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AUTOMATED ENTERPRISE SOFTWARE DEVELOPMENT

REFERENCE TO RELATED APPLICATION

The present application claims the benefit of U.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 relaies generally to methods end systems for auternated enterprise
software development. Specifically, it relates to methods and systems for automating computer
software development process in connection with graphical modeling approaches.
BACKGROUND OF THE INVENTION

Businass enterprises rely on increasingly sophigticated software to manage their
internal operation and provide goods and services to their clients and customers, The
development, deployment, maintenarcs, and updating of enterprise level software has become
essential fo carry out almost all business processes.

Tradiﬁonally, software develepment firvolves extensive manual coding and testing,
As softwars complexity increases, this tﬁditianal memmal approach is not ideal. Bnterprise
software appiicaticns are nsually 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 programmer must face a chore of repetitive coding, The softwars code

- genersied by this mannal method is prone to contain error, and manua] testing may be inadequate

1o cover all possible user sceparios. The resuliing software prodict may contain latent bugs that

cause distuption of services and great economic losses,

Model-Based Development (MBD) methodoulogies have emerged that shift the focus

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

before coding, A modsl serves as blueprints in software development, A carefully consuucted
model can help those responsible for a software development project's success to assure that
Business functionality is complete and correct, end-user needs are met, and program design
gupports requiremeﬁts for scalability, robustness, security, extendibility, and other '

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



usualty renders making chaoges difficult and expensive. MBD allows verification of the

software specification at the model level and reduces the amount of menual coding, Modeling

tools alse melke it possible to visualize a design and compars it against the design requirement.
The Unified Modeling Zanguzge (UML) is a graphical lenguage for visualizing,

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

10
TABLE 1 STANDARD UML ELEMENTS

Element Properties Standard UML Sfereotype
Package Name
Interface Neme Ahstract
Class Name Abstract
Attribute Narme Finai
Type
Tnitizd value
- Multlplicity
" Method Name
Parameters
Return type

Relation: Realization | Reabized Interface

Relation: Inbertance | Inberited Class {Super Clags)
Relation Type:

. Simple/Ageregaiion/Composition
Role
Symmetric Role
Cerdinality
Navigability

Automatic code generation (ACG), but not application generation, has also becoms
available o the enterprise software development process. ACG gives an engineer the
15 opporiunify 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 canmot pull the entire

2



10

15

20

5

30

application to getbsr with all its necessary parts such as the interface and data component's with
the processing comnponents. The ACG process usually comprises an automated code generator
that rends meta-date for a specific set of designed pattorus and generafes sofiware code ina
specified programming language. An autematic cods generator may also be used to capiure
knowlsdge a;nd business rules for enterprize software applications and generate the miliions of
fines of codes in 2 short amount of time in any desired computer language and for eny platform.
The process of ACG mekes a sofiware development project more agiie. A changein
implerentation can be treated as & different rendering of the same meta-data. Once a potion of
the sowrce code is generated, & programmer is then free to fill in the gaps that are left by the code
generator, and to concentrate on the parts of the systern that matter. This improves development
speed and reliability via code generation process. .

Service Oriented Architecture (SOA) is an architectural approach for constructing
complex software-intensive systems from a sot of universally interconnected and interdependent
building blocks. SOA is used to build applications out of software services, Services are
Intringically unassociated units of fimetionality, which have no cell to another service embedded
within them. These software services typically implement fanotionalities a humean would
recognize as a service, such as filling out an online application for an account or viewing an
online bank statement. Instead of having services with embedded calls to cach other in their
source code, SOA defines profocols which describe how one or more services can comununicate
with each other. A fiexible, standardized architecture is required to better support the connection
of various applications and the sharing of data. SOA unifies business processes by structuring
large applications as an ad hoe collection of smaller modules called services, These applications
can be used by different groups of people both inside and outside the company, and new
epplications built from a mix of these services from the globzl pool lexhibit flexibility and
uniformity. Building all applications from the same pool of services makes achisving this goal
miuch easier and more deployable for affiliate companies. This architecture can help business
respond more quickly and cost-effectively to changing conditions and it promotes reuse al macro
level service level rather than miecro class level.

It would be beneficial and desireble to have 2 strearnlined enterprise software

development ool that incorporates portions of these past mefhods to provide a graphical

- modehing and Gesign tool, automate most or all of the coding, and hag a framework of reusable



components and services that factlitates the generation of custom enterprise applications,
Currently, there is no known process for automatically producing a software application that
designs, generates, and inteprates all the slements of an excoutable application. For example,
there are products that may create 2 design outline for an executable application, but will not

then crezte the elements specified in the design, such as the user interface, persistence {database -
design, data storage and date transfer) and processing steps to name o few. The current invention
accomplishes this desired need, of design, generation, integration and production in one systern,

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

Tt is therefore an object of the invention to provide such a tool, To achieve the sbove
and other objects, the present invention presents a method for generating a softweare application
which comprises the steps of: modeling 2 business process in a graphical design tool; creating &t
feast one UML model to formalize the described processes by using one of more state diagrams
to represent the modeled business processes, and one or more claés diagrams to reprasent data
models and to represent predetermined business rules that are applied to the described business
pmcésses; validating at least one UML model by detecting syntax errors using a predetermined

syntax, it order to validate either at least one state diagram or class diagram, or combination

‘ thersof and transforming af Jezst one validated UML model into metadata that is used to

generate finctional and non-functionsal aspects of the software application.

In one aspect of the present invention, the fransforming step inciudes generating the
software applcation.

In another aspect of the present invention, the gensrated softwate application is
combined with pro-existing libraties,

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

In another aspect of the present invention, the metadata includes one or mors »
application code, or constraint medels, or automate files, or docurnentation, or some combination
thereof.

In another aspect of the present invention, the generated application includes a
predefined set of functional reguitements,

Ir another aspect of the prcscxit invention, the generated application includes a -
predefined set of non-fimetional requirements.

In another aspect of the present invention, the predefined set of non fimetional
requirements includes security neanagement, or load balancing, or transaction management, ox
user interfaces, or o skeleton to build the algorithms on, or some combination thereof

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

In another aspect of the present invention, the method further includes the step of
deploying the target application by means of & deployment tool 490.
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BRIEF DESCRIPTION OF THE DRAWINGS

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

which:
FIG. 1 is a schematic diagram of an exemplary computing envirenment;
FIG. 2 is a schematic diagsam of an exemplary network environment;
FIG. 3 is a schematic diagram of multi-tiered client-server environment;
. FIG. 4 is 2 flow chart of the general process of developing a enterprise sefiware using
the preferred embodiment; '

FIG. 5 is an exemplary Paimyrs UML Designer File menu;
FIG. 6 is an exemplary Palmyra UML Designer provides additional menn options;
FIG. 7A 18 an exarple of an Enumeration class;
FIG, 7B is an example of & TypeName class;
FIG. 7€ is an example of a DynamicTypeName class;
FIG, 7D is an example of an Attribute class;
FIG. 7E is an example of & Controller class;
FIG. 7F is an example of ActionEnumnerationClass;
FIG. 8 is an example of & Constrainable clasg;
IG. 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 Controller class;

FIG, 10 i an interface class confaining Value Interface, Abstract Value Interface,

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

FIG. 11 shows the action handler “AgencyCommandSearciy™ that is registered in the

use case “UCAgency;”

FIG. 124 is an exemnplary Paloryra class diagram that deamonstraes the use case

dlagram wizard;

FIG. 12B is an exgmplary Palmyra use case diagram wizard with three steps;
FIG. 13A illustrates creating new application using Palmyra generation tool;
FiG. 13B illustrates generation options using Palmyra generation tool;
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FIG. 13C illustrates screen Services, which 1s used to 2dd, edit or remove services,
the button “Build Services” applies the modifications in the selected Har file;

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

FIG. 14 iflustrates the main steps of the autom;,tic generation process; |

FIG. 15A illustrates an example of Relation One to One;

FIG. 15B illustrates an example of Relation One to N

FIG, 16 illustrates an example of relation with interface;

FIG. 17 illustrates 2n example of an instence of inheritance;

FIG. 18 illustrates an example of the user interface of the Menu Editor Tool,

FIG. 19 illusirates an exemplary screen of Palmyra Jogin screem;

F13G. 20 iftustrates an example of the entity authorization process;

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

FIG. 22A iflusirates an exemplary Securityfern UML Model;

FIG. 22B illustrates an exemplary Policies UML Model;

FIG, 22C illusirates an exemplary Securityliem's Roles UML Model,

FIG. 23 iltustrates an example of UML model of the View Format Service,

FI3. 24 illusirates an example of how an application according to the preferred
embodiment integrates and communicates with different platforms;

FIG. 25 illustrates the architecturs of the system in abstract and where the Tnput and
Output Devices fit into this system;

FIG. 25 illostrates an overview of the Mapping process;

FIG, 26 1llustrates an example of configuration of Mapping;

FIG. 27 illustrates in detafl the process of Mapping converiers;

FIG. 28 illustrates an example of the workflow engine and how it manages the states
in the system,

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

FIG. 30 illustrafas the main methods defined in the Value Inferface of Package
com.paimyra.arch basicStroct.data;

FIG. 31 illusirates the Collection class implemented in
com.palmyra.exch basicSiract.data package;

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

com.palmyra.arch.basicStruct.exoeption;

FIG. 34A iltustrates the subclasses of the CompositoValue class;
FIC, 34B illustrates the subclasses of the SinngValue class;
FIG. 35 illustrates an example of creating and defining CompositeValue class fields;

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

subclasses;

FI}. 37A is 2 UML diagrem illusiration of & queried clacs in a find operation is X,

and that the queried felds are: +, il.4, {1124, i34

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

X, and that the queried fields are: +, i1+, 11424, 3.4

Mepper;

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

FIG. 39 is a UMY diagram iHustration of another search query,

FIG. 40 is a UML class diagram illustration of expanded key structure;

FIG. 41A is a UML class diapgram illusiration of & PQL query;

FIG. 418 is a UML olass diagram {Zustration of a reduced PQL query;

FIG. 41C is a UML class diagram ilfustration of 2 one to n relation;.

FIG. 42 13 a UML dizgram illustration of the Design Model of the ProcessExecuter,
FIG, 43 is a UML diagram illustration of the Design Mode! of the Traverser; and
FIG, 44 15 an exemplary UML diagram illustration of the design model of the

FIG. 45 is an exemplary UML diagram ilustration of the design model of the DBDS

vendor specific subclasses;

FIG. 46 is an exemplary UML diagram {llastration of iow to use the interface

historicized,;

'FIG. 47Ais am exemplary UML diagram illustration of how to use the scheduler

module in the design of an application,

repeat;

FIG. 478 is an exemplary screen of & job messags configuration;
PIG. 47C is an exemplary screen of how to configure a job to be repeated daiijf;
FIG. 47D is an exemplary screen of how to configrre & time of day in a job daily
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FIG. 47 is an exeraplary screen of how 1o assign an annval holiday to @ calendar;

FIG, 47F is an exernplary screen of how to assign an exceptional holiday to a

valendar;
' FIG. 47G is an exemplary screen of how to assign a woekly holiday o e calendar;
FIG. 47H is an exemplary screen of how té: define the dependency between a job and
a calendar '
FIG. 471 is an exemplary screen of how to configure a job to be tracked;
FIG. 477 is an exemplary soreen of the result of track execution of job scheduler:
PIG. 48 illusirates 2 design of a presentation controller that allows it support many
technoiogies;

FIG. 49 illustrates an exemplary process of responding to clisnt request via
presentation controller and associated components; |

FIG, 50 iltustrates retrieving an action based on a context;

FIG. 51 illustrates 8 UML representation of & Scheduler; and

FIG. 52 illusirates 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 reference numerals refer to like elaments or steps throughout.

Example Computing Environment

FIG. 1 and the following discussion are intended to provide a brief general
description of a suitzble computing environment in which an example ewbodiment of the
invention may be implemented. R should be understood, however, that handheld, portable, and
other computing devices of all kinds are contempiated for use in cormection with the preferred
encbodiment. While 2 general purpose computer is deseribed below, this is but one example.
The preferred emboediment also may be operable on a thin 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 wlich very ltfle or minimal
client resources are implicated, e.g., a networked environment in whick the client device serves
merely as 5 browser or interface to the World Wide Web.

Although not required, the invention can be implemented via an application
programming interface (APT), for use by a developer or tester, and/or included within the
network browsing softwears which will be described in the general context of computer-
executable Instructions, such 45 program modules, being executad by one or more computers
(e.g., client workstations, servers, or cther devices), Generally, program modules include
routines, programs, objects, coraponents, data structures and the like that perforn pa.fticuiaz tasks
or implement particular abstract data types. Typically, the fanctionality of the program modules
may be combined or distributed a5 desired in various embodiments. Morsover, those skilled in
the art will appreciate that the invention may be practiced 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 1o, personal computers
{PCs), servér computers, hand-hsld or laptop devices, multi-processor systems, microprocessor-
based systems, programmable consumer elecironics, network PCs, minicomputers, mainframe
computers, and the like. An embodiment of the invention may also be practiced in distributed
computing environments where tasks are performed by remote processing devices that are linked

through a conwnunications neswork or other dats transmisgion medium. In a distributed.
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computing exvironment, 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 suitable computing syst;:m environmment 100 in
which the invention may be implemented, although as made clsar abovs, the computing system.
environment 100 is only one example of a suitable computing environment and is not tntended to
suggest any Hmitation as to the scope of wse or functionality of the invention. Neither should the
computing environment 100 be interpreted as having any dependency or requirement relating to
any one or a combination of components illustrated in the exemplary operating environment 100.

With reference to FIG. 1, an example system for implementing the invention includes
a general purpose computing device in the form of aqcomputer 110. Components of the
computer 110 may include, but are not Hmited to, a processing usit 120, a system memory 130,
and a gystem bus 127 that couples various system components including the system memory to
the processing unit 120, The system bus 121 may bo any of several types of bus strocturss
ncluding 2 memory bus or memory controlier, a peripheral bus, and 2 local bus using any of 2
variety of bus architestures. By way of example, and not limitation, such axchitechres ncluds
Industry Standard Architecture (ISA} bus, Micro Channsl Architecture (MCA) bus, Enhanced
ISA (EISA) bus, Video Electronics Standards Associstion (VESA) local bus, Peripheral
Comgponent Interconnect (PCI) bus (also known ag Mezzanine bus), aud PCI-Express bus,

The computer 110 typically includes a variety of computer readable media.
Computer readable media can be any available edia that can be accessed by the coraputer 110
and include both volatile and nonvolatile, removable and non-removable media. By way of
example, and not imitation, compuier readabie media may comprise computer storage media
and commumication media. Computer storage media include both volatile end nonvolatile,
removable and non-removable media implemented in any method or techmology for storage of
Information such as computer readeble instruciions, data structures, program modules or other
data. Computer storage media include, but are not imited to, random access memory (RAM),
read-ornly memory (ROM), Electrically-Erasable Programmable Read-Onty Memory
(EEPROM), fash memory or cther memory technology, compact disc read-only memory
(CDROM), digital versatile disks (DVD) or other optical disk storage, magnetic cassettes,
magnetic tape, magnetic disk storags or other magnetic storage devices, or any other medium

which can bg used fo store the desired information and which can be accessed by the computer
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110, Communication media typically contain computer readable instructions, data stractures,
program modules or other data in a modulated data signal such as a carrier wave or other
trausport mechanism and include any information delivery media. The tei-m “modulated data
signal” means 2 signal that has one or more of its characteristics set or changed in such a mammer
as 1o encode information in the signal. By way of example, and not limifation, commurdication
media includes wired media such as & wired network or direct-wired connection, and wireless
media zuch as acoustic, radio frequency (RF), infrared, and other wireless media. Combinations
of any of the above should also be included withih the scope of computer readable medie.

The system memary 130 inciudes 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 slements within
computer 110, such as dwring start-up, is typically stored in ROM 131, RAM 132 typically
containg data and/or program modnies that are immediatcly accessible to and/or presently being
operated en by the processing unit 120. By way of exampls, and not limitetion, 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 may also include other removable/non-removable,
volatile/nonvolatile computer storage media. By way of example only, FIG. 1 illusirates a hard
disk drive 141 that reads from or writes o non-removable, nonvéiat:iie magnetic media, a
magnetic disk drive 151 that reads from or writes to a removable, nonvolatile magnetic disk 15 2,'
and an optical disk drive 155 that reads from or writes {o a removable, nonvolatile optical disk
‘i56, such ag a CD ROM or other optical medivm. Other removablemon-removable, -
volatile/nonvolatile compuier storage media that can be used in the example operating

environment include, but are not Iimited to, magnetic tape casseties, fiash memory cards, digital

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

drive 141 is typically connected to the system bus 121 through a non-removable memory
nterface such as interface 140, and magretic digk drive 151 and opﬁcél disk drive 155 are
fypically connected to the systern bus 121 by a removable memory interface, such ag interfrce
154,

The drives and their associaied computer storage media discnssed above and

illustrated in FIG. 1 provide storage of computer readable instructions, data structures, program
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n;odules end other data for the computer 110. In FIG. 1, for example, the hard disk drive 141 is
llustrated as the storing operating system 144, pplication programs 143, other program moduies
146, and program data 147, Note that these componertts can either be the same s or different
from the operating system 134, application programs 133, other program modules 136, and
program data 137. Gperating system 144, application programs 145, other program modules
146, and program data 147 are given different numbers here io iHlustrate that, at & minimuzn, they
are different. A user may enter comnands and informetion into the computer 110 through Input
devices such as g keyboard 162 and pointing device 161, commonty referred to as 2 mouse,
trackball or touch pad. Other input devices (ot shown) may include a microphone, joystick,
game pad, satellite dish, scanner, or the like. These and 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 & monitor 191, computers may also
inchude other periphéral output devices such as speakers and a printer (not shown), which may be
comnected through an output peripherel interface 195,

The computer 110 may oporate in a networked environment uzing logical commections
to one or more remote computers, such &s a remots computer 180, The remote computer 180
mey be & personsl computer, 2 server, a router, a network PC, a peer dovice or other common
network nods, and typically includes many or all of the ¢lements described ebove relative to the
computer 110, although only & memory storage device 181 has been illastrated In FIG. 1. The
logical connections depicisd in FIG. 1 incinde a Jocal area network {LAN) 171 and 3 wide area
networls (WAIN) 173, but may also inslude ofher networks. Such networking environments are
commonplace in offices, enterprise-wide computer networks, intranets and the Internet,

When used in 2 LAN networking environment, the computer 110 is cormected to the
LAN 171 through a nefwork interface or adapter 17¢. When used in a WAN networking
environment, the computer 110 typically includes means for establishing mmmunication‘s over
the WAN 173, such as the Infernet. In & networked environment, prograﬁa modules depicted
relative tothe computer 119, or portions thereof, may be stored in the remote memory storage

device. By way of example, and not limitation, FIG. 1 illustrates remote application programs

i3



10

18

20

25

30

185 as Tesiding on 2 memory device 181. Remote application programe 185 include, but are not

limited to web server applications such as Microsofi® Intemet Informatior. Services (IIS)® and

Apache ITTP Server which provides content which resides on the remote storage device 181 or
other accessible sterage device fo the World Wide Web. It will be appreciated that the networ
connections shown ars exemplary and other means of estébﬁshing 1 cotmmunications ok
between the computers may be nsad.

One of ordinary skili in the art can appreciate that & computer 110 or other client
devices can he deployed as pari of a coroputer network. In this regard, the preferred embodiment
pertains to any computer system having any number of memory or storage units, and auy numbsr
of applications and processes occurting across any mamber of storage units or volumes. An
embodiment of the may apply to an environment with server computers and client computers
deployed in a network environment, having remote or local storage. The preferred embodiment
may also apply to a standalone computing device, having programaming language functionality,
interpretation, and execution capabiﬁtiés.

Example Network Environment

FIG. 2 lustrates an embodiment of a network enviromment in which an embodiment
of the present mvention can be implemented. The network environment 200 containg a number
of local server systems 210, which may include a number of fiie servers 211, web servers 212,
and applcation servers 213 that are owned and maﬁaged by the owner of the local network.
These servers are in communication with local user systems 220 which may include a large

variety of gysterms such as workstations 221, desktop computers 222, laptop computers 223, and

“thin clients or terminals 224. The local user systems 220 may contain their own persistent

storage devices such as in the case of workstations 221, desktop compuiers 222, and laptop
computers 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 available persistent storege. The users within the local network vsually get access to the .
wider ares network guch ag the Internet 280 thouph the Jocal server systems 210 and typically
some network security measures suck 2s a fivewall 270, There might also be a mmrber (;f remote
systems 250 thai can be in conmmumication with the local server systems 210 and also the local
user systems 220, The remote computer systems can be a variety of remote terminals 291,

remote laptops 292, remote desktops 293, and remote web servers 294,

14
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Client-Server environmeni

The client-server sofiware architecture model is a versatile, message-based and
modular infrastructure that is intended to improve usability, fexibility, interoperability, and
scalability as compared to centralized, mainframe, time sharing computing. Client-server
describes the relationship between two computer programs in which one program, the client is
defined as & requester of services, which makes a service request from ancther program, the
server is defined as the provider of services, which fulfills the request. A client-server
application is & distributed system comprised of both client and server software. A chient
software process may nitiate a commrumication session, while the sexver waits for requests from
any client,

In a network, the client~server mode! provides a convenient way to efficiertly
interconnect programs that are distributed scross different locations. Transactions among
comyputers asing the client-server model are very common. Most Iniernet applications, such as
email, web access and database access, are based on the client-server model. For example, a web
browser is a clent program at & user computer that may be used to access infomaﬁon at any web
server in the worid. 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 prograsm at
the bank. The web server program may in turn forward the request to a datebase client program

that sends 2 request to a database server at another bank computer 1o refrieve the requested

.accourt balance information. The balence information is returned back to the bank database

client, which in tuun serves it back to the web browser client in the customer’s computer, which
displays the mformation to the customer. ‘

FIG. 3 iltustrates an exémple of mulii-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 is one or more clients

3 11, 312, the second fier is an appication server 321, and the third tier 330 is a data server 331

332. Atthe clieni Her, the clients 311, 312 provide the application’s User interface and also act
as presentation servers, The application's graphical user interface is generally & custom-
generated web page to be displayed by s web browser on the client computer, There canbe one
or more application servers 321 that host the business logic, and one or m,ore‘data servers 331,

332 to provide data stc;rage and validation services. The main body of an applicationismm en a
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shared host 321. The application server 321 does not drive the graphical user interfacs, rather it
shares business logic, corputations, and a data retrievel engine. The presentation of data
reirieved is handled by the presentatioﬁ server at the client tler. With less software on the client
systems, there are fewer security concerns. Application scalability, suppost costs, and
installation costs are all more favorable when the software is concentrated on a single server than.
when the sofiware is distributed amongst a nurber of desldop clients, '.Dicre are many different
implementations that may be produced using component technelogy in the application server
tier, such as CORBA. (Commuos Object Request Broker Architecture), EI3 (Buterprise Java
Beans) and DCOM (Distributed Component Object Model),

In one preferred embodiment, the system implements Enterprise JavaBeans (EIB)
technology in its architecture. EJB is 4 Java Application Programming Tnterface (API), which
allows developers to focus on the actual business architecture of the model, rather than having to
worry ebout endless amounts of programming and coding needed {o corneot all the working
parts. The developer can design (or purchase) the needed EIB components and arrange them on
the server as needed. ETB is a component architecture for developing and deployment of

component-based distributed applications, Appﬁceitions writien using EIB are scalable,

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

on any server platform that supports the EJB specification.

In an EIB multi-tier environment, the client provides the veer interface logic, the

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

The elient does not access the database directly. Instead, the client makes a call to the ETB

" Server on the middle fier, which then accesses the database, EJB Server provides a framework

for deploying the middle-tier logic of distributed component-baged applications. EIB Server's
high-performance fTransaction sexver provides efficient managernent of client sessions, threads,
database connections, and transaction flow, The Web browser connscts to EJB Server or a Web

server via HTTP 1o download an HTML page conteiting a Java applet that performs presentation

. functionality, The applet communicates with BJB Server, calling middle-tier components that

perform business logic. Data servers and storage servers stores, processes, and protects the
corporate data. BIB Server manages a pool of cannections to the database, coordinating the
fransaction processing to these servers.

The Preferred embodiment
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This form of preferred embodiment teaches methods and systems for aufomated
development of a software apphication. The method inclades various processes for defining the
application, modeling the specific business process or fimction to be performed by the sofiware
appHcation, creating uniquely speciaiized UML models to further define the process cr funciion,
and validating the models against e set of predefined unique syntax rules. The validated models
are then unigquely transformed into a undques metadata form that comprises generated application
code and XML files used by the f:az‘get application. FIG. 4 provides a general schematic of the
raajor steps of the sofiware engineering process of according to the preferred emmbodiment
method. In general, the software engineering process using the preferred embodiment comprises
the steps of first designing and modeling 2 business process using the UML graphical desipn tool
410. The business process is modeled uging an enhanced version of UML provided by the
mvéntion with metadata. The UML mode] and metadata are validated 420 and serve as input for
fhe automated code generation engine 430. The automated code generation engine parses the
UML model and metadatz and generzies deployable source code for the target application 480
ytilizing an enterprise application development framework, referzed to as the Palmyra
Pramework. Some manual coding 450 is sometimes needed to éupplement the automatically

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

usually directed to specific or specialized features of the application. The preferred smbodiment

can also include configuration tool{s) 460 and & test'and benchmark toot 470, Omnece configured
and tested, the targst application is ready for deployment 490.
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1L GRAPHICAT DESIGN OF SOFTWARE 3MODEL USING UML DIAGRAMS

This form of & preferred embediment provides an easy-to-use graphical soffware
sngineenng 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 represemt 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 reuse of existing components, which include both business
and technical com’ponents.

Tn one smbodiment of the present inventior, the graphical modeling and design tool is
based on a commercia] UML visual modeling tool such a8 MagicDraw. MagicDraw alone is not
sufficient to fimetion as the graphical modeling and design tool of the prsferre& ‘embodiment.
Although MagicDraw functions as a visual dlagramming tool, it does not check for design errors,
control Stereotypes and Tagged Values, 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
& piug-in for MagicDraw o enhancss its function, The enhanced TUML Designer, referred ftoasa
Palmyre UML Designer, constitutss an additional layer thet sits on top o7 MagicDraw in order to
overcome the hmitation of creating UML models that do not conform to the pre-defined miles
and to avoid errors during and after the design process. The Palmyra UML Designer ool
employs several sieps to achieve this. Fixst, the Palmyra UML Designer tocl checks whether the
designed models conform to pre-defined Palmyra rules by validating imtial vaines, multiplicities,
types, etc. Second, the Palmyra UML Designer tool makes diagrams ready for the generation
procest without human errer. Third, the Pahnyra UML Designer tool engbles the addition and
change of relations and simple fields uniformly throughout the application with precision.

' Fourth, the Palmyra UML Designer tool checks for Paimyra elemenis, and adds or corrects new

eligibility between their Siereotypes in order to avoid conflict and design errors. Finally, the
Paltryra UML Designer tool males use of value references for Tagged Valuss instead of Sting
Values, | ‘

The preferred embodiment is not limited to MagicDraw, or any other particular UML
design tool. Accordingly, one can impiameﬁt .this validation functiopelity through the use of

other design tools, such as 2 stand-alone application, or an add-on for another UML visualrdesign
tool. '
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The UML Designer also provides usability features that help a user to create a UMIL
model. The UML Designer provides user fidendly interfaces for panels, classes and Tagged
Value input. X automatically loads models confonning to the preferred enabodiment within
projects. The UML Designer simplifies the use of the Palmyra classes by grouping them into
four main categories, which are Entities, Interfaces, Controllers, and Simple Valuss. The UML
Designer adds needed Stersotypes to the classes depending on the type salected. The UML
Designer also displays availgble parsnt types af runtime,

Palnryra UML Designer can also provide & set of new actions to the selevied design
tool. FIG. 5 represents a UML Desigper File menu 500 baving example new actions,

New Palmyra Project 510: This sub-menu is used to create a new Palmyra project. A
Palmyra project contains the Palmyra UML mode] and removes all conflicting Stereotypes.

Palmyra Save 520: saves the active project.

Validate Palmyra Project 530: This sub-neny i§ used to validats the Palmyra Rules
of the project

Open Palmyra Code Generation 540: This sub~menu {5 used to open the Code
Generation Tool and passes to it the full path of the related UML model {in Palmyra XML
format). This sub-menu is used when the project is validated. The path of the Code Generation

Tool is specified with the installngtion of the plog in.

Generate Log Files 560 This sub-menu is used to generate log files. A first log file
contains the Hst of entities without code in the current model. Tts name is the concatenation of
the name the model and *_Entities WithoutCode.log”. A second log file containg the list of fields
which do not have the Tagged Value ‘cunpeath’ and do not have a simple value (the field must
heve at least one °."). Its name is the concatenation of the current model name and
* FieldsWithCurrPath.log”. This sub-rnenu comes avallable when the project is validated.

There are several types of diagrams that are created using the UML design tools, such:
85 class diagrams, process diaprams, and use-case transition diagrams. Palmyra UML Designer
provides additional menu options fo MagicDraw’s Diagrav menn 600 (FIG. 6).

‘ Al Class Diagram

The class diagram is uniquely created using class diagramn modeling technigues where
specific predefined types of classes and decorations are applied to provids unigue fimetionality

allowing the system to interpret the dizgram and to generate the data structure at generation time.
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The specific predefined types of classes are uniguely created in 2 standard UML mods] that is
provided by the framework of the invention. The clesses are organized into types of classes such
as Entitics, Conirollers, Simple T}’i)es, and Interfaces. The classes in the mode] are a pazt of the
framewark libraries. Palmyra UML Designer provides direct access to graphical tools for
creating UML class diagram throvgh the Palmyra Class Diagrams submenn 610.

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

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
rumber or a date or list of characters. The simpis types can be predefined by the standard model
provided by the framework, and they can also be defined in a specific model of a target
spplication. Simple types are used as fields for more sophisticated classes like entity class-types
or as parameters for the mothods contained in the controller class-types. These simple class
types can also be constrained in a way to provide limits and definitions of the date elements such
as rounding for muneric slements and formatting for text elements and preset values,

An sxample of a predefined simople typs is StringVakie, A StringValue simple type is
atext structure that may be constrained by & mexdmum number of characters. Another example

of a predefined simple type is BooleanVelue, where the data clement can have a value of true or

" false.

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

-created using the neme AgeValue that is defined to inherit attributes from another predefined or

a newly definsd Simple type. For example, AgeValus is set to inherit from IntegerValue, which
is a predefined simple type thet contains an integer between the range ~2,147,483,648 io

2,147 483,647, In addition, a consiraint can 2lso 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;ibuts of an ability to provide a range of values and i#f can be farther defined with
specific values established by theneeds of the target application.
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Simple class types also have an Exumeration class. An enumeration class describes
an enumeration type. Possible values of this type are defined within the class attribuies. FIG.
74 {lusirates an cxample of an enumeration class. In this particular example the class contains a
Yist of users with thelr attributes. In this exanmle userd had a list of properties such as
UserName[i] = Developer, UserName[I +1]=Designer. The Enumeration class can be
represe\ated in & Combo Box in the generated application.

