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Abstract

Along with the evolution of digital generation, in order to raise the competitive

advantage, every industry has to process certain computerization to improve its working

efficiency. Maritime field also cannot be an exception in this tendency. Take the

maritime field of Japan as an example; recently Japanese government had introduced

EDI (Electronic Data Interchange) and Sea-NACCS Systems (Sea Nippon Automated

Cargo Clearance System) to simplify the complexities of workflow. In the future, the

unification of these systems will be processed to unify various ongoing services into one

single window through the internet structure.

There are various kinds of the Internet structures, the most popularized mean

nowadays is integrating Web interface with relational database to store information

within central database, and then users can access and modify information through

client-server mechanism. Relational database system has been popularized and

implemented for many years because of their advantages. But different from overland

industries for the maritime field, a vessel cannot access the Internet at anytime due to

they are active units while sailing. Although this issue could be solved by satellite

communication technology, however its cost still doesn’t reach a reasonable price for

popularization.

Distributed information storage is a more reasonable mean compared with centralized

data management for the maritime field. In contrast with traditional relational database,

XML is the burgeoning data format for information storage and exchange recently. In

this research, I focused on the tree structure and self-describable characteristic of XML

and proposed to implement it through the maritime field. In data storage level, the

property of data node is used to establish the data models for ships. Under the close

intranet structure, XML is treated as metadata to establish context model for services. In

data querying level, I proposed an efficient data restructuration mechanism to improve

the redundancy of XML essence. The objective of this research is to propose a more

suitable information model than relational database under the considerations of the

singularities of maritime field.
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Chapter 1 Introduction

Along with the evolution of the Internet, various transactions between enterprises are

recently processed through the Internet structure. In order to gain the business

information, many famous international enterprises and organizations have already

started to adopt the Extensible Markup Language (XML) as the standard format of data

exchange (such as the Biztalk structure of Microsoft and the ebXML standard proposed

by OASIS and UN/CEFACT). Simultaneously, various related technologies surrounding

XML were developed, such as the analysis and parsing of XML documents (DOM and

SAX), the definition for XML documents (DTD and XML Schema), the display and

transformation for XML documents (XSLT), the designation within XML documents

(XPath), the hyperlinks out of the XML documents (XPointer and XLink) and the query

for XML documents (XQuery). XML is a self-describable language and its semantic

characteristic extends to various research fields (e.g. the definitions and generations of

XML documents, the communications depending on its semantic structure, the query

algorithms for its tree-structure, the implementations within distributed structure

environments, etc.). The semantic structure of XML provides the automatic

communication facility between servers. This characteristic allows XML to play an

important role within the growing ubiquitous technologies. Considering the format of

data exchange for establishing the context model, the concept of agent also propagates

extensive research issues. Following the multi implementations of XML, the Internet

services are no longer user interfaces simply, but they are treated as one kind of object.

The management and implementations of services can be achieved by XML.

Furthermore, the issues about to access control and security are extended. Huge amount

of researches have been proposed and described in the following:

 XML essence

As the most popularized technology of data storage, relational database is still

extensively used. As a result of this, the combinations of XML and relational

database are surveyed a lot such as; reflecting updates of external XML

documents into the loaded XML data in a relational database system [1]. An

XML database engine can be easily built on the top of any existing Relational

Database Management System (an open source is also proposed). It has been

designed for the large databases and it can be partitioned, stored in multiple

mobile devices. So, it cannot be a single source [2]. A method of merging XML
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files into a relational database for permanent storage is also proposed [3], it takes

advantage of relational database management system's search and query features

to locate certain record. HiMASS-x was investigated [4]. It is an XML-centered

suite of software applications. In their research, XML is used as an open,

cross-platform, and extendable file format for the description of hierarchical

simulation models, and it included the graphical representations, initial model

conditions, and model execution algorithms. By combining both XML and secure

PDF documents, an enterprise electronic contract management system can

provide the capabilities and functionalities for contract creation, negotiation,

execution and data mining. The structured XML document allows an easy and

flexible way to create, negotiate, revise and finalize a contract when the PDF

document permits adding signature as watermark on a secure signed contract [5].

XPEN is a scalable vector graphics format for visualization and a programming

language via the DOM application programming interface was used for

developing XPEN [6]. Xregion is a structure-based approach that can store XML

data in relational databases. Xregion firstly partitions an XML document into

several disjoint regions according to the cardinality of element nodes, and then

maps these regions into separate relations [7]. XML can also be used as a

non-conventional digital signature techniques and it queries over encrypted data

[8]. Benchmarks belong to the very standard repertory of tools deployed in

database development. Assessing the capabilities of a system, analyzing actual

and potential bottlenecks, and comparing the pros and cons of different systems

architectures have become naturally indispensable tasks as databases

management systems grow in complexity and capacity. In the development of

XML databases, a benchmark framework necessity has become more and more

evident: a great many different ways to store XML data have been suggested in

the literature. Each of them are needed to be carefully considered with its genuine

advantages, disadvantages and consequences that propagate through the layers of

a complex database system. The different storage schemes render the query

characteristics of the data variably [9].

 XML Schema

An XML schema provides a means by which an XML processor can validate the

syntax and some of the semantics of an XML document. However, the use of

schemas is optional; an XML document does not need to reference a schema,

even if one exists. The resulting document can be processed more quickly when
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the cost of some loss of confidence exists in the document quality. Some toolkits,

can serve as the universal code generation toolkit for distributed frameworks, are

proposed [10]. By defining a solid XML Schema for the real time domain

attributes and applications from diverse platforms can be based on the data

definition and create instances of XML documents to exchange data [11].

Researches of using flexible XML schema on the Internet are also discussed [12]

for reducing costs and ultimately helping to generate new market opportunities

for today's businesses. As the definition of XML documents, faults revealing is a

very important issue, and fault classes defined for the XML schemas have been

tested to validate them [13]. The Schema Component XML Syntax (SCX) is a

representation which attempts to map schema components to the XML structures

as faithfully possible. SCX serves the starting point for applications which need

to access schema components and do so using standardized and widely available

XML technologies [14].

 XML Generator

By following the pre-defined XML Schema, XML documents can be generated

automatically. An XML-based Partition Testing (XPT) approach for the

automatic generation of XML instances from an XML schema is proposed, it is

inspired by the well-known “Category Partition” method for black-box testing

[15]. A method has been developed for creating functional test suites, in which a

test engineer analyzes the system specification, writes a series of formal test

specifications, and then uses a generator tool to produce test descriptions from

which test scripts are written [16]. Using schema to correct sub trees are also

discussed [17]. The dynamic generation of XML translators could be the future of

the inter-operation among systems (B2B) and among devices (like cellular

phones and machines) [18]. Automatically generating mappings between

elements in the sources and the mediated schema are also available [19].

 Semantic structure

One of the important characteristics of XML is semantic tags. A semantic

management framework can provide the ubiquitous application field independent

interoperability [20]. Semantic group mapping enables group node representation

form on mobile devices and the corresponding operation sending scheme that can

provide on demand detailed group information and maintain the consistency of

pattern replicas on mobile site [21]. A simple Resource Description Framework
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(RDF)-based ontological representation scheme is used for only structural

relations among independently-managed XML schema from different institutes

or domains. The semantic integration of scientific data uses XML schema and

RDF-based schema mapping [22].

 Query efficiency

When we use XML as data storage mean, there is an issue about how to query it

efficiently. One way is to make a concise structure summary for XML documents

[23]. The approaches of querying large numbers of text documents efficient using

parallel processing methods are proposed [2]. The concepts of "weighted term

frequency" and "inverted element frequency" are also proposed, where the weight

of a term depends on its frequency and location within an XML element as well

as its popularity among similar elements in an XML dataset. In which system

users can configure appropriate index types for XML tags and text contents.

Based on users' index configurations, the system transforms XML structures into

a compact tree representation, Ctree, and indexes XML text contents [24].

 Distributed environment

XML is available to access external documents, this characteristics makes it

suitable to implement a distributed environment. A distributed telecommunication

management system (DTMS) uses an object-oriented model to describe the

networked voice communication system (VCS) to be managed. In order to allow

the robust system evolution and maintenance, strong coherence of concern is

achieved by strict encapsulation of the VCS model [25, 26]. A distributed query

processing method for large XML data by partitioning and distributing XML data

to multiple computation nodes is proposed [27, 28]. Parallel and distributed

secure updates to XML documents are also discussed. Based on the use of a

security region-object parallel flow (S-RPF) graph protocol, it is particularly

suited for all environments that requiring cooperative updates to XML documents

[29]. Applications communicate via an XML-based distributed virtual shared

information space extends some common ideas on XML language binding

frameworks by a dedicated "merge logic", that pervasive devices can share their

information with low overhead [30]. Specifying consistency rules for distributed

partial specifications with overlapping contents present a classification for

different types of consistency rules related to various types of inconsistencies and

that shows how to express these consistency rules [31]. An XML stream filtering
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system that uses a large number of subscribers’ profiles, can filter XML streams,

and then publish the filtered data in real-time [32, 33]. A framework for the use of

hierarchical federation communities as a tool for distributed simulation is

proposed [34, 35]. An XML-based representation for distributed models, can be

shared across the federation of simulations, is also discussed. Specifically, three

different model components that form the basis of a design framework for

distributed simulation models - object model (for simulation constructs), logic

model (represents information flow within a model and its interactions) and the

connectivity model (represents the links among the simulation constructs) [36].

 Ubiquitous environment

Ubiquitous is a post-desktop model of human-computer interaction in which

information processing has been thoroughly integrated into everyday objects and

activities. Ubiquitous network combines the advantages of both disconnection

operation and system virtualization in order to provide 7 days /24 hours services

to mobile users [37]. Various ubicomp compliant objects provide uniqueness in

scalable object identity, object categorization and standard format for the data

being exchanged [38]. Context information is important in ubiquitous

environment, quality dimensions and measurement methods should be considered

according to characteristics of context information [39].

 Context model

Context-awareness is an important concept for ubiquitous environment.

Development of the context model and context acquisition can formally describe

and acquire contextual information [40], and also provides an analysis of the

runtime processes [41]. A Lightweight Context-Aware Service-Oriented

Architecture (LCASOA) based on OSGi (Open Services Gateway initiative), is

proposed to support context acquisition, discovery and reasoning [42].

“Hydrogen Context-Framework” proposes a software framework which can

support context-awareness [43]. Context-Aware Service Middleware (CASM)

provides a middleware-level support for building and rapid prototyping of

context-aware services [44, 45].

