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Abstract

Software development life cycle (SDLC) plays a significant role in building a
good quality software. SDLC has six stages listed as follows: Requirement
Analysis, Design, Development, Testing, and Maintenance. The success of
any of SDLC stages, the success of building the software. The design stage
mimics the user requirements to vision document using well known mod-
els such as UML Models. Recently, there has been a lot of attentions in
the automatic code generation from models to codes. In this study, we use
two models the Entity-Relationship (ER) diagram and the Business Process
Model and Notations (BPMN). These models are used together because of
the limitation of BPMN to represent data.

We have proposed a business application framework that maps ER and
BPMN models to the business application code and make a connection be-
tween them. We mapped ER to the SQL file, LINQ to SQL classes files, and
windows form application. We have also mapped from BPMN to windows
workflow (WF). Furthermore, we suggested a connection method between
BPMN and ER. In addition, We implmented the mapping method using
windows form environments by building business application automatically
that can select, insert, update, and delete from the database. And we de-
veloped a mapping from BPMN to activity in WF as well as developing the

connection between ER and BPMN.
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1.1. PROBLEM OF THE STUDY

1.1 Problem of the Study

Today, few business applications can exist without software. Software ranges
from a small program, like music player in the mobile to the big enterprise
application like online shopping system. So, the software is a collection of
computer programs that are used to operate and manipulate computers and
their peripheral devices [65]. Software products may be developed for an
individual customer or may be made for a general market. Software products
help ordinary people, employees, and a director of the company to perform
their work with high efficiency. For example, word processing software helps
users to create documents that contain text and graphics in a proper format.
And database management software (DBMs) helps users to create, access
and manage a database. Users can also add, change, delete, or retrieve data
in the database. Users can create forms and reports as well.

The software can be categorized into two broad classifications: system
software, and application software [65]. The operating system is an example
of system software, but business software, graphics and multimedia, web
browser and accounting applications are examples of application software.
Application software is designed to help users to perform an activity, and to
make the business activity more efficiently. The development of application
software is not an easy work. That is to say, the effort of building any
application is quite agile and easy, but behind this there is a big mind works
which are developed by software teams. So we need a framework to help
developers and teams to build their applications quickly and efficiently.

Before building the application, we should determine the requirements
from users. These requirements need to be discovered, revised and reviewed.

The process of determining the requirements called requirement engineering
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and this process is an important step in the software development life cycle
(SDLC)[76]. In requirement engineering, the designer should meet the user
whether they are ordinary or business people to determine the requirements
and write the requirements in unrestricted natural language. Then rewrite
the requirement in a structured natural language with specific rules. After
that, use a modeling language, such as unified modeling language (UML),
business process modeling notation (BPMN), entity relationship model (ER)
to integrate and facilitate multiple views for the system.

A modeling language [28] is used to express the structure of the system
that is defined by a consistent set of rules; modeling language can be graph-
ical or textual. Conceptual modeling and business process modeling are a
modeling language, but conceptual modeling describes a data such as ER
model while business process modeling describes a process (a group of ac-
tivities) such as BPMN. BPMN is a more popular one to model a business
process, but does not facilitate the modeling of data involved in the process,
on other hand, ER used to model data and forfeit to model the process.
Therefore, it’s necessary to design a framework that provides a combination
of conceptual modeling and business process modeling.

ER describes entities, attributes, and the relationship between them. We
can get benefit from ER model to build a relational database to be created
in different database management system such as Oracle, Microsoft access,
Microsoft SQL server etc. We can also build classes and member variables
for each entity and attribute. So, we can use these classes in any ER-based
applications.

Since we can get a relational database from ER, we can build a busi-
ness application whether this application is a desktop, client-server, or web

application. But, the ER-application built in a traditional way push busi-



1.2. PURPOSE AND DELIVERABLE

nesses into higher risk because of increasing competition, growing customer
requirements, shift of technologies and other rapid market changes [35].
Business process modeling helps the organization to solve the risk of
rapidly changing business application. There are many benefits for using
business process modeling; for example, reducing process costs, increasing
process quality, reducing process throughput times, and increasing forecast

accuracy [90].

1.2 Purpose and Deliverable

This study aims to develop a framework that handles multiple modeling
languages (data modeling and business process modeling) that are suitable
to automate building a business application. The deliverable is, therefore,
a business application framework (BAF) that take a business process and
entity relationship model as input and automated generation of business

application as output.

1.3 Thesis Contributions

The main contribution of this thesis is ”To improve building automated gen-
eration of business application from modeling language. The used modeling
languages are business process model and notations (BPMN) and entity-
relationship (ER) models”. These mapping includes; (i) mapping ER to
SQL file, classes files, and windows forms, (ii) mapping BPMN to windows
workflow foundation activity, and (iii) making a combination process between

BPMN and ER models.
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1.4 Target Users

The primary target users to the BAF are developers and companies. De-
velopers can build their applications in a real time and effort. Companies
can also deliver their applications in a reasonable time with the possibility
of achieving the business goals.

The second target users are Researchers. BAF opens up real opportunities

for researchers to conduct research in BA automation.

1.5 Thesis Structure

This thesis of eight chapters is organized as follows:

e Chapter 1

— Chapter one introduces the study problem of the thesis. The chap-
ter provides an introduction to the problem, purpose, deliverable,

thesis contributions and the target users of the thesis.
e Chapter 2

— Chapter two presents the basic concepts within automatic genera-
tion of business application. It covers the background of business
process model and notation and entity relationship models. In ad-

dition it sheds light on the related technology used in this thesis.
e Chapter 3

— Chapter three reviews the related literature that contributes to

the study.

e Chapter 4
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— Chapter four introduces the research data and methodology used

in this study.

e Chapter 5

— Chapter five proposes a theoretical framework. It shows how to
combine business process model notation and entity relationship
diagram. Also, it describes the mapping process of building auto-

mated generation of business application.

e Chapter 6

— Chapter six lists the implemented of some concept in theortical

framework.

e Chapter 7

— Chapter seven shows the evaluation of this study.

e Chapter 8

— Chapter eight is a discussion of conclusions and recommenations
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2.1. AUTOMATIC CODE GENERATION

This Chapter presents a definition of automatic code generation, common
benefits and barriers of automating code, and the typically targeted issues
to be achieved. It also defines business application and the general proper-
ties of these applications. Furthermore, this Chapter presents a background
information about business process model and notations and entity relation-
ship diagrams. Extra information about the technology used in the thesis is

demonstrated.

2.1 Automatic code generation

Automatic code methods can provide a real value to the software development
applications. Automatic code generation can be considered as a mapping
process from textual or graphical formalism to a code in a specific program
or application [39].

There are many of the benefits that can be gained from automating [78].

Some of the most general benefits are listed here:

1. The generated code (Repeatability) can be used repeatedly, from one

application to another.

2. The generated code (Reliability) can be reduced the possibility of hu-

man error.

3. The generated code (Efficiency) will regularly be enhanced to the de-

veloper to make their tasks in a less time than write it manually.

4. The generated code (Leverage) enables to make multiple versions of

the basic code with additional enhancement.

In spite of these benefits, the automation is not relying on the most

organization because the developers focused on the core requirements and
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neglected the design steps in a quick manner to complete the code. In addi-
tion, the lack of organizational and management support due to have a poor

knowledge about automation concepts [78].

2.2 Business Application

2.2.1 Definition

Business Application (BA) is any application that is significant to running a
business. There are many types of business application from a large line-of-
business systems to the specialized tools [61].

Because the business application is a set of computer programs that perform
various business functions, they may have the following common properties

[60]:

e BA is based on user interaction.

BA has a graphical user interface.

e Users can query-modify-input data and view results directly.

e Users can run reports instantaneously.

Some BAs run in batch mode; application running based on event /time.

e Some BAs are built in house, and Some BAs buy from a vendor.

BAs are installed in desktop or in big servers.

An enterprise application is a big business application. The cuurent
enterprise applications environments are complicated, scalable, distributed,
component-based, and mission-critical [60]. Figure 2.1 [82] show the evolu-

tion of the enterprise application.

10



2.2. BUSINESS APPLICATION

GUI
Application
Application Application
DBMS ‘{k Database | DBMS m
QS 0Ss 0s
1970 1980 1980

Figure 2.1: Early systems architectures

In the early infromation system, we show that the software categorized
into two subsystems: system software and application software. Using inter-
faces as a connecting method between subsystems. With the evaluations of
the separation of concepts and hiding information theory, system architec-
tures evolved these concepts. Each subsystem has an identical set of functions
that packaging with the interfaces in it. So local changes do not affect the
overall system.

The next evolution of systems architectures recognizes the management of
the data. To separate the structure of data and the data itself, the database
management systems were introduced. This property is called physical data
independence. The logical data independence is also supported by separating
the logical organizations of data from applications. Use query language like
Structured Query Language (SQL) to access a large amount of data without
changing the data itself.

After that, graphical user interface (GUI) is appeared in the next evolu-
tion, which were developed to facilitate human interaction with application

systems. It also helps the seperating of GUI from application structure.

11



2.2. BUSINESS APPLICATION

2.2.2 Business Process (BP)

There are many definitions of business process. Hammer and Champys
(1993) [30] defined the business process as: 7 A collection of activities that
takes one or more kinds of input and creates output that is of value to the
customer”. In 2008, Pant and Juric [68] defined business process as: “a set
of coordinated activities that are performed either by humans or by tools with
an objective to realize a certain business result”.

Business process definition as in BPMN specification (2011) [86]: “a defined
set of business activities that represent the steps required to achieve a busi-
ness objective. It includes the flow and use of information and resources”.
Lindsay and Lunn (2003)[45] attempted to collect all business process defi-

nitions and listed a brief history about their related models.

2.2.3 Business Process Management (BPM)

Weske (2007) [6] says that “the business process management includes con-
cepts, methods, and techniques to support the design, administration, config-
uration, enactment, and analysis of business processes”.

Business process and business process management system are parts of a
larger development that has been affecting the design of enterprise appli-
cations. The developments in the enterprise software and business process

management has led to workflow management.

2.2.4 Workflow

The Workflow Management Coalition(WFMC) [83] was founded in 1993 to
bunch workflow related activities by adopters, developers, as well as a uni-

versity and research groups engaged in workflow and BPM.

12



2.3. MODELING

Workflow [48] is the automation of a business process according to a set of
rules. Workflow management systems is a software system that manages the
executions of the workflows. Workflow technology is efficient for supporting
the business processes within a given application system or between a set of
application systems.

Today, most enterprise application systems host the workflow components
that customize a business process within these systems. In this study, we use
a single application workflow which consists of activates and their ordering
that is comprehended by one common application system. Figure 2.2 shows

single application workflow systems architecture.

GUI
Workflow
Component
Application o
E—_—T—:—:—
DBMS _\ Databasej
0s

Figure 2.2: Single-application workflow systems architecture

2.3 Modeling

The specifications of something to be created are called models. Modeling
is an important field in software engineering (SE). There are many types
of models in SE. These include: process models, information flow models,
design models, models of user interaction and data models [48, 9]. In the

following subsections, we will explain the entity relationship diagram (ER)

13



2.3. MODELING

which represents data modeling and business process model and notation
(BPMN) which represents process modeling. These models are a core mod-

eling throught in this study.

2.3.1 Data Modeling

Data modeling [69] is an analysis process of data requirements that are needed
to support the business process. There are various types of data modeling;
like conceptual, logical and physical data modeling. ER is a conceptual data

modeling.

2.3.1.1 Entity Relationship Diagram

The ER [25] describes data as entities, relationships, and attributes. Entities
are specific objects or things in the mini-world that have an independent
existence. A relationship relates two or more distinct entities with a specific
meaning. Attributes are properties used to describe any entity. Any entity
will have a value for each of its attributes, and each attribute has a value set
associated with it.

There are several types of the attribute in ER model: simple versus compos-

ite, single-valued versus multivalued, and stored versus derived.

Simple: each entity has a single atomic value.

Composite: the attribute may be composed of several components.

Single-valued: a particular entity has a single value.

Multi-valued: an entity may have multiple values for that attribute.

14
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e Complex: composite and multi-valued attributes may be nested arbi-

trarily to any number of levels.

e Stored: actually stored attributes in the database.

e Derived: attributes that are not physically existed in the database

and can be extracted from other stored attributes.