1 TypeMame class

A Type Name Class is an enumeration filled at run-time that contains all sub class
narnes of 2 specific clags, FIG. 73 illustrates an example of a TypeName class. For example, if
a type name extends “Constraints 7 ypeName” and the Tagged Value “classname” bas as value a
class “X”, at runtime the system will show in & combination box all sub classes’ names of the
class *“X having the Stereotype “constraints”

il DynamicTypeName

A Dynarnic Type Name Class 1s an snumeration filled at run-time that conteing &l
sub classes of a given clags with two additional properties. FIG. 7C illustrates an exemple of a
DynamicTypeName class. For example, if the user defines a DynamicTypeName clags that has
as ‘classnome’ Tagged Valus the Class “X”, the ‘includetvpes’ as “I'ype_dbstractValue’ and the
‘excludetypes’ as “Type_Constrainrable’, the system will show all sub clesses of “X” extending
“AbstractValue” and that do not have the Stersotype ‘constrainable’. The description of all
possible types is detailed in Palmyra Stereotypes & Rules (nfra),

Hi.  Astribute class

An Attribute clags is nsed to costomize 2 simple type that extends one of the Paimyra
Simple types and adds specific properties that the user nge&s. FIG. 7D illustretes an example of
an Attribute class. The Atiribule class defines a set of properties for 2 specific object, Inthe
example shown in FIG. 7D, four properties are defined for & specific atirivute gir!. In another
cxample, the user can define a new attribute having as type AmountValue, givefo this atiribute
the precision and the defaniiformat Tagged Values, and after that define all attributes,
parametere, 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 bayeclassname is a controller.
FIG. 7E illustrates an example of a Controller clags. For example, if a controller name has the
Tagged Velue “baseclassname” as value a controlier “C”, at runtime the system will show in 2
combo box 21l sub classes’ names of the cantroller “C*.

V. Action Bnmmeration

An Action Exmumeration. Class is & dynamic enurneration that is filled at runtime by
fhe execution result of a method in & controlier, FIG. 7F illustrates an exzmple of Action
Hrumeration Class. For example, to fill a market Transaction Type from file (Property file in an
Enterprise AppHcation Archive (EAR), the user creates a controller, defines @ method that
returns 2 Collection Value, and then creates an Action Enumeration Class with Tegged Value
“controllername” equal to the name of the new controfler and “actionname” equal to the name of
the moethod that will A1l at runtime the values of Markst Operation Type. When some values 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 heterogensous structures that contain fields having one or more
Simpile class types, and Entity class types can have relations with other Endity class fypes. Like
Simple types, ‘ths Entity types can be predefined by the standard model provided by the
framewark or they can be defined in a specific model of a target application. Entity types are
data elements that coropose the data structure of the target application that also can be used ag
parameters for the methods contained in the Controller class-types. These Entity class types can
zlso be constrained, enhenced, and modified m a way o provide more precise data elements in
accordanoe with the needs established by the target spplication.

Bntity class types can have multiplicity of definitions for the fields and relations. The
integrity of the mstances of Entity classes, referred to 28 abjects, is checked at runtime for the
correctness of those objects in accordance with the precefined multiplicities. |

The relations between Entity classes types are categorized nto four groups referred fo
as generalization, aggregation, composition, md associarion,

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

medify some features such as multiplicitics of existing felds and relations.
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Aggreéation relations are used to make i possibie for a date strecture defined by one
Entity class to point {o other data structures defined by other Entity classes.

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

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

Relation dependencies are categorized inio six groups known as Jin, Contains,
Sameds, Or, Xor, and Exciusive, Relation dependencies are applied to a pair of relations, the
two relations are called the source and the target, The relations eligible for such dependencies
are Aggregetion or Corrposition relation types.

Jn relation, dependency is used to indicate that the element belonging to the source
relation is simultaneonsiy a member of the targst relation-collection,

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

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

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

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

Exelustve relation dependency is ussd to indicate that at mosi one of the two relations,
source ot tarzet, should be assigned at runtime, -

There are different types of entities:

i Entity Class

An Entity clase is 2 persistent class in the database (realizés the “dhsrract Value®
interface), having attributes (inherits from “CompositeValue™) and relations with other classes.
FIG. 9A illustyates an exemple of entity class, i

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

(expandnble, non expandable, and Business Tagged Value), and Atiributes,
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i Constrainable classes

A Constrainable class is & persistent class in the datebase on which we can define
constraints. It is an “ensify” that has the Stersotype “constrainable”. FIG, 8 illustrates an
example of a Consirainable class 510,

fiil.  Constraints classes

The cbjective of 2 consiraints class is to define constraints on 2 Corstrainable clags:
The “constraints” class should inherit from the constrained class (which should have the
Stereotype “Consirainable” or “constraints” also).

FIG, § illusirates the use of Consiraints/Constrainable clzsses. The classes Equity
820, Right 830, and Warrant 840 are securities that have specific properties (fixed value,
mnltiplicitf). The constraints are:

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

Right 830: In this class the atiributes: assetNature is frozen, read only, and has fixed
value “Right.” ‘
' Warrart 840 In this class the attrdbutes: assetNature is frozen, read only, and has
fxed value “Warrant.”

iv. Composite class

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

V. Macro Class

The Macro class is used to optimize the repetition of some attributes in the class
diagram. When some afiributes (fom different classes) are comumon for many classes, the
definition of & macro cen be very useful. In fact, 3 macro expresses 1 semantic grouping of somoe
attributes within the same class i order to be used by other classes. FIG. 9C provides an
exampic of a Macré class.

d. Coniroiler Class
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Contralier class types are algorifhm definition structures; they contain one or more
written algorithms that are called Methods. Like Simple types and Entity types, Controller class
types can be predefined by the standard model provided by the framewark or they can be defined
in & specific model of a target application. A Method may have one or more input data clements
referred to as input parameters and may refurn at most one output element called the return
value. Both input paremeters and return velue represent instances of the Simple class types,
Entity class types or interfaces. A controller may have 2 short name known by ap alizs; this alias
is used by the applicetion vode or by the expresaions used as caloulation formulas to referto a
specified Controller. FIG. 9D provides an sxample of a Controller class.

€. Interfaces

Interfaces are heterogeneous structures that serve as templates containing felds

naving one or more Simple class types and can have relations with other Entity class types or

inferfaces, Like Simple types and Bntity types, interfeces can be predefined by the standard

model provided by the framework or they can be defined in a specific model of a target
epplication.
The Interface category contains the folowing interfaces, which are Hlustrated in FIG.
10: )
1. Valus Interface ' :

“Value” 1010: this interface is the super interface of all elements in the framework.
Al implementing classes are not persistent by defenit The user can define its own *value’
interface that extends Value or oné of it sub-interfaces. The new interface is used to define
attributes and make relations with other interfaces or classes. All implementing classes are not
persistent (having the ‘composite’ stereatype for example)

il Absiract Velue Interface

“Abgiract Value” 1020; This intarface is the super interface of all persistent entities in
the database. It defines the fechricsl fields (pk, creationDate, ereatorUserld, updaicDate,

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

‘abstractvalue’ and all sub-classes st have the stereotype ‘entity’. If the user defines an
‘abstractvalue’ interface, it can define attributes (but not operations) and maks relations with

other classes or interfaces.
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il Storages Interface

“Storage™: An interface with the stereotype ‘storage’ spaoiﬁes'storaga of
implementing entities, A storage Interface must inherit from AbsiractValue interface. The user
must add the related Tagged Vahie “datasource”™. All classes that implement the creaied
interface will be stored in the specified data source. The mapping between the value of the
tagged value ‘datasource” and the real database will be performed when deploying the
application.

Example: A client has bought a Palmyra business application that has an interfacs
with another application but this application has it own database. The designer needs to create a
new storage entity that inherits from Storage interface and assigns to it the carresponding data
source.

iv. Historicized mterface

“Historicized” 1030: indicates that the Implementing entity will be historicized. The
system defines two interfaces: Historicized and HistoricizedOnDelete. A Historicized entity is a
class that inherits from one of the two mentioned inferfaces, The system will maintain the
history of all modifications made on instances of this sntity, The user can define its own
‘Historicized’ intsrface that defines the tagged value “historydatasource’. All classes that
implement the created interface will be historicized in the specified history data source. The
mapping between the value of the tagged value “historydatasource’and the real databage will be
performed when deploying the application.

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

a. Class Decoration Types

The specific predefined decorations are wrquely created Taggsd Values and
Stereotypes designed to facilitate the croation of the target software appHeation.

Decorations for class diagrams provide additional information for elements like
interfaces, classes, reletions, and fields. The decorations are categorized into Tagged Values and
Stereotypes. Taggéd Values are used to add information to an element by means of 2 desired
value such as a number or character. Stersotypes are added to classify these elements into groups

such as Butities and Constraints, or to add information like the Stereofype Constrainabls,
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however no values are assigned 1o Stereotypes. The listof avaﬂaﬂe Tagged Values and
Stereotypes differs in accordance to the type of element.

Al the Stereotypes are defined exclusively in the standard UMIL. model provided by
the fizmework. b addition, some of the Tagged Values are defined in the standard UML model
and others mey be dsfined by = specific model of a target application. TABLE 1 liste Palmyza
Stereotypes and Tagped Values:

Tahle 2; Palmyra Stercotypes and Tegeed Values

Element Properties Palimyra Stereotype Palmyra
Tagged Value
Class Name eritity sontext
constrainable descriptionkeyes
canstraints domainmanager
composite fieldconfipg
cached indexgroup
sameas
glaname
' uniguegroup
macro
coniroller Alias
utility .
cuum domainmanager
typename clagsname
domeainmanager
dynamictypename classnaine
.| excludetypes
ncludetypes
domainmanager
atir defanltformat
domalnmanagsr
mask
max
min
precision
roumnding
conirollername paseclassname
actionent actionmarne
controllername
domainmanager

28




In{erface

Name

value
abstractvalue

comtext
domeinmanager
indexgroup
5AmeAs
maxgroup
slaname
UMIQEEEIOny

storage

datasource

historicized

historydatasource

Atiribute

Name

type

mitial value
multiplicity

code
asp
unique
sequence
transient

Active
calculationformula
calendarpath
curpath
defaultformuia
domaimmanager
exclusivetarget
index

invisible

label

order

ortarget
orderincode

1 originalname

ownerclassname
ownerclasspath
readonly
rounding

style

skewed
wordsize
xXortarget

Operation

Narme
Retumn type
Parameters (name and type)

Relation:
Dependency

Between tow Association
rélations

In
sameas
contains
exchisive
oT

Kor

Root
SOUICE
target

Relation

Type:
Simple/Aggregation/Composition
Cardinalities

Navigability .
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Role code Active

Symmetric Role set asp -

list caleulationfornomuls
map defanitformula
transient domainmanager
Unigue ndex

. indexisunigoe
indexnsme
invisible
joincondition
order

orderincods
originalnams
possiblevainesformula
readonly

style

skewed

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

a. Imtroduction to Tagged Values

Pahmyra elements can have properties that are calied Tagged Values. Tagged Values
are pmpértics given to slements fike iﬁterfaces, classes, relations, and fislds. Tagped Values can
be mandatory or optional. All specific Tag ged Values {defined in a specific model of & targst
application) are optional. Once a Tagged Vahe is added to an element, a value should be
assigned to that Tagged Value. An example of & Tagged Value ig the Calculation Formula. Whei ‘
a Calenlation Formula is added to a field, an expression is assigned as a value to that Calenlation
formula. '

b. Introduction to Stersotypes

Stercotypes are also propertes given fo clements, Unitke the Tagged Values, no
values are assigned o Stercotypes when they are used. The target Stereotype merely eXpresses
that a valus is desired. For exam?le, the Constrainable Stereotype, when added or assigned to an

Entity class type, infb;rms the system that constraints conld be added to that Entity class type

later at runtime.
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Palmyra Stereotypes and Tagged Values can be classified according to the level of
applicebility. They can be defined at atteibute level, class Jevel, a relation level, or a dependency
relation level. TABLE 2 lists Palmvyra Stereotypes and Tagged Values.

<. Class Stersoiypes

"entity": a class with the Entity Stereotype is persistent,

Yeomporite™ a class with the Composite Stereatype is not peysistent.

"Hﬁcro": a class with the Macro Stereotype has a group of atiributes that could be
repeated in more than one class. These atiributes will be part of the attributes of each class
having an additional attribute having as type this Macro class. Every attribute having as type
Magero class will be replaced by il the atiwibutes of this Macre class in the generation step.

“eongroller': a class with the Controller Stereotype can have only operations
(actions). _ .
. Yypename": 2 clags with the Typename stereotype is used to Hst all the subclasses of
one class. This information is set in the Tagged Vaiue classname. If the user adds a typename
class having the classname Tagged Value as *StringValue® for example, every field having this
typename class as type Wﬁl have as values all subclasses of ‘SiringValue®,

“ynomiciypename”: e class with the Dynamictypename Stereotype is a variation of a
Typenarne class. In addition to the classname, the user can specify the inchided and excluded
types. There are 9 types that the user can specify: ;cype“AbstractValue, type Imterface,
type_CompositeVaiue, type_Constraintable, type Constraints, typs_CollectionValue,
type_SimpleValue, type BusinessEntity, type_ExcludeAll, and type_IncludeAll

"qitr": a class with the Attr stereotype can have an added restriction to an element of
z Palmyra Simple type. The user can specify a customized simple typs with all required
proberties, such as default format, maslk, -max, iz, precision, and rounding.

"enum™: a class with the BEnum Stereotype represents an epumeration, Its attributes
present all fossib}e values for a field having as type "emam.” Tvery Boum class element should
inherent frotn a Palmyrs StringValue type or one of it subclesses.

“controllername”; a cless with the Controllername Stereotype can list all the
subclasses of a controlier. This information i8 set in the Tagged Value baseclassname, -

"actionemum®: 2 class with the Actionenum Stereotype has values dynamically

assigned at run fime. An Actionenum has two Tagged Values: controllemame 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 actionmame related to the controller specified in the Tagged Value
coptrollername.
d. Interface Stercotypes

"alue®: A “value’ mterface is anon persistent interface.

"abstractvaiue"; an interface with the ‘absiractvaluea’ stereotype is a persistent
interface All it sub-classes can be saved to zny storage service.

"Storage"™: m interface with the stercotype starge is used to identify a *datasource’
(database), which is used by all implementing entities.

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

e, View related elements

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

“invisible™ an atiribule with the Invisible Tagged Value can be used io make an
asscciated object not viewable in gll service paths. If the nser wants the object to be visible fora
certain path, the user must add it using the view format. -

"siyle": an attribute with the Style Taggéd Value can be used to have an objeci be
viewed using the specified layout. The value of the style is one of the supported Iayouts in
Paimyra. The vaiue may also contain oriteria determining the condition that must be verifisd in
order to apply the specified iayout.

"order™: an attribuie with the Order Tagged Value contains 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.

Mabel"; an attribute with the Label Tagged Value will be viewed using the specified
valus in the label.

"readonly®; an attribute with the Reedonly Tagped Value may not be modified.
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"frozen" (defined using changeability proparty in the UML editor). when set as an
attzibute, the UML designer must give the atiribute an initial value, and its defzult view willbe a
Read Cnly mode.
L Detabase related elements

"mandatory” {defined vsing muliiplicity propsrty in the UML editor, see TABLE 1):
when set at atttibute level, this attribute indicates thet a value of this field must be set to & value
other than nulL .

"ndex"; an attribute with the Tndex Tagged Value set must be indexed in the database
o accelerate search performance. When defined at a class level, it is used as a Tagged Value and
is getf to the group of atiributes that must be indexed (et index=keyl, key2, key3). If more than -
one group must be indexed, severzl Tagged Values must be set).

_ "unique": an ettribute with the unique Stereotype sef indicates that this element has a
unique constraint in the database. When defined at a class level, it is used as a Taggad Value, end
is set to the group of atiributes that must be unique (e.g., unigue=keyl, key2, key3). If more than
one group must be unique, several Tagged Valuss must be set). "unigue" verifies also the
"meandatory” property and the "index” tagged value.

“datasource”: used with the Storage Stereotype, this interface Tagged Value
specifies the database o use for all entities (and their subclasses) that realize this interface. The
values specified i the UML will be mapped to real dajdbase when running Palmyra Setup tool

"historydatasource”: thic is & Tagged Value used in interfaces that extends the

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

*eode™: A code v a string that uniquely represents an object. It comprises of eneora
concatenation of a set of its attributes and relations. The dzfault entity code is its database
primary kev. When an ettribute or 2 relation hz;s code a8 a Stereotype, this indicates that this
attribute or relation is part of the object code. If the code is composed, the Stereotyped aftributes
must be ordered using the ‘orderincode’ Tagged Value. "code" also verifies the "mandatory™
property and the “index" and "wnigue" Stereotypes.

"asp": this {s a stereotype used in attributes 1o manage the sharing of global entities
between different users. The user is allowed to access only & subset of the associated entities, An
adminigtrator must set the user properties 1o fransparently map it to the asp atiribute, which
determines the allowed subset fo access. '
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“indexgroup": this Tegged Valus is used o indicate that the assosiated group of
attributes must he indexed in the database to accelerate search performance.

"uniguegroup™: this Tagged Value is used fo indicate that this group of attributes have
a umique constraint in the database,

"skewed": when this Tagged Value is setto true, the object will be passed 1o the SQL
query as the confent of its value end not a3 & prepared statement.

"fransient™ indicates that this attribute or relation is transient and will not be mapped
o the database. ‘

E. Constraint mods! related elements

"eomsirainable”; this Stereotype indicates a class is subject to be constrained. This
Stereotype is mandatory in the creation of constrained classes from 2 super class, _

“eonsiraints™; this Stersotype indicates g clage has 2 constraint on its super class. The
constrained class can change some of its super properties at run time such as Atiribute ranges and
relation cardinality.

. “originglname"; this Tagged Value is associated with a relation of a constrained class

to indicate the original name of the overridden relution {or role), The Stereotyped classis a
constraint on its super class.

h Model related clements

"sequence”: this Stereotype is associated with an atiribute that will be dynamically
assigned 2 unigue sequenced value,

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

®list": A list is a Stereotype that applies to 1 to n cormpositior and aggregation
relations. It indexes the owned elements aocording to a user-defined order. These elements are
displayed in crder and can be re-ordered using either the up and down arrows or the "order list"
action. . |

"map": A map is a Stereotype that epplies ic 1 to r composition and aggregation
relations. ¥t indexes the owned elements according to a user-defined role (key).

"indexname”: this Tegged Value indicates the name of the index appHed to an
attziiiutc. A
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"indexisunigue": this is a Tagged Value thet defines 2 uniqueness condition that
groups both the index field and the symmetric role of the owner in a "map" relation. When such
a unique condition is applisd only one collection item is returned for each possible value of the
indexed field, When no unigue consiraint is applied, more then one item can match sach
possible value of the indexed field. In such case the relation will be invisible and it is impossibla
to create or updaie the collection via Paimyra default presentation interface,

i. Dependency relations related elements

For 2ll dependency relations three Tagged Values are mandatory:
*root"; indicates the basic class to which the dependent reletions belong.
“source™ indicates the role of the source relation. ‘
"target": indicates The role of the target relation.
Stereotypes define the type of the required dependency relation:
"sameas™: indicates that the target class of the dependent relations are identical.
i indicates that the source relation must 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'y indicates that af least one of the source and target relations must be set.

"xor"; mmdicates that only one of the source and target relations must be st

i SLA Tagged Values |

“slaname’™; This Tegged Value contains the name of the Class that inberits from the
Palmyra intarface SLAInterface.
“context”: This Tagged Value contains the parameters to find the SLA.
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k. S0A Stereotypss

“interface”: This Stercotype is applicable cnly on classes having the sfersotype
‘controller’. For a method which belongs to an ‘interface’ controller, all the parameters and the
return value cannot be an Interface or the CompositeValue, CollectionValue, TistValue and
MapValue. This resiriction is not epplicabie for any sub class of the methods. Interface
indicates that the methods of this controller can be used by a nor-Palmyra application.

“reference’; This Stereatype is applicable only on classes having the siereotype
‘gontroller’. Reference indicates that the implementation of this centroller method can exist in
non-Palmyra applicaticn.

L Other Tagged Values

' “orderincode™ This Tagged Value is an integervaiue giving the order of the specified
code within the group of attributes corposing the code. This stereotype is related io the
stereotype “dode”.

“glins™: This Tagged Vaiue is used for the controller to specify a unique alias to it. It
can be useful to call a controller by its alias instead of iis full nfame. A controller can have more
than one alias. )

' “poutroliername”; This Tagged Value is used with the Stersotype
“actiondynamicenum”. It indicates the controller class name,. which contains the method thai
returns a st of values (enum).

“actionname’: This Tagged Valus is related to “actiondynamizenum” stereotype. It
indicates the method that returns the list of values.

“passiblevaluwesformula™: This tagged value is applicabie on aggregation relations
only. Jts value must be 2 valid criteria and it wiil be used when retrieving the possible values of

the relation.

“rounding™: this tagged value is applicable on atiributes having as fype DoubleValue,
1t"s used to specify a rounding type which will be appili ed to the vatue of the atiributs..

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

“defauliformula’: This Tagged Value contains an expression that will be calculated zs
a default value. -
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“calculationformula™; Caloulation formulas are used io indicate that & feld ora
relation is essigned antomatically according to & caleulation expression. The formula can depend
on other fields or relations that arve defined in the Fntity class, An expression is & list of
arithmetical or logical operators, applied on field or relation values, or on results of calling
methods defined in Controiler class types. If a field or a relation has & celsulation formula this
means that the value of the field or refation cannot be assigned manually ai runtime.

“coalendurpath’™, This Té.ggsd Value contains the full path of the business calendar,

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

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

“active”: The Tagged Value active is set as frue when a field is in focus. It will be
refreshed each time this fiekd loses focus. |

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

* BusinessTaggedValue” This Is 2 special Stereotype defined by the Business Teﬁm. '
All defined Tagged Values under this Stereotype will be shown in the Tagged Value subcategory
BﬁsinessTaggedValue for all the UMTI. elements such as Class, Field, Relation End, Interface.

“storename’”. This is a Tagged Value in whick the user can specify a logical store
pame, This one is used fo store the valus of an attribute having as type FiléName or one of its
subclasses. The user can associate a specific storage to every storename Using the Setup tool. The
storage can be a folder or a remote storage service, such as fip.

“fieldconfig”: This Tagped Value is used 1o specify the configuration refated to &
class thet realize the Interface HaslncompleteState, The user can select a list of fieids refatad to
the selected entity,

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

“sortarget”: The user can nse this Tagged Value to define an “xor” dependeney
between the current field and another field in the saze entity or in another cne with a relation.

“exclusivetarget”: The user can use this Tagged Value to define an ‘exclusive’
dependency between the current fieid and another feld in the same enfity or in another ore 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 lists
Palmjfra Simple Types.

Teble 3: Palmryra Simple Types

Attribute Attribute

Description
name Type

StringValue and its subclasses
Max Integer max length of the string.
Masle String mask on the conients of the SiringValue instance.
NumberValus and its subclasses

: y ) Minimem valid value for the numeric number rspresented by
Min Nutmber subclasses of NumberValue. '
M Maxinen valid values for the numeric number represented by

ax Number

subclasses of NumberValue,

The number of digits after the float point, which will be saved n

Precision nt the database, Palmyra default valus is 6.

1t is the format used to input and output the value of the Number
object. The format must be the supported pattern in Palmyra (java

defanltformat | slring standard patiems). Palmyre default value is

. PIHEIO) S G R
AmountValue
Min MNumber Same as NumberValue
Max Nurnber Same as NumberValue
Precision int A default value=3 is mandatory
QuantityValue _
Min Number Same a8 NumberValue
Meax - Number Same ae NumberVahie
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Precigion int A default value=16 is mendatory

1t iz the formet used to input and output the value of the Number
. obiect, The farmat must be the supported pattem in Palmyra (fava

defaulFormat | String ste:ndard patterns). Palmyra defaulﬁPvaiue is
O R O SRR

DateValue and its subclasses

max | Date The maximum date allowed

mrin | Date The minimum date allowed
The precision allowed is one of the following: DAY, MONTH,

. . YEAR, HOUR, MINUTE, SECOND, MILLSECOND. When using

precision Sting this precision in the UML the related data will be saved with the
defined precision in the database,
It is the format used to juput and cutput the value of the Date
object. The format must be the supported pattern inx Paloryra Java

. standard pziterns). There is no relation between the precision and

defaultFormat | String the form:i but it is recommended that you use the folz'mat
‘cornpatible with the chosen precision. Palmyra default format is
MILLSECOND.

BusinessDaile ‘

parein] Date Same as Date type

max Date Same as Date type

precigion String A default value=DAY is mandatory

defaulfFormat | String Samae as Date type

-1 UserDate

i \ | Date Seme as Date type

max Date Same as Dafe type

precision String Same as Date type ,

defaultFormat | Strng Must be set by the regional settings configuration

L Palmyra Specialized Types

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

Special Types.
Table 4: Palmyra Special Types
Status Tvpe of attribute representing a Lifecycle Status -
: H . . i - N
AbstractValue ?type used to define & persistent object. It is equivalent to the "entity’
tersotype.
CompositeValue A type used to define a non persistent object
Value An interface used 1o define a non persistent object.
Historicized An interface allowing enabling historization of the sptity implementing it
C. Process Diagram
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The process diagram is uniquely created using state diagram modeling techniques .
where specific ﬁredeﬁned decorations are applied to provide unique functionality allowing the
system to interpret the diagram end to run the process later at runtime. The specific predefined
decorations are uniquely created Tegged-Values and Stersotypes designed to facilitate the
creation of the target software application.

A process diagram represents 4 Process Definition. A Process Definition lists what
ha%apens between, the start and end points. It mcludes ail the activities performed by the system
and the users, A process cornprises a number of steps. Using the state diagram modeling
technique, the steps are expressed by states, and their nferconnectivity is expressed by
transitions, Two predefined states are used to defins the start and the end of a process. The
trensitions between siates can be triggered by events md guarded by conditions. One event may
trigger multiple transitions defined in a specific order. When a first concition is satisfied, the
process moves to the next step defined by the transition having that satisfied condition.

States sre classified fnfo 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 fremsitions. Here also, the decorations are cztegorized into Tagged Values and
Stereotypes.

a. Tapged Valies

Tagged Values are properties given to elements like interfaces, classes, relations, and
fields. Taggzed Values can be mandatory or opticnal. All specific Tagged Values (definedin a
specifc model of a target application) are optional. Once & Tagged Value is added to an

element, a value ghould be assigned to that Tagged Value. An example of a Tagged Value is the

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

Amnalogously to Tagged Values in class decorations, Tagged Values in process
decorations are properties given to elements like states and transitions. Tagged Values can be
mandatory or optional, No specific Tagged Values can be defined in & speeific modsl of a {arget

application. Once 2 Tagged Value is added to an element, a value should be assigned to that
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Tagged Value. An example of a Tagged Value is the Order applied to the transitions. A number
like 1,2, 3, efc., is assigned to this Tagged Value in order to express the order.
b. Stereotypes

Stereotypes are also properties given to slements. Unlike the Tagged Values, no
values are assigned to Stercotypes when they are used. The target Stereotype merely sxpresses
that a value is desired. For example the Constrainable Stereotype, when added or assigned 1o an
Fntity class type, informs the system that constrainis could be added to that E%nﬁty class fype
later at nintime.

Here also, analogously o Sterectypes inclass decorstions, Stereotypes are properties
given to elemenis such as states and fransitions. No values are assigned to Stereotypes when they
are used. The target Stereotype merely expresses thai a value is desired. For example, the
Persistent Sterentyps, when added or assigned to a state, nforms the system to stop the process
in that step =nd causes it to wait for an svent.

2, Use Case Transition Diagram

The use-case transition diagram i3 uniquely created using state diagram modeling
techniques where specific predefined decorations are applisd to provide unique fimctionality
allowing the system to interpret the diagram and to create use-case acti‘lons to be used at run #me,
The specific predefined decorations are uniquely ereated Tagged-Values designed to facilitate
the creation of the target software application.

A use-case transition diagram represents an interaction scenaric between the system,
and a user throuph the user interface. The inferaction scenario consisie of a group of use-cases
represented by states in the state diagram, and the inmterconmectivity betwesn them is expressed
by transitions. At runtime the use-cases are represented by the user sereens and the transitions
are represented by actions iike buttons displayed on the screen. By clicking on those buitons the
system displays another screen determined by the fransition represented by the button.

Decorations for use-case transition diaprams provide additional infonmation for
elements Hke states and tansitions. The decorations for use-case transition diagrams are 1imited
to Tagged Values only. An exampie of 2 Tagged Value is the Action name, which when added
to a fransition gives a lzbel o the bution to be displayed later on the screen.

3. Use Case Diagram:
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Palmyra UML Desipner tool used the state disgram modeling techniques in order to
create the UML Use Case Diagram. [t allows the definftion of use cases, navigation between use
cases and definitions of actions to be zllowed by use case at design time. The generdtion tool
will use this design to generate the registration code relaﬁv.e 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
action that is aliowed for sach uss case.

A new submenuy, ‘“Palmryra 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 io
define the different actions allowed for it. The user can create this diagram by simple click o the
mienu 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 defanlt name to the use 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 dessriptions of the flelds:

Use Case: Containg the name of the use case,

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

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

‘Bution Input Configurarion: Allows the user to define the informetion used to prepeare
the use case.

The wser can also fill in some sxpert information vsing an expert bution provided by

the Palmyra UML Desi gner interface,

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

To create an action handier, the designer must click to the related button in the tool
bar. Afier that he mmst specify by drag and drop the source and the farget nse cases. FIG. 11
shows the action handler “AgencyCormmandSearch” 1130 that is registered in the use case
“UCAgency” 1110,
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The user can consult and modify the properties of a use case. Here are the

descriptions of the fields:

Name: Contains the name of the action handler,

Action Name: By defanlt this contains the identifier of the action, it depond on the

action type.

View Order; Containg the m‘(ier of the action.

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

bottom or both.

Navigation Type: Indicates the type of the navigation betweer: the source use case and

the tarzet use case.

To Be Overridden: Indicates whether the programmer is allowed to overiide some

methods of the action handler.

Bution Show Expert: Shows the action handier advarced informeation.

If the user s expert in the action properties information, he cen click fo the button

“Show Expert” fc custornize some properties.

collection;

The fields of the context are as follows:

Action Type: represent the fype of the action:

Technical: The actions of this type aren’t visibls;

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

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

ColumnOperation: The actions of this type are represented for each cohumn in a

TableOperation: 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 when the action type is

submission. It contains the name of rols.

collection.

Class Name: This fsld contains the name of the class that this action will register,
Use Case; This fleld confains the name of the source use case. )

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

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

On Return 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 executed when returning
from the target use cass.

