
Helsinki University of Technology

Department of Electrical and Communications Engineering

Sami Rantala

���������	
�	��
�	���
����
	������	�������


Thesis submitted in partial fulfillment of the requirements for the degree of Master of

Science in Engineering

Espoo, April 12, 2001

Supervisor: Marko Nieminen, Professor of User interfaces and usability

Instructor: Gerry Callaghan, B. Sc.



�
������	����
�����	
�	�
���
�
�� ��������	
�	��
	����
���	��
���

Author: Sami Rantala

Name of the Thesis: Usability of user interface markup language

Date: April 12, 2001 Number of Pages: 88

Department of Electrical and Communications Engineering
Professorship: Tik-86 User interfaces and usability
Supervisor: Marko Nieminen, Professor of User interfaces and usability
Instructor: Gerry Callaghan, B.Sc.
User Interface Markup Language (UIML) is an appliance-independent language for
creating user interfaces. This study concentrates on how well user interfaces can be
created with UIML, both from developers’ and end-users’ perspective. However the
emphasis is on the developers’ perspective.

First the existing knowledge is reviewed both on UIML and research methods. After
this two sets of user interfaces are built for testing. The first set is built with platform-
dependent languages, e.g. Java and Wireless Markup Language (WML), and the
second with UIML. A set consists of a PC application and a WML application. The
evaluation criteria and methods are defined before testing.

The user interfaces created during this thesis are identical within the limits given by
the pre-release version of the renderer, which is the program that renders the UIML
user interfaces. These limits bring out the biggest problem with UIML. It is totally
dependent on the implementation of the renderer.

Depending on the target platform, the amount of UIML code needed to achieve the
same outcome as with the platform-dependent languages ranges from only slightly
more to double of the comparable platform dependent language. Mapping one UIML
document to multiple platforms proved to be a difficult task as the platforms’ user
interface toolkits, e.g. Java and WML, were structurally very different.

Despite the limitations of UIML, it is a moderately good language for user interface
creation. If good tools are made available and the renderers are up to the job, then
UIML may be a good solution for multiple-platform user interfaces.
Keywords: User Interface Markup Language (UIML), user interface (UI), XML,
usability, appliance-independent.
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User Interface Markup Language (UIML) on alustariippumaton käyttöliittymien
luomiseen tarkoitettu kieli. Tämä diplomityö keskittyy siihen, miten hyvin
käyttöliittymiä voidaan luoda UIML:llä loppukäyttäjän ja suunnittelijan
perspektiivistä. Pääpaino on kuitenkin suunnittelijoiden puolella.

Ensimmäiseksi käydään läpi oleellista taustatietoa. Seuraavaksi luodaan kaksi paria
testikäyttöliittymiä. Ensimmäinen pari on luotu Javalla ja WML:llä (Wireless Markup
Language). Toinen pari on luotu UIML:llä. Molemmat parit sisältävät PC-
käyttöliittymän ja WAP-käyttöliittymän (Wireless Application Protocol). Käyttö-
liittymien arvosteluperusteet on määritelty ennen testauksen aloittamista.

Luodut käyttöliittymät ovat identtisiä, kun ottaa huomioon UIML-tulkin
keskeneräisyyden. UIML-tulkki (eng. renderer) on ohjelma, joka luo käyttöliittymän
UIML-dokumentin perusteella. Tämä tuo esille UIML:n suurimman ongelman.
UIML on täysin riippuvainen UIML-tulkin laadusta.

Riippuen alustasta UIML:n vaatima koodimäärä verrattuna vastaavaan
alustariippuvaisella kielellä tehtyyn käyttöliittymään vaihtelee paljonkin. Javan
ollessa kyseessä suhde on 124% ja WML:n 230%, molemmissa tapauksissa
alustariippuvaisten kielten eduksi. Suuri rakenteellinen ero Javan ja WML:n välillä
esti käyttämästä samaa UIML-dokumenttia molempiin käyttöliittymiin.

Rajoituksistaan huolimatta UIML on melko hyvä kieli käyttöliittymien luomiseen.
Jos UIML saa kunnon työkalutuen, mukaanlukien tulkit, siitä voi muodostua hyvä
ratkaisu, kun tarvitaan saman ohjelman käyttöliittymiä monelle eri alustalle.
Avainsanat: User Interface Markup Language (UIML), käyttöliittymä, XML,
käytettävyys, alustariippumattomuus.
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Nowadays people want to be able to access IT services, wherever they are. This

means that the same services must be available on many different appliances, such as

desktop PC, small PDAs, WAP phones and voice phones.

It is time consuming to create user interfaces for each of these appliances

independently. Ideally an interface should be specified without any device-dependent

information and mapped to different devices as necessary. This is where user

interface markup language steps in. UIML is an appliance-independent language for

describing user interfaces.

���� �����	
��


Abrams (1999) defines three reasons for developing the UIML:

•  Historical motivation or raising the abstraction.

•  Managing the family of interfaces.

•  Avoiding market risks when developing applications for new appliances.

These reasons are inspected in more detail in the following paragraphs.

In the early stages of computers, programs were written in binary machine code.

Time passed and higher-level languages became available. Higher-level languages

are more abstract than lower-level ones and allow less skilled people to program.

This same trend can be seen in user interface creation. In the beginning there were no

readily available user interface components and everything had to be made from

scratch. As time passed, toolkits for user interfaces emerged. These toolkits were

collections of readymade user interface components that anyone could use.

Nowadays one can build the user interfaces using toolkits and graphical drag & drop

tools. User interface designers come from many different backgrounds, from human

factor specialists to cognitive psychologists, from graphic designers to programmers.

It is necessary to have a simple and flexible process for creating user interfaces.

Raised abstraction may allow non-programmers to create user interfaces.
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Consider a situation where the same application is run on PC, handheld PC and

cellular WAP phone. All of the appliances need their own user interfaces. All of

these user interfaces have common parts, since they are just different views of the

same application.  Using appliance-independent user interface language would mean

that there is no need to write the common code for appliances multiple times.

Maintaining consistency across appliances is easy, since they all use the same data to

create the user interfaces.

Appliance-dependent style sheets are used to map the user interfaces into the current

appliances. All applications have appliance-independent code. The situation is even

better when multiple applications are running on multiple appliances. As can be seen

in Figure 1 and Figure 2, the amount of code needed to maintain 3 applications on

three appliances is reduced dramatically by using appliance-independent user

interface language. When using appliance-dependent language all applications need

separate user interfaces for all devices. On the other hand, when using appliance-

independent language, applications need one user interface description per

application and one style sheet per device. Style sheets contain the appliance-

dependent data. Style sheets are reusable for different applications.
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There are always risks in developing applications for new platforms. Using an

appliance-independent user interface language would allow the reuse of user

interface description and lower the risks when adopting new technologies.

���
 �����	����	
����

A reduction in the amount of user interface code needed for a single application

would reduce the workload of the developers. This would help the developers in

creating new user interfaces and maintaining the old user interfaces. But to be able to

find out if UIML really helps to reduce the amount of code, the following question

needs to be answered. Is it possible to create an application that runs on multiple

appliances with just one user interface definition and one style sheet per appliance?

If UIML is truly appliance-independent, then it probably reduces the amount of

source code needed for the user interfaces. But some things are harder to accomplish

than others. So it must be found out, if working with UIML is actually harder and

more time-consuming than with appliance-dependent methods.

There is still one important issue to be considered. UIML is a generic way of

describing user interfaces. User interfaces created with UIML may not be as good as

user interfaces created with appliance specific tools. It must be verified if this is the

case.
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1. To find out UIML’s limitations and problems in a multi-appliance environment.

2. To find out UIML’s limitations and problems in user interface creation.

3. To evaluate the usability potential of UIML from the developers’ perspective.

���� ��
���
���������
�

The scope of the study is limited to one test application on two appliances. Analysis

is based on expert opinions. Some usability testing is done, but most of the emphasis

is on expert opinions. This is due to the fact that the thesis focuses on inspecting a

user interface language and not user interfaces. There are no user interface building

tools based on UIML yet and this restricts the ability to create user interfaces for

testing.

The amount of appliances used in this study is limited to two. The appliances used

are a standard PC environment and a WAP cellular phone, which is simulated with a

program.

The most limiting factor of this study is that only one person can be used in the

actual work of creating the user interfaces.

�� � ��	����	��
������������

The first section is called Introduction and it goes through the problem domain and

defines the objectives for this thesis. The second section is called Review of Existing

Knowledge and it describes the problem domain and the research background

necessary for this thesis.

Third section, Construction of the Application, goes through the selection of the test

application domain, the creation of scenarios and the actual construction of the test

applications.
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Evaluation of the application, which is the fourth section, defines the evaluation

criteria and methods used during this study. The fifth section, Results of the Study,

states the results based on the evaluation methods defined in the previous section.

The sixth section is called Conclusion And Discussion and in this section the results

are inspected against the evaluation criteria. The validity and reliability of this thesis

are evaluated in this section. Also, any other observations concerning the study are

stated.

The seventh and the final section is called Summary and it gives an overview of the

results and the conclusions.



Review of Existing Knowledge

Rantala, Sami. Usability of user interface markup language. Department of Electrical and
Communications Engineering, Helsinki University of Technology. Espoo, Finland. 2001.

14

�
 ���
��
��
��
��
��
 ���	����

!��� "�������
��
�����������

Usability is not just one easily quantifiable property. Usability is traditionally defined

by five attributes (Nielsen 1993, 26).

•  Learnability: The system should be easy to learn. This allows new users to

quickly start productive work.

•  Efficiency: Once the system has been learned, it should be efficient to use to

allow high level of productivity.

•  Memorability: The system should be easy to remember. This allows the casual

user to return to the system without having to relearn the whole system.

•  Errors: The system should be built so that the error rate is low. When errors occur

it should be easy to recover from them.

•  Satisfaction: The system should be pleasant to use.

The attributes that concern this thesis are learnability, efficiency and errors.

Memorability and satisfaction do not fit into the scope of this study, as inspecting

memorability would take more time than is available. Measuring satisfaction needs

more than one test subject for the results to be valid and there is only one test subject

available. In this case the test subject is the same as the user interface programmer.

Similarly, it is not possible to study learnability of UIML with the normal usability

methods within the boundaries set for this thesis.

The view taken on usability in this thesis is a little different from traditional usability

engineering. This is due to the fact that this thesis is about inspecting a user interface

language instead of a user interface. Here are the three attributes which concern the

thesis, and slightly modified explanations that suit to the objectives of the thesis

better.

•  Learnability: UIML as a language should be easy to learn.



Review of Existing Knowledge

Rantala, Sami. Usability of user interface markup language. Department of Electrical and
Communications Engineering, Helsinki University of Technology. Espoo, Finland. 2001.

15

•  Efficiency: UIML as a language should allow designers to create user interfaces

efficiently and without limiting the designer’s options.

•  Errors: Creating user interfaces with UIML should not be more difficult than

appliance-dependent languages.

!�!� #$%��������������

This is a short introduction to the world of XML. The acronym XML stands for

eXtensible Markup Language. XML is a markup language that is used to define new

markup languages, in other words XML is a metalanguage.

World Wide Web Consortium is responsible for the development of XML and they

have published a recommendation (1999), which defines the language.

2.2.1 XML notation in brief

The XML document consists of a number of elements. In Figure 3 you can see an

example of an XML element. An element has a name and optional attributes. There

can be any number of attributes in an element. As Figure 3 shows, an attribute

consists of an attribute’s name and an attribute’s value.

,����
	2&	��	-�0	
�
�
��	<���	�	�����	���	��;	���	�
��
��
�;���	
�;	���&
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An element may have text or other elements placed between its start and end tags.

Usually the element identifies the nature of the content they surround. If the element

has no content, then a shorter notation, shown in Figure 4, can be used.

,����
	1&	��	
����	
�
�
��

2.2.2 Well formedness

Every XML document must be well formed. This means that the document must

follow all of the notational and structural rules of XML.  The most important of these

rules are:

"
	����
�
;	����&

Each and every element must be closed, that is, they must have an end tag. If the

element is empty it can use the shorthand shown in Figure 4.

"
	
�
��������	����&

An element that is inside another element must close before the containing element

closes. This XML document, for example,

5��	�
6
5
��+�

���657��	�
6
57
��+�

���6

is not well formed, because the <basketball> element, which opens inside <sport>

element, is not closed inside of the <sport> element. The correct way to do it would

be like this:

5��	�
6
5
��+�

���657
��+�

���6
57��	�
6

��������
	����
�	����	�
	
���
�
;	��	>�
�
�&

The correct way to assign values to the attributes is shown in Figure 3 and Figure 4.
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�����
��&

When these three characters are used in the text part of the XML, they must be

represented by special character entities, as shown in Table 1. Note that this does not

apply to the markup language itself.

����
	 &	0���	 
�	 �������
��	 �
	�
	 �
����
;	<�
�	��
;	 ��	 ��
	 �
:�	����	
�	-�0

;
���
��&

%������
� #
�������	�������
�	
�����

< &lt;

> &gt;

“ &quot;

2.2.3 Data type definition

Data Type Definition (DTD) is the grammar for a markup language. The designer of

the markup language defines the DTD for that particular language. The DTD

specifies the elements and which attributes the elements may have. It also specifies

which elements may or must be found inside other elements and in which order.

If the XML document is well formed and follows the rules set in the DTD, then the

document is valid XML.

2.2.4 Style sheets in XML

XML can be used with two different style sheets. The older one is cascading style

sheets or CSS and it can also be used with HTML. The newer one is called

extensible style sheet language or XSL and it can only be used with the XML.
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CSS (World Wide Web Consortium, 1998) can be used to specify formatting

semantics. For example, it could specify that the text contents of a certain element

should always be displayed in a red font.

XSL (World Wide Web Consortium, 2000) is a language for expressing style sheets.

It can be used to transform XML documents and to specify formatting semantics. In

addition to being capable of performing the same actions as CSS, XSL could, for

example, be used to transform a UIML document into an HTML document.

!��� &��	

����
���
�'&$%

This is a short introduction to a XML language called UIML. This section will go

through UIML’s structure and elements with the help of simple examples. Also, it

will show how user interfaces are created from UIML documents. A company named

Harmonia Inc. is responsible for the development of the UIML specification.

2.3.1 Basic structure

This is the basic structure for a UIML document:

5"���6
5����6

5��
�6�������57��
�6
57����6
5�����6��������57�����6
5
�����
�6�������57
�����
�6
5��
����!�6

5�
�"!
"��6
5���
6�������57���
6

57�
�"!
"��6
� 5�
���6�

5��	���
�6�������57��	���
�6
57�
���6
5!	�
��
6�

5!	��
��
6�������57!	��
��
6
5!	�
��
6

� 5
���4�	�6
5�"��6�������57�"��6

57
���4�	�6
57��
����!�6
57"���6
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2.3.2 UIML example

Here is an example of an UIML document. The first three lines define that this is an

UIML document. All XML documents have similar lines. The part that is inside

UIML tags is the actual UIML document.

58&���4����	�9:��(:���!	���*9:%�;1##�'1�:86
5<�;20=->�"����-$ �%2�:177$%077�0��$%�����(�����
77>?:
:2@A$%���A
��A$%���B(���
�:6
5"���6

5��
����!�6
5�
�"!
"�������9:3�4��C��*:6

5���
�����9:��&�����D����:�!����9:3D����:6
5���
�����9:
"

	�:�!����9:3 "

	�:657���
6

57���
6
57�
�"!
"��6
5�
��������9:3�4��C��*:6

5��	���
�����
1����9:�&�����D����:�����9:
�
��:6�>&������57��	���
�6
5��	���
�����
1����9:�&�����D����:�����9:��E�:6��((F�((�57��	���
�6
5��	���
�����
1����9:
"

	�:�����9:
�&
:6�-��������57��	���
�6

57�
���6
5
���4�	�6

5�"��6
5!	���
�	�6

5�4��
�!����9:�!
�	�-���	����:����
1����9:
"

	�:76
57!	���
�	�6
5�!
�	�6

5��	���
�����
1����9:�&�����D����:�����9:
�
��:6 "

	��C����������
57��	���
�6

57�!
�	�6
57�"��6

57
���4�	�6
57��
����!�6

57"���6

This UIML document produces the user interface shown in Figure 5 and Figure 6.

,����
	5&	��
�	���
����
	��
��
;	<���	�!�0
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,����
	7&	�!�0	��
�	���
����
	���
�	����
�	<��	��
��
;

2.3.3 UIML elements

This section presents the major UIML elements. Whenever possible the example in

the subsection 2.3.2 is used as a basis.

!��
����


An interface element is composed of four other elements. It is a container for these

elements. The elements are structure, style, content and behavior.

.�������


The structure element is a hierarchical presentation of the user interface parts. Each

part has an instance name and  a class. The instance name uniquely identifies the

part. The class identifies the part as being an element of a certain class. The user

interface implementers can freely choose the names and classes. Multiple structure

hierarchies can be used. It would look like this:

5�
�"!
"�������9:3�4��C��*:6
5���
�����9:��&�����D����:�!����9:3D����:6

5���
�����9:
"

	�:�!����9:3 "

	�:657���
6
57���
6

57�
�"!
"��6
5�
�"!
"�������9G��!	���
�"!
"��G6

������
57�
�"!
"��6

The structure’s name attribute can later be used to choose which structure hierarchy

is to be used. The JavaSwing structure defines that there is a JFrame component,

which has one JButton inside it. JFrame and JButton are Java Swing components.
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The style element specifies the presentation style for the interface parts. The

presentation is device-dependent and consequently each device needs its own style

elements.

Below is shown two different ways for the JavaSwing structure to render the

document. The difference is that if the BigJavaSwing style element is used, then the

size of the exampleFrame is doubled.

5�
��������9:3�4��C��*:6
5��	���
�����
1����9:�&�����D����:�����9:
�
��:6�>&������57��	���
�6
5��	���
�����
1����9:�&�����D����:�����9:��E�:6��((F�((�57��	���
�6
5��	���
�����
1����9:
"

	�:�����9:
�&
:6�-��������57��	���
�6

57�
���6
5�
��������9G �*3�4��C��*G6

5��	���
�����
1����9:�&�����D����:�����9:
�
��:6�>&������57��	���
�6
5��	���
�����
1����9:�&�����D����:�����9:��E�:6��((F�((�57��	���
�6
5��	���
�����
1����9:
"

	�:�����9:
�&
:6�-��������57��	���
�6

57�
���6

The part-name attribute sets the property’s value for the specified user interface part

and the part-class sets the value for all the interface parts of that class. If the property

is set for both the part and the class, then the value set for the part is used.

%
��
��

UIML defines the content of the interface parts in a separate content element. There

can be multiple content hierarchies. For example, each language might have its own

content hierarchy or there might be separate novice and expert content hierarchies.

The contents of the interface parts can also be set by the application logic.

The content element is simple to use as can be seen in the following example:

5!	�
��
�����9G��*����G6
��5!	��
��
�����9G
�
��G6�>&������57!	��
��
6
�������
��5!	��
��
������6�������57!	��
��
6
57!	�
��
6
5!	�
��
�����9G�������G6
��5!	��
��
�����9G
�
��G6�>�����++��57!	��
��
6
�������
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��5!	��
��
�������6�������57!	��
��
6
57!	�
��
6

There can be constant elements with the same name attributes within other content

hierarchies, as shown in the example above. Before the constant actually appears

anywhere in the user interface it has to be referred to. This is done by writing the

property element in a slightly different way, as shown in the example below.

This example sets the value directly:

5��	���
�����
1����9G�&�����G�����9G
�
��G6�>&������57��	���
�6

and this refers to the constant element:

5��	���
�����
1����9G�&�����G�����9G
�
��G6
��5�������!��!	��
��
1����G
�
��G76
57��	���
�6

D
����
�

The behavior of the user interface, i.e., what happens when the user interacts with the

user interface is specified in the behavior element. The behavior is defined by a set of

conditions and associated actions.

5
���4�	�6
5�"��6

5!	���
�	�6
5�4��
�!����9:�!
�	�-���	����:����
1����9:
"

	�:76

57!	���
�	�6
5�!
�	�6

5��	���
�����
1����9:�&�����D����:�����9:
�
��:6 "

	��C����������
57��	���
�6

57�!
�	�6
57�"��6

57
���4�	�6

The rule in the above example specifies that when the event actionPerformed

happens to the part named button, the action specified inside the action element takes

place. In this case the action is targeted at a part named exampleFrame. That is

specified by the attribute part-name. The attribute name specifies the

exampleFrame’s property which is to be set. The action means that the

exampleFrame’s title is set to “Button was pressed”.
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3

��

The peers element defines relations between items in UIML document and target

platforms. For example, a part button in UIML document could correspond to a Java

swing object called JButton.

�
�����


The template allows the reuse of UIML elements. Each template element can contain

only one child element, but that child element can contain any number of child

elements. The element that sources the template must have the same tag name as the

template’s only child has. There are three choices how to source the template

element: replace, append and cascade.

Replace simply replaces the element, which sources the template, and it’s child

nodes with the template. Append attaches the template to the end of the element that

sources the template. Cascade attaches the template nodes to the element, which

sources the template, only if there is no node with the same name. If there is a node

with the same name, cascade skips that node and tries the next one in the template.

�
�;

The head element contains metadata about the current UIML document. It is similar

to HTML head element.

2.3.4 Rendering the user interface

Rendering is specified as follows in the UIML Draft Specification (2000)

“Rendering is a process of converting a UIML document into a form that can be

displayed (e.g. through sight or sound) to an end user, and with which an end user

can interact.”

There are two ways to render a UIML document. The first one is called compiling

and the second one interpreting.

Compiling means that the UIML document is compiled into another language.

Examples of possible languages are Java, WML and HTML.
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Interpreting means that a program reads a UIML document and makes calls to an

appliance-dependent toolkit, which displays the user interface. For example, web

browsers do interpreting when presented with an HTML document.

In addition to the UIML document, a program called renderer is needed to run the

UIML user interface on a device. The renderer, as the name suggests, does the

rendering. When interpreting is used the renderer takes care of user interface events

and function calls that are made from the rendered user interface.

