are added for the root queried class and for 2]l queried classes
thet have, directly or indirectly, aggregation relations with the root queried cless.

When we invoke the security module to query the security criteriz for one class, the
keys in the returned orjteria are relative to that class, not o the reot ‘qﬂsri?d olass fnthe fmdl
oporation. This means that it cannot be added ag is. The keys must be translated so that they
hecome relative to the oot queried class.

Consider the UML in FIG. 29. Suppose for example, that the gueried kevs are:

[+, a.b.c.y.+}] ‘

I this case, security criteria should be added for class X and class Y (A, Band C
have composition relations with X). Suppese that the security criterion for Y is:
gc.gbh.sal.d.id == 1000

We can not add this criterion as is because it is not expressed in termus of the keys of
X, apd 50 it should be translated. The simplest way 1o translate it is to add a prefix to the keys of
the criteria as follows:

a.b.c.yv.sc.sb.sal.d.id = 1000

The drawback of this approach is that it may reguire a considerable mumber of join
operations af the data store level, becauss each “dot” in a composite key represents a join
operation. In the previous example, the compo site key “a.b.c.y.sc.ab.s2l.did” 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 alporithm that generates a reduced composite key:
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Tabls 25: Algorithm for genersting a reduced composite ey

String concat(String keyl, String key2)

if [symmetric{keyl) esquales firstikeyi)} {
return concab (prefixi{keyl), restikey?);
} else {
return keyl + “.7 4+ keyZ;
}

q. The Keys Expander

Since the criterion expander neads to kmow all the queried keys in order to butld the
security criteris, the keys muust be expanded before expanding the criteria, meaning that the
gueried keys must not contain the two used “wild cards™ {L.e. “** and *+°). Instead, these
characters must be replaced with the keys they represent, and this is the intended purposs of the
keys expander,

In addition, expanding the keys is nscessary for the later transforming stage.
However, since one-lo-n kevs are queried after one-to-one keys, the two types of keys must be
separaied, So, the keys expander does not generate 2 Keys structure, Instead, it generated a
special structure that containg & number of sph't-Kcys structures. Each one of these Keys
structures are queried in a different atomic query. This structurs is illustrated in the UML class
in FiG, 40,

The keys referred to by the “first” relation are the keys to be retdeved in the next
atonnic query, whereas the “second” relation refers to the groups of keys to be retrieved in later
atormic queries. The values retrieved by these queries have one-to-n relations with the values
ﬁsscmblcd from the “frst” retrieved keys, The Xevs to these one-to-n relations are the keys of
the map of the “second” relation. In fact, this structure has the same tree-iike strucwre of the
CKeys siructure it encapsulates, but it serves the purpose of splitting the CKeys siructure at the
keys that represent one-to-n relations, ‘

The method that hzndles one-io-n relations in the Select Executer actually traverses
the Bxpanded Keys structure recuzsively and performs the necessary stomis queries al sach
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 dats, it may be a cache-aware processor.
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7. The Keys Collector

) T will be ghown Jater that the datz store nesds to know all the tables involvedin a
guery; and how thess tables are joined. In order to specify these tables ail the keyspressntina
query must be collected,

"The Keys Collector performs this task, It traverses e number of structures present in 4
select context (i.e. the queried keys, the group fanctions, the order keys end the criteria) and
collects he kevs in these siructures. The output of this processor is a single Keys stucturs that
contsing all the coltected koys.

The keys collector does not belong to the adapting stage. It does not belong to the
transforming stage either, because it does not generate any data store sttucture, However, since
keys collection must follow the adapting process, it may be a cache-aware processor.

5. The Asgembler

This processor is regponsible for creating Value objects out of the record list provided
by the Data Store Service layer.

1t iterates over this st of Record instances and creates The Value depending on the
required keys expanded by the KeysExpander. In case of Find operations that require relations to
be ferched the assembler scans this list more then one time m order to creats the nstances of
these relations.