Action Type: represent the type of the action:

Technical: The actions of this type aren’t visible

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

ZowQOperation: The actions of this type are represented for eack row in a collection

ColumnOperation: The actions of this type are represented for each column i a
collection

TableOperation: The actions-of this type are represented in the header of colisction,
the navigation actions (next, last) belong fo this type

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

Class Name: This field contains the name of the clags of the target use case.

Use Case; This field contains the name of the target use case.

In Collection: This field indicates whether or not the destination use case is for
collection.

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

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

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

Image Sre: the name of the image.

Confirmation Message Key: The key of the confirnation 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 file
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Collapse Curvent Screen: Specify whether the screen must be coliapsed or no after
the execution of the action
c. Wizard Use Case:

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

cage. FIG, 124 illustrates an exemplary Palmyra class diagram that deamonstrates how the

wizard worlts.

Whena new diagram is added to the UML Designer named Palmyra Wizard Diagram
630 (FIG. 6), this diagram allows the designer to draw his own wizard and the different step of
the wizard. The user can create this diagram by simple click o the menn in the item *“Palmyra

Wizard Diagram” 630 (FIG. €).

After creating the new diegram, the UML Designer tnal automatically adds the
Stereotypes “usecase” and “wizard”, The user gives a name to the new diagram, and this name
will be af the run time the name of the mem item vnder the mem “Wizard.” Next, the desipner
can add his specific steps (FIG, 12B).

" In the example of FIG 128, there is a wizard with three steps, The first step allows
the user to create a client, “CreateClientStep;” 1240 the second step aliows the user to create 2
security account “CreateSecurityAccountStep™ 1230; and the last step sliows the user to create a

cash account 1260,

Adter creating  use case by clicking on the related button in the fool bar, the user can - -

put thic use case in his préferred pesition by drag and drop. By default, the tool gives a narne to
the use case for example “USBCASEL.” This name can be modified, for example the use case
can be called “CreatcClientStep™ 1240.
7 - The user can consult and modify the properties of the use case. Here are the
descriptions of the fields:
- Use Case: Containg the nams of the use case.

{Class Name: Conteins the class on which the use case wiil be registered. The field

cannot be empty.
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Tnput Parameters: A set of pérameters thet ate vsed by this uss case for flling fislds.
The user 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; Contains the formula that will be evaluated of the related Key Name.

Output Parameters: A set of parameters that represent fhe result of the current step.
The user can add more than one parameter in the related grid. The evaiuations of the output
parameters are dore before the input parameters. This grid contains two colurans, as foilows:

(1) Key Name: The key of a global map of ail the wizards steps;

(2) Formula: Contains the formula that will be evaluated of the related Key Name.

Aftor 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
Gieneration fool, the user loads the generated UML and generates ths java classes related to his
model.

d. 'Wizard Action Handler

To create a wizerd action handler the designer must elick to the related button in the
tool bar, After that he must specify by drag and drop the sourpe and the target wizard use cases.
FIG. 12B shows the action handier “CreateSecuzrityAccount” 1250
The user can consult and modify the groparties of the action handler by double
clicking. Here are the descriptions of the fields;
Name: This feld contains the name of the action handler.
Action Name: This field can have four different values:
(1) Nexr: When the Action Name is Next, this action performs the action save and
then evaluaiss the parameters and finally sets them to the next value;
(2) viewSL4: When the Action Name is viewSLA, this action constructs a context
from the paramefers and does a search of the SLA;
(3) createNewSLA: When the Action Name is createNewSL.A, this action creates
a mew SLA with the result of the evatuation of the parameters;
(4) finish: When the Action Name is finish, the action terminates the wizard.

Fosition: This field contains the positics of the acticn in the screen.
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Ta Be Overridden: The value stored at this field indicates whether the programmer is
allowed to oveﬁde some methods of the acticn handler., :
Input Parameters: The user can add more than one parameter in the related grid. This
grid contains two colamms, as follows:
(1) Key Name: The key na.mc of the value or the context in case of the SLA;
(2) Formula: Containg the formula {hat will be evaluated of the rolated Koy
Name.
Qutput Parameters: The vser can add more than one parameter in the related grid.
The evaluations of the output parameters are done before the input parameters, This grid contains
two columns, as follows:
(1} Key Name; The key of a global map of all the wizards steps;
() Formula: Containg the formula that will be evaluated of the relaied Koy
Nams.
After the design the user must vatidate the project with the button “Validate Palmyra
Project” and then save the UML with the button “Save Generated UML”. Finally, in Palmyra
Generation tool, the user loads the generated UML and generates the java claslsas related to his
model,

T VALIDATING

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

After the dedign phase the user can validats the entire project, or some portion, with a
single step, or through an interface, provided by the system such ag “Validate Palmyra Project”,
Following velidation, the generated UML is saved in a single siep, or through un interface,

*

provided by the system such as “‘Save Generated UML". Using a single step, or an interface,
provided by the system such as a Palmyra Generation tool, the user loads the gensrated UML -
end generates the java classes related to the model.

IV. CODE GENERATION
A Pahmyra Code Generation Tool
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The Palmyra code generation tocl is an application that generates an Enterprise
Application Archive (Ear) file from a UML model. The penerated Ear file is ready to be
deployed in an application server. The code generation will incluﬁc by default in the generated
Bar all Palmyra jar files required to deploy an applcation. The new Ear also includes all the

" defeult configurations related to the folder XML of Pelmyra, Palmyra generation ool can

generate the java classes related to the UML model] of the application and the interfaces related
{o the c;mtrollm. 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 Hrst step of the code generation is to create & new Enterprise Application Archive
(Ear) file or sclect an existing Har file.
a. Create a New Application

Thig option allows the creation of 2 new Har 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 en
application. The new Ear includes also all the default configurations related to the folder XML of
}?g]_my}:a_ o

) There are two other settings for the generation. .

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

Show Log: If this option is selected, the system will show the list of Generation Stens
in the Logs part of user graphical interface.

When the user select the path of the new ear file to generate, then press the Next

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

the specified path. FIG. 13A illustrates creating new application tsing Palinyra generation tool.
b. Open an Bxisting Appleation

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

Gengyation or the screen update.
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Save Coafigureiion File: If the user needs 0 save ell the configuration steps, he must
specify a path for the configuration file that contains the related properties:

earPath: The full path of the Eex fle. )

sharedPack: A string holding the list of shared packages separated by commas, For
example; com.palmyra.arch.broket, com.paimyra.arch. devices.input,
com palmyrs.arch. devices.output, com.palrayra. arch.mapping, ...

generateJavalDoe: Cen be set to true or false.

isCreation: Indicates whether the file is a oreation of new Ear or an update of an
existing one.

prefix; The name of the prefix if one exists, else itis set to an emply siring.

classPath: The list of Palmyra jars used to coropile the generated java classes.

listJarWar: List of added jars and wars.

generationPack: The selected packages 1o be generated.

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

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

verify: If true, the XM, file will be verified only without generating smy java classes

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

automatically in the ear file.

sequenceSiore: Ii true, the nser can specify har own sequence data store in he Setup
gide,

2. Generation Screen

Once the user created 2 new Rar file or chose an existing Ear file, the user can set
generation optony on the generation screen. Two sub-screens compote the generation screen,
one is called UML Source and the other is called Generation Options. '

2. UML Source

In the UML Source sereen (FIG. 13A), the user can select the UML file to he
generated (mendatory), select the business services path (optional), exclude or include some

packages of the application to be generated, snd add or remove shared packages. By default, all

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

. (teneration Options
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Tn: this soreen (FIG. 13B), the user can add or remove some jar files that will be used
to compile the generated java classes, and it can check the related options:

Generate JavaDoc: This option aliows the generation of the Java Documentation of *
the generated java classes.

Configurable Sequence store: This option aliows 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 rmodsl. In this case it will not effect the modifications in the Har. Buf when
this option is not checked the code generation will affect the new medifications in the Ear. FIG.
13B iflustrstes generation options using Palmyra generation tool.

3. Update Screen

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

a. Services Screen

" The scroen Services is used to add, edit or remove services, the button “Build
Services” will apply the modifications in the selected Ear file (see FIG. 13C).
b, Configirations Screen

The screen Configurations is used to add, remove, or restore configurations files. It
also permits the building of configurations. The user can add or remove the configuration of the
view format, appl-ication server configuration, labels configurations, life cyele conﬁguratioﬁ,
reports configuration, and transactions configaration (see FIG. 13D). The bution remove will
remove & selected file from the Ear and the button restore 18 tised to cancel a modification made
by the user. When the user clicks on the button “Build Configuration’, all modifications made by
the user will take effect. FIG. 13D iltustrates configurations options using Palmyra generation
tool.

4, Output files

Once the generation process succeeds, it generates several files: the ear file; the

. generate source and lib jars named respectively GeneratedCodeSrc jar and GeneratedCode jar,

the folder classes contain the unzipped file GeneratedCode.jar; the folder src contains the
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wnzipped fle GeneratedCodeSre.jer; and the folder MucSre contains the controllers declared in”
the UML to be implemented by the programmers. '
B. Palmyra Code Generation

1. Palmyra Automatic Code Generation

The Automatic Generation is a way to generate an Har, generate 1ava classes from an
XMI. file, update the Bar with a list of jars and wars and update the Ear with a list of
configuration files without nsing the Code Generation tool.” FIG, 14 illustrates the muain steps of
the automatic generation process, which comprises: 1) eonverting the UML xmodel into am XML
file 1410, 2) using the XML file to geﬁerate Jeva source code {known as generated scurce cade)
1420, and 3) compiling the genexated java source code using JSDK compiler and crsating
library Java Archive or JAR 1430. The converting of UML model into en XML file can be

‘achieved through the use of the Pamiyra UML Designer.

Elements:

Code:

Java classes for the simple types and entities

Tava interfaces for the UML Interfaces

Ahstract controller classes correspond to the controllers (to be manually extended
later to provide the implementation of the methods)

_Action handler classes to manage serecu-level actions (may be enbanced by adding

manually written code if necessary).

ML files: )

Constraint model description file: contains the definitions of the constraints to be
loaded létar iz_1 the system st runtime )

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

Thers are two ways to uge the Automatic Generation: a stmple call to a static .mcfhod
or ﬁsing aproperty file.

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

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

has the possibility to generate an ear, genergie jave classes from an XML file, update the eer with
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2 list of jars end wars and update fhe ear with a list of configuration files. This document
describes the steps performed for every option. The generation is performed using the Automatic

Generation. The same scenario {s reproduced if the code generation tool is used.

The first way to use the Automatic Generation Is to call fhe static mothod generate()

in the clase dutomaticGeneration.

This method has 19 parameters. The relevant perameters 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’, “xm!l® and ‘5. ‘These

directories are used in the generation of a new ear.

-boolean {sCrearion: ifit is true, a new ear will be created. The new one will contains all

’ jars in the “ex?’ and ‘extLib’ folders. Also, all xml files in the folder “xm!” will be set to

Configs_configfar and PalmyraRessources jor.

-String wmiFilePath: the path of the xml file generaied by the UML Designer plug in. this
file will be used to generste jave files and the ‘GeneratedCode jor’.

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

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

-boolean verifiOnly: if it’s true, the generated code will ot be ereated, the UML model
will be verified only. ‘

-String generationPackages: this string holds fhe st of packages that will be generated
{separated by a conuna). If this string is null, all packages in the UML model wili be

genereted.

-String sharedPackages: this siring holds the list of shared packages (separated by a
comuma). This siring wiil be set to the file ‘sharedPackages.properiies” in the

‘GeneratedCodejor’.
-String prefix: string presents the prefix name of the sheared packages.
-String version: the version of the ear file,
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boolean generatedCodeOnly: if it's true, only the generation of java classes wili be done.

-String classPath: the classPath required in the compilation of the generated java classes.
If it's mull, the class path will be caleulated avtomatically: it will contains 21l 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 gensrated: ‘Generaied Codelib jar’ .

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

&ar.

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

added or updated in the ear.

-Collection updatedConfigurationFiles: a collection of Files thet contains the list of
configuration files that will be added to the sar. BEvery file will be added to
‘Configs_configjar’ or ‘PalmyraRessources jar’ switch lts name.

~String logFilzPath: the path of the log file, I it’s null, it will take the value
‘AutomaticGenerationlog’.

-String 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 compiler).

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

warnts to use 2 specific java compiler like the compile with a java 1.5 compiler).

The combination of all these paratneters allows the developer to executs one or many

options:

i Create an Bar file from scraich.

If the parameter ‘isCreation’ equals trus and the Ear file is not mwll, a blank Bar will

be created. The list of parameters shown in TABLE 6 represents an example of this option:
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Tahle 6: Exemplary Parameters for crcaiing an ear file from scraich -
String earFilePath = "D:/Test/Test.car™;
Siring codeCenreationPeath = "D:/PALMYRALL.2 / codeGeneration®;
boolean isCreation = trus,
String umlFilePath = mil;
boolean sequenceStore= false;
boolean verifyOnly = false;
String generationPack = "
Siring sharedPack ="";
String prefix ="
String version = "1.0";
hoolean generatedCodeOnly = false;
String classPath = mall;
boolean generatelavaloc = false;
String businessServicesPath = null;
Collection updatedServices = null;
Collection updatedConfigurationFiles = null;
String logFilePath = "D/BUG.log";
String compilerPaTh = nnil;
String compilerVersion = null;

AuvtomaticGeneration. generate (new File(earFilePath), codeGenreé,tionPath,
i§Creation, umlFilePath, sequenceStore, verifyOnly, generationPack, sharedPacl, prefix, version,
GeneratedCodeOnly, classPath, generateTavaDoc, businessServicesPath, updatedServices,
updatedConfigurationFiles, logFilePath, compilerPath, compilerVersion);
-I the parameter codeGenerationPath is null or an empty string, it will be set to the
parent of the project directory. In any césc, the codeGeneration directary usually contains the

following foiders:

xanl: contains the xml files used for service configuration,
ext: contzins the Palmyrs jars

extlib ; contains external iibraﬁes.
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As previously mentioned, the ext directery contains all the Palmyra Jars required to
install, to deploy and to use 2 generated application within the framework FPalmyra. The picture
heiow shows the content of the ext directory. . ‘

Unlike the ext directory, the extLib folder includes anly non Palmyra Components.
Such components are used by the framewark for certain goals (For example, to parse an XML
document or to manage termplates].

The folowing picture shows the content of the folder extLib.

The xm! folder contains the xml coaﬂgu&ation files used by some of the framewark
cormponents. The most commaons are used to configare the presentation labels and view formais.

The object of this part of fhe document is to show how to create an ear without
generating a GeneratedCodejar or updating the ear becanse all parameters umiFilePath,
updatedServices and updated ConfigurationFiles are null. By the call of the method:

AutomaticGeneration. generate (new File (carFilcPath), codeGenreationPath,
isCreation, umlFilePath, sequenceStore, verifyOnly, generationPack, sharedPack, prefix, version,

GeneratedCodeOnly, classPath, generatefavaDoe, businessServicesPath,
updatedServices, updatedConﬁgmaﬁénFﬂcs, logFilePath, compilerPath, compilerVersion,
hasTsf, exchudedSharedPack);

The parameter applicationName provides the nawe of the earfile without the
extension . ezr”. In this example spplication™ame =" Espai” :

The following steps are performed:

Step 1: Creation of the temporary folders

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

“Di\Projects\PALMYRAL l.O\FRAMEWORK\buiid\é&t\codeGeneration”. I this new directory,
we copy all the contents of the dirsctories ext and extLib folders (those tnder the
codeGenreation divectory).

- Create the directory Workingfoldef under the codeGenreation folder.
- Create the directory wnBar under the new directory Woikingfolder,

- Create the directory basedir under the directory unBar,

- Create the direciory META-INE under the directory basedir,

- Create the dirsctory config wnder the direstory unBar,
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Step 2; Building the application files

Copy the xml file “application.xml” of the current directory (under the
package “com.palmyra.iools.builder”) to the new directory config
{codegensnration/workingFolder/ imBar/conf 2.

The copied xml file will be parsed then the ignored lines {starting with “<!")
will be removed, The values of the nodes “displzy-nama" and "context-root”,
will be set to the value of applicationName (in this exampls “Fssal”) and the
value of the node "web-uri” will be set to the carFile name (in fhis exampie:

“Fesai. ear™).

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

Copy the XML file “ibm-application-ext.xmi” of the current dirsctory (undex
the package “com.palmyra.tools. bidlder”) to the directory config and remove
also the ignored lines, For the new-copied file, we focus on every item named
“xmi: {ype" under any attribute of any element calied "moduleBxtensions”, If
we find an item which value is “applicationext; WebModuleExtension”, we
change the value of the attribute “alfRoot” to "ALT-INE/" + applicetionName
+" war™.

Copy the XML file “jhoss-app.xml” of the current dirsctory (under the
package “com.palmyra-tools.builder™) to the directory config. For the new-
sopied file, we set the value of the node “loader-repositoryfocus” to
"eom.vermeg.services:loader=<epplcationName>.ear'. The modified xml file
will be then copied {o the dirsctory workingFolder/unEar/basedit/MET A-IINF
.The utility of such file is fo isolate the class loadar of every application by
configuring & unigus domain.

Copy all the modified application files (applicationxml, ibm-application-
bndxmi, ibm-application-ext xmi, jboss-app.xml) to the directory
workingFolder/un¥ar/basedi/META-INF. To tuis directory, we copy also the
file “was.policy” (under the package com.patmyra.tocls.builder).

Create the divectory unWar under the directory Workingfolder.

Create the directory conflg under the directory utnWar.
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Step 3: Building the web.xm] file

Copy the xml file "web.xml" under ‘
codegenstretion/workingFolderfunWar/config, for the new copy, the valus of
the property "display-name" will be set to the value of applicationName.
{Remember thet applicationName=*"Essai™). The same value will be set to the
gttribute 1d under the element “web-app”. Those modifications are show ih
the following picture: -

Create the directory basedir wmder unWas,

Create the directory config under Workingfolder.

Create the directory handleConfig under Workingfolder.

Create the eventual directory which will contein the earFile (here, we create
the directory “I3:\Essai_codegen”™)

Step 4: Handling the external folders

Tterate on the contents of the dirsctory TMP:
If the file is a war file:

TFit is the war of the ear: its name is fhe name of fhe application, we
retfiove the versions of wars in the manifest of the war, slse (it is just an
added war), retrieve the value of the atizibute “earversion” of the manifest
file of such war. Then sxfract the content of such war file io the directory

basedir (which is under the directory unWar).
If the file iz an ear fle:

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

the encountered files {ear, jar or war)

If the file is a jar fle and if its neme is different from
"GeneratedCodejar", it wiil be copicd under the unBar/basedir folder,

Create the META-INF directory under the directory un'War.
In this directory, creafe the manifest fils "MANIFEST M .In such file, we
creats the attribute “Created-By” for which we sst the valuer™ Palmyra at

57



10

15

25

Step 5.

<current Date>" and the attribute “Manifost-Version”™ for which we set the
value “1.0”, Then, for each retrieved war version, a related new atiribute is
oreated.

Exiract the content of the jar file: unBar/vasedir/service.jar to the directory
unBer/basediz/zervice.

Updating the unzipped service. ar

Parse the file workingPolder/Unear/basedir/service/META-INF/ejb-jar.xml to
Iook for elements under the node "gjb-name” and whick name 15 like
“AgynchronousX”, such elements will be renamed to
*Asynchronous<applicationN aﬁe>”(!n this example “AsynchronousEssai “).
Ror the XML file workingFolder/Unear/basedir/service/ META-INF/weblogic-

. eib-jaraaml, then the foliowing modifications will be performed:

Bvery element under “gfb-name” which name 18 like “AsynchromousX” will
be renamed 1o “Asynchronous<application™Name>",

The valus of evcrjf element under "jndi-name” will be set to applicationName '
The value of every element under "ocal-indi-name” will be set to "Local
<applicationName>".

The value of every node under "oonnection-factory-jndi-name” will be set to

* ApplicationsQuensConnectionFactory™.

The valus of every node under "destination-jndi-name” will be set fo

“<applicationName >Pending".

The same modifications ac the previcus tagk will be applied to the XML file:

unFer/basedir/servicsMETA-INF/Aboss.xml except that the vaine of every node under
"destination-indi-name” will be set to "quene/< applicationName>Pending”.

For the XML file workingFolderunEaz/basedir/service/ META-INF/ibm-eib-jar-

Step &:

bnd.xmi, under fhe element "efbBindings", the eventual value of the atiribute "jndiName" will be
set to the epplivationNarme and the eventual value of the atiribute "hstenerInputPortName" will
be set to “<applicationName> ServiceListener”,

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

jar service,jar having as ranifest: workingFolder/unBar/basedir/service/META-
INF/Mamifest.mt. Then we delets the folder servimé.

Step 7: Handling the configuration files

Copy all the contents of the folder xanl under the codeGeneration directory to the
folder workingFolder/config.

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

following modifications:

The value of the attribute “dataSource” will be set to “DataSource”
The valus of the attribute “FmsComnectionFactoryName™ will be sef to
“ApplicationQueneComnectionFactory™.

The value of the éttribute “LocallndiName” will be set to "Local<
applicationName>"

The value of the attribute “nonXaDataSource” will be set to
“<applicationName>NonXaDataSource™.

The value of the atiribute “ServiceQueueName” will be set to

“<applicationName>Pending",

Those modifications arve shown in the pictiures below:
For the XML file workingFolder/config/appServersConfig.xmil, perform the
following modifications:

For all the nodes under the root node: “AppServerConfigurations™, focus on
the value of the aitribuie: “initial ContextFactory™

If it is equal to “weblogic_jndi WLnitialContextFactory”, set the value of the
attribute “securityProvider™ fo "weblogic”,

If it is equal to "org_jop_interfaces NamingContexiFactory™”, set the value of
the atiribute “securityProvider” to "jbogs".

T4t is equal to “com_ibm_;webspheremnaming_WsnInitialContextFactory" set
the value of the atiribute “securityProvider” to "websphere".

Step 8: Creation of the properties folders
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. Tterate on the content of the property file
*foom/palmyra/ a.fch/tool/updator/conﬂg.properties.“ Far every encountered property, create a
new direstory having as name the value of this property; the new folder will be created under
workingFolder/handleConfig,

In this example, under the directory:

DAProjects\ PALMYRALLOFRAMEWORK \buildwut\codeGeneration/workingFold
e}:/handieConﬁg the following folders will be created: '

Configs_config\labels

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

Every fle under workingFolder/config will be copied, switch its name to &
correspondent directory: (a file which name starts by a property name (in the proi)erty file:
config.propartiss) will be copied o the created direciory having as name the vajue of this
property).

For example, the xm] file: sppServersConfig.xmi will be copied to the Directory:
workingFelder/handleConfig/Configs_condg/AppSer.

If the name of the file doesn’t much any property name, this file wiii be copied io the

directory: workingFolder/handleConfig/Configs config

Step 9: Creation of the config jar files
- TUnder worldngFolder/handleConfig, we create the directory "META—BQF",
then, under this folder, we create the manifest fle ‘&nanifest;mf", in which we _
put the following atiributes:
Manifest-Version = "1.0"
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Created-By = "Palmyra at <The system date>

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

The value of version is given ds parameter to the method generate.

This file will be used as manifest for the following jass that will be created:

The jar file workingFolderumFar\basedin\Configs_cordfig jar that will he
created from the content of the directory:
WorkingE‘older\hmldleConﬁg\Conﬁgsmcoﬁﬁ £

The jar file workingF oidell\unEar\baseéir\D eploymentConfig jar that will bs
created from the content of the direciory workingFolder\config

The jar file workingFolderumEar\basedir\PalmyraResources jar that will be
created Fom the content of the dirsctory
workingPoldertiandieConfig\PalmyraResources.

Step 10: Creation of the war file

Exiract the content of the jar file unBar/basediwebService jar to the direstory
unEar/basediz/webservice.

(reate the war file <applicationName™> war {in this example: Hssal.war) in the
directory unBar/basedir from the content of thie divectory, The Web-Inf
directory of the war will contain all the content of the folder
unBar/basedir/webservice/com/palmyra/arch/webservice/web except the .class
and the .sco files.

Step 11: Creation of the ezr file

We create the manifest file for the ear: workingFolderwmBarbaseditMET4-
INFunamifestanf, In this manifest, we fill the following properties:

- Manifest-Version = “1.0"
« Created-By" =“Palmyra at <The system date>"
-Class_Path = <list of all the jar files under workingFolderAmBar/basedir>

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

jar: service jar by the new created manifest file.
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Write the manii“esf for the sar: We recreate the manifest file
workingFoldervmEarbaseditMETA-INF/manifest.mf and we fll it wifh the
propertes:

- Mamdfest-Version = “1.0"
- Created-By" =“Palmyra at <System Date>"
- Class Path =<list of all the jar files under workingFolder/unEar/basedir>

Under the element Palmyra Version Info, set the atirihute version to the valus of the
pargmeter version (tn this example 1.0}

Then we iterate on the jar files of the folder workingFolder/umEsy/basedir, sslect
every file that is not an extemal jar, so the fles listed in Table ## for exemple will not be
selected.

Tor svery selected Hls, a now attribute under Palmyrs Vetsion 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 jax the attribute:
commons-codec-1.3_3 will be created having as value the date of the last modification in this jar.
This now menifest file will be used to update the marifest file of the jar sarvicejar _

-Create the ear file (in this example: D\Essai_codegen/Essai.ear fror the content of the
directory workingFolderfunEar/basedir. This car will have as manifest the file
workingFolderunBar\bagedir\ MET A-INFunanifest. mf and as application file the xxal file
warkdngFolder\unBar/config/application. xml

-Delete the folders workinpFolder and TMP (under the codeGeneration directory).
i, Generate the generated code only

This option ereates an Bar without generating a GeneratedCode.jar or updating the ear
becanse allpﬁrameters ‘umiFilePaily’, “updatedServices’ and ‘updatedConfigurationFiles’ ars
null, '

In order to generate the *GeneratedCode jar’ without updating the Har and without
creating & new Ear, just set the parameter “IsCreation’ to false, set the parameter “umiFilePath’

with the path of the UML fite and set the parameter ‘gensratedCodeOnly’ to frua.
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Further, ‘updatedServices’ and’ updatedConfigurationFiles’ must be mill,

The parameters ‘sequenceStore’, ‘verifyOnly’, ‘generationPaélc’, *sharedPack’,
‘orefix, “version, ‘classPath’, ‘géneratelavaDoc’,’businessSenficesPath’, ‘compilerPath’ and
‘cormpilerVersion' are a set of switches for the case of generation,

The GeneratedCode.jar will be created in the root of the earFilePath (if there are no
compilation errors). The list of parameters shown in TABLE 7 represents an maﬁple of this
option.

Tshie 7: Bxemplary Parameters for Gonerating the Generated Code Only
Suing exFilePath = "D/ Test/Test.ear”;
String codeGenreationPath = "D/PALMYRAILLZ / code(Generation”;
Eoolean 1aCreation = false;
String umlFilePath = “D:/Test/test xml”;
boolean sequenceStore= false;
boolean verifyOuly = false;
String penerationPack = "}
Stzing sharedPack = "";
String prefix = "a";
String version = "1.0";
boclean pensratedCodeOnly = false;
String classPath = null;
boolean generatefavalloc =frue;
Siring businessServicesPath = “Di/BS”,
Collestion updatedServices = null;
Collection updated ConfigurationFiles = null;
String logFilePath = "D/BUG.log";
String compilerPath = null;
String ciompilerVersion =yl

Aiztométic@eneraﬁon.generate {new File{earFilePath), codeGenraationPath,
isCreation, umiFilePath, sequenceStore, verifyOnly, generationPack, sharedPack, prefix, version,
GeneratedCodeOnly, classPath, genersteJavaDoc, businessServicesPath, updatedSesvices,
updatedConfigurationFiles, logFilePath, compilerPath, compilerVersion);
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Tn order to generate the ‘GeneratedCodejar’ 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
“urniFilePath’, set the parameter ‘isCreation” to false and the parameter ‘generatedCodeOnly” to
true. Also ‘updatedServices’ and’ updatedConfigurationFites’ must be mull. Additional
pérameters are listed in TABLE 8: '

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

String wnlFilePath = null;
Jboolean sequenceStore= false;

boolean verifyOnly = false;

String genera’cionPacié == M

String sharedPack = "";

String prefix =",

Stiring version ="1.0";

baoclean generatedCodeOnly = false;

String classPath = null;

boolean generatelavaDoc = false;

String businessServicesPath = nall;

Collection updatedServices = new ArrayLisi(};
updatedServices. edd(new File("D:/Test/SmartPosition jar™));
updatedServices.add(new File("D:/Test/statemonitoring jar™));
Collection npdatedConfigurationFiles = mall;

String logFilePath = "D:/BUG log",;

String compilerPath = null;

String compilerVersion = mull;

AntomaticGeperation.generate (new Fils(earFilePath), codeGenreationPath,
isCreation, umlFilePath, sequenceStore, verifyOnly, generationPack, sharedPack, prefix, version,
GeneratedCodeOnly, classPath, generatefavaDoc, businessServicesPath, updatedServices,
updated ConfigurationFiles, logFilePath, compilerPath, compilerVersion);
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-If the parameter codeGenerationPath is null oy an empty string, it will be set o
the parent of the projsct directory. In any case, the code Generation directory usually containg
the folders xml, ext and extLib (see the paragraph: create an ear from scratch).

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

‘AutomaticGeneration.log’,

-If the parameter classPath is not mentioned (pull or °™), the class path will be calculated
automatically: it will contain all existing jars in the code generation directory and all existing jaxs

m the Business Service path if it is mentioned.

By the cail of the method:
AumtornaticGeneration.generate (new File (easFilePath), codeGenreationPath,
isCreation, um!FilePath, sequenceSiors, verifyOnly, generationPack, sharedPack,
prefix, version, GeneratedCodeOnly, classPath, generatelavaDoc,
businessServicesPath, updatedServices, updatedConfigurationFiles, logFilePath,
cotapilerPath, CompilerVersion, hasfsf, excindedSharedPacl’y;

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: ¥ In\\Essal_codegen”

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

-Delete the eventual folders(sre and classes) under the parout of eerFilePath Gn

this example, under ® D:\\Bssai_codegen™)

-If the parent of the earfile {" D:\Essai_codegen™) doesn’t exist, create this

dirsctory.

«Create the aew folder doc under the earfile Parent (in this exampls ¥
D:\Essal_codegenhdoc™).

-Modify the loaded application in order to make it ready for the code generation '
(Ses the document Generation Mechamsm)
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~Create the directory MucSre under the parent of the earFile directory.

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

“MucSre” {Sec the document Generation Mechanism).

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

AutotestDataSource
DataSource
SecurityStore

The valnes of those attributes will be set during the setup,
-Create the property file “gestorename properties” In this file, the attribute
ATFiles will be added.

-Create the property file “sharedPackages.properties” under the “src” dirsctory. In

this fie, we put the prefix mentioned as parameter and a list of shared packagss.