An entity type is a group of entities with the same basic attributes. An
entity set is a collection of all entities of a particular entity type at a par-
ticular point in time. Entity type should have unique attributes called key
attribute. The key attribute is deduced from the database mini world, and
may be composite. An entity type may have more than one key.

The relationship of the same type is grouped into relationship type. The
number of participating entity types is the degree of relationship type. A
recursive relationship is an association of entity type and itself. The rela-
tionship may be binary, ternary, or more. The binary relationship between
two entity types, the ternary relationship between three entities and so on.

The maximum number of a relationship instances that make an entity can
participate in the cardinality ratio. Cardinality ratio of binary relationship

might make:

One to one (1:1)

One to many (1: N)

Many to one (N:1)

Many to many (N: N)

The existence of the entity depends on it is type related to another entity

which called persistence constraints (total or partial).

15
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e Total participation: every entity must relate to other entities in that

relationship.

e Partial participation: every entity may relate to other entities in

that relationship.

An entity type may take the form of a regular (strong) or weak entity.
A weak entity is an entity that doesn’t have a key attribute. It must use a

foreign key in combination with its attributes to create a primary key. See

table 2.1 [18].

2.3.2 Business Process Modeling

Process modeling has been an active area from 1992 [71]. The business
process modeling is an analysis of enterprise process activity. So, the process
can be improved. Some business process modeling techniques are BPMN,
Extended Business Modeling Language (xBML), Event-driven process chain
(EPC) and Unified Modeling Language (UML) [33].

2.3.2.1 Business Process Modeling and Notation (BPMN)

In this study, BPMN is used. The two main reasons why BPMN is chosen in
this study are: BPMN is currently a widely used notation to model business
processes [16]. The BPMN notation is intended to bridge the communication

gap between business process design and implementation [19].
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Table 2.1: Entity Relationship Notations

Number Symbol Meaning
1 Entity Type
2 Weak entity

Relationship type

Identifying relationship type

Attribute

<
>
-
&

7 Multivalued attribute
C
= . [
- e o
8 T j\\\—- == Composite attribute
c__ &
9 s : Derived attribute

E1 E2

10 : ; Total participation of E2 in R
E1 — — E2

11 IOM Cardinality ratio 1:N for E1:E2

BPMN was developed by object management group (OMG). BPMN have
two versions, the first one released in 2004 (BPMN 1.0), the second version

which was released in 2011 has been adopted in this thesis [66].
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BPMN [86] are expressed using graphical notation. BPMN have four

main categories of the element: Flow object, Connecting object, Swimlanes,

and Artifacts. Flow objects are the building blocks of a business process;

they consist events, activities, and gateways. See table 2.2.

Table 2.2: Flow Objects

The Occurrence of states in the real world that are
Event | relevant to the business process. (start, intermedi-

ate, end)

N Ry
\_/‘I K//

=

Activity | The work performed during a business process.

Gateway

The split and join behavior of the flow of control

between activities, events, and gateways.

<

Connecting objects connect flow object, swimlanes, or artifacts. The

connecting object includes sequence flow, message flow, and association. See

table 2.3.

Table 2.3: Connecting Objects

Sequence Flow

Used to specify the ordering of flow objects.

\

Message Flow

Describes the flow of messages between busi-

ness partners.

Association

Used to link artifacts to elements in business

process diagram.

Swimlanes are used to represent organizational aspects in the business

process diagram. Swimlanes are restricted to pool and lane. See table 2.4.
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Table 2.4: Swimlanes

Represent organizations that par-

=]
o . . . . E
Pool | ticipate in the interaction of mul- | |2
tiple business processes.
QO
5
gz
Lanes | Represent organizational entities. 2|8
=

Artifacts are used to show additional information about the business

process. BPMN support three type of artifacts: a data object, groups, and

annotation. And these artifacts not directly relevant to the flow of the pro-

cess. See table 2.5

Table 2.5: Artifacts

Data object Used for documentation purposes.

Groups

Provide additional text information for

the reader.

Text annotations | Used to group elements of a process.

additional Information

. Text Annotation Allows
ol @ Modeler to provide

2.3.2.2 BPMN in detalil

Events play an important role in the business process diagram. Events

can be partitioned into three types: start, immediate, and end events. Start

events are used to trigger the process.

Immediate events can occur during

the process. End events signal the end of the process. See figure 2.3
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Start | )
i |'|f
Intermediate N

End

Termination @

Message

@
N

=
a7,

O

Error

®

Link
N
=)

)
./

©

Multiple

Y
(ff'

Figure 2.3: Event types in the BPMN, Object Management Group (2006)

Start event can have different trigger:

e None: No event trigger type is given. This is used when a subprocess

is started.

e User: A user manually creates the start event of the process.

e Message: participants in BPMN can communicate using a message; one

of the parties send a message, a message arrived as a message event in

the recipient participant.

e Timer: the process starts when a specific date or a specific cycle will

be triggered.

e Rule: if the rule evaluates to true, this event type will be triggered.

Intermediate events start during a business process. They are used

to delay the execution of a process.

e None: can be used to signal a state change in the process.
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e Message: the progress of the process depends on the message arrived

from participants, when the message arrives, the process can continue.
e Timer: the event is triggered based on timer information.

e Error: the intermediate event can be used to represent exception han-
dling. The exception may be thrown during the normal flow of the
process. And this event is used to represent catching the exception.

When the exception is caught, the related activity is started.

The purpose of the end event is obvious; the none marker refers to the
completion of the process or subprocess. An error end event can be used to
raise an exception. A termination end event is used to terminate all activities
of a given process.

There are additional event types that relate to start events, intermediate

events, end events.

e Link: it is a mechanism for connecting the end of one process to the

end of another.
e Multiple: there are multiple ways of triggering the process.

The next main component in the BPMN is activity. Activity are unit
of work in BPMN. There are two types of activities: atomic activity called
task, or subprocess.

There are several types of tasks:

e Service tasks: is a task that using a web service or application program

to software systems.
e Send tasks: is a task that sends a message.

e Receive tasks: is a task that waits to receive a message.
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e User tasks represent traditional workflow tasks that involve user inter-

action.

e Script tasks: is a task that uses some scripting language expression in

order to be performed.

e Manual activities: they are performed without the support of the soft-

ware systems.

e Reference tasks: it provide a means to reuse tasks in a different business

process.

A subprocess can either be expanded or to be collapsed, in which case

a plus marker sites at the bottom of the subprocess.

Subprocess B

Figure 2.4: Subprocess Notation

Sequence flow used to connect flow object using solid arrows. There
are different types of sequence flow: normal flow which represents expected

the behavior of the process, exception flow represents exception situation and

sequence flow induced by link events.
Gateways elements are used to control how sequence flows interact as they

converge and diverge in a BPMN diagram. See figure 2.5.
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PO ® O

Gateway Gateway Gateway Gateway Gateway Gateway
XOR (data) AMD XOR (event) COMPLEX

Figure 2.5: Diffrent Gateway Notation

Each gateway works as a join or split node. Join nodes have at least two
incoming arcs and one outgoing edge. Whereas split node has exactly one
incoming arc and, at least, two outgoing edges.

There are different types of exclusive or splits depending on data and events.
Data based exclusive is a gate with an associated condition. Once a gate con-
dition is evaluated to true, the corresponding branch is taken, and the other
condition is discarded. Event based exclusive or gateway enables multiple
activities of type receive. If the first of these activities receive a message, the
other activities are neglected. The inclusive or gateway is used in the situa-
tion where an arbitrary number of outgoing branches is selected. A complex
gateway allows combine split and joins behavior.

BPMN is not restricted to single organization business process, but can be
used to express interacting processes of multiple organizations. For interact-
ing with processes purposes it uses swimlanes. Pools may represent specific
process participants, or represent business entity roles. Lanes are used to

represent organizational entities within participants.

2.4 Study Related technologies

In this section, we will present the technologies that have been adopted

throughout the present study.
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2.4.1 XML-based Modeling

Extensible markup language (XML) is one of the important models in com-
puter science. XML simplifies the problem of data exchange between different
applications [38]. In figure 2.6 [38] we show the problem of incompatibility

between different applications which can be solved using XML as shown in

figure 2.7 [38].
How do we icati
Application A *+—* | communicate with |*——* Application B
each other?
I am a java EE I am a Mainframe

application using DB2
database on MVC
operating system

application using oracle
database on Linux
operating system

Figure 2.6: Problem of incompatibility between applications.

Application A YL Application B

Figure 2.7: XML as the data exchange mechanism between applications.

2.4.1.1 XML Schema (XSD)

An XML Schema describes the structure of an XML document [31, 80].
The powerful features of XSD are: written in XML, support data type and
namespace. We can use XML parser to parse XSD schema. The following

presents XSD main elements:
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1. The <schema>element [4]:
schema is the root element of every XML schema. It has attributes like

targetNamespace which indicates the XSD namespace.

2. The <element>element [5]:
<element>is the main elements in schema. Names, data types, minOc-

curs, maxQOccurs and default are the main attributes of element tags.

3. The <complexType>element [3]:
<complex>element contains other elements with their specified at-
tributes. <sequence>element can be used with complex element to
indicate the order of child elements should appear in sequence as they

declared.

We use XSD in this thesis to represent ER diagram.

24.1.2 XPDL

XML process definition interchange [84] is a standardized format by WFMC
to interchange process definitions between different workflow products. WFMC
defines the process definition as [20] ”The representation of a business process
in a form that supports automated manipulation, such as modeling, or enact-
ment by a workflow [or business] management system. The process definition
consists of a network of activities and their relationships, criteria to indicate
the start and termination of the process, and information about the individual
activities, such as participants, associated IT applications and data, etc. ”
Figure 2.8 shows the concepts of the process definition interchange. XPDL
outlines a universal standard that enables products to support different in-

ternal representations of process definitions with an export/import function

to map the standard at the product boundary. Metamodel describes the
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entities contained in process definition, their relationship, and attributes.

BPMM

Meta-Model
Framework

:D

XPDL

Commaon Objects and Attributes semantics and usage

AN

Simulation Engine

2 N p
: l‘——;\' ( ] p
.. | | - f F\\
L_,{ }/' S T
- |f--\ Y T T
]
e R R
P
,—-| R
7~ '\l__,l A
5, J "\IL‘-_ —,
Vendor Internal Wendor Intemnal Vendor Internal
Import { Export Layer Imiport / Export Layer Import ! Export Layer
- Iy T
~— v -
*PDL
¥ A —
— h 4 T ™

Execution Engine

Monitoring Engine

Figure 2.8: The Concept of the Process Definition Interchange.

The XPDL process and workflow process correspond to the BPMN Pro-

cess. XPDL defines three conformance classes, SIMPLE, STANDARD, and

COMPLETE. A modeling tool can choose one of these classes to import and

understand all parts of a serialized BPMN to the class. All classes neglect

vendor-specific extensions which can be used in Extended Attributes. The

supporting BPMN in these classes exposes in the following lists.

1. Simple class:

Task, collapsed subprocess, gateway (exclusive data-based, parallel),

none start and none end events, pool, lane, data object, text anno-
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tation, sequence flow (uncontrolled, conditional, default), and associa-

tion.

2. Standard class:
Task (User, Service, Send, Receive), collapsed and expanded subpro-
cess, looping or multi-instance activity, gateway (inclusive, exclusive
data-based, exclusive event-based, parallel),start events (None, mes-
sage, timer), catching intermediate events in sequence flow (timer,
message), throwing intermediate events in sequence flow (message), at-
tached intermediate events (timer, message, error), end events (None,
error, message, terminate), pool, lane, data object, text annotation,

sequence flow (uncontrolled, conditional, default), and association.

3. Complete class:
It includes all task types, all event types, and all gateway types, message

flow, transactional subprocess, and ad hoc subprocess.

2.4.2 Windows Form Application:

Windows forms [62] is a platform for Microsoft windows development based
on the .net framework. This framework provides a set of classes that can be
used to develop windows application. A form is a rectangular screen, that
we can use to show information to the user and to receive input from the
user. Firstly, the Form is blank. Then we can add controls to the form like
buttons, text boxes, menus, check boxes, radio buttons, etc.