Assemrbling values can be an expensive step depending on the size of the velue (aumber of
fields to be set). In arder to opiirmze Hiis essential step Palmyra fremeworls uses the muliithreading aspect
to malke the assembling step works concwrenty.

ot 2l types of find uperations can use multithresded assernbler, so, the asemhler decides
whether o run its work in pareliel or not depending on the kevs to be assembled.

t.  Colecting Cne-to-N Keys in Criteria

Consider the following PQL statement:

salect + from Country where city.populatiom > 1000000
Since the relation “city” is a one-to-n relation, gach country the previcus query

returmns has at least one city that meets the search criteria. The equivaient SQL statement would
be:
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selact T.* from Country T Jeim City T city on T.pk =

T _city.countrySpk where T _city.population > 1000000

The problem arises when we query fislds from the city relation. Far instance,
consider the following PQL stateroent:

select +, citv.+ £rom Country where city.populaticn >

1000000

This query is performed throogh two SOQL sfaterments. The first of which is the same
SQL statement shown previously. If we foflow the same steps performed by the Select Exeouter,
the guery would be:

select T.pk, T_city.* fxom Country T jein City T_city on

T.pk = T _city.country$pk where T city.population > 1000000

 However, for sach retrieved conntry this query will refrisve only those cities whose
population is grester than 1000000. Synchronizing such souniries later would cause the cifies
whose population is less than or equal to 1000000 to he deleted, and this is not the intended
behavior. A ‘
The solution is to perform the following SQL statement instead:
select distingt T.pk, T oity.* Efrom Country T dJoln

Clty 7T city on T.pk = T cibvy.countryipk jeoin City C_city omn

T.pk = C_city.countrySpk where C_cityv.population > 1000000

In this query, we join the City table to the Country table twice giving two different
aliases to the City table. The Selds of ﬂm City table are retrieved from the first alias, while the
condition is specified in terms of the secend aiias. The “gistinge” keyword is used to evoid
Iretrieving multiple copies of each city,

Since one-to-n keys in criteria are given different aliases they must be marked by the
Keys Collector so that the transformer generates the approprisie table joins.

. The Select Transformer
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The Select Transformer is invoked by the Selsct BExecuter sach time the latfer wants
to generate & data store query. 5o, the Select Transformer transforms an atomic quéry (whose
attributes are available in the context) to 2 date store query.

The impiementation of the Select Traneformer contains a sequence of invocations to
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 Keoys 2 Data Store Teble Structure
Criterion ->» Drate Store Condidon
Group Fumctions - Diata Store Functions {sun, mex, min ... etc.)
Group Fields (Order Fields) 2 Data Stor;a Order Record
Order Fislds —» Data Store Order Record

The Select Transformer performs relatively heavy operations, end so, it mustbe a
cache-aware processor.

v, The Key Transformer

Fach key 1n an atomic query, whether present in the gueried keys or the search
criteria or any other structare, should be trensforrned to & data store Seld. A data store field s a
composite key whose prefix represents the iable alias in which the field exists, and whose suffix

is the name of the field. Since ali transformers need to do such transformation of keys, this

. common aperstion should be carried out by anothar ohject that is shared by all the transformers,

This object is the Key Transformer.

Some keys may zppear more than once in an atomic query and m different siructures.
So, the key frensformer might be invoked to trmsfomm the same key a number of times. To
reduce the cost of such repefitive transformations, the key transformer munst maintain an intemal
map of the transformed keys,

This means that the key transformer is s state-fill object that can not be reused in a
different operation. However, the key ransformer may be cached to be used later if the same

query is performed again. So, the key transformer must be passed to the wansformers in the
coxtext.

163



Ln

The transformer must conform fo the following rules:
{1) Relations, whether composite or simple, generate table eliases only.

(2) Keys, whether composite or siniple, that represent simple attributes, generate

complete data store fields (i.e. alias + field nare).
(3) Identical relations or keys generate the same aliases and data store fields.
(4) Two different relations can never generate the same alias.

{5} Two different leys can never generate the same data store feld, 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.

(6) The keys that eve marked as one-to-n keys in criteria are a distinet group of
keye. Transforming such keys should not generais the same gliases generated by
the other keys. However, iransformations in: this group alone conforn to the

previous rales.

The Keys Trangformer transforms the sxpanded gueried keys to ameta-record of
queried data é‘;o:e fields. The transfonmation is straight forward, because it only iterates over the
leaf keys and invelees the key transformer for sach kev.