Step 3: Compiling the generated code

1f the compiler version and the compiler path are not mentioned, a default compiler is
used having a5 path the value of the systern class path varisble. Before performing the
cormpilation task, redirect the compiler's error output to & siream other than the standard srror
stream so fhat the caﬁpiler‘s error cutput can be rezd into the errors array list.

Then compile all the java sources under the directories “sre” and “MuSic”, the

. “.class” files Tesulting in the compilation will be added under the “classes” directory

Step 4: Crezate the generated code and source jars.
~Prepars the directory “classes” o the jar creation: A Iist of files have to be
deleted from this directory before making the jar. Those excluded files are:

-All the non-directory files under “MuSrc”
-All the Palmyre classes,
~Make the jar file, “Teatl jar” from the content of the directory “classes”.

Make the jar file, “Test] Srejar” from the content of the dirsctory “sre™.
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-If a businessServicesPath is mentionsd, (in this example businessServicesPath
=D \Projects\ PALMYRALLOTECHNICALSERVICES\out\lib™), iterate on the
Umlapplication used modules, for each module, look for a jar file having as name
(theusedmodulename) Gen.jar. For example, if the application has the used
modale “Calendar”, look for a file named: “CalendarGen jar” under
DusinessServicesPath. [ff the file is fouﬁd, copy it under the TEMP direciory.
Repeat the same for a filo having as name (theusedmodulename)fmpl jar .

-Delete the directory 'FEMP
i rUpdate the Bar with a list of jars and wars

In order to update an Ear, [fhs parameter ‘updatedServices’ must contain a collection
of % avajo.File’ representing the list of jars and wars to add. If the Ear file doss not exist, an
exception will be thrown. The Iist oflparmneters ghown in TABLE 8 represents an example of
this optiow

-Create the directory “TEMP’% under the pareat of the ear file (here under
D:\Esspi_codegen).

-Copy ell the files of the collection 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 vnEar under workingFolder

-Creats the directory basedir under mEBer

-Cregie the directory c'onﬁg wnder unBar

-Create the directory z}nWar under workingFolder
-Create the direciory ’t}aaedir under un'War
-Create the divectory gonﬁg under inWar

Step 2: Building the Web'.némﬁ file
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This step is processsd the same way as in case of creating a new ear {See the
paragraph: create an ear from scratch).

Step 3: Copying the car fle to a temporary divectory

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

Siep 4: Handling the external folders )

The content of the copied ear file will be sxiracied to the directory unBar\basedir. The
content of the war file included in this ear will be naturally extracted under unWar/basedir, (See
the paragreph: create an ear from scratch).

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

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

In case weer updates the ear with the jar fils service jar, the dirsctory service will be
created under unBar/basedir in whick extract the content of this added file, and then recompress
this content to rmake 2 new jar fils servics jar.

Step 5: Creating the war file

Create the war file <epplicationName> war (i this example: Essai.war) in the
direciory unFar/basedir from the content of this directory. The Web-inf directory of the war will
contain all the content of the folder unBEar/basedir/webservice/com/palmyra/arch/webservice/web
except the sco files,

-Iterate on the content of the directory AppTemp (In this case, this directory
contzins only the copied earfile).

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

Version Info.”. If such atiribute 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

paragrapl: create an car fom seratch,
-Delete the folder workingFolder
-Delete the folder AppTemp

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. If the Bar file doos not exist, an exception will be thrown. Every configuration fite
will be setin the ‘Configs_configjar’ or ‘PalmyraRessources’ switch its name.

b Using the Automatic Generation with a Property File

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

Tzhie 9: Exemplary Parameters for Using the Automatic Genseration with a property file
String earFilePath = "D/ Test/Test.ear",

String codeGenreationPath == "DYPATMYRAILZ / codeGeneration™;
boolean isCreation = true;

String wm/FilePath = null;

boolean sequenceSiore= falss;
boolean verifyOnty = false;

String genexafionPaclk ="";

3tring sharedPack ="";

String prefix = "";

String version = "1.0";

b;mlean generatedCodeOnly = falge;
Siring clasePath = null;

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

Collection updatedConfgurationFiles = new ArravLisi(),

6%



10

i5

20

25

30

updatedCenfigurationFiles.add (new File ("D:/Test/

service.transacton Filexmll"™);

updatedConfi gurationFiles.add (new File ("Di/Test/
VE_Prescnfation_ViewFormatxml" )} ;

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

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

isCreation, umiFilePath, sequenceStore, verifyOnly, generationPack, sharedPack, prefix, version,
GeneratedCodeOnly, classPath, generatefavaDoo, businessServicesPath, updatedServices,
updatedConfigurationFiles, logFilePath, cornpilerPath, compilerVersion):

The properties in this file are:
earPath; The path of the Ear file.
isCreation: Indicates whether the fle is 2 creation of a new Ear cr an update of an
exisiing one. True or false (False by defanlt).
codeGenreationPath: The path of the directory ‘CodeGeneration® of Palmyra. If this
property has no assigned value, it will be set to the parent of the current direciory.
umiFilePath: The full path of the UML file to be generated by UMLDesigner.
sharedPack: A string holding the list of shared packages separated by commas.
prefic The prefix of the shared packages.
generationPacic The list of generated packages, separated by commas.
verifv: If true, the 3L file will be verified without generating any java classes. (False
by defauli).
generatedCodeOnly: If true, the java classes will be generated and compiled without
updating an Far fils. (False by default),

HstJarWar: The list of added jars and wars, separated by commas.

xzmlConfig: The list of configuration files that will be added to the Ear, separated by
COTRIMAS, '

logFileParh: The path of the log file, If this property has no vaiuve, it will be set o

<" AutomaticGeneration.log".
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sequenceStore: If true, the user can specify his own seqhience data store in the Setup side,
{False by defanif).
generateJavaDoc: True or false (False by default).
businessServicesPath: The path of the business services directary that will be added
automatically to the Har by comparing the names of the imported modules in the UML
file and the existing jar i 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 genorated code. If it iz null, the
class path will contains all jars in the code generation directory.
TABLE 10 represents an sxample property file.
Tsble 10t Exemplary Property File

* Create a property file containing these properties:

carPath=D/test/Test.ear

isCreation=true

codeGenreationPath="Dr/Paimyra 11.2/codeGeneration”
umiFilePath=D/test/testGen xml
generztedCodeOniy=false

prefix="d"

verify=false

HstJar'War= D:/test/SmartPosition jar, Dv/test/statemoritoring.jar, D:fest/test jar,
Di/test/dashBoard war

xmIConfig=D:/test/presentationContext. testarml, D /test/test ximl
logFilePath= D:/test/GenerationLoglog
businessServicesPath="D:/BS”

* invoke the main method m the class AutomatcGeneration

- Using Windows console

> jave <jar ExtornalBuilder.jar propertyFileName
- "Using a batch file
path=D:\beaydkl41_05\bin
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Java -Xms256m -Xmx512m ~Xdebug -Xnoagent -Djava.compiler=NONE -
Xrungdwpitransport= dt_socket.server=y,address=5051,suspend=n -jar E}ctemalBuﬂcier Jar

propertyFileNamo
V. DEELOYING

A Palmyra Setup Taol

Paltinyra provides a wizard-like setup tool that aims to automate the progess of
deploving the generated spplications into various application servers like BEA Weblogic, or
IBM Websphere, or others It is done to hide the camplicated nature of the application servers.
"This gst-up tool also manages the communication with differsnt database providers like Oracle,
Microsoft SQL server, or IBM DBZ.

‘ When going through the deployment steps using the setup tool, the configuration
gstablished by the user cen be stored in a file for & future use.

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

(1) operating systems: Windows, Linux;

(2) application servers; Weblogic 8.1, Weblogic 8.1, Weblogic 9.2, Weblogic10.0, JRoss
3.2.x, JBoss 4.0.x, JBoss 4.2.x Websphere 5.1, Websphere 6., WchSﬁhcre 7.x;

{3) databases: Oracle (up to version lﬂg}, DB2, DB2 for /O3, MYSQL (version 4.1.18
or newer), SQL server (versicns 2000, 2003 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 bution brings up the options panel which contains four options:
éecurii‘y data source has different properties, Sequence data source has different properties, Load
setup parameter, and Update setup parameter.

The second step is o specify Operating Systems and Application Servers. At this
sten, the operation system and the application servers can be selected.

Different application servers require varied detailed information. For Weblogic 9.1
and Weblogic 9.2, the username and password of an adminisiration 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 znd the fype of the

application server (Netwerl: deployment 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, the:'home directory for the appli;:ation server end
the domain which will be used and the server name must be passed besids to the JMS provider
(MQSeries or Default JMS). For all versions of JBass, only the domain clirsctory must be
passed. For zli versions of Websphere, the server home directory and the TMS Provider must be
passed.

. The fourth step is to specify the Bar path. The path of the Bar to be instalied is
specified at this step, |

The #8h step is to setup User Login Parameters. The usemame and password of the
defauli account to login into the installed application is entered at this step.

The tast step is to sstup Data source parameters. Al applications need data sowrces fo
run successfully, these data sources have parameters which must be passed, for example:

Database type: the type of the database;

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

Database name: the name of database instance;

User name; the detabase user name t¢ be used;

Password: the password of the nserneme.

The user can test the communication with the specified databage by clicking on Test
Cornnection button,

Al Palmyra Bers have at least three stamdard data sources: security stors, antotest
datasource and data source. In most cases the security siore has the same parameters of the data
source, so by default the setup tool does not show the security store for entering its parameters,
to show it, go to options panei and select the ched}: box “security store has different properties,”

Additional options can be specified based on type of application server selected,

Por Weblogic, additional options include:

Deploy and configure the application server: install the application into the
application sever with all the needed configuration.

Remove the deployed applications: remove all the deployed appHeations befors
installing the new application.
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Remove the TMS fle store; remove all the messages from the quees in this
application server.

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

Copy the datebese drivers: copy the data base drivers to this application Sﬁf.‘fﬁr.
Copy the ant library: copy the ant libraty to this application server,

Update the application server class path: update the application server class path.
Setup parameters path: to make the setup operation faster, the setup parameters
can be save in z text file, which can be reuscd later without the need to rewrile
them manuaily.

"The user can reuse fhe genersted text file by clicking the bution Load Setup
Parameters in the option panel, or can update them by chicking the bution update Setup
Parameters,

VI  (CREATING DATABASE STRUCTURE

A, Crezting Database Tables

The database structure is composed of tzbles having colummns, indices and constraints.
This structurs is created automatically by the system using the metadata created following the
design phase according to the classes defined in the UML class diagrams.

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

TableName=lastPackage+’ ' +ClagsNames+ ‘_'

For example, if the fill name if the class is a.b.c.d. MyClass, the generated name is
d_MyClass, N2 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 =
a.b.o.d.EntityWichLongNameForContract Test, the generated nams will be:
tyWithbongNameForContractTest .

Relations between Classes are represenied. FIG. 15A llustrates an example of
Relation One to One. In this example, table X will contain y$code . and ySpk_, Indexeson
yv$code_and y$pk__ are created {only in case of compositions, for ageregation rejations, the
UML must indicate 50).

74



i0

15

20

25

‘ FIG. 15B illusirates an exampie of Relation One to N, In this example, table ¥ will
contsin x$code_ and xSpk._. Indexes on x$code_ and xSpk_ are created {only in case of
compositions, for aggregation relations, the system nmst indicate s0). '

FIG. 16 iltustrates an example of relation with interface. In case of aggregation with
an interface, in the table related to Class X we add a fisld superInterfaces$type . This
field will contain the full name of fhe class YI or Y2,

NE: If an instance of X is in relation with instance of V1,
superintarfacedtype_ intable X_ will be sef to full neme of class V1,

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

The mapping from 2 class atizibute {o a table field follows this ruls:

Field name= attribute name + °__°

For example: name --> name_

. In one particular Implementation, if generated name exceeds 30 characters, it will be

trunceted from the beginning to fit the max length (30, constant underscore is included)

For example, if the attribute name= iongFisldNameForPersistsnceCén‘.:ractTest, the
generated name = ameForPersistanceContractTest
Fig. 17 tllugtrates an example of Inheritance. The mother table is created normally
(no special treatrnent). The child iable will contain only pic_ field with fields declared on class
Child (a2). Every insertion in the table child_ will be accompanied with n insertion io the table
mother | 7
Constraints are created according to imtegrity mules:
The “urigue™ stereotype on 2 field F {2 unique fieid} in an entity E will be
translated into this following action: -

Altering the B adding a constraint of type unique on F.

. The “code” stereotype on = field F{should be mandatory) In an entity F will be
translzted into this following action: ’

Adding a constraint of type vnique on the feld F.
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Thes “index” tagged value on a 8eld F in an entity E will be franslated into these

following action:
Creating an index on that fisld,

B.  ‘Updating Database Tables

The target sofiware application is developed using an iterative process. Through this
process, sach iferation produces a new version of the software application having more
functiopalities than the previous versions, Whenever modifications are made on the UM
modsis 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 automatic update of the
datehase strucfure without losing previously entered data.

During the development phese of the application, or when upgrading already
deployed applications to new versions, the design of the application often changes, and this, in
turn, may affect the design of the database. These changes includs adding/removing classes
to/from the application, or adding/removing field to/from each class. In order to preserve curment
data in the storage, the "Update Tables" operation is provided in the persistence service to allow
modifying the underlying storage while reducing data loss risks to bare minimwm.

In this document, the modifications to be executed while choosing ths “Tpdate
Tables” option is described.

Adding a rew entity in the model (with n atiributes) is translated into these following
sctions:

-Creating the entity’s table in the datebase.
-Adding a primary key constraint on the field pk_

- -Adding n+7 records in the FormatData_ table, which contains information shout
all columns of all tables (n ataibutes with 7 techiical fields)
Removing an entity from the modsl is translated into these following actions:
-No action (The Eatity’s table is still existing)
Changing the pame of an existing entity in the mode! from E to E2 is translated into
these following actions:
-Creating a new table E2_ (fhe {able B is still existing)
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~Performing the same actions described in the previous scenario.

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

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

-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 sctions: ‘
-Altering the table B_ by adding a new field F2. (F is still existing in the tsble E )

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

entries. (INo more record for F, a new record for £2).

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

" gggregation with another entity is translated into these following actions:

-Creating the entity’'s table in the daiabese,
-Adding a primary key constraint on the field pk_

-Adding n-+9 records in the FormatData table (n attributes, 7 technical fields,
entity§code end entity$pk fields).

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

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

Deleting all the entries related to the table which should have the foreign keys in
the FormatData_table then adding new enizies. (Including owner§code and
owner$pk)
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these following actions:

-No action to execute.

Changing a relation’s multiplicity will be translated into these foliowing actions:
- No sction to execute if the multiplicity change doesn’t chamge the relation from

stngle-valued to mlti-valued or vice versa.

- When the relation nature is changed, the system changes the place of the foreign
keys to be in the table that has the navigable role.

Changing 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
if the RDBMS aliows it

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

new entries.
. Updating Datzbase Constraints

The database table-constrainis are created in accordance with the mtegzity rules
defined in the UML models using field and relation multipiicities. Whenever modifications are
made to the integrity rules the {gble coustraints must be updated. The system provides for an
antomatic update of database oonstrain{:s when possilile. When constraints cannot be updated
anfomatically becanse the previously existing dets does not comply with the new canétraints, the
system generates a report that facilitates manual intervention, The system provides information
such as the failed constraints. |

" Sometimes the changes, made to the design of the application, do not include
adding/removing classes or fields. Sometimes all you need is to modify the constraints of some

fields. In this case there's no need to invoke the "Update Tebles" operation. Instead, you cex use

. "Update Constraints" operation.

The generated SQL code te be executed differs from one DBMS to another,
Hese details the modifications to be sxecuted after choosing the “Update Constraints”

option.
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Adding the “mnigue” stercotype o a field F {2 mandatory field) in an entity B will be
translated into these following actions;

-Altering the B_ adding a constraint of type unique on F.
-Updating ConstzaintsData_ (removing all entries then redefining new eniries)

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

-Altering the teble B_ by removing the unique constraint,
-Updating ConafraintsData_

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

-Altering the table B_ by removing the unique constraint,
-Altering E_ by rendering F nullable
-Updating ConstraintsData_

Adding the “cede” stersotype 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 field F.
~Updating ConstraintsData

Removing the “code™ stereotype to a field F in an entity B will be translated into these
following actions:

-Removing the imique constraint erested on .
-Updating ConstraintsData

Adding the “index” tagged value to a field F in an enfify £ will be translated into
these following actions: |

-Cresting an index on that feld.
-Updating ConstraintsData

Removing the “index” tagged value to 2 field ¥ in ap entity E will be translated imto

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

Changing the multiplicity of z field F in an entity E to 1 will be iranslated info these
following actions:
-Altering the table E_ by modifying the definition of F (F is benceforth not null).

-Updating ConstramtsData

Changing fhe multiplicity of & field F in en entity £ from 1 to nulleble will be
translated into these following actions:
-Altering the table E_ by modifying the definition of F (Henceforth, F coﬁid be
rull). |

Updating ConstraintsData

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

-Dropping created indexes on the ownearScode and owner$pk flelds,
-Updating ConstraintsData_

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

-Adding a unigue constraint on owner$pk if the raultiplicity is 1.
-Updating Consﬁaints]ﬁ)ata__
-(NO INDEXES ON FOREIGN KEYS)

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

~Creating indexes on forsign keys
-Adding a urique constraint on ownerSpk if the multplicity is 1.
“Updating ConstrainisData_ .
VI  CONFIGURATION
A Presentation

1. Mema
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The target epplication menus contain all the pathrways to the screens provided by the
application. Each of these menus tan contain sub-menus and additional pathways in 2 tree-like
stracture.

2. Menu Editor Tool

The Pzlmyra framework provides & taol called Menu Editor Tool, which is nsed to
define the struciure of the application menus. The Menu Editor Tool allows for menu
configuration capability. The menn editor as an offline tool requires information from the server,
that information includes the cwrent menu, the users defined in the systern, the class paths of the
model, the action type, the use cases, free paremeter and additional parameters. This tool allows
for loading of pre-built menu configuration files and then reflecting these configuration files in
the system. This tool also ellows for loading of an Import/export configuration file that aliows
the syster to import or export the current configuration or get 2 configuration from another file
through importing it. Further, this tool allows for manipulation, in which the current
configuration file can be manipuiated and changes would be applied to the current systcﬁn.
Additionally, the tool also provides different configurations for different user groups and
muliilingual labeling in which labels are configured so they support certain language. Finally,
the tool alse allows for adding new menu items. FIC. 18 represents the user interface of the
Menu Edi‘tor Taol, |

The configuration menu items nrust be registered by defining an initalizer and call the
wethod AdvancedMenuGenerator.registar().

TABLE 11 illostrates an exarople of adding new maenu items.

Tabie 11: Example of Adding New Meru Trems

SimpleContextImpl simpleCix = new
SlmpleContextImpl (UseCaseConstants ., EDIT,
Boolean. FALSE,
Menu.class.getName ()},
ActionTypeCongtants . TRCHNTCAL,
ActionConstants . CREATE) ;

AdvanceddenuGanerator. reglister( AdvancedMenuGeneratoxr . PUBLIC,
"Conflguration>Menu®, "Menu Manager®
simpleCtx, myll, false,
MenuProvider . class . getName{) ) ;'
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Tn this exarmple, the struciure includes the following information:
role; either AdvancedMenuGenerator, VERMEG ADMIN for vermeg admin or
AdvancedMenuGeneratar. ADMIN.

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

the following form: itemI>jtem2:>...>parent. The path will be created if it wes not found.

Iabel: the nams of the item.
targetContext; the target simple context to catl.
isFnit; indicates whether the item is fo be viewed in the initlalization mode.

additionalParameters, the additional parameter that is needed in the target

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

When firdshing the creation of the menn structure, the system generates a file that
containg the menu structure 1o be uploaded into the target application.
3. - View-format

The Paimyra framework antomatically generates screen pages used to create, edit and
sezrch the objects of the Entity class types that are defined in the UML mode] of the target
application. The contents of the screens are generated in accordance with ihe fields and relstions
of the entity classes by using an aigorithm to generate a default layout of the screens. The usage
of the visual elernerts that represent the fields and relstions (text boxss, combos, lists, links) and
their distribution on the screens might be manually modified later using the View-format
configuration tocl. View-format can also remove unnecessary fields from the screens and can
create groups of fields.

The view fofmat of a Palmyra screen 1s rcpfesented by an instance of the class
com.palmyra. arch.p}esezttﬁtiofz.mode[. viewformat ViewFormat. This class contains:

| -Screen properties:
Label: contains the screen title;
isForCaching: whether the skeleton of the screen is cacheabis;
showTitle: whether the title of the sereen is visible.
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Fields properties:
readOnly: whether the field is read-only ar editable;

Maondatory: whether the field is mandatory in order to save an instance to

databzse;
Visible: whether to show or hide the figld.

The information that link one view foxmz.ﬂ: instance to the appropriate soreen are
stored on the class com.palimpra.areh.presentation. model viewformar. FactoryEntry, thers are
two fields:

Context: Specify the context of the correspondent screen;

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

or not.

FIG, 23 shows the UML Class Diagram of the view format service.
3. Actions Configuration :

The Palmyra Framevwork generates default actions for every screen. The user can
modify some propertics of these actions using the Action Configuration service. He can hide or
show the aclion, chenge its icon, change the position (Top or Bottom), change the arangement
of actions.

4, Transiator

The Translztor is z configuration module of the Palmyra framework that manages
internationalization of many presentation clements like labels, enumerations, screen title ...
& Labels

The automatically geﬁarated screen pages have screen elements (text boxes, combos,
Iists, links, etc.) with descriptive labels. The labels are generated using the field-names or
relation-names ag deﬁned inthe UML class diagrams. The labels can be modified lajer using the
Transiator module. When using the screen pages, the labels are chosen according to the language
defined i the user profile. |

b, EBrumerations
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Enumerations are Simple class types that represent a text with a predefined set of

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

emimeration class types are displayed as combo boxes with the set of available values, The
available values can be modified using the Translator module. When using the soreen pages, the
availgble values are chose according to the language defined in {he user profile.

5 Default Values Confignration

The default values configuration service allows the definition of defenit values fora
specific field and a specific user. This allows defining & different default value for each user.
B, Security _ !

1. Authentication

Authentication is the mechanizm by which callers prove that they are acting on behalf
of spocific users or systems. Authentication snswers the question, "Who zre you?" using
credentials such as user/password combinations.

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

In Palmyra terminology, AST is fe Segregation of data and processes between
different entities sharing the same database. An entity can be a bank, & branch, a department or
any repartition required By the client. For example: & user with an ASP Value squal to X, will
only see date relative to 30

FIG. 19 shows an exemplay Paimyra login page.

In Palmyre, Authentication is done by two methods:

{1) Internal Authentication: authentication mechanism in which the authentication is
managed by the application itsclf using a built-in component. Here, the usernames and
passwords are saved in database. When using the iniernal authentication mechanism, the
application provides for a security configuration tool to create new users, which is usually done

by the system administrator,
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" (2) Bxternal Authenticetion: The application communicates with an external system
in which users are defined. Where there is 3 custom registry, which stores the users and their
crodentials (for example LDAP, Active Dirsctory).

Anthentication in Palmyra uses Filters to check each request sent from user. Ifit is
sent from an anthenticated session it will be forwarded to the required resource. Otherwise, it
will be forwarded to the login page. Palmyra uses Form-Based authentication fo send the
nsername and password to the Filter, which verify the usemarse and password. In the case of
Bxternal Avthertication, users and passwords are stored in 8 custom registry such as LDAP. S(_)

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

with a custom registry.

The application server connects to the user registry to collect user-related information
when cresting eredentials, which are then used to represent the user during anthorization (for
example, when logging into an application fo check passwords). For example, Websphere
Application Server security supports the implementation of most major LD AP directory servers
(like ActiveDirectery of windows). As another exampie, Thoss also supperts the implementation
of Active Directory.

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

The AuthenticationDiriver interface contains 6 methods:

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

Sreing authenricare (ServietRequest serviziRequest): the implementation of this
method depends on the fechnigue used for authentication.

For exemple, in the case of internal authenfication, we can implement this method to
get the usemame, asp and password from the ServlstRequest parameters and then check this pair
if exist in the DataSiore.

In the case of external authentication it will be replaced by the JSecurityCheck

serviet, which will play the same role of check of users’credentials.
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void login(String userName, ServietRequest servietRequest): in the case of default
anthentication we fmplement this method to cache sessionId and nserNatoe. In the case of
external authentication (jsecuritycheck) the user name is already cached in the session.

String isduthenticated(ServietRequest servietRequest): the ﬁnplemam:atioﬁ of {his
method is to returm the userName if sessionld exist in the cache else return null

void logouttServietRequest request, SexvietResponse response): the implementation
of this mathod allow the action of logout the user by invalidate session.

void fuillogin(ServietRequest request, ServietResponse responsej: Tn case of
authentication fail the implementation of the faill ogin method Is to tell where forward the
request.

Any implementation of the authentication czlrive.r needs the following static block in
which we register our Driver ‘

static {

DriversFactory.getDriversFactory {} . .registerduthentication
Driver (
new MyAuthenticationDriver ()
)z

}

The last connection date is stored for each Security User.

To enforce the security in the Palmyra famework, account management is
implemented through account Inkout and password policy. Both are configureble in a property
file celled passwordConfiguration. The containing properties are: 7

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

u;uAndLow: is aboolean that defines whether both upper and lower case characters
are required for & UserCredentials password. Its defunlt vaiue is false

mixedChars: 18 5 boolesn that defines whether both numbers and characters are
required for a UserCredentials password. Tts defanliValue is false

passwordValidity: is en integer that defines the validity period of a password in days.
By defanlt, this property is empty. '
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warnBefore: is an nteger that defines the number of days before which the system
should start warning a user that he needs to change his credentials, Tt must be used along with
passwordValidity. By default, this property is empty.

lockQuiNbr: is an intsger that defines the number of failed password trials that causes
the uger o be inactive (The SecunityUser’s IsActive property is set to falsé) and thus can no more
access the application, unless the admiristrator activate it again (set IsActive to true) or i he frieg
after § hours. By dafault, this property is empty.

Palmyra also supports Single Sign on (550) authentication mechanism, Single sigzu-

" onis the abilify to require a user fo sign on to an ap;ﬂicaﬁon only onee and gain access to many

different application components, even thongh these corﬁponents may have theilr own
authentication schemes. This feature allows end users to log on once per session rather than.
logeing on to each resource or application separately.

2. Authorization

| Authorization is the process whereby the inferaction between users and application
resourees is controlled, based on user identity or other information. Tn other words, authorization
answers the question "Whai can you access?" (
The definition of the authorization process method used by the application is done by
the implementation of an interface AuthorizationDriver.
Pahmyra anthorization system is implermented on different layers:
a, Groups .

System users can be grouped so that they 21e managed easily, The security

. configuration tool allows cresting groups and coresponding users. Groups mey also be grouped

i other groups in order to create a hierarchy.

Two groups are created by defaukt when starting the application for the frst time:
Administrators and VermegAdmin, VermegAdmin is part of the grovp Administrators,
‘ If a SecurityUser belongs to VenmegAdmin or Administrators, then he has all

priviledges an the application.

b, Roles
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Roles are nser-profiles ﬁscd to pre-establish a set of configurations to be applied to
the later created users. The roles xe created using the security configuration tools. Roles are
assigned later jo proviously created users using the seme security configization toal.

A role “admin” is created be default when starting the application for the first time.
This role gives all rights to the application rescurces.

c. Rights

The privileges and restrictions of users are expressed in ferms of what Entity-class
types they can access and what process parts they can rum. Rights are configured using the
security configuration tool. The rights are kater assigned 1o the i:mviou,sly created vsers, groups
amd roles also using the security configuration ool

Tt Pelniyra the authorization process is done in two Ievels:

(1) Bntity level: in which the system checks on the user privileges. FIG, 20
illustrates the process of emtity authorization implemented by Palmyra.

(2) Service level in which the system checks on whether certain action s allowed
to be performed, FIG. 21 illustrates the process of servioe authorization process,

Roles in Palmyra are defined by their names (Roleld). They enclose Entity Policies
and Service Policies. The latter will define the privileges that the role offers o s'user or a group
of users. '

To grant the aceess fo a specified enlity o role, the entity policy ig associated o the
Role. Those associations are based on 2 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 Name: ALL or the name of the apﬁlicaﬁon
and Entity Name.

The “create condition”, “uvpdate condition”, “delete condition™ or “find condition”
fields are a Boolean expression that can be:

Empty: this means that there s no restriction on this create/update/delets/find .

action.

“fuls<”: No right to exevute oreate/apdate/delete/find action.
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Expression containing the following keys date, hour, time, currentUser,
userProperties or a combination of mentioned keys. Example: atiribute ==
currentUser, this delete condition means that according to this role, only instances
with an athribute value squal to the current user can be delsted, Example2:
attribute = = userProperties. propsrtyName
Ths extity com .palmyra.arch.basicStruct.data.Busines sEntity is
the super entity of business entities. !
The entity com. Palmyra.arch.basicstruct. S@ta .AbstractValueis

the super entity (business entities plus Palmyra entities).

To grant the access to execute & spocified actionin a specxﬁc service to role, the
service policy is associated to the Role. Those associations are bas{ad on a condition. If this
candition is verified, the user whick role is granted can access to the application

narne/service/action, |

Service policy is identified by Application Name, Serviice name and Action neme.
The Condition field is a Boolean expression that can be:
. !
Empty: this means that there is no restriction on-this application

nams/service/action.
“false”: No right fe access to this application name/service/action,

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

either an identifier or & value, o

Date: is evaluated as fhe current date, a BusinessDate instance,
Example: date = = *10/12/2100b°, Le, allow action execution only at 10/12/2100.
FHowr: is evaluated as the current hour, getHour(} of a T:imeValue instance.
Example; hour = = 8,1c., allow aoﬁen execution only at 8 .o’c‘}eck each dlay
Time: iz evaluated as the cuurent time, a TimeValue instance.

Exarmnple: time = = “08:00:00:000%, e, allow action exejoution only at 8 o’clock each .
i

‘ day.
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Cur?eﬁz‘User: is evatuated as the current user, a StringValue instance. Bxample:
currentlUger = = “X7 ‘

UserProperties: is to be used befors a security property name with the follav‘iing
syntax: nserProperties. propertyName, The latter is svaluated as the current user’s security
property value. Example: userProperties.menuId = = “valuel”,le., allow action
exeontion anly if the current uger’s memmld is set to valued,

Parameters: is to be nsed with the following syntax: parameters.paramName, whers
paramName is a parameter of the action defined as sn actionName in the ServicePolicy.
Bxample: parameters.config. creatoxUserTd = = currentUser, this condition
mesns that the parameter “config” needs to be created by the current user in order to allow the
execution of the action.

. The service com.Palmyre.arch.service BusinessDelegate is the super service.