When we create a form application in visual studio as a visual basic (VB) or
C# project, there are three classes created in project folders. One of them
is created to execute forms called " Program.cs” or ” Program.vb”. The other

two classes ("Form.cs”, ”Form.Designer.cs”) are created as a partial class.
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Partial classes are used to split the definition of class into multiple source

files [63].

2.4.3 Windows workflow foundation (WF):

A workflow in WF [17, 7] is an ordered series of steps that accomplish some
work according to a set of rules. Workflows represent a declarative pro-
gramming model. A declarative workflow model supports a good separation
between what to do (real work) and when to do it.

We can solve a business problem using general purpose languages such as
C# or Visual basic. Using a workflow add additional feature to implement
enterprise domain specific language. For example, if the domain is banking
and finance, we might refer to accounts, checks, loans, and so on. But if
the problem domain is pizza delivery. for example, we might refer to menus,
specials, phone numbers, address, and so on.

Workflows allow all companies to easily model system and human interac-
tions. The workflow may be distributed in multiple computer or locations.
Workflow is typically represented in a graphical manner.

Workflow in WF can be thought as the flow of processes or tasks that pro-
duce results. Workflow is concerned with a software system to define the flow
of work, activities performed and rules employed.

WF is a framework support creating a running workflow applications on
windows platform.WF contains a programming model, engine, and tools (in-
cluding designers for visual studio). Workflow can be developed completely
in a code or created in conjunction with XAML markup. A workflow instance
is created and maintained by workflow runtime engine.

When a workflow model is compiled, it can execute inside any windows pro-

cess including:
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* Console application.

* Form-based application.

* Windows services.

*x ASP.Net website.

* Web services.

2.4.3.1 WEF features and capabilities:

1. Declarative activity model
The most important feature in WF. Activities and workflow build as
hierarchal trees of activities. Some activities are leaf nodes; others
act as containers for child activities. The order of executing activities
depends on the location of activity in the tree. So the declarative
model provides a separation between the work to be accomplished and
the mechanism that coordinates that work. We will declare activities
in XAML, an XML-based markup syntax that supports the declaration
of objects and properties. However, WF also supports declare activity

in code.

2. Standard and custom activity
WEF encourage a standard activity library. This library contains the
most common building blocks that we will need to construct the activ-
ities and workflows. In WF, we can build custom activities not limited
to standard activities library. custom activities can be implemented in
procedurals code or declaratively using XAML. WF provides several
base class that we can use to author custom activities. For example,

the CodeActivity and AsyncCodeActivity.
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3. Workflow designers
Workflow designer is integrated into visual studio. This designer allows
you to visually declare activities and workflow using familiar drag and
drop interface. Standard and custom activity can be chosen from the

Toolbox.

4. Workflow services
Workflow services are windows communication foundation (WCF) ser-
vices that are declaratively implemented as workflows. Client access
the workflow view one or more endpoint. The workflow service is self-
contained. WF supports a common message pattern of request /response,

one-way, and duplex.

5. Workflow hosts
The application code doesn’t execute an activity directly. The run-
time is responsible for the execution of the individual activities that
have been scheduled for execution. Activities can be hosted within the
application using one of the workflow host classes (WorkflowInvoker,

Workflow Application, WorkflowServiceHost).

6. Workflow extensions
To provide additional functionality to activity and workflow, WF pro-
vides an extension mechanism. These extensions are added to host

classes.

7. Persistence
Workflow persistence is the ability to save and reload the state of the
workflow instance. This features can be used in the development of
long-running workflows that may take minutes, hours, or days to com-

plete.
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10.

11.

Bookmark processing
WF supports a bookmark which is a mechanism for temporarily sus-

pend execution of a workflow and resume execution at a later time.

Transaction support
WF provide the ability to declare a transaction within workflow model.
The transaction allows ensuring consistency when performing update

operations in a resource such as SQL server database.

Compensation and exception handling
In WF', host application handles the exception within activity or work-
flow. Handling the exception locally provides a better opportunity to

recover from failure.

Workflow tracking
The most important feature of workflow tracking is that it is automatic.
It is built into the workflow runtime infrastructure and can be enabled

without changing workflow at all.

2.4.3.2 Activity

Activity is the basic element unit of the workflow. Everything in a workflow

is an activity, including the workflow itself. We can consider a workflow as a

collection of activities. Categorization of activities based on kinds of work:

1.

Atomic unit of work
This kind of activity performs an atomic unit of works that synchronously
based on the workflow thread. WF provides a class named CodeAc-
tivity that should be used as the base class when developing custom

activities of this kind.
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2. Asynchronous unit of work
This kind of activity performs an atomic unit of works that asyn-
chronously depend on a separate thread. WF provides a class named
AsyncCodeActivity that should use as the base class when to develop

custom activities of this kind.

3. Long running unit of work
This kind of activity performs works that may take a long time to
complete. WF provides a class named NativeActivity that should be

used as the base class when to develop custom activities of this kind.

4. Control flow activities
This kind of activity doesn’t perform work. Its a container of other
activities such as Sequence, and While. WEF provides a class named
NativeActivity that should use as the base class when to develop custom

activities of this kind.

Each activity has data that it works on. There are two kinds of the data:

1. Argument
Arguments are the inputs and outputs of the activity. Input arguments
are passed to the activity when it begins executions. Output arguments
contain the results from activity. The InArgument <T >and OutAr-

gument <T >generic classes are used to define argument.

2. Variable
Variable defines internal storage within an activity. Variables are used
to pass result from one activity to another. To define variable use Vari-
able <T >generic classes.

We can define a variable using a generic class or using CLR data type.
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Activities usually differs If the activity is executed multiple times, each
execution will point to a fresh set of variables. But if we use CLR vari-

able, the value of member variable is maintained between executions.

The next tables show the standard activity that WF support.These stan-
dard activities can be find in a toolbox in visual studio. In the toolbox, the
activities are categorized into groups. The group elements have a general
common feature. So I explained these groups as they appeare in the toolbox.
Table 2.6 shows the control flow, The activities in this category are used to
control the flow of the execution within the workflow. Table 2.7 describes
the state machine activity, state machine provide a modeling style with the
workflow in an event-driven manner. Table 2.8 shows the flowchart. Table
2.9 describes the messaging that can be used in WCF. Table 2.10 shows the
persist and terminate acivities. Table 2.11 display a basic activity such as
Assign, Delay, and WriteLine. Table 2.12 shows the activity that are used
in transactions process. Table 2.13 shows the activity that can be used to
address a collection of data. In addition, Table 2.14 shows the activity used

to handle the error.

33



2.4. STUDY RELATED TECHNOLOGIES

Table 2.6: Standard Activity - Control flows

Control flows

Sequence activity is a container of other ac-

Sequence tivity that implements a sequential execution
pattern.
. If the activity is used to model an if-then-else
condition within the workflow.
Switch Switch activity models C# switch statement.
) While activity executes a child activity while
While
a condition is true.
' The dowhile activity works as while activity
DoWhile
but the child activity executed at least once.
Parallel activity schedules simultaneous exe-
Parallel
cution of multiple child activities.
ForEach activity executes a declared activity
ForEach
for each element in a collection.
ParallelForEach activity executes as ForEach
ParallelForEach

but in parallel.

Pick and PickBranch

Pick activity executes one of the declared
branches based on the recipient of an event.
To use Pick activity, we declare multiple in-
stances of PickBranch activity as children.
Each PickBranch has Trigger and Action.
Trigger determine an activity that waits for
a continuation event after bookmark resump-
tion. Action used to declare the activity want

to execute when the trigger event is received.
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Table 2.7: Standard Activity - State Machine

State Machine

State

State in which a machine can be in.

Transitions

Transitions used to control the low between

states

Table 2.8: Standard Activity - Flowchart

Flowchart

Flowchart

Flowchart activity is the basis for the
flowchart modeling style. It maintains the
collection of child nodes that have been de-

clared.

FlowDecision

FlowDecision activity models a simple deci-

sion. FlowDecision has condition property.

FlowSwitch

FlowSwitch activity implements the logic in
a switch activity for the flowchart modeling

styles.
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Table 2.9: Standard Activity - Messaging

Messaging

ReceiveAndSendReply

This template models the service side of a
request /response message exchange pattern.
The template contains a correlated Receive

and SendReply activity.

Send AndReceiveReply

This template models the requesting side of a
request /response message exchange pattern.
The template contains a correlated Send and

RecieveReply activity.

Send

Send activity is used to send a request to a

WCF endpoint.

Receive

Receive activity models the recipient of a

one-way from a WCF client.

CorrelationScope

CorrelationScope activity is used to provide
management of correlation between messag-

ing activity.

Table 2.10: Standard Activity - Runtime

Runtime

Persist activity is used to declaratively re-

Persist quest that the workflow persists its current
state.
' Terminate activity is used to declaratively
Terminate

terminate execution of the workflow.
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Table 2.11: Standard Activity - Primitives

Primitives

Assign

Assign activity allows setting a variable or

argument to the new value.

Delay

Delay activity is used to set a timer within a
workflow. When the timer expires, the De-
lay activity completes and execution of the

remainder of the workflow.

InvokeMethod

InvokeMethod enables to call methods on an

object instance or class.

WriteLine

WriteLine activity writes a string to the con-

sole.

Table 2.12: Standard Activity - Transactions and compensations

Transactions and compensations

TransactionScope

TransactionScope activity protects the work
that is done by a child activity with a trans-

action.

CompensableActivity

CompensableActivity is a container for child
activities that require compensation. Com-

pensation is the undoing of completed work.

Compensate

Compensate activity allows beginning the

compensation process for an activity.

Confirm

Confirm activity allows beginning the confir-

mation process for an activity.
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Table 2.13: Standard Activity - Collection Management

Collection Management

AddToCollection

AddToCollection activity adds a new item to

a collection.

RemoveFromCollection

RemoveFromCollection activity remove the

item from a collection.

ExistsInCollection activity is used to deter-

ExistsInCollection mine whether the item is found in a collec-
tion.
ClearCollection activity clears all items from
ClearCollection

a collection.

Table 2.14: Standard Activity - Error Handling

Error Handling

TryCatch activity models the familiar
TryCatch

try/catch pattern in C#.

Throw allows to declaratively raise an excep-
Throw tion within a workflow. It’s similar in usage

as the C# throw statement.

Table 2.15: Standard Activity - Migration

Migration

Interop

Interop activity is used for interoperability

with activities developed earlier WF'.
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2.4.4 LINQ

Language-Integrated Query (LINQ) [55] is a set of features in visual studio
environments. LINQ extends robust query capabilities to the language syn-
tax of C# and visual basic. LINQ introduce easily-learned patterns for query-
ing and updating data, and the technology extended to support any kind of
data store. Visual Studio contains LIN(Q provider assemblies that enable
the use of LINQ with .NET Framework collections, SQL Server databases,
ADO.NET Datasets, and XML documents.

In our thesis, we used two LINQ based technology, LINQ to SQL and LINQ
to XML.

e LINQ to SQLI[56]
LINQ to SQL is a component of .NET framework that provides a run-
time infrastructure for managing relational data as objects. The devel-
oper writes their query at object model expressed in a programming
language. LINQ to SQL mapping the object model to the data model
of a relational database. When the database returns the results, the

LINQ to SQL translates back to the object model.

e LINQ to XML [57]
LINQ to XML provides an in-memory XML programming interface
that takes advantages of the NET LINQ framework. LINQ to XML is

an up-to-date, redesigned approach to programming with XML.

2.4.5 T4 Template

T4 text template [52] is a variety of text statements and control logic that can

generate a text file. The control logic is written in a programming languages
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such as C# or VB. The output (generated file) can be the text of any kind,
for example, web page, resource file, or source code for any language.

There are two kinds of T4 text templates:

e Run time T4 text templates: the generated file outs after running

the application.

e Design time T4 text templates: It is executed in Visual Studio

to define part of the source code and other resources of an application.

In this study, we use the design time T4 template.
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Literature Review

3. Chapter Outline:

3.1. ER related Mapping
3.2. BPMN related Mapping

3.3. BA related mapping
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There are many attempts to map models into codes. This step is called
automatic code generation. The generation step can reduce the time of build-
ing the business application. It can also increase the efficiency of developed
code. Automatic code generation can be done as a direct way from models
to codes. Alternatively, generate a code by using intermediate way such as
XML. The usefulness of adopting XML as a middleware is working to the
most of the programming languages after working with suitable XML parser.
In the next section, we will mentioned recently papers that make a mapping

between ER diagram to XML schema and vice versa.