 Implementation

Ubiquitous environments are applied in various fields [46]. An exhibition

reminiscent system for generating tour summary in a ubiquitous environment is

http://en.wikipedia.org/wiki/Ubiquitous
http://en.wikipedia.org/wiki/Human-computer_interaction
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proposed [47]. “Blue Network”, a water recycling project, is processed to take

advantage of U-technology [48]. XNMP, an XML-based network management

protocol, can greatly simplify the overhead needed to design data structures and

algorithms in VoIP setting [49]. The healthcare professionals can access patient

information stored in heterogeneous autonomous information systems from a set

of formal aggregates of health data based on the healthcare record architecture

ENV13606 from CEN/TC251 [50]. The XML-based “Clinical Document

Architecture” (CDA) for document exchange defines a three-level document

architecture with each higher level by adding more specificity to the markup of

the document. Such a layered architecture also meets the requirement for

semantic processing of hierarchically structured clinical documents [51]. A

framework based upon the use of semi-structured database management systems

would provide an integrated interface for the collection, storage and retrieval of

biological data from existing repositories and biological information generated by

existing analysis programs [52]. The concept of ubiquitous classroom and its

implementation enable us to expand “the awareness among faculty and students

in classroom” [53, 54]. An alternative set of potential design principles for

educational ubiquitous computing is proposed, it can stress values such as

expressiveness, creative control, and aesthetics [55]. Methods that can observe a

learner’s behaviors by a ubiquitous environment are also discussed [56]. An

Austrian research project makes educational material accessible for students with

disabilities using XML standard and transformational algorithms [57].

 Ubiquitous services

As the “Service Oriented Architecture” (SOA) principles have gained importance,

an emerging need has appeared for methodologies to locate desired services that

provide access to their capability descriptions. These services must be typically

assembled into short-term service collections together with code execution

services that are combined into a meta-application to perform a particular task.

Context-awareness makes services more flexibly. A personal space model called

VPW (Virtual Personal World) supports more delicate user-centric adaptation,

use of multiple devices spread over locations, and harmony between multiple

users and multiple services [58]. Storing location and time, frequency

information of often used service among various services can reduce using and

searching time of service through technique [59]. A consistent hashing-based

catalog service engine can map keys onto the nodes in an identifier ring with load
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balance and speed the key location [60, 61].

 Access control

Context-awareness services are normally combined with user identification to

classify the permissions, so, access control issues should be discussed together

[62]. A context roles extended from current RBAC can control the accesses to

privacy in ubiquitous environment. It employs multi-policy to constrain privacy

and role-data objects [63]. An experimental middleware infrastructure named

Gaia provides the user-oriented interfaces for the physical spaces populated with

network-enabled computing resources [64]. Access control models can be built

upon the concept of context as the first-class design principle to rule access to

resources, this allows to associate access control permissions with contexts where

users operate and users acquire/lose their permissions when entering/leaving a

specific context [65]. For an active space, an access control system that

automates the creation and enforcement of access control policies for different

configurations is proposed [66]. UbiCOSM, a context-centric access control

middleware, dynamically determines the contexts of mobile users and effectively

rules the access to them by taking into account different types of metadata (user

profiles and system/user-level authorization policies) [67]. A reusable access

control layer for Web service software is also proposed. The layer is designed as

an independent software component which is separated from the application

components of Web applications and services. It applies expert system type of

rules using an inference engine to determine security rules and access rights [68].

A context aware access control architecture called “Anonymous Context Aware

Access Control Architecture” (ACA2) is proposed. The basic idea of this

architecture is based on an analogy to the public telephone service. Anonymous

users can use services supported by their context information through

preregistered software components called proxies. The main features of the

architecture include anonymity, access suspension caused by context changes,

and active context certificates with stream verification [69]. An approach to add

contextual information is the distributed Role Based on Access Control (dRBAC)

model to support spontaneous coalition is also proposed [70]. A family of

Coalition-Based Access Control (CBAC) models provides a range of expressivity

with an accompanying range of implementation complexity, which defines the

protection state of a system, which provides the semantics of CBAC-based access

policies [71]. A neural network algorithm for ubiquitous applications extends the
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role based access control with context constraints [72, 73]. PAPI is a system for

providing access control to the restricted information resources across the

Internet. The authentication mechanisms are designed to be as flexible as possible

by allowing each organization to use its own authentication schema, keeping user

privacy, and offering information providers data enough for statistics. Access

control mechanisms are transparent for user and compatible with the most

commonly employed Web browsers and any operating system [74]. A

content-based authorization model suitable for a digital library environment

provides both content-dependent and content-independent access control to the

digital library objects [75]. Languages for the specification of access restrictions

use standard notations and concepts, together with a description of a system

architecture for access control enforcement are discussed [76, 77]. Combining

role-based access control found in the “Role Graph Model” are also discussed

[78]. An access control system reduces the complexity involved in defining

authorization permissions, particularly in structured documents such as XML

where the user may be granted restricted access, is proposed [79, 80].

Compared with relational database, XML might be a more suitable option for the

maritime field. The objective of this research is to focus on the possibility of the

implementation of XML for the maritime field. Three issues are discussed in this study,

the first one is the data modeling for fleet management and its potential possibility of

implementation on port administration; the second is the service integrated modeling

under the close intranet structure within the ship; and the third is to propose an efficient

data structure for XML to reduce the disadvantage caused by XML essential. The other

parts of this thesis are organized and described as follows:

In chapter 2, the basic concepts of XML related technologies including “Document

Object Model” (DOM), Simple API for XML (SAX), XML Path Language (XPath) and

“Extensible Stylesheet Language” (XSL) are introduced. A simple comparison of XML

and relational database is given at the end of this chapter,.

In chapter 3, I propose to use XML for constructing ship data management model, so

then it could be applied for fleet management and future port administration. The data

model can be composed of many kinds of information, such as; hardware (ship name,

ship type, net tonnage, etc.), software (schedule, service, passenger, etc.) and freight

(freight kind, freight charge, deliver country, etc.). Multi-level data model can provide

the ability for fleet inter-management and communicating function to government

related departments for port administrations.
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In chapter 4, I introduce XML as metadata to establish context models for services

and user model for identification. They are used to describe the behaviors of ordinary

operations and tried to provide the desired information users need by separating the

attribute connection within models. There are a lot of researches related to ubiquitous

technology that have been studied, but most of them are focused on electronic

commerce level. In this research, I focused on sailing management and the efficiency of

typical sailing operation is improved by using the advantage of ubiquitous environment.

In a passenger ship, many people work and travel (e.g. there should be various

necessary information needed to be transmitted and shared). But in this case, the

information should be classified and separated by its attributes. Real time information

sharing and selection issue should be considered to solve the complex relationship

between context and user group.

In chapter 5, I discuss the efficiency of querying XML documents and propose an

efficient data structure. Compared with relational database, XML has the semantic

advantage. This characteristic allows it to communicate with servers and to achieve the

objective of automatic operations. On the other hand, compared with the binary

structure of database, XML is built in pure text format so that it takes more data storage

space and has obvious backward query efficiency. In this research, in order to reduce the

disadvantage of XML essence, the data storage structure for ship data modeling was

investigated from query efficiency view and this data model is applied on the container

operation as a sample to verify the improvement of query efficiency.
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Chapter 2 Background Concepts

Relational Database systems (RDBS) are well-known for consistent storage, retrieval,

and manipulation of data. At the same time, the Extensible Markup Language (XML) is

generally accepted as data description language for both Web-based information

systems and electronic data interchange among different organizations.

Recently, XML becomes a standard for data communication over the Internet. Like

HTML, XML is a markup language, but it supports a rich set of features, such as;

user-defined tags that allow both data and descriptive information about data to be

represented within a single document. Simultaneously, presentation aspects remain

decoupled from data representation.

The flexibility of XML allows it to serve as a meta-language for defining other

markup languages specialized in a specific context. A document type definition (DTD or

XML Schema) describes the tags documents can be used, and it customized to the

specific semantic requirements of the application context in the rules connecting tags

with their contents. These capabilities make XML to be a common data format for data

interchange among computer systems and applications.

XML and database seem like an odd couple (two very different concepts driven by

two different communities with different expectations and requirements). The selection

of adoption from them should be considered the characteristics and properties of the

implemented targets.

Data model heterogeneity is focused in this chapter, and it provides a comparison of

concepts available in RDBS and XML schema specification languages, comprising

XML DTD and XML Schema.
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2.1 Extensible Markup Language (XML)

The use of information technology and the Internet have changed how the business

was done in today’s global environment. Consistent with the evolution of these business

processes, the use of data for decision-making is also increasing at a rapid pace. This

increased demand has led to the use of several types of Markup Languages for better

and faster information. The term Markup is generally applied in any set of codes or tags

added to the contents of a document, in order to indicate its meaning or presentation.

The best example of this is using Hypertext Markup Language (HTML) on Web pages.

Through the use of the software program called Web browser, users are able to view

pages of information that are presented using a series of tags. The tags tell the software

(Web browser) how to interpret the data and display the information on the screen.

The way of using HTML has changed the mechanisms of business and how

information is accessed via the Internet. An extension of this concept is the Extensible

Markup Language (XML) [81, 82, 83, 84] that originated in September, 1998 by the

World Wide Web Consortium (W3C) [85]. The design of XML was created within the

concept of transferring data embedded into its definition. It is an independent, global

way to express any kind of information by using constructs that can be accommodated

to fit particular needs.

XML is a subset of the Standard Generalized Markup Language (SGML) designed to

provide the flexibility and power of SGML, while capitalizing on the popularity of the

Hypertext Markup Language (HTML). XML is a markup language similar to HTML.

Conversely to HTML, HTML was designed to display data using a predefined set of

tags, whilst XML was designed as a structure to store and carry data within markup tags

defined by the user. Figure 2-1 shows an example of XML tags and its document

structure.

Figure 2-1 An example of XML document structure
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Similarly with HTML, XML makes use of tags (words bracketed by “<” and “>”) and

attributes (of the form name= "value") to mark up text.

The second line in Figure 2-1 is a tag with employee as the tag name. It has an

attribute id (identification) by the value “1026”. <employee> is a begin tag.

</employee> in the last line is its corresponding end tag.

The free text that occurs outside the tags is character data, or content. “John Smith” in

Line 3 of Figure 2-1 is an example of this character data.

Unlike in HTML, XML allows the use of one’s own tags for the markup.

2.1.1 XML Features

XML is a simple, very flexible markup language. Originally designed to meet the

challenges of large-scale electronic publishing, its primary purpose is to facilitate the

sharing of structured data across different information systems, particularly via the

internet.

The characteristics of XML can be described as follows:

 Tree architecture: XML can structure data and display it with a tree-structure.

Also, the unstructured data that relational database is difficult to handle can be

translated to the Semi-structured data [86] by definitions of DTD (Document

Type Definition) or XML Schema. Then, the unstructured data could be much

easy to be handled by applications.

 Normal text format: pure text store format allows users to use various free text

editor software to edit a XML document.

 Unicode support: for the international era of nowadays, the support of

multi-language is much more important than before. This feature is especially

useful for an international enterprise like Ship Company did.

 Self-define tag: this feature provides the extensibility. XML provides a markup

structured data construction; it allows users to define specific professional field

tags by themselves.

 Data validation: precise data structure and grammar promise that all XML

documents could be checked by XML parser and make sure of that the names,

sequences and layers of elements analyzed by different XML parsers will receive



13

the same results.

 Independency of data structure: data is separated from display format. XML is a

markup language for describing data; it does not define the display format within

itself. The display format will be handled by XSL (Extensible Style Language)

[87]. Because of the content and display format are separated, it is much easier to

read and maintain for both human beings and computers.

XML could be a more suitable data management model than RDBMS due to its

characteristics that described above.