When using compiling, the end result is independent of the renderer. The compiled

document can be distributed and used without the renderer. On the other hand, when

using interpreting both the UIML document and the renderer are needed to run the

user interface. The advantage of interpreting is that in theory the user interface could

be changed and adjusted run-time. The weaknesses are the need for the renderer and

that the renderer introduces some overhead into user interface computations.

There are two ways of arranging remote access using UIML. In both cases the

interface server creates UIML instances dynamically using the user profile as input

and sends it to the renderer. The interface server is connected to the application’s

backbone.

The first case is shown in the Figure 7. A PC web browser requests a UIML instance

from the interface server and gives possible user profile to the interface server. The

user profile might include something like the user’s language or personal

preferences. In this case the renderer compiles the UIML document into a language

that the PC web browser understands, most likely HTML.

,����
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The second case is shown in Figure 8. This is basically the same case as above with

one exception. The renderer is on the interface server and it can, therefore, only be

used as a compiler. The interface server returns the compiled file, in this case in

WML, to the WAP cellular phone.

,����
	9&	#
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When running a UIML application on a local device without remote connections, the

interface server shown in Figure 7 and Figure 8 is not needed. Instead, the

application itself is responsible for passing the UIML document to the renderer.

!��� ($%

WML stands for Wireless Markup Language. It is used to display information on

WAP-capable cellular phones. WML is an XML-based language created and

maintained by the WAP Forum. The WAP WML specification (2000) defines this

language.

WML uses the metaphor of a deck of cards. A card shows as a single page on a WAP

browser. A deck is a collection of cards. It is also the smallest downloadable unit of

WML code.

!� � )������
��*���

Java is an object-oriented programming language developed by Sun Microsystems.

Swing is part of the Java foundation classes and it is used in creating graphical user

interfaces.
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UIML can be used with a very wide range of devices and it can easily be extended to

work with new devices.

2.6.1 Desktop and laptop computers

There is a wide variety of desktop computers available. They all have keyboards,

pointing devices (e.g. mouse) and comparatively large view screens. They can be

connected to network with broadband connections and can handle complex multiple

window graphical user interfaces.

Applications on desktop and laptop computers can be divided roughly into two

categories: traditional applications that run on the same computer, and browser-based

applications that run on a server.

2.6.2 Handheld computer

Handheld computers are small enough to fit into a large pocket. They commonly

have keyboards, styluses and touch screens. Screen resolution is limited to less than

half of those available with desktop computers.

Their screen size limits the complexity of their user interfaces. Applications usually

have only one window. Handheld computers can have Internet access with the help

of cellular phones or with a direct link to a desktop computer.

2.6.3 PDA

Personal digital assistants (PDA) are small enough to fit into a pocket. They

commonly have keypads, styluses and touch screens. Screen resolution is limited to

less than half of those available with desktop computers.
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Their screen size limits the complexity of their user interfaces. Applications usually

have only one window. PDAs can have Internet access with the help of cellular

phones or with direct links to a desktop computer.

2.6.4 WAP cellular phone

WAP cellular phones usually have small black and white screens. The size and

resolution of the screen varies greatly among different phones. Applications are on

computers in various locations and WAP phones connect to them through a radio

link.

2.6.5 Voice phone

The ordinary voice phone, where the user listens to messages and gives commands

with the keypad.

2.6.6 3rd generation products

These products are still on the drawing board. They will combine many of the

properties of handheld computers, PDAs and WAP phones. They will also have

broadband radio Internet accesses.

!�.� �����	��������	
��


2.7.1 Research methods

Two sets of user interfaces will be created to inspect UIML. The first one is created

with UIML and the second one with appliance-dependent languages as shown in

Figure 9. Both sets of user interfaces are for the same application. The aim is to make

the user interfaces identical.
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Java- and WML-based user interfaces are used as a basis for the evaluation of UIML.

By comparing the user interfaces, one can investigate how well user interfaces can be

created with UIML. By comparing the source files and the work done on them, one

can see how much effort UIML takes compared to appliance-dependent languages.

Usability potential of UIML from the developer’s viewpoint is examined with expert

evaluations.

2.7.2 Scenarios

Scenarios are stories of fictional characters using the system in fictional environment

(Preece J. et al 1994, 462). Characters and the environment are realistic

representations of real users and the environment. The stories try to capture the way

the system would be used when it is completed. Multiple scenarios will be needed to

reflect all the different situations that can occur.

Scenarios offer a concrete way for designers to evaluate the design in the early

phases of a design process. Since scenarios describe the actual ways of using the

system, they can easily be used as usability test tasks.
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2.7.3 Usability testing

Usability testing with real people provides direct information about how they use the

system. Usability tests consist of a test application, test subjects and test tasks. Test

subjects are given tasks to do on the test application. The experimenter monitors how

the test subject does these tasks.

Usability testing gives designers invaluable information on how the real users see the

user interface and what are the problems with it.

2.7.4 Thinking-aloud method

Nielsen (1993, 195) says “Thinking aloud method may be the single most valuable

usability engineering method.” Thinking-aloud method calls for the test subjects to

continuously think aloud while they are using the test application.

Experimenters get a direct “view” in to the test subjects thoughts and thus can see

which parts of the test application cause problems to them.

2.7.5 Pilot testing

Pilot testing is often used to verify that the usability test plan really functions as

intended. It usually finds at least some of the bugs in the test plan, which can be

fixed once they are found (Rubin 1994, 95). After the deficiencies are fixed the real

tests will run much smoother. Also user interface problems found during the pilot

tests can be fixed before the real testing begins. There are no reasons to test for

known problems.
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The test applications will have functional user interfaces and the minimum necessary

application logic so they can be tested. Applications are not meant to be realistic. So

they will not have all the features usually associated with real applications.

���� /�

������������������
�

The application selected for the project should be one that can and would be used on

different appliances. UIML is most likely to be used in an area where the need to use

several different appliances is great.

The application should have users who would use it on a PC and on mobile

appliances. Mobile appliances include handheld computers, PDA’s and WAP

cellular phones.

Banks offer services, which can be of great use to mobile users as well as home

users. Paying bills and checking account events from home or on the move can be

very useful. This fulfills our requirements for the test application.

��!� �����	�


Two slightly different scenario sets are to be used as the basis for building of the two

applications. Both have two scenarios. The first set is used with the PC application

and the second set is used with the WAP application.

Scenarios are also used as usability test tasks. They are used to make the test person

feel that he’s inside the problem and at the same time the scenario gives him goals

for the test.
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3.2.1 PC

Scenario 1:

You are at home and there is an electric bill to be paid. The bills due date is

tomorrow, so it has to be paid soon. You have a home computer and on it you have

remote banking application and Internet connection. You decide to use them to pay

your bill.

Scenario 2:

When you are putting the bill in the binder, you notice that the sum is much larger

than in the previous electric bills. You call the electric company and they admit that

there has been a computer error and they’ll send a new fixed bill to you. Now you

need to cancel the bill before the money leaves your account.

3.2.2 WAP

Scenario 1:

You are leaving for a holiday trip with your family. On your way to the car you

check the mailbox, not the electronic one, one last time. You find a phone bill and

take it with you. In the evening, after long drive, you take out your WAP capable

cellular phone and use it to pay the bill.

Scenario 2:

After giving the payment order via your WAP phone, you place the bill in the

envelope for safekeeping until you get back to your house. While doing this you

notice that the bill is not actually addressed for you but your neighbor. Postman must

have made a mistake. You decide to cancel your payment and give the bill to your

neighbor when you get back.
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3.3.1 Java application

The banking application has a main window that can be divided into two parts: user

information and tab panel. User information part as shown in Figure 10 shows user’s

name, account number and account balance. There is also a button labeled “New

bill” in user information part. This button opens a dialog for a new bill.
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The tab panel has two tabs. The first one shows the list of unpaid bills and it can be

seen in the Figure 10. The list shows following information about the bills: Due date,

Payee and amount. Bills can be chosen from the list and the chosen bill can be either

deleted or copied as a new bill. These actions are launched from the two buttons at

the bottom of the Figure 10.

The second tab is named “Settings” and it can be seen in Figure 11. In settings tab,

there is only two radio buttons, which control the language used in the application.

Possible choices are English and Finnish.
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There is a pull-down menu on the top of the application window and the pull-down

menu is shown in Figure 12.
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When user wants to enter a new bill, he or she either presses the button labeled “New

Bill” or chooses the “New Bill” action from the pull-down menu. This opens a new

window, which is unsurprisingly called “New Bill”. This window can be seen in

Figure 13.
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If user presses “Copy as a New Bill” button, when a bill is highlighted on the list, a

new window, which is shown in Figure 14, opens. The only differences from Figure

13 are, that the window title is different and that the input fields are filled.
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The new bill dialogs have input fields for following information:

•  Payee name

•  Payee account

•  Note

•  Due date, separate fields for days, months and year
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•  Amount

The window has also two buttons, which are labeled OK and Cancel. As one can

expect OK accepts the new bill and Cancel rejects it. Both buttons close the new bill

window.

3.3.2 WML application

The WML application differs somewhat from the Java application. The main page or

card shown in Figure 15 has three links:

•  User information

•  Unpaid bills

•  New bill
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User information card shown in Figure 16 shows user’s name, account and balance.

Account can be selected, but it doesn’t affect anything.
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The list of unpaid bills is shown in Figure 17. The bill’s information name contains a

link to more specific information about the bill. The term list is a bit misleading for

this card, since it only supports one bill. The reason for this is that if this were a real

application, the WAP server would be responsible for creating the WML cards

dynamically. Since the application backbone is not implemented, this approximation

is adequate.
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Card unpaid bill shown in Figure 18 contains all the information about the chosen

bill.
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New bill card shown in Figure 19 is used to enter new bill information. The card has

input fields for following information:

•  Payee name

•  Payee account
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•  Note

•  Due date

•  Amount
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3.3.3 UIML applications

UIML applications should look identical to those introduced in 3.3.1 and 3.3.2.
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For unambiguous results clearly stated success criteria is needed. Success criteria and

methods for their verification are listed in the Table 2 below.

����
	(	.���
��	����
���	��;	�
��
;�	
�	�
��������
�&

!� %���
��� !��
�����
 �
��
;	
�	�
��������
�

1 User interface components of the

UIML user interface must be

positioned according to the designer’s

plan

Mandatory Compare the Java and the WML

application to the UIML user interface.

They should be very close to identical.

2 The usability of the UIML user

interface should be as good as the

usability of user interface created

with appliance-dependent language. a

Desirable Usability tests and interviews.

3 The UIML should not be

significantly harder to use than

appliance-dependent languages

Desirable Expert opinion based on comparing the

code needed for the user interfaces.

“Not significantly harder” means

approximately same amount of work

a Usability is a wide area and it is not fully covered by this thesis.

UIML and WML are both XML languages. Any XML language can be mapped into

other XML language as long as they have all the relevant information. It may be

possible that the WML code rendered from the UIML document is identical to the

original WML code. In this case there is no need to run any tests on them.

Comparing two identical user interfaces, which also have identical source code, is a

waste of time.
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The user interfaces are compared by placing them side by side and examining them

visually. All deviations are noted and their importance is evaluated. Any major

deviancies, which can not be fixed, mean that the UIML won’t pass the criteria 1

shown in Table 2.
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4.3.1  Usability tests

The usability tests are used to evaluate the usability of the user interfaces. The goal is

to compare the UIML user interfaces to the Java and WML based user interfaces.

The input is not used to improve the user interfaces, but to evaluate the differences

between the languages used in creating them.

The test subjects are chosen from the personnel of Ericsson Systems Expertise Ltd.

in Athlone, Ireland. This is also the place where the tests are done. As tests are used

in examining the UIML language and not the application itself, there is no need to

get a good representation of the normal banking application users. Four test subjects

are chosen from the experienced usability people.

The usability tests use the scenarios described in the subsection 3.2. All test subjects

go through all the scenarios. Test subjects are not told which user interface they are

using at the time of testing. Half of the test subjects go through the user interfaces in

opposite order. This should prevent the learning effect from biasing the tests. After

the usability tests, the test subjects are debriefed to find out their personal

preferences and observations concerning the user interfaces. After the debriefing

they are told which user interface was done with which user interface language. This

is done to avoid any prejudices affecting the tests and debriefing.

The experimenter and the user interface designer are the same person. This creates

some objectivity problems (Nielsen 1993, 180), which is unavoidable. No recording

devices are used during the testing.

The usability tests are run on a following setup.
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•  Desktop PC

•  Windows NT 4.0 operating system

•  500 MHz Intel Pentium 3 processor

•  128 Mb of main memory

•  Java 2 SDK, Standard Edition Version 1.3.0

•  Nokia WAP Toolkit 2.0

•  Universal IT UIML Java renderer version 0.5d

•  Universal IT  UIML WML renderer version 0.3b

Nokia’s WAP toolkit is used to simulate a WAP phone on the PC.

Criteria 2 can be separated into two parts: functional usability and subjective

usability. Functional usability is concerned with the correct use of a user interface

and deviations from that. Subjective usability is concerned with the opinions of the

test subjects and is consequently more concerned with the comfort of use of user

interfaces.

UIML fails the functional part of the criteria 2 if the usability tests find that the

UIML user interfaces do not function as specified. If there is failure and it can be

fixed, then obviously the fault is in implementation and not with the UIML. The

success of the subjective part is decided by the questionnaire administered in the

debriefing phase.

Pilot testing will be used to test the whole usability test process from start to finish.

That means that the pilot test subject will go through both the usability tests and

debriefing. Only one pilot test subject is used. The pilot test subject is chosen from

the same pool as the test subjects. The thinking - aloud method (Nielsen 1993, 195-

198) is used during pilot testing. This helps to find out problems in the scenarios and

applications that would cause unnecessary complications with the usability tests.
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4.3.2 Debriefing

Each test subject is debriefed immediately after his or her usability tests are finished.

This is to make sure that the tests are still fresh in the memory. Debriefing consists of

a questionnaire and an interview.

The questionnaire is administered before any other discussion about the system. This

helps avoid any biases caused by the comments of the experimenter (Nielsen 1993,

191). After the questionnaire is filled, there is an interview.

The questionnaire is used to compare the user interfaces created with UIML to those

created with Java and WML. Semantic differentials are used for this, since they are

scales on which the test subjects are asked to express the degree to which they favor

one of two choices (Rubin 1994, 203). This questionnaire uses five point scales as

shown in Table 3. Both ends of the scale read from 1-2 and 0 in the middle is a no-

preference choice. This prevents any bias associated with higher versus lower

numbers (Rubin 1994, 203).
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Application 1 2 1 0 1 2 Application 2

Questionnaire has five questions on PC and WAP applications, which results in ten

questions altogether. Both PC and WAP application parts have the same questions.

The questions are:

1. Which one looks better?

2. Which one responds faster?

3. Which one has faster screen updates?

4. Which one is easier to use?

5. I prefer?

PC and WAP applications are separate cases when considering the criteria 2. No

question should get mean value of more than 1 in favor of non-UIML user interfaces.
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Also, the mean value of all five of the questions should not exceed 0,75 in favor of

non-UIML user interfaces. If either one or both of these conditions fail, then UIML

fails the subjective part of criteria 2.

Test subjects are also asked for the reasons behind their answers in the questionnaire.

This may reveal consistent complaints about some aspects of either one of the user

interfaces and thus help out in finding weaknesses about them.

During the interview the test subjects are asked for any comments they might have

about the applications. The aim is to find what differences the test subjects noticed

and which they thought affected the usability of the application. Attention is also

given to the subjective seriousness of the usability problems.

After the debriefing is finished, the questionnaires and the experimenter’s notes will

be labeled with the test subject’s number. Also, a short test report shall be written if

necessary.
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The time spent on creating the user interfaces is not a good measuring unit to find out

which interface is harder to use for following reasons:

•  When creating the Java and WML interface all user interface components and

their variables were defined. These same variables are used with UIML. So, the

time needed with the UIML is not comparable, because there is less work to be

done with it.

•  UIML is a new language and therefore UIML programming skills are not as high

as with already existing languages. Consequently a lot of time is spent on

studying the UIML language and the studying is intermixed with user interface

coding. This means that it is very difficult to estimate the time needed to code the

user interfaces.

Because of these reasons some other measurement unit should be used to measure

how hard the UIML is to use. An expert opinion based on observing the following

points is used to evaluate the criteria 3:
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•  Amount of code needed for UIML based application versus Java and WML

applications.

•  Amount of appliance-independent code in UIML documents.

•  Amount of appliance-dependent code needed to support UIML.

•  How easily appliance-dependent code works with UIML.

•  How difficult it is to implement an UIML application versus Java and WML

applications. This includes an estimate of UIML learnability.

•  Complexity of UIML document versus Java and WML code.
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The pilot test showed that the way the application works is not as clear as it should

be. Subject thought that the bill is paid immediately after it is entered. In other

words, the idea that the bill is on the list of unpaid bills and is paid when the due date

arrives was not intuitive for the test subject. To avoid more problems of this type the

idea will be explained to the test subjects. This does not disqualify the results from

the usability tests, because it is the user interface language that is being tested, not

the application logic.

No other problems were found during the pilot test.

 �!� /	���	����

The WML renderer is not complete at the time of testing and the current version

supports only part of the WML tags and UIML properties. When the supported tags

were compiled, the resulting WML file is exactly the same as the target WML file

minus the unsupported tags. Based on this, an assumption can be made that the

unsupported tags would also be compiled correctly on later renderer versions. If the

renderer supported all WML tags, the UIML-WAP and WML-WAP user interfaces

would be identical. Therefore, usability testing and comparing the WAP user

interfaces is unnecessary.

Although the Java renderer is not complete at the time of testing, the UIML user

interface is identical with the Java user interface. Screenshots from the Java

application can be found in section 3.3.1 and screenshots from the UIML PC

application are in appendix 1.
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WAP applications were not tested for the reason given in the first paragraph of

section 5.2.

The usability test did not find any functional problems specific to the UIML

application. One functional problem was found outside of the tests. It concerns the

table and row-selection. To use the “Copy as a new” feature in the UIML application

one must select the wanted row twice, when using it the first time. After the first time

everything works correctly. Also, either deleting a bill or changing the user interface

language eliminates this problem. This problem is not evident in the Java application,

which uses this table in the same way as the UIML application. Most likely this

problem originates from the way the renderer handles Java events. This may change

with the future releases of the Java renderer.

Figure 20 shows the questionnaire answers and average values for each question.

Only one test subject favored one of the test applications over the other. The test

subject favored Java application slightly on questions 2, 3 and 5. The test subject

wrote in the questionnaire that it was likely that the preference was caused by

learning effect making the second test application faster to use. Otherwise the test

subjects noticed no differences between the test applications.
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The questionnaires found out all that was intended and the interviews did not reveal

anything new. This was because the user interfaces are identical from the users’

perspective.
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The amount of lines of code needed for the WAP user interfaces is shown in Figure

21. WML needs only 82 lines of code, where UIML needs 191, which does not even

contain all the functionality of the WML user interface. If all functionality were

included, it would increase the amount of lines to over 200. There are more than two

times as many lines in the UIML document as in the WML file.

UIML Java 2  1  0  1 2
���<
��
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Figure 22 shows the amount and the distribution of lines of code for the PC

applications. The application backbone is the same for both of the applications. As

can be seen, the UIML application has 186 lines of code more than the Java

application. It means that the UIML application is 24% larger than the Java

application.

32% of the UIML application’s actual user interface code is Java. This Java code

consists of necessary methods for the UIML document to work with the application

backbone and of code to use some user interface components and actions, which

were not supported by UIML. These mainly consist of methods used in creating and

updating border objects and the table.
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The following example gives a good idea of how complex it is to use UIML in WAP

user interface creation. It is an extreme case, but it demonstrates the complexity very

well. These examples are from the test applications and rest of the UIML documents

can be found in the appendix 2. First is the WML code:
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The picture of the user interface that this piece of code creates can be seen in Figure

19 on page 38. The parts from UIML document that produce exactly the same WML

code look like this:
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Total 969

Total 783
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This example does not include the definitions for the WML vocabulary, since the

renderer provides it. This complexity comes from the fact that when using UIML

each value and attribute needs to be set separately. In most parts the complexity of

this example comes from the input elements that are inside the text paragraph. UIML

provides no way to place an element inside an other element’s value. The solution is

to break the latter element into two pieces and insert the former element between

them.

Using Java Swing toolkit with UIML is more straightforward than using UIML to

create WML code, since both Java Swing and UIML separate the structure and the

content from each other. The Java code is in appendix 3. When comparing the Java

code and the UIML document used in creating a user interface, there are many
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similarities. Swing uses a hierarchical way in user interface element placement, same

as UIML. Swing uses methods to set element properties and content. UIML uses the

property and content elements. These similarities lead to that working with UIML

and Swing toolkit is similar to working with only Java Swing.

How well does the appliance-dependent code work with UIML? This is a renderer

specific question, but the renderer proves that UIML can and does work well with

Java. For example, the renderer does not support Java borders, but it was possible to

add borders with Java code to the UIML user interface. Also, it proved to be possible

to send and receive data between UIML user interface and Java program. A real

problem with UIML and Java cooperation was found when using the table element.

This problem is described in section 5.3 in greater detail. Accessing some Swing

properties and methods from UIML is a bit different from what one would expect

from Java coding experience. For example, when using Java some Swing properties

have to be set by using method calls, but when using UIML they are set using

attributes. Other small differences can be found between Java and UIML.

The amount of appliance-independent code in UIML could not be verified

experimentally, since at the time of the testing the current version of the renderer did

not support all of the necessary properties of UIML. Working with UIML brought to

light some pros and cons concerning the appliance-independent code. These are

discussed in the following paragraphs.

In section 1.1 it was claimed that only one common style sheet is needed per

appliance for all applications. This claim is not achieved, since almost every user

interface component needs it’s own settings in all applications. UIML has a concept

called a vocabulary, which is used to map UIML code into a specific toolkit. It can

be said that one appliance needs one style sheet, if the style sheet is the vocabulary

for the appliance. But they still need style elements for describing the user interface

elements. Creating a vocabulary is extra work that has to be done once for each

appliance.

When comparing UIML documents for the PC and the WAP phone it is clear that

they have structurally little in common, which may or may not be the result of poor

design. But when one compares the complexities of both of the UIML documents, it
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is clear that the PC document’s structure is much more complex. This large

difference in the complexities indicates that they would be structurally hard to match.