3.1 ER related Mapping

In 2003, Arijit, Sriram and Rahul [74] described a method for translating
from ER model to XML document type definition (DTD) and XML schema
(XSD) and vice versa. The component of ER that described in XSD:

1. Entity mapped to an element in XSD; attributes to sub-element; but
multi-valued attributes mapped to sub-element with minOccurs=1 and

maxQOccurs=unbounded; primary key mapped to attribute with type=ID.

2. They used sequence tag if it ordered entity attribute, else if the entity

have unordered attributes they used all tag.

3. Relation mapped to an element with minOccurs and maxOccurs deter-
mine cardinality; but if the cardinality M: N they used complexType

inside complexType.
4. Generalization mapped complexType inside complexType.

5. Weak entity, ternary relationship, and aggregation not listed in the

paper due to that they had the same semantic as other concepts.
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They implemented a prototype of the XER model using visual basic for
an application (VBA) with Microsoft’s Visio 2002.
Franceschet et al. [29] (2004) provided a methodology to create a specifica-
tion of transaction programs and applications that independent of a run-time
environment. In their methodology, they defined a formal specification to
transaction programs and applications using CASE tool. Then they mapped
the formal specifications to XML documents. After that, they applied XSL
transformation onto XML document to produce the final document. In this
way, the project developer can use any runtime environments.

Joseph and San (2004) [26] suggested a conversion method from relational

schema into XML schema, the method that used for conversion seems to be:

1. Firstly, it convert from relation schema to extended entity relationship

diagram (EER model) using classification table.
2. Secondly, they mapped EER model to XSD graph.
3. Finally, they map XSD graph to XSD.

They addressed the eleven rules to translation from EER model to XSD
as in table 3.1. Before they mapped EER model to XSD schema, they choose
the root of a tree (XML schema represented as a tree structure) and usually
the root of a tree based on user input, then divide the entity into levels based
on their cardinality. They used products of a factory as a case study.

There are other trials on this fields, but with different topics concentration.
Anthony et al. (2005) [47] developed a visual tool that it is used in the
mapping EER diagram to XML schema. The input of the tool is the relation
schema of EER diagram. Users draw EER and make their modification
on the constraints then create XSD file. However, Ivan et al. (2005) [49]

provided a case tool to develop a complex database schema from conceptual
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modeling. The CASE tool allows to declare the relation subschema. It then
created a form type for each entity to modify the attribute, the relations, the
keys ...etc. After that he recollects the database schema to be suitable to a
database information system schema. Inspit of this, Chengfei and Jianxin
(2006) [46] suggested algorithms and rules that mapped ER diagram to XSD
schema. In this paper, authors focused on the quality of the output schema.
They discussed several criteria in designing a good XSD schema.
Massimo et al. (2009) [27] proposed improved mapping method from ER to
XSD schema. They focused on the following properties: the preservation of
the information and the integrity constraints, the keeping of no redundancy
and the different hierarchical views of the conceptual information. So the
resulting XML structure is highly connected, and the design is reversible.
These papers [43, 21, 81] proposed a mapped method from ER to XML
schema and vice versa. But they changed the attributes that they have ad-
dressed.
Some people build a tool based on the mapping from ER to XSD. Hsien
and Shang (2006)[75] build XsEnvironment tool, which is a form based XML
schema-driven. The input of XsEnvironment is XML schema that mimics
the ER diagram. Then build another form based XML processg applica-
tions (XSD editor, database and web service components). The output of
XsEnvironment is valid XML file or database. Figure 3.1 shows the major

XsEnvironment components and their relationships.

44



3.1. ER RELATED MAPPING
Table 3.1: Mapping Rule between EER to XSD
R;Ie EER XSD Notes
. We can choose a relation that has
1 Roof relation Root element 1:N cardinality and in isa a relationship.
9 Entity Element Multi valued attributes mapped to
Attributes Attributes sub-element
. Primary key mapped to key tag,
3 Foreign key Element/ sub-element foreign}Ley};ranspfgrmed to }{(eyfef.
Isa Use complexType feature, and id
4 . . Element extension needs some attribute from the super
relationship .
class we need restriction tag.
Tow type: overlap mapped to
5 Generalization Element extension comp 1exType. \.m.th overlapped
attributes. disjoint mapped to
complexType with choice tag
create the whole relation included
other sub-relation, then mapped
6 Aggregation Gr.oup sub-element, sub-relation to the element and
ref tag whole relation to element/sub-element
nested and use ref tag to referencing
for sub-relation
Inside the whole relation use choice
7 Categorization Element/ sub-element | and group tag and reference to
sub-relation using ref tag.
Total | Element/ sub clement :vith minOC(iurs:l and maxOccurs=
8 Participation - unbounded
Partial | Key/keyref need these tag: selector and field
1:1 with minOccurs=1 and maxOccurs= 1
LN 7\:Vith IniIlOCC”uTSZI and maxOccurs=
9 Cardinality Element/ sub element unbounded -
MN create new Whole 'relatlon and reference
to sub-relation using ref tag.
10 N-ary relationship Group element controls by type of cardinality
create new element for self-relation and
11 Unary relationship Element/ sub element | referenced to basic relation using ref
tag and with maxOccurs= unbounded

XsEnvironment
XsForm (GUI)
| Web Services
1
XML ;
Ed !
Schema |:> itor =<
i Upload
ey Database
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Figure 3.1: XsEnvironment components and their relationships.
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Also, Lisa and Taratip (2012) [44, 32] suggested a tool that builds a

database schema from the enhanced-ER diagram (EER). EER is converted to

XML file using EDraw tool. Then it imports the XML file in their tool, which

build the database schema and enables the designer to edit ER constraints.

So the resulted schema is more applicable to the user requirements. Here,

figure 3.2 shows the architecture of the tool.

O

EER Diagram

Import XML File

Database
designer

(_*xml)

Edit
Constraints

e

i (* xml)

EER Mapping

Relations

Relation

Update
relation Database

1:I tool

Create Data
Dictionary

Data dictionary

Relatiop:

A Tool for Generating Relational Database Schema—\l

Create
Database
Schema

Target database

/

Figure 3.2: Architecture of Lisa and Taratip tool

ERDraw [88] is a tool for drawing ER visually then translating them to

relational database schema automatically. ERDraw converts ER to XML file

using ERML, a language based on XML and it converts ER to ERML format
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which translates to relational schema.

The system architecture of ERDraw consists of five major modules: Graph-
ical user interface to support the interaction between ER-diagram designers
and ERDraw, ER-diagram object consists ER graphical object like rectangle,
ER semantic object model: a data structure used to represents the complete
semantic information of ER diagram, ERML object model: intermediate
data structure that maps ER semantic model to ERML file, and finally the
relational object model that is a result of translating from ERML format to
relational database schema.

ERML language is based on XML and the structure of the document de-
scribed using XML document type descriptor (DTD). The translating to

database schema followed a set of the rule described in their paper.

3.2 BPMN related Mapping

Another important mapping is the mapping from BPMN to XPDL. WfMC
provides XPDL documentation which describes in detail the mapping from
BPMN to XPDL [84]. But Stephen [85] tried to simplify the mapping process
as in table 3.2.

After exploring the mapped table between BPMN and XPDL, White take
a customer order electronically as a BPMN workflow example because the
business process diagram of this example has many features of BPMN so we
can map many features to XPDL for explanation purposes.

XPDL proposed by WEMC was used in the WEMC-related applications, espe-
cially workflow whose concepts are currently compatible with those of busi-
ness processes. Jung et al. (2004) [37] proposed a mapping method from

BPMN to XPDL to support different process engine.
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Table 3.2: Simplify Mapping BPMN to XPDL

# | BPMN object XPDL tag name
Pool <WrokflowProcess/>
<Activity>

2 | Start/End,Event <Rout/>

<Activity />

3 | Sequence Flow <Transition/>
<Activity>
<Implementation>
<Tool/>
<Performer/>

< /Implementation>
</Activity>
<Activity>
<Implementation>

5 | Sub Process <SubFlow/>

< /Implementation>
</Activity>
<Activity>
<Implementation>
<TransitionRestriction>
<Split Type="XOR"” >
< /TransitionRestriction>
6 | Intermediate,Event | </Activity>

—_

4 | Task

Combined with a:

<Transition>

<Condition Type="EXCEPTION” >
< /Transition>

<Activity>

<Route/>

<TransitionRestriction>

<Split Type="XOR” />

< /TransitionRestriction>

7 | Decision < /Activity >

Combined with a:
<Transition>
<Condition/>

< /Transition>

XPDL is based on workflow environments. There are several attempts

to mapping the BPMN and XPDL to the current workflow environments
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Table 3.3: Mapping BPMN to WF

Number | XPDL Model WF model
1 Data Item or Data Object Variable
2 Exclusive split Flow Decision or Flow Switch
Exclusive Merge WriteLine
3 Parallel Split Parallel
Parallel Merge WriteLine
4 Inclusive Split Parallel containing If in its branch
Inclusive Merge WriteLine
5 Complex Split Parallel containing If in its branch
Complex Merge IF
6 Data Type
INTEGER Int
FLOAT Float
BOOLEAN Boolean
STRING String
DATE, TIME, DATETIME DateTime
7 Throwing compensation event | Sequence {WriteLine, Compensate}
Sequence {Body(contain the task
. . that has compensation token),
Catching Compensation event Compensation handler
{event, task}}
8 Block subprocess WriteLine,Flowchart
WriteLine,InvokeMethod,
Expanded subprocess TargetType: ExecuteSubProcess,
MethodName: CallProcess
9 Sequence flow connection Flow step and Next

with a failure to adopt these mappings. Petia et al. (2006) [87] suggested

an analysis paper that showed the elements in BPMN agree with workflow

pattern. Then they mapped a BPMN to workflow pattern. We consider The

following elements in the mapping process: basics BPMN, basics control flow,

data element and references element. Wil MP (2003) [79] is another analysis

paper, but the paper analyzes XPDL elements to workflow pattern. In 2014,

Saran and Wiwat [89] proposed a methodology to map a BPMN to workflow

patterns.

Additional significant mapping is outlining between some of the BPMN to
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windows workflow patterns. J. Deng et al. (2012)[22, 23] suggested a method-
ology to transform from BPMN (represented by XPDL) to WF styles. They
proposed a mapping system for the data object, data item, compensation
event, task, subprocess, and data-based gateway (Parallel, Inclusive, Exclu-

sive, and complex). See table 3.3.

3.3 BA related mapping

Business applications evolve dramatically, but their functionality slightly
change. So we need a ready template for this functionality.

In 2005, Xiyong and Xingwang [91] suggested a template based framework
for customization the service in e-business application. Software mass cus-
tomization is a powerful business model; it focused on producing and mon-
itoring software product. Mass customization of the software product has
been always in the form of the software package, which fit nearly all business
process in almost all organization.

E-business software mass customization involves: I) Functionality of e-business.
IT) Interface or presentation of e-business application. IIT) IT infrastructure
like the operating system supporting the software. and IV) Other nonfunc-
tional attributes such as data integrity.

Mass customization focuses on identifying common data and procedures
of e-business. And the main techniques used for customization are standard-
ization, modularization, automatic code generator, and modeling.

Authors claim that component based technique seems not to be an efficient
way for mass customization, so they used service oriented architecture (SOA),
which is a software model that compromise three primary parties: provider

of a service, consumer of a service and a directory of service. The services
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are used to divide the large application into smaller distinct modules. The
services can also be integrated via composition mechanism to create a large
application.

Template has nearly completed application with the capability of the reusable
component. In this paper, they build a template based framework which con-
tains five parts: business process modeling tools, business service specifica-
tion tools, the template definition tools, the code generator, and a directory

of application services. See figure 3.3.

Business Service Modeling  Business Serace [dentification

\rr

Sl il ik e
[Th ‘-\‘-lr'. CE r

Figure 3.3: Template-based framework for e-business application mass
customization

Kulkarni and Reddy (2008) [40] developed an approach to developing a
business application based on modeling language. They classified the imple-
mentation code of business application into business logic, design strategies,
architecture, technology platform, and GUI event handling. They developed
a set of tools to give platform-specific implementation from models and high-
level specification.