For instance, consider the UML diagrams m FIG. 41A and 418; consider also the
following PQL statement:

select +, v.+, v.z.+ from X where pk > 1000

This query would be performed through exscuting one SQL guery:

XView is a view on X and Y, whereas ZView is a view on Z. In this scenario, since no
instances of class Y will be assembled, thers would be no use of retrieving the primay
key oI Y. Instead, the primary key of X {or XView) should e relzieved, and the second

query would be as follows:
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selact digtinct T.pk, T V. z.* Erom X T left join ¥ T v
on T.ySpk = Tv.pk Joim % T yv. z on T yv.pk = T_v. z.sym¥sSpk

where T.pk > 1000

This change was made because, by ths time the secand. query is exscuted, the cache
of assermbled valnes will contain nstances of class XView only, and the keys to these insta.ncés
will be the primnary keys of . -

In Fact, it is the Select Executer’s respousibility to determine the implicit keys to be
added, because it is the processor that recursively iferates the one-to-n keys 1o be retrieved, and
therefore it is the only processor that knows the primery key of the previous recursive level.

w. The Table Builder '

The Table Builder builds the table structure that specifies how tables should be joined
and the alizses to be given to these tables. To build this structurs, the Table Builder traverses all
the collected keys recursively, beéause the collected keys contain all the keys present In a guery.
The Table Builder uses the Key Transformer to determine the aliazes of the tables,

Tables are joined as follows: ‘

(1) Relation joins: Bach relation is transformed to & join between fhe two tables of

the two related classes.

(2) Generalization joins: Tzbles of super-classes are joined fo the tables of their

sub-classes.

{3) Coonditions of rolation joins are refrieved from the meta-data of the field that

represents the relation.

{4) Conditions of the generalization joins are: T1.pk = T2.pk, whare T1 is the
alias of the table of the super-class, and T2 is the alias of the tabie of the sub-

class,

(5) Joins of non-mandatory relations are lefi-join, And joins of mandatory

relaiions or generslization are ianer-join

3

2. History Service in Palmyra
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Palrmyra Famework provides the possibility to keep images on the types instances
zach time they are changed. In order to do so, the type must implement an interface of type
Historicizad. Refer to FIG. 46,

For each Historicized type, the Persistence layer creates another table — along with its
original one- in order to saves the ¥nages of that type instances, The table name is suffixed by
the term: History . |

Note that this table containg the colwmnn plebut it's not upigue since images of the
same instance have the pk of the nstance itself. A unique constraint is added on this table over
the colurmmns (pk_, creationDate ) and the History table bas the same columms of the original
table. ‘

The images are saved in History table each time the instance is created, modified or
deleted. An exception can be done using au irderface of type HistoricizedOnDelste, which makes
th_e system save an mmege only in deletion operations.

Saving an image is done with filling the colnme creationDate by the exact time of the
synchronization event and tﬁa updateDate colummn by the value Long.max.

When another image has to be saved, the irst image updateDate value will take the

current synchronization date just ke the new mage’s creationDate column and so on.

CreationDate

UpdateDate

Pl name
T Alain

oo

age

| os/082008

09/08/2008 .

95

| 09/08/2008

“10/08/2008

| Agin
hiain - " A

_[10/08/2008 .

£.11/08/2008

¥l

~114/08/2008 -

-Long.Mex

R

20  Example:

If it’s required to get the images of 2 Person instance where plk = 10 between the dates 08-Aug-

2009 and 11-Arg-2009, then the system will execute a query like;

25

Lagal from Person¥igtoryiwhere cria

3. Find operations with massive results
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Palmyre framework is safs capeble to executs find operations that may retum massive
rosults. Retrieving big vohimes may cause memaory protlem.

The used technique is tn bring the pls of the reguired instances in e fmd cperation on
the cohmmn pk of the concemed table usitig the passed criferia, then, when some date of the resul
ig to be jterated, the system fetohed 2 result page using a sub list of the obtained pks,

Paged find operations ie done using the class LazyPageByPageCollsstion, This cless
offers to the possibility 1o accoss the result sequentially and rendomdy. ‘

Bequential access is done by obiaining g speeial iterator using the method:

pubiis iterator iteratox ()]

Rimdom access is done by setting the page numnber to be obiained, then dccessing i
using the methods:
ublic veoid setPageNumbey (int pageNunberi]

and
public Collectionvalue getCurwentCollection ()]

a. Synchronize Actions

To syachronize a value, the entity maneger mvolces the appropriste
“ProvessFstecuter” depending in the action typo (delete, insert, or update). All the vaines
manipilatad in Palmyra are of type Deep Map, So for this reason the ProcessBxceuter checks the
ntegrity sod the ripghts and calls the Traverser that traverses el the object’s relations and fnvokes
the appropriate Mapper.