The contents of user interface elements are mostly appliance-independent. If the

UIML document is used in creating user interfaces on multiple appliances, then there

is some reduction in the amount of code needed. This is entirely dependent on the

application. More importantly, the user interfaces will have consistent user interface

element content across appliances, which is good news from the usability point of

view.
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6.1.1 Criteria 1

The test applications show clearly that the UIML user interfaces are visually equal to

the user interfaces created with Java and WML. Although we only compare user

interfaces created with UIML with user interfaces created with two other languages,

it is quite clear that user interfaces, regardless of the toolkit used, can be created with

the UIML as well as with platform specific languages. Consequently criteria 1 is

passed.

6.1.2 Criteria 2

The questionnaires show that the test subjects slightly favor the Java user interface,

but the probability of this being caused by the learning effect is quite high. Three of

the test subjects did not notice any differences between the applications and

answered with the no-preference choice to all of the questions. One of the four test

subjects favored the Java application on questions 2, 3 and 5. The test subject

suspected that it just felt faster because the user interface was familiar when one

performed the tasks on the second application. Questions 2 and 3 were about the

speed of the user interface and favoring the later test application supports the

learning effect theory. Question 5 asked which one of the user interfaces the test

subject preferred. Clearly, if the test subject perceives that one of the applications is

faster than the other, then he or she prefers the faster one and thus the answer to

question 5 does not contradict the learning effect theory.

Since the majority of the test subjects favored neither of the user interfaces and the

validity of the sole differing opinion is uncertain. It can be said that the UIML user

interface, at least in the users’ mind, is as good as the Java user interface. Usability

tests showed no functional problems with the user interfaces. When all this is taken
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into consideration it can be said that the usability of a user interface does not suffer

from using UIML. This means that criteria 2 is passed.

6.1.3 Criteria 3

There is little doubt in the fact that UIML needs more lines to accomplish the desired

outcome than appliance-dependent languages in general. This is clearly shown in

Figure 21 and Figure 22. The actual amount depends greatly on the toolkit used. In

this study the UIML documents’ sizes varied from 124% to 230% of the

corresponding appliance-dependent application’s size. These numbers are only

indicative of the situation in general and they are statistically speaking invalid, since

the numbers are gathered from one pair of user interfaces on two appliances.

XML languages differ greatly from functional programming languages. This makes

comparing the sizes of an XML document and non-XML document difficult or even

meaningless. For this reason the lines of code needed with UIML and Java

applications cannot be compared easily. One has to take into account the differences

between the languages. So the lower limit of 124%, which was with the Java

application, does not tell us as much as the higher limit. The higher limit of 230%

comes from when UIML was compiled into WML. As both, WML and UIML, are

XML languages the numbers can be compared directly.

The PC applications are roughly the same size and the effort needed to create them

was slightly in favor of Java application. It takes a bit more effort to work with

UIML-Java combination than working with pure Java code. There is always more to

know when using two languages instead of just one.

The amount of Java code needed to support the UIML application was 32% of the

UIML PC applications user interface code. This does not include the application

backbone. Once the renderer is complete, approximately one third of this Java code

could be done with UIML. This would reduce the percentage to approximately 20%,

which is quite acceptable, at least in this case. Here we made the assumption that one

line in the UIML document correlates to one line of Java code. A more realistic ratio

would be slightly in favor of Java as indicated by the amount of code in Java and
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UIML applications. Figures available are not statistically valid and the UIML

application uses some Java code, which makes it hard to find a solid Java-UIML

lines of code ratio. This makes the one-to-one ratio assumption as good as any other

ratio we can calculate on the basis of the available data.

The UIML WAP application is more than double the size of the WML WAP

application. This translates directly into the effort needed to code the user interface.

But since coding is only a part of the process and it can be facilitated with proper

tools, this means that the total effort is somewhat less than the ratio calculated from

the lines of code indicates. It is impossible to say exactly how much less, since we

could not use time to measure the effort, and the effect of tools is not clear.

The structure of UIML document makes it complicated to use toolkits that can place

a user interface component within other components’ content. These toolkits or

languages include, for example, HTML and WML. This does not mean that UIML

cannot be used with them. It simply means that lots of lines are needed for something

that can be done with far fewer lines if programmed with the target language. Good

examples of this are the WAP applications created during this study.

The test applications were too different to be able to use a single UIML document for

both user interfaces. It seems that UIML could be used in multiple appliance

environment if the appliances are similar or at least not very different. For example,

WAP phones could have different user interfaces for different phones. It should be

studied in greater detail which appliances and what type of applications can benefit

from multiple appliance UIML user interfaces.

Learning the UIML proved to be quite easy. At least for someone who has previous

experience with functional languages and who is familiar with the concepts of XML

beforehand. One does not need to learn as much as with the functional languages.

This is based on subjective opinion and as such should be taken with a grain of salt.

It should be studied how people with different backgrounds learn to use UIML.

When all this is taken into account it is clear that in general UIML is a little harder to

use than appliance-dependent languages, but not significantly. This means that

criteria 3 is passed.
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Non-programmers can use UIML, but knowledge of the user interface toolkit is very

important for user interface developers. UIML only maps into the toolkit and does

not hide the toolkit’s user interface components’ properties from the developer. So

the developer cannot use toolkits effectively without first understanding them.

UIML does not limit what the user interface designers can do. On the other hand, the

renderers limit what parts of toolkits are available for the designer. This means that

the renderer is the first, and probably also the biggest, bottleneck for the UIML user

interface development for new devices. Older devices should have third-party

renderers available.

The only functional problem that was found in the applications was the modified

JTable in the PC UIML application. This problem may go away with future releases

of the Java renderer, but something similar might come up later. So it would be

important to study customized user interface gadgets and how they work with UIML

in greater detail.

The test applications showed no degraded performance due to the use of the UIML

renderer. Larger and more resource-intensive applications may suffer from degraded

performance because of the overhead of using the renderer in interpreting a UIML

document into user interface. It should be studied how much overhead the renderer

causes.

Harmonia Inc. has released a shorthand notation for UIML, which reduces the

amount of elements needed for defining the properties of a user interface component.

This makes the hand coding of UIML documents a more attractive option than the

results of this thesis suggest.

+��� ������������3�������

Visually comparing two graphical user interfaces is by its very nature an error free

operation. As this study did not cover all possible user interface components, some
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user interface components may not be as presentable with UIML as with native

toolkits. So the results are nearly 100% reliable.

Usability tests were executed in a way that is standard throughout the usability

science. Very seldom are there enough test subjects in usability tests for statistically

valid results. The extra reliability gained from having a large number of test subjects

simply is not worth the time. The reliability gained from the limited amount of test

subjects is adequate for usability purposes method (Nielsen 1993, 173-174). This

means that the reliability is high enough to satisfy the needs of this study.

The results from the questionnaire are not statistically valid and cannot be regarded

as completely reliable. The results give indication of what the situation really is.

Since the variance of the answers is very small, the results can be used as a good

estimate of the real situation.

The expert opinions are always opinions and thus can vary between different experts,

even by a large margin. Also, in this study the test applications were evaluated and

made by the same person. This may have caused a defensive attitude in the

evaluation of the applications. But knowing this beforehand and the fact that the

applications were created for the sole purpose of testing UIML and not to be used in

any real world situation reduces the effects of the defensive attitude to insignificant

levels.

Also, the fact that the expert opinions are from only one researcher reduces the

validity by a small margin. Multiple opinions would have given more reliable results.

The opinions are based on measurable quantities wherever possible. The rationale for

each opinion is clearly stated. This does not increase the reliability by itself but it

gives the reader a way to see how the opinions were formed and thus each reader is

able to check easily if they agree with the results.

The expert opinions given here cannot be viewed as the only truth, but they are valid

from the author’s point of view. And since the paths to the conclusions are clearly

stated, each and everyone can evaluate the reliability for themselves.

The articles and books used in this study are recent due the nature of the topic. The

literature used is selected from respected professionals. The source information
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should represent reliable information, although the papers on UIML are from the

authors of UIML.

+��� 1���
����
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The objectives for this study were:
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In a way this objective was not fully achieved within this study, since it would have

needed more appliances and test applications than were used in this study or even

could have been used in optimal circumstances. But a complete coverage was not an

objective for this study. This study found some problems for and limitations on

UIML in a multi-appliance environment and thus completed this objective.
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These objectives were completed quite thoroughly. Much of the data that was

collected during this study was used in comparing UIML to other languages that can

be used in creating user interfaces. This means that the data and the testing that gave

the data directly contributed to the completion of these two objectives.
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UIML can be used in user interface creation almost as well as any other native

toolkits. Almost, because it always needs a renderer and if the renderer does not

allow a functionality that the target toolkit can do, then the UIML simply cannot

perform these functions. If the renderer is up to the job, then the UIML user interface

can be as good as the one directly created with the target toolkit.

The Java renderer used in this study proves that the UIML can work well with the

target toolkits. Programming languages can be used to enhance the user interfaces

created with UIML, as long as the renderer allows it.

UIML applications need more lines of code to accomplish the same things as with

the native toolkits. The amount of lines needed is highly dependent on the target

toolkit. When using Java toolkit with UIML, the UIML application needed 24%

more lines than the pure Java application did, even though 32% of the UIML-Java

application was Java code, not UIML. When using UIML with WML toolkit the

application needed more than two times more lines. This is not an exact figure

because not everything could be tested, as at the time of testing the renderer was not

fully functional (pre-release version).

If the structures of the user interface components in the target toolkits are too

different, then it can be very difficult to use one UIML document with multiple

“style sheets” in creating the user interfaces. This means that it is possible to create

multiple-appliance user interfaces if the target toolkits are similar enough. For

example, Java and WML applications proved to be too hard to match structurally

during this study.
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�"[PO�YHUVLRQ ������HQFRGLQJ �,62��������"!��'2&7<3(�XLPO�38%/,&�����8,7��'7'�8,0/�����'UDIW��(1�

�&�?8,0/�?ELQ?8,0/�B�G�GWG�!�XLPO! �LQWHUIDFH!

�VWUXFWXUH!

�����%DQNLQJ�DSSOLFDWLRQ
V�PDLQ�IUDPH���!

�SDUW�QDPH �%DQNLQJ��FODVV �-)UDPH�!

�VW\OH!

�SURSHUW\�QDPH �WLWOH�!%DQNLQJ�DSSOLFDWLRQ��SURSHUW\!

�SURSHUW\�QDPH �YLVLEOH�!IDOVH��SURSHUW\!

��VW\OH!

�SDUW�QDPH �FRQWHQW3DQHO��FODVV �-3DQHO�!

�VW\OH!

�SURSHUW\�QDPH �OD\RXW�!MDYD�DZW�%RUGHU/D\RXW��SURSHUW\!

��VW\OH!

�����0HQXEDU�DQG�LW
V�FRQWHQWV���!

�SDUW�QDPH �PHQXEDU��FODVV �-0HQX%DU�!

�VW\OH!

�SURSHUW\�QDPH �ERUGHU$OLJQPHQW�!1RUWK��SURSHUW\!

��VW\OH!

�SDUW�QDPH �PHQX��FODVV �-0HQX�!

�VW\OH!

�SURSHUW\�QDPH �WH[W�!)LOH��SURSHUW\!

��VW\OH!

�SDUW�QDPH �PHQX,WHP��FODVV �-0HQX,WHP�!

�VW\OH!

�SURSHUW\�QDPH �WH[W�!1HZ��SURSHUW\!

��VW\OH!

��SDUW!

��SDUW!

��SDUW!

�����0HQXEDU�HQGV���!

�SDUW�QDPH �H[WUD3DQHO��FODVV �-3DQHO�!

�VW\OH!

�SURSHUW\�QDPH �ERUGHU$OLJQPHQW�!&HQWHU��SURSHUW\!

�SURSHUW\�QDPH �OD\RXW�!MDYD�DZW�%RUGHU/D\RXW��SURSHUW\!

��VW\OH!

�SDUW�QDPH �WRS3DQHO��FODVV �-3DQHO�!

�VW\OH!

�SURSHUW\�QDPH �ERUGHU$OLJQPHQW�!1RUWK��SURSHUW\!

�SURSHUW\�QDPH �OD\RXW�!MDYD�DZW�%RUGHU/D\RXW��SURSHUW\!

��VW\OH!

�SDUW�QDPH �XVHU,QIRUPDWLRQ3DQHO��FODVV �-3DQHO�!

�VW\OH!

�SURSHUW\�QDPH �ERUGHU$OLJQPHQW�!:HVW��SURSHUW\!

�SURSHUW\�QDPH �OD\RXW�!MDYD�DZW�*ULG/D\RXW��SURSHUW\!

��VW\OH!

�����ODEHO3DQHO�FRQWDLQV�WKH�ODEHOV�IRU�LQSXWILHOGV���!

�SDUW�QDPH �ODEHO3DQHO��FODVV �-3DQHO�!

�VW\OH!

�SURSHUW\�QDPH �OD\RXW�!MDYD�DZW�*ULG/D\RXW��SURSHUW\!

�SURSHUW\�QDPH �OD\RXWBURZV�!���SURSHUW\!

�SURSHUW\�QDPH �OD\RXWBYJDS�!���SURSHUW\!

��VW\OH!

�SDUW�QDPH �QDPH/DEHO��FODVV �-/DEHO�!

�VW\OH!

�SURSHUW\�QDPH �WH[W�!1DPH���SURSHUW\!

��VW\OH!

��SDUW!

�SDUW�QDPH �DFFRXQW/DEHO��FODVV �-/DEHO�!

�VW\OH!

�SURSHUW\�QDPH �WH[W�!$FFRXQW���SURSHUW\!

��VW\OH!

��SDUW!

�SDUW�QDPH �EDODQFH/DEHO��FODVV �-/DEHO�!

�VW\OH!
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�SURSHUW\�QDPH �WH[W�!%DODQFH���SURSHUW\!

��VW\OH!

��SDUW!

��SDUW!

�����ODEHO3DQHO�HQGV���!

�����ILHOG3DQHO�FRQWDLQV�WKUHH�WH[W�ILHOGV���!

�SDUW�QDPH �ILHOG3DQHO��FODVV �-3DQHO�!

�VW\OH!

�SURSHUW\�QDPH �OD\RXW�!MDYD�DZW�*ULG/D\RXW��SURSHUW\!

�SURSHUW\�QDPH �OD\RXWBURZV�!���SURSHUW\!

�SURSHUW\�QDPH �OD\RXWBYJDS�!���SURSHUW\!

��VW\OH!

�SDUW�QDPH �QDPH)LHOG��FODVV �-7H[W)LHOG�!

�VW\OH!

�SURSHUW\�QDPH �WH[W�!-RKQ�%DQNHU��SURSHUW\!

�SURSHUW\�QDPH �HGLWDEOH�!IDOVH��SURSHUW\!

��VW\OH!

��SDUW!

�SDUW�QDPH �DFFRXQW)LHOG��FODVV �-&RPER%R[�!

�VW\OH!

�SURSHUW\�QDPH �FRQWHQW�!

�FRQVWDQW�PRGHO �OLVW�!

�FRQVWDQW�QDPH �D��YDOXH �����������!

�FRQVWDQW�QDPH �E��YDOXH �����������!

��FRQVWDQW!

��SURSHUW\!

�SURSHUW\�QDPH �VHOHFWHG,QGH[�!���SURSHUW\!

��VW\OH!

��SDUW!

�SDUW�QDPH �EDODQFH)LHOG��FODVV �-7H[W)LHOG�!

�VW\OH!

�SURSHUW\�QDPH �WH[W�!������SURSHUW\!

�SURSHUW\�QDPH �HGLWDEOH�!IDOVH��SURSHUW\!

��VW\OH!

��SDUW!

��SDUW!

�����ILHOG3DQHO�HQGV���!

��SDUW!

�SDUW�QDPH �QHZ%XWWRQ3DQHO��FODVV �-3DQHO�!

�VW\OH!

�SURSHUW\�QDPH �ERUGHU$OLJQPHQW�!(DVW��SURSHUW\!

��VW\OH!

�SDUW�QDPH �QHZ%XWWRQ��FODVV �-%XWWRQ�!

�VW\OH!

�SURSHUW\�QDPH �WH[W�!1HZ�%LOO��SURSHUW\!

��VW\OH!

��SDUW!

��SDUW!

��SDUW!

�����7DESDQH�KDV�WZR�SDQHOV���!

�SDUW�QDPH �WDE3DQH��FODVV �-7DEEHG3DQH�!

�����ILUVW�WDE�SDQHO���!

�SDUW�QDPH �WDE3DQHO���FODVV �-3DQHO�!

�VW\OH!

�SURSHUW\�QDPH �QDPH�!8QSDLG%LOOV��SURSHUW\!

�SURSHUW\�QDPH �OD\RXW�!MDYD�DZW�%RUGHU/D\RXW��SURSHUW\!

��VW\OH!

�����VFUROO3DQHO�LV�VFUROODEOH�SDQHO�ZKLFK�LQ�WKLV�FDVH�KDV�D�-7DEOH�DV�D�FKLOG���!

�SDUW�QDPH �VFUROO3DQHO��FODVV �-6FUROO3DQH�!

�VW\OH!

�SURSHUW\�QDPH �ERUGHU$OLJQPHQW�!&HQWHU��SURSHUW\!

�SURSHUW\�QDPH �SUHIHUUHG6L]H�!���������SURSHUW\!

��VW\OH!

�SDUW�QDPH �WDEOH��FODVV �-7DEOH��!

��SDUW!

�����VFUROO3DQHO�HQGV���!

�����EXWWRQ3DQHO�KDV�WZR�EXWWRQV���!

�SDUW�QDPH �EXWWRQ3DQHO��FODVV �-3DQHO�!

�VW\OH!

�SURSHUW\�QDPH �ERUGHU$OLJQPHQW�!6RXWK��SURSHUW\!

��VW\OH!

�SDUW�FODVV �-%XWWRQ��QDPH �FRS\DVQHZ%XWWRQ�!

�VW\OH!



Appendix 2: UIML documents

Rantala, Sami. Usability of user interface markup language. Department of Electrical and
Communications Engineering, Helsinki University of Technology. Espoo, Finland. 2001.

65

�SURSHUW\�QDPH �WH[W�!&RS\�$V�1HZ��SURSHUW\!

��VW\OH!

��SDUW!

�SDUW�FODVV �-%XWWRQ��QDPH �GHOHWH%XWWRQ�!

�VW\OH!

�SURSHUW\�QDPH �WH[W�!'HOHWH��SURSHUW\!

��VW\OH!

��SDUW!

��SDUW!

�����EXWWRQ3DQHO�HQGV���!

��SDUW!

�����)LUVW�WDE�SDQHO�HQGV���!

�����6HFRQG�WDE�SDQHO�VWDUWV���!

�SDUW�QDPH �WDE3DQHO���FODVV �-3DQHO�!

�VW\OH!

�SURSHUW\�QDPH �QDPH�!6HWWLQJV��SURSHUW\!

��VW\OH!

�����5DGLR�EXWWRQ�JURXS���!

�SDUW�FODVV �%XWWRQ*URXS��QDPH �EXWWRQJURXS�!

�SDUW�FODVV �-5DGLR%XWWRQ��QDPH �(QJOLVK�!

�VW\OH!

�SURSHUW\�QDPH �WH[W�!(QJOLVK��SURSHUW\!

�SURSHUW\�QDPH �VHOHFWHG�!WUXH��SURSHUW\!

��VW\OH!

��SDUW!

�SDUW�FODVV �-5DGLR%XWWRQ��QDPH �)LQQLVK�!

�VW\OH!

�SURSHUW\�QDPH �WH[W�!)LQQLVK��SURSHUW\!

��VW\OH!

��SDUW!

��SDUW!

�����5DGLR�EXWWRQ�JURXS�HQGV���!

��SDUW!

�����6HFRQG�WDE�SDQHO�HQGV���!

��SDUW!

�����7DESDQH�HQGV���!

��SDUW!

��SDUW!

�����%DQNLQJ�DSSOLFDWLRQ
V�LQYRLFH�GLDORJ���!

�SDUW�QDPH �LQYRLFH'LDORJ��FODVV �-'LDORJ�!

�VW\OH!

�SURSHUW\�QDPH �WLWOH�!1HZ�ELOO��SURSHUW\!

�SURSHUW\�QDPH �VL]H�!���������SURSHUW\!

�SURSHUW\�QDPH �YLVLEOH�!IDOVH��SURSHUW\!

�SURSHUW\�QDPH �PRGDO�!WUXH��SURSHUW\!

��VW\OH!

�SDUW�QDPH �EDVH3DQHO��FODVV �-3DQHO�!

�VW\OH!

�SURSHUW\�QDPH �OD\RXW�!MDYD�DZW�%RUGHU/D\RXW��SURSHUW\!

��VW\OH!

�����EXWWRQ3DQHO��KDV�WZR�EXWWRQV��RN�DQG�FDQFHO��ZKLFK�DSSHDU�DW

WKH�ERWWRP�RI�WKH�*8,���!

�SDUW�QDPH �EXWWRQ3DQHO���FODVV �-3DQHO�!

�VW\OH!

�SURSHUW\�QDPH �ERUGHU$OLJQPHQW�!6RXWK��SURSHUW\!

��VW\OH!

�SDUW�QDPH �RN��FODVV �-%XWWRQ�!

�VW\OH!

�SURSHUW\�QDPH �WH[W�!2N��SURSHUW\!

��VW\OH!

��SDUW!

�SDUW�QDPH �FDQFHO��FODVV �-%XWWRQ�!

�VW\OH!

�SURSHUW\�QDPH �WH[W�!&DQFHO��SURSHUW\!

��VW\OH!

��SDUW!

��SDUW!

�����EXWWRQ3DQHO��HQGV���!

�����LQSXW3DQHO�LQFOXGHV�DOO�WKH�LQSXW�ILHOGV�DQG�WKHLU�ODEHOV���!

�SDUW�QDPH �LQSXW3DQHO��FODVV �-3DQHO�!

�VW\OH!

�SURSHUW\�QDPH �OD\RXW�!MDYD�DZW�%RUGHU/D\RXW��SURSHUW\!

�SURSHUW\�QDPH �ERUGHU$OLJQPHQW�!1RUWK��SURSHUW\!
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��VW\OH!