2.1.2 Well-Formed XML Document

XML enforces strict rules for a document to be well-formed. A well-formed XML

document is one that corresponds to the XML 1.0 grammar specified by W3C. A

well-formed XML document has exactly one root element. <employee> is the root

element of the XML document in Figure 2-1.

Each of beginning element (beginning tag) in XML should have a corresponding end

element (ending tag). The elements should be nested within another. The tags and

nesting rules allow XML to represent information in a hierarchical manner.

Following the definition established by W3C, a Well-Formed XML document should

follow the principles described as follows:

 To be taken as a whole. It matches the production labeled document.

 It meets all the well-formedness constraints given in W3C’s specification.

 Each of the parsed entities is referenced directly or indirectly within the

document and is well-formed.

XML is a generic framework for storing any amount of text or any data whose

structure can be represented as a tree. The only indispensable syntactical requirement is

that the document has exactly one root element. This means that the text must be

enclosed between a root start-tag and a corresponding end-tag.

http://www.w3.org/TR/REC-xml/#NT-document
http://www.w3.org/TR/REC-xml/#dt-parsedent
http://www.w3.org/TR/REC-xml/#dt-wellformed
http://en.wikipedia.org/wiki/Tree_%28data_structure%29
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The root element can be preceded by an optional XML declaration. This element

states which version of XML was used (normally 1.0); it may also contain information

about character encoding and external dependencies (e.g. the encoding is “UTF-8” in

Figure 2-1).

Comments can be placed anywhere in the tree, including in the text if the content of

the element is text or “#PCDATA”.

XML comments start with “<!-- “ and end with “-->”. Two dashes “--" may not

appear anywhere in the text of the comment.

In XML, a well-formed document must conform to the following rules:

 Non-empty elements are delimited by both a start-tag and an end-tag.

 Empty elements may be marked with an empty-element (self-closing) tag, such

as “<IAmEmpty />”. This is equal to “<IAmEmpty></IAmEmpty>”.

 All attribute values are quoted with either single (') or double (") quotes. Single

quotes must close a single quote and double quotes must close a double quote.

 Tags may be nested, but should not be overlapped. Each non-root element must

be completely contained in another element.

 The document complies with its declared character encoding. The encoding may

be declared or implied externally, such as in "Content-Type" headers when a

document is transported via HTTP, or internally using explicit markup at the

beginning of document. When there is no such declaration, a Unicode encoding

is assumed, as defined by a Unicode Byte Order Mark before the document's first

character. If the mark does not exist, UTF-8 encoding is assumed.

XML is also more structured than HTML since XML documents are required to

conform strictly to XML syntax as defined by W3C’s XML specification. XML

documents that conform to the XML syntax are referred to as well-formed. However,

being well-formed does not guarantee that a document is free of errors. One way of

checking an XML document for content or structure that is not valid is to use an XML

schema.

http://en.wikipedia.org/wiki/Character_encoding
http://en.wikipedia.org/wiki/Well-formed_element
http://en.wikipedia.org/wiki/Delimiter
http://en.wikipedia.org/wiki/Hypertext_Transfer_Protocol
http://en.wikipedia.org/wiki/Byte-order_mark
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2.1.3 Valid XML Document

XML allows users to specify the structure of an XML document by a customizable

schema or Document Type Definition (DTD). XML provides a syntactic foundation

ensures that all XML-aware software can at least read and understand the relative

arrangement of information within them. The schema merely supplements the syntax

rules within a set of constraints. Schema typically restrict element and attribute names

and their allowable containment hierarchies, such as; only allowing an element named

“birthday” to contain one element named as “month” and one element named as “day”,

each of them has to contain only character data. The constraints in a schema may also

include data type assignments that affect how information is processed; for example, the

“month” element's character data may be defined as being a month according to a

particular schema language's conventions; perhaps meaning that it must not only be

formatted a certain way, but also must not be processed as if it is some other type of

data.

An XML schema is an XML document that is used to define and restrict the structure

and content of the XML document, and sometimes referred as an XML language. XML

schema provide for the use of primitive, generated, and user-defined types. Primitive

types consist of string, boolean, byte, long, etc. Generated types are predefined types

that build upon existing primitive types to form new types, e.g. date, time, integer. Users

can also define their own types using primitive, generated, and other user-defined types.

Restrictions can also be placed on the various types. For example, a type might restrict

itself to integers in the range from 1 to 10. Therefore, a valid entry for an element or

attribute of this type would only consist of the integers from 1 to 10. XML documents

that comply with the rules of the schema document are referred to as instances of this

schema. The process of verifying that an instance of the schema conforms to the schema

language is referred to as validation. An XML document that conforms to its schema is

therefore a “valid” XML document for the schema.

There are two kinds of schemas for XML for now; DTD and XML Schema.

http://en.wikipedia.org/wiki/XML_schema
http://en.wikipedia.org/wiki/Document_Type_Definition
http://en.wikipedia.org/wiki/Data_type
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 DTD

The Document Type Definition (DTD) is the oldest schema format for XML,

inherited from SGML. DTD support is ubiquitous, due to its inclusion in the

XML 1.0 standard and it is seen as limited because of the following reasons:

It has no support for newer features of XML, most importantly namespaces.

It lacks expressiveness. Certain formal aspects of an XML document cannot be

captured in a DTD.

It uses custom non-XML syntax, inherited from SGML, to describe the

schema.

Figure 2-2 shows the DTD as a sample XML document from the sample in

Figure 2-1.

Figure 2-2 A DTD sample

DTD is still used in many applications because it is considered the easiest to read

and write.

http://en.wikipedia.org/wiki/Document_Type_Definition
http://en.wikipedia.org/wiki/Feature
http://en.wikipedia.org/wiki/XML_Namespace
http://en.wikipedia.org/wiki/SGML
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 XML Schema

A newer XML schema language, described by the W3C as the successor of DTD,

is XML Schema, or more informally referred as the initialism for XML Schema

instances, XSD (XML Schema Definition). XSD are more powerful than DTD in

describing XML languages. They use a rich datatyping system, allow more

detailed constraints in an XML document's logical structure, and must be

processed in a more robust validation framework. XSD also use an XML-based

format which makes it possible to use ordinary XML tools and to help process,

although XSD implementations require much more than just the ability to read

XML.

Criticisms of XSD include the following concepts:

The specification is too large, which makes it difficult to understand and

implement.

The XML-based syntax leads to verbosity in schema descriptions; this makes

XSDs to be hard for reading and writing.

Schema validation can be an expensive addition to XML parsing, especially for

high volume systems.

The modeling capabilities are very limited; with no ability allow attributes to

influence content models.

The type derivation model is very limited; in particular that derivation by

extension is rarely useful.

Database-related data transfer is supported with arcane ideas such as null

ability, but the requirements of industrial publishing are under-supported.

Figure 2-3 shows the XML Schema as a sample XML document for the sample in

Figure 2-1.

http://en.wikipedia.org/wiki/XML_schema
http://en.wikipedia.org/wiki/XML_Schema_%28W3C%29
http://en.wikipedia.org/wiki/Acronym_and_initialism
http://en.wikipedia.org/wiki/Datatype
http://en.wikipedia.org/w/index.php?title=Content_model&action=edit&redlink=1
http://en.wikipedia.org/w/index.php?title=Type_derivation_model&action=edit&redlink=1
http://en.wikipedia.org/wiki/Data_transfer


18

<?xml version="1.0" encoding="UTF-8"?>
<xs:schema xmlns:xs="http://www.w3.org/2001/XMLSchema"
elementFormDefault="qualified" attributeFormDefault="unqualified">

<xs:element name="employee">
<xs:annotation>

<xs:documentation>Comment describing your root element</xs:documentation>
</xs:annotation>
<xs:complexType>

<xs:sequence>
<xs:element name="name" type="xs:string"/>
<xs:element name="department" type="xs:string"/>
<xs:element name="address">

<xs:complexType>
<xs:sequence>

<xs:element name="apt" type="xs:string"/>
<xs:element name="street" type="xs:string"/>
<xs:element name="city" type="xs:string"/>
<xs:element name="state" type="xs:string"/>

</xs:sequence>
</xs:complexType>

</xs:element>
</xs:sequence>

</xs:complexType>
</xs:element>
<xs:attribute name="id" type="xs:integer"/>

</xs:schema>

Figure 2-3 A sample for XML Schema

XML Schema is a more powerful tool than DTD; its XML structure gives the

unity for XML documents management. Nowadays, more and more applications

adopt XML Schema as the definition for their documents.
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2.2 Processing XML

In order to read, update, create and manipulate an XML document; an XML parser is

required. In this respect, a parser reads the structure and content of XML document and

provides an application based on this structure and content for further manipulation.

Parser is also required to check an XML document for well-formedness.

Parsers can be validating or non-validating. Parsers that use an XML schema or DTD

to validate the document are referred to validating parsers.

Typically XML processing involves the following steps:

 Parse - Scanning through the XML document processing elements and attributes,

and possibly build an in-memory tree (for Document Object Model parsers).

Parsing is a pre-requisite for any processing of XML document.

 Access - Extracting the data from the elements and attributes of parts of the

document into the application program. For example, to consider be given an

XML document for an invoice, the application might want to retrieve the prices

for each item in the invoice.

 Modify - Changing the textual content of elements or attributes, and possibly also

the structure of the document by inserting or deleting elements. This does not

apply to streaming parsers. As an example, an application might wish to update

the price of some items in an invoice or may want to insert or delete some of

them.

 Serialize - Converting the in-memory tree representation to a textual form; that is

written to a disk file or forwarded to a network stream. This makes sense only for

tree building parsers, and is necessary for the cases where the XML document

has been modified in memory.

The Simple API for XML (SAX) and the Document Object Model (DOM) are two

common techniques to access and process the information content of an XML document.

SAX is serialized based on events and DOM produces a complete tree-like structure as

output. These two parsers can be implemented as shown in Figure 2-4, and their details

will be described in the following sections.
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Figure 2-4 DOM and SAX parsers
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2.2.1 Simple API for XML (SAX)

David Megginson, principal of Megginson Technologies, led development of the

Simple API for XML (SAX) [88, 89, 90], a widely-used specification that describes

how XML parsers can pass information efficiently from XML documents to software

applications. SAX was originally implemented in Java, but is now supported by nearly

all major programming languages.

Unlike most XML-related specifications, SAX does not come from a formal

committee at a standards body or industry consortium. David putted together a

proof-of-concept implementation during the holidays in December 1997, and he

presented it to the xml-dev mailing list in January 1998. Through collaborative online

discussion, the xml-dev members developed the proof-of-concept into SAX 1.0 which

immediately received industry-wide acceptance from both commercial and free

software developers. SAX, although not an official W3C recommendation, has become

an industry standard for parsing XML in practice, due to its simplicity and processing

speed.

SAX is a lexical, event-driven interface in which a document is read serially and its

contents are reported as "callbacks" to various methods on a handler object of user's

design. SAX is fast and efficient to implement, but difficult to use for extracting

information at random from the XML, since it tends to burden the application author

with keeping track of what part of the document is being processed. It is better suited to

situations in which certain types of information are always handled with the same way,

no matter where they occur in the document.