b. ProcessExecuter
The Design Model of the ProcessBxzcuter is givon in the UML in FIG. 42.
= super class of &Y synchronization actions is the class “Processfxecnier”. The |
treatmert of s delete action is different from the two other actions {insert sad update). For this
reason, we have the 2 Sub-Classes “SynchronizeFxesutss” and “DeleteFxecntar”,

c. Traverser

The Design Model of the Traverser ig given in the TIML dizgram in FIG. 43,
There ars two types of WAVEISSLs:

(1) SingleTraverser: fraverses & single value md sxscutes the actions on this value. The

singlaTraverser has Two S8ub-Classes: DeleteTraverser and InsertTraverser,
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¢4} UpiaZeTm.vgmer: iraverses two values. The old value witch is obizined from databass

and the new one witch 1s modified by the wser. )

é. Mapper
The design model of the Mapper is given in the UML disgmm in FIG. 44. The final
aotion to execuis in the Database is 2 delete, msert, or updaie action, For this reason we have
thess three classes: the DolcteAction class, the UpdateAction clase, snd the InsertAction class.
The super class of all aynchromization actions is the class SynchronizaticnAction

4, Persistence Layer Tistensts

Persistence layer provides the possibility to mterfere the find, assembling, saving a.ﬁd
deletion operations.

Semrch listener: In order to operate a Hstener for & search operation the prograrumer
st implement the interface Ssarchlistener and register the implementer it the Classe of the
_ concerned search type. This listener is mvoked before sterting the analysis of the requived find

operation, Tis typically used to change the passed oriteria:

public interface Gorrohiinbencd extends Serializable [

public vold onfeorch{Secrchlontext context,
SuperSesrchl.igtensr listener) throws Servicelxcepiion;

}

Asgemble Listener: just lke the previous listener, the progranmmer must snplement

the interface Assemblelistaner and register fhe implementen:

‘public imberfsoe ﬁbﬁﬁ'ﬁ“ﬁg’fﬁe«@?’éﬁéﬁﬁﬁ extends Serializable {

T TR

pub'lic void cnissemble{hsserblelontext context,
Superdsserblelistener superldistener) throws ServiceSwception:

}

For Synchronize operations, the programmer must implement the inferface
Svnchromizelistener and register the implementer 1o be invoked in cme of more of the following
sitmations:

Before insert.

© After insert suocess.
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After insert failure.
Before update.
After npdate sucoess.

After update failure.

public interface SymiChut "4 extends Serializable {

s
ol
!

public vold onSyachronize (SynchronizeContext context,
SuperSynchronizelistener guperlistener) throws ServiceException;

3

Note that the registration uses the pessistence driver obtained using the
BSFactory. getPersistenceDrivar();

Note: Since the registretion is done in the rontime, then, the programmer has the
control on the situations of when fhe lstener must act using the condifional clauses.

Invacation of these listeners is accumulative, which means that Persigtence layer
invokes —baside the concerned type listener- all the listeners registered for the interfaces
implemented by the concered type. Collecting these Heteners takes place using a listener adapter
that groups all the listeners that must be invoked for the concerned type.

The Hstener adapters are cached so that Persistence layer shouldn't recaleulate them
each time they are required.

a. Database Connaction Service -

The persistence layer is based on a database conmection service which communicates
directly with the database via JDBC. In order to optimize the performance database, vendors
usually provide specific drivers that support better their products. Having a database cormeétion
service separated from the entity meanager enables using the tight driver for each provider
without making anymodifications in the persistence layer.

These anii other advantages of the preferred embodiment will be apparent to those
gidlled in the axt frorfn the foregoing specification. Accordingly, it will be recognized by those
gkilled in the art thé.ti changes or modifications may be made {o the sbove described embodiments
withéut_dep arting fr%m the broad inventive concepts of the fnvention. I should therefore be

understood that this %ﬁvention is not Timited fo the particular embodiments described herein, but
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is rather intended w include all changes and modifications that are within the scope anid spirit of

the invertion.

This layer s responsible for dealing with differant RDBMS which are for the moment
Oracle, MySql, ME SglServer and DEZ,

Date Store layer, just like the Persistence layer, uses the Context pattern. Beside that,
this layer uses the polvmorphism extensively in order {o establish & dialect for each RDBMS.