FIGs. 224, 228, and 22C illustrate the main part of the exemplary Authorization
UML modé]._ Specifically, FIG. 22A illustrates an exemplary Securityftem UML Model, FIG. .
22B illustrates an exemplary Policies UML Model, and FIG. 22C lustrates an exemplary
Securityliem's Roles UML Modsl

When a user A access an gpplication resource, checks are done on whether the user is
ﬁuthorized to do so, The operating principle of these checks 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
amd added to the union of all rolss.

" Example: User A needs to scarch for instences of Entity B, User A has one role X
and arole ¥ inherited from the Group B, which he is a member of. Role Y has an BntityPolicy
instance P2 on Entity E with a find condition set to creatoriUserld==currentlser. This condition
mezns that the User A can only see instances that he created when doing a find on E. Role X has
an EntityPolicy instance P1 on Extity E with a find condition set to smpty. Taking into acconmt
the latter information, the user A will see all instances of E.

" The reseason is siﬁaply because a criterion has been formed withthe two conditions of
role X and Y as a union and sent as 2 query to the database. The criterion is pkl=nmnil |
croatorUserld === “A”,

C Input and Quiput Devices

90



10

15

20

25

30

The gemerated tarzet application containg pre-existing libraties that manage the
communications with other systems and applications using different comrnunication and
messaging protocols. FTP, File, Quene, WebDav, Mail via SMTP are examples of protocois
supported by the preferred embodiment. For each of these protocols, an Input and an Output
device is integrated in the target application.

To use an Input Device, one needs to:

Define an Iiput Device Configuration with a specific message fype. He can do this in
the IODevices Configuration subment of the Configuration Tools menu.

Define 2 listener class that implements the interface InputDeviceListener. In this
class, he hes to subscribe his listener to the specific message type and to implement the method
onReceive(MessageHeader mby). When an input device consumer notifies a Hstener, # calls its
onReceive method.

The Duiput Device implementation defines two Actors;

Output Device Configuration: The output deviee configuration is an entity 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 hostmame in the output device FIP

confiporation).

Output Device: The output device manages the writing of values to a device. So #°s
associated with an output device configuration. All cutput &evices should sxtend the sbsirast
class Outputl")evié&. Palmyra defines five types of Output Devices: Outpul Device Quene,
Qutpat Device File, Output Device FTP, Output Device Palmyra Servics and Output Device
Mail. Hach extended Quiput Device inherits & ByteArrayOQuipuiStream Aftﬁbute and Implements ‘
the methoed flush. The inherited field can be obtained by calling the method getOutpuiStream ().
This method returns an OutputSiream. The method flush () writes the content of the inherited
field to the device defined by the associated output device configuration. .

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

- D, Mapping Tool

91



10

15

20

23

Mapping is a tool which provides the ebility of converting objects (e.g. copying field
values from source object to target object(s) based on 2 configuration). FIG. 25 illusirates an
averview of the Mapping process.

1. Uses of Mapping Mechanism

The Mapping mechanism is used for:

a. Comecting with outer world

Within the framework Palmyra data is represented by a spacial object (the interfacs
“Value” and its implementers). Bxternal data coming from outer devices 18 parsed using general |
purpose drivers, so the output is generally in & driver-specific format. Driver specific objects
should be converied into application date objects on which the process is defined.
b. Irtegrating components

Appiications also use business servicas that may require creating specific objects in
order to integrate their processes. For example the input of the accounting business service 18 an
accounting message (a date object). If the user wants to integrate the accounting in an
application, he should create accounting messages having other data objeots as sources such as
cliént payments. ‘

2. Corfiguration of Mapping

. Mapping is configurable and customizable at runtime: the whole mapping
configuration could be changed at any moment and the configuration effecis take placs
immediately. This gives & large level of fiexibility to the users of the system. The configuration
of mapping i¢ created at runtime of the application using the presentation fier. Different mapping
configurations can be assigned to different processes. For example, in the router, for each
incoming message type, a parser (driver) is configured and then a meapping could be specified.
FIG. 26 il]ustrat.es an example of configuration of Mapping,

3. Mapping Process

The mapping mechanism creates the destinstion class in order to map the ohjects. The

creation of a destination-class using mapping comprises a number of key-mappings or

elernentary 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 o define how the value should be extracted from the
source. .

The Source Formula is an expression based on felds from the source to consiruct the
value which will be mapped or will be assigned to the target. For example, 2 sowce formula
may read; grossAmount + commission. Target Seld: netAmount.

A Condition is an expression that defines a condition. If the result is true, then the
mapping is executed. For exampls, a condition may read: operationType == “buy”, Target key: -
batanceType source fonmula: “debit”, |

Sometimes the rasult of applying the source formula does not fit the target feld. In
this case a conversion should be made. This is done by & converter,

-There are four types of converters:

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

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

(3) Enumeration Converter, in which the converter specifies a collection of pairs.
Buch pair specifies rﬁnltipls values which are converted to one value,

(4) Numenic Converter, in which the converter specifies a converting type: abs,
cell, floor and jog. |

" Mapping saves time as the conversion process is a very freguent requirernent in
Palmyra epphications. Having a module that perfozﬁxs the process saves development iime.
EIG. 27 illustrates in detail the process of Mapping convérters.
4, Types of Mapping

Mapping is psed to maps an object (source) to another object (targst). There are two
types of mapping: ' .
‘ (1) Field to field mapping: one field 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 (Source) to
one or multiple object(s) (targets). The source value is extracted by a fornwla (e.g., the formula
may be ‘firstName + lastName).

E. Loading Lifecycles of Objects and Constraint Models
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~ Aprocess disgram represents a process daﬁniﬁon. Process diag-fams are created using
the state diagram modeling technique, where a state diagram 18 called a lifecycle or automata.
Later, a workflow engine, which is a finite state aatomaton that manages the business processes,
manages the lives of these states. The workflow is related o entities and represented in UML by
a state dHagram and the lfecycle is configurable by the user. FIG. 28 illusirates an e:éample of the
workflow engine and how it manages the states in the system. '

A lifesvele or automats file is an XML file déscribing n XML language the graphical
state diagram defined in UML. Afler creating the graphical state diagram i UML, Palmzya
reinterprets the graphical state diagram fnto XML language sc it can be sasily understood during
and after the building process of the application.

In the generation step, the process diagramns are transformed into XML files. Those
XML files are loaded in the application using & specific configuration tool that allows afterwards
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 enfity classes o a
process. 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 systen and the modifications are takun into consideration. The modification is generally
performed through the UML Designer interface to take advantage of the built-in validation
capability. The generator can be configured to export XML files only. Constraint modsls are
class diagrams that define specific Entity class types known as constraint classes. They zdd
constraints on pre-existing class fypes defined as Constrainable. The constraints are additional
intsgrity rules defined in the UML models based on existing entity classes; they are next
converted inte XML files during the generation step. The generated spplication provides fora
tool to load XML files that represent constraint models into the appliéation. Modification imto A
consiraints or adding new constraints can be done anytime after deploying the appiication. The '
resulting XML file is then loaded into the system and the modifications are talken intc
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 used when necessary to analyze the tasks done by the
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application and to log for bugs or techrical problems. Trace Configuration can also record
business logs snd module specific logs.

The application provides for e conﬁguréﬁon too! to determine the location, size, and
names of files to be generated fo store the trace. It alsc enables selecting from a Hst of predefined -
levels of details in the generated trace. ‘

G, Reports

Reporting tools are vitel to enterprise applications that d=al with data. They give the
user the possibility to generate dynamically reports on the daia they worl on given certain
criteria. The Report module is the Palmyra tool that defines and generates generic reports. 1t
provides easy-to-use user nterface to build Reports (“templates”) that can be used later to
generate Rejn orts in different formats, ‘

The generated application provides the finctionally of creating Reports using 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 fc be used as dafa
containers and the parameters to be entered when generated the Reports in order to selsct the
appropriate objects. Metadata is the definition of data loaded in the memory of the application.
I is derived from XML files (e.g.,, process and constraints), generated code, writtén code, and
preexisting libraries. .

. Reports are generated in multiple formats like PDF or HTML 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
paramaters are a sef of optional conditions o be appled when collecting the data to generate the
Report. For example, if the user just wants the personal information of the Employees who are '
older than 25, theﬁ he can define search criteria to customize the Report gathered data. The
Report can also define an entity which is the name of the main type (class) representing the
entity to be displayed. For example if the user wants {o build a Report which includes the
Employees’ personal information, the main Entity will be Employse. The Report can define the
pames of the attributes (fields) of the main Baiity to be viewed in the Report, for example
employee frst name. Further, these fields can be grouped, ordered, and represented in many
different ways such as charts. Finally, the Palmyra systemn glso provides for the capsbility fo

generate reports programmetically by prcviding various methods for generating and modifying

95



10

the inferfaces for prograrmnmers to work with. TABLE 12 iflusirates an example of the methods
that the Palmyra Reporting Tool exposes programmatically to work with the reporting tool,
Report comprises an essential part of any application. However the design of the Report ray
take a lot of time and effort, Moreover, any simple modification on the Report design may cause
the application to stop runming and require restarting. For these reasons, Palmyra has the XSL
Editor Tool which facilitates designing process of the Report by the designers. This tool allows
for various design finctionalities, such as modifying the layout of the report, adding dynarnic
data, modifying the labels, adding expressions, and adding images to the design. Finally, the
Report writer ool also provides means to represent datain a diagraﬁz format. The Palmyra
system contains a chart library. This library is a Java-based charting that enables the user to add
charts to his java applications and web pages. The library contains AWT based chart
components, epplets, and a chart serviet. FIGL 29 illustrates the report generation steps.
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Table 12: An example of the methods that Palmyra Reporting Tool expase programmatically to
' work with the reporting toel

. Bxanple of Report gemeration
FileOutputStream cubput = new FileOutputStream{("D:\\Report.pdf®}:
String reportName = “myReport”;

CollectionValune parameters = new Collectionvalue();

paraneters . seb { 'parameterNane®, new StringValue {"testParametar®));
String criteria = " (ylwwm\'testCriteria\")& (xi=={parameterName})*;
ReportGenerator reportGenerator = new ReportBenerator{}:
reportGenerator. generateReport {oculput, reportName, parametens, new
I0priverDefanltconfig(), critewrial;

Example Report Export Joition

public class ActionmBxportComandReport extends ActlonHandlerddapher implements
Initializer { .
private static fingl String BXPORT_COMMAND REPORT = ‘ExporiCommandReport?®;
private actionExportComandReport() {
}

private static ActionBExportComandReport instance = new
ActionBExportComandReport ()

public skatic ActionExportComandRepcort getinstence() {
rsturn instanece;’

private static boolean isInitislized = false;
public static boclean initdalize(} {
if {(tisrnitialized) { :

SimpieContext context = ActlonsUbil.creabefSimpleContext (
ActionfypeConstants . ROW_DPERATION, EXPORT COMMAND REPCRT,
UseCaseConstante.EDIT, Buolean. TRUE, AccountComp.class.getMName ()]

ActionsUcil.registerhction(context, instance};
isInitialized = Crue;
}
return isinditislized;
H
Example of report download Controller

publi¢ ciass ReportDownlosadController implements DownloadController {
public void downlead{PageDatz pageData, String key, OutpubStream outpuiStream)
{
colleationvalus value = (Collectionvalue) BEJALLULil. getSelschedTItom{pagesData);
ReportGenerator reportGen = new ReportGenerator(): ’
reportGen. gangrateReport ("accountReport®, outputftream, value);
}
public Siring getFileEwvtension{Pagebata pagebata, String key) {
return, *pAdf": ’
}
public String getFileName(Pageata pageDate, String ksy) {
return "account”; }}

o7



10

15

24

VI. TESTING
Al Auto Test

Palmyra based-on applications can contain a testing tool used to ensure the non-
reprassion in the application when adding new functionalities through the iterafive approach.
Generally, regressions are bugs in pre-constructed finctionzlity, which surface after the
intreduction of new code. The too! is called Autotest, and it is used o record testing seripts, to
create testing steps, scripts and suites manually, to Tun it later, and to compare the resulis. The
tool ensures non-regression in the generated application by making sure that functions created in
previcus version of the application can still work after the additions. The {col helps to discover
precisely and easily anomalies oy differences in process-results between the version on which the
test is launched and the version in which the recording is done. '

1. AutoTest Terminologies

StepTest: 1t is the core item in the AutoTest, and presents the service that you want lo
test.

SeriptTest: It presents the test scenario of a given use case. A script is composed of a
get of ordered steps. The ScriptTest may have Hs own huitié.lStgte.

_ Suite: I you have many scenarios to be tested, then srou can compose them by order

i one Suite. The Suite may have iis own InitialState.

InitinleState: It is an image of a database siate saved in xml files; it is czegted by the
user.

Test Messoge: It is & configuration veed by the AutoTest tool 1o create the suitable .
Palmyra message that presents the service 1o be tested. It consists of a service name, action
neme, and parameters. ‘

Result: The result of the execufion of the TestStep,

SrépExpression: It is a palmyra cxpression used to oveluate the result.

TestSearchResulr: T enables you to find the Result in the database and display it

TestCollectionSearchResult: Tf the Result is a collection of values, and the fest

success depends of the number of these values, put the expected number here.
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TestFailure: Bvery tine one of the previous teats {StepExpression, TestSearchResult,
TestCollectionSearchResnlt) fails, and if the nm of the T'estStep or TestSeript fails; a new
TestFailure is creatzd to inform yvou ebout the failuye,

2. Create TestStep, TestScript and TestSuite manmally using Autotest

The test scenario can be organized as test suites which comprises test seript, which is

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

-atap.

AutoTest provides a dropdown menu for Step Creation, To seerch for an old Step or
creates 2 new one, click the Step link in the AutoTest meny, then the new button to create a new
Step. Fill in the Step name; this name is unique for the all steps.

Now preate the Test Message, this field is mendatory and presents the servics that
you want to test it. So you have to select the service name, action name and the user name for
this message. If the message needs parameter(s), you can create them by clicking the Parameters
tak and select one of the available parameters types.

Select the Simple Parameter from the combo box to creafe a simyple parameter for
your message, then selest the parameter name and type, and fill the Param Value of the
parameter, this value is the Teal parameter value ai runtime.

If the paramster valne is not & simple one, then select the Composite Parameter from
the combo box, This will snahle you select any composite value and vse it as a value for this
parameter.

A pger can choose between two optionsto got this value,

- Click the Select Value link and set the class type and the search criteria, which
will be used to sezrch for the parameter value,

- Click the Create Value link and set the class type and the draft cods, which will
be used {o search for the parameter value in the draft values,

Simply use the Collection Parameter when you need a sollection of composite ones. -
The Step Bxpressicn 15 used io ensure that the result is correct. '

-The Expression Name: it is unigue for the 2Ii Step Bxpressions.

-The Expression Value: is a Palmyra expression,

99



10

15

20

25

Filt the Test Search Result name (which is uniques), the Class Type and the criteria;
the Test Search Result will search for values from the Class Type

Test Collection Search Resnlt is use to check the number of the results, set the clags
type, the ciitzria used in search and the expected valusy’ number.

AutoTest alse provides 2 dropdown menu fur Test Script creation. To search for an
old Script or creates & new ons, click the Script link in the AutoTest menm, then the new buiton
to create a new Script. Fill the Script Name, and select the Seript State from the commbo box
{optional), the Seript 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 impdﬁam, because the sxecution fows
from. the fizst Step to the last one considering this order. Forhmai:ély you can change this order
whenever you want, by using the arc Hnks. )

AutoTest provides a dropdown men for Test Suite croation. To search for an old
Suite or creates 2 new one, click the Suite link in the AntoTest meny, then the new button fo

create a new Sufte. Fill the Suite Nams, and select the Suite State from the combe box

(optional), the Suite may or mey not have it own Staje

. Add TestSeripts to the TestSuite via the ScriptOrders tb.

To Change Scripts order within the Suite is important, because the execution flows
from the firsl Script to the last one considering thiz order. Yeu can easily change this order
whenever you want, by using the arc links.

3. Running TestSteps, TestScripts and TestSuites

Axriotest enabiles rurming & pre-recorded or created tesiSoript, TesiStep and TestSuite;
fhis is done by simulating sutomatically the user inputs into the application and cornparing the
generated results with the recorded equivalents. A specially designed user interface is provided
for the execution of TestSteps, TestScripts and TestSuites. Autotest generates a report that
contains 811 the differences (if they exist) between the obtained and recorded results, The report
is then used to analyze the potential anomalies. Afler analyzing the results and making the
necessary corrections, the application developers may decide to update the test script when the

differences of results is becanse of enhanced features of the new version. Antotest provides the
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possibility to auiomatically update the recorded sotipts by simulating the user-inputs end ro-
recording the results.

Ruuring a test step, script, or suite is as simple ag rmining a step, just enjoy the three
phases game:

Search,
Select; and |
Run
4, AvtoTest Recorder

The AutoTest Recorder provides an easy and fast way fo create Script Tests.
By default the Awto Test Recorder records all serviess that are different from Palmyra

services, But in some cases you may even noed to record Palmyra Services; you can simiply

do that by adding the Palmyra Services name to 2 configuration file.

[# already contains some eniries; ﬂlus&aﬁng you how to add more:

com.paimyra.arch.lifeCycle, adapter . manager.LifeCyclaEx
ecuter=fireBvent, fireBEventWithoutConfig
com.palmyra.arch, scheduler. corl.TobEntryvExeControllers
immi di‘ateExecut eJobEntry

com.palmyra.arch .pe:;sistence Jantitymanagerssynchronize

Recorder Menu’ From the AutoTest menu click the Record link:

Then you can choose between just records & Script Test, or a Script Test and its Recond
Resulis.

Start recording scénarios: Input the Script mmd Step prefix names {optional, a defzult
ones will be used if you didn’t select ones), then click the Recording hution, and wait till
the confitm message.

Play test scenario: And now you can play your pre-prepared scenario.

Stop Recording: Stop the Recorder when you finish your scenerio
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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
scenzrio, in this case the recorder hash each entity that should be synchronized into 2 string, then
on rumning the same Script Test again, the AutoTest comparss these stored hashes with the ones
calculated during the ranning. - You can exclude some felds from the hashed entity by assigning
& Record Config to the recorder. (Flave a Jook to the next section to know how to create Record
Canifigs)

Create Record Config: In the AutoTest menn, select Create Record Config. Inputa
unique name. Select the entity to exclude some of its keys. Then, select the keys thet you weant
them to be excluded from the hash of the selected entity.

5. The Script Delete

The main purpose for the Script Delete is to rollback the datebase 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

fhe database; the city name is always Parls. -
~The action name is (createCity()), it has no parameters as tmput.

-The (City) has two felds, its name (name), and a sequential id {number), it starts
from 1600,

“When you successfully record this scenario for the first time, a new city willbe

added 1o the database:
Pl Name Nunber
28052008 Peris 1000

-If you try to rum 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 nams in the database o another
name like (Londen), and yun the recorded-scenario, then the AutoTest will report

an erTor in. its log, because it expected a number==1000), while it got
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{numnber==1001) at run time. This happened becanse of the sequence field is

autornatically increased.

This is a classic example of when you need the Script Delete fimctionality, because
you have to delete the old city from the database, and also reset the sequence value of the field
(number) to (1000), befors rumning scenario.

A script delete can be generated according to a Delete Configuration that contains the
Hst pf classes 1o be deleted and a Ust of sequences to be deleted.

The list of those classes is specified in Class Configuration and Package
Configaration. In the packagé configuration, you can specify a list of excinded

classes.

The Iist of sequences is specified in sequence Configuretion,

To delete the clesses, the followings steps are executed:

Perform a delete simulation nsing the ‘volumeDeleteSimuladon' service from
Persistence layer, This method doesni’t delete a velue but it is just ;a, stmulation of
the delete operation. The output of this method is a collection of “DeletedObject”
objects. One deletedObject is defined by & classMName, valuePk and g collection of
“DeletedBrror™ abjects. If there is any problem during the dslete (en error), this
action won’t stop the simulation but create a “DeletedBrror” object and associate
it to the current DelctedObiect that causes this error. In cese the number of
DeletedBrrors is less than 1000, the delstedError will have as type
“DeletedErrorPs”. Else, the deletedBmror will have as typs
“DelstedErrorCritexion”.

Check the delete simulation errors: Verify that all instances specified in the

deleted error st are also in the list of the deleted objects List,
Create a script dalete using the Yist of deleted objects and deisted errors.
Execute the script delete,

Update the sequences in the database according to the specified sequences values

in the sequence configuration witch is sttached o the current delete configuration.
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Create Scrizﬁ Delete: From the AutoTest menu click on the (Search Delets Config)
tink: '

-Click new
-Bnter the Script Delete name, it shouid be uniqus
-Select the entity (City) to be deleted on roning this Seript Delete.

-Select the sequence {number) to reset its value to (1000) on running this Script
Delete.

~Return back and save it

Run Script Delete: To run any Script Delete, go the same lnk in the AutoTest menu

_{Sesrch Delete Config), search, select and rum.

Attach Script Delste to Seript Test: Now vou Jmow that you have to run the Script
Delete (Delete-City) just before rurming recorded-scenario (createCity(}).

- The AutoTest provides you the functionality of atteching a Script Delete to a Script Test. This

can be easily done by editing your script and assign the required Script Delete fo it.
-Search and edit your Script Test

»Attach the reguired Seript Delete

When you have the Seript Delete aﬁacheé to the Seript Test, there is no more need to
pghie} each of them individually; you just have to run thc Script Test as shown early in this
document.

' 6. Check the Resulis

In order to éompare and to provide the differences between the recorded result and
the current test result, Autotest compars the hash code of the two results.
The hash code of a value is created from its string representation. This representation is like
keyl=vall&key2=valZ where keyl and key2 gre keys of the value and vell and val2 ere
respectively their valuss, The differences between the recorded result and the current test result
are the Hist of the keys having different values.

Note: The list of the keys used to create the siring representation of the value aa-é
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.
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The best way to check the test Tesults is to see the AutoTest log file; you can find the

 log file in the “autotestLogs” folder, while the form of the log file name is:

- For u Step: “step_step-name execution-date.lo g
- For a Script: “sctipi_script-name execution-date Jog”.
- For a Suite: “suite_suite-name execution-date.log”.

Also if vou ars running a Step, and a feilure message appsars, you can check the
failure reason by clicking the Failures tab.
7, Autotest Import/Export

There is & collection of ussful tools that helps vou to import and export the data you
may ﬁeed to accomplish your test; you can esily access these tools from the AutoTest main
ment.

~ Export Draft: The AutoTest enables you to save a velue as a draft in xml file, and then
you can nse this deaft value in the test, you can chooss between two options
Fxport new Drafl: Press the “New™ button {o create a new value fom the type specified
in the “Class Type” text box. The AntoTest exports the new value to .xm! file with name
like:
~Class type: com., ... City
~The City class code is presents by two fields (name and created-date)

-File name becomes: $/drafis/ ClassName_CiassCode xanl Bx, $/drafts/City Paris
01072006 xml

Export exists Draft: Select one of the results, and then press the “Export” buttor, the
selected value will be deleted from the database.
. Tnit test of AntoTest

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 resuit and the
failure values, save the configuration and then fest if the method is executed suceessfully or not.

To add a Unit Test configuration you have to follow thess steps below:

-Choose the action create from the menu under the path “Auto Test\Unit Test™
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~-Ada a name to the configuration, a service name, ap action narne, 3 user name

and the perameters values.

-Run the method on clicking on the button Run; the result or the failure will be
added. Finally, you can seve 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
heve just to click on the button test. ' ‘

9.  AutoTest Report

_ The AutoTest generates 2 report for each running scenazio, it contains both the
success messages 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 worldng directory
of the application, and under tixs path:

.. /Worldng Directory/AutoTest/autotestLogs

‘ Report messages: Essentially, after running a scenario three kinds of messages can be
found in an AutoTest report, two of them the success and wearning message are good and makes
vou heppy, however, the third one which it is the fafhre messages are betier and should make
you happier. But why the failure messages are better?

_ The failure message means that an out of sight error is discovered, and going to be
solved, which is the main goal of the AutoTest tool, locating the emrors in the tested app}icaﬁoﬁ.
10.  Debug Mode

This section shows how to ture onfoff the AutoTest debug mode, then how to read the
resulted debug log.
‘Wher it is needed?
-In most fatlures cases the debug-mode isn’t nseded, because the normal AutoTest
log will Iead you to solve the cause of the failure, but in very special cases the ’

normal log isn’t encugh.

-In these few cases the invesiigator needs to know what happened afl 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 compars between them and solve the cause of the

failure.

-Practically the known case that you may need 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 queune: weblogic kernel Default’] [711833142]]

Error: The type of the recorded result at this synchronization should be [X] whils
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
to add a file (debug.mode) under this path:
JAutoTest/debug/debug.amods

To turn-off the debug-rnode you have to delate or rename this file (debug.mods).
Debug mode usage: This usage order should be followed to gt the advantages of the

. debug-mode;
1. Turn-on the debug mode
2. Record your scenario (s1)
3. Run this scenario (s1)

4, Turn-off the debug mode

The result will be a number of log files that can be found under this path:
JAuteTest/debug/stepl record unigueNum.log

stepl_run umiqueNum.log
step? record uniqueNum.log
step?_yun_umiqueNum.log

Debug mode logs: The extra results of the debug mode {in additions to the recorded
scripts) are the debug-lops Hles. Most of the recorded steps will has two debug-logs, one at
recording fime and the other at running tinge; you can distinguish between them by name:

JAutoTest/debuglstepl_record uniguelNum.log (et recording time)

197



10

15

20

25

stepl_yun uniquelNum.log (at miming time)

VIO, STRUCTURE OF RESULTING APPLICATION (PALMYRA FRAMEWORK)

A, Presentation Layer
1. The Design of the Layer
& The Chosen Archifecture

For so many reasons (among of which we have security, mainizinability and

cenfralization 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 esch of these tiers:

A thin client; The thin client is the tier that is in direct interaction with the end-user, It
15 said 1o be thin because it has vo business logic at all. T only provides the means to -
comrmmicate with the user, and it may be installed on every machine used by the users. As a
product, it can be part of the complete sofiwars solution, or a third-party produet such as a web
browser.

A presensation tier; This tier rung on the server-side. It communicates with the thin-
client throngh some network protocol. It knows how to delegate requests to the proper business

services, and how to display results by sending responaes baclk to the thin client. It also enables

' the uger to go from oue use case to another,

4 business Iogic tier: It is in this tier only that the business lo gic of the application is
performed. It can be thought of as & mumber of servioss that call each other, that are celled by the
presentation fier, and that know how to commect to the database when it needs to process stored
data.

The first ‘cwo(tiers are g1l that interests the presentation module, and we will be
focusing on these two Hers later in this document,

b. The Chosen Design Pattern

The design pattern that proved useful for epplications with the previously explained
archifecture is the MVCZ (stands for Mode!, View and Controiler) design patiern in which the

application is split into the following three components:
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Tha Model: The model provides & set of services to access the datdbase (or the state
of the application) and to run business processes.

The Piew: A set of compenents that know how te construct the user mterface for cach
possible use case.

The Coniroller: The component that receives requests from the client and sends
respo:ﬁscs back to it. Tt kmows how to turn these requests into internal requests and how &0’
delegate them to the proper services in the model. I also kmows how to choose the proper view
componsr that will construct the user interface.
' o, Closer Look at the Controller

In the MVC2 desipn patters, 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 to the thin clent, and it should also understand the language of the thin
client so that it can interpret its requests, and synthesize responses back to it So, we eﬁpect that
pauch of the code that implerments the controller component is client-dependent.

On the vther 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 ﬁmcﬁonaii’ff hag nothing to do with the type of the thin cHent.

As a result, the controller component can be thought of as the union of the followiﬁg
W0 umits: 7

The Presentation Port: Tt is the only unft at which the client can conneet to the
presentation tier of the application. It knows all the fechnical details related to the
corprntnication with the thin client.

The Presentation Controller: Tt is the unit that receives client-independent requests
from the presentation port, delegates processing to the proper service, selects the proper view
componerd, and sencis a client-independent response hack to the presentation port.

'FIG. 48 shows how the presentation tier can support many technologies thanks to its
design. -
d. The Big Picture

Generally, the interaction between the user and the presentation module starts by
sending a request, using some thin-clent, io a presentation port that is “lidening” to the cHent.

This request is clent-dependent, and the presentation port hes to convert it to a client-
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independent request. Once it coes that, it forwards this request to the preseatation controller,
which will perform the necessary action to process this request.

Orngee the presentation controiler handles a request, it can now respond to it. The
response must come in the form of a new graphical user interface, or an upcate to an already-
displayed interface. The controlier should know the graphical components to be vendered or
updated and the values to be bound to them. However, since the presentation controller does not
imow how t¢ communicate with the thin-client, it should do that through the presentation port
itself, which must provide the means for the presentation controller to render the user interface.
Thus, when the presentation port invokes the presentation conireller fo build the user interface, it
should pass an object (z Renderer) that the presentation controiler will use to render components
on the user interface, .

The components displayed on the user inferface are usually graphical representations
to the values in the ourrent session. Wher the presentation port reoeives e request due to an
interaction between the user and 4 displayed interface, the port knows the graphical components
that were updated, tut it does not know how to updzte the values they represent. So, the
Renderer 15 also a way for the presentation controller to pass objects (Valne Bindings) to the
presentation port fo help it update the values in the session when the pert receives & request from
the built mser interface,

In order to aveid over-writing the session data of one user interface with the session
data 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 controller is the
component that knows how to create, initialize and update a Page Date objsct, but it is the
presentation port that knows how to keep the Page Data object returned by the presentation
controller in the session, and how to essociate it with the rendered page (or user interface).

Of course, in order to conform to the MYC?2 design pattem, the presentation
controller should not itself process the requests received from the presentation port, nor should it

build the i)ags, 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 gppropriate 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 readering & page, the presentation controller must locats the
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eppropriate view component, or a View Builder, that kmeows how to render 2 page, and dnvoles it
passing to it the Renderer object. FIG. 4% is an illustration of the above example.
& Abstraction of the Presentation Port

In order o meke an absiraction to the presentation port, we must define the language

of communication between it and the presentation controller. This language can be sxpressed in

 terms of the chjects that are exchanged between the two units. To follow is a list of these objects:

The Request: The request contains any data sent by the client, This data includes the
targeted page or the use case to hegin, and any additional parameters that affect the sxecution of
the business logic. The interface of this object must be declared in the presentation controlier,
and each presentation port showld provide its own irnplementation of that interface, The
implementation will most likely wrap the cHent-dependent request. _

The Page Date: This object represents the session space reserved for each displayed
page. Thus 1t should be stored in the session. It showld be identified vsing & umique identifier so
that it can be referenced in later requests/responses. '

The Session: I much the same way the request wraps a client-specific request, the
session also wraps a client-specific session. The interface of this abject, which must be declared
i the presentation controller, contains only the necessary methods to add Page Data objects to
the session and to remove thew fom it

The Renderer: The interface of this object (tust also be declared in the presentation.
controller) defines the set of cornponents that any presentation port should know how to budld.
Bach presentation porf must provids its own implementation of this interface. It actually must
wrap the client-specific response.