A parser which implements SAX (i.e., a SAX Parser) functions as a stream parser

with an event-driven API. The user defines a number of callback methods that will be

called when events occur during parsing. The SAX events include the follows:

 XML Text nodes

 XML Element nodes

 XML Processing instructions

 XML Comments

Events are fired, when each of these XML features are encountered, and again when

the end of them is encountered. XML attributes are provided as part of the data passed

to element events.

http://www.megginson.com/
http://www.xml.org/xml/xmldev.shtml
http://en.wikipedia.org/wiki/Simple_API_for_XML
http://en.wikipedia.org/wiki/Lexical_analysis
http://en.wikipedia.org/wiki/Event-driven_programming
http://en.wikipedia.org/wiki/Callback
http://en.wikipedia.org/wiki/Method_%28computer_science%29
http://en.wikipedia.org/wiki/Event_handler
http://en.wikipedia.org/wiki/Event-driven
http://en.wikipedia.org/wiki/Callback_%28computer_science%29
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SAX parsing is unidirectional; previously parsed data cannot be re-read without

starting the parsing operation again. Figure 2-5 shows the XML document.

Figure 2-5 A sample for SAX

This XML document, when passed through a SAX parser, will generate a sequence of

events as follows:

 XML Processing instruction, named xml, with attributes version equal to "1.0"

and encoding equal to "UTF-8"

 XML Element start, named RootElement, with an attribute param equal to

"value"

 XML Element start, named FirstElement

 XML Text node, with data equal to "Some Text" (note: text processing, with

regard to spaces, can be changed)

 XML Element end, named FirstElement

 XML Element start, named SecondElement, with an attribute param2 equal to

"something"

 XML Element start, named Inline

 XML Text node, with data equal to "Inlined text"

 XML Element end, named Inline

 XML Element end, named SecondElement

 XML Element end, named RootElement
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2.2.2 Document Object Model (DOM)

DOM (its official name is W3C Document Object Model) is a string-based

Application Programming Interface (API) for manipulating XML data and structures.

According to the definition of W3C:

 The W3C Document Object Model (DOM) is a platform and language-neutral

interface that allows programs and scripts to dynamically access and update the

content, structure, and style of a document.

DOM creates a representation of the XML document in a tree-like structure

consisting of parent and child nodes. This representation is held within memory and can

be manipulated by the DOM API to add, delete or modify data, and can also be used

within a parser application to assist in the validation of XML document against a related

Document Type Definition (DTD) or XML schema. One key feature of DOM is its ease

of use. However, a major drawback to DOM is its need to load the entire XML

document structure into memory. This can be problematic when large document sizes

are used. The XML DOM views an XML document as a tree-structure. The tree

structure is called a node-tree. Figure 2-6 shows a sample of XML node-tree structure.

Root element
<bookstore>

Element:
<book>

Attribute:
“category”

Element:
<author>

Element:
<year>

Element:
<price>

Element:
<title>

Text:
30.00

Text:
2005

Text:
Hiroshi

Maruyama

Text:
Web Application
Development

Attribute:
“lang”

ChildParent

Siblings

Figure 2-6 An XML node-tree sample
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The DOM parser performs three functions—it represents the XML document in

memory as a tree, provides methods to manipulate the in-memory tree, and provides

methods to create new XML elements.

According to the DOM, everything in an XML document is a node.

 The entire document is a document node.

 Every XML element is an element node.

 The texts in XML elements are text nodes.

 Every attribute is an attribute node.

 Comments are comment nodes.

The XML DOM defines the objects and properties of all XML elements, and the

methods (interface) to access them. In other words; The XML DOM is a standard for

how to get, change, add, or delete XML elements.

The nodes in the node tree have a hierarchical relationship to each other. The terms

parent, child, and sibling are used to describe the relationships. Parent nodes have

children. Children on the same level are called siblings (brothers or sisters).

 In a node tree, the top node is called the root

 Every node, except the root, has exactly one parent node

 A node can have any number of children

 A leaf is a node with no children

 Siblings are nodes with the same parent

Figure 2-7 illustrates a part of the node tree and the relationship among the nodes:
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Root element
<bookstore>

Element
<book>

Element
<book>

Element
<book>

Element
<book>

parentNode

nextSibling

previousSiblimg

firstChild

lastChild

childNodes to
<bookstore>
and siblings to
each other

Figure 2-7 hierarchical relationship of XML nodes

Because the XML data is structured in a tree form, it can be traversed without

knowing the exact structure of the tree and without knowing the type of data contained

within.

The primary benefit of DOM over SAX is that the entire document information is

available in memory. Hence arbitrary processing and transformation of elements is

possible. On the other hand, a drawback of this approach is that application processing

has to wait till the entire document is parsed and the document tree constructed in

memory.
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2.3 XML Path Language (XPath)

The XML Path Language (XPath) [91] is a language for selecting or pointing out

parts of XML documents. It may be used in many contexts. Nowadays, the best known

is XPointer which is again used by XLink and XInclude to refer to fragments of other

documents. XPath is the primitive that allows pointing to the internals of documents,

and not just their wholes. XPath is restricted to operate on XML Namespaces compliant

documents, and of course, is operated under the XPath data model. The core of XPath

expressions are the location paths, those are used for selecting nodes in XML data.

A location path consists of a series of location steps, each consecutively producing a

set of nodes working from the set produced by the previous step. The final node-set is

the result of the location path evaluation. A node-set is one of the four types of values in

the XPath language, and it is simply an unordered collection of references to nodes in

some XML document (see Figure 2-8 that is a visualization of the evaluation model for

one location step).

Figure 2-8 XPath evaluation model for a single location step
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A location step is comprised of three parts:

 An axis; doing an initial rough selection of nodes by their structural relationships

to the context node (the nodes in the source set), e.g. the child axis, selecting all

children of the context node.

 A node test; refining what kind of nodes we are interested in. This is often a

specific element type; such as chapter, leaving only elements with the name

chapter in the set.

 Any number of predicates; which are essentially Boolean expressions that filter

out all nodes for which the expression is not true.

The XPath axes are: child, attribute, namespace, descendant, self, descendant-or-self,

parent, ancestor, ancestor-or-self, preceding, following, preceding-sibling and

following-sibling. Each axis is either a forward or reverse axis. From the specification:

“An axis is that only ever contains the context node or nodes that are after the

context node in document order is a forward axis. An axis is that only ever contains

the context node or nodes, are before the context node in document order is a reverse

axis.”

Thus the reverse axes are: parent, ancestor, ancestor-or-self, preceding and

preceding-sibling. The self axis can also referred as “directionless” and it falls into both

categories, but the ordering makes no difference since selects a single node. Similarly

for the parent axis: it only ever selects one node or none at all (for the root node).

In addition, every axis has a principal node type which is element nodes for all the

axes that can select elements. This means that most of the axes, except for the attribute

and namespace axes, for which the principal node type is the attribute and namespace

nodes respectively.
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An axis defines a node-set relative to the current node. The details are given in Table

2-1.

Table 2-1 XPath Axes definition

Axis Name Result

ancestor
Selects all ancestors (parent, grandparent, etc.) of the current

node.

ancestor-or-self
Selects all ancestors (parent, grandparent, etc.) of the current

node and the current node itself.

attribute Selects all attributes of the current node.

child Selects all children of the current node.

descendant
Selects all descendants (children, grandchildren, etc.) of the

current node.

descendant-or-self
Selects all descendants (children, grandchildren, etc.) of the

current node and the current node itself.

following
Selects everything in the document after the closing tag of the

current node.

following-sibling Selects all siblings after the current node.

namespace Selects all namespace nodes of the current node.

parent Selects the parent of the current node.

preceding
Selects everything in the document that is before the start tag of

the current node.

preceding-sibling Selects all siblings before the current node.

self Selects the current node.

XPath includes a full expression language with Booleans, numbers and strings as well

as the node-sets which the location paths yield. These expressions allow quite complex

filtering in the predicates. A common predicate is testing the proximity position of

nodes through the position () function, e.g. selecting every other node for given type

(the proximity position will be according to the document order for a forward axis; axis

it will be the reverse document order for a reverse).
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2.4 Extensible Stylesheet Language (XSL)

The Extensible Stylesheet Language (XSL) is made up of three related languages:

 XSLT: Extensible Stylesheet Language for transformations.

 XPath: a language used to access the documents.

 XSL-FO: a formatting language.

Data represented within XML can be manipulated by using XSL to provide different

text formats of data. The most common transformation is XML to HTML/XHTML for

presentation of data within websites. This capability is the result of XML’s separation of

data from its presentation. The strength of XSL is that the same data can be represented

in different ways. Data can be transformed from one format to another. Data that is not

required for a particular view can be omitted, and data that is missing can be added

through subsequent applications of an XSLT to the processed data.

XSLT is the most important part of XSL.

XSLT is used to transform an XML document into another XML document, or

another type of document recognized by a browser, such as HTML and XHTML.

Normally XSLT does this process by transforming each XML element into an (X)

HTML element.

XSLT allow users to add/remove elements and attributes to or from the output file.

The users can also rearrange and sort elements, perform tests and make decisions about

which elements should be hided and displayed, and a lot more.

A common way to describe the transformation process is to say that XSLT transforms

an XML source-tree into an XML result-tree.

XSLT uses XPath to find information in an XML document. XPath is used to

navigate through elements and attributes in XML documents.

In the transformation process, XSLT uses XPath to define parts of the source

document that should match one or more predefined templates. When a match is found,

XSLT will transform the matching part of the source document into the result document.

The Extensible Stylesheet Language Formatting Objects (XSLFO) is a pagination

markup language describing a rendering vocabulary by capturing the semantics of

formatting information for paginated presentation.
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Formatting is the process of turning the result of an XSL transformation into a

tangible form for the reader or listener. This process comprises several steps; some of

them depend on others in a non-sequential way. The model for formatting will be the

construction of an area tree, which is ordered tree containing geometric information for

the placement of every glyph, shape, and image in the document, together with

information embodying spacing constraints and other rendering information.

When consequent tree in an XSLT process is specified to utilize the XSLFO

pagination vocabulary, the normative behavior of an XSLFO processor incorporating an

XSLT processor is to interpret as the consequent tree. This interpretation reifies the

semantics expressed in constructs of the consequent tree to some medium; e.g. pixels on

a screen, dots on paper, and sound through a synthesis device as shown in Figure 2-9.

Figure 2-9 Transformation from XML to XSL Formatting Semantics
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An XSL stylesheet is a well-formed XML document. The basic building block of an

XSL style sheet is a template rule. A template rule consists of two parts:

 A pattern that identifies an element in the XML document.

 An action that specifies the transformation and rendering of the identified node.

The root element that declares the document to be an XSL style sheet is

“<xsl:stylesheet>” or “<xsl:transform>”. To get access to the XSLT elements, attributes

and features, the XSLT namespace must be declared at the top of document.

XSLT allows elements to be identified (matched) in various ways as follows;

 By name: <xsl:template match=”employee” >

 By ancestry: <xsl:template match = “employee//state” >

 By attributes: <xsl:template match = “employee[@id=”1234”]” >

 By children: <xsl:template match = “employee[name]” >

 By position: <xsl:template match = “employee[lst-of-type()]” >

 By matching several element names: <xsl:template match=“employee|manager”>

A key feature of XSLT is its recursive nature. Starting from the root element of XML

document, each node is inspected to see if there is an applicable template rule. In case of

more than one rule being applicable to a particular node, XSLT allows priorities to be

specified for transformation. The relevant rule is invoked, and the inspection then

continues on the children of the new node. <xsl:apply-templates> is used to apply this

recursive action.