�����GDWH$QG$PRXQW3DQHO�KDV�LQSXW�ILHOGV�FRQVHUQLQJ

GDWHV�DQG�DPRXQW�DQG�WKHLU�ODEHOV���!

�SDUW�QDPH �GDWH$QG$PRXQW3DQHO��FODVV �-3DQHO�!

�VW\OH!

�SURSHUW\�QDPH �OD\RXW�!MDYD�DZW�*ULG/D\RXW��SURSHUW\!

�SURSHUW\�QDPH �ERUGHU$OLJQPHQW�!6RXWK��SURSHUW\!

��VW\OH!

�����GDWH%DVH3DQHO�FRQWDLQV�WKH�ILHOGV�DQG�ODEHO�FRQVHUQLQJ�WKH�GDWH��!

�SDUW�QDPH �GDWH%DVH3DQHO��FODVV �-3DQHO�!

�VW\OH!

�SURSHUW\�QDPH �OD\RXW�!MDYD�DZW�*ULG%DJ/D\RXW��SURSHUW\!

��VW\OH!

�SDUW�QDPH �GDWH/DEHO��FODVV �-/DEHO�!

�VW\OH!

�SURSHUW\�QDPH �WH[W�!'XH�GDWH���SURSHUW\!

�SURSHUW\�QDPH �JULG[�!���SURSHUW\!

�SURSHUW\�QDPH �JULG\�!���SURSHUW\!

��VW\OH!

��SDUW!

�SDUW�QDPH �GDWH)LHOG3DQHO��FODVV �-3DQHO�!

�VW\OH!

�SURSHUW\�QDPH �JULG[�!���SURSHUW\!

�SURSHUW\�QDPH �JULG\�!���SURSHUW\!

��VW\OH!

�SDUW�QDPH �GD\)LHOG��FODVV �-7H[W)LHOG�!

�VW\OH!

�SURSHUW\�QDPH �WRRO7LS7H[W�!'D\��SURSHUW\!

�SURSHUW\�QDPH �FROXPQV�!���SURSHUW\!

��VW\OH!

��SDUW!

�SDUW�QDPH �PRQWK)LHOG��FODVV �-7H[W)LHOG�!

�VW\OH!

�SURSHUW\�QDPH �WRRO7LS7H[W�!0RQWK��SURSHUW\!

�SURSHUW\�QDPH �FROXPQV�!���SURSHUW\!

��VW\OH!

��SDUW!

�SDUW�QDPH �\HDU)LHOG��FODVV �-7H[W)LHOG�!

�VW\OH!

�SURSHUW\�QDPH �WRRO7LS7H[W�!<HDU��SURSHUW\!

�SURSHUW\�QDPH �FROXPQV�!���SURSHUW\!

��VW\OH!

��SDUW!

��SDUW!

��SDUW!

�����GDWH%DVH3DQHO�HQGV���!

�����DPRXQW%DVH3DQHO�KDV�ODEHO�DQG�LQSXW�ILHOG�FRQVHUQLQJ�WKH�DPRXQW���!

�SDUW�QDPH �DPRXQW%DVH3DQHO��FODVV �-3DQHO�!

�VW\OH!

�SURSHUW\�QDPH �OD\RXW�!MDYD�DZW�*ULG%DJ/D\RXW��SURSHUW\!

��VW\OH!

�SDUW�QDPH �DPRXQW/DEHO3DQHO��FODVV �-3DQHO�!

�VW\OH!

�SURSHUW\�QDPH �JULG[�!���SURSHUW\!

�SURSHUW\�QDPH �JULG\�!���SURSHUW\!

��VW\OH!

�SDUW�QDPH �DPRXQW/DEHO��FODVV �-/DEHO�!

�VW\OH!

�SURSHUW\�QDPH �WH[W�!$PRXQW���SURSHUW\!

��VW\OH!

��SDUW!

��SDUW!

�SDUW�QDPH �DPRXQW)LHOG3DQHO��FODVV �-3DQHO�!

�VW\OH!

�SURSHUW\�QDPH �JULG[�!���SURSHUW\!

�SURSHUW\�QDPH �JULG\�!���SURSHUW\!

��VW\OH!

�SDUW�QDPH �DPRXQW)LHOG��FODVV �-7H[W)LHOG�!

�VW\OH!

�SURSHUW\�QDPH �FROXPQV�!���SURSHUW\!

��VW\OH!

��SDUW!

��SDUW!
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��SDUW!

�����DPRXQW%DVH3DQHO�HQGV��!

��SDUW!

�����GDWH$QG$PRXQW3DQHO�HQGV���!

�����QRUWK3DQHO�KDV�ILHOGV�DQG�ODEHOV�FRQVHUQLQJ�WKH�SD\HH���!

�SDUW�QDPH �QRUWK3DQHO��FODVV �-3DQHO�!

�VW\OH!

�SURSHUW\�QDPH �OD\RXW�!MDYD�DZW�*ULG/D\RXW��SURSHUW\!

�SURSHUW\�QDPH �ERUGHU$OLJQPHQW�!1RUWK��SURSHUW\!

�SURSHUW\�QDPH �OD\RXWBFROXPQV�!���SURSHUW\!

��VW\OH!

�����SD\HH3DQHO�KDV�ILHOGV�IRU�SD\HH
V�QDPH�DQG�DFFRXQW�DQG�ODEHOV�IRU�WKHP���!

�SDUW�QDPH �SD\HH3DQHO��FODVV �-3DQHO�!

�VW\OH!

�SURSHUW\�QDPH �OD\RXW�!MDYD�DZW�*ULG/D\RXW��SURSHUW\!

�SURSHUW\�QDPH �OD\RXWBFROXPQV�!���SURSHUW\!

��VW\OH!

�SDUW�QDPH �SD\HH/DEHO3DQHO��FODVV �-3DQHO�!

�VW\OH!

�SURSHUW\�QDPH �OD\RXW�!MDYD�DZW�*ULG/D\RXW��SURSHUW\!

�SURSHUW\�QDPH �OD\RXWBURZV�!���SURSHUW\!

�SURSHUW\�QDPH �OD\RXWBYJDS�!���SURSHUW\!

��VW\OH!

�SDUW�QDPH �SD\HH1DPH/DEHO��FODVV �-/DEHO�!

�VW\OH!

�SURSHUW\�QDPH �WH[W�!1DPH���SURSHUW\!

��VW\OH!

��SDUW!

�SDUW�QDPH �SD\HH$FFRXQW/DEHO��FODVV �-/DEHO�!

�VW\OH!

�SURSHUW\�QDPH �WH[W�!$FFRXQW���SURSHUW\!

��VW\OH!

��SDUW!

��SDUW!

�SDUW�QDPH �SD\HH)LHOG3DQHO��FODVV �-3DQHO�!

�VW\OH!

�SURSHUW\�QDPH �OD\RXW�!MDYD�DZW�*ULG/D\RXW��SURSHUW\!

�SURSHUW\�QDPH �OD\RXWBURZV�!���SURSHUW\!

�SURSHUW\�QDPH �OD\RXWBYJDS�!���SURSHUW\!

��VW\OH!

�SDUW�QDPH �SD\HH1DPH)LHOG��FODVV �-7H[W)LHOG�!

�VW\OH!

�SURSHUW\�QDPH �FROXPQV�!����SURSHUW\!

��VW\OH!

��SDUW!

�SDUW�QDPH �SD\HH$FFRXQW)LHOG��FODVV �-7H[W)LHOG�!

�VW\OH!

�SURSHUW\�QDPH �FROXPQV�!����SURSHUW\!

��VW\OH!

��SDUW!

��SDUW!

��SDUW!

�����SD\HH3DQHO�HQGV���!

�����QRWH3DQHO�KDV�LQSXW�ILHOG�IRU�QRWH���!

�SDUW�QDPH �QRWH3DQHO��FODVV �-3DQHO�!

�VW\OH!

�SURSHUW\�QDPH �OD\RXW�!MDYD�DZW�*ULG/D\RXW��SURSHUW\!

��VW\OH!

�SDUW�QDPH �QRWH6FUROO3DQH��FODVV �-6FUROO3DQH�!

�SDUW�QDPH �QRWH7H[W$UHD��FODVV �-7H[W$UHD�!

�VW\OH!

�SURSHUW\�QDPH �FROXPQV�!����SURSHUW\!

��VW\OH!

��SDUW!

��SDUW!

��SDUW!

�����QRWH3DQHO�HQGV���!

��SDUW!

�����QRUWK3DQHO�HQGV���!

��SDUW!

�����LQSXW3DQHO�HQGV���!

��SDUW!

��SDUW!
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��SDUW!

��VWUXFWXUH!

�EHKDYLRU!

�UXOH!

����

7KLV�UXOH�VHWV�WKH�DFWLRQ�IRU�SXOO�GRZQ�PHQX�LWHP��ZKLFK�RSHQV�QHZ�ELOO�GLDORJ

��!

�FRQGLWLRQ!

�HYHQW�FODVV �DFWLRQ3HUIRUPHG��SDUW�QDPH �PHQX,WHP��!

��FRQGLWLRQ!

�DFWLRQ!

�FDOO�QDPH �EDQN�VHW%LOO7LWOH��!

�SURSHUW\�SDUW�QDPH �SD\HH1DPH)LHOG��QDPH �WH[W��!

�SURSHUW\�SDUW�QDPH �SD\HH$FFRXQW)LHOG��QDPH �WH[W��!

�SURSHUW\�SDUW�QDPH �QRWH7H[W$UHD��QDPH �WH[W��!

�SURSHUW\�SDUW�QDPH �GD\)LHOG��QDPH �WH[W��!

�SURSHUW\�SDUW�QDPH �PRQWK)LHOG��QDPH �WH[W��!

�SURSHUW\�SDUW�QDPH �\HDU)LHOG��QDPH �WH[W��!

�SURSHUW\�SDUW�QDPH �DPRXQW)LHOG��QDPH �WH[W��!

�SURSHUW\�SDUW�QDPH �LQYRLFH'LDORJ��QDPH �YLVLEOH�!WUXH��SURSHUW\!

��DFWLRQ!

��UXOH!

�UXOH!

����

7KLV�UXOH�VHWV�WKH�DFWLRQ�IRU�QHZ%XWWRQ��ZKLFK�RSHQV�QHZ�ELOO�GLDORJ

��!

�FRQGLWLRQ!

�HYHQW�FODVV �DFWLRQ3HUIRUPHG��SDUW�QDPH �QHZ%XWWRQ��!

��FRQGLWLRQ!

�DFWLRQ!

�FDOO�QDPH �EDQN�VHW%LOO7LWOH��!

�SURSHUW\�SDUW�QDPH �SD\HH1DPH)LHOG��QDPH �WH[W��!

�SURSHUW\�SDUW�QDPH �SD\HH$FFRXQW)LHOG��QDPH �WH[W��!

�SURSHUW\�SDUW�QDPH �QRWH7H[W$UHD��QDPH �WH[W��!

�SURSHUW\�SDUW�QDPH �GD\)LHOG��QDPH �WH[W��!

�SURSHUW\�SDUW�QDPH �PRQWK)LHOG��QDPH �WH[W��!

�SURSHUW\�SDUW�QDPH �\HDU)LHOG��QDPH �WH[W��!

�SURSHUW\�SDUW�QDPH �DPRXQW)LHOG��QDPH �WH[W��!

�SURSHUW\�SDUW�QDPH �LQYRLFH'LDORJ��QDPH �YLVLEOH�!WUXH��SURSHUW\!

��DFWLRQ!

��UXOH!

�UXOH!

����

7KLV�UXOH�VHWV�WKH�DFWLRQ�IRU�GHOHWH%XWWRQ��ZKLFK�GHOHWHV�VHOHFWHG�PHVVDJH�

,W�GRHV�WKLV�E\�FDOOLQJ�-DYD�PHWKRG�GHOHWH%LOO

��!

�FRQGLWLRQ!

�HYHQW�FODVV �DFWLRQ3HUIRUPHG��SDUW�QDPH �GHOHWH%XWWRQ��!

��FRQGLWLRQ!

�DFWLRQ!

�FDOO�QDPH �EDQN�GHOHWH%LOO��!

��DFWLRQ!

��UXOH!

�UXOH!

����

7KLV�UXOH�VHWV�WKH�DFWLRQ�IRU�FRS\DVQHZ%XWWRQ��ZKLFK�RSHQV�QHZ�ELOO�GLDORJ�DQG

FRSLHV�WKH�VHOHFWHG�ELOO
V�LQIRUPDWLRQ�LQWR�WKH�QHZ�ELOO�

,W�GRHV�WKLV�E\�FDOOLQJ�-DYD�PHWKRG�FRS\$V1HZ%LOO

��!

�FRQGLWLRQ!

�HYHQW�FODVV �DFWLRQ3HUIRUPHG��SDUW�QDPH �FRS\DVQHZ%XWWRQ��!

��FRQGLWLRQ!

�DFWLRQ!

�FDOO�QDPH �EDQN�FRS\$V1HZ%LOO��!

��DFWLRQ!

��UXOH!

�UXOH!

����

7KLV�UXOH�VHW�WKH�DFWLRQ�IRU�SDUW�RN��ZKLFK�VDYHV�WKH�QHZ�ELOO�

,W�GRHV�WKLV�E\�FDOOLQJ�-DYD�PHWKRG�LQVHUW%LOO��$IWHU�WKH�PHWKRG�FDOO

LW�FOHDUV�WKH�ILHOGV�DQG�PDNHV�WKH�GLDORJ�LQYLVLEOH�

��!

�FRQGLWLRQ!
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�HYHQW�FODVV �DFWLRQ3HUIRUPHG��SDUW�QDPH �RN��!

��FRQGLWLRQ!

�DFWLRQ!

�FDOO�QDPH �EDQN�LQVHUW%LOO��!

�SURSHUW\�SDUW�QDPH �LQYRLFH'LDORJ��QDPH �YLVLEOH�!IDOVH��SURSHUW\!

�SURSHUW\�SDUW�QDPH �SD\HH1DPH)LHOG��QDPH �WH[W��!

�SURSHUW\�SDUW�QDPH �SD\HH$FFRXQW)LHOG��QDPH �WH[W��!

�SURSHUW\�SDUW�QDPH �QRWH7H[W$UHD��QDPH �WH[W��!

�SURSHUW\�SDUW�QDPH �GD\)LHOG��QDPH �WH[W��!

�SURSHUW\�SDUW�QDPH �PRQWK)LHOG��QDPH �WH[W��!

�SURSHUW\�SDUW�QDPH �\HDU)LHOG��QDPH �WH[W��!

�SURSHUW\�SDUW�QDPH �DPRXQW)LHOG��QDPH �WH[W��!

��DFWLRQ!

��UXOH!

�UXOH!

����

7KLV�UXOH�VHW�WKH�DFWLRQ�IRU�SDUW�FDQFHO��ZKLFK�FDQFHOV�WKH�QHZ�ELOO�DQG�PDNHV

WKH�GLDORJ�LQYLVLEOH�

��!

�FRQGLWLRQ!

�HYHQW�FODVV �DFWLRQ3HUIRUPHG��SDUW�QDPH �FDQFHO��!

��FRQGLWLRQ!

�DFWLRQ!

�SURSHUW\�SDUW�QDPH �LQYRLFH'LDORJ��QDPH �YLVLEOH�!IDOVH��SURSHUW\!

�SURSHUW\�SDUW�QDPH �SD\HH1DPH)LHOG��QDPH �WH[W��!

�SURSHUW\�SDUW�QDPH �SD\HH$FFRXQW)LHOG��QDPH �WH[W��!

�SURSHUW\�SDUW�QDPH �QRWH7H[W$UHD��QDPH �WH[W��!

�SURSHUW\�SDUW�QDPH �GD\)LHOG��QDPH �WH[W��!

�SURSHUW\�SDUW�QDPH �PRQWK)LHOG��QDPH �WH[W��!

�SURSHUW\�SDUW�QDPH �\HDU)LHOG��QDPH �WH[W��!

�SURSHUW\�SDUW�QDPH �DPRXQW)LHOG��QDPH �WH[W��!

��DFWLRQ!

��UXOH!

�UXOH!

����

7KLV�UXOH�VHW�WKH�DFWLRQ�IRU�SDUW�(QJOLVK��ZKLFK�FKDQJHV�WKH�XVHU�LQWHUIDFH�ODQJXDJH

LQ�WR�HQJOLVK�

��!

�FRQGLWLRQ!

�HYHQW�FODVV �LWHP6WDWH&KDQJHG��SDUW�QDPH �(QJOLVK��!

��FRQGLWLRQ!

�DFWLRQ!

�SURSHUW\�SDUW�QDPH �%DQNLQJ��QDPH �WLWOH�!%DQNLQJ�DSSOLFDWLRQ��SURSHUW\!

�SURSHUW\�SDUW�QDPH �PHQX��QDPH �WH[W�!)LOH��SURSHUW\!

�SURSHUW\�SDUW�QDPH �PHQX,WHP��QDPH �WH[W�!1HZ�%LOO��SURSHUW\!

�SURSHUW\�SDUW�QDPH �QDPH/DEHO��QDPH �WH[W�!1DPH���SURSHUW\!

�SURSHUW\�SDUW�QDPH �DFFRXQW/DEHO��QDPH �WH[W�!$FFRXQW���SURSHUW\!

�SURSHUW\�SDUW�QDPH �EDODQFH/DEHO��QDPH �WH[W�!%DODQFH���SURSHUW\!

�SURSHUW\�SDUW�QDPH �QHZ%XWWRQ��QDPH �WH[W�!1HZ�%LOO��SURSHUW\!

�SURSHUW\�SDUW�QDPH �WDE3DQHO���QDPH �QDPH�!8QSDLG�%LOOV��SURSHUW\!

�SURSHUW\�SDUW�QDPH �WDE3DQHO���QDPH �QDPH�!6HWWLQJV��SURSHUW\!

�SURSHUW\�SDUW�QDPH �FRS\DVQHZ%XWWRQ��QDPH �WH[W�!&RS\�DV�1HZ��SURSHUW\!

�SURSHUW\�SDUW�QDPH �GHOHWH%XWWRQ��QDPH �WH[W�!'HOHWH��SURSHUW\!

�SURSHUW\�SDUW�QDPH �(QJOLVK��QDPH �WH[W�!(QJOLVK��SURSHUW\!

�SURSHUW\�SDUW�QDPH �)LQQLVK��QDPH �WH[W�!)LQQLVK��SURSHUW\!

�SURSHUW\�SDUW�QDPH �LQYRLFH'LDORJ��QDPH �WLWOH�!1HZ�%LOO��SURSHUW\!

�SURSHUW\�SDUW�QDPH �RN��QDPH �WH[W�!2N��SURSHUW\!

�SURSHUW\�SDUW�QDPH �FDQFHO��QDPH �WH[W�!&DQFHO��SURSHUW\!

�SURSHUW\�SDUW�QDPH �GDWH/DEHO��QDPH �WH[W�!'XH�'DWH���SURSHUW\!

�SURSHUW\�SDUW�QDPH �DPRXQW/DEHO��QDPH �WH[W�!$PRXQW���SURSHUW\!

�SURSHUW\�SDUW�QDPH �SD\HH1DPH/DEHO��QDPH �WH[W�!1DPH���SURSHUW\!

�SURSHUW\�SDUW�QDPH �SD\HH$FFRXQW/DEHO��QDPH �WH[W�!$FFRXQW���SURSHUW\!

�FDOO�QDPH �EDQN�VHW/DQJXDJH�!

�SDUDP!���SDUDP!

��FDOO!

��DFWLRQ!

��UXOH!

�UXOH!

����

7KLV�UXOH�VHW�WKH�DFWLRQ�IRU�SDUW�)LQQLVK��ZKLFK�FKDQJHV�WKH�XVHU�LQWHUIDFH�ODQJXDJH

LQ�WR�ILQQLVK�

��!

�FRQGLWLRQ!
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�HYHQW�FODVV �LWHP6WDWH&KDQJHG��SDUW�QDPH �)LQQLVK��!

��FRQGLWLRQ!

�DFWLRQ!

�SURSHUW\�SDUW�QDPH �%DQNLQJ��QDPH �WLWOH�!3DQNNL�VRYHOOXV��SURSHUW\!

�SURSHUW\�SDUW�QDPH �PHQX��QDPH �WH[W�!7LHGRVWR��SURSHUW\!

�SURSHUW\�SDUW�QDPH �PHQX,WHP��QDPH �WH[W�!8XVL�ODVNX��SURSHUW\!

�SURSHUW\�SDUW�QDPH �QDPH/DEHO��QDPH �WH[W�!1LPL���SURSHUW\!

�SURSHUW\�SDUW�QDPH �DFFRXQW/DEHO��QDPH �WH[W�!7LOLQXPHUR���SURSHUW\!

�SURSHUW\�SDUW�QDPH �EDODQFH/DEHO��QDPH �WH[W�!6DOGR���SURSHUW\!

�SURSHUW\�SDUW�QDPH �QHZ%XWWRQ��QDPH �WH[W�!8XVL�/DVNX��SURSHUW\!

�SURSHUW\�SDUW�QDPH �WDE3DQHO���QDPH �QDPH�!0DNVDPDWWRPDW�ODVNXW��SURSHUW\!

�SURSHUW\�SDUW�QDPH �WDE3DQHO���QDPH �QDPH�!$VHWXNVHW��SURSHUW\!

�SURSHUW\�SDUW�QDPH �FRS\DVQHZ%XWWRQ��QDPH �WH[W�!.RSLR�ODVNXNVL��SURSHUW\!

�SURSHUW\�SDUW�QDPH �GHOHWH%XWWRQ��QDPH �WH[W�!3RLVWD��SURSHUW\!

�SURSHUW\�SDUW�QDPH �(QJOLVK��QDPH �WH[W�!(QJODQWL��SURSHUW\!

�SURSHUW\�SDUW�QDPH �)LQQLVK��QDPH �WH[W�!6XRPL��SURSHUW\!

�SURSHUW\�SDUW�QDPH �LQYRLFH'LDORJ��QDPH �WLWOH�!8XVL�ODVNX��SURSHUW\!

�SURSHUW\�SDUW�QDPH �RN��QDPH �WH[W�!2N��SURSHUW\!

�SURSHUW\�SDUW�QDPH �FDQFHO��QDPH �WH[W�!3HUXXWD��SURSHUW\!