The Value Bz’ndfng: 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
to the vakues in the Pags Data. These Value Binding objects can be used later by the presentation
port to update the values in the Page Data {1.e. when anew request is received).

£ Lo cating the Appropriats Action Handler/View Builder

In the traditicnal approach of request handling, the controller reads the parameters in
the request, and then, it runs through a chain of if-else siatements {and nested if-clse statements)

that would eventually lead to the right action to be performed. In this approach, the code of the
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controlier is hard o maintain, becanse if a new action {which hendies 8 special request) must bs
added, then the chain of if-eise statements must be modified, and this might introduce bugs.

A better approach is to use the registry/factory design pattern. In this approach, the
actions register themselves at a faciory. When the controller receives a requsst, it looks up the
sction that is interested in this request from the factory. The registration and look-up operations
are done using a key object. This key may be built from datz in the request and related data in the
session, The View Builders must be located the same way.

£ The Need for a Context

Suppese that the user interface contains & “Save” button, and the user clicks on it. In
this case, the presentation controlier will receive a request telling it that a “Save’ aciion must be
done. The presentation controlier will look up the handler registered for this action and invokes
it. This is the simplest possible case, end from if, we conclude that the key nsed in the look-up
operation is fhe action name associated with the pressed button. Huwever, this 15 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 confroller needs to
know the precise sontext, in which the event happened. ' A

i. Defining the Context

Any user interface is actually a visual representation of oue of the entities of the
gyatern, end each entity in the system is an instance of some type. The actions the user performs
(such ag the “Save” action) may be handled differently according to the entity type. This means
that the type of the entity the page displays is part of the context. - A

Tn addition, interaction with any page is actually 2 special case of one of the following
known use-cases: ‘

Ediz: Tt is the use-case in which the user creates new ertity or updates an aiready
existing entity.

Fiew: It is the use-case in which the user views an already created entity.

Search Input: In this nse-case the user specifies &earch criteria with which he/she will
search for entities,

Search: This is the use-case in which the user displays the fonnd entifies that meet the

criteria specified in the search input use-case.
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In the example given above, the “Save” action is a business action performed on the
displayed entity. There are other types of actions used to navigate the displayed entity. Using
such actions, the user can view the entities related to the displayed one. Yet there are other types
of actions thet cen originate from & user interface, The actions that refresh the page, or the
content of its componerts, when one component is medified, are examples on such actions.

To sum up, a context can be defined using the following attributes:

The vuse cass name.

The emiity typs.

The action type (visual action, technical action, navigation, refregh, light refresh).

A parameter that indicates (depending on thé action type) the action name, the navigation
role, or the modified component.

i, More Precise Context

The above-mentioned context is & siraple one that may not be sufficient in some
cases. In general, we need fo know 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
context of the caller page. The calier page is the ons from which the user accessed the current
page. - . |

FIC. 50 illusirates how the action will be retrieved from the factory from a given
context.

h. Super Action Handlers / View Builders

By default, the presentation module will rcgisfer basic actions and view butlders for
the most generél snd known nss cases. For instancs, for the following context:
Use case: Edit. '
Entity type: Any (i‘.e. Composite Vaiue).
Action type: Action.
Perameter: Save.
We will find registersd a default action handler that invokes the “synchronize™
method. Suppose that cne request had the following shightly different context:
Use case: Edit.
Entity type: Currency {a sub-class of Composite Vaiune).
Action type: Action.
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Pararpeter: Save.

Even-though the context is different, but since no action handler is registered for it,

the presentation controller should select the “Super Action Handler”, which is the handler

regisiered for the more goneral case (Le. the defanlt action handler}.

i The Action Handler Interface

Every Action Handler cn the system must imfalement the interface

com.palmyra.arch.presentation.actions.ActionHandler:

pubiic interface ActionHandier |

TargetIinformation axecutelction{Reguest reguest,

PageData pageData, SuperActlonHandler superAction);

BindingsMap getPcmsibleBindings (PageData pageData,

String kev, SupsrhctionHandler superiAction);

ModifiedKeyesInfo getModifi edKeysInto (PageData

‘pageData, SuperfctionHandler superAction);

String getActionPositionToUpdate{PageData pageData,

SuperaActionHandler auperiction);

}

This interface has 4 methods, the more important one is executedction, and its role is

1o execute the business logic related to this action. It has three parameters:

the targeted pege or the uss case fo begin, and any additicnal parameters that affect the execution

(1) The Request. The request containg any data sent by the client. This data includes

of the business Iogic. The interfacs of this object must be declared in the presentation controller,

(2) The Super Action Handler. Very ofien, a developer needs to extend the action

handling functionality for & special case. This means that the developer needs to call the super

action hendier from within his/her action handler. Instead of knowing and extending the actual

type.of the super action handler, the interface of the action handler must allow passing a special

object (with an interface similar 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 techniqus must be used with view

'puildsrs.
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(3)The Page Data. Obvyiously, the data of the page is the input to the business service
that will handle the requast of the user. Since this data is kept in a Page Data object, which is the
session space dedicated fo the displayed page, then this object should be passed to the action
handler. ”

{4) The Target Information. After exeé:uta'ng an action the presentation. controller will
do one of the following operations, and it is the responsibility of the action handler to toll the
presentation controller what to do next by retumning & Farget Information object:

Cofling a new page: In this case the action handler must specify in its result the context
of the called page (including the action fo be performed upon calling it), the data to 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 ths called page cannot
return to the caller page, and so, there is ne need to specify the aetion fo be executed upon
fef:aming.

Staying in the same page: This allows performing another action without transferring
conirol to another page. The action fype and name is found in the simple context in the
Target Information object,

Returning to a caller page: The action handler must specify the datz to be retumned to the
caller page.

None of the previous operaiions.

Thus, the Terget Information object must cotain the following attributes:

Nevigation Type: Tt could be Call, Forward, Stay, Retum, or None.

Target Context: Used in case the Navigation Type was either Call or Forward,

Use Case Configuration: The configuration to be passed to the called page (for example
the value fo be viewed)

The Or-Return Action: The name of the action to be executed upon returning from a
called page.

The On-Return Action Type: The type of the action to be executed upon returning from a
palled page,

TABLE T1 15 an example of Presentation generic Action Handler: ActionSave

Table T1:; Example of Presentation generic Action Handler: ActionSave
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i The View Builder Interface

Often, when a page calls another, the called page must be rendered inside the catler
one. To allow this to be abstracted, the View Builder must have the following method:

buildView,. The Presentation Controller will nest calls to the View Builder of a page
within the czlls to the View Builder of the caller page. To follow is the input of any view builder:
The Page Data: The page date must contain the data to be presented visnally by the
view builder, o '

The Renderer: The object provided by the Presentation Pert o aid the Presentation

Coniroller in rendering the visual nser interface.
The Request: Sametimes fhe presentation controlier may decide that some pages must
be updated only, without rendering them entirely. For this reason, it is usefil that the View
" Builder contains the following method that is used in fhis case:
updateKeys. The updateKeys method must return a list of the components tobe
npdated,

This is an example of a ViewBuilder interface:
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public interface viewBuilder {

Container buildView(Renderer renderer, Request request,
PageData pagebata,

SuperViewBuilder superViewBuilder):

[/**
¥ Returns a Set of cormponants to be updated.
*/

Set updatekeys (Rendes:ér renderer, Request request, Pagelata
nagebata,

SuperViewBullder superViewBuilder, Set
modifiedReysinfos, Form form);

1
k The Page Dalz

As mentioned before, the Page Data is the session space reserved for each displayed
page or user nterface. Pege Data objects have identifiers used to access the page date in the
gession. These identifiers are also used to bind rendered forms to their corresponding Page Daia
objects, However, once & Page Dats object is located, the context of the page must be restored so
that the Presentation Controller can locate the appropriate Action Handlar that will gperate on the
found Page Data object. The best way to restore the context is by keeping it in the Page Data
object ifself,

In addifion, since pages call each other, and since these pages must be rendered in the
game frame that represents 2 whole use case, if 15 useful to let each Page Data object keep 2
reference to the Page Data object that comresponds to the caller page.

Given this, the Page Data object need not keep its whole context. Tustead, it only
nesds to keep a simple context (i.e. use case name, class name, sction type and the parameter).

The rest 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 he thought of as en

irnplementation to this mterface,

L How the Presentaticn Controller Works

When the presentation comiroiler receives a request, this request either will initiate a

new use case, of it will be part of an already mitiated one. In the former case, the request must
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contain the simple context of the use case to be initiated. In the Iatter, the request must provide 2
reference to the targeted Page Data object and information about the action fo be performed.
When initiating a new use case, the Presentation Controller must create a Page Data objest and
mitialize 1t by copying tﬁe context informaton fo it For alveady initiated use cases, the
Presentation Confroller siust only copy the information about the action to be performed from
the request tc the Page Data object. This will actually modify the context of the Page Data
object. _

n both cases, the Presentation Coniroller must locate the proper Action Handler
object and invoke it. The Action Handler object wiil refurn an Target Information object that
determines what the Presentation Controller should do next. The Action Handler may decide to
call 2 new use case, and thus a new Page Data object must be constructed and Enked fo the Page
Data object of the calling use case, and & new Action Handler must be invoked. This means that
the Presentation Controller will go inta a loop that breeks when the last called Action Handler
decides thal no further actions should be performed.

2. GUL

The generated applcation automatically provides a web-based user interface. The
awtomated Ul generation process takes the metédata (which ineludes class end process) as input
and output visual elements which can be implemented as FITML page or native screen Hbraries.
The generated pages are basic use 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 creaie, 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 seresns are generated in accordancs
with the fields and relations of the entity classes by using an algorithm tc generate a defaull
layout of the screens. The algorithm generates the layouts based on the stricture of the classes
and then the view format tool can later be used to re-allocate the visual element if needed. The

usage of the visual elements that repregent the felds and rslations (fext boxes, cambos, lists,

' Linke) and their distribution on the screens might be marmually modified later using the View

format configuration tcol, The meodification of the user inmterface using the View format

configuration tool can be performed at runtime.
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The antomaticaily generated screen-pages contain a set of predefined butions that
latnch actions Iike save or delste or seerch. Process-related actions {(defined in the process
diagrams) are also automatically generated in the target application.

Specific actions can be 2lso be added on pages when new use-cases are defined in the
target application vsing the use-case fransifion disgrams.

When speciﬁc actions are added, the actionwelated treatment is veritten manually and
integraied in the application using the ML generation tool.

The manually written code is necessary when the required ireatment is not predefined
or nesded to be snhanced in accordance with a specific need.

2, Dasghbeard

Also as part of the Graphical User Interface, the Palmyra application provides the
users with the Daghboard tool. A dashbeard is a tool that helps each 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 vuser has to perform. BEach user has his own lst of tasks depending on his
properties. The service provides configuration interface to allow a super user to assign properdes
and conditions to users. It also guarentees that all tasks are assigned. |

A dashboard is a sat of nodes, each node containg sub nodes. Bach node deals with am
entity. Entities ere displayed according to conditions defined by the administrator of the '
dashboard, A list of tasks corresponds to each entity, A task is a link to the product use case
allowing the achievernent of fhis task. The configuration of the Dashboard is performed at run
time.

3. Enput and Output Devices
& /O Devices

The Input and Qutput devices are the gatewsys of machine based communication
with other systems. The framework defines the templates that input and cutput devices should

- follow, It alsc defines some input and output devices that support common protecels like FTP,

HTT?, Quenes, Bmails via SMTP, printers and faxes (as output devices).
The communications are made using message exchenges. The foput devices acoept
messages generated from other systems o be read by the target application and the output

devices send messages generated by the target application.
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Independently from the communication port and the type of input device nsed,
messages arriving to the systemn should be parsed in order to transfer the ressage into data
represented in a suitable marmer for the target application. This is done through two separate
modules, the drivers and the mapping.

The messages generated by the sysiem deperd lso on the mapping and drivers in
order to transform data from internal representation into an ntermediate form and eventually into
2 message.

b. Mapping

Ths Mapping module is a configuration-based format transformer. The configuration
defines the source and target type (two entity class types defined in the mestadata of the target
spplication) and defines how to transform feid-values of the sourcs type into the field values of
the target type. The fransformation formulas are written using the cxpressions language defined
by the framework The expressions provids the possibility to make arithmetical operations or to
imvoke predefined methods on the field-values of the source element. The configuration also
provides the possibility to add conditions on the mepping instructions, so that only the
instructions with satisfied conditions are executed.

The mapping configuration is done after the deployment of the application, and the
configurations are stored in specific database tables.

The mapping module is principally used in Input and Qutput operations wherein data
is converted from toternal systém representation imto intermediate representations nsed by the
drivers angd vice-versa.

G. Drivers

Drivers are used to read from or write into specific formats. In Input devices,
messagEs Arrive fmm eﬁtemal gystems having a predefined format like XML or X0.S or SWT.
These meszages are parsed and converted into intermediate structures defined by the driver. In
Output devices, messages are generated in order to commumicate with other systems, The
generated messages also have predefined formats.

For each format or type of format a driver can be created. The framework defines the
template of drivers. It also defines a sat of drivers for some formats Iike XML, fixed text, and

swift messages.
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Some drivers require configurations, espesially when the format is flexible. For
example, XL is a format but it i5 also a language so the struchue of the tags and elements are
defined in 2 schema at runtime and the configurations ere stores in a specific database table.

C. Business Layer
1. Basic Structurs

The template that defines the metadata in the framework is called the basic structure.
Tt is considered the cors of the Paluyra framework becanse it is used by all the famework
services. All the metadata 'daﬁm&oné, whetlier by means of generated code ox by dynamic
definition using constraint models or by means of written code, is based on the template defined
by the basic structwe. By using the predefined 'tezﬁp]ate, all the implementing types inheris the
fumctionalities of integrity checking, serialization and de-serialization, and the possibilitizs of |
hzmng autornatically calculated felds. ‘

Rasic Structure defines the syntax and basic behawor for ali entities in the
framework. It is a set of interfaces and classes that adds new features to ths hasic classes in Java.
Tt is composed of classes that are used in the developinen‘{ of applications, These classes ars
wrappers for the Jeva primitives and Java Collection framework,

a, Packages of Basic Structure

The main package com.palmyra.arch basicStruct containg seversl sub-packages, The
most important are;

com.palmyra.arch.basicSiruct. dota. This sab-package contains simple and structuzed
data classes in the framework. _

com.palmyra.arch.basicSiruct.metadata: This subv«pé,clcage contains descriptor or
meta-data classes, the list of deamons, integrity checkers and domain managers.

com. palngra.arch.basicStruct.exception. this sub-package contains the framework
customized exceptions. FIG. 33 illustrates the exceptions provided by this package.

com.palmyra.arch. basicStruct.imit; this sub-package contains the main class
Generalinitializer java responsible of loading all Palmyyra classes when staring the server,

com.palmyra.arch.basicStruct.interfaces: this sub-package contains the definition of

the interfaces o the different modules in the framework such as: configuration, secixity,
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sequcncc; trace, persistence, translator, lifecycle and fils manager, this sub-package also contains
& default implementation for each interface.
com.palmyra.areh.basicStruct.io: this sub-package defines a list of interfaces
allowing the dsfinition, the configuration and the re gistration of drivers.
b. -Package compalmyra.arch.bagicStruct.data

This package contains the basic constructs in the framework, Classes in this package
are the main dafa blocks used in building applications under the Pa]myré framnework. These
classes implement the interface Velue that is the highest abstraction level in the framework. This
interface defines the common behavior between all framewordk objects, The Value interface
states that all implementing ciasses wili be Cloneable, Comparable, and Serializzble, Tn addition,
implementing classes can be constructed from properly formatted human-readable strings and
XML documents, and implementing classes can be saved fo similar strings and XMLs. Every
value is associated with 2 metadata descriptor class of type Classe that can be used to inspect the
definition and nature of this value. Table 13 illustrates the main methods defined in the Value

- Interface of Package com.palmyra.arch.basicStroct.data:

Table 13: Main methods defined in the Value Interface of Package
com.palmyra.arch . bagleStruct.data

package com. i_salmyra. arch.bagicStruct.data;

public abstract interface value esntends Serializable, Cloneable,
Comparable, PalmyraSerializable [
void checkIntegrity (int intd) cthrows IntegritvException;
vold checkIntegrity () throws IntegrityvException;
void checkRules{) throws RuleExceptiocn;
Classe getClagse(): .
Classe getClasse(String key) throws ProcessBException;
Fizld getPField{String key) throws XKeyNotFoundException;
woid setValue (String string, Profile profile);
vold setValus(String string) throws IllegalFormatFxception:
veld read (InputStream inmputStrsam, IODriver iODriver)
throws IOException;
void read(ToputStream inputStream, String string) throws I0Exception;

wold write{OutputStream cutputStream, I0Driver i10Driver)

throws I0Exception;
void write{QutputSiream outputStream, String string) throws I0Exception;
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Obhdect clone(boolsan beolsanl);

Object clons();

vold degerialize {String string, String stringl);

veld deserlalize(String string);

String toString(Profile profile);

void. set {String styring, String stringl, Profile profile)
throws RKeyNotbFoundExcepticon, IllegalFormat¥xception;
void set(String string, String siringl) throws KeyNotFoundBxception,

TegalFormatBxception;

void set(8tring string, Value value) throws
ReyNotFoundException;

c. Basic Struct Main Rules

basioStruct is composed of SimpleValue(s), ColiectionValué(s) and’
CompositeValue(s).

Each one of these types requires special procedures for use. However, there are
common. rules in using all of the menticned typés, these rules are:

‘ Each Value objest has a Classe instance ass_ociated with its Class type, this instance is
the description of this value and is provided through the getClasse method. FIG. 32 illustrates the
composition of Classe. '

Each Valus object has a default constructor, a string parameter constructor, end &
method setValue, This method takes a string and constructs the content of the object from this
string,

Each Value can provides its content in a resdable string format. _

In genersl, changing the constraint of & Value is achieved by sub-classing the Value
class and creating & new Classe instance and associating it with the new class of the Vatue.

‘When sub-classing any Value class, the user should always create the proper instance
of Classe that desceribes this value, override the getClasse method, and explicitly declars the
defantt constructor, ‘

The main methods defined in the Velue interface are: methods for content checking,
checkIntegrity, and checkRules, methods for getting meta-~data information shout the object,
getClasse, and getPield; methods for reading and saving the cbject in different formats, read,
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write, setValue, and toString; and naming mefhods. FIG. 30 illustrates the main methods defined
in the Velue Interface of Package com.palmyra.arch basicStroct.data.
d. Value Interface

The Velue Interface has three varieties of implementing classes. The SimpleValue
classes are a counterpart of Java primitives or wrapper classes, or it can simply be an étomic or
simple value. The CollectionValue ¢lass is a counterpart of the Java collections AP], or it can be
simply & collection of homogeneous items. The CompositeValue class is the counterpart of 2
Java class, or it can be simply a containsr that has items of different types.

e. SimpleValus

The SimpleValue class is the abstraction of a single or atormic value in the
architecturs, Thet mesns any instance of this class contains, logically, one value. Subclasses of
this class are wrappers of the Java simple data types.

‘ FIG. 36 represents the class diagram of SimpleValue type and its subclasses.

i, BooleanValue

This subc;,lass is a wrapper Java boolean: primitive. The BooleanValue has no special
constraints or rales. TABLE 14 fllustrates an example listing of Boolean Velue. In TABLE 14,
two BooleanValue instances are created. The second one is created and has its confent set from
the siring patameter;

Tazble 14: BExamyle of BooleanValug

BooleanValue bvl = new BooleanValus();

BoolzanValue bvZz = naw BooleanValus{"true®);

bvi . setValue (true} ;

System,out.printlin{bvl.getValue(});

System.out.println{bvi};

System.out.printin(bv2.getClasse());

il. SiringValue
This subclass is a wrapper of Java String cless. FIG. 34B illuetrates an exsmple of

SiringValue class. The StringValue adds to the Java Siring object three constraints: the max
length of the content string, the mask that the content must apply to, and a list of poséihle vahd
values. Thess constraints zre saved in the SiringCls metadata instance associated with the

StringValue object, and the default StringCls instance has no value for these constraints. To

125



10

15

20

25

30

35

change ove ar more of these censtraints, the progranmers must subclass the SttingVaiue and
change thess constraints in the StringCls instance associated with the new class as shown in
TABLE 15: _

Tsble 15: Example of the constraints on StringValus

package testy
public class My3StringValues exbends StringValue {

private static final Classe c<ls = new StringCls{
"hest MyStringValue®, new Integer(4)};

/% Remember: we should always explicitly declare the
default constructor end the Classe gebter method.*™/
public Classe getClasse() {

return cls:

¥

public MyStringValue{} {
1

This code defines a new StringValue that has a maximum length of 4.
One can get the meximum length and other constraints from the StringCls associated
with the StringValue,
MyStringValue gv = new MyStringValue!);

Integer max = ({StringCls) sv.getClasse()).getMax();

Svstem.out.printin{max); // prints out: 4

‘The DateValue class is a wrapper for the Java Date class, the DateValue has two
constraits: min and max dates. TABRLE 16 {ilustrates an example of how to create a DateValue
object from & data or a string parameter:

Table 16: Example of how ta create DateValue object from a Date or a String parameter

DatevValue dvl = new DateValue(];

DateValue &vZ = new Datevalue("22/1/1877");
dvl . setValue (new Date());

Systaem.out ., printin{dvi.getvValue{}};
Sygtem.oub.println{dvz);
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iv. NumberValue

The abatract class NumberValue is the super-class of all nuzmeric classes in the
framework., The metadata class for this vakue is NumberCls class. This class defines two
conetraints on the contents of NumberValue: the minioram and mexinmm value. In acidiﬁcm, as
in the fava Number class, this class provides helper methods for conversion between the various
numeric classes. Subclasses of NumberValue are IntegerValue, LongValue, FloatValue and
DoubleValue. TABLE 17 illusirates an example of how to create different types of
MNumberValue class from a Double, Integer, or String paramctaf;

Table 17: Example of how to create different types of NumberValue class from & Double,
Integer, or Siring parameter.

NumberValue nvi = new IntegerValue():

NumberValue nvi = Nurbervalue.newInstance {new Double (88.421));
IntegerValue nvl new IntegervValues{nv?.asInteger(}};
IntegexValue nvd new IntegerValas('1977%);
System.out.printin(nvi)l: // pzints out: 0
System.out.println{nvi); // prints out: 88.421
System.out.println{nvi); // prints oub: B8
System.oub . println(nvé); // prints out: 1977

ihon

v. DynamicStringValueClass

’DyuamiaSiIingVaiuc is & StringValue that can change s StringCls descriptor class at
rupiime, Instances of DynamicStringValue class can have their StringCls instance set in the
constructor or in any part of its lifecycle. TABLE 138 fllustrates an example of
DynamicStringVaiueClass:

Table 18: Example of creating a ListValue irom a formatied siring and add items to it

package test;
public class Stringlist emtends ListValue |

private stabtic Classe cls = new CollectionCls|
"test,Stringhist!, StringValue.class.getName());

public Classe getClasse() {
return ¢is;
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}

public Stringlist{) ¢
) .

public Stringlist(String value) throws ProcessExceptlon {
super (value);
1

publipg static void main(Stringl! axrgs) {
cringlist list = pew Stringlist("[22, Osama, Maher,
gh, 22/1/19551");
list.addValue (new Stringvalue ("whatever"});
list.addvalue{new StringValue (*ABCDERG"));
list.addValue (new StringValue {*1234567")};
Iterator ilter = list.iterator{);
while {(iter.hasgNext{}) {
Object item = iter.next{)};
System.out.println(item) ;

£ CollectionValue

This 18 the super-cless of all coptainers or data structures in the fr&mcw;aﬂc FIG. 31
illustrates the Collection class implemented in com.palmyrs, arch.bgsicsmmt.data package.
Subclasses of CollectionValue are either a concrete implementation or a filter class that adds a
specific feafiure to au existing concrete implementation. Subciasses of CollectionValue include:
ListValue, a collection implemeniation based on Java List; MépV'alue {Table 193, a collection
implementation based on Java Map {(Table 20); Conditional Collestion, & sollection that filters the
content of a concrete impleroentation based on a specific condition; and PageByPageCollection,
a collection that adds the paging behavicr on other Implementations (Tabls 21). The
CollectionValue class is the framework counterpart of the Collection concept in Java. A

ColiectionValue is & wrapper of a collection that has items of type Valus.

Table 19 Example of the MapValne Class

public static void main(Stringl] args) {
MapValue map = new MapValue(};
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mag.
map.
mag .
et (*e-mail®, pew EStringValue("ms@somewhere.com")};
map .

map

get ("name”, new StringValue ("IName®});
pet{*salary’, new IntegervValue (1234)):-
get ("phona", new StringValue("+863-(011)-5551234"));

set {"on-job®, new BocleanValue {"true®)};

Tterator iter = map.values{).iterator():;
while {iter.hasNext(})) |

‘Obiect item = iter.next(};
System.out.println (item) ;
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Table 20: An example of CollectionClassValue

package test;
public glass Integerlist emtends Liatvalue {

private static Classe cls = pew CollectionClsl|
ftegt, Stringhisty, IntegerValue.class.getName(l);

public Classe getClassel) {
return cls;

}

public Integerlist() {
// continued

¥

public IntegerList{String valus) throws ProcessException {
super (valus) ; '
}

}
Second we define the condition;

package test;
public class MyCondition implements Condition {

public boolean eval (Object oki) {
if {({({Integervalue} obi).integerValue() »= 48]
return true;
elee
return false;
)]

}
package tesi;

And finally we apply the condition object to the ListValue instance throw this
anditionalCoIlection instance,

public class Tegter {
public statlec vold main(Stringl] axge) {
// oreate a LigtValue and £i11 it with random numbers.
IntegerList list = new IntegerList();
CBor (dnt L o= 0 1 < 100 i44)

list.add(new IntegerVeine(Math.round (100 * Math.random()));
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Table 21: An example of the PageByPagelierator

public static voild main{Stringl! args) {
‘ // create a ListValue and f£ill it with random numbers.
Mapvalue values = new MapValue(};
for {int i = 0; i < 100; i++)
values. set (Integer.toftring (i), new IntegervValuei{i});
System,out.printin(values);
// create a PageByPagelteraltor.
PageByPagelterator pages = new PageByvPagelterator(values);
pages.setPagesSize {10) ;
pages.setPagelNunber (2} ;
Iterator iter = pages.pagelterator{);
wkile (iter.hasNext{)) {
System.cut.println(iter next{));
) .
pages.nextPage{);

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 rsmote;

public cless NewStringValue extends Stringvalue {
private f£final static Classe cls = mew StringCls{'remote.
NewStringvValue®);

public Classe getllasse{) {
return cls;
}
3

To remotely reference this class we should create a new Class that extends the Reference class
and have the same name of this class,

. packags S:emote;

public class NewStringValue extends Reference

{}
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g CompositeValue

CompositeValue is a data sizucture that contains predefined fields definition. The
defimition of the fields exists in the CompositeCls insterice associated with each CompositeVelue
abject. This is similar to the idea of & class in which it is commpossd of members. A ’
CompositeValue object stores in its metadata class the definition of it fields.

Subclasses of CompositeValue are: DynamicValve, a CompositeValue that can
change its fields at untime; 1D, & CompositeValue comnposed of 2 LongValue primary key and-
StringValue code members. .

FIG. 344 illustrates the subclasses of the CompositeValue class, The
CompositeValue class extends the CollectionValue class, thus all operations valid for a
CollectionVzlue are valid for the CompositeValue. Uniike the ColiectionValue a user cannot set
the valiue of a key not defined in a CompositeCls class, only declared fields are can have values.
Tt;e role of the CompositéValue class in the framework is the sams role of the class in Java. The
CompositeValue class is a structure composed of predefined fields, ‘

A CompositeValue class references a CompositeCls metadata class that defines its

definition. The CompositeCls by its turn containg a collection fields whose elements are of type

. Field. Each ficld in turn is associated with a specific Classe type.

The CompositeValue defines a sef of methods to manipulate the value of its fields.

The most important ones are:

gat (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 simpls key.

set(String key, Value value): sets the valoe of the field with the giver value. The key can
be sirple or compesite. The CompositeValue class provides mamny overioaded versions
of this method.

setSimple(String key, Value value): sets the value of the simple field with fie given value.
remove (String key): removes the value of the key from the memory, The field can be
simple or composite.

removeSimple(String key): removes the value of the simple key ﬁ'ozﬁ the memory.
fsAss%’gned{Strirzg key): retarns true if the key Bas a valye in the memory. The key can be

stmple or composite.
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fSAS‘S.'z'gﬂeﬂfSimpIE (String key): returns true if the simple key has a velus in the memory.
A figld defined in & composite value can be in one of two states.
_ Assigned: the field is considered as assigned if it has an existing vaiue in thc‘memory.

Every 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

FICH, 35 illustrates an example of 6reaﬁng and defining CompesiteValue class fields

' i DynamicValue

DynamicValue is a CompositeValue with a non-static Classe instance associated with
it. Thus this class instance can be updated at runtime and fields can be added at runtime to this

DynamicValue object, Table 23 ilkustrates an example of using this class:

Table 23: An example of DynamicValueClass
First we define the DynamicValue class,
package test;
public clams Employvee extends DynamicValue {

private static CompogiteCls cls = new
CompositeCls (Employee.class);

public Classe getllasse() |
return cls;

¥

public Emplcoyee{] {.
}

1
Then we creaie an instance of Employee and we add fields to it at rantime,

publice class Test {
Employee emp = new Bnplovee () ;
CompositeCls clg = (CompositeCls) emp.getClasse!);
cls.addField(new Fleld("emp_name", StringValue.class));
cls.addField{new Field('emp_salary", DoubleValue.class)):
¢ls.addField (new Field(femp_manager", Emplovee.class,

Field.COMBOSITION, null, *trus, false));

emp . get ("emp_name®, “"Osama A Obledv);
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amp . 8ot ("emp_salary”, "123%);
emp . set ("emp_manager”, new Employees{));
Systen. out,printin{emp};

iL. 1D ¢lass

ID class represents an identifier or priméry key for a specific AbstractValie instance.
ID extends CompositeValue and is composed of three fields; idPk, idCode and idType . Each
AbstractValue instance providss a umique ID instance, the pk is provided and maintained vy the
sequence service, the code is evaluated from the AbstractValus fields af nuntime and the type |

~ presents the name of the instance type. In Table 24, the codeisa SiringValue composed of the

combination of fields that have their orderTaCode property set. We can see in the code listing
that the first three fields defined in this AbstractValue class have their ordernCode property set
to an integer value, whereas the remaining fleld has it¢ orderlnCode property set to the default
velue nuii. 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 exbtends CompceitevValue implements abstractValue
{ :
privete statlic final Classe cls = mew AVCis{"test.AV",
new Field[] { '
new Field('personsl_number', LongValue.class, Field.SIMPLE,
null, true, false, new Integer(l), new Integer(l}, new
Integer{0)). l
new Field|{'name®, StringvValue.class, Field.SIMPLE, null,
true, false, pew Integer{l}, new Integer(l), new
Iﬁtag@r(2)),
new Field("surmame", StringvValue.class, Field.SIMPLE, null,
true, false, new Integer(l), new Integer{l), new
Integer(l}}, ’
new Field{"salary®, IntegerValus.class, Field.SIMPLE, pull,
true, falge, mew Integer{l). new Integer(l), new
Integer{0)),
Y
public Classe getClasse() {

return cls;

}
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public static void main{Stringl] args) {

AV av = new AV();
av.seb ("personal_number", new LongValue({22177)});
av,set {*name®, naw Stringvalue ("Albexrt"));
av.set {'surname®, new StringValue("Einstein®™)):
av.set {"salary"*, new IntegerValue{84210));
System.ouk.println (av.getCode{)};
// Prints out: B4Z10 Einstein Albert

13

h Koys class -

Keys class is a Map structure that defines names of pagsible fiefds that can existin a
CollectionVelue or 2 CompositeVelue class. “Possibis” means that the key represents a field
defined in a CompositeValue bt not necessarily an existing fisld. As Jong as the class of the
object is Joaded, the definition of the field i'tsclf exists in a Field object reachable from the Classe
instance associatad with e cfass name of the Value, but in runiime the vaiue object may have 2
key and censequently a value for the specified field or may not.