XSLT allows conditional processing of elements with xsl:if and xsl:choose constructs.

<xsl:apply-templates select=”xxx”/> can be used to process selected children alone of a

matched element. <xsl:for-each> construct can be used to process each of repetitive

elements. Sorting and numbering of elements are other manipulations that can be

performed.
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Figure 2-10 shows a sample of XSL transformation. The example XML book data

transforms into the output HTML data by the XSL document defined by the user. The

right side of Figure 2-10 shows the output of displayed in Web browser before and after

the transformation.

<html>
<body>
<table border="1">
<tr>
<TH>Book</TH>
<TH>Price</TH>

</tr>
<tr>
<td>Fedora Core4</td>
<td align="right">2835</td>

</tr>
<tr>
<td>JSP Programing</td>
<td align="right">2730</td>

</tr>
<tr>
<td>Linux Guiding</td>
<td align="right">2100</td>

</tr>
</table>

</body>
</html>

<?xml version="1.0" encoding="UTF-8" ?>
<xsl:stylesheet version="1.0" xmlns:xsl="http://
www.w3.org/1999/XSL/Transform" >
<xsl:template match="/">
<HTML>
<BODY>
<TABLE border="1">
<TR>
<TH>Book</TH><TH>Price</TH>

</TR>
<xsl:apply-templates select="booklist/book" />

</TABLE>
</BODY>

</HTML>
</xsl:template>
<xsl:template match="book">
<TR>
<TD><xsl:value-of select="name" /></TD>
<TD align="right"><xsl:value-of select="price" /></TD>

</TR>
</xsl:template>

</xsl:stylesheet>

<?xml version="1.0" encoding="UTF-8" ?>
<?xml-stylesheet href="book.xsl" type="text/xsl" ?>

<booklist>
<book>
<name>Fedora Core4</name>
<price>2835</price>

</book>
<book>
<name>JSP Programing</name>
<price>2730</price>

</book>
<book>
<name>Linux Guiding</name>
<price>2100</price>

</book>
</booklist>

Figure 2-10 An XSL transformation sample
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2.5 Comparison of XML and Relational Database

Database systems are well-known for consistent storage, retrieval, and manipulation

of data. Similarly, XML is generally accepted as data description language for both

Web-based information systems and electronic data interchange for different

organizations [92].

When the users design our databases, they need to decide whether their data is better

suited to the XML or the relational model. While this discussion explains some main

differences between the models and factors applied to each, there are numerous factors

can determine the most suitable choice for the implementation.

The major differences between XML data and relational data are:

 XML data is hierarchical; relational data is represented in a model of logical

relationships.

An XML document contains information about the relationship of data items to

each other in the hierarchical form. With the relational model, the only types of

relationships that can be defined are parent table and dependent table

relationships.

 XML data is self-describing; relational data is not.

An XML document contains not only the data, but also tagging for the data that

explains what it is. A single document can have different types of data. With the

relational model, the content of data is defined by its column definition. All data

in a column must have the same type of data.

 XML data has inherent ordering; relational data does not.

For an XML document, the order in which data items are specified is assumed to

be the order of data in the document. There is often no other way to specify order

within the document. For relational data, the order of rows is not guaranteed

unless we specify an ORDER BY clause on one or more columns.
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Sometimes the nature of data dictates a way in which the users store it. For example,

if the data is naturally hierarchical and self-describing, they might store it as XML data.

However, other factors might influence our decision about which model to use.

Some of those factors are:

 Maximum flexibility of data is needed.

Relational tables are fairly rigid. For example, it would be very difficult to

normalize one table into many or de-normalize many tables into one. If the data

design is changed very frequently, it is better to represent it as XML data.

 Maximum performance for data retrieval is needed.

Some expense is associated with serializing and interpreting XML data. If

performance is more of an issue than flexibility, relational data might be the

better choice.

 The data is processed later as relational data.

If subsequent processing of data depends on the data being stored in a relational

database, it might be appropriate to store some parts of data as relational by using

decomposition. An example of this situation is; when online analytical processing

(OLAP) is applied to the data in a data warehouse. Also, if other processing is

required on the XML document as a whole, then storing some of the data as

relational (as well as storing the entire XML document) might be a suitable

approach in this case.

 The data components have meaning outside a hierarchy.

Data might be inherently hierarchical in nature, but the child components do not

need parents to provide value (e.g. a purchase order might contain part numbers).

The purchase orders with part numbers might be best representation as XML

documents. However, each part number has a part description associated with it.

It might be better to include the part descriptions in a relational table, because of

the relationship between part numbers and part descriptions is logically

independent from the purchase orders in which the part numbers are used.
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 The data attributes apply to all data, or to only a small subset of data.

Some sets of data have a large number of possible attributes, but only a small

number of those attributes apply to any particular data value. For example, in a

retail catalog, there are many possible data attributes, such as; size, color, weight,

material, style, weave, power requirements or fuel requirements. For any given

item in the catalog, only a subset of those attributes is relevant (power

requirements are meaningful for a table saw, but not for a coat). This type of data

is difficult to be represented and searched with a relational model, but relatively

easy to be represented and searched with XML model.

 The ratio of data complexity to volume is high.

Many situations involve highly structured information in very small quantities.

Representation of that data with a relational model can involve complex star

schemas in which each dimension table is joined to many more dimension tables,

and most of these tables have only a few rows. A better way to represent this data

is to use a single table with an XML column, and to create views on that table,

where each view represents a dimension.

 Referential integrity is required.

XML columns cannot be defined as part of referential constraints. Therefore, if

values in XML documents need to participate in referential constraints, the data

should be stored as relational data.

 The data needs to be often updated.

Currently, the users can update XML data in an XML column only by replacing

full documents. If they need to frequently update small fragments of very large

documents for a large number of rows, it can be more efficient to store data in

non-XML columns. If, however, the users are updating small documents and only

a few documents at a time, storing as XML can be efficient as well.
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Chapter 3 XML Data Modeling

Maritime transportation industry is a high-complex industry; a fleet management

company has to manage various ships with different characteristics divided by their

duties (such as merchant ship, passenger ship, tanker ship, cargo ship, etc.). Moreover,

within the ship, it should be divided into various departments (such as engine, deck,

information, etc.) depend on their functions. According to these reasons, introduction of

the distributed management mechanism is necessary. Unfortunately, the construction of

ship industry is different from ordinary electronic business enterprise; the biggest

difference can be analyzed as follows.

Though every activity under electronic commerce management mode is dynamic, but

considering departments; each activity belongs to are still static. On the other hand in

fleet management mode, ships can be treated as department within the whole

construction. In this case, ships are not static, but need to launch out in indefinite

alternation by actual requirements. While a ship is sailing offshore, the communication

ways with overland are limited into quite a small range, it can be just used radio wave

as usual communicate mean; recently, because of the advancement of technology,

communicate with satellite is also available, but this technology is not widely

popularized yet, and the cost is very expensive. So, it just can be treated as an

emergency communication mean. Under these circumstances, using a traditional data

construction such as relational database system to store and manage information, the

data would be difficult to divide into a separate ship; because of the relationships

between tables in relational database are complex. And also, it could cause the

discontinuity and inconsistency of data.

Since the Extensible Markup Language (XML) is adopted as a Recommendation

standard by World Wide Web Consortium (W3C) at 1998, it has become a very import

emerging standard for E-commerce because of its flexibility and universality. Many

software designers are actively developing new systems to handle information in XML

formats. Some researches in navigation field have used it as a data exchange format for

applications [93, 94], but they have not considered about the integration of data between

ship and Ship Company.
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In this chapter, I proposed to establish a ship data model by XML. By the

characteristic of XML’s tree-structure, a ship can be treated as a child node under the

management of fleet management company, and each child node has its own

independent XML sub-tree structure. Then, during the sailing, it can be managed by its

own data structure independently.

Another important characteristic of XML is that elements and their attributes can be

defined by user. In this research, the classified resources and Role-Based Access

Control model [95] are combined to provide users appropriate resource access

permissions. When a ship arrived in the port, an efficient data synchronization

mechanism between the ship and the fleet management company is provided.

The rest of this chapter is organized as follows: First, Section 3.1 describes the

characteristics of XML and presents how to establish the ship data model. Section 3.2

describes the data-update mechanism and synchronization procedure for fleet

management. Finally, Section 3.3 describes the convenience and possibility of using

XML Schema to replace recent online application form in the port administration level.
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3.1 Data Storage Method

Web-based information systems no longer aim at purely providing read-only access

to their content, which is simply represented in terms of Web pages stored in the Web

server’s directory. Nowadays, the employment of databases to store the content of a

Web site turns out to be worthwhile due to new requirements emerging from several

application areas such as; electronic commerce, etc.

In recent electronic business modes, the amount of users from various countries have

been huge grown because of the popularization of the Internet. In order to handle with

the diversification of information and the necessity of simultaneous access from huge

users, the international enterprises mostly use relational database to store their data. The

advantages of relational database can be described as follows:

 Reduce the duplication of data; data is independent and easy to establish

applications to manage it.

 RDBS can provide the maintenance for the security and the consistency of data.

It is also more efficient than simple file management.

 RDBS provides an index function for data access. When the capacity of data

becomes very huge, the speed of data access could be much faster than directly

accessing to files.

Database systems are well-known for consistent storage, retrieval, and manipulation

of data. At the same time, XML is generally accepted as data description language for

both Web-based information systems and electronic data interchange among different

organizations.

Although RDBMS has many advantages, it is not so suitable for fleet management.

The main reason is that different from ordinary enterprises, the ships under the

management of fleet management company (could be treated as the departments within

a general enterprise) are not fixed, but have the necessity of launching out and arriving

in. While ships are sailing offshore, it is difficult to get the information from centric

database through general Internet construction. If the user wants to allot related

information to a ship before it launches out, it would be also difficult to achieve.

Because the tables of relational database are related with each other and they are

difficult to divide. In order to solve this problem, I proposed to establish the ship XML

data model for fleet management and the detail will be described in next sub-section.
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3.1.1 Fleet Management Mode

Fleet management can be seen as a tree-structure with fleet management company on

the top, and various ships below under this management. So, its structure can be

displayed visually by XML. The proposed data model treats the fleet management

company as the root node, ships under management as child nodes; and each child node

has its own affiliated data model. When ships berth in the port, the data model is a

complete XML tree architecture. But, when a ship launches out, the partial tree data

belong to the ship should be divided from the original XML tree. In addition, while this

ship is sailing, it should upgrades to be a temporary complete XML tree and has its own

root element (as shown in Figure 3-1). After this ship comes back to the port, based on

the policies predefined, the synchronization between fleet management company and

ships can be processed by exchanging corresponding child nodes data easily.