They used UML and UML metamodel to separate the function concerns

from the technology concerns of business application. The business applica-
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tion includes three classes of functionality, namely online, batch, and reports.
Authors restricted their work on online functionality; since online functional-
ity was implemented using layered architecture consists of the business logic
layer, presentation layer, database layer.

The business logic layer is the part of a program that represents the real
world business rule that determines how data is created, viewed, stored, and

modified. To model the business logic, they used the following diagram:

e Class diagram to extract entity and relationship.
e Use-case diagram to extract business scenario.
e Activity diagram to describe business process flow.

e Extend class diagram in order to capture architectural information.

Then they designed a model aware high-level procedural language called
Q-++ to guarantee the business logic specifications to be consistent with the
models.

Presentation layer is a layer related to design a screen that determines the
data element of a business entity to display using controls, business service
to invoke, etc. This means that the presentation layer deals with a set of
user interaction patterns in business application e.g.; create/delete/update
business entity screen. They used UML metamodel to specify presentation
layer in terms of special abstraction control called window and windowType.
Database layer interested in the relational database schema and complex
database accesses which can be specified using extended UML metamodel.
They supported many object-relational mapping strategies in their models.
Kulkarni and Reddy (2002) used UML metamodel to combine the above
three layers (business logic, presentation, and database) see figure 3.4. They

also used the template-based technique to generate code from models.
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Figure 3.4: A subset of the unified meta-model.

Sonja et.al (2012) [73] provided an extension of IIS*Studio which was
a form driven approach to generate the business application. They build
[IS*UIModeler, the aim of this modeler to model user interface (UI) tem-
plates. Graphical user interface (GUI) is important aspects in a business
application which contains static aspects (controls like button, screen) and
dynamic linkage aspects (functionality like create database operation). GUI
modeling language should support both aspects.
There are many approaches to describe GUI; it might be described by using
the XML-based approach like XML user interface language (XUL) and ex-
tensible application markup language (XAML), or it may be described using
extend UML metamodel. In their paper, they used user interface markup

language (UIML) to model GUI.
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GUI modeling language of IIS*studio has a specification of three classes: 1)
GUI displayable elements, 1) Visual interpretation of displayable elements,
IIT) Linkage structure between screen forms. GUI specification stored into
IIS repository and this specification may be divided into three packages:
core, business application, Ul template. GUI static and dynamic aspects are
stored on core and business application packages, but Ul template contains
attributes valued for common Ul like screen size.

In modeling UT in IIS*studio, they depend on form type which was the ab-
straction for business form, form type that has a dual core; it may be an input
to database or it may be a source for generation transaction program and
its screen and report forms. So form type contained information to provide
GUI code generation. To provide functionality specification between screen
forms, they used business application diagram.

[IS*Studio generated UIML specification for the business application. Then
they sloshed UIML specification into java AWT/Swing components using
Java Renderer interpreter, the generated components represent GUI static
aspects. To interpret the dynamic aspects of GUI, they used custom Java

components.

Patrick and Kappel (2004) [42] suggested a transforming XML Schemas
into Java Swing GUIs. Anup Kumar and RK (2009) [10] provided a formal
framework to generate a code from activity diagram. For other works in BA
mapping refer to [50, 14, 24, 15, 72, 41, 8, 70].

Automated generation of business application is very important to reduce
the development time and to increase the efficiency of the application. It is
obvious that previous related works lake a complete automated generation

of business application. We can show attempts to convert models to code,
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but these attempts still revolve about creating a database from the model
and from the structure of the data in the database we can use to create an
application. Also, the suggested automated generation of business applica-
tion might restrict itself to describe the data without considered the business

process model.
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4.1. DATA AWARENESS

This chapter describes the modeling examples that used to improve the

goals of this thesis. The steps of the thesis project are also described .

4.1 Data Awareness

There are many models examples that can be used in this thesis, ER models

examples, and BPMN examples.

4.1.1 ER models examples

1. Company example from [25] book. Figure 4.1 shows company ER mod-

els.

(Frame ) ( Minit ) ( Lname )
oo™y CRame > (o) C Sy
> @

WORKS_FOR

_________ cw

DEPARTMENT

EM PLOYEE

Supervisor Supervisee 1

1 N

DEPENDENTS_OF

N

DEPEN DENT

({@t@ Relatlonshlp

Figure 4.1: ER diagram for Company schema.
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2. College Management System [64]. As show in figure 4.2.

(1,1) (1,1)

Student (1.N) Facu
|

(1,M)
@
Teaches
(1.1)

1,N) |Department

Birthdate FacultyName

(1.1)

Course

—

NumberOfCredit

Figure 4.2: ER diagram for College Management System.

After we get the ER diagram, we convert this diagram to XML schema
using existing tools such as Enterprise Architect [77], QSEE-Superlite [2] and
ERDraw [88].

4.1.2 BPMN models examples

Thera are many business process examples, which can be found in Business
Process Incubator [34], Bizagi [12], and BPMN Handbook [86]. Furthermore,
there are many tools to convert from BPMN to XPDL such as Cloud apps

from BPI [1], Bizag application [11], and Bonita software[13].
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1. Basic BPMN example

We draw all basic elements (simple class of XPDL) BPMN in Bizagi tools

as shown in figure 4.3. Then convert the diagram to XPDL.

2. Bank Account Opening.

This template is taken from BPI website [34]. Figure 4.4 describe the dia-

gram.
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4.1.
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Figure 4.3: BPMN example- basic elements.
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4.1.
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Figure 4.4: BPMN Bank Account Opening.
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4.2 Research Methodology

The steps of the thesis methodology and the relations between them are
shown in the figure 4.5. The scenario of each step in this thesis is explained

as in the following subsections.

Problem statements

theratllre Rﬂ'lﬂ"" Business Applications

_ ERModel Properties
— -

~ BPMM Madel aﬁ

Specify Eesearch Questions and Goals

L

Theorstical Framework

[ ER Related Mapping | [ BPMN Relsted Mapping |

| Connecting BPMM and ER |

I

Implemented Framework

Developed ER x‘ ‘; Developed Basic BPMN )
Related Mapping | Related Mapping

"' Developed Connecting |
BPMM and ER |

|

Evaluation

|" Comparison with other tools \
and frameworks.

)

Conclusion

Figure 4.5: Thesis Methodology
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4.2.1 Problem Statement

The first step in methodology is the perception of the problem, where the lit-
erature review relates to within the limits of this study. We make a literature

review as follows:

e Understanding the business application by briefing the terms and con-

cepts regarding to the properties and functions of business application.

e Gathering information about BPMN that are used to represent the
business process modeling and ER model that are used to represent

the conceptual modeling.

e Reviewing the related information to the automated code generation

using modeling language. Making an awareness about mapping the

Chen-ER and BPMN to XML-based technology.

After gathering information and making the literature review, we infer
some of the questions about the study statement. The problem statement of

this research can be defined through the following research questions:

s How can BPMN be improved to handle the data involved in the busi-

ness process without increase the complexity of BPMN?
s How can BPMN benefit from ER model to represent data?

s How can we make a combination between BPMN and ER models to

attain the process and their data handled inside the process diagram?

s How can we get benefit from a combination of BPMN and ER models

to build a useful business application?

Data in BPMN is represented using artifacts, and data structures are

discarded [16]. ”Data object are considered artifacts because they dont have
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any direct effect on the sequence flow or message flow of the process, but they
do provide information about what activities require being performed and /
or what they produce” as mentioned by the standard. And this statement
is questionable because data object is important factors on the flow of the

process.

4.2.2 Theoretical Framework

A suggestion of the approach is given in the second process step. This phase
can be broken down into multiple sub-steps. Firstly, the theoretical frame-
work is proposed. From the literature review step, we show that the BPMN
has a problem in describing the data.

The data in the BPMN is represented as artifacts, which means that the
data don’t have any direct effect on the sequence flow or message flow of the
process. But they provide information about what activities require being
performed and / or what they produce. And this statement is questionable

because the data object is important factor on the flow of the process.

Because the data is very important in building the business application
and the BPMN consider the data as artifacts, we suggested to use the Chen-
ER diagram in our framework. Chen-ER models provide a conceptual data
about the business entities without increase the overhead to the BPMN. A
combination process between BPMN and ER did by the mapping method
as follows: mapping ER to SQL file, classes files, and windows forms. Then
mapping BPMN to windows workflow pattern. Finally, make a combination

between BPMN and ER using generated classes files.
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4.2.3 Implemented Framework

The development framework is done after the theoretical framework is de-
scribing . We choose the C# windows forms as a development environment
for many reasons [51] . Firstly, a C# is a robust .Net language. Secondly,
there are many business applications developed using this environment. C#
support workflow based application, and workflow service application.

The development step covers these theoretical details proposed in the previ-

ous step:
m Mapping ER to SQL file, classes files, and windows form.
m Mapping basic BPMN notations to workflow patterns.

s The combination between ER and BPMN.

4.2.4 Evaluation

The evaluation is being done after the development step. The first evaluation
of the proposed framework is done by applying it in a real-world scenario to
build a business application. The expression "real world scenario” means
that the ER diagram and BPMN are chosen by real examples and projects.
The second evaluations are done by comparing thesis work to other tools and

frameworks.

4.2.5 Conclusions

The last step in the approach which involves the conclusions of the work. The
conclusions will proof the goals and objective we demand to achieve them.

Moreover, the future works of this thesis also is described.
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Theoretical Framework

5. Chapter Outline:
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66
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This chapter describes the proposed framework. Initially, the general
view of the framework and what layers it support is described. Then the
architecture of the framework is presented and explanation of each step is

illustrated. Furthermore, suggested algorithms about the mapping process

of ER and BPMN is presented.

5.1 General overview of theoretical framework

Figure 5.1 shows the supported layers in this framework. This framework
called ERWFFW . We have three layers: Data layer, Business process layer,
and the presentation layer. Data layer has a conceptual model represented
by the ER diagram which used to create database tables and constraints and
GUI. Business process layer have a BPMN models to create WF and call
GUI forms build by data layer. Finally, the presentation layer contains the

GUI build by data layer and called by business process layer.

Data Layer

Business Process Layer

Presentation Layer

Figure 5.1: General Overview of ERWFFW Framework
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5.2 Detail of Suggested Framework

In the figure 5.1, we show the general layer of the thesis framework. In this

section, we will present the suggested framework in details as shown in figure

0.2
ER Diagram BPMN Models
Convert Comert
XML Schema XPDL
modify Modify
X5D Preprocessing ¥PDL Preprocessing
Generate zanerabe
; M [ N—-CT|
= C*
'y ) 0
Database
Forms Workflow

Figure 5.2: architecture of the thesis framework

From figure 5.2, we have two inputs to the system: Chen-ER diagram
which represents the data models and the BPMN which represent the busi-
ness process models. The Chen-ER, BPMN converted to XSD, XPDL in
respective order. After that, the XML format of the model needs a prepro-
cessing of some of their properties to be suitable in the framework. More
information about the preprocessing steps will be shown in the implmented
framework. This architecture focuses on three critical areas: Chen-ER re-
lated mapping, BPMN related mapping and combination process of BPMN

and Chen-ER. The next subsections will describe these areas in detail.
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5.2.1 ER Related Mapping

ER model has been proved to be a benificial technique but not only in the
field of database design. ER is a graphical representation that is easy to
understand among users and developers. This section shows a proposed
method for generating SQL file, classes files and a graphical user interface
from ER diagrams, written in XML schema format. Initially, we convert ER
to XSD using existing tools that mentioned in the background chapter. Then
the outputted XSD file undergos to the mapping rule suggested above in the

study.

5.2.1.1 Mapping ER to SQL Server File

The steps to create SQL file are described in the following method:

1. For each regular entity in ER, create a table in SQL file.
2. For each regular entity attributes,

a. If the attribute is simple, create a column in their tables in SQL

file.

b. If the attribute is composite, simplify the attribute, then create a

column in their tables in SQL file.

c. If the attribute is single-valued, create a column in their tables in

SQL file.

d. If the attribute is multi-valued, create a table in SQL file.

3. For each regular entity attributes, convert XSD datatype to SQL Server

data type.

4. For each weak entity in ER, create a table in SQL file.
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5. For each weak entity attributes, do the steps a to d.

6. for each primary key attribute, map to primary key constraints in SQL

file.