The structure of the Keys clags 18 a Map, 50 every enfry in this Map hasakey and 2
value. The key is a String object contains the name of the field and the velne is a Keys object '
containing possible keys for this field or null if this field has no keys.

The main three types in the framework can return & Keys instance as follows:

SimpleValue: always returns null.

CollectionValue: returns a Keys instance with one entry that has the sting " ag the
key, this means that the CollectionVelue object can take any field name, and the value of this
entry is a Keys structurs of the items of this CollectionValue,

‘ CompositeValue: returns 8 Keys instance confeining all the fields defined in the
CornpositeCls object associated with this CompositeValue instance.

The framework provides the possibility to exfract the list of keys regarding & set of
properties: owner, declared, mandstory, assigned, relation type, code, caloulated etc...

The set of these methods are defined in the Classe class.

i DeepMap Class

This gbatract class is the first implanentation of the Value interface. Tt overrides the

default behavier 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.
I AbstractVaiue

AbstractValue is the super interface of afl parsistent objects in the application. It
contains default or technical felds that are used in saving and refrieving the AbstractValue from
any storage service. The technical fields are: pk, typs, accessPoint, creationDate, creatorUserid,
updateDate, updatorUserid.

The AbstractValue has three metﬁods that deal with persistency:

&ynchmnize: tells the persistency servics to save this AbstractValue object.

delete tells the persistency service to delete this AbstractVahie objsct.

lazyGet{String key): retrioves the valus of the field from the epplication storage.
k. Package com.palmyra.zrch basicStuct.metadata

This package contains four main parts: the mefadata description of all elements in the

" framework (Simple values, composite values, collection values and conttdllers), the deamons

(IfAdded, TiNeeded and IfRemoved), the domain managers and the integrity checkers.

i, Meta Data classes

The main class holding the metedata descsiption of the framework classes is Classe.
Eaéh object in the framework is associated with a Classe instance. This instence holds
information gbout the differant fizlds of the Value and properties of the Value itself Themain
methods in this class are:

Vaine newInstance(): creates a new instance of a value,

Classe forName{String className): retrieves the metadata deseription of a value

Classe getSuperClasse(): returns the metadata description of the super class.

List getdllTmplementedinterfaces(): rotumns the name of all implanted interfaces.

Koy getSubClasses(): returns the name of all sub-classes,

Classe have many sub-classes. The i ores are:

SimpleCls: is the root class holding the metadata definition of & simple value class. Iis
main sub-classes are: BooleanCls related to instances of type BooleanValue, BytesCls related to

instances of type BooleanValue, DateCls related to instances of type DaieValue, NumberCls
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related fo instences of type NuntberValuz, StringCls related to Instances of type StringValue and
TimeZoneCls related io instances of type TimeZoneValue.

CollectionCls: is the root class holding the metadata definttion of a collection value
class. This class provides the possibility to refrisve the ltems type of the collection.

CompositeCls: s the toot class holding the metadata definition of the composite
clagses in the frameworl (entities and interfaces). Lis main methods are:

Field getField(String name): retuns the metadata description of & fieid.

List getCodeFields(): returns the list of fields marked as code,

Keys getKeys(): returns the name of 211 fields. The CompositeCls defines many
overioaded versions of this method.

Keys getb eclated Keys(): returns the declared keys only.

Keys peiCverriddenKeys: return the overridden keys only. Nots that all keys =
declared keys + overridden keys, :

CompositeCls has many sub-classes:

AV Cls: related to every class that extends CompositeValue and implements
AbstractValue or every inferface that extends AbsiractValue.

ConstraintableCls: related to classes having the stereotyps “constraintable” in the
UML model,

InterfaceCls: related to every mterface that extends the interface Velue.

DynamicCls: related to dynamic valuss classes,

ConstraintsCls: is 2 sub-cless of DynamicCls, it is retated {o classes marked as
“constraints” in the UML model

The class Field is the eiementaly object for metadata desaription. Each CompoesiteCls
instances holds a group of Field instances. Bach ons duscmbes an attribute or  relation with
another class. The field is defined using a set of properties: name, Classe (eguivalent to its type),
min and max multiplicity, callection type (map, set or list}, relation type (shnple, compasition,
aggrogation or association), owner, navigable, fransient ste...

The Classe ~ Fieid classes are nsed to describe values with their fieids. Flowever, the
metada!:a of controllers and methods are described vsing the classes Coniroller, Method and

Parameter,
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Comntroller is a class that describes the metadats of vser defined services (or
controliers). It provides methods to access the controller properties ke the name, alias, super
controlier, declared methods, all methods etc...

The Controlier class provides also fhe possibility to create a new nstance of &
controller using the method newlnstance() and to retrisve a metadata description of & controller
via-the methods forName() and fordlias().

Method is 2 class that describes an action {or a method) in & confroller, It provides
methods to azcess the method properties e the name, return type and pa&ame’cers.

Parameter is 2 class that desoribes a parameter in a method. It providés methods to
acoess the method properties like the name and the type.

1. Dearrions

The value of & field in & composite value instance can be managad using three
methods: get, set and remove. The call of every mefhod of the mentioned above can impact the
value of other fields or the integrity of the parént composite value instance. Deamons are '
listerers, that Tom in the background, and are invoked affer each slementary method {get, set or
remove) in order to execute the required irsatment. The deamons are divided inte four parts:

[f Needed Deamons: These deamons are involced after a ger operation on & feld. Bach
field has one if need deamon which is responsible of retrieving the value of a field regarding its
properties; caleulated, asp, forsign pk, foreign code, transient, navigable relation, composition,
association, pk, code efc... For example, [iSimpleFisldlsNeeded is registered for simple ficlds
and it returns the fields default value if the parent valoe is new, else it tries to get the valne of the
kev using lazy process.

Default Value Dearnons: These dsamans are invoked when the system fries to assign
a default value for a field. Bach field has one default if need deamon which is responsible of
retrieving the defanlt velus of a field regarding its prsperties: ok, type, caloulated, has a default
formule tagged value, has an initial value, sequence etc... For example,
HDefauliSequencelsNoeded is registered for simple fields havinp the stereoiype ‘seguence’ and it
returms the next value of the feld’s sequencer.

I Added Deamons: These deamons are invoked after setting the value of a field.
Eack field has many if added deamons which are responsible of maintaining the integrity of

field’s value or the micgrity of fhe whole composite value instance. The list of if added deamons
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ars calculated once at server startup, They are calculated regarding the fields’ properiies:
calculation base, code bass, pk, cods, type, forsign pk, foreign code, transient, collection
relation, index field, mendatory ste... For example, if we change the value of 2 code field, the
sysiem must recalculate the value of the Technieal field code. This is perfonmed by the deamoen
IfCodeBaselzddded .

If Removed Desmons: These deamons are invoked before executing a remove
operation on & field Bach fisld can have many if rernoved deamons. These listeners are
registered reparding the field’s properties: caloulation base, foreign pk, foreign code or
tmmutable (non removable fields). For example, FlalouwlationBaszelsRemoved is registered for
fields participating in 2 calculation formula and it removes the value of the caloulated field.

1. Domain Managers

A Domain Manager s a ciass that holds information related to & field: possible .
values, visible, read only, calolation base, min _mui;tiplici‘ry, max mubtiplicity ete. ..

The domain manager mechanizm is added to provide the possibility to customize the
field’s properiies at ran time using the adapter design pattern.

If the developer needs 1o define one of the menticnsd propertics programmatically, it
should define a class that extends DomainManagerddapter, overrides the required methods and
register his class as domein manager of the needed field in a stetic block or wying the Initializer
Interface.

The framework assigns a default DomainManager for each ficld which is caleclated
at server startup.

v, Integrity Checlers

Tntegrity Checkers zre ciasses responsible of verifying the integrity (the correctness)
of the field’s value. Alliinteg:fity checkers mnplements the interface FieldlntegrityCherker which
defines the method checkFieldintegrity(). '

Each field can have many integrity checlkers calculated switch the field proparties at
server startup. The registered integrity checkers are used to verify the integrity of a field confent
when the methad checkiniegrity() defined in the Value interface is mvoked.

The implementation of checkintegrizy() method provided in SirpleValue and it sub-
classes ensure the validity of the included value (the value must respect the defined constraints

like min vaiue, mex valus, the pessible values ete...).
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The implementation of checkintegrity() method provided in CompositeValue ensure
the integrity of cach fisld: the multiplicity ranges, valne change in case of frozen field efc. ..

' The implementation of checkintegrity(} method provided in CollectonValne snsure
the integrity of all included values in the collection,

Palmyza Framework provides another data check mecharism: check rmles. The
business tules regarding a composite velue instance can be implemented using the Rules
mechanism. The developer shonld define a class that implements the interface Rale and define
the method verify(). When the business semantic check is not verified, the developer should
throw an exception of type RuleExcepiion.

L Package com.palmyra zrch basicStruct.exeeption

This package contains the framework customized exceptions. FIG. 33 illustrates e

excéptions provided by this package. The main ones are:
. DataException: This exception is a runtime exception, It is the super class of

exceptions thrown during date manipulation.

IntegriryException: tirown when the integrity is violated.

KeyNotForndException: thrown when a non defined key is requested. _

PalmyralllegolFormatException; thrown when the user tries o create a valoe from an
unformatted siring.

RuleException: thrown when a business rule is not verified.

ValueNotFoundException: thrown when the system cannot refrieve an entity from the
storage related to a wrong foreign pk or foreign code. ’ '

ProcessException: 1s a runtime sxcsption wsed o encapsulate 2 non Palmyre
exception thrown i 2 business process.

Polnyra CimsNotFowchExceptiorz: thrown when the user fries to extract 2 metadata

definition of a not defined class in the application.

ImmutableFieldFxception: thrown when the user tries to remove an immutable fieid
{pk, updateDate, updaiorlUserdd ele...). '
m. Package com.palmyrs.arch basicStmet init
" This package contains the main class Generallnitializer,jave responsible of loading

all Palmyra classes when staring the server. This class coniains a method cailed loaddllClasses!)

whick is responsible of:
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Load zll Palmyra classes in the momory which allows the registration of all Classe
instances. )

Eaxecute all static blocks in the application. These blocks can be used to register an
implementation of each component driver.
This package contains two interfaces: Inifializer and Palmyralnizializer, The first one can be
implemented by a non Palmyra class (business class) and the second can be implemented
exclusively by & Palmyra olaes. When the developer needs to exeoute a specific treahment at

server startup; such as registration of an action handler, loading a properties file or filling &

" cache; the developer should inlpismant ore of the mentioned interfaces and define the method

initinlize with the following signature public static boolean initialize,

2. Exprsssions

¢

Expressions define some gimple parts of the applications’ business.

They are used in calculation and defanlt formulas, business rules, mapping process,
life cycle design efe...

They aliow patsing and evaluating user-defined expressions (z==1, b>20,alias. 1))

They can be arithmetic (a+1), comparative (b<10), logical {c & d|e)...

In the process of sxpressions management, two sub processes can te distinguished:
the Parsing and the Bvaluation

The Parsing is the process of expression compilation; it produces & stracture used in
the evaluation of the expression. The parsing of an expression can be perfonmed using one of the
two methods:

Bxpressionnarse(Siring exp): performs 2 gyntactic check

Expressionparse(String exp, Classe cls), Performs a syntactic and semantic

checlk.

The Evaination process aims to retrieve the expression resulfing valtue.

The main concepts of the produced structure are Constant, Variable, Operetion and
Fumetion.

& Constant

It represents & constant value,

The svaluation result is defined from the beginning.
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It can be of different types (mumber, date, siting. ..)
The syntax of copstaats varies according to the type:
Wumber ; 1.2; 452001; 5.3258

Sizng : "constant value"
Date : "24/03/2006b
Boolean : frue; falss
WNull value : null

b. Varighle

A varisble generally represents a Value fleld (2.g.: nams, g, b123, taxRate...)
Varizbles are literals which values ars refrioved by the evaluation process.
The variable evaiuation result is retricved from the Value instance used in the
Evaluation procsss.
Variables are used in Operations and Functions definiton,
¢.  Operation
Cperations are expressions with three items: Operandi operator Operand?
The operandl and eperand? can be varisbles or complex expressions
There are five groups of operations:
Arithmetic: =, -, %,/
Logical: | (not), & (and), | (o)
Comparizon: >, 5=, == = <= <
Assignment: =
Delimiter: |, (used for actions in Iife cyole)
d. Function

Function sxpressiong can be decomposed into two parts: fimetion name and

parameters

The syntax of a fanction expression is alias. functionName(parameter], parameter2...)

The parameter can be either variable or complex expressions
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The parameters are evaluated separately, and then the funetion is invoked with the
evaluation results. .

The svaluation result of the function expression is the function invecation result.

i. Service .

The target application is & service-oriented systern that can be deployed in &
distributed environment. The distributed piatform is fonmed by 2 number of‘ sonfigured
Application Servers on which the application is deployed.

A sefvica is & set of fenctions that can be called locally or remotély. They can also be
called in a syachronous or asynchrcnous mode. A servies is referred to using a name that is
independent of its actual physical location. The Service Patiern in Palmyra uses one fagade EIB
to offer the synchronous service, celled Facade, and one message driven bean EJB to offer the
asynchronous service, called AsynchronousFscade. Therefprs, users cen benefit from all
available J2EE features while hiding their complexity. '

Synchronous Call: The synchronous service call consists oft

Build the message t¢ be executed
" Define the invocation atiributes
Bxecuie the message
Bxample:
//prepare the messgage to be executed
CServiceMessage message =
BSFactory.getServiceDriver () .createServicelessage (X.class. g
etNamea (), "acticoB");
// a2dd the ﬁarameters to the message
message. getParamater "J_c;aramO ¥, new StringValue(“first
paramgter”);;
//after bullding the messags, i1t is ready to be executed
BSFactDry.getServiceDriver().callService{message};

Far sach Controller, Palmyra generates a caller class (Servi ceNameCaller) that
offers the implementation of the steps needed to call eack action synchronously.

Example:We can call the service whick we called in the previous example in one row

of code
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FCaller.actionB (new StringValuve (“*firgt Parameter”));
Asynchronous Call: To call & service asynchronously, we just need to add
TovosationAtnibute to the method callService(). This Invocation Atiribute give us the ability to
deternyine the call fype, Synchronous or Asyrchroncus (defauit is Synchronous)
Here is an exampls:
ServicelMespage message =
BSFactory.getServiceDrivear(). crsateServiceMessage (X.class.g
etName (), *actionB'};
// add the parameters
message. setParameter ("parani", new SiringValus{‘*first
parameter®));
InvocationAttributes att =
BSFactory.getS@rviceDriveﬁr {) .createlnvocationattributes();
//this message will be executed Agvnchroncously
atlt.setAgynchronocus (true) ;
BSFactoryv.getServiceDriver().callService (message, att);
Services are defined using UML class diagrame. They are represented by classes
called controllers. A contoller lias a nams, a short name or elias, and a numbei'.of methads. A
conirolier fs considered as a group of services. The generated code then represents sieleton of
the structure needed to define the service, then manually written code is added in order to cover
the fimetional implementetion of the methods withou! taking into consideration the technical
aspecis.
For each controller these are the main gcneraied olasses: _
An interface named X: This interface contains the method specified in the UML

as actions in this comiroller

Axn abstract class called AbsiractX This class is for technical Teasons énd will not
bz used by the nser of this controller

A& conerete class X Coller: This class contains the methods dsfined In the mterface
X and provides a shortout to cali the service X with default contraets of the

SELVICE.
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" A concrete class XFactory: This class provides different ways to get the

registered implementation of the service X.

The developer has fo provide a class that'extends AbstractX and ke can give it the
namme he wents and writs extra code fo register it, otherwise he shonld name it Ximpl,
Services defined in the UML mode] can be invoked using lifecycles, expressions or

manualily written code. The accessibility of the services to different users is controlled by the

security module. The transactional behavior of the services (whether they suppot ransactions or

not, and whether they start a new transzction or embedded in the caller transaciion} can be

- confignred at runtime using a specific configuration tool. :

The Palmyra Service Module allows the end user to configure, on runtime, which

service:

Is to be called remotely: Remote Service Configuration.
I io be executed with a specific transaction iype: Service Trapsaction Configuration
Is to be broadcasted either in a Cluster or fo other Applications: Broadcast Covfiguration

Calls tc Web Services are fully mplemented by the service layer, The configuration
needed to call a web service is done on runtime through a WebServiceConfiguration instance.
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f. Lifscycle

The Lifecycle mﬂnﬁgement component monitors the transition of an object fom one

state o another according to the associated state diagram that represents a process. This module

is used to ran all the processes defined in the target application. It is pogsible, at runtime, to load

new processes and to associate ther to previously defined classes. The system takes e new
processes Into consideration right after loading them.

A3 described befbre, state 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 orcer to guide the execution path. Both actions and executions are defined using the Palmyra
Expressions language (PEL).

Processes can also be defined to lead severa] other processes (one process to control

- and fo launch several cther processes).

i, Security

Interrial and external Anthentication and single sign on {sso)

Role based authorization
iv. Job-Scheduter

Palmyra Scheduler 15 a tochnical module in the Palmyra Framework that is
responsible of managing the execution of scheduled jobs.

A job is a Palmyre Controlier’s method with & partienlar configuration. The latter
comfiguration 15 to be specified ef runtime, .

A job can be created, modified, deleted, fracked and executed manually or
guiomatically.

The Palmyra Scheduler management includes repetition and faifure.

Tt is tightly related to {he module Palmyra Calendar, which is responsible of Holidays
and Buginess Calendars management. ]

For a Palmyra Application to work with the Palmyra Scheduler module, some
prevequisites need to be fulfilled st 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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Example: We Wzll be configuring a Job based on the TestController's method “add”,
as well 23 an instance of the entity MyCalendar called “myCalender”, both shown in FIG. 47A.

At Runtime, 2 JobEntry instance stores ail necessary information gbout how an action
is to be scheduled;, ' .

Job Mef;_.s’sage: The method to be executed, i.2. the actionName “add” of the
gerviceMName “coﬁi.TestGonther”, shown in FIG. 47B.

Repeiition: The job will be schedulsd to execute daily at Spm starting from
2471272009, It czn 2lso be sehedulad once, mimtely, bourly, weekly, monthly or ennually. The
repetition setting is shown in figures FIG. 47C and FIGQ. 47D.

Holiday Treatment: We can assig,ﬁ holidays to the calendsr myyCalendar. For instance,
we assume that 25/12/2009 is an aunual holiday, 26/12/2000 is an exceptional one and Sunday is
a woekly holidey. The list of holideys will be considered when executing jobs as follows: The
holiday is either to be ignored or to be considered. The holidays creation is shown in figores FIG
478, 47F, 473G, ATH.

Track Execution: Palmryre Scheduler offers the possibility to wack the execution 6f 2
Job, through JobExecution ingtances. As shown in the fgures FIG, 471 and FIG.47], the first,
execution of the job will be on 24/12/2009 at 5pm. The status of the JobExecution instance is)*.set
to waiting. If finished sucéessfully, it will be changed fo Success.

The next execution of t‘t'xe job, considering the holidays on 25/12, 26/12 and 27/12(Sunday), will
be on 28/12/2008 &t Spm.

The Scheduler UMI is shown in FIG. 51,

The operating principal of Paimyra Schsduiér is that each time = job is created, 1t is
added o a work job kist, sorted by the nearest date of execution. A running thread named
Paimyra-Scheduler-Thread relies on this work job iist to know which is the first job to be
exectited, then it waits for its execution time and executs it.

Creating a Job leads to the creation of the corresponding JobExecution instance.

Executing a job consists in creating an appropriate message based on the JobMessage
information of the job and then let fhe 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 sach LOAD_JOBS_INTERVAL, which defaults to 120
minutes. Refreshing means sending a query to the database to get all the jobs that are expected to
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be executed within the latter fierval of time, Le. JobHExecution instances with 2 Waiting status
end an execution date “realDate” that is Iower than (currentDatet+ LOAD_JOBS_INTERVAL).

The cyels of 2 JobExecution instance goes from status “Waiting” when created to
“Sent” when the related job reaches its execution date end is starting to be handled by the
Scheduler, to “InProcess” when its jobMessage is going o be exscuted and ﬁnaﬁy 10 “Success”
if the jobMessage has been successfully executed or ‘Fail” if something went wrong, i.e, an
Exception ocoured.

Starting the Scheduler thread can be done either auiomatically at the application

startap through a property called AUTOMATICALLY _START SCHEDULER or at runtime

through the Application Scheduler Menu.
“Ths Palmyra Scheduler has its own logger, with very specific texminology. FIG. 52
is am iflustretion of a Palmyra Scheduler Trace Bxample.

C.  Storage Layer
1. Persistence

The persistence service is composed of several main sub-modules: Entity Mansgez:

. respousible of receiving and transforming queries.

Data Store: responsible of communicating with the database and retuming the result
to the Bntity Manager.
PQL Parser (Pabmyra Query Language): Used by the Entity Manager to parse PQL
gueries, . '

a. Entity Manager

The Entity Manager is & coniroller that fully conforms to Palmyra standards. It
implements the Business Delegate interface.. From the user’s perspective, the Entity Manager
performs all the work related to saving/retrieving Palmyra values to/from the data store. The
Entity Manager serves as an interfacing and passing stage. Plus, it delegates processing to the
proper processing unit, which in fum performs the acteal work. The Entity Manager defines three
groups of actions, in addition to the action that executes PQL statements:

(1) Formatting actions: These acilons are to format the data store, update its format,
or update its constraints. Thess actions stimply iterate the configured data sources and invoke the

corresponding procedure in the proper data store.
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(2) Synchronization/deletion actions: These actions are to insert, update or delets
vahues in the data store,

(3) Search actions: Search for the AbstractValue objects that meet some condition. ~

The following sections explain the components responsible of exsouting each one of
these groups of actions.

b. Context-Diriven Approach

The Persistence service is designed in such a way that provides convenient level of
geparation between the state of the opetations performed by the Persistence service, end the Iogic
of the components that perform these operations and manipulste their state. This separation {s
realized by defining & nundber of candeis that contain the state of these operations. These
contexts are bean-like objects (i.e. cbjscts that have “set” and “get” metheds) that contain no
logic at all. The components that do the actual work ave singleton stateless objects that take
contexts as their parameters and manipulate the contents of thess contexts, This simplifies
paraﬁneter passing between the various stages of operztion processing, znd is less costly
performance-wise.

The way an operation is performed by the Persistence service is very sitmilar to the

way a product is manufactured while it moves elong a production Iine in 2 factory. The product

enters the production Iine as a collection of raw maierials, Tt goes from one stage to another,

Likewise, a context can be thought of as 2 product that gets processed by the varjous singleton
components. s initial state provides the raw input of the Persistence service, and its final state
contains the proper output. Thus, a context may contain ma:ﬁy attributes that ere required by 21

the processing phases. Eowever, each phass, or cach component, is concerned only with e subest

~ of these attributes. So, each component must have its own view of these confexts, Given this, the

singleton components must be defined to take sub-contexts as their parameters. Each sub-context
is actually an interface that defines the set of attributes that should be ﬁrasent in 8 context to be
eligible for processing by the corresponding component. The context of atie operation is the .
realization of ell sub-contexts of all the components that are involved in perfarming this
gpersiion.

¢, The Processing Units

As stated before, the Entity Maneger simply fills the proper context with the

paramieters passed to it, and then invokes the proper processing unit, passing the context to i,
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Each processing unit may as well invoke other processing units and so forth. All processing units
implement the sarce interface (the Processor interface) that has e single method {process) that
takes a context as ifs single parameter.

¢. The Cache-Awars Procesging Units

Some of the processors may vache some of, or all, the data they generate while
performing an operation, so that when a similar operafion is performed later, the data to be
generated are retrieved from the cache instead of regenerated. Such processors are called cachs-
aware processors, and they extend the CacheAwareProcessor class that provides an abstraction 1o
the caching process. For example, suppose that a cache-aware processor, say P, processes 2
coniext that contains the input attributes al, b1, ¢1, and di, and the output atfributes 82, b2, o2,
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 processed every time.
Theorefically, the number of possible values for al, b1, cl, and d1 is infirdte. However, suppose
that in practical situztions, and given & Hmited period of the pplication’s lifespan, find that the

mursber of possible values for al, bl and ol is very limited, whereas the mumber of possible

values for dl is rélatively big. [Fthe user presurne that the output attributes a2, b2, ¢2, and 42
sorrespond directly and respectively to the input attributes al, b1, ¢1, and 41, this leads vs to the
conclusion that a2, b2, and 2 should be cached, whereas 42 should be calenlated every time,
because the reocourrence frequency of al, bl, and ¢l (fom whick a2, b2, and ¢2 ere generated)
15 higher than the reoccwrence frequency of d1. Purther, if the nser cache dZ_, the size of the
cache ghotld be significantly increased to boost performance.

Since the nuraber of possible vatees for the mput atirtbutes 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 atiributes 1, bl, and ol

Any cache-aware processor performs the following roufine:

(1) Generate a caching key from the input attiibutes of the confext.
{2) Use the generated caching key to retrieve data from the cache,

(3) If cached data were found, write the cached date into the context, and then

generate non-cachesble output attributes.
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{4} Otherwise, generate all output atiribuies, read cacheable output atiribules from
the context, and then put the read cachesble data in the cache using the caching

kev.

The existence of this zoutine in every cachs-aware procsssor aliows the gbstraction of
5 the caching process by defining & saper class for ali cache-aware processors that perfbnn the
caching routing, leaving some parts as abstraci methods to be ovaniddén in its subclasses.
There is one ehetract method for sach of the following tasks in the
CacheAwareProcessor class:

(1) Generating a caching key from the oontext.
10 (2) Generating all output atiributes.
{3) Generating non-cacheable output a;*ctdbu’{es.
(4) Reading cacheable output attributes from fhe context.
(5) Writing cached output atiributes to the context.
e. The Operation Executers

15. From now om, the root processing units, which are first invoked by the Entity
Manaper, is refarred to s the operation executers. They will follow a spesial naming convention
 in order to be recognized. If the operation’s name is ¥xx, its execufer will have the name
XxxExectter (e.g., SelectExecuter, SynchronmizeExecuter, ete.).
In addition to invoking the other processors, the operation executer serves as & factory
20  object for the other processors. If a processor aseds to invake another processor it can obtain &
reference 1o that processor from fhe operation executer. So, the operation executer can be thoughi
of as & ceniral “pajette” of processors. This mekes it easy to create custorm executers for specific
purposes. However, this means that the operation executer must be aceessible to all 518
processors mvoked by i, 50 a reference to it should be passed in the context.
25 Most Select executers invoke at least two processars. The fivst is 2 mapping processor
{or a mapper) that generates a data store command that would perform the operation, or part of
the eperation. The second is an assexbling processor (o1 an assemibler} that would read the data

returned by the data store and essernble the result in s Palmyra value.
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After invoking the mapper, and before inveling the assembler, fhe command
generated by the mapper is sent to the data store through & special software layer represented by
the data store wrapper, wihich is am object that contyols the flow of data between the Persistones
service #nd fhe data store. Some operations require executing more than one data store
command. In other words, the mappers and assemblers might be executed more thar onos o
perform an operation. So, the operation executer should recopnize two soxts of the oparamons it
performs. The first is atomic operations that cza be performed by executing a single data store
command for each operation. The sscond 1s composite operations that require e:xeuunng more
than one data store command. Bach operation of the latter category can be broken down to
simpler atomic operations, and it is the operation executer’s responsibility to do this.

f. PQLwvs SQL '

The Entity Manager performs PQL quaries by querying the underlying daia store.
Services provided by the data store are similar to those provided by relational databasss. Since
most relziional databases are queried by SQL queries, slmost eack data store operation can be-
gxpressed in terms of an SQL query. The one-to-one carrespondence between dala store
operations and SQL queries makes SQL & good tool for expressing how PQL queries are carried
out. So, use SQL as a pseudo query language in much the same way pseuds code is used to

: expiajn how certain algorithms are imphmentad. However, fine details (rRbout how to overcome

limitations of SQL.) are out of the scope of this document.
"g. Search actions

The select executer is the super class of all select-operation sxecuters, such as select-
count, select-historicized, and the rest of similar exeonters. 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 & complete select, or find operaticn. This depends on
the following two factors: |

(1) The gueried keys or the search criteria contain keys that represent relations
with mterfaces,

(2) The queried keys contain keys that represent one-to-n relations.

7. Handing Inferfaces
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Consider the UML in FIGS. 374, 378, suppose that the queried clasg in a fnd
operation is X, and that the queried fields are: +, 11+, 1142+, i3+

Since thers are no data store containers for interfaces and since fhe persistznce servics
hes no means to know in advance the actuzl types of the entities related to the values of type X,
multiple mvocations to the data store are needed to find these entities. ' ,

One solution is to execute the query without retrieving the keys il, 12 and i3, Then
retrieve ther Iazily. This approach has two main drawbacks. The first of which is that the user
can not place conditions on thege keys, or the user has to svalnate these conditions after
retrieving the values and filter out the values that do not meet the condition, which is expensive
performance-wise. The second drawback is that the mors values are retrieved, the more the user
needs to perform lazy-get operatians, For instance, if the query retrieved 100 instances of class
X, then for sach instance, the user needs to perform 3 lazy-get operations to retrieve il, ii.i.’z and
i3. This means that the vser needs additional 300 lazy-get operations 1o retrisve the relations of
a1 the found instances. In other words, it reuirzes 1 + n*m invoeations to the data store (wheren
is the mmmber of retrieved values, and m is the nurober of queried relations with interfaces).