Figure 3-1 Separable XML tree architecture
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3.1.2 Ship Data Modeling

In this research, I focused on cargo ships and passenger ships, the image figure of this

ship data model is illustrated in Figure 3-2. In order to implement this model (under the

various objectives, such as; procedures of arriving in, cargo clearance, immigration

declaration, etc.), the data structure should include the following elements:

 Ship basic information: use to identify ship itself. Including name, description,

flag, official number, length, draft, agent, operator, owner, net tonnage, etc.

 Navigation data: the navigation record data of all kinds of navigation instruments

within the ship; including radar, gyro compass, GPS, speedlog, chronometer, etc.

 Schedule data: the schedule information of ship; including port of provenance,

date of departure, port of call, date of arrival, time and date of entrance, berth,

final port of destination, etc.

 Service metadata: the metadata of applications applied within the ship, such as

watch sign-in management service.

 Cargo data: the information of cargo transported by ship; including marks and

Nos., number and kind of packages, description of goods, gross weight, place of

shipment, place of destination, etc.

 Passenger data: the information of passengers in ship; including name, nationality,

date and place of birth, port of embarkation, port of disembarkation, passport

number, etc.

 Crew data: the crew information; including name, nationality, date of birth, sex,

number of seamen’s book, rank, etc. It is similar with the passenger information

except the information of duty.

The usability of XML is raised hugely because it is able to define elements and their

attributes within the document. In this research, in order to classify the data and raise

the efficiency of synchronization, two attributes were defined as property and update.

The sample can be described as:

<Element property=“public” update=“true”>



41

In the sample above, the “public” value of property means everybody is allowed to

access to this resource. The “true” value of update means this element has been updated

before.
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Figure 3-2 Ship data model

The number of code line in XML data model could reach several thousand due to the

essence of XML construction depending on the actual situation. So then, it is not so

efficient to read the whole file. In order to solve this problem and consider the security

at the same time, Role-Based Access Control (RBAC) model [95] is proposed. The

essence of RBAC is that permissions are assigned to roles rather than to individual users.

Roles are created for various job functions, and users are assigned to roles based on

their qualifications and responsibility. With this way, the task of specifying user

authorization is divided into two logically independent parts: one of them assigns users

to roles and another assigns access rights for objects to roles. Users can be easily

reassigned from one role to another without modifying the underlying access structure.

RBAC is thus more scalable than user-based security specifications, and greatly reduces

the cost and administration overhead associated with fine-grained security

administration at the level of individual users, objects, or permissions. RBAC model can

be simply expressed as the form (s, o, a), where “s” is a subject (user), “o” is an object

(resource) and “a” is an access right (permission).
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By using the RBAC model and the property defined in this ship data model, we can

achieve the objective of distributed management. For example, passengers are only

allowed to access the general public information, such as; the schedule data within the

ship data model. This can not only maintain the security, but also can raise the

efficiency by reducing the capacity of data reading. By controlling the permissions of

writing in data, we can also make the information belong to each department be in

charge by the chief of this department. Such as the chief engineer can renew the

operation information of all machines in the engine room, but the chief officer can only

read this information. When a ship arrives in the port, if we allow the agents of

government departments accessing to the ship data model, we can also assign the

corresponding information by their duties to them, such as; a custom agent can access

the related cargo’s information to apply the cargo clearance procedures, an immigration

agent can access the related passengers’ information to apply the immigration

declaration procedures. The image figure is shown in Figure 3-3.

Figure 3-3 Corresponding sub-tree according to duty
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3.2 Data Integration

During the sailing of ships, the data (such as sailing schedule, navigation instruments

records) could have the necessity that should be renewed because of various

unpredictable factors (e.g. weather, hydrographic condition, etc.). In this research, the

ship is treated as an independent individual. While the ship is sailing offshore, it should

manage its data by itself, and processes the data integration with fleet management

company when it arrives in the port. The old ship data that fleet management company

has should be read only during the ship is sailing to prevent from destroying the

consistency of data. Because XML is adopted to establish data model and treated the

ship as a node, the most simple synchronization mechanism is replacing the old node

data of fleet management company with the renewed ship node data. But, this mean is

not efficient when the capacity of data is huge, so I propose a more efficient data

synchronization mechanism in this section.

The proposed data integration mechanism should be divided into two parts. The first

part is the data update during the sailing of ship; the second part is the synchronization

mechanism when the ship arrives in the port as explained in the following sections.

3.2.1 Data Update During Sailing

During the sailing of ship, there is a possibility that data could be change because of

various unpredictable situations (such as the change of weather or hydrographic

condition, engine problem, human factors, etc). In order to record the path of data

updating and achieve an efficient synchronization later, an update attribute is defined for

XML document elements. Within the XML data model I proposed, if any information of

node Ni, j is updated (i denotes the ith layer of the whole XML tree, j denotes the jth node

of the current layer), then the update attribute of Ni, j is set to be “true”, and at the same

time pass the value of “true” to the update attribute of its parent node Ni-1, parent (the

direct parent node of Ni, j within i-1th layer of the whole XML tree). If the parent node

Ni-1, parent is not the root node of the ship data model, then repeat the processes above. In

this section, I call this mechanism as “upward parent node chain update”. The algorithm

of it is shown in Figure 3-4; the image is also illustrated in Figure 3-5.
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Upward parent node chain update algorithm

If ( Node i,j .update == true ) {
While ( Node i-1,parent != Node root ) {

Node i-1,parent . Update = true ;
i = i -1 ;

}
}
Node root .update = true ;

Figure 3-4 Upward parent node chain update algorithm

Figure 3-5 Image of upward parent node chain update
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3.2.2 Synchronization when Arriving in Port

When the ship arrives in the port, in order to maintain the consistency of data, the

synchronization with fleet management company should be applied. The procedures of

the proposed synchronization mechanism are described as following:

 Step.1:

Read in XML Schema to get the structure of entire XML document, mostly the

relationship among nodes in different levels.

 Step.2:

Compare the data that fleet management company has with the data of ship just

arriving in.

 Step.3:

If the data of ship has been updated, then start to search the child nodes of the

first sub-layer of the ship root node.

 Step.4:

If the jth node of the current layer is not updated, then ignore all sub-trees below it

and move to j+1th node.

 Step.5:

If the jth node of current layer is updated, then start to search its child nodes of its

first sub-layer.

 Step.6:

Repeat Step.4 to Step.5 till the whole XML-tree has been searched completely.

According to these procedures, the data synchronization flowchart is illustrated as

shown in Figure 3-6.

By combining those two procedures of Section 3.2.1 and Section 3.2.2, an efficient

XML data synchronization mechanism is proposed. In fleet management level, the ships

can manage their own data structures while they are sailing offshore; and when they

arrive in the port, the synchronizations with the fleet management company would be

applied to maintain the consistency of data.
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Figure 3-6 Flowchart of Data synchronization
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3.3 Potential Implementation for Port Administration

When a ship arrives in a port, it should apply many complex procedures with various

government departments. The main procedures of arriving in include the cargo

clearance of Custom, the immigration declaration, the quarantine of the Ministry of

health, Labour and Welfare, the clearance inward of each port, etc. Furthermore, each

procedure need to fill in various applying tables, such as; the cargo clearance need to fill

in general declaration, cargo declaration, ship’s stores declaration, passenger list, crew

manifest, crew list, etc. In order to simplify these complex procedures, Japanese

government are processing the optimization project [96] of the import, export, and

clearance inward procedures. The objective is to combine the ongoing multi-systems

(such as Nippon Automated Cargo And Port Consolidated System, port Electronic Data

Interchange, etc.) to complete the procedures, such as; clearance inward that has to

apply to multi-government departments with one single window and one time data

input/transmission for international ships. Additionally, it would be much more

convenient for users and also it can reduce the costs and applying time. For now, these

application procedures can basically be processed to input various data with Web

browser as the input interface through the Internet. Comparing with old human

operation era, we can say that it is already a very convenient way. But, if we can use the

characteristics of the authentication of XML document, there are still some potential to

further simplify human inputting processes. The possibility of implementation of the

XML Schema (an important XML document authentication mechanism) for port

administration is described as follows.

XML schema is a standard that was approved as a World Wide Web (W3C)

Recommendation on 2 May 2001. It can be used to express a schema: a set of rules to

which an XML document must conform in order to be considered validation according

to that schema.

XML schema express shared vocabularies and allow machines to carry out rules

made by people. They provide a mechanism for defining the structure, content and

semantics of XML documents. The XML Schema definitions for XML documents

include:

 The vocabulary: element and attribute names.

 The content model: relationships and structure.

 The data types: data entity format (such as string, Boolean, integer, etc.).
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If an XML document can be valid by a specific XML Schema document, then it can

be said that this XML document conform every restriction for our purpose, and it is a

valid XML document.

Take the Kobe Port EDI system as an example here. When a ship arrives in the port, it

could fill in corresponding tables through the Internet to apply various services (such as

licensing of berthing facilities, watering application, licensing of wharf site, etc.). Each

column in the electronic form has its own format restriction to prevent for errors of

storing data into database from user miss inputting.

As an implementation sample of XML Schema, take the online electronic applying

form of Kobe Port EDI system wharf site license for the example (as shown in Figure

3-7). According to the format restriction of each column, we can establish the

corresponding XML Schema that defines the data format of every column in the form

(as shown in Figure 3-8); and then we can establish a corresponding XML document

with this XML Schema document.

The format restriction of XML Schema is very regular, so when user transmits the

applying XML document to corresponding government department, if it can pass the

check mechanism of XML Schema, then the government department can consider that

the content of this document is correct. There is no need for human rechecking and the

data of this document can be directly storing into the database.

This method can reduce the waste of the Internet resource in one side; and in other

side it is possible to simplify applying procedures. Cooperating with the proposed ship

XML data model, it could be considered as a potential implementation for port

administration.
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Figure 3-7 Kobe port on-line wharf site application form
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Figure 3-8 Corresponding XML Schema definition
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Chapter 4 Context Model for Services

Context aware ubiquitous content access is characterized by providing intuitive ways

for accessing Web content based on users surrounding context. Context is referred to as

any information that can be used to characterize the situation of an entity where an

entity can be a person, place or a physical/computational object [97], and the

information can be where and when for Web users are, as well as what the Web content

are available nearby, and etc.

There are many research efforts for the development of context-awareness toolkits

including HP’s Cooltown project [98], Dey’s the Context Toolkit [99], the CB-SeC

framework [100] and the Gaia middleware [101]. These toolkits either provide

functionalities to help service requesters obtaining services based on their contexts or

enable content adaptations with user’s contextual information. In order to promote

context aware service providing, Kouadri et al. [102] proposed a formal definition of

service context to model service’s contextual information. Lemlouma et al. [103]

proposed a framework to assert metadata information of Web contents. They used

Composite Capabilities/Preferences Profiles (CC/PP) as interoperable context

representation to enable communication and negotiation of device capabilities and user

preference in terms of a service invocation. Besides, several OWL-based context

models are presented [104, 105, 106] to provide high-quality results of service

discoveries beyond the expressive limitations of CC/PP. They utilized the ontology to

describe contextual information including location, time, device, preference and

network, etc. By combining semantic contextual information with inductive or

deductive techniques, they can perform matches against both user and service’s context

semantically.