Tiata Store layer deals with RDBMS using the standard SQL specification, but, in
gome cases, some deviation may voour caused by the differences between the standard SQL and
the vendor speoific one, _

The default class that manages the communication with the RDBMS is Dbds, and for
the deviations mentioned above, Palmyra framework made sub classes of this main class, Refer
to the FIG, 45. '

Dealing with KDBMS is done in Data Siore layer using procedures, o procedure can

" do a whole operation by issif or it may invoke some other procedures to get the job doze.

The class Tibvds providss acoess to the different procedurss which are responsible for
executing the operations transformed from the Persistence layer. The polymorphism clearly
sppears when a sub class of Dbds overrides some prbcedure getter in order to provide the
ROBMS suitable one.

Al Data Store procedures mnplement the interface: Procedure.

public interface E%@ é”a{;ﬁej {

/**
* This method sxecutes the operatlion represented by thig
Procedure object.
* Tt takes ite input from the sperified conbtext paramster,
and writes
* Its output to ths same context parameter.
* @param context Context The state, imput, and ousput of
the Procedurs
* cbijeckt.
*f
public volid executs (Context context) throws
DataStorsException:

}

Exemple:
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I MySgl, in order to ¢btain the row number, SQL statement should use the
expression: @rn instead of rowzrur which is used in Oracle, this means that the procedurs
Ieéponsible for insert-from-selest staternents must be vendor specific, hance, the method that
returns this type of procedure in Dbds is overridden in the releted RDBMS Dbds class.

T Dbds:

public SglBxec getVolumelnsertSglixec() |
raturn VolumeSglExec.getVolumeSglExec () :
+

In MySqlDbds:

public SglExec getVolumelnsertSglExec!) {
return

4 ]

o Sem e qn e mySgl VolumeInsertSglExec|) ;

} SR SIA Ot

These and other advanlages of the prefemred embodimenf will be apparent 1o those
diilled in the art from the fbrogoing specification. Acoordingly, it will be recognized by those
skilled in the erf that changes or mod;ﬁcaﬁons may be made to the above-desaribed
embodiments without departing from the broad inventive concepts of the invention. Tt should
therefore ’o_é understood that this invention is not limited o the particular embodiments described
herein, but is intended fo include all cﬁanges and modificetions that are within the scope and

spirit of the appended claims,
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What is claimed is:

1. A method for generating a software application using a computer system, comprising the steps of:

(a) modeling business processes in a graphical design tool implemented in said computer system, said
graphical design tool capable of generating models to serve. as blueprints in development of the software

application;

(b) creating, in'said computer system via Unified Modeling Language (UML), 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 one or more class diagrams to represent data models and to represent
predetermined business rules that are applied to the modeled business processes, wherein one or more
stereotypes are added to a class of said one or more class diagrams, wherein a tagged value is used in the data
models to define an exclusive dependency between a current field and another field in the same entity type of

the data models or in another entity type of the data models with a relation;

(c) validating, in said computer system, the at least one UML model 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;

(d) transforming, in said computer system, said at least one UML model validated in step (¢) into
metadata that are used to generate functional and non-functional aspects of the seftware application, the

software application being a layer that sits on top of a UML visual modeling tool as a plug-in;

(e) generating, via the at least one UML model a new Enterprise Application Archive (Ear) file and/or
selecting an existing Ear file, the new Ear file and/or the selected existing Ear file comprising a plurality of Yava
Archive (JAR) files required for deployment of the software, wherein at least one JAR file is added and/or

removed;

(D) generating a project that contains said at least one validated UML model, wherein generating said

project comprises removing all conflicting stereotypes; and
(g) generating code automatically by:
converting the UML model into an XML file;
using the XML file to generate Java source code; and
compiling the generated Java source code using a compiler and creating the at least one JAR.

2. The method of claim I, wherein the transforming step includes generating the software application.

3. The method of claim 2, wherein the generated software application is combined with pre-existing libraries.

4. The method of claim 2, wherein the generated software application is combined with manually written code.
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5. The method of claim 2, wherein the generated sofiware application includes a predefined set of functional

requirements.

6. The method of claim 2, wherein the generated software application includes a predefined set of non-

functional requirements.

7. The method of claim 6, 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,

8. The method of ¢laim 2, wherein the gencrating the software application includes adding manually written

code to the generated software application.