7. For each foreign key attribute, map to foreign key constraints in SQL

file.
8. For each unique attribute, mapped to unique constraints in SQL file.

9. For each M: N relation, refer to step 1-8.

The previous steps show that the mapping algorithm does not deal with
the relationship between entities. We consider that this mapping is used

when we convert ER to XSD file.

5.2.1.2 Mapping ER to C# Classes File

The generated classes in this work are not ordinary C+# classes, but they are
a LINQ to SQL classes. LINQ to SQL classes link the ordinary classes with
the data source such as SQL server. More development criteria can be found
in the chapter (6,748). The following steps show the mapping process from

ER components to classes fields, properties, method, etc.:

1. For each regular entity in ER, create a C# Class file.

a. The name of the entity is the name of the C# class file

b. The name of the entity is the name of the class.
2. For each regular entity attributes,

a. If the attribute is simple, create a field in their classes file.
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b. If the attribute is composite, simplify the attribute, then create a

field in their classes file.
c. If the attribute is single-valued, create a field in their classes file.

d. If the attribute is multi-valued, create classes as in step 1.

3. For each regular entity attributes, convert XSD datatype to C# data

type.
4. For each weak entity in ER, create a class file.
5. For each weak entity attributes, do the steps 2.a to 2.d.

6. For each M: N relation, refer to step 1-8.

Other constraints used to modify these steps to "LINQ to SQL classes”,
which described in the development process.
5.2.1.3 Mapping ER to GUI components

There are four steps for mapping an ER diagram to GUI components as

follows:

—_

. Mapping Regular entity

[\]

. Mapping Weak entity

w

. Mapping 1:1, 1: N, M: N binary relationships

W

. Mapping of N-ary relationships

Details of mapping described in the next points.

1. Mapping Regular entities

A. A new Form is created for each regular entity

71



5.2. DETAIL OF SUGGESTED FRAMEWORK

a. The name of the entity is the name of the form.
B. Attributes:
a. Simple Attributes: Create Labels and Textboxes for each at-
tribute.

b. Composite Attributes: Grouping attributes with group box
titled with main attribute and Create Labels and Textboxes
for every component.

c. Single valued Attributes: Create Labels and Textboxes for
each attribute.

d. Multi-valued Attributes: A new Form is created with labels
and textboxes for each attribute.

e. Complex Attributes: Apply b-+d.
2. Mapping Weak entity

A. A new Form is created for each weak entity.

B. Attributes: As in regular entity, but create combo box for the

partial key attribute.
3. Mapping 1:1, 1: N, M: N binary relationships

A. 1:1 binary relationships
Proved in the conversion method to test referencing data. Such
as the foreign key of the relation at one side contain the primary

key of the relation at another side.

B. 1: N binary relationships
Proved in the conversion method to test referencing data. Such
as the foreign key of the relation at side N contain the primary

key of the relation at side 1.
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C. M: N binary relationships

a. A new form is created.

b. Attributes: create labels and textbox’s but the primary key
of a relationship (foreign key of N and M side) should appear

as a combo box or Listbox.
D. Mapping of N-ary relationships

Create a new form for new relation.

Now we will present the mapping process from BPMN to windows work-

flow pattern.

5.2.2 Mapping BPMN (using XPDL) to Workflow

There are three classes of XPDL; simple, standard, and complete. In a

theoretical framework, we use a standard class to map BPMN to workflow.

1. Task

a. Normal Task
To every atomic task —create a custom activity that using the
CodeActivity as a base class. The name of the activity in WF is
the value of the name fields of the activity in XPDL file. Figure

5.3 shows the custom code activity against with BPMN.

73



5.2. DETAIL OF SUGGESTED FRAMEWORK

public sealed class Taskl : CodefActivity
{ Task 1
f/ Define an activity input argument of type string

public InArgument<string> Text { get; set; }

f{ If your activity returns a value, derive from CodeActivity<TResult>
f/ and return the value from the Execute method.
protected override void Execute(CodeActivityContext context)

{
// Obtain the runtime value of the Text input argument
string text = context.GetValue(this.Text);

Figure 5.3: Maping from atomic task to CodeActivity.

b. User Task
To every user task —create a custom activity that using Native-
Activity as a base class. Create a bookmark to handle the data
needed in user interaction. The name of the activity in WF is the
value of the name fields of the activity in XPDL file. Figure 5.4

shows the custom code native activity against with BPMN.

public sealed class Taskl : NativeActivity

i

OutArgument<string> name;
public CQutArgument<string> Name
1 . nape

get { return this.name; } .

set

1

thiz.name = value; é&
Task 1

h
¥
protected override woid Execute(NativeActivityContext context)
1

context.CreateBookmark("input"”, new BookmarkCallback(this.OnBookmarkCallback));
¥
vold OnBookmarkCallback(NativeActivityContext context, Bockmark bookmark, object obj)
1

this.Name.Set{context, (stringjobj);
¥

h

Figure 5.4: Maping from User task to NativeActivity.

c. Send Task:
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d. Receive Task:

e. Service Task:

Service/ Send/ Receive —create

WCF code to implements these

tasks. The name of the file is the same name of the task. The ex-

tension of the WCF file is xamlx

. Figure 5.5 shows the outputted

file against with BPMN element.

f3] Sequential Service

=

ReceiveRequest
OperationMame |GetData

View message

MESSOGE .

Content

& SendResponse

Request |ReceiveRequest

View message

NESSOGE...

Content

3% Tasklxamlx

Figure 5.5: Maping from User task to NativeActivity.

2. Collapsed and expanded subprocess

Collapsed subprocess —the subprocess related to collapsed should cre-

ate custom activity, then call it from

mapped workflow .

Expanded subprocess —create a custom activity, and take the rule de-

fined in the tasks mapping.

The custom activity creates the same

3. Looping or multi-instance activity
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Looping —build custom activity, and use while control flow to loop the

activity. see figure 5.6 which get from [17]
Multi-instance —WF doesn’t support multi-instance activity. It builds

by the developer when the application needs a multi-instance workflow.

£] While

a2

Condition

TotalFound = ArgQuantity And Warehouseld == MaxWarehouseld

Body Irventorylookup

6

ty WhileSequence

>

1 Inventorylookup

Figure 5.6: Maping from looping activity to while loop.
4. Gateway (split and join)

If we have two split —use flowchart decision. example of this mapping

shown in the figure 5.7.
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o Flowchart O

>

Start

True 0 False

Decision

(© Delay O E WriteLine

Text = Entera VB expression

Figure 5.7: Maping from gateway split to flowchart decision.

Else if we have more than two splits —use flowchart switch. see example

in the figure 5.8.

>

Start
O>} Default
Switch B Writeline
Text | Entera VB expression
BPMM
Casel
Cased [ Writeline

Text | Enter a VB expression

B Writeline

Text | Entera VB expression

Figure 5.8: Maping from gateway split to flowchart switch.
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To join activities —we can use simple activity such as WriteLine to join

all activity. Figure 5.9 has example of this mapping.

B Writeline

Text | Enter @ VE expression

Figure 5.9: Maping from gateway merge to writeLine.

a. Inclusive OR
Every activity after inclusive gate —build a custom activity that
use the AsynCodeActivity as a base class. The name of the ac-
tivity is the value of the name attribute of the task. If one of the

activity complete, neglect another activity result.

b. Exclusive OR-data based
Every activity after exclusive gate —build a custom activity that
use the AsynCodeActivity as a base class. The name of the activ-
ity is the value of the name attributes to the task. Use flowchart

decision and switch to control the flow of this activity.

c. Exclusive OR-event based
Every activity after exclusive gate —build a custom activity that
use the AsynCodeActivity as a base class. The name of the activ-
ity is the value of the name attributes to the task. Use flow chart

and pick activities to control the flow of this activity.

d. Parallel
Every activity after exclusive gate —build a custom activity that
use the AsynCodeActivity as a base class. The name of the activ-

ity is the value of the name attributes to the task. Use Parallel
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to control the flow of this activity. Figure 5.10 desribed parallel

mapping.

o0 Parallel

% Sequence %

& Writeline
R Seq 1 Activityl Seq 1 Activity2
Tedt "Szq2 Activity 1"
& Writeline
B Seq 2 Activity1 Seq 2 Activity2 Seq 2 Activity3
Tet "S2q2 Activity 2

& Writeline

b

o Sequence

E WiiteLine

Test "Seq 1 Activity 1°

& Witeline

Text "Seq 1 Activity 2

Tedt "5zq2 Activity 3"

Figure 5.10: Maping from gateway parallel to WF parallel .

5. Event

a. Start event (None, Message, Timer)

b. Intermediate event (Timer, Message)

c. End event (None, Message, Error)

d. Terminate
For activity after event raised —use Pick and PickBranch to control
the activity after the event and the event occurred. Put the event in

Action property and put all activity after the event in Trigger property.

Figure 5.11 shows pick activity that mapping from event.
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§& Pick (1]
§1 Branchl 0A §1 Branch2 DA
Trigger Trigger
Drop activity here Drop activity here @
Action Action @ @
Drop activity here Drop activity here

Figure 5.11: Maping from event activity to pick activity .

6. Data object
Data Input —use In Argument to represent data input.
Data Output —use Out Argument to represent output data.
Data store —use classes that has been built in ER automation to rep-

resent the data store. Figure 5.12 shows the data object mapping

public OutArgument<Int32> ID { get; set; }
public InArgument<Store> Name { get; set; }

public InArgument<Int32> Name { get; set; } D D r_ __]

Figure 5.12: Maping data object to argument and classes

7. Text annotation

Text annotation —use comments to take text annotations.

8. Sequence flow Use sequence flows in WF.
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i} Sequence

r A |
Lirop aoiivicy nere

Figure 5.13: Maping from sequnce flow to sequnce activity .

9. Association

Not supported in WF.

5.3 How to connect BPMN to Chen-ER model?

BPMN 2.0 provide advance notation than the previous version; from these

notations, data object such as Data Store, Data Input, and Data Output.

Data store can be used to connect BPMN and Chen-ER model as in the

following rules:

Rule 1: the name of data store in BPMN should be the same name of

entities in ER model. So, we can connect it to the form and C# that have

the same name, ( see figure 5.14 )

Employee

Figure 5.14: Maping from sequnce flow to sequnce activity .

Rule 2: the attribute of entity determined by data store and modified
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by the user can be found in the XML file extracted from ER. (attribute such
as FNAME, LNAME, SSN ...etc.)

Rule 3: in Data Input or Data Output cases, determine the direction of the
data in every activity to determine if it In Argument or out Argument to be
embedded inside the activity

Rule 4: Swimlanes (Pool and Lanes)

Rule 4.1 Lanes —Store the name of the lane in user account table.

Rule 4.2 Pools

—if it alone —store the name of the pool in the user account table

—1If it has multiple lanes —rule 3.

Rule 5: we let that every participant can deal only with the activities refer
to it. See figure 5.15

Pool 1 responsible for activity 1 only

Lane 1 responsible for activity 2 only

Lane 2 responsible for activity 3 only

Pood 1

Lane 1

Poal 2

Lane 2

Figure 5.15: Pool-Lane responsiblity .
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Chapter 6

Implemented Framework

6. Chapter Outline:

6.1. General overview of the practical framework

6.1.1. Development environment
6.1.2. Create SQL file

6.1.3. Create "LINQ to SQL classes”
6.1.4. Create Windows form

6.1.5. Create Windows workflow
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In this chapter, details of the development step are described. This is to
extract the SQL file, the classes file, and windows form from ER diagram.
Furthermore, it extracts the BPMN and mapping to C# workflow code and

develope a connection between ER and BPMN.

6.1 General Overview of the Implemented Frame-
work

Figure 6.1 shows the development environment used in this study. In addi-
tion, what are the input and the output to the system as well as what is the
processing step in this work are dicussed. In the next subsections, we show

the details of the system as shown in figure 6.1.