In the maritime field, after a ship launches out of the port, it can be seen as an

independent unit separating with land. Everything happened within it must be taken care

by cruises themselves. Under this kind of situation, real time information transportation

and appropriate service management are very necessary. In this chapter, I use XML to

define the context model and the user model, and then use them to establish the

proposed system. The context can be simple information or a specific service, each of

them limits that only specific users/groups are allowed to access it. The user model

defines the group that users belong to, and use it to grant corresponding permissions by

identifying specific individual. In the passive providing information level, firstly the
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public part of description session is captured in the context, and then translated them

into general HTML webpage by XSL Transformations (XSLT) [107], finally presented

it to all users. In addition, in order to transmit real time information automatically, the

above procedures are repeated in a fixed time interval (5 minutes period is used here). A

user can also access the context to get extra information, but under his permission limit

by authenticating himself. In the active providing information level, we can trigger

services to transmit specific information (such as operation initial time or the schedule

of next day) to related users/groups by real time, and then we can prevent operations be

delayed or even more serious situations happen.

4.1 Web Service Life Cycle

A Web service is a software system designed to support interoperable

machine-to-machine interaction over a network. It has an interface described in a

machine-processable format. Other systems interact with the Web service in a manner

prescribed by its description using SOAP-messages, typically conveyed using HTTP

with an XML serialization in conjunction with other Web-related standards.

A Web service is viewed as an abstract notion that must be implemented by a

concrete agent. The agent is the concrete entity (a piece of software) that sends and

receives messages, while the service is the abstract set of functionality that is provided.

While a Web service is applied, its activation is the process of creating or making a

Web service instance active to serve a Web service request. The way in which the

activation process controlled is called as the activation policy. The process of activation

enables a Web service instance hosted by Cape Clear Server to hold session state.

Following are the supported activation policies and the main attributes of each policy:

 Application

One instance of the service is created to handle all requests. If the timeout is set

to zero, the same instance will always be in memory. If the timeout period is set

to some non-zero value, the instance will be removed from memory if it has not

been used for a period of time equal to this timeout period. When a request is

received and the instance has expired, a new instance is created. The service

implementation must be thread-safe. This model should be used where only

application state or no state is required, and performance is important.

http://www.w3.org/TR/2003/WD-ws-arch-20030808/#service
http://www.w3.org/TR/2003/WD-ws-arch-20030808/#agent
http://www.w3.org/TR/2003/WD-ws-arch-20030808/#message
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 User

An instance of service is created to handle all requests for a particular user. The

client must first be authenticated with the server to use this policy type. The

instance is removed from memory when no requests have been received from the

user for a period of time equal to the timeout. A user may be logged into the

server more than once simultaneously, but effectively the user has only one active

session. Each request for that user will always use the same instance. The user

activation policy uses the user name principal as a basis for allocating Web

service instances. Use this model when only one instance is to process requests

for a particular authenticated user.

 Session

An instance of the service is created to handle all requests for a particular user

session. This does not require a client to authenticate with the server first. A user

can have many sessions in active simultaneously. If a request has no session ID, a

new session ID is created and used to associate the instance with the session. On

response, for the HTTP transport, the session ID is stored as a cookie on the

client. All future requests from the client will send the session ID cookie,

ensuring that the correct instance is invoked on the server. Use this model if

general session behavior is required and the service must maintain state, or to

increase performance by allocating a single instance to a particular session.

 Request

An instance is created to handle each request. After handling the request, the

instance is discarded. Use this model if no state is required, the implementation is

not thread-safe, and performance is not critical. This policy is the most expensive,

due to it causes more objects to be created (and ultimately garbage-collected),

and each instance must be initialized on every request. This is the default policy

assigned to Web services.
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I would like to introduce the concept of service life cycle in this chapter. When a

service is used, it can be realized by a concrete provider agent. The state of a service is

shown in Figure 4-1.

Figure 4-1 Web service state

The definitions of state up and down are described in the following:

 UP

The provider agent is capable of accepting and processing requests (i.e. the

service is available).

 DOWN

The provider agent is not capable of accepting any requests (i.e. the service is not

available).

In this chapter, I use XML data model as the metadata of service, a time trigger as the

agent of service to apply a time-dependent information providing system.
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4.2 System Architecture

The concept of metadata is wide spread in computer science. A general definition is

“data about data”, i.e. data that describes the original data. It improves the value of

operational data by giving applications and users additional information on the data’s

origin, its precision or staleness.

Context models store data on the user’s context: location, surroundings (what is

around him and close-by), intentions, activities, etc. So far, most context models

focused on providing only the data that reflects the current situation in the real world. In

this chapter, I go one step further and extend the scope of context models to also contain

data about data, so called metadata.

Metadata helps applications to assess the data’s quality and to select the desired data

in a fine-grained fashion. Storing the metadata explicitly in the context model increases

its flexibility and facilitates the integration of many local context models into a global

one. This in turn enables many applications and data providers to share a lot of data,

which offers applications a larger-than-ever pool of data and cuts down deployment

times and costs.

The objective of this research is to provide a contextual architecture with time event

driven facility. Context model is used to describe the behaviors of services, time trigger

to manipulate specific operations, user model to deal with user/group permissions, and

exception handler to deal with unexpected situations. I used not only user model to

manage the permission for each context, but also extended context model with the

ability of dealing with some timely operations by trigger services in real time.

In the security level, although authentication is an important step toward

authorization, the specific authentication mechanisms are not the focus of this chapter.

Any authentication mechanism that securely transmits the credentials to the user can be

adopted. In such a manner, these credentials cannot be tampered with stolen, or forged.

Given these properties, the access control can rely on the credentials to identify the

requester.

Figure 4-2 illustrates the overview of the system. It is composed of context model,

user model, automatic update, time trigger, and exception handler.
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Figure 4-2 Architecture overview of proposed system

Through the user model I proposed, a person can be authenticated as a regular user,

and get the permissions according to the group which belongs to. Normally, users are

free to connect to the resources under their permission at any time and any place. Also,

through a Web server, public information updates itself automatically to ensure all users

receive the newest information.

At the same time, when a context’s initial condition matches with real time, time

trigger will initial corresponding services and ask related users to take reaction default

designed in system. If the corresponding users could not accomplish the operation on

time, the exception handler will be initiated to remind them continually.
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4.2.1 Context Model

Users are now living in a ubiquitous computing environment. They are able to access

information or use computing services while they are doing their everyday life activities.

Researchers have tried to solve the problem by improving user interaction by exploiting

information relating to users, devices and environments, through the notion of context

awareness. In order to use context in developing context aware applications, the notion

of context has to be well understood. Different researchers have different points of view

of context; I would like to discuss the implementation for services under intranet

structure environment to apply within a sailing ship.

The context model of this research is used to provide information in real time. It can

be divided into two levels: simple information or information attached by

service/operation. The biggest characteristic of the context model I proposed is that it

extends time features from normal context models, so we can apply a background time

trigger according to real time and deal with some time-dependent exceptions.

The proposed model requires three key elements.

 A User is assigned belonging to a group with specific permission to access

resources under his privilege limit within system.

 Contexts can be triggered automatically by comparing with real time.

 Contexts require specific users/groups with permission to handle with.

By following above principles, each user belongs to one user group. Similarly, each

resource will assign a permission subset from the entire permission set to each group

that has a privilege to access it.

Table 4-1 illustrates the features of the context model: name, entity, description,

owner, physical location, attribute, property, current state, relevance and time. Time

factor is used to trigger contexts and provide real time information, including operation

initial time, exception initial time, exception handle time interval and destruction time.
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Table 4-1 Context model architecture

Contextual
Element

Content

Name Context (service/information) name.

Entity
If the context is a service, this should address to where the entity
of service actual exist.

Description
Context content description, it could be used to announce
necessary information to users/groups.

Owner The owner (The highest permission user) of this context.
Physical Location

Limitation
Limitation of where this context can be accessed.
If there is no limitation, then the value should be “null”.

Attribute
Simple information can set attribute as “information”.
Specific service can set attribute as “service”, which can be
triggered by real time.

Property
Define the property, it could be “public” or “private”, if the
context is private, it could be further divided to the groups.

Current State It shows this context is available or unavailable.

Relevance
The context could be related to specific users/groups, only legal
users/groups under permission limitation are allowed to access it.

Time

Inform time Before context initial, the time that inform related member.
Operation
initial time

The start time of a service.

Exception
initial time

The time of exception handler start to be applied.

Exception
handle time

interval
The time interval of re-check service situation.

Destruction
time

The time of this context fails.

In the proposed context model for service, I extended the time factors, then we could

manipulate the service and detect exception situation by real time, also this context

model is able to describe the ordinary behaviors of the system. The Schema design of

context model is shown in Figure 4-3.
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Figure 4-3 Design diagram of context model schema
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4.2.2 User Model

The definition of user model can be given as follows [108]:

 A user model is a knowledge source in a natural-language dialog system which

contains explicit assumptions on all aspects of user; this may be relevant to the

dialog behavior of the system. These assumptions must be separable from the rest

of the system's knowledge.

 A user modeling component is a part of dialog system, whose function is to

incrementally construct a user model; to store, update and delete entries; to

maintain the consistency of model; and to supply other system components with

assumptions about the user.

In this research, I establish the user model for passengers and crews within the ship.

The focus was the identification of users, and its modification was out of the objectives

in this chapter.

In order to identify the user, the user model includes information relevant to the

group, personal information and surrounding environment (physical environment,

software and hardware environment). When a user access to the context, the system can

identify him/her and determine if a desired context is available to the specific user by

the permission of the group he/she belongs to.

The Schema design of user model is shown in Figure 4-4 and the details are shown

in Table 4-2.

Table 4-2 User model architecture

Element Content
Group Decide which group the user belong to
Name User name

ID User identification number
Title Duty title

PhoneExt Office phone number
IP address The IP address that user use to connect to internet/intranet

Email User mail address
Physical Environment Location

Hard environment
Device capabilities, bandwidth, processor speed, storage
capacity, resolution, etc.

Software environment Operating System
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Figure 4-4 User model schema design diagram
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4.2.3 Providing Information Passively

In this chapter, two ways to provide information passively are proposed; one is

present with Web server and the other is user access to the context himself. The details

will be described below:

 Automatic webpage updating

When we think of the Web, the first thought is the Hypertext Markup Language

(HTML). It is so popularized because HTML document is easy to create and use

although its structure is lack of preciseness. But, in order to go further into the

Business-to-Business generation, XML standard was established. XML document

has the advantage of the advanced interaction between servers, but contrarily it is

not so easy to read by human being. To get the full benefit of XML, the W3C

started developing a standard language for presenting information held in XML

in 1998. This language was named Extendible Stylesheet Language (XSL). The

goal of XSL was to develop a stylesheet that could overcome the limitations of

Cascading Style Sheets (CSS) to restructure information and add things as

heading to a page.

One extension of XSL defines how to transform from any XML-based markup

language into another markup language (or into a plain text). This language is

known as XSL Transformation, or XSLT. An XML document that is written in

XSLT is commonly known as an XSLT stylesheet. Each XSLT describes how a

set of XML documents (the source documents) should be converted into other

documents (the result documents, such as HTML). Usually, an XSLT stylesheet

will take source documents written in one particular markup language and

produce a result in another markup language that can be used by a specific

application, such as HTML for presentation in a browser.