9. The method of claim 1, wherein the metadata comprise at Ieast one of application code, constraint models,

automata files, and documentation,

10. The method of claim 1, further comprising deploying the software application by means of transforming the

validated UML models to be deployed to a server.

11. The system of claim 1, wherein the syntax includes Stereotypes for classes (composite, constrainable, entity;
macto, viewable), states (loadable), fields (ASP, code, same as, sequence, transient, unique), and relations

(code, list, map, set, transient, unique).

12. The method of claim 1, wherein predefined types of classes and decorations are applied within the one or

more class diagrams and the decorations are organized, in part, by tagged values in step (b).

13. A method for generating a sofiware application using a computer system, comprising the steps of:

(a) modeling business processes in a graphical design tool implemented in said computer system, said
graphical design tool capable of generating models to serve as blueprints in development of the software

application;

(b) creating, in said computer system via Unified Modeling Language (UML), 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, wherein steps in said business processes are expressed by states of
said state diagrams and interconnectivity of said states are expressed by transitions, wherein transitions between
said states occurs after satisfying a condition, wherein a tagged value is used in the data models to define an
exclusive dependency between a current field and another field in the same entity type of the data models or in

another entity type of the data models with a relation;
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(c) validating, in said computer system, the at least one UMI. model 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;

{d) 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

software application being a layer that sits on top of a UML visual modeling tool as a plug-in;

(e) generating said software application 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 configuration files;

(f) generating, via the at least one UML model a new Enterprise Application Archive (Ear) file and/or
selecting an existing Ear file, the new Ear file and/or the selected existing Ear file comprising a plurality of Java
Archive (JAR) files required for deployment of the software, wherein at least one JAR file is added and/or
removed, wherein said software application is deployed as a layer that sits on top of a UML visual modeling

tool as a plug in,

(g) generating a project that contains said at least one validated UML model, wherein generating said

project comprises removing all conflicting stereotypes; and
(h) generating code automatically by:
converting the UML model into an XML file;
using the XML file to generate Java source code; and

compiling the generated Java source code using a compiler and creating the at least one JAR.

14. The method of claim 13, wherein step (e) comprises transforming the validated UML model into metadata

that are used to generate functional and non-furictional aspects of the software application.

15. The method of claim 13, wherein predefined types of classes and decorations are applied within the class

diagrams and the decorations are organized, in patt, by tagged values in step (b).

16. A method for generating a software application using a computer system, comprising the steps of:

{(a) modeling business processes in a graphical design tool implemented in said computer system, said
graphical design tool capable of generating models to serve as blueprints in development of the software

application;

(b) creating, in said computer system via Unified Modeling Language (UML), at ieast 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
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predetermined business rules that are applied to the modeled business processes, wherein a tagged value is used
in the data models to define an exclusive dependency between a current field and another field in the same entity

type of the data models or in another entity type of the data models with a relation;

(c) validating, in said computer system, the at least one UML model 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, preducing at least one
validated UML model, wherein one or more use-cases and allowed actions for each use-case is generated via

said one or more state diagrams, facilitating defining actions and drawing use-cases by a user;

(d) transforming, in said computer system, said at least one validated UML model validated in step (c)
into metadata that are used to generate functional and non-functional aspects of the software application, the

software application being a layer that sits on top of a UML visual modeling tool as a plug-in; and

(e) generating, via the at least one UML model] a new Enterprise Application Archive (Ear) file and/or
selecting an existing Ear file, the new Ear file and/or the selected existing Ear file comprising a plurality of Java
Archive (JAR) files required for deployment of the software, wherein at least one JAR file is added and/or

removed;

(f) generating a project that contains said at least one validated UML model, wherein generating said

project comprises removing all conflicting stereotypes;

(g) deploying the software application as a layer that sits on top of a UML visual modeling tool as a

plug in; and
(h) generating code automatically by:
converting the UML model into-an XML file;
using the XML file to generate Java source code; and

conpiling the generated Java source code using a compiler and creating the at least one JAR.

17. The method of claim 16, wherein predefined types of classes and decorations-are applied within the one or

more class diagrams and the decorations are organized, in part, by tagged values in step (b).
18. The method of claim 16, further comprising generating said software application 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 configuration files.

19. The method of claim 18, further comprising adding manually written code to the generated software

application.

20. The method of claim 18, wherein the generatéd software application is combined with pre-existing libraries.
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