Windows Form Applications

Input ()
XSD File XPDL File
IFroc.essing I A
T4 Save saL Classes WinForms Main Form Workflow
Template Output =~ Template  Template ~ Template Template Template
nitially, Handle the same step
F !
‘ Read XSD into DataSet ‘ ‘ Read XPDL using LINQ to XML ‘
’ Mapping DataTable, DataColumn ‘ ‘ Extract XPDL Basic Element ‘
~» Adding Suitable Text to the Qutput File }4
L . |
. Qutput
O
4 [5] Form_Dependent.cs Pl lainForm.cs
[ 3 'l)j Form_pDepen;ent.Dlsigner,cs I:E’S MZmme‘De;igner.cs ﬁ&
o

Figure 6.1: Development steps: Input, Output, and Processing of
ERWFFW
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6.1.1 Development Environment

The development environment used in this work is the Visual C# in the Vi-
sual Studio 2015 [59]. We use the following components in visual C# IDE:
windows form, window workflow, T4 template, LINQ to SQL, LINQ to XML.
Database tested using SQL server 2014. HP ProBook Core i5 used for the
implemented work.

The inputs in this work are XSD file and XPDL file. The XSD file repre-
sented ER diagram. The XPDL file represented BPMN models.

The processing on the inputs to give the aimed goals is done as follows: we
have six t4 template files to generate the appropriate files content. The first
one is the save-output file which has only one function that receives one
parameter of string type. This string parameter is the relative path which
contains the file name and the subfolder to store the files. This function aims
to generate all text statements in other templates on the specified relative
path.

The second template is the SQL template file, which is used to create SQL
file. The SQL file has all tables, columns, and constraints which read into the
dataset. We read the XSD file into the dataset using (ReadXmlSchema) [58].
This method fills the dataset information (its table, columns, relations, and
constraints) from the schema file. The XSD file pass through preprocessing
step; which used to modify constraints to be readable in the dataset. For ex-
ample, in the case of the primary key we add > my data:PrimaryKey="true”
" to the key element. Also, the multivalued attribute, M: N relationship, and
N relationship being processed when we convert from Chen-ER diagram to
XSD file. Another important criterion, we add "ID” element to each entity.

We use this field as Autolncrement, Primary Key field. We use ID field in
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query string.
In the next sections, we show an algorithm-1 which is used in the develop-
ment process to create SQL File, to create LINQ to SQL classes, and to

create windows forms.

We generate a function to make SQL file content. Then call saveOutput
to write all the text in the specified path. The second t4 template is LINQ
to SQL classes. Also, in this template file, read XSD into the dataset, then
map each table and column to the classes fields, property, setter and getter,
and constructor. The difference between LINQ to SQL classes [56] and the
ordinary classes that connect directly to the SQL database tables and views
regardless of the database context. Before writing class statement write this
statement [Table (Name= Name of The Table in Database)] and before setter
and getter write this statement [Column (DbType= data type of database
fields).

Algorithm-2 shows the steps of the development process of generating LINQ
to SQL classes.
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6.1.1.1 Create SQL File

Algorithm 1 How to Create SQL File

for each table in DataTable do
Write ”Create Table” + table.Name + 7 (”

for each column in DataColumn do
Convert column.dataType to SQL Server.dataType

Write column.Name + column.dataType +

if the column not allow null value then
| Write ” NOT NULL ”

end

if the column is auto increment then
Write 7 IDENTITY (7 + auto increment seed + auto increment

Step + 77)77

end

end

for each PK of Primary Key in table. Name do
Write "CONSTRAINT” + PK.Name + "PRIMARY KEY CLUS-

TERED (”+ Pk.coulmn.Name +”)”

end

end
for each table in DataTable do

for each FK of foreign key in table. Name do
Write ”ALTER TABLE” + table.Name

"ADD CONSTRAINT [ ” 4+ constraint.Name +” | FOREIGN KEY

7+ ([fk.column.Name ] )

"REFERENCES”+ [table.Name] (] fk.RelatedColumns] )

end

end

Call SaveOutput
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6.1.1.2 Create LINQ to SQL Class File

Algorithm 2 How to Create LINQ to SQL Class File

for each table in DataTable do
Create class file —Name of class file= table.Name

Write header class content

Write namespace statement

Write ”[Table (Name="+ table.Name.toUpper()+"]"
Write ”Class "+ table.Name

Write 7 {”

for each column in DataColumn do

9,9

| Write "public ” + column.dataType + column.Name.toLower()+";
end
Write "public 7+ table.Name + 7 () ”
for each column in DataColumn do

if column.Name =ID then
Write [Column (DbType= ConvertToSql(column.dataType), Is-

PrimaryKey =true, [sDbGenerated =true)]

end
Write [Column (DbType= ConvertToSql(column.dataType)]
Write ”public ”+column.dataType + column.Name.toUpper()

Write 7 get;set;”

end

Write " }”

Call SaveOutput

end
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The third template file is windows form template. This template generates
two files: Form.cs and Form.Designer.cs which represents ordinary C sharp
windows form. The two files have a partial class of the same name of the
form. The desired form that should be implemented as shown in figure 6.2.
The name of the form is the name of the table with the initial character
capitalised. In this form, we have a label with a location in the middle of
the form with text value to equal the same name of the form. Moreover, we
have two panels. The first one is used for tables and columns of the dataset
that represents the entities and the attributes in the ER. In the developed
step, we consider all attributes as labels and textboxes. The second panel
has eight buttons. These buttons have a query statements inside the click
event handler of the buttons. Finally, we have a DataGridView to show the
data about each form entity.

The size and locations of these controls are fixed in this work: form, first
and second panels, and DataGridView. The first panel has a true auto scroll
property that can expand many created labels and textboxes. Each label
and textbox is created based on the number of columns in the dataset. The
locations of labels and textboxes are distributed from left to right and up to
down directions. The size of the labels and the textboxes is usually fixed.
Algorithm-3 shown the created form the process. The queries created in this

file are shown in the next chapter.
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Figure 6.2: Template of created windows form.
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6.1.1.3 Create Windows Form

Algorithm 3 How to Create windows form (Form.cs) File

for each Table in DataTable do
Table.Name —table.Name.UpperCaseFirst

Write the header of classes

Write the definition Data Context

Write the partial class statement

Write form constructor method

Write form load method

{

Write the connection string of data context
Write the creation object of data context
}

Write First query button click method
Write Next query button click method
Write Previous query button click method
Write Last query button click method
Write Search query button click method
Write Insert query button click method
Write Update query button click method
Write Delete query button click method
Write upgrade DataGridView method

Write end of class

end
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Algorithm 4 How to Create windows form (Form.Designer.cs) File

for each Table in DataTable do
Write the header of classes

Write the partial class statement
Write dispose method

Write InitializeComponent method

{ Write the created controls instances
Write the fixed controls instances

for each column in DataColumn do
| Write the created labels and textboxes instances

end
Write the fixed panel properties and add the buttons control on it
Write the auto scroll panel properties

for each column in DataColumn do
| Write the addition of created labels and textboxes on it

end
Write the fixed controls properties

for each column in DataColumn do
Write the distribution of created labels and textboxes to right and

left positions

end
}
Write the declaration of fixed controls

for each column in DataColumn do
| Write the declaration of created labels and textboxes

end

Write end of class

end
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The fifth t4 template is the Main template. The main template file is used
to create the first screen. The main screen is used to open the created forms
and test its work. Figure 7?7 below shows the main form. The main form has
one auto scroll panel and one exit button. The panel is used to create the
buttons to open the created forms in the previous step. Exit button is used
to close down the application. To generate this screen, we follow the same

techniques in the previous step.

= MeinForm E= e =~
Main Form
Employee Departement
Multi_dept_locati Dependent
Project Work_on
Exit

Figure 6.3: Template of created windows form application - Main Form

Finally, the six t4 template is the workflow template. In this template,
we read the XPDL file using LINQ to XML mechanism. Parsing or querying
the XPDL is a complicated process. It has a rich set of elements and child
elements. To achieve the study goals regarding the workflow mapping, we
use ordinary XML parsing method, but the LINQ to XML provides a more
powerful technique. It helps to parse the XML using query based concepts.
In the Implemented development of the workflow, we focus on the simple
XPDL classes. Then we extract all basics XPDL elements and store them

in lists, in order to complete the work in the future. And we concentrate on
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the mapping point between Chen-ER and BPMN.
There are several elements and attributes that must be taken into accounts

when extracting XPDL element. Table 6.1 display these elements and at-

tributes.

Table 6.1: XPDL Element and their attributes.
Number | Element Related element or attribute
1 Actual Parameters | Id, Target ID, Source ID

Id, ArtifactsType,
2 Artifacts
Text Annotations
3 Associations Id, Target, Source,direction
4 Data Associations | Id, From, To, Actual Reference Id
5 Data Fields Id, Name, Is Array, Data Type
6 Data Objects Id, Name, Data field Id
7 Data Stores Id, Name, is unlimited
Data store
8 Id, data store reference Id
References
Id, Data Type, initial Value,
9 Formal Parameters | Mode, Is Required,Is Array,
read only, Name.
Id, Name,Expression,
10 Gateways
Gateway type, Exclusive type
11 Task Activities Id, Name, description
Id, Name,From, To,
12 Transitions
condition type, condition string

We create classes for each element mentioned in the table 6.1. Then, we
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extract all element from XDPL file and store them in lists of these classes.
We consider some of the constraints in this work and they worth mentioning

here before illustrate the algorithm being used:

m The XPDL file have only one workflow process.

m The XPDL file havent multiple pools.

m Consider the simple class for extracting XPDL element.

m Neglect graphical based element.

m Neglect package, package header, Participants, pagesetc.

m Focused on the element mentioned in table 6.1. Especially the elements

used to make a connection between ER and BPMN.

m Because we are dealing with the database based application, we con-

sider all created activity based of 7 AsyncCodeActivity”

m The XPDL file have one start event and one end event.

Extract XPDL element: every element in the XPDL file have nearly the
same algorithm to extract their child elements and attributes. Algorithm-5

used for extracting the element.
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Algorithm 5 How to extract xpdl element
Load XPDL file using XDocumnet

Var EleVar = from element in doc.Descendants(XPDL Name Elemnt)
select element

for each element in EleVar do
Declare instance object from element classes i.e. DataObject obj

Extract element attributes
Assign object instance field to the value of element attribute

Add object instance to element list

end

In this work, we have created an activity for each task in the process. We
take into account the data input, output, and store. Data input is mapped
into In Argument in the activity connected with. Data Output is mapped to
Out Argument in the activity connected with. Data store should have the
same name of the created LINQ to SQL classes from ER developed based. If
the data store is input to the task, it is mapped to In Argument of the class
name such as InArgument <EMPLOYEE >.

When we work with the XDPL file, we find that we have multiple tags to de-
scribe the data. WfMC provides a meta-model [84] to describe the relations
between them. But the meta-model has two problems, the first one, it is too
general to work on this projects. And the second problem that the model
does not have connection between these data elements. Figure 6.4 explains
the relations between these data elements. We can show that the data object
is used to refer to the data field and the data store reference is used to refer
to the data store. To simplify this relation, we add data object reference Id

to the data field element. And we add data store reference Id to the data
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store element. So, we have only four data elements to work with.

The relation between the actual parameter and the data field as well as the

relation between the actual parameter and the data store depends on the

relation between the actual parameter and the formal parameter. The de-

pendency is depending on the formal parameter mode, If the mode is "Out”,

the target Id of the actual parameter is the formal parameter Id, and the

source Id of the actual parameter is the data field Id or data store Id. If the

mode is "In”, the source Id of the actual parameter is the formal parameter

Id, and the target Id of the actual parameter is the data field Id or data store

1d.
W
Data Fields Data Store Data Object
Name sl ...!'.'.‘f'.’.T?.'.E ............................................
Is Array < _IsUnlimited child:
| T .
<DataType> -Id
<BasicType> <fDataType>
</DataType>
Data Store Reference
Formal Parameter Actual Paramter -
Tod
Id Id Data Store Ref.
— R e
- Array — =
Mode <Source>
Required -id
_ReadOny =~~~ </Source>
|

Figure 6.4: Relations between data elements

Algorithm-6 shows how to create the activity and make a connection

statement inside each activity.
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6.1.1.4 Create Mapping between BPMN and ER

Algorithm 6 Create activity and mapping step between BPMN and ER

for each activity in XDPL file do

if the activity has implementation tag then
Create custom activity that inherit AsyncCodeActivity

The name of the custom activity —the name of task activity
Write header text

for each datafield of Data field in activity do

for each ap of Actual parameter in activity do

for each fp of Formal parameter in activity do

if datafield. ID = ap.sourcelD then
Write ”public ”+UppercaseFirst(fp.mode.tolower()) +

” Argument<string >" + datafield.Name +” {get; set;}

”
end

if datafield.ID = ap.targetID then
Write ”public ”+UppercaseFirst(fp.mode.tolower()) +

” Argument<string>" + datafield.Name +” {get; set;}

7

end

end

end

end

Write reminder text

end

end
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7.1. WINDOWS DESKTOP APPLICATION GUIDELINES

This chapter introduces the evaluation of our work. The evaluation deals
with the generated forms and screens that appear after making an automated
generation of business application. The business application is based on GUI.
A good user interface can gain by following guidelines from experts. We
build the business application as a Windows desktop application. In the
next section, we shed light on the windows desktop application guidelines.