A better solution is to break such operation down o a mumber of atomic operations.
In each operation the user cast each of fhe queried interfaces to one of the clesses that implement
it, Using this epproach, for a given opsration, the rumber of invecations to the data store would
be constant, This congtant depends on the pumber of classes that implement sach queried
mterface. In our example, the interfac_es 11, 22 and I3 can be cast as follows:

(OHlas Al 2 as AZand I3 as A3

(1l as Al T2 a8 AZ and I3 ag B3
(NIlas Al T2 as A2 and I3 as C3
(411 as A1, 12 &5 B2 and I3 as A3
(5) Il ag AL, X2 as B2 and I3 as B3
(5311 as AL, 12 as B2 and 13 a8 C3
(7)1 s BI, I2 85 A2 and I3 a3 A3
(8) Il as B1, I2 as A2 and 13 as B3

(9)11 as B1, I2 as A2 and I3 25 C3
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(1001 esBL,RasB2end I3 a5 A3
(INT1 as Bl, 2 as B2 and 13 ag B3
(12) I as B I2 a5 B2 and I3 as C3

So, if the user has o keyé that reference interfaces, and if c(i} is the pumber of classes
that implernent the mterface referenced by key number 1, then the number of atomic operations
would be:

]

1]c®

i=]

Considenng the 9th casting possibility in our sxample, in which Il is cast as BI, 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. 37B. Thus, the Select Bxeouter must:
(1) Coilect all the keys involved in the query.

{2y Search the collected keys for those that reference interfaces, and add them o a
ist.

{3) Calculate fha Carteaian product of all the sets of classes that implemert gach
interface referenced by the keys found in step 2. This gives 2}l the casting
possibiliites,

{4) For each castirig possibility, or cornbination, an atomic select gperation shounld
be performed. The casting combination should be put in the context of the

operation o that later stages know how io cast each key.

The Select Executer must terminate the ieration over the casting combinations as
soon as the number of assembled vatues reachss the maximum mumber of the values to be
retrieved that is specified by the user. The only exeeption to this is when an order is also
specified. In this case, cach atomic operation may retrieve up to the gpecified maximum nunber,
Then, the retrisved values are sorted and trimmed. so thet they do not excsed that pumber. This
means that the gueries that involve interfaces, order and maximum number of valnes © be
retrieved are relatively cosﬂy.

i PQLo 3QL Exampls:
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In the previons sample UML (FIG. 37 A and 37R), if the user perform the following
BOL staternent:
PQL: select +, 1.+ from X where pk > 1000

The Select Bxecuter will perform the equivalent of the following SQL queries:
5 (1) After casting i1 to Al: select T.*, T {1.* from X T left join A1 T il on
TilSpk=T il pkwhere T_il.pk > 100D

(2) After casting 11 to BL: select T.%, T {15 from X Tleft join B1 T il on
Til$pk=T il.pk where T_il.pk > 1000

j.  The Interface Keys Collector

10 As zbove-mentioned, the Select Bxecuter needs to kuow the keys present in a guery
that refer to interfaces, and so, it must iterate over all fhe present keys in a query to search for
those that refer to intsrfaces. However, such keys can be found it fhe queried kevs, the search
criterig, the group functions, and the order Helds. In ofher words, these keys are distributedin &
nurnber of struchres. '

15 The Tterface Keys Collector traverses all the structures in the Select Executer context
and collects the keys that refor to mierfaces. The result is 2 map that maps each of these keys to
the interface it references. This map is used by the Select Bxecuter to penerate all the casting
combinations.

k. Handling Ore-to-IN R.elations

20 ' © I this section, the relation between a coumtry and 2 city is ysed as an example. This is
8 one-to-n relation because each country contains one or mors cities, In the date store, the
records in the ity container must contain foreign keys that reference records in the country
container. If the name of the relation is “cities”, and the name of the symmeiric relation is
“country”, fhen the name of the foreiga key is “countrySpk™.

25 Consider the following PQL statemment:

select +, cifisa.+ from Couniry where area > 1000

The obvious SQL equivalent of the PQL statement would be:
select T.¥, T cities.* from Country T Ieftjain City T _cities on T.pk =
T_cifiss.country$pk where T.area > 1000
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Since the result of the previous SQL statement has not tree-Tike structure (in fact it is
a set of records that contain the fields of the country and the city) the attributes of one country is
formd in as muany tecords as there are citiss in that country. The only thing that difers in theso
records is the attributes of the city. This redundancy will consume a considerable amomnt of
memory and network bandwidth. Plus, it requires additional computations to reduce this big set
to a tree. Though such 2 PQL query can be carrisd ouf with a single SQL. statement,
Refering to FIG. 41C, let we need to execute 2 find opsration 1o feteh X instances
along with their Y instances, then Persistence layer will generate 2 query of the shape:
select T .accessPoint , T v_xScode , T y_x$pk , T_y_.accessPoint_,
T v_creationDate_, T_v_.createrUserld , T y ok ,T v type_,
T v_.updateDate_,

T_y_updatorUserld , T .creatonDete , T .creatorUserld , T .pk , T .type
T_.updateDate , T .updaforUserid_ fromtest X T leftjointest ¥ _T v_om
(T :
ps_=T_y_x$pk ) order by T_pk_ asc

Orwce the Data Stors layer returns the vector of record instanoes whick encapsulate the
result, the essembler seans 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. Further Optimizations

Consider the following UML in FIG. 3 8, for examyple, supposs that we want to
perform the following find cperation:
select +, 11.+, 11.12.4 from X where pk> 1000

If we follow the previous approach, the query would be Gret split fo four smaller
queries by casti:;:g i1 and i2 as follows:
(1DIlas A1, 12 as A2

(211 a8 AL, 12 a8 B2
{311 as B1, 12 ag A2

(4)I1asB1, 2 asB2
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Then sach of the 4 smeller queries will e split again to two alomic queriss because
of the one-~to-n relation between il and i2. Let us take the first two combinations as an exampls:
(1) After casting 11 as Al and I2 as A2 the Select Excouter will perform the

following two queries:

PQLI pelect +, il.+ from X where pk » 1000 cast 11 to
21 and 12 to A2

PQLZ (one-to-n): select +, 11.12.+ from X where pk > 1000
cast 11 te ALl and 12 to A2

{2) After casting I1 as Al and I2 as B2 the Sclsct Executer will perform the

following two gueries:

PQL3: select +, ii.+ from X where pk > 1000 cast il to
Bl and 12 to B2

PQLA (ene-to-n}: select +, 11.1i2.+ from X whers pk > 1000
cast il to Al and 12 to B2

Notie that the second ferm inAthc casting clause in the queries PQL1 and PQL3 is not
important and can be omitted becanse i2 is not present in the query, Plus, this casting term will
net affect the generated SQL guery. S0, if we omit it, PQLI and PQL3 will be identical and will
refrievs the seme values, Therefors, feriber optimizetion can be done if we detect such identical
gueries.

m, The Reduced Combinations

The solution to the previous problem is to detect the unnecessary casting terms befors
generating sach atomic éuery, and ot them, geﬂeraﬁng a new reduced combination. If the
Select Executer kept a set of the reduced combinations of the executed atomic queries, it will be
able to skip an atomic query if its reduced combination already exists in that set.

In our example, before generating POLI, the oombinaﬁon {A1, AZ)y will be reduced 10
(A1), This reduced combination will be added to the reduced combinations set after executing
PQL1. Before generating PQL3, the combination (Al, B2) will be teduced 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 casting terme is an easy process. Tt will be shovin that the
first step In generating an atomic guery is to collect all the keys present in that guery. So, if the
ey of the casting term does not exist in the collected keys, then that casting term can bo séfely
omitted. .

n. The Mapping Stage

The mapping stage is responsible for generating a data store commemd from the
contents of a context. If the operation is performed by executing multiple data store commands,
the executer of that operation must, for each command, modify the contents of the context and
involce the appropriate mepper. In eddition, the mapping stage may generste data used to
optimize the work of the following assembling stage. The mapping stage is not necessarily
representad by & processor object. It is a logical stage that can be represented by multiple
ProCessors. .

For a given input, parts of the resulting data are always generated by the mapper.
These parts can be cached, so that the mapper need not regenerate them every time it receives the
same input. This is true as Jong as we assume that these data are not dependant or the current
user who performs the operaiion. For security reasons, the enfity manager may need to modify
the inpnzt of an operation. {e.g. adding security conditions) depending on the current user that is
performing it. This means that the same PQL ¢uery may result a different data store command
for séch USET. ‘ ‘

As aragult, most mapping stages should be split into two stages: an adapting stage,
end o trensfmning stage. The adapting stage modifies the input depending on the user properties
g0 that this input becomes independearit from the user, The transft:')rming stage fransforms the
user-independent input to 2 data store corumand.

Thé adapting stage is represented by & processor calied the adapter. Whereas the
transforming stage is represented by another processor called the transformer. Since the daia
dealt with by the transformer is adapted and is user-independent, the transformer may be cache-
EWAare proesssorn.

0. The Select Adapter

As stated before, the select adapter modifies the input fo make it independent from
the current user, Tt mainty invokes aprocessor called the Criterion Expander, which expands the

input criterion object by adding the following criteria:
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(1) Security criteriz: The critedion expander adds security criteria for the root queried
class, and for each querisé. class that has, directly or indirectly, an aggregation relation with the
roat queried class.

(2) Tsolation criteria: These criteria are built from the values of the ASP fields in fhe
root queried class, These values are refrieved from the current nser properties.

p. The Criterion Bxpander

Implementation of the isolation criteria will not be discussed further in this document,
since it is straightforward. However, adding security criteria is not as easy to implement. Uniike
isolation criieris, security criteria are added for the root queried class and for 2]l queried clagses
thet have, directly or indirectly, aggregation relations with the roct queried class.

When we invoke the security module to query the security criteria for one class, the
keys in the returned oriteria are relative to that class, not fo the roct‘quari?d ciass inthe ﬁnd‘
oporation. This means that it cazmmot be added as is. The keys mmst be translated so that they
hecome relative to the oot queried cless.

Consider the UML in FIG. 29. Supposs for cxample, that the queried kevs are:

{+, a.b.c.v.+] ‘

n this case, security criteria should be added for class X end class ¥ (A, Band C
have composition relations with ). Suppose that the security criterion for Y is:
sc.ab.sal.d.i8 == 1000

Wo oan not add this criterion s is because if is not expressed in terms of the keys of
X, and s0 it should be translated. The simplest way 1o translate it is to add a prefix o the keys of
{he criterie as follows:

a.b.c.v.sc.sb.sal,.d.id = 1000

The drawbsck of this approach is that it may require 2 considerable number of join
operations at the date sfore level, becange each “dot” in a composite key represents a join
operaton. In the previous example, the composite key “a.b.c.y.sc.5b.521.43d" can be reduced to
the fo]lowing key: “a.d.id”. This can be done onty when the relations are one-to-one relations.

Table 25 illustrates the algorithem that generates a reduced composite kiey:
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Teblé 25: Algorithm for generating a reduced composite leey

String concat (String keyl, String keyZ) |

1f (symmetric(keyl)} equale first(keyi)) {
return concat (prefixikevl), rest(kevi);
} else { '

return keyl + Y. % + keyZ;
)i

q. The Keys Expander

Since the criterion expander needs 1o kmow il the queried keys 1o order to build the
security criteris, the keys must be expanded before expanding the criteria, meaning that the
gueried keys must not contain the two ussd “wild cards” {L.e. “** and ‘+"). Instead, these
cherasters must be replaced with the keys they represent, and this is the intended purposs of the
keys expander,

Ir addition, expanding the keys is neoessary for the later transforming stage.
However, since one-to-n keys are queried after one-io-one keys, the two types of kevs must b
separated, So, the keys expandsr does not generate 2 Keys structure, Insiead, it generated a
special structure that containg & number of Sp]it‘Kcys structures, ZBach one of these Keys
structures are queried fn a different atomic query. This structure s illustrated in the UML class
in FIG. 40.

’fhe kevs refarred to by the “first” relation are the keys to be retdeved in the next
atorrdc query, whereas the “second” relation refers to the groups of keys to be retdeved in later
atomic queries. The values retrieved by these queries have cns-to-n relations with the valzes
ésscmhlcd from the “frst” retrieved keys., The keys tc these one-to-n relations are the keys of
the map of the “second” relation. In fact, this stucture has the same tree-like structure of the
CKeys stracture it encapsulates, but it serves the putpose of splitting the CKeys siructurs at the
¥eys that represent one-to-n relations. ‘

The method that handles one-to-n relations in the Select Executer actually traverses
the Expanded Keys structure recursively and parforms {he necessary atomic queries at each
recursion level,

Though expanding keys is an early process performed by the Select Adapter, bt

since it depends only on meta-datz, not on user data, It may be a cache-aware processor.
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r. The Keys Collector

I will be shown later that the data store nesds to kuow all the tables involved in a
guery, and how these tables are jeined. In order to specily these tables ail theleys presentin a
query must be coliected. :

The Keys Coliector performs this task. It travezseé & mumber of structures presentin a
select context (i.e. the queried keys, the group functions, the order keys and the criteria) and
collects the keys in these structures. The output of this processor is a single Keys structurs that
containg all the collected keys.

The keys collzctor does ot belong to the adapting stage. It does not belong to the
tranaforming stage either, because i does not generate any data store stfucture. However, since
keys collection must follow the adapting process, it may be a cache-awars processor,

5. The Assembier

This processor is responsible for creating Value objects out of the record list provided
by the Data Store Service layer.

It iterates over this list 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 create the nstances of
these relations.

Assembling values can be en expensive step depending on the size of the value (aumber of
fields to be sef). In order to optitnize this cssential step Palmyra framework uses the multithreading aspect
to make the zssembling step works concurrendy.

Tot all typas of find operations can use multithrended aseerbler, so, the assambier decides
whether to run ifs work in parallel or not depending on the keys to be assembled.

1. Collscting One-to-N-Keys in Criteria

Comnsider the following PQL statement:

select + from Country where city.population > 1000000
Since the relation “city” is a one-to-n relation, each country the previcus query

returns has at least one city that meets the search criteria. The equivalent SQL statement would
be:
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selact T.* from Country T Jeim Clity T citv on T.pk =

T city. country$pk where T _cltv.population > 1000000

The problem arises when we query fislds from the city relation. For instance,
consider the following PQL statement:

select +, city.+ Ffrom Country where city.population >

1000000

This query is performed through two SQL statements. The first of which is the same
SQL statement shown previousty. If we follow the same steps performed by the Select Executer,
the query would be:

select T.pk, T_city.* Ffrom Country T jein City T city on

T.pk = T _city.countrys$pk where T city.population > 1000000

 Howsver, for cach retrieved country this query will refrieve only those cities whose
population is grester than 1000000. Synchronizing such countries later would canse {he cities
whose populetion is less than or equal to 1000000 to be delsted, and this is not the intended
behavior. A ‘
The solution is to perform the following SQL statement mstead:

pelect distimor T.pk, T_city.* from Country T dJcin
City T city on T.pk = T city.countrvipk joim City C_city om

Topk = C_city.countrySpk where C_citv.populaticm > 1000000

In this query, we join the City table to the Country table twice giving twe different
alases to the City table. The Gelds of-tﬁe City table are retrieved from the first alias, while the
condition is specified in terms of the second aiias. The “d._istinsf "xeyword is used to avoid
ietxiaving mutitple copies of each city,

Since one-to-n keys io criteria are given different aliases they must be marked by the
Keys Collector so that the tramsformer generaies the appropriate table joins.

t. The Sslect Transformer
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The Select Transformer is invoked by the Selsct Executer each time the latier wants
to generate a data store query. So, the Select Transformer transforms an atomic quéry (whose
atiributes are available in the context) io a data store query.

The implementation of the Select Trameformer contains a ssquence of invooations to
other processors, or transformers. These processors transform the structures in the context to
their dats store counterparts as follows:

Queried/Needed Keys > Data Store Meta Record (queried fields)
Queried Class + Coliected Keys 2 Data Store Teble Structure
Criterion -» Dafa Store Condidon
Group Fumctions > Diata Store Functions {sun, max, min ... eic.)
Group Fields (Order Fields) = Data Stor;a Order Record
Crder Fislds > Data Store Order Record

The Select Transformer performs relatively heavy operations, and so, it mustbe a
cache-aware processer.

v. The Key Transformer

Fach key in an stomic query, whether present in the queried keys or the search
criteria or any other structare, should be transformoed to & data store feld. A data store field is a
composite key whose prefix represents the tabie alias in which the field exists, and whose suffix

iz the neme of the field. Since ali tramsformers need to do such transformation of keys, this

. common operation should be carried out by anothar object that is shared by all the transformers,

Thds object is the Key Transformer.

Some keys may sppear more than once in zn atomic query and in different structures.
So, the key transformer might be invoked to transform the same key a number of times. To
reduce the cost of such repetitive transformations, the key transformer must maintain an internal
map of the transformed keys,

‘This means that the key tramsformer is s state-fill object that can not be reused in a
different operation. However, the key transformer may be cached to be vsed later if the same

query is performed again. So, the key transformer must be passed fo the transformers in the
context.
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The transformer must conform to the following rmies:

{1} Relations, whether composite or simple, generate teble alizses only.

(2) Keys, whether composite or simiple, that represent simple attributes, generats

complete data store fields (L.e. alias + field name).
(3) Identical relations ar keys generate the same aliases and data store felds.
(4) Two different relations can never generate the same alias.

(5) Two different keys 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 atixibutes that are dectared in the same class.

{6) The keys that are marked as ons-to-n keys in criteria are a distinct group of
keys. Trensforming such keys should not generate the same aliases generated by
the other keys. However, transformetions m this group alone conform to the

previous ruies.

The Xeys Transformer fransforms the expanded queried keys to a meta-record of
queried data store fields. The transformation 1s straight forwsard, because it only iterates over the
leaf keys and involes the key transformer for sech kev.

For instance, consider the UML diagrams in FIG. 414 2nd 418; consider zlso the
following PQL. statement:

select 4+, v.+, v.z.+ from X where pk > 1000

This guery would be performed through executing one SQL guery:

XView is aview 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 of Y. Instead, the primary key of X {or XView) should ve reifieved, and the second

query would be as follovrs:
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select digtinct T.pk, T v.z.* from X T left join ¥ T v
on T.yipk = T yv.pk doim T Ty =z on T _y.pk = T_y_ z.sym¥supk

where T.pk > 1000

This change was magde because, by ths time the second query is executed, the cache
of assembied values will contain instances of class XView only, and the keys to these instancés
will be the primeary keys of 20

Tn fact, it is the Select Executer’s responsibility to determine the implioit keys to be
added, because it is the processor thet recursively iterates 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 aliases o be given to these tables. To build. this structurs, the Table Builder traverses afl
the collected keys recursively, bec;ause the collected keys contein all the keys present in a query.
The Table Buildar uses the ey Transformer to determine the aliases of the tables.

Tables are joined as follows: ‘

(1) Relation joins: Bach relation is fransformed to & join between fhe two tables of
the two related classes.

{2} Gieneralization joins: Tables of super-classes are joined ic the tables of their

sub-classes,

(3) Conditions of relation joins are retrieved from the meta-data of the field that

represents the relation.

{4) Conditions of the generalization joins are: T1.pk = T2.pk, where T1 is the
alias of the table of the super-class, and T2 is the alias of the table of the sub-

class,

{5) Jons of non-mandatory relations are lefi-join. And joins of mandatory

relations or generslization are inmer-join

3

2. History Service in Palmyra
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Palmyra framework provides the possibility to keep images on the types instances
sach time they are changed. In order to do so, the typs must implement an imterface of type
Historicized. Refer to FIG. 46.

For cach Historicized type, the Pergistence laver creates znother table — along with iis
original one- in order to saves the images of that type instances. The table name is suffixed by
the term: History_. |

Note that this table contains the colwmn pk but it's not wnique since irpages of the
same instance have the pk of the instance itself A wmique constraint is added on this table over
the colunms (pk_, creationDate ) and the History table has the same colummns 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 an interface of type HistoricizedOnDelete, which males
the system save an image only in deletion operations.

Saving an image is done with filling the column creationDats by the exact time of the
synchronization event and tﬁe uwpdateDate colummn by the value Long.max.

When another image has to be saved, the lzst image updateDate value will take the

errent synehronization Gate just like the new ttnage’s creationDate column and so on.

name _age CreationDate UpdateDate
el a0t ] 081082008 09/08/2008
26 . |09/08/2008 10/08/2008
L0 o 110/08/2008 £.11/08/2008
a5, L L 41/08/2008 Long.Max

20 Example:

If it’s required to gef the images of 2 Person instance where pk = 10 between the dates 08-Angp-

2009 and 11-Aug-2009, then the system will execute a query like:

25 Jggiect: Hams,
uplatebate >=.08/08/2008 . -

3 Find operations with massive results
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Palmyra framework is safe capable to executs find operaifons that may retrm massive
results, Retrieving big velumes may canse memory protilen,

The used technique i to bring the pis of the required instances in & find operation on
the column pl of the concerned table using the passed criteria, then, when some date of the result
it to be iterzied, the systemn fetched & result pege using a sub list of the obtained pks,

Paged find oparations is deme using the cless LazyPageByPageCallection, This class
offars to the possibility {0 access the result sequentially and rendomly. '

Soquential aceess is done by obtaining 4 spectal {terator using the method:

public Tterator iteratox {1

Remdom access is done by setiing the pege numnber to be obtained, then dccessing it
using the methods:

public veold setPageNumbexr (int pageiumbar]]
and
public Collect.onvalue getCurwentCollection()]

a. Synchronize Actions

To synchronize a valze, the entity maneger mvokes the approprisie
“ProvessBvecuter” depending in the acton type (delete, insert, or npdate). Al the values
manipulated in Felmyra are of type Deep Map, So for this reagon the ProcessBxecuter cheoks the
integrty and the riphts and calls the Traversar that fraverses sll the object’s relations and invakes
the appropriate Mapper.

b. ProcessExecuter

The Design Model of the ProcessExzenter is given in the UML in FIG. 42.

Ths super clegs of 21l synchronization actions 1s the olass “Procsgulxscmier”. Tha |
treatment of a delets rotion is different fom. the two other actions (insert and update). For this
reason, 'we have the 2 Sub-Classes “SynchronizeBxeoater” and “DeleteBxecuter™.

o Treverser

The Design Model of the Traverser is given in the UM diagram in FIG, 43,
There ars two types of waversers:

(1) SingleTraverser; traverses 2 singls value and executes the actions on this veine, The

singleTraverser has two Sub-Classes: DeleteTraverser and TnsertTraverser,
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(2 Update.’f’ra'vemer: freverses two valies. The old value witch is obtained from datsbase

zud the new one witch 1s modified by the weer,

a Mapper
The design modet of the Mapper is given in the TIML diagram In FIG. 44. The fanal
astion to executs in the Database is a delste, msext, or updeie action, For this reason we have
these three classes: the DolcteAction class, the Update Action clase, and the Tusert4otion class.
The supor class of all synchronizetion actions is the class SynchronizaticnAction.

4, Persistence Leyer Listensts

Persistence layer provides the possibility to interfere the find, ssembling, saving and
Geletion operations..
Sezrch Hstener: In order to operate a Hstoner for & search operation the prograrmmer

must implement the interface Ssarchlistener and register the implementer it the Clagse of the

. cencernad search type. This listentr is iInvoked before starting the analysis of the requived find

opevation, Iis typically used {o change the passed oriteria:

public interface g:éé Qﬁ‘&@ﬁﬁ@ sxtends Serializable |

public vold onfcarch{Secrchlontent context,
SuperSearchListener listaner) throws Sarvicefxcepiion;

-

Assemble Listener: just like the previous listener, the progremmer must implement
{he interface Assernblelistener and register fhe implementer:

public interface REEENBUGLISIERdy extends Serializable {

pu}:;lic:.' void ondssemble{Assenrblelontext context,
Superdssenblelistener superldstener) throws ServiceBxception:

)

For Synchronize operations, the programmer must implement the interface
Synchromizeldgiener and register the implementer to be invoked in ome or more of the fllowing
sitmations:

Before insert.
© Afier ingert success,
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After insert failure,
Before update,
After update success.

After update failure,

HE8 extends Serializable {

g

public interface ’ES

public void onSynchronize (SynchronizeContext context,
SuperSynchronizeldstener guperlistenex) throws ServiceException;

1

Note that the regisiration uses the persisience driver obtained using the
BSFactory. getPersistenceDriver();

Note: Since the registrefion is doue in the runtime, then, the programmer has the
control on the situations of when the listensr must act using the conditional clauses.

Invacation of these listeners is accumulative, which means that Persistence layer
invokes ~beside the concemed type listener- a1l the listeners repistered for the interfaces
implemented by the concerned type. Coliccting these Hsteners teles place using a listensr adapter’
that groups 21l the lisieners that must be invoked for the concerned type.

The listener adapters are cached so that Persistence layer shouldn't recalculste them
each time they are required.

a. Database Connection Service -

The persistence layer is based on a database conrection service whick communicates
directly with the database via JDBC, In order to optimize the performance datebase, vendors
usnally provide specific drivers that support better their products. Having a database cormeétion
service separated from the entity manager enables using the right driver for each provider
without making anyimodifications in the persistence layer.

These an'ﬁ other advantages of the preferred embodiment will be apparent to those
skilisd in the ag ﬁ."DIEIl the foregoing specification. Accordingly, it will be recognized by those
skilled in the art théti changes or modifications may be made {o the sbove described embodiments
without departing ﬁém the broad inventive concepts of the invention. T should therefore be

understood that this I‘zﬁvention iz not imited fo the particular smbodiments described herein, but
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ig rather intended to include all changes and modifications that are within the scope axnid spixit of
the invention. )

"This layer is responsible for dealing with different RDBMS which aze for the moment
Oracle, MySyl, MS SqlServer and DB2,

Date Store layer, just like the Persistence laysr, uses the Context paitern. Beside that,
this layer uses the polymorphism extensively in order to establish & dialect for each RDEBMS,

Dsta Stors laver deals with RDBMS using the standard SQL specification, but, in
some cases, some deviation may ocour caused by the differencer between (he standard SQI aad
the vendor specific one, .

The defmmlt class that manages the communication with the RDBMS is Dhbds, znd for
the deviations mentioned zbove, Palmyra framework made sub classes of this main class, Refer
to the FIG, 45. ' ‘

Dealing with RDBMS iz done in Data Store Iayer using procedures, o procsdure can
doa Whola. operation by itself or it may invoke seme other procedures to get the job done.

The class Dods provides acoess to the different procedurss widch are responsible for
executing the operstions transformed from the Persistence layer. The polymorphism clearly
appears When a sub class of Dbds overrides some prbcedure getier in order te provide the
RIOBMS suitable one.,

Al Data Store procedures tmplement the inferface: Procedure.

- Y e (e e
[ public interface BmfcE: %e;i {
/**
* Thig method executes the operatlon represented by this
Procedure oblect.
* Tt takes itg imput from the speeified canbtext paramster,
and writes
¥ Itg oubtput to the same context parameter.
* @raran context Comtext The state, dnput, snd output of
the Procedure
* ohbiject.
f
publirc void executs (Context conkbext} throws
DataStorsException;

}

Example:
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T MySql, in order to obtain the row aamber, SQL statermnent should use the
expression: @rn instead of rownum which is used in Oracle, this means that the procedure
seéponsihle for insart-fom-selsct staternents must be vendor specific, hence, the method that
returns this type of procedure in Dbds is overridden in the related RDBMS Dbds class.

I Dbds:

public SqglBExec getVolumeInsertSglixec() {
return VolumeSglExec.getVolumeSglExec ()
}

In MySqiDbda:
public S8glExec getVolumeInsertSqglBExec{) {
Sfeatn:

return
olunernsenEodinyan . mySgl VolumensertSglExec () ;

3

These and other advaniages of the preferred embodémem will be apparent to those
gkilled i the art from the forogoing specifioation. Accordingly, it will be recognized by those
skilled in the art that changes or modifications may be mads to the sbove-described
embodiments without depariing fmm‘ms broad inventive concepts of the invention. Tt should
therefore bé undersiood that this invention is not limited to the partictdar embodiments described
herein, but is intended fo include 1il cﬁanges and modifications that are within the scape and

spivit of the appended claims,
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What is claimed is:

1. A method for generating a softwars application using a computer system, comprising the

steps oft

{a) modeling business processes in a graphical design twol 410 implemented in said
compnter systeth;

(b) creating, in said corputer system, st least one UML model to formalize the
business processes modeled in step (g} by using one or miore state diagrams 1o represent
the modsled business provesses, and cne or mote class diagrams fo represent data models
and to represent predeterminc@bﬁsiness rules that are applied to the modeled business

processes;

{c} validating, in. said computer systemy, the af least one UML mode] 420 by detecting
syntax exrors using a predefermined syntax, to validate sither said ome or more state
diagrams or said one or more class diagrams, or 3 combination of said ons or more state

diagrams and said one or more class diagrams; and

{d) wansforming, in said computer system, said at least one UML mode! vajidated in
step (c) into metadata that are used to generale fonctional and non-functional aspects of
the software pplication.

k2

The method of Claim 1, wherein the transforming step includes generating the scfiware

;a?plica;cﬁ 430,

3. The method of Claim 2, wherein the generated software application is combined with

pre-existing libraries 440.

4, The method of Claim 2, wherein the generated sofiware applivation is combined with

manually written code 450,
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5. The method of Claim 1, wherein the metadate comprise at lsast one of application cods,

constraint models, automata files, and documentation.

6. The method of Claim 2, wherein the generated epplication includes a predefined set of

finctional requirements.

7. The method of Claim 2, wherein the generated application includes & predefined set of

non-functional requirements.

8. The method of Claim 7 wherein the predefined set of non functionsl requirements
inchades af least one of security management, Joad balancing, transaction managément, nser

interfaces, and 2 skelaton on which to build algorithms.

9. The method of Claim 2, wherein the generating step inchudes adding manually written

code to the generated application.

10.  Themsthod of Claim 1, further comprising deploving the target application by means of

s deployment tool 490,

11, Thesystem of Claj.uﬁ 1, whersin the syntax includes Stereotypes (O for classes (composite,
constrainable, entity, macro, viewshle), states (loadable), fields (ASP, code, same ag, sequence,

trazsient, unigue), and relations (cods, Hst, map, ssf, fansient, unique).

12, Amethod for generating 2 saftware application using a computer system, comprising the

stops of:

{2) modeling business processes in a graphical design tool 410 implemented in said

computer sysiem,
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(b) creating, in said commputer system, at least one UML mode! to formalize the
business processes modeled in step (a) by using state diagrams to represent the modeied
business processes, and class diagrams to represent data models and to represent

predetermined rules that are applied to the modeled business processes;

(¢) validating, in said computer system, the at least one UML model 420 by detecting
syntax errors using a predetermined syntax, to validate said state diagrams, said class

diagrams, or a combination of said state diagrams and said clags diagrams; and

(d) generating said software application 430 such that said software application can
be deployed to a server by transforming the validated UML models info source code,

combining the transformed code with pre-existing lbraries, and configuration files.

13. The method of Claim 12, wherein step (d) comprises transforming the validéted
UML model into metadata that are used to generate functional and non-functional agpects

of the software application.
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