�SURSHUW\�SDUW�QDPH �GDWH/DEHO��QDPH �WH[W�!(UlSlLYl���SURSHUW\!

�SURSHUW\�SDUW�QDPH �DPRXQW/DEHO��QDPH �WH[W�!6XPPD���SURSHUW\!

�SURSHUW\�SDUW�QDPH �SD\HH1DPH/DEHO��QDPH �WH[W�!1LPL���SURSHUW\!

�SURSHUW\�SDUW�QDPH �SD\HH$FFRXQW/DEHO��QDPH �WH[W�!7LOLQXPHUR���SURSHUW\!

�FDOO�QDPH �EDQN�VHW/DQJXDJH�!

�SDUDP�QDPH �ODQJXDJH�!���SDUDP!

��FDOO!

��DFWLRQ!

��UXOH!

��EHKDYLRU!

��LQWHUIDFH!

�SHHUV!

�ORJLF!

����

7KLV�ORJLF�HOHPHQW�PDSV�WKH�8,0/�PHWKRG�FDOOV�LQWR�WKH�UHDO�-DYD�PHWKRGV�DQG�FODVVHV�

��!

�G�FRPSRQHQW�QDPH �EDQN��PDSV�WR �WKHVLV�XLPOEDQNLQJ�%DQNLQJ��!

�G�PHWKRG�QDPH �GHOHWH%LOO��PDSV�WR �GHOHWH%LOO��!

�G�PHWKRG�QDPH �FRS\$V1HZ%LOO��PDSV�WR �FRS\$V1HZ%LOO��!

�G�PHWKRG�QDPH �LQVHUW%LOO��PDSV�WR �LQVHUW%LOO��!

�G�PHWKRG�QDPH �VHW%LOO7LWOH��PDSV�WR �VHW%LOO7LWOH��!

�G�PHWKRG�QDPH �VHW/DQJXDJH��PDSV�WR �VHW/DQJXDJH�!

�G�SDUDP�W\SH �LQW��QDPH �ODQJXDJH��!

��G�PHWKRG!

��G�FRPSRQHQW!

��ORJLF!

��SHHUV!

��XLPO!

+�3	���������
�
�"[PO�YHUVLRQ �����"!

��'2&7<3(�XLPO�38%/,&�����8,7��'7'�8,0/�����'UDIW��(1���&�?8,0/�?ELQ?8,0/�B�G�GWG�!

�XLPO!

�LQWHUIDFH!

�VWUXFWXUH!

�SDUW�QDPH �%DQNLQJ��FODVV �:PO�!

�����VWDUWSDJH�LV�WKH�PDLQ�FDUG�DQG�VWDUWLQJ�SODFH�IRU�WKH�DSSOLFDWLRQ���!

�SDUW�QDPH �VWDUWSDJH��FODVV �&DUG�!

�SDUW�QDPH �VWDUWSDUD��FODVV �3�!

�SDUW�QDPH �VWDUWWH[W��FODVV �5LFK7H[W��!

��SDUW!

��SDUW!

�����XVHU�FDUG�KDV�WKH�XVHU�LQIRUPDWLRQ��!

�SDUW�QDPH �XVHU��FODVV �&DUG�!

�SDUW�QDPH �SUHY���FODVV �'R��!

�SDUW�QDPH �XVHUSDUD��FODVV �3�!

�SDUW�QDPH �XVHUQDPH��FODVV �5LFK7H[W��!

�SDUW�QDPH �RZQDFFRXQW��FODVV �6HOHFW�!

�SDUW�QDPH �RSWLRQ���FODVV �2SWLRQ�!

�SDUW�QDPH �RSWLRQ�W[W��FODVV �5LFK7H[W��!

��SDUW!

�SDUW�QDPH �RSWLRQ���FODVV �2SWLRQ�!
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�SDUW�QDPH �RSWLRQ�W[W��FODVV �5LFK7H[W��!

��SDUW!

��SDUW!

�SDUW�QDPH �XVHUEDODQFH��FODVV �5LFK7H[W��!

��SDUW!

��SDUW!

�����QHZ�FDUG�LV�XVHG�IRU�LQSXWLQJ�D�QHZ�ELOO���!

�SDUW�QDPH �QHZ��FODVV �&DUG�!

�SDUW�QDPH �SUHY���FODVV �'R��!

�SDUW�QDPH �QHZSDUD��FODVV �3�!

�SDUW�QDPH �QHZ���FODVV �5LFK7H[W��!

�SDUW�QDPH �QDPHILHOG��FODVV �,QSXW��!

�SDUW�QDPH �QHZ���FODVV �5LFK7H[W��!

�SDUW�QDPH �DFFRXQWILHOG��FODVV �,QSXW��!

�SDUW�QDPH �QHZ���FODVV �5LFK7H[W��!

�SDUW�QDPH �QRWHILHOG��FODVV �,QSXW��!

�SDUW�QDPH �QHZ���FODVV �5LFK7H[W��!

�SDUW�QDPH �GDWHILHOG��FODVV �,QSXW��!

�SDUW�QDPH �QHZ���FODVV �5LFK7H[W��!

�SDUW�QDPH �DPRXQWILHOG��FODVV �,QSXW��!

��SDUW!

��SDUW!

�����ROG�FDUG�VKRZV�WKH�LQIRUPDWLRQ�FRQFHUQLQJ�WKH�VHOHFWHG�ELOO��!

�SDUW�QDPH �ROG��FODVV �&DUG�!

�SDUW�QDPH �SUHY���FODVV �'R��!

�SDUW�QDPH �S���FODVV �3�!

�SDUW�QDPH �XQSDLG���FODVV �5LFK7H[W��!

��SDUW!

�SDUW�QDPH �S���FODVV �3�!

�SDUW�QDPH �XQSDLG���FODVV �5LFK7H[W��!

��SDUW!

�SDUW�QDPH �S���FODVV �3�!

�SDUW�QDPH �XQSDLG���FODVV �5LFK7H[W��!

��SDUW!

�SDUW�QDPH �S���FODVV �3�!

�SDUW�QDPH �XQSDLG���FODVV �5LFK7H[W��!

��SDUW!

�SDUW�QDPH �S���FODVV �3�!

�SDUW�QDPH �XQSDLG���FODVV �5LFK7H[W��!

��SDUW!

��SDUW!

�����ELOOV�FDUG�LV�D�OLVW�RI�ELOOV��FDQ�VKRZ�RQO\�RQH

ELOO�VR�OLVW�LV�ELW�DPELWLRXV�QDPH�IRU�LW��!

�SDUW�QDPH �ELOOV��FODVV �&DUG�!

�SDUW�QDPH �SUHY���FODVV �'R��!

�SDUW�QDPH �GHOHWH��FODVV �'R��!

�SDUW�QDPH �OLVWRIELOOV��FODVV �3�!

�SDUW�QDPH �OLVWWH[W��FODVV �5LFK7H[W��!

��SDUW!

��SDUW!

��SDUW!

��VWUXFWXUH!

�VW\OH!

�����SURSHUWLHV�IRU�VWDUWSDJH�FDUG���!

�SURSHUW\�SDUW�QDPH �VWDUWSDJH��QDPH �WLWOH�!%DQNLQJ�DSSOLFDWLRQ��SURSHUW\!

�����SURSHUW\�VWDUWWH[W�LV�XVHG�WR�LQSXW�ZPO�FRGH�GLUHFWO\��EHFDXVH�FXUUHQW�YHUVLRQ�RI

WKH�UHQGHUHU�GRHV�QRW�VXSSRUW�WKH�WDJV�ZH�ZDQW���!

�SURSHUW\�SDUW�QDPH �VWDUWWH[W��QDPH �FRQWHQW�!

	OW�DQFKRU	JW��8VHU�,QIRUPDWLRQ�	OW�JR�KUHI ��XVHU��	JW�	OW��DQFKRU	JW��	OW�EU�	JW�

	OW�DQFKRU	JW��/LVW�RI�XQSDLG�ELOOV�	OW�JR�KUHI ��ELOOV��	JW�	OW��DQFKRU	JW��	OW�EU�	JW�

	OW�DQFKRU	JW��1HZ�ELOO�	OW�JR�KUHI ��QHZ��	JW�	OW��DQFKRU	JW�

��SURSHUW\!

�����SURSHUWLHV�IRU�XVHU�FDUG���!

�SURSHUW\�SDUW�QDPH �XVHU��QDPH �WLWOH�!8VHU�,QIRUPDWLRQ��SURSHUW\!

�SURSHUW\�SDUW�QDPH �XVHUQDPH��QDPH �FRQWHQW�!QDPH��-DFN�%DQNHU��SURSHUW\!

�SURSHUW\�SDUW�QDPH �RZQDFFRXQW��QDPH �WLWOH�!$FFRXQW���SURSHUW\!

�SURSHUW\�SDUW�QDPH �RSWLRQ�W[W��QDPH �FRQWHQW�!����������SURSHUW\!

�SURSHUW\�SDUW�QDPH �RSWLRQ�W[W��QDPH �FRQWHQW�!����������SURSHUW\!

�SURSHUW\�SDUW�QDPH �XVHUEDODQFH��QDPH �FRQWHQW�!%DODQFH����SRXQGV���SURSHUW\!

�����SURSHUWLHV�IRU�QHZ�FDUG���!
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�SURSHUW\�SDUW�QDPH �QHZ��QDPH �WLWOH�!1HZ�ELOO��SURSHUW\!

�SURSHUW\�SDUW�QDPH �QHZ���QDPH �FRQWHQW�!1DPH���SURSHUW\!

�SURSHUW\�SDUW�QDPH �QHZ���QDPH �FRQWHQW�!$FFRXQW���SURSHUW\!

�SURSHUW\�SDUW�QDPH �QHZ���QDPH �FRQWHQW�!1RWH���SURSHUW\!

�SURSHUW\�SDUW�QDPH �QHZ���QDPH �FRQWHQW�!'DWH���SURSHUW\!

�SURSHUW\�SDUW�QDPH �QHZ���QDPH �FRQWHQW�!$PRXQW���SURSHUW\!

�SURSHUW\�SDUW�QDPH �QDPHILHOG��QDPH �QDPH�!QDPH��SURSHUW\!

�SURSHUW\�SDUW�QDPH �DFFRXQWILHOG��QDPH �QDPH�!DFFRXQW��SURSHUW\!

�SURSHUW\�SDUW�QDPH �QRWHILHOG��QDPH �QDPH�!QRWH��SURSHUW\!

�SURSHUW\�SDUW�QDPH �GDWHILHOG��QDPH �QDPH�!GDWH��SURSHUW\!

�SURSHUW\�SDUW�QDPH �DPRXQWILHOG��QDPH �QDPH�!DPRXQW��SURSHUW\!

�����SURSHUWLHV�IRU�ROG�FDUG���!

�SURSHUW\�SDUW�QDPH �ROG��QDPH �WLWOH�!8QSDLG�ELOO��SURSHUW\!

�SURSHUW\�SDUW�QDPH �XQSDLG���QDPH �FRQWHQW�!QDPH���QDPH��SURSHUW\!

�SURSHUW\�SDUW�QDPH �XQSDLG���QDPH �FRQWHQW�!$FFRXQW���DFFRXQW��SURSHUW\!

�SURSHUW\�SDUW�QDPH �XQSDLG���QDPH �FRQWHQW�!1RWH���QRWH��SURSHUW\!

�SURSHUW\�SDUW�QDPH �XQSDLG���QDPH �FRQWHQW�!'XH�'DWH���GDWH��SURSHUW\!

�SURSHUW\�SDUW�QDPH �XQSDLG���QDPH �FRQWHQW�!$PRXQW���DPRXQW��SURSHUW\!

�����SURSHUWLHV�IRU�ELOOV�FDUG���!

�SURSHUW\�SDUW�QDPH �ELOOV��QDPH �WLWOH�!/LVW�RI�XQSDLG�ELOOV��SURSHUW\!

�����SURSHUW\�OLVWWH[W�LV�XVHG�WR�LQSXW�ZPO�FRGH�GLUHFWO\��EHFDXVH�FXUUHQW�YHUVLRQ�RI

WKH�UHQGHUHU�GRHV�QRW�VXSSRUW�WKH�WDJV�ZH�ZDQW���!

�SURSHUW\�SDUW�QDPH �OLVWWH[W��QDPH �FRQWHQW�!

	OW�DQFKRU	JW�1DPH���QDPH	OW�JR�KUHI ��ROG��	JW�	OW��DQFKRU	JW��	OW�EU�	JW�

'DWH���GDWH�	OW�EU�	JW�

$PRXQW���DPRXQW

��SURSHUW\!

��VW\OH!

�EHKDYLRU!

�����UXOH!

����WKLV�UXOH�GRHV�QRWKLQJ��UHQGHUHG�ZDQW
V�D�UXOH�IRU�2SWLRQ�WDJV���!

�����FRQGLWLRQ!

�����HYHQW�FODVV �2QSLFN��SDUW�QDPH �RSWLRQ���QDPH �LWHPVHOHFW��!

��FRQGLWLRQ!

�������DFWLRQ!

����DFWLRQ!

������UXOH!

�����UXOH!

����WKLV�UXOH�GRHV�QRWKLQJ��UHQGHUHG�ZDQW
V�D�UXOH�IRU�2SWLRQ�WDJV���!

�����FRQGLWLRQ!

�����HYHQW�FODVV �2QSLFN��SDUW�QDPH �RSWLRQ���QDPH �LWHPVHOHFW��!

��FRQGLWLRQ!

�������DFWLRQ!

����DFWLRQ!

��UXOH!

�����UXOH!

��� ����WKLV�UXOH�PRYHV�WKH�:$3�EURZVHU�WR�SUHYLRXV�SDJH��!

�FRQGLWLRQ!

�������HYHQW�FODVV �SUHY��SDUW�QDPH �XVHU��QDPH �GR��!

����FRQGLWLRQ!

���DFWLRQ!

�SURSHUW\�SDUW�QDPH �SUHY��QDPH �YLVLEOH�!WUXH��SURSHUW\!

��DFWLRQ!

��UXOH!

�����UXOH!

��� ����WKLV�UXOH�PRYHV�WKH�:$3�EURZVHU�WR�SUHYLRXV�SDJH��!

�������FRQGLWLRQ!

�������HYHQW�FODVV �SUHY��SDUW�QDPH �QHZ��QDPH �GR��!

����FRQGLWLRQ!

���DFWLRQ!

�SURSHUW\�SDUW�QDPH �SUHY��QDPH �YLVLEOH�!WUXH��SURSHUW\!

��DFWLRQ!

��UXOH!

�UXOH!

��� ����WKLV�UXOH�PRYHV�WKH�:$3�EURZVHU�WR�SUHYLRXV�SDJH��!

�������FRQGLWLRQ!

�������HYHQW�FODVV �SUHY��SDUW�QDPH �ROG��QDPH �GR��!

����FRQGLWLRQ!

���DFWLRQ!

�SURSHUW\�SDUW�QDPH �SUHY��QDPH �YLVLEOH�!WUXH��SURSHUW\!
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��DFWLRQ!

��UXOH!

�UXOH!

��� ����WKLV�UXOH�PRYHV�WKH�:$3�EURZVHU�WR�SUHYLRXV�SDJH��!

�������FRQGLWLRQ!

�������HYHQW�FODVV �SUHY��SDUW�QDPH �ELOOV��QDPH �GR��!

����FRQGLWLRQ!

���DFWLRQ!

�SURSHUW\�SDUW�QDPH �SUHY��QDPH �YLVLEOH�!WUXH��SURSHUW\!

��DFWLRQ!

��UXOH!

�UXOH!

��� ����WKLV�UXOH�PRYHV�WKH�:$3�EURZVHU�WR�SUHYLRXV�SDJH��!

�������FRQGLWLRQ!

�������HYHQW�FODVV �DFFHSW��SDUW�QDPH �ELOOV��QDPH �GR��!

����FRQGLWLRQ!

���DFWLRQ!

�SURSHUW\�SDUW�QDPH �SUHY��QDPH �YLVLEOH�!WUXH��SURSHUW\!

��DFWLRQ!

��UXOH!

��EHKDYLRU!

��LQWHUIDFH!

��XLPO!
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�##���
�
!.
2���
����

%
��
�	�
;
	�
�	3%	���������
��

Class InfoCollection

��7LWOH���������8,0/�%DQNLQJ�DSSOLFDWLRQ

��9HUVLRQ����������

��$XWKRU��������6DPL�5DQWDOD

��&RPSDQ\�������/�0�(ULFVVRQ�/WG�

��'HVFULSWLRQ���7KLV�SURJUDP�LV�XVHG�WR�FRPSDUH�6ZLQJ�DQG�8,0/�LQWHUIDFHV�

SDFNDJH�WKHVLV�FRPPRQ�

LPSRUW�MDYD�XWLO�9HFWRU�

SXEOLF�FODVV�,QIR&ROOHFWLRQ�^

��9HFWRU�VWRUH�

���
��,QIR&ROOHFWLRQ��

���
��&ODVV�FRQVWUXFWRU��SODFHV���ELOOV�LQWR�XQSDLG�OLVW�

���
�

��SXEOLF�,QIR&ROOHFWLRQ���^

����VWRUH� �QHZ�9HFWRU�������

����,QYRLFH,QIR�VWDUW�� �QHZ�,QYRLFH,QIR��-RKQ�'RH����������������5HQW������������������

����,QYRLFH,QIR�VWDUW�� �QHZ�,QYRLFH,QIR��-RH�6PLWK����������������5HQW�������������������

����VWRUH�DGG(OHPHQW�VWDUW���

����VWRUH�DGG(OHPHQW�VWDUW���

��`

���
��JHW,QYRLFH�LQW�L�

���
��7KLV�PHWKRG�UHWXUQV�UHTXHVWHG�LQYRLFH,QIR�LQVWDQFH�IURP�WKH�FROOHFWLRQ�

���
�

��SXEOLF�,QYRLFH,QIR�JHW,QYRLFH�LQW�L��^

����UHWXUQ��,QYRLFH,QIR�VWRUH�HOHPHQW$W�L��

����`

���
��GHOHWH5RZ�LQW�L�

���
��7KLV�PHWKRG�UHPRYHV�WKH�UHTXHVWHG�LQYRLFH,QIR�IURP�WKH�FROOHFWLRQ�

���
�

��SXEOLF�YRLG�GHOHWH5RZ�LQW�L�^VWRUH�UHPRYH(OHPHQW$W�L��`

���
��DGG,QYRLFH�2EMHFW�R�

���
��7KLV�PHWKRG�DGGV�DQ�2EMHFW�R�LQWR�WKH�FROOHFWLRQ

���
�

��SXEOLF�YRLG�DGG,QYRLFH�2EMHFW�R��^

����VWRUH�DGG(OHPHQW�R��

��`

���
��JHW6L]H��

���
��7KLV�PHWKRG�UHWXUQV�FROOHFWLRQV�VL]H

���
�

��SXEOLF�LQW�JHW6L]H���^UHWXUQ�VWRUH�VL]H���`

`

Class InvoiceInfo

��7LWOH���������8,0/�%DQNLQJ�DSSOLFDWLRQ

��9HUVLRQ����������

��$XWKRU��������6DPL�5DQWDOD

��&RPSDQ\�������/�0�(ULFVVRQ�/WG�

��'HVFULSWLRQ���7KLV�SURJUDP�LV�XVHG�WR�FRPSDUH�6ZLQJ�DQG�8,0/�LQWHUIDFHV�

SDFNDJH�WKHVLV�FRPPRQ�

LPSRUW�MDYD�XWLO�
�

LPSRUW�MDYD�ODQJ�,QWHJHU�

SXEOLF�FODVV�,QYRLFH,QIR�^

��SULYDWH�6WULQJ�SD\HH�

��SULYDWH�6WULQJ�SD\HH$FFRXQW�
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��SULYDWH�6WULQJ�QRWH�

��SULYDWH�,QWHJHU�DPRXQW�

��SULYDWH�&DOHQGDU�GDWH� �&DOHQGDU�JHW,QVWDQFH���

��SXEOLF�,QYRLFH,QIR���^

��`

��SXEOLF�,QYRLFH,QIR�6WULQJ�D�6WULQJ�E��6WULQJ�F��LQW�G��LQW�H��LQW�I��LQW�J��^

��SD\HH� �QHZ�6WULQJ�D��

��SD\HH$FFRXQW� �QHZ�6WULQJ�E��

��QRWH� �QHZ�6WULQJ�F��

��DPRXQW� �QHZ�,QWHJHU�G��

��GDWH�VHW�J�I�H��

��`

���
0HWKRGV�IRU�JHWWLQJ�YDULDEOHV�IURP�WKLV�FODVV
�

��SXEOLF�2EMHFW�JHW3D\HH��^UHWXUQ�SD\HH�`

��SXEOLF�2EMHFW�JHW3D\HH$FFRXQW��^UHWXUQ�SD\HH$FFRXQW�`

��SXEOLF�2EMHFW�JHW1RWH��^UHWXUQ�QRWH�`

��SXEOLF�2EMHFW�JHW$PRXQW��^UHWXUQ�DPRXQW�`

��SXEOLF�2EMHFW�JHW'D\��^UHWXUQ�MDYD�ODQJ�,QWHJHU�WR6WULQJ�GDWH�JHW�GDWH�'$<B2)B0217+���`

��SXEOLF�2EMHFW�JHW0RQWK��^UHWXUQ�MDYD�ODQJ�,QWHJHU�WR6WULQJ�GDWH�JHW�GDWH�0217+���`

��SXEOLF�2EMHFW�JHW<HDU��^UHWXUQ�MDYD�ODQJ�,QWHJHU�WR6WULQJ�GDWH�JHW�GDWH�<($5���`

��SXEOLF�2EMHFW�JHW,QYRLFH'DWH��^UHWXUQ�GDWH�JHW7LPH���`

���
0HWKRGV�IRU�VHWWLQJ�YDULDEOHV
�

��SXEOLF�YRLG�VHW3D\HH�6WULQJ�D�^SD\HH� �QHZ�6WULQJ�D��`

��SXEOLF�YRLG�VHW3D\HH$FFRXQW�6WULQJ�E�^SD\HH$FFRXQW� �QHZ�6WULQJ�E��`

��SXEOLF�YRLG�VHW1RWH�6WULQJ�F�^QRWH� �QHZ�6WULQJ�F��`

��SXEOLF�YRLG�VHW$PRXQW�LQW�G�^DPRXQW� �QHZ�,QWHJHU�G��`

��SXEOLF�YRLG�VHW,QYRLFH'DWH�LQW�\��LQW�P��LQW�G�^GDWH�VHW�\�P�G��`

`

Class MyTableModel

��7LWOH���������8,0/�%DQNLQJ�DSSOLFDWLRQ

��9HUVLRQ����������

��$XWKRU��������6DPL�5DQWDOD

��&RPSDQ\�������/�0�(ULFVVRQ�/WG�

��'HVFULSWLRQ���7KLV�SURJUDP�LV�XVHG�WR�FRPSDUH�6ZLQJ�DQG�8,0/�LQWHUIDFHV�

SDFNDJH�WKHVLV�FRPPRQ�

LPSRUW�MDYD�WH[W�
�

SXEOLF�FODVV�0\7DEOH0RGHO�H[WHQGV�MDYD[�VZLQJ�WDEOH�$EVWUDFW7DEOH0RGHO�^

����6WULQJ>@�FROXPQ1DPHV� �^�'XH�'DWH����3D\HH������`�

����6WULQJ>@�FROXPQ1DPHV�� �^�(UlSlLYl����6DDMD������`�

����,QIR&ROOHFWLRQ�FRQW�

����,QYRLFH,QIR�LQIR�

����'DWH)RUPDW�GI� �'DWH)RUPDW�JHW'DWH,QVWDQFH�'DWH)RUPDW�'()$8/7��

����LQW�ODQJXDJH�

����SXEOLF�0\7DEOH0RGHO�,QIR&ROOHFWLRQ�F�^

������FRQW� �F�

����`

����SXEOLF�YRLG�VHW/DQJXDJH�LQW�ODQJXDJH�^

������WKLV�ODQJXDJH� �ODQJXDJH�

����`

�����
JHWV�WKH�WDEOH�FROXPQ�FRXQW
�

����SXEOLF�LQW�JHW&ROXPQ&RXQW���^

������UHWXUQ�FROXPQ1DPHV�OHQJWK�

����`

�����
�JHWV�WKH�WDEOH�URZ�FRXQW��
�

����SXEOLF�LQW�JHW5RZ&RXQW���^

������UHWXUQ�FRQW�JHW6L]H���

����`

�����
JHWV�WKH�WDEOHV�FROXPQ�QDPHV
�

����SXEOLF�6WULQJ�JHW&ROXPQ1DPH�LQW�FRO��^
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������LI�ODQJXDJH�  ���^

�������UHWXUQ�FROXPQ1DPHV>FRO@�

������`�HOVH�^UHWXUQ�FROXPQ1DPHV�>FRO@�`

����`

�����
*HWV�XQSDLG�ELOOV�WDEOH�LQIRUPDWLRQ�IURP�LQYRLFH,QIR
�

����SXEOLF�2EMHFW�JHW9DOXH$W�LQW�URZ��LQW�FRO��^

�����LQIR� �FRQW�JHW,QYRLFH�URZ��

������VZLWFK�FRO�^

��������FDVH�����UHWXUQ�GI�IRUPDW�LQIR�JHW,QYRLFH'DWH����

��������FDVH�����UHWXUQ�LQIR�JHW3D\HH���

��������FDVH�����UHWXUQ�LQIR�JHW$PRXQW���

��������GHIDXOW��UHWXUQ�QXOO�

������`

����`

�����
*HWV�WKH�FODVV�RI�WDEOH�HQWULHV
�

����SXEOLF�&ODVV�JHW&ROXPQ&ODVV�LQW�F��^

������UHWXUQ�JHW9DOXH$W����F��JHW&ODVV���

����`

`

�!�0	3%	���������
�

Class Banking2

��7LWOH���������8,0/�%DQNLQJ�DSSOLFDWLRQ

��9HUVLRQ����������

��$XWKRU��������6DPL�5DQWDOD

��&RPSDQ\�������/�0�(ULFVVRQ�/WG�

��'HVFULSWLRQ���7KLV�SURJUDP�LV�XVHG�WR�FRPSDUH�6ZLQJ�DQG�8,0/�LQWHUIDFHV�

SDFNDJH�WKHVLV�XLPOEDQNLQJ�

LPSRUW�FRP�XQLYHUVDOLW�UHQGHUHU�5HQGHUHU�

LPSRUW�MDYD[�VZLQJ�
�

LPSRUW�MDYD�DZW�HYHQW�
�

LPSRUW�MDYD[�VZLQJ�HYHQW�
�

LPSRUW�MDYD[�VZLQJ�ERUGHU�
�

LPSRUW�WKHVLV�FRPPRQ�
�

SXEOLF�FODVV�%DQNLQJ��^

��VWDWLF�6WULQJ�XLPO)LOH1DPH� ��EDQNLQJ�XLPO��

��VWDWLF�5HQGHUHU�U�

��SULYDWH�0\7DEOH0RGHO�P\0RGHO�

��SULYDWH�,QIR&ROOHFWLRQ�XQSDLG%LOOV�

��SULYDWH�-7DEOH�WDEOH�

��SULYDWH�/LVW6HOHFWLRQ0RGHO�URZ60�

��SULYDWH�LQW�VHOHFWHG5RZ� ����

��SULYDWH�%RUGHU�HPSW\%RUGHU��SW�

��SULYDWH�%RUGHU�HWFKHG%RUGHU�

��SULYDWH�7LWOHG%RUGHU�QRWH%RUGHU� �%RUGHU)DFWRU\�FUHDWH7LWOHG%RUGHU�HWFKHG%RUGHU��

��SULYDWH�7LWOHG%RUGHU�SD\HH%RUGHU� �%RUGHU)DFWRU\�FUHDWH7LWOHG%RUGHU�HWFKHG%RUGHU��

��SULYDWH�LQW�ODQ� ��

��SXEOLF�%DQNLQJ����^

����HPSW\%RUGHU��SW� �%RUGHU)DFWRU\�FUHDWH(PSW\%RUGHU��������������

����WDEOH� ��-7DEOH��U�JHW3DUW%\1DPH��WDEOH���

����XQSDLG%LOOV� �QHZ�,QIR&ROOHFWLRQ���

����P\0RGHO� �QHZ�0\7DEOH0RGHO�XQSDLG%LOOV��

����LI�WDEOH�� �QXOO�^

������WDEOH�VHW0RGHO�P\0RGHO��

������WDEOH�VHW$XWR5HVL]H0RGH�WDEOH�$872B5(6,=(B$//B&2/8016��

������WDEOH�VL]H&ROXPQV7R)LW�WDEOH�$872B5(6,=(B$//B&2/8016��

������URZ60� �WDEOH�JHW6HOHFWLRQ0RGHO���

������URZ60�DGG/LVW6HOHFWLRQ/LVWHQHU�QHZ�/LVW6HOHFWLRQ/LVWHQHU���^����WKLV�SDUW�RI�WKH�ILQGV�RXW

�������SXEOLF�YRLG�YDOXH&KDQJHG�/LVW6HOHFWLRQ(YHQW�H��^��������ZKLFK�URZ�LV�VHOHFWHG

�����������,JQRUH�H[WUD�PHVVDJHV�

���������LI��H�JHW9DOXH,V$GMXVWLQJ����UHWXUQ�

���������/LVW6HOHFWLRQ0RGHO�OVP� ��/LVW6HOHFWLRQ0RGHO�H�JHW6RXUFH���

���������LI��OVP�LV6HOHFWLRQ(PSW\����^

�������������QR�URZV�DUH�VHOHFWHG
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�����������VHOHFWHG5RZ� ����

���������`�HOVH�^

����������VHOHFWHG5RZ� �OVP�JHW0LQ6HOHFWLRQ,QGH[���

������������URZ�VHOHFWHG5RZ�LV�VHOHFWHG

���������`

��������`

�������`��

����`

����VHW%RUGHUV���

����VHW%RUGHUV����

����-)UDPH�M� ��-)UDPH�U�JHW3DUW%\1DPH��%DQNLQJ���

����M�SDFN���

����M�VHW9LVLEOH�WUXH��

��`

���
��LQVHUW%LOO�����

���
��7KLV�PHWKRG�LQVHUWV�D�QHZ�ELOO�LQWR�WKH�XQSDLG%LOOV�OLVW

���
�

��SXEOLF�YRLG�LQVHUW%LOO���^

����6WULQJ�SD\HH1DPH� �QHZ�6WULQJ���

����6WULQJ�SD\HH$FFRXQW� �QHZ�6WULQJ���

����6WULQJ�QRWH7H[W� �QHZ�6WULQJ���

����6WULQJ�DPRXQW� �QHZ�6WULQJ���

����6WULQJ�\HDU� �QHZ�6WULQJ���

����6WULQJ�PRQWK� �QHZ�6WULQJ���

����6WULQJ�GD\� �QHZ�6WULQJ���

����,QYRLFH,QIR�LQIR� �QHZ�,QYRLFH,QIR���

�������ILUVW�JHW�WKH�LQSXW�FRPSRQHQWV�DQG�WKHQ�WKHLU�FRQWHQWV

����-7H[W)LHOG�D� ��-7H[W)LHOG�U�JHW3DUW%\1DPH��SD\HH1DPH)LHOG���

����LI�D� QXOO�

������SD\HH1DPH� �D�JHW7H[W���

����-7H[W)LHOG�E� ��-7H[W)LHOG�U�JHW3DUW%\1DPH��SD\HH$FFRXQW)LHOG���

����LI�E� QXOO�

������SD\HH$FFRXQW� �E�JHW7H[W���

����-7H[W$UHD�F� ��-7H[W$UHD�U�JHW3DUW%\1DPH��QRWH7H[W$UHD���

����LI�F� QXOO�

������QRWH7H[W� �F�JHW7H[W���

����-7H[W)LHOG�G� ��-7H[W)LHOG�U�JHW3DUW%\1DPH��DPRXQW)LHOG���

����LI�G� QXOO�

������DPRXQW� �G�JHW7H[W���

����-7H[W)LHOG�H� ��-7H[W)LHOG�U�JHW3DUW%\1DPH��\HDU)LHOG���

����LI�H� QXOO�

������\HDU� �H�JHW7H[W���

����-7H[W)LHOG�I� ��-7H[W)LHOG�U�JHW3DUW%\1DPH��PRQWK)LHOG���

����LI�I� QXOO�

������PRQWK� �I�JHW7H[W���

����-7H[W)LHOG�J� ��-7H[W)LHOG�U�JHW3DUW%\1DPH��GD\)LHOG���

����LI�J� QXOO�

������GD\� �J�JHW7H[W���

�������6HW�WKH�ELOO�LQIRUPDWLRQ�LQ�WR�LQVWDQFH�RI�,QYRLFH,QIR�FODVV

����LI�SD\HH1DPH� QXOO�

������LQIR�VHW3D\HH�SD\HH1DPH��

����LI�SD\HH$FFRXQW� QXOO�

������LQIR�VHW3D\HH$FFRXQW�SD\HH$FFRXQW��

����LI�QRWH7H[W� QXOO�

������LQIR�VHW1RWH�QRWH7H[W��

����LI�DPRXQW� QXOO�

������LQIR�VHW$PRXQW�MDYD�ODQJ�,QWHJHU�SDUVH,QW�DPRXQW���

����LI�\HDU� QXOO�		�\HDU� QXOO�		�GD\� QXOO�

������LQIR�VHW,QYRLFH'DWH�MDYD�ODQJ�,QWHJHU�SDUVH,QW�\HDU��

������������������������MDYD�ODQJ�,QWHJHU�SDUVH,QW�PRQWK��

������������������������MDYD�ODQJ�,QWHJHU�SDUVH,QW�GD\���

����LI�LQIR� QXOO�

������XQSDLG%LOOV�DGG,QYRLFH�LQIR��

����UHIUHVK7DEOH�XQSDLG%LOOV�JHW6L]H����

����FDQFHO1HZ%LOO���

��`

���
��UHIUHVK7DEOH�LQW�L�

���
��7KLV�PHWKRG�ILUHV�DQ�HYHQW�WKDW�XSGDWHV�WKH�WDEOH�
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���
�

��SXEOLF�YRLG�UHIUHVK7DEOH�LQW�L��^

����P\0RGHO�ILUH7DEOH5RZV,QVHUWHG�L�L��

��`

���
��GHOHWH%LOO�����

���
��7KLV�PHWKRG�GHOHWHV�D�ELOO�IURP�WKH�XQSDLG%LOOV�OLVW

���
�

��SXEOLF�YRLG�GHOHWH%LOO���^

����LI�VHOHFWHG5RZ�� ����^

������XQSDLG%LOOV�GHOHWH5RZ�VHOHFWHG5RZ��

������P\0RGHO�ILUH7DEOH5RZV'HOHWHG�VHOHFWHG5RZ�VHOHFWHG5RZ��

������VHOHFWHG5RZ� ����

����`

��`

���
��FRS\$V1HZ%LOO��

���
��7KLV�PHWKRG�FRSLHV�WKH�FXUUHQWO\�VHOHFWHG�ELOO�DV�D�QHZ�ELOO

���
�

��SXEOLF�YRLG�FRS\$V1HZ%LOO���^

����LI�VHOHFWHG5RZ�� ����^

���������,I�VHOHFWHG5RZ�LV�ODUJHU�WKDQ�����WKHQ

���������ZH�FRS\�VHOHFWHG�ELOO
V�LQIR�LQWR�WKH�QHZ�RQH�

���������LI�LW
V����WKHQ�QR�URZ�LV�VHOHFWHG�

������,QYRLFH,QIR�LQYRLFH� �XQSDLG%LOOV�JHW,QYRLFH�VHOHFWHG5RZ��

��������-7H[W)LHOG�U�JHW3DUW%\1DPH��SD\HH1DPH)LHOG����VHW7H[W��6WULQJ�LQYRLFH�JHW3D\HH����

��������-7H[W)LHOG�U�JHW3DUW%\1DPH��SD\HH$FFRXQW)LHOG����VHW7H[W��6WULQJ�LQYRLFH�JHW3D\HH$FFRXQW����

��������-7H[W$UHD�U�JHW3DUW%\1DPH��QRWH7H[W$UHD����VHW7H[W��6WULQJ�LQYRLFH�JHW1RWH����

��������-7H[W)LHOG�U�JHW3DUW%\1DPH��GD\)LHOG����VHW7H[W��6WULQJ�LQYRLFH�JHW'D\����

��������-7H[W)LHOG�U�JHW3DUW%\1DPH��PRQWK)LHOG����VHW7H[W��6WULQJ�LQYRLFH�JHW0RQWK����

��������-7H[W)LHOG�U�JHW3DUW%\1DPH��\HDU)LHOG����VHW7H[W��6WULQJ�LQYRLFH�JHW<HDU����

������6WULQJ�D� ���,QWHJHU�LQYRLFH�JHW$PRXQW����WR6WULQJ���

��������-7H[W)LHOG�U�JHW3DUW%\1DPH��DPRXQW)LHOG����VHW7H[W�D��

������-'LDORJ�G� ��-'LDORJ�U�JHW3DUW%\1DPH��LQYRLFH'LDORJ���

������LI�ODQ�  ���^

��������G�VHW7LWOH��1HZ�ELOO�&RSLHG�IURP�ROG����`

������LI��ODQ�  ���^

��������G�VHW7LWOH��8XVL�ODVNX�NRSLR����`

������G�VHW9LVLEOH�WUXH��

����`

��`

���
�VHW%LOO7LWOH��

���
�6HWV�WKH�QHZ�ELOO�GLDORJV�WLWOH

���
�

��SXEOLF�YRLG�VHW%LOO7LWOH���^

����-'LDORJ�G� ��-'LDORJ�U�JHW3DUW%\1DPH��LQYRLFH'LDORJ���

����LI�ODQ�  ���^

������G�VHW7LWOH��1HZ�ELOO���`

����HOVH^

������G�VHW7LWOH��8XVL�ODVNX���`

��`

���
��FDQFHO1HZ%LOO��

���
��7KLV�PHWKRG�LV�XVHG�WR�FDQFHO�WKH�QHZ�ELOO�GLDORJ�

���
�

��SXEOLF�YRLG�FDQFHO1HZ%LOO���^

����-'LDORJ�G� ��-'LDORJ�U�JHW3DUW%\1DPH��LQYRLFH'LDORJ���

����G�VHW9LVLEOH�IDOVH��

��`

���
��VHW/DQJXDJH�LQW�ODQJXDJH�

���
��7KLV�PHWKRG�FKDQJHV�WKH�ODQJXDJHV�RI�WKRVH�SDUWV�WKDW�FDQQRW

���
��EH�FKDQJHG�GLUHFWO\�IURP�8,0/�FRGH

���
�

��SXEOLF�YRLG�VHW/DQJXDJH�LQW�ODQJXDJH�^

����ODQ� �ODQJXDJH�

����-7DEEHG3DQH�7DEEHG3DQHO� ��-7DEEHG3DQH�U�JHW3DUW%\1DPH��WDE3DQH���

����LI�ODQ�  ���^

������7DEEHG3DQHO�VHW7LWOH$W�����8QSDLG�%LOOV���

������7DEEHG3DQHO�VHW7LWOH$W�����6HWWLQJV���
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������SD\HH%RUGHU�VHW7LWOH��3D\HH���

������QRWH%RUGHU�VHW7LWOH��1RWH���

������P\0RGHO�VHW/DQJXDJH����

���������0DNH�VXUH�WKH�WDEOH�LV�SDLQWHG�FRUUHFWO\

������P\0RGHO�ILUH7DEOH6WUXFWXUH&KDQJHG���

������WDEOH�VL]H&ROXPQV7R)LW�WDEOH�$872B5(6,=(B$//B&2/8016��

����`

����LI�ODQ�  ���^

������7DEEHG3DQHO�VHW7LWOH$W�����0DNVDPDWWRPDW�ODVNXW���

������7DEEHG3DQHO�VHW7LWOH$W�����$VHWXNVHW���

������SD\HH%RUGHU�VHW7LWOH��6DDMDQ�WLHGRW���

������QRWH%RUGHU�VHW7LWOH��9LHVWL���

������P\0RGHO�VHW/DQJXDJH����

���������0DNH�VXUH�WKH�WDEOH�LV�SDLQWHG�FRUUHFWO\

������P\0RGHO�ILUH7DEOH6WUXFWXUH&KDQJHG���

������WDEOH�VL]H&ROXPQV7R)LW�WDEOH�$872B5(6,=(B$//B&2/8016��

����`

��`

���
��VHW%RUGHUV��

���
��7KLV�PHWKRG�VHWV�WKH�ERUGHUV�IRU�WKH�%DQNLQJ�DSSOLFDWLRQ�-)UDPH

���
�

��SULYDWH�YRLG�VHW%RUGHUV���^

����-3DQHO�D� ��-3DQHO�U�JHW3DUW%\1DPH��H[WUD3DQHO���

����D�VHW%RUGHU�HPSW\%RUGHU��SW��

����-3DQHO�E� �-3DQHO�U�JHW3DUW%\1DPH��XVHU,QIRUPDWLRQ3DQHO���

����E�VHW%RUGHU�HPSW\%RUGHU��SW��

����-3DQHO�F� ��-3DQHO�U�JHW3DUW%\1DPH��QHZ%XWWRQ3DQHO���

����F�VHW%RUGHU�HPSW\%RUGHU��SW��

����-3DQHO�G� ��-3DQHO�U�JHW3DUW%\1DPH��WDE3DQHO����

����G�VHW%RUGHU�HPSW\%RUGHU��SW��

��`

���
��VHW%RUGHUV���

���
��7KLV�PHWKRG�VHWV�WKH�ERUGHUV�IRU�LQYRLFH'LDORJ

���
�

��SULYDWH�YRLG�VHW%RUGHUV���^

����HWFKHG%RUGHU� �%RUGHU)DFWRU\�FUHDWH(WFKHG%RUGHU���

����-3DQHO�G� ��-3DQHO�U�JHW3DUW%\1DPH��LQSXW3DQHO���

����LI�G� �QXOO�

������G�VHW%RUGHU�HPSW\%RUGHU��SW��

����-3DQHO�H� ��-3DQHO�U�JHW3DUW%\1DPH��GDWH$QG$PRXQW3DQHO���

����LI�H� �QXOO�

������H�VHW%RUGHU�%RUGHU)DFWRU\�FUHDWH&RPSRXQG%RUGHU�%RUGHU)DFWRU\�FUHDWH(PSW\%RUGHU����������HWFKHG%RUGHU���

����-3DQHO�I� ��-3DQHO�U�JHW3DUW%\1DPH��SD\HH3DQHO���

����LI�I� �QXOO�

������I�VHW%RUGHU�%RUGHU)DFWRU\�FUHDWH&RPSRXQG%RUGHU�SD\HH%RUGHU�HPSW\%RUGHU��SW���

����-3DQHO�J� ��-3DQHO�U�JHW3DUW%\1DPH��QRWH3DQHO���

����LI�J� �QXOO�

������J�VHW%RUGHU�%RUGHU)DFWRU\�FUHDWH&RPSRXQG%RUGHU�QRWH%RUGHU�HPSW\%RUGHU��SW���

����SD\HH%RUGHU�VHW7LWOH��3D\HH���

����QRWH%RUGHU�VHW7LWOH��1RWH���

��`

SXEOLF�VWDWLF�YRLG�PDLQ�6WULQJ>@�DUJV��^

����WU\�^

������8,0DQDJHU�VHW/RRN$QG)HHO�8,0DQDJHU�JHW6\VWHP/RRN$QG)HHO&ODVV1DPH����

������`�FDWFK��([FHSWLRQ�H��^�`

�� U� �QHZ�5HQGHUHU���

��ERROHDQ�UHQGHU2.� �U�UHQGHU8,0/�XLPO)LOH1DPH��

����LI��UHQGHU2.�^

������6\VWHP�H[LW����

����`

����%DQNLQJ��EDQNLQJ�� �QHZ�%DQNLQJ����

����U�UHJLVWHU&RPSRQHQW,QVWDQFH��EDQN�%DQNLQJ�����EDQNLQJ���

��`

`
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H���	3%	���������
�

Class Banking

��7LWOH���������%DQNLQJ�DSSOLFDWLRQ

��9HUVLRQ����������

��$XWKRU��������6DPL�5DQWDOD

��&RPSDQ\�������/�0�(ULFVVRQ�/WG�

��'HVFULSWLRQ���7KLV�LV�XVHG�WR�FRPSDUH�6ZLQJ�DQG�8,0/�LQWHUIDFHV�

SDFNDJH�WKHVLV�MDYDEDQNLQJ�

LPSRUW�MDYD�DZW�
�

LPSRUW�MDYD[�VZLQJ�
�

LPSRUW�MDYD�DZW�HYHQW�
�

SXEOLF�FODVV�%DQNLQJ�H[WHQGV�:LQGRZ$GDSWHU�^

��0DLQ)UDPH�*8,�

���
��%DQNLQJ��

���
��7KLV�LV�WKH�FRQVWUXFWRU�

���
�

��SXEOLF�%DQNLQJ���^

����*8,� �QHZ�0DLQ)UDPH���

����*8,�DGG:LQGRZ/LVWHQHU�WKLV��

����*8,�VHW9LVLEOH�WUXH��

����*8,�SDFN���

��`

���
��ZLQGRZ&ORVLQJ�:LQGRZ(YHQW�H�

���
��7KLV�PHWKRG�FORVHV�WKH�ZLQGRZ�

���
�

��SXEOLF�YRLG�ZLQGRZ&ORVLQJ�:LQGRZ(YHQW�H��^

��6\VWHP�H[LW����

��`

��SXEOLF�VWDWLF�YRLG�PDLQ�6WULQJ>@�DUJV��^

����WU\�^

����8,0DQDJHU�VHW/RRN$QG)HHO�8,0DQDJHU�JHW6\VWHP/RRN$QG)HHO&ODVV1DPH����

`�FDWFK��([FHSWLRQ�H��^�`

%DQNLQJ�EDQNLQJ� �QHZ�%DQNLQJ���

��`

`

Class Invoice

��7LWOH���������%DQNLQJ�DSSOLFDWLRQ

��9HUVLRQ����������

��$XWKRU��������6DPL�5DQWDOD

��&RPSDQ\�������/�0�(ULFVVRQ�/WG�

��'HVFULSWLRQ���7KLV�LV�XVHG�WR�FRPSDUH�6ZLQJ�DQG�8,0/�LQWHUIDFHV�

SDFNDJH�WKHVLV�MDYDEDQNLQJ�

LPSRUW�MDYD�DZW�
�

LPSRUW�MDYD[�VZLQJ�
�

LPSRUW�MDYD[�VZLQJ�ERUGHU�
�

LPSRUW�MDYD�DZW�HYHQW�
�

LPSRUW�MDYD�ODQJ�6WULQJ�

LPSRUW�MDYD�ODQJ�,QWHJHU�

LPSRUW�WKHVLV�FRPPRQ�
�

SXEOLF�FODVV�,QYRLFH�H[WHQGV�-'LDORJ�^

��-3DQHO�%DVH3DQHO� �QHZ�-3DQHO���

��-3DQHO�'DWH$QG$PRXQW3DQHO� �QHZ�-3DQHO���

��-3DQHO�1RWH3DQHO� �QHZ�-3DQHO���

��-3DQHO�3D\HH/DEHO� �QHZ�-3DQHO���

��-3DQHO�3D\HH� �QHZ�-3DQHO���

��-3DQHO�1RUWK3DQHO� �QHZ�-3DQHO���

��-3DQHO�3D\HH)LHOG� �QHZ�-3DQHO���

��-3DQHO�,QSXW3DQHO� �QHZ�-3DQHO���

��-3DQHO�$PRXQW%DVH3DQHO� �QHZ�-3DQHO���
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��-3DQHO�'DWH%DVH3DQHO� �QHZ�-3DQHO���

��-3DQHO�'DWH)LHOG3DQHO� �QHZ�-3DQHO���

��-3DQHO�$PRXQW/DEHO3DQHO� �QHZ�-3DQHO���

��-3DQHO�$PRXQW)LHOG3DQHO� �QHZ�-3DQHO���

��-3DQHO�%XWWRQ3DQHO� �QHZ�-3DQHO���

��-6FUROO3DQH�M6FUROO3DQH�� �QHZ�-6FUROO3DQH���

��-/DEHO�3D\HH1DPH/DEHO� �QHZ�-/DEHO���

��-/DEHO�3D\HH$FFRXQW/DEHO� �QHZ�-/DEHO���

��-/DEHO�$PRXQW/DEHO� �QHZ�-/DEHO���

��-/DEHO�'DWH/DEHO� �QHZ�-/DEHO���

��-7H[W$UHD�1RWH7H[W$UHD� �QHZ�-7H[W$UHD���

��-7H[W)LHOG�'D\)LHOG� �QHZ�-7H[W)LHOG���

��-7H[W)LHOG�<HDU)LHOG� �QHZ�-7H[W)LHOG���

��-7H[W)LHOG�0RQWK)LHOG� �QHZ�-7H[W)LHOG���

��-7H[W)LHOG�$PRXQW)LHOG� �QHZ�-7H[W)LHOG���

��-7H[W)LHOG�3D\HH$FFRXQW)LHOG� �QHZ�-7H[W)LHOG���

��-7H[W)LHOG�3D\HH1DPH)LHOG� �QHZ�-7H[W)LHOG���

��-%XWWRQ�2N%XWWRQ� �QHZ�-%XWWRQ���

��-%XWWRQ�&DQFHO%XWWRQ� �QHZ�-%XWWRQ���

��%RUGHU/D\RXW�ERUGHU/D\RXW�� �QHZ�%RUGHU/D\RXW���

��%RUGHU/D\RXW�ERUGHU/D\RXW�� �QHZ�%RUGHU/D\RXW���

��*ULG/D\RXW�JULG/D\RXW�� �QHZ�*ULG/D\RXW���

��*ULG/D\RXW�JULG/D\RXW�� �QHZ�*ULG/D\RXW���

��*ULG/D\RXW�JULG/D\RXW�� �QHZ�*ULG/D\RXW���

��*ULG/D\RXW�JULG/D\RXW�� �QHZ�*ULG/D\RXW���

��*ULG/D\RXW�JULG/D\RXW�� �QHZ�*ULG/D\RXW���

��*ULG/D\RXW�JULG/D\RXW�� �QHZ�*ULG/D\RXW���

��*ULG%DJ/D\RXW�JULG%DJ/D\RXW�� �QHZ�*ULG%DJ/D\RXW���

��*ULG%DJ/D\RXW�JULG%DJ/D\RXW�� �QHZ�*ULG%DJ/D\RXW���

��%RUGHU�HWFKHG%RUGHU�

��,QYRLFH,QIR�LQIR� �QHZ�,QYRLFH,QIR���

��,QIR&ROOHFWLRQ�XQSDLG%LOOV�

��0DLQ)UDPH�IDWKHU)UDPH�

��%RUGHU�HPSW\%RUGHU��SW�

��7LWOHG%RUGHU�QRWH%RUGHU�

��7LWOHG%RUGHU�SD\HH%RUGHU�

��LQW�ODQJXDJH�

���
��,QYRLFH�)UDPH�IUDPH��6WULQJ�WLWOH��ERROHDQ�PRGDO��,QIR&ROOHFWLRQ�XQSDLG�

���
��7KLV�LV�RQH�RI�WKH�FRQVWUXFWRUV��,W�IRUZDUGV�FDOOV�WR�WKH�PDLQ�FRQVWUXFWRU�

���
�

��SXEOLF�,QYRLFH�)UDPH�IUDPH��6WULQJ�WLWOH��ERROHDQ�PRGDO��,QIR&ROOHFWLRQ�XQSDLG��^

��WKLV�IUDPH��WLWOH��PRGDO��XQSDLG��QXOO��

��`

���
��,QYRLFH�)UDPH�IUDPH��6WULQJ�WLWOH��ERROHDQ�PRGDO��,QIR&ROOHFWLRQ�XQSDLG��,QYRLFH,QIR�LQYRLFH,QIR�

���
��7KLV�LV�WKH�PDLQ�FRQVWUXFWRU�

���
�

��SXEOLF�,QYRLFH�)UDPH�IUDPH��6WULQJ�WLWOH��ERROHDQ�PRGDO��,QIR&ROOHFWLRQ�XQSDLG��,QYRLFH,QIR�LQYRLFH,QIR��^

����VXSHU�IUDPH��WLWOH��PRGDO��

����WU\��^

������ME,QLW���

������XQSDLG%LOOV� �XQSDLG�

������IDWKHU)UDPH� ��0DLQ)UDPH�IUDPH�

������LI�LQYRLFH,QIR�� �QXOO�^

������3D\HH1DPH)LHOG�VHW7H[W��6WULQJ�LQYRLFH,QIR�JHW3D\HH����

������3D\HH$FFRXQW)LHOG�VHW7H[W��6WULQJ�LQYRLFH,QIR�JHW3D\HH$FFRXQW����

������1RWH7H[W$UHD�VHW7H[W��6WULQJ�LQYRLFH,QIR�JHW1RWH����

������'D\)LHOG�VHW7H[W��6WULQJ�LQYRLFH,QIR�JHW'D\����

������0RQWK)LHOG�VHW7H[W��6WULQJ�LQYRLFH,QIR�JHW0RQWK����

������<HDU)LHOG�VHW7H[W��6WULQJ�LQYRLFH,QIR�JHW<HDU����

������$PRXQW)LHOG�VHW7H[W���,QWHJHU�LQYRLFH,QIR�JHW$PRXQW����WR6WULQJ����
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������`

������SDFN���

����`

����FDWFK�([FHSWLRQ�H[��^

������H[�SULQW6WDFN7UDFH���

����`

��`

���
��ME,QLW��

���
��7KLV�PHWKRG�LQWLWLDOL]HV�,QYRLFH�GLDORJ�*8,�

���
�

��YRLG�ME,QLW���WKURZV�([FHSWLRQ�^

����HWFKHG%RUGHU� �%RUGHU)DFWRU\�FUHDWH(WFKHG%RUGHU�&RORU�ZKLWH�QHZ�MDYD�DZW�&RORU�����������������

����HPSW\%RUGHU��SW� �%RUGHU)DFWRU\�FUHDWH(PSW\%RUGHU��������������

����QRWH%RUGHU� �%RUGHU)DFWRU\�FUHDWH7LWOHG%RUGHU�HWFKHG%RUGHU��

����SD\HH%RUGHU� �%RUGHU)DFWRU\�FUHDWH7LWOHG%RUGHU�HWFKHG%RUGHU��

����%DVH3DQHO�VHW/D\RXW�ERUGHU/D\RXW���

����1RWH3DQHO�VHW/D\RXW�JULG/D\RXW���

����1RWH3DQHO�VHW%RUGHU�%RUGHU)DFWRU\�FUHDWH&RPSRXQG%RUGHU�QRWH%RUGHU�HPSW\%RUGHU��SW���

����3D\HH/DEHO�VHW/D\RXW�JULG/D\RXW���

����3D\HH�VHW/D\RXW�JULG/D\RXW���

����3D\HH�VHW%RUGHU�%RUGHU)DFWRU\�FUHDWH&RPSRXQG%RUGHU�SD\HH%RUGHU�HPSW\%RUGHU��SW���

����1RUWK3DQHO�VHW/D\RXW�JULG/D\RXW���

����1RWH7H[W$UHD�VHW:UDS6W\OH:RUG�WUXH��

����JULG/D\RXW��VHW&ROXPQV����

����JULG/D\RXW��VHW&ROXPQV����

����JULG/D\RXW��VHW5RZV����

����JULG/D\RXW��VHW9JDS����

����M6FUROO3DQH��VHW+RUL]RQWDO6FUROO%DU3ROLF\�-6FUROO3DQH�+25,=217$/B6&52//%$5B1(9(5��

����M6FUROO3DQH��VHW9HUWLFDO6FUROO%DU3ROLF\�-6FUROO3DQH�9(57,&$/B6&52//%$5B$/:$<6��

����JULG/D\RXW��VHW5RZV����

����JULG/D\RXW��VHW9JDS����

����3D\HH)LHOG�VHW/D\RXW�JULG/D\RXW���

����,QSXW3DQHO�VHW/D\RXW�ERUGHU/D\RXW���

����'DWH$QG$PRXQW3DQHO�VHW/D\RXW�JULG/D\RXW���

����'DWH%DVH3DQHO�VHW/D\RXW�JULG%DJ/D\RXW���

����$PRXQW%DVH3DQHO�VHW/D\RXW�JULG%DJ/D\RXW���

����<HDU)LHOG�VHW&ROXPQV����

����0RQWK)LHOG�VHW&ROXPQV����

����$PRXQW)LHOG�VHW&ROXPQV����

����'D\)LHOG�VHW&ROXPQV����

����2N%XWWRQ�DGG$FWLRQ/LVWHQHU�QHZ�MDYD�DZW�HYHQW�$FWLRQ/LVWHQHU���^

������SXEOLF�YRLG�DFWLRQ3HUIRUPHG�$FWLRQ(YHQW�H��^

��������2N%XWWRQBDFWLRQ3HUIRUPHG�H��

������`

����`��

����&DQFHO%XWWRQ�DGG$FWLRQ/LVWHQHU�QHZ�MDYD�DZW�HYHQW�$FWLRQ/LVWHQHU���^

������SXEOLF�YRLG�DFWLRQ3HUIRUPHG�$FWLRQ(YHQW�H��^

��������&DQFHO%XWWRQBDFWLRQ3HUIRUPHG�H��

������`

����`��

����,QSXW3DQHO�VHW%RUGHU�HPSW\%RUGHU��SW��

����%DVH3DQHO�VHW0LQLPXP6L]H�QHZ�'LPHQVLRQ������������

����%DVH3DQHO�VHW3UHIHUUHG6L]H�QHZ�'LPHQVLRQ������������

'DWH$QG$PRXQW3DQHO�VHW%RUGHU�%RUGHU)DFWRU\�FUHDWH&RPSRXQG%RUGHU�%RUGHU)DFWRU\�FUHDWH(PSW\%RUGHU����������HWFKHG%

RUGHU���

����3D\HH1DPH)LHOG�VHW&ROXPQV�����

����JHW&RQWHQW3DQH���DGG�%DVH3DQHO��

����%DVH3DQHO�DGG�,QSXW3DQHO��%RUGHU/D\RXW�1257+��

����,QSXW3DQHO�DGG�1RUWK3DQHO��%RUGHU/D\RXW�1257+��

����1RUWK3DQHO�DGG�3D\HH��QXOO��

����3D\HH�DGG�3D\HH/DEHO��QXOO��

����3D\HH/DEHO�DGG�3D\HH1DPH/DEHO��QXOO��

����3D\HH/DEHO�DGG�3D\HH$FFRXQW/DEHO��QXOO��

����3D\HH�DGG�3D\HH)LHOG��QXOO��

����3D\HH)LHOG�DGG�3D\HH1DPH)LHOG��QXOO��
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����3D\HH)LHOG�DGG�3D\HH$FFRXQW)LHOG��QXOO��

����1RUWK3DQHO�DGG�1RWH3DQHO��QXOO��

����1RWH3DQHO�DGG�M6FUROO3DQH���QXOO��

����,QSXW3DQHO�DGG�'DWH$QG$PRXQW3DQHO��%RUGHU/D\RXW�6287+��

����'DWH$QG$PRXQW3DQHO�DGG�'DWH%DVH3DQHO��QXOO��

����'DWH%DVH3DQHO�DGG�'DWH/DEHO��QXOO��

����'DWH%DVH3DQHO�DGG�'DWH)LHOG3DQHO��QXOO��

����'DWH)LHOG3DQHO�DGG�'D\)LHOG��QXOO��

����'DWH)LHOG3DQHO�DGG�0RQWK)LHOG��QXOO��

����'DWH)LHOG3DQHO�DGG�<HDU)LHOG��QXOO��

����'DWH$QG$PRXQW3DQHO�DGG�$PRXQW%DVH3DQHO��QXOO��

����$PRXQW%DVH3DQHO�DGG�$PRXQW/DEHO3DQHO�QXOO��

����$PRXQW/DEHO3DQHO�DGG�$PRXQW/DEHO��QXOO��

����$PRXQW%DVH3DQHO�DGG�$PRXQW)LHOG3DQHO�QXOO��

����$PRXQW)LHOG3DQHO�DGG�$PRXQW)LHOG��QXOO��

����%DVH3DQHO�DGG�%XWWRQ3DQHO��%RUGHU/D\RXW�6287+��

����%XWWRQ3DQHO�DGG�2N%XWWRQ��QXOO��

����%XWWRQ3DQHO�DGG�&DQFHO%XWWRQ��QXOO��

����M6FUROO3DQH��JHW9LHZSRUW���DGG�1RWH7H[W$UHD��QXOO��

��`

���
��VHW/DQJXDJH�LQW�L�

���
��7KLV�PHWKRG�VHWV�WKH�ODQJXDJH�IRU�WKH�XVHU�LQWHUIDFH�

���
�

��SXEOLF�YRLG�VHW/DQJXDJH�LQW�L��^

����ODQJXDJH� �L�

����VHW&RQWHQWV�ODQJXDJH��

��`

���
��VHW&RQWHQWV�LQW�O�

���
��7KLV�PHWKRG�VHWV�WKH�FRQWHQW�RI�WKH�8,�FRPSRQHQWV�DFFRUGLQJ�WR�WKH

���
��ODQJXDJH�VHWWLQJ�

���
����LV�HQJOLVK

���
����LV�ILQQLVK

���
�

��SULYDWH�YRLG�VHW&RQWHQWV�LQW�O�^

����LI�O  ���^

������2N%XWWRQ�VHW7H[W��2.���

������&DQFHO%XWWRQ�VHW7H[W��&DQFHO���

������$PRXQW/DEHO�VHW7H[W��$PRXQW����

������'DWH/DEHO�VHW7H[W��'XH�'DWH����

������3D\HH1DPH/DEHO�VHW7H[W��1DPH����

������3D\HH$FFRXQW/DEHO�VHW7H[W��$FFRXQW����

������'D\)LHOG�VHW7RRO7LS7H[W��'D\���

������0RQWK)LHOG�VHW7RRO7LS7H[W��0RQWK���

������<HDU)LHOG�VHW7RRO7LS7H[W��<HDU���

������SD\HH%RUGHU�VHW7LWOH��3D\HH���

������QRWH%RUGHU�VHW7LWOH��1RWH���

����`

����HOVH�LI�O  ��^

�������2N%XWWRQ�VHW7H[W��+\YlNV\���

�������&DQFHO%XWWRQ�VHW7H[W��3HUXXWD���

�������$PRXQW/DEHO�VHW7H[W��0llUl����

�������'DWH/DEHO�VHW7H[W��(UlSlLYl����

�������3D\HH1DPH/DEHO�VHW7H[W��1LPL����

�������3D\HH$FFRXQW/DEHO�VHW7H[W��7LOLQXPHUR����

�������'D\)LHOG�VHW7RRO7LS7H[W��3lLYl���

�������0RQWK)LHOG�VHW7RRO7LS7H[W��.XXNDXVL���

�������<HDU)LHOG�VHW7RRO7LS7H[W��9XRVL���

�������SD\HH%RUGHU�VHW7LWOH��6DDMDQ�WLHGRW���

�������QRWH%RUGHU�VHW7LWOH��9LHVWL���

����`HOVH^6\VWHP�RXW�SULQWOQ��,OOHJDO�ODQJXDJH�FKRLFH���`

��`

���
��&DQFHO%XWWRQBDFWLRQ3HUIRUPHG�$FWLRQ(YHQW�H�

���
��7KLV�PHWKRG�GLVSRVHV�WKLV�GLDORJ�ZLWKRXW�VDYLQJ�DQ\�LQIRUPDWLRQ�

���
�

��YRLG�&DQFHO%XWWRQBDFWLRQ3HUIRUPHG�$FWLRQ(YHQW�H��^
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����WKLV�GLVSRVH���

��`

���
��2N%XWWRQBDFWLRQ3HUIRUPHG�$FWLRQ(YHQW�H�

���
��7KLV�PHWKRG�VDYHV�WKH�ELOO�GDWD�DQG�GLVSRVHV�WKLV�GLDORJ�

���
�

��YRLG�2N%XWWRQBDFWLRQ3HUIRUPHG�$FWLRQ(YHQW�H��^

����LQIR�VHW3D\HH�3D\HH1DPH)LHOG�JHW7H[W����

����LQIR�VHW3D\HH$FFRXQW�3D\HH$FFRXQW)LHOG�JHW7H[W����

����LQIR�VHW1RWH�1RWH7H[W$UHD�JHW7H[W����

����LQIR�VHW$PRXQW�MDYD�ODQJ�,QWHJHU�SDUVH,QW�$PRXQW)LHOG�JHW7H[W�����

����LQIR�VHW,QYRLFH'DWH�MDYD�ODQJ�,QWHJHU�SDUVH,QW�<HDU)LHOG�JHW7H[W����

������������������������MDYD�ODQJ�,QWHJHU�SDUVH,QW�0RQWK)LHOG�JHW7H[W����

������������������������MDYD�ODQJ�,QWHJHU�SDUVH,QW�'D\)LHOG�JHW7H[W�����

����XQSDLG%LOOV�DGG,QYRLFH�LQIR��

����IDWKHU)UDPH�UHIUHVK7DEOH�XQSDLG%LOOV�JHW6L]H����

����WKLV�GLVSRVH���

��`

`

Class MainFrame

��7LWOH���������%DQNLQJ�DSSOLFDWLRQ

��9HUVLRQ����������

��$XWKRU��������6DPL�5DQWDOD

��&RPSDQ\�������/�0�(ULFVVRQ�/WG�

��'HVFULSWLRQ���7KLV�LV�XVHG�WR�FRPSDUH�6ZLQJ�DQG�8,0/�LQWHUIDFHV�

SDFNDJH�WKHVLV�MDYDEDQNLQJ�

LPSRUW�MDYD�DZW�
�

LPSRUW�MDYD[�VZLQJ�
�

LPSRUW�MDYD[�VZLQJ�ERUGHU�
�

LPSRUW�MDYD�DZW�HYHQW�
�

LPSRUW�MDYD[�VZLQJ�-7DEOH�

LPSRUW�MDYD[�VZLQJ�/LVW6HOHFWLRQ0RGHO�

LPSRUW�MDYD[�VZLQJ�HYHQW�/LVW6HOHFWLRQ/LVWHQHU�

LPSRUW�MDYD[�VZLQJ�HYHQW�/LVW6HOHFWLRQ(YHQW�

LPSRUW�MDYD[�VZLQJ�HYHQW�7DEOH0RGHO/LVWHQHU�

LPSRUW�MDYD[�VZLQJ�HYHQW�7DEOH0RGHO(YHQW�

LPSRUW�WKHVLV�FRPPRQ�
�

SXEOLF�FODVV�0DLQ)UDPH�H[WHQGV�-)UDPH^

��-0HQX%DU�PHQX%DU� �QHZ�-0HQX%DU���

��-0HQX�PHQX� �QHZ�-0HQX���

��-0HQX,WHP�PHQX,WHP�

��-3DQHO�8VHU,QIRUPDWLRQ3DQHO� �QHZ�-3DQHO���

��-3DQHO�)LHOG3DQHO� �QHZ�-3DQHO���

��-3DQHO�/DEHO3DQHO� �QHZ�-3DQHO���

��-3DQHO�8QSDLG%LOOV3DQHO� �QHZ�-3DQHO���

��-3DQHO�6HWWLQJV3DQHO� �QHZ�-3DQHO���

��-3DQHO�%XWWRQ3DQHO� �QHZ�-3DQHO���

��-3DQHO�7DEOH%XWWRQ3DQHO� �QHZ�-3DQHO���

��-7DEEHG3DQH�7DEEHG3DQHO� �QHZ�-7DEEHG3DQH���

��-6FUROO3DQH�7DEOH6FUROO3DQH� �QHZ�-6FUROO3DQH���

��-7H[W)LHOG�1DPH)LHOG� �QHZ�-7H[W)LHOG���

��-7H[W)LHOG�%DODQFH)LHOG� �QHZ�-7H[W)LHOG���

��6WULQJ>@�DFFRXQWV� �^���������������������`�

��-&RPER%R[�$FFRXQW&RPER%R[� �QHZ�-&RPER%R[�DFFRXQWV��

��-%XWWRQ�'HOHWH� �QHZ�-%XWWRQ���

��-%XWWRQ�&RS\$V1HZ%XWWRQ� �QHZ�-%XWWRQ���

��-%XWWRQ�1HZ%XWWRQ� �QHZ�-%XWWRQ���

��-5DGLR%XWWRQ�HQJOLVK/DQJXDJH� �QHZ�-5DGLR%XWWRQ���

��-5DGLR%XWWRQ�ILQQLVK/DQJXDJH� �QHZ�-5DGLR%XWWRQ���

��%XWWRQ*URXS�JURXS� �QHZ�%XWWRQ*URXS���

��-/DEHO�1DPH/DEHO� �QHZ�-/DEHO���
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��-/DEHO�%DODQFH/DEHO� �QHZ�-/DEHO���

��-/DEHO�$FFRXQW/DEHO� �QHZ�-/DEHO���

��%RUGHU/D\RXW�ERUGHU/D\RXW�� �QHZ�%RUGHU/D\RXW���

��*ULG/D\RXW�JULG/D\RXW�� �QHZ�*ULG/D\RXW���

��*ULG/D\RXW�JULG/D\RXW�� �QHZ�*ULG/D\RXW���

��*ULG/D\RXW�JULG/D\RXW�� �QHZ�*ULG/D\RXW���

��LQW�ODQJXDJH� ���

��LQW�VHOHFWHG5RZ� ����

��,QIR&ROOHFWLRQ�XQSDLG%LOOV� �QHZ�,QIR&ROOHFWLRQ���

��0\7DEOH0RGHO�P\0RGHO� �QHZ�0\7DEOH0RGHO�XQSDLG%LOOV��

��-7DEOH�8QSDLG%LOOV7DEOH� �QHZ�-7DEOH�P\0RGHO��

��/LVW6HOHFWLRQ0RGHO�URZ60� �8QSDLG%LOOV7DEOH�JHW6HOHFWLRQ0RGHO���

��-/DEHO�M/DEHO�� �QHZ�-/DEHO���

��-3DQHO�7RS3DQHO� �QHZ�-3DQHO���

��%RUGHU/D\RXW�ERUGHU/D\RXW�� �QHZ�%RUGHU/D\RXW���

��-3DQHO�FRQWHQW3DQHO� �QHZ�-3DQHO���

��%RUGHU/D\RXW�ERUGHU/D\RXW�� �QHZ�%RUGHU/D\RXW���

��%RUGHU�(PSW\%RUGHU��SW�

��%RUGHU�8VHU,QIR%RUGHU�

��6WULQJ�D �QHZ�6WULQJ���

��6WULQJ�E �QHZ�6WULQJ���

���
��0DLQ)UDPH��

���
��7KLV�LV�WKH�FRQVWUXFWRU�

���
�

��SXEOLF�0DLQ)UDPH���^

����WU\��^

����ME,QLW���

����WKLV�SDFN���

����`

����FDWFK�([FHSWLRQ�H��^

������H�SULQW6WDFN7UDFH���

����`

��`

���
��ME,QLW��

���
��7KLV�PHWKRG�LQLWLDOL]HV�WKH�8,�

���
�

��SULYDWH�YRLG�ME,QLW���WKURZV�([FHSWLRQ�^

����(PSW\%RUGHU��SW� �%RUGHU)DFWRU\�FUHDWH(PSW\%RUGHU��������������

����VHW-0HQX%DU�PHQX%DU��

����7RS3DQHO�VHW/D\RXW�ERUGHU/D\RXW���

����FRQWHQW3DQHO�VHW/D\RXW�ERUGHU/D\RXW���

����FRQWHQW3DQHO�VHW%RUGHU�(PSW\%RUGHU��SW��

����8VHU,QIRUPDWLRQ3DQHO�VHW%RUGHU�(PSW\%RUGHU��SW��

����8QSDLG%LOOV3DQHO�VHW%RUGHU�(PSW\%RUGHU��SW��

����%XWWRQ3DQHO�VHW%RUGHU�(PSW\%RUGHU��SW��

����PHQX%DU�DGG�PHQX��

����PHQX,WHP� �QHZ�-0HQX,WHP���

����PHQX,WHP�DGG$FWLRQ/LVWHQHU�QHZ�MDYD�DZW�HYHQW�$FWLRQ/LVWHQHU���^

������SXEOLF�YRLG�DFWLRQ3HUIRUPHG�$FWLRQ(YHQW�H��^

��������PHQX,WHPBDFWLRQ3HUIRUPHG�H��

������`

����`��

����PHQX�DGG�PHQX,WHP��

����8VHU,QIRUPDWLRQ3DQHO�VHW/D\RXW�JULG/D\RXW���

����1DPH)LHOG�VHW(GLWDEOH�IDOVH��

����)LHOG3DQHO�VHW/D\RXW�JULG/D\RXW���

����/DEHO3DQHO�VHW/D\RXW�JULG/D\RXW���

����JULG/D\RXW��VHW&ROXPQV����

����JULG/D\RXW��VHW5RZV����

����JULG/D\RXW��VHW9JDS����

����JULG/D\RXW��VHW&ROXPQV����

����JULG/D\RXW��VHW5RZV����

����JULG/D\RXW��VHW9JDS����

����WKLV�VHW(QDEOHG�WUXH��
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����%DODQFH)LHOG�VHW(GLWDEOH�IDOVH��

����1HZ%XWWRQ�DGG$FWLRQ/LVWHQHU�QHZ�MDYD�DZW�HYHQW�$FWLRQ/LVWHQHU���^

������SXEOLF�YRLG�DFWLRQ3HUIRUPHG�$FWLRQ(YHQW�H��^

��������1HZ%XWWRQBDFWLRQ3HUIRUPHG�H��

������`

����`��

����$FFRXQW&RPER%R[�VHW6HOHFWHG,WHP�WKLV��

����7DEOH6FUROO3DQH�VHW'RXEOH%XIIHUHG�WUXH��

����7DEOH6FUROO3DQH�VHW3UHIHUUHG6L]H�QHZ�'LPHQVLRQ������������

����7DEEHG3DQHO�DGG�8QSDLG%LOOV3DQHO���8QSDLG%LOOV3DQHO���

����7DEEHG3DQHO�DGG�6HWWLQJV3DQHO���6HWWLQJV3DQHO���

����8QSDLG%LOOV3DQHO�VHW/D\RXW�ERUGHU/D\RXW���

����'HOHWH�DGG$FWLRQ/LVWHQHU�QHZ�MDYD�DZW�HYHQW�$FWLRQ/LVWHQHU���^

������SXEOLF�YRLG�DFWLRQ3HUIRUPHG�$FWLRQ(YHQW�H��^

��������'HOHWHBDFWLRQ3HUIRUPHG�H��

������`

����`��

����&RS\$V1HZ%XWWRQ�DGG$FWLRQ/LVWHQHU�QHZ�MDYD�DZW�HYHQW�$FWLRQ/LVWHQHU���^

������SXEOLF�YRLG�DFWLRQ3HUIRUPHG�$FWLRQ(YHQW�H��^

��������&RS\$V1HZ%XWWRQBDFWLRQ3HUIRUPHG�H��

������`

����`��

������8QSDLG%LOOV7DEOH�VHW6KRZ+RUL]RQWDO/LQHV�IDOVH��

����8QSDLG%LOOV7DEOH�VHW$XWR5HVL]H0RGH�8QSDLG%LOOV7DEOH�$872B5(6,=(B$//B&2/8016��

����WKLV�JHW&RQWHQW3DQH���DGG�FRQWHQW3DQHO��%RUGHU/D\RXW�&(17(5��

����FRQWHQW3DQHO�DGG�7RS3DQHO��%RUGHU/D\RXW�1257+��

����7RS3DQHO�DGG�8VHU,QIRUPDWLRQ3DQHO��%RUGHU/D\RXW�:(67��

����8VHU,QIRUPDWLRQ3DQHO�DGG�/DEHO3DQHO��QXOO��

����/DEHO3DQHO�DGG�1DPH/DEHO��QXOO��

����/DEHO3DQHO�DGG�$FFRXQW/DEHO��QXOO��

����/DEHO3DQHO�DGG�%DODQFH/DEHO��QXOO��

����8VHU,QIRUPDWLRQ3DQHO�DGG�)LHOG3DQHO��QXOO��

����)LHOG3DQHO�DGG�1DPH)LHOG��QXOO��

����)LHOG3DQHO�DGG�$FFRXQW&RPER%R[��QXOO��

����)LHOG3DQHO�DGG�%DODQFH)LHOG��QXOO��

����7RS3DQHO�DGG�%XWWRQ3DQHO��%RUGHU/D\RXW�($67��

����%XWWRQ3DQHO�DGG�1HZ%XWWRQ��QXOO��

����FRQWHQW3DQHO�DGG�7DEEHG3DQHO��%RUGHU/D\RXW�&(17(5��

����8QSDLG%LOOV3DQHO�DGG�7DEOH6FUROO3DQH��%RUGHU/D\RXW�1257+��

����8QSDLG%LOOV3DQHO�DGG�7DEOH%XWWRQ3DQHO��%RUGHU/D\RXW�6287+��

����7DEOH%XWWRQ3DQHO�DGG�&RS\$V1HZ%XWWRQ��QXOO��

����7DEOH%XWWRQ3DQHO�DGG�'HOHWH��QXOO��

����HQJOLVK/DQJXDJH�VHW$FWLRQ&RPPDQG��HQJOLVK���

����ILQQLVK/DQJXDJH�VHW$FWLRQ&RPPDQG��ILQQLVK���

����JURXS�DGG�HQJOLVK/DQJXDJH��

����JURXS�DGG�ILQQLVK/DQJXDJH��

����HQJOLVK/DQJXDJH�VHW6HOHFWHG�WUXH��

����HQJOLVK/DQJXDJH�DGG$FWLRQ/LVWHQHU�QHZ�MDYD�DZW�HYHQW�$FWLRQ/LVWHQHU���^

������SXEOLF�YRLG�DFWLRQ3HUIRUPHG�$FWLRQ(YHQW�H��^

��������UDGLR%XWWRQBDFWLRQ3HUIRUPHG�H��

������`

����`��

����ILQQLVK/DQJXDJH�DGG$FWLRQ/LVWHQHU�QHZ�MDYD�DZW�HYHQW�$FWLRQ/LVWHQHU���^

������SXEOLF�YRLG�DFWLRQ3HUIRUPHG�$FWLRQ(YHQW�H��^

��������UDGLR%XWWRQBDFWLRQ3HUIRUPHG�H��

������`

����`��

����6HWWLQJV3DQHO�DGG�HQJOLVK/DQJXDJH�QXOO��

����6HWWLQJV3DQHO�DGG�ILQQLVK/DQJXDJH�QXOO��

����7DEOH6FUROO3DQH�JHW9LHZSRUW���DGG�8QSDLG%LOOV7DEOH��QXOO��

����URZ60�DGG/LVW6HOHFWLRQ/LVWHQHU�QHZ�/LVW6HOHFWLRQ/LVWHQHU���^

������SXEOLF�YRLG�YDOXH&KDQJHG�/LVW6HOHFWLRQ(YHQW�H��^
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��������,JQRUH�H[WUD�PHVVDJHV�

������LI��H�JHW9DOXH,V$GMXVWLQJ����UHWXUQ�

������/LVW6HOHFWLRQ0RGHO�OVP� ��/LVW6HOHFWLRQ0RGHO�H�JHW6RXUFH���

������LI��OVP�LV6HOHFWLRQ(PSW\����^

����������QR�URZV�DUH�VHOHFWHG

��������VHOHFWHG5RZ� ����

������`�HOVH�^

��������VHOHFWHG5RZ� �OVP�JHW0LQ6HOHFWLRQ,QGH[���

����������VHOHFWHG5RZ�LV�VHOHFWHG

��������`

������`

������`��

����VHW&RQWHQWV�JHW/DQJXDJH����

��`

���
��VHW&RQWHQWV�LQW�L�

���
��7KLV�PHWKRG�VHWV�WKH�FRQWHQW�RI�WKH�8,�FRPSRQHQWV�

���
��LQW�L�LV�WKH�ODQJXDJH�FRGH

���
����LV�HQJOLVK

���
����LV�ILQQLVK

���
�

��SULYDWH�YRLG�VHW&RQWHQWV�LQW�L�^

��LI�L  ��^

����PHQX�VHW7H[W��)LOH���

����PHQX,WHP�VHW7H[W��1HZ�%LOO���

����&RS\$V1HZ%XWWRQ�VHW7H[W��&RS\�DV�1HZ�%LOO���

����%DODQFH/DEHO�VHW7H[W��%DODQFH����

����$FFRXQW/DEHO�VHW7H[W��$FFRXQW����

����'HOHWH�VHW7H[W��'HOHWH���

����%DODQFH)LHOG�VHW7H[W���������

����1HZ%XWWRQ�VHW7H[W��1HZ�ELOO���

����1DPH/DEHO�VHW7H[W��1DPH����

����1DPH)LHOG�VHW7H[W��-DFN�%DQNHU���

����M/DEHO��VHW7H[W��7KLV�VSDFH�LV�LQWHQWLRQDOO\�OHIW�EODQN���

����WKLV�VHW7LWOH��%DQNLQJ�DSSOLFDWLRQ���

����7DEEHG3DQHO�VHW7LWOH$W�����8QSDLG�%LOOV���

����7DEEHG3DQHO�VHW7LWOH$W�����6HWWLQJV���

����HQJOLVK/DQJXDJH�VHW7H[W��(QJOLVK���

����ILQQLVK/DQJXDJH�VHW7H[W��)LQQLVK���

����D� ��1HZ�%LOO��

����E� ��1HZ�%LOO�&RSLHG�IURP�ROG���

����`�HOVH�^

������PHQX�VHW7H[W��7LHGRVWR���

������PHQX,WHP�VHW7H[W��8XVL�ODVNX���

������&RS\$V1HZ%XWWRQ�VHW7H[W��.RSLRL�XXGHNVL�ODVNXNVL���

������%DODQFH/DEHO�VHW7H[W��6DOGR����

������$FFRXQW/DEHO�VHW7H[W��7LOLQXPHUR����

������'HOHWH�VHW7H[W��3RLVWD���

������%DODQFH)LHOG�VHW7H[W���������

������1HZ%XWWRQ�VHW7H[W��8XVL�ODVNX���

������1DPH/DEHO�VHW7H[W��1LPL����

������1DPH)LHOG�VHW7H[W��-DFN�%DQNHU���

������WKLV�VHW7LWOH��3DQNNL�VRYHOOXV���

������7DEEHG3DQHO�VHW7LWOH$W�����0DNVDPDWWRPDW�ODVNXW���

������7DEEHG3DQHO�VHW7LWOH$W�����$VHWXNVHW���

������HQJOLVK/DQJXDJH�VHW7H[W��(QJODQWL���

������ILQQLVK/DQJXDJH�VHW7H[W��6XRPL���

������D� ��8XVL�ODVNX��

������E� ��8XVL�ODVNX��NRSLR���

����`

��`

���
��UHIUHVK7DEOH�LQW�L�

���
��7KLV�PHWKRG�ILUHV�DQ�HYHQW�WKDW�XSGDWHV�WKH�WDEOH�

���
�

��SXEOLF�YRLG�UHIUHVK7DEOH�LQW�L��^P\0RGHO�ILUH7DEOH5RZV,QVHUWHG�L�L��`

���
��JHW/DQJXDJH��

���
��7KLV�PHWKRG�UHWXUQV�WKH�ODQJXDJH�FRGH�

���
����LV�HQJOLVK

���
����LV�ILQQLVK

���
�
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��SXEOLF�LQW�JHW/DQJXDJH��^UHWXUQ�ODQJXDJH�`

���
��1HZ%XWWRQBDFWLRQ3HUIRUPHG�$FWLRQ(YHQW�H�

���
��7KLV�PHWKRG�RSHQV�D�GLDORJ�IRU�FUHDWLQJ�QHZ�ELOO�

���
�

��YRLG�1HZ%XWWRQBDFWLRQ3HUIRUPHG�$FWLRQ(YHQW�H��^

����,QYRLFH�QHZ%LOO� �QHZ�,QYRLFH�WKLV��D���WUXH��XQSDLG%LOOV��

����QHZ%LOO�VHW/DQJXDJH�ODQJXDJH��

����QHZ%LOO�VHW9LVLEOH�WUXH��

��`

���
��'HOHWHBDFWLRQ3HUIRUPHG�$FWLRQ(YHQW�H�

���
��7KLV�PHWKRG�GHOHWHV�VHOHFWHG�ELOO�IURP�WKH�WDEOH�

���
�

��YRLG�'HOHWHBDFWLRQ3HUIRUPHG�$FWLRQ(YHQW�H��^

����LI�VHOHFWHG5RZ�� ����^

������XQSDLG%LOOV�GHOHWH5RZ�VHOHFWHG5RZ��

������P\0RGHO�ILUH7DEOH5RZV'HOHWHG�VHOHFWHG5RZ�VHOHFWHG5RZ��

������VHOHFWHG5RZ� ����

����`

��`

���
��&RS\$V1HZ%XWWRQBDFWLRQ3HUIRUPHG�$FWLRQ(YHQW�H�

���
��7KLV�PHWKRG�FRSLHV�WKH�VHOHFWHG�ELOO
V�LQIRUPDWLRQ�LQWR�WKH

���
��QHZ�ELOO�GLDORJ�

���
�

��YRLG�&RS\$V1HZ%XWWRQBDFWLRQ3HUIRUPHG�$FWLRQ(YHQW�H��^

����6\VWHP�RXW�SULQWOQ�VHOHFWHG5RZ��

����LI�VHOHFWHG5RZ�� ����^

����,QYRLFH�FRSLHG%LOO� �QHZ�,QYRLFH�WKLV��E��WUXH�XQSDLG%LOOV��XQSDLG%LOOV�JHW,QYRLFH�VHOHFWHG5RZ���

����FRSLHG%LOO�VHW/DQJXDJH�ODQJXDJH��

����FRSLHG%LOO�VHW9LVLEOH�WUXH��

����`

��`

���
��PHQX,WHPBDFWLRQ3HUIRUPHG�$FWLRQ(YHQW�H�

���
��7KLV�PHWKRG�IRUZDUGV�DOOV�FDOOV�WR�1HZ%XWWRQBDFWLRQ3HUIRUPHG�H��

���
�

��YRLG�PHQX,WHPBDFWLRQ3HUIRUPHG�$FWLRQ(YHQW�H��^

����WKLV�1HZ%XWWRQBDFWLRQ3HUIRUPHG�H��

��`

���
��5DGLR%XWWRQBDFWLRQ3HUIRUPHG�$FWLRQ(YHQW�H�

���
��7KLV�PHWKRG�FKDQJHV�WKH�ODQJXDJH�RI�WKH�8,�DFFRUGLQJ�WKH�UDGLR�EXWWRQV�

���
�

��YRLG�UDGLR%XWWRQBDFWLRQ3HUIRUPHG�$FWLRQ(YHQW�H�^

����LI�H�JHW$FWLRQ&RPPDQG���FRPSDUH7R��HQJOLVK���  ���^

������ODQJXDJH� ���

������VHW&RQWHQWV����

������P\0RGHO�VHW/DQJXDJH����

������P\0RGHO�ILUH7DEOH6WUXFWXUH&KDQJHG���

������8QSDLG%LOOV7DEOH�VL]H&ROXPQV7R)LW�8QSDLG%LOOV7DEOH�$872B5(6,=(B$//B&2/8016��

����`

����LI�H�JHW$FWLRQ&RPPDQG���FRPSDUH7R��ILQQLVK���  ���^

������ODQJXDJH� ���

������VHW&RQWHQWV����

������P\0RGHO�VHW/DQJXDJH����

������P\0RGHO�ILUH7DEOH6WUXFWXUH&KDQJHG���

������8QSDLG%LOOV7DEOH�VL]H&ROXPQV7R)LW�8QSDLG%LOOV7DEOH�$872B5(6,=(B$//B&2/8016��

����`

��`

`