Then we discussed what the guideline that we followed in this study.

7.1 Windows Desktop Application Guidelines

The guidelines [36, 53, 54] include: controls, commands, text, messages, in-
teraction, windows, and visuals guidelines. I) Controls are Ul elements that
users interact with applications main window area. II) Commands are the
actions of the users that he takes while using the app. III) Text is any text
that the user can see in the application. IV) Messages are any kind of mes-
sages user need when he uses the app. V) Interaction in the variety of ways
users interacts with the app, including touch, keyboard, mouse, and so on.
VI) Windows are the main UI surfaces of the desktop app, including the
main windows itself and pop-ups, dialogs, and wizards. VII) Visuals contain
the visual elements, these guidelines help to make decisions about layout,
fonts, color, icons, and so on in the app. And the Windows environment is
the onscreen work area provided by Windows. Next subsections will discuss

these guidelines in details.

7.1.1 Controls

It contains these UI components:
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10.

11.

12.

13.

. Balloons inform users of a usual problem or a special condition in a

control.

Checkboxes allow users to make a decision between two or more dif-

ferent choices.

Command buttons allow users to perform an action.

. Command links allow users to make choice among a set of related

choices.

Drop down lists and combo boxes allow users to make choice

among a list of mutually exclusive values.

Group boxes allow users to see relationships among a set of related

controls.

. Links allow users to navigate to another page or window.

. List boxes allow users to select from a set of values in a list.

. List views allow users to view and interact with a collection of data

objects, using either single selection or multiple selections.

Notifications inform users of events that are unrelated to the current

user activity.

Progress bars allow users to see the progress of a length operation.

Radio buttons allow users to make a choice among a set of mutually

exclusive, related choices.

Sliders allow users to choose from a continuous range of values.
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14.

15.

16.

17.

18.

Spin controls allow users to change incrementally the value within

its associated numeric text box.

Status bars display information about the state of the current window,

background tasks, or other contextual information.

Tabs present users with related information on separately labeled pages.

Text boxes allow users to display, enter, or edit a text or numeric

value.

Tooltips label is an unlabeled control.

7.1.2 Commands

We can add a command to any of previous controls. In addition, we can add

a command to app menus, ribbons, and toolbars.

1.

Menus are hierarchical lists of commands or options available to users
in the current window. Menus may be fixed above form or hidden
appear when mouse click or hover. Menus are displayed on a menu

bar.

. Ribbons are the modern way to help users use commands efficiently

and directly with a minimum number of clicks. A ribbon is a command
bar that organizes a program’s features into a series of tabs at the top

of a window.

Toolbars are ways that help the group commands for efficient access.

We can use the toolbar in addition or in place of the menu bar.
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7.1.3 Text

It includes:
1. User interface text appears on Ul screen. This text includes:

1.1. Control labels describe controls and are placed directly on or

next to the controls.

1.2. Static text provides users with detailed instructions or explana-

tions so they can make informed decisions

2. Style and Tone are intended to create a response or emotion from

the reader.

7.1.4 Messages

It has four types of messages:
1. Error messages alert users of a problem that has already occurred.

2. Warning messages alert the user of a condition that might cause a

problem in the future.
3. Confirmations messages ask if the user wants to perform an action.

4. Notification messages inform users of events that are unrelated to

the current activity.

7.1.5 Interaction

The user interacts with the app using one of the following ways:

1. Touch
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2. Keyboard
3. Mouse and pointer

4. Pen

7.1.6 Windows

These guidelines about which surface to use.

1. Windows management: this guideline covers default position of
windows when initially appeared on the screen, their order relative to

other windows and their initial size.

2. Window Frames: in frames, the users can manipulate a window and
view the title and icon to identify its contents. There are many types

of frames: glass, hidden and custom.

3. A dialog box: is an extra window that allows users to perform a
command, asks users a question, or provides users with information or

progress feedback.

7.1.7 Visuals

These guidelines discuss layout (size, space, and placement of content within

windows), fonts, color, icons, and so on in the app.

7.2 Discusions

The following tables present which guidelines used in this study. It has three

columns: I) Design Guidelines for Windows desktop application II) Yes/No
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Table 7.1: Control Design Guidelines

Design Guideline | Yes/No | Notes
Balloons No
Checkboxes No
In each form, we have eight command buttons
Command buttons Yes (First, Next, Previous, Last, Search, Insert,
Update, and Delete).
Command links No
Drop down lists Yos We used it when the attribute of the entity
and combo boxes in ER is a foreign key.
We used two group boxes. The first group box
Group boxes Yos used to gather each label and textbox for each
attribute. The second group box used to group
the eight commands buttons.
Links No
List boxes No
List views No
Notifications No
Progress bars No
Radio buttons No
We used it if the labels and textbox of the
Sliders Yes first group box needs space more than
specified
Spin Controls No
Status bars No
Tabs No
We used it to represent each attribute
Text boxes es for specified entirt)y in ER.
Tooltips No

column refers if this guideline used in our study or not used. II) Notes column

to remark some point in design Ul for our study.
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Table 7.2: Commands Design Guidelines

Design Guideline | Yes/No | Notes

Menus No
Ribbons No
We put the eight commands button
(First, Next, Previous, Last, Search,
Toolbars Yes Insert, Update, and Delete) as a toolbar

because it is more efficient than menu

bars because they are direct access.

Table 7.3: Text Design Guidelines

Design Guideline | Yes/No | Notes

UI Text: Control v We used it before each text box
es

labels to indicate the using of text box.

We used it on the top of each
UI Text: static text Yes

form to indicate the entity form.

Style and Tone No

106




7.2. DISCUSIONS

Table 7.4: Message Design Guidelines

Design Guideline | Yes/No | Notes
Error No
Warning No
We used it when an insert, delete
Confirmation Yes a row from the database to confirm
the process.
We used it to notify the user that
Notification Yes
he reaches the last or first record.

Table 7.5: Interaction Design Guidelines

Design Guideline | Yes/No | Notes
Touch No
Keyboard Yes
Mouse and Pointer Yes
Pen No

Table 7.6: Windows Design Guidelines

Design Guideline Yes/No | Notes
We used the default position
Windows management Yes
and size of the form.
We used glass frames with
Windows frames Yes minimize, maximize and close
buttons.
Dialog box No

Another important guideline can found in [67]. It discusses the basic
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principles of the intuitive user interface. The really efficient looking UI based

on these four factors:

m Spacing and Positioning: spacing between two controls is impor-
tant. Figure 7.1 shows two textboxes that are too close but the list
under them is too far away. Also, there is a lot of unused area on the
form. A suggested solution to this form can see in figure 7.2, it was
modified to align a label with the text baseline of the textbox or other
control next to it. Other change can be made on figure 7.1 through

appointing the textboxes and labels on proper position.

My Wizard - User Information _ ‘ =]
Please enter your personal inf tion for registrati
This will enable us to inform you of product updates., special offers, and more 9
Name:
E-Mail:

Figure 7.1: Poorly designed form
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My Wizard - User Information S ole
Please enter your personal information for registration. ’
This will enable us to inform you of product updates. special offers, and more 9

Name:
E-Mad
lama
| Architect
|| Developer
] Designer

Figure 7.2: Properly designed form

m Size: When we drag a button from the toolbox to the form, it has the
perfect height and width. In figure 7.2, we can see three buttons with

the text of it indicates the proper size.
| GoodSize | | Acceptable Size | | Find another job!

Figure 7.3: Button size comparison

s Grouping: any application has many controls. By using intuitive
groups, we can make all these controls easier to use. Categorized group-
ing is done best by Tab controls. But controls that contribute to the

same end result are best done by Group controls such as Panel controls.

m Intuitiveness: it is the significant attitude of a great user experience.
The user knows what the controls do. Some important topics in in-
tuitive design are color-coding, the text of controls in the application,

and the placement of the OK/Cancel buttons.
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Finally, we will explain some important point that deals with the visual
guidelines (size, space, font and so on). Figure 7.4 exhibits one of the out-

putted forms.

1. Each form is a glass window frame which can minimize, maximize and

close the form.

2. Each form has a bold, 14 font size label that indicates the name of the

entity. The position of the label is (400, 10).

3. Under the previous label, we have the first panel, it has labels and text
boxes for each attribute for the specified entity. The properties of this
panels:

m Auto scrolled

m Color: blanched almond
m Location: 28, 37

m Size: 800,200

4. Each label and text box distributed left and right. The common labels
and text boxes properties are:

s Label size: 35,13
m Label text: name of the attribute in ER.

m Location of the first label in the left: 20,20 then increase 40 points

for the y-axis.

Location of the first label in the right: 400,20 then increase 40

points for the y-axis.

m Text size: 190,20
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m Location of the first text box in the left: 120,20 then increase 40

points for the y-axis.

m Location of the first text box in the right: 500,20 then increase 40

points for the y-axis.
5. Then, each form has a second panel with the following properties:

m Color: Navajo white
m Location: 28, 247

m Size: 800, 40

6. The command buttons in panel two have a text property that indicates
the action of the button. With taking into account the size and the

position of each command.
7. Data grid view size and position is relative to the panels as follows:

m Size: 817, 150

m Location: 28, 297
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Figure 7.4: Employee Windows Form.
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8.1 Conclusions

This study shows the limitations of BPMN in describing the data. The data
in BPMN is considered as artifacts. So, the study is set out to find the
possibility to improve the BPMN to handle the data without increasing the
complexity of BPMN. The study has also sought to show if we can benefit
from ER models to represent the data in BPMN. Furthermore, this study
suggests an improvement in building a business application from Chen-ER
and BPMN models.

This work is proposed a framework that maps models to the codes. The
raised mapping in the study as follows: mapping from ER to SQL file, Map-
ping from ER to "LINQ to SQL” classes files, mapping from ER to windows
form, and mapping from BPMN to WF. Furthermore, we suggests a combi-
nation method of ER and BPMN.

In this study, firstly, we have studied the properties of the business appli-
cation. Then, we have proposed the theoretical framework that maps from
ER to SQL statements, classes, and GUI components. Also, the theoret-
ical framework mapped BPMN to Windows workflow pattern. Finally, in
a theoretical framework, a combination between Chen-ER and BPMN was
proposed. The combination process is based on the BPMN 2.0 advance no-
tations (Data Input, Data Output, and Data Store).

After that, we have developed some of these mapping methods such as map-
ping from ER to SQL file, Mapping from ER to "LINQ to SQL” classes files,
mapping from ER to windows form, and create an activity for each atomic
task in XPDL. In addition, we developed the combination method between
ER and BPMN. The results of our experiments are a framework to build

business application automatically.
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Business application emulates real business entity represented in ER mod-
els. Each entity is represented in Windows form. Each form has labels and
textboxes, buttons, and data grid view. We can browse the data in database
using (First record, Next record, Previous record, and Last record) buttons.
Furthermore, we can make a search, insert, update, and delete query using
LINQ programming style. We established a route to automate a complete
BPMN in the windows form by mapping BPMN to windows workflow. This
can increase such enhancement by developing a connection between BPMN

and Chen-ER.

Consequently, we state the following conclusions, once we use the frame-
work of the automated generation of business application: i. We can help
developers to save both their efforts and time. ii. Developers can enhance
their business application rather than restricting themselves to customer’s
delivery iii. It encourages the enterprise to pass through the requirements

analysis and design steps.

8.2 Future Works

Here are some of the important points for researchers to consider in the
future. First, the complete class of the BPMN can be mapped to Windows
workflow pattern. Secondly, the data flow diagram (DFD) can be searched
to find the flow of the data through the business application. Thirdly, the

researchers can use a UML class diagram instead of ER models.
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