Within this context model I proposed, the description session and public property

are set, so then the private/secured information can be kept safe, but only public

information is captured to be published. After the partial XML document is

captured, the XSL Transformation is used to convert it into general HTML

webpage and published it to all users with Web server. In order to provide the

newest information, the system set a fixed time interval to recapture the context

model for converting and publishing, and then information can be provided in

real time. The architecture of automatic updating is shown in Figure 4-5.
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Figure 4-5 Update Automatically with XSL Transformation

 User active access

Within the user model, each user is assigned to a specific group. On the other

hand, within the context model, each context is designed to allow specific groups

accessing to it. As a result of this, the objective of access control by granting

users/groups appropriate permissions could be archived.

In addition, the attributes/properties are assigned within the context model, a user

under authenticated can only be allowed to access the public information and the

information under his permission limit in his group, so then the security of

context can be protected. The architecture of user active access is shown in

Figure 4-6.
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Figure 4-6 User active access to get extra information

4.2.4 Providing Information Actively

The context event could be triggered in real time due to the time attributes in the

context model have been set. The facilities of time factor elements are described as

follows:

 Operation initial time: the start time of a critical operation.

 Exception initial time: after a critical operation initiates, the time of exception

handler initiates if the operation is not handled on time.

 Exception handle time interval: the time interval of different exception policies

being applied. Along with time passing, if a critical operation is still under an

abnormal situation, the corresponding exception policies will be applied by

different time interval.

 Destruction time: the time that an operation fails. If the ongoing real time crosses

this destruction time, this situation would be treated as a serious error in the

system. All services in the system would be temporary paused, and the system

administrator would be informed to deal with the error immediately.
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The time trigger event flow is shown in Figure 4-7 and the details are described

below. Also, in order to ensure that the operation is manipulated correctly, a

time-dependent exception handle policy is established. The algorithm of the exception

handle policy is described in Figure 4-8.

Time-Dependent Multi-Layer
Exception Handle Policy

Corresponding
Action by

Exception Handler

Exception initial time

Operation destruction time

Exception handle time interval

Exception handle time interval

Time
Trigger

Operation initial time

Inform time

Figure 4-7 Time trigger event diagram
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operation initial time matches with real time {
operation initiate;

}
If ( operation destruction time matches with real time &&

system.current_state == abnormal ) {
system.false==true;
inform system.administrator;
break;
}
exception initial time matches with real time{

if (corresponding reaction is taken ) {
system.current_state = normal;
break;

} else {
system.current_state = abnormal;
exception policy. apply ();
next exception check time = exception initial time +
exception handle time interval;

while ( system.current_state != normal ) {
if ( next exception check time matches with real time ) {

if (corresponding reaction is taken ) {
system.current_state = normal;
break;

} else {
exception policy level . apply();
next exception check time = exception initial time +
exception handle time interval;

}
}

}

Figure 4-8 Time-dependent exception handle policy algorithm
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If the context is simple information, the system can actively send information to

related users/groups, and also users of different groups will receive corresponding

information. For example, within a passenger ship, general passengers can receive the

time/schedule information of the next event held with ship, and the employees can

receive the deployment information of this event.

If the context is a specific service, first of all, system will inform related users/groups

the initial time of the operation at the assigned inform time, and then initiate service for

users to operate it at the initial time of operation. Some important operations in whole

system may need to be handled by specific reaction (such as scheduled inspection

operation). If the system could not get the corresponding respond even after the default

operation exception initial time, it will send an instant message to the user and ask for

corresponding reactions. Along with time passing, if system is still in an abnormal

situation, it will send the warning message to the related users by fixed exception handle

time interval. If the real time has cross the default operation destruction time, then the

service will be closed and inform system administrator to deal with this abnormal

situation.

4.3 System Implementation within Passenger Ship Scenario

A prototype system that has a sign in service had been implemented to simulate a

scenario within a passenger ship and described the behaviors of model. In the prototype

system, the following components are implemented: passive information providing,

active information providing, and exception handling time triggered event.

Herein the scenario; It was assumed that there was a sailing passenger ship with

many passengers and employees inside. Time now was PM 02:00, there was going to be

a speech held by captain at PM 03:30, and the speech would be held in hall, three

employees should start preparing at PM 03:00 before the speech began, all three of them

were asked to sign in the service to make sure everything was on schedule. The

information about this speech was set to inform everyone at PM 02:30. The operation

destruction time was set to be PM 03:15.
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The context model and user model are established by following situations, the sample

models are illustrated in Figure 4-9 and Figure 4-10. Figure 4-9 shows the architecture

of sign in service, including the information that should be published and the

information should be kept inside, related members, location and exception handling

time. Figure 4-10 shows the detail of specific user, including various kinds of personal

information. It is used to identify the user and also connect with him/she.

Figure 4-9 Sample of the Context model
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Figure 4-10 Sample of the User model

In order to raise the compatibility, I used java language to establish the time trigger

engine and parsed XML data by Document Object Model (DOM) API. By combining

the models and the trigger engine, the system was implemented under a general wireless

internet environment.

With the models, the behaviors of prototype system can be described as follows:

 Passive information providing level:

Everyone (include passengers and employees) in this ship can check the public

information about the speech (such as time, location, speech subject, etc.) from

the Web server by using the terminals deployed within this passenger ship or their

own PDA that has equipped with this Web browser. For the consideration of

security, passengers can only access the public information, but employees with

proper authentication can not only access public information, but also can receive

more detail information about the speech (such as; people deployment, necessary
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equipment, intra-schedule, etc.).

 Active information providing level:

At PM 02:30, everyone should automatically receive an instant message (public

information) from the terminal deployed in the passenger room or the employee

PDA. Furthermore, the three employees that are assigned to prepare the speech

would receive more extra detail information. The image diagram is shown in

Figure 4-11.

 Exception handling time triggered event:

At PM 03:00, if three of employees assigned to prepare the speech have not all

sign in the service; then system will send an instant warning message to the PDA

of missing employees to remind them. Along with time passing, if this abnormal

situation is still existing, system will continually send warning message. Finally,

at PM 03:15, if there is still a problem exists, then system will close this sign in

service and inform system administrator to deal with this exception. The

flowchart of exception handling is shown in Figure 4-12.

employeesPassengers

Next event
Public information
(time, schedule,...)

Context Model

Next event
Public information
(time, location,...)

Next event
deployment information

(equipment, intra-
schedule,...)

Figure 4-11 Example scenario information providing
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Event initiates

Ask for related
employees to sign in

Missing employees

Service exception
happens

All related
member sign in

Service situation normal
End this session

Send instant information

No

Yes

Real time check every 5
minutes

Cross operation
destruction time

No

Operation fails and
inform system
administrator

Yes

Figure 4-12 Example scenario exception handle flowchart
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Chapter 5 Efficient Data Structure

In Chapter 3, an XML ship data model is proposed for fleet management. This data

model can be operated independently within the ship, and when the ship arrives at port,

it can be easily integrated with ship company data. On the other hand, compared with

relational database, the efficiency of processing query for XML document is a serious

issue. There are various researches surveyed about efficient XML query processing;

they can be classified into the following three categories: 1) Path indexing [109], creates

a path summary from XML data. Path indexing speeds up the evaluation of single path

queries. 2) Node indexing [110], indexes each data node by some numbering schema. 3)

Sequence-based indexing [111], transforms both XML documents and queries into

sequence, and evaluates queries based on sequence matching. Although, there are so

many efficient querying methods, the basic XML document deployment is not discussed.

If the duplication of data set is not properly deployed, its performing efficiency could be

reduced to a lower state. In order to overcome this disadvantage, a proper redesigned

data structure should be considered.

In the maritime field, the industry is involved with several different government

levels (such as; procedures of arriving in, cargo clearance, immigration declaration, etc.),

and each department has its own specific requirement for desired information, so finally

the needed total data storage capacity could be very huge. For example, the same or

similar content of containers carried by a container ship could be deployed in different

blocks within the ship or the container yard. In this case, most of cargo data set could be

duplicated except for deploying locations. This kind of data set with high duplication

could seriously affect its query efficiency if the data structure is not properly

restructured.

For the application of the restructuring data structure, the XML data model is applied

on containers. Because of the high duplication of this data set, an original XML

document could be restructured to the more proper indexed XML document, and then

XML Path Language [91] is employed to verify that the querying efficiency is

improved.
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5.1 Description of Container Operation

On the 26th of April 1956, a crane lifted fifty-eight aluminum truck bodies aboard an

aging tanker ship moored in Newark, New Jersey. Five days later, the Ideal-X sailed

into Houston, where fifty-eight trucks waited to take on the metal boxes and haul them

to their destinations. Such was the beginning of a revolution [112].

Before the container steps in, transporting goods was so expensive that it did not pay

to ship many things halfway across the country, much less halfway around the world.

What is it about the container that is so important? The value of this utilitarian object

lies not in what the container is, but in how it is used. The container is at the core of a

highly automated system for moving goods from anywhere to anywhere, with a

minimum of cost and complication on the way.

Containers represent one of the most commonly used and diverse forms of units for

transportation. Compared to tanks or surface impoundments, containers are less

expensive and generally less difficult to manage. Containers are also mobile, allowing

an owner or operator to use only one unit for storage, transportation, and disposal.

Container terminal operators support a very intense communication with external

parties like shipping lines, agents, forwarders, truck and rail companies, governmental

authorities like customs, waterway police and others. Every change of container status

is communicated among the respective parties. From the point of view of operating

terminal, the most important messages are: the container loading and discharging lists

which specify every container to be loaded or unloaded to/from a ship with specific

data; the ‘bayplan’ which contains all containers of a ship with their precise data and

position within the ship (it is communicated before arrival in the port); the ‘stowage

instruction’ which describes the positions where export containers have to be located in

a ship and which is the base for the stowage plan of the terminal; container pre-advices

for delivery by train and truck, and the schedule and loading instruction for trains.

Container operation is the Unit Load System which uses containers as units for

unifying cargo transportation. It became an important subject for port transportation

Since Container Operation was introduced in 1957. The merits can be given as below:
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 Cargo loading rationalization by exclusive equipments: the cargo loading

efficiency can be greatly improved by using exclusive equipments. This can also

reduce the number of port operators and ship berthing time.

 Simply cargo freight: container based fee simply cargo freight system so then it

is easy to calculate the total transportation freight.

 Enable of raining transportation: loading operation can be applied without

considering weather condition, it allows accurate loading plan to be applied.

 Keep away from cargo damage and robbery: cargos can be transported directly

from owners to ships, which can avoid unexpected situations to happen.

 Integration with overland transportation: container based transportation can

integrate overland and sea transportation system.

 Usage of FCL and LCL cargo: Full Container Load Cargo (FLC) and Less than

Container Load Cargo (LCL) can be applied at the same time, which gives more

flexibility for port transportation.

 Keep cargo in good condition: cargo condition can be well protected by choosing

proper type of container to maintain its temperature, moisture or ventilation.

In this chapter, I focused on the implementation of XML data model in the Container

Yard. Take the container import as example, the container operations have to be

composed of several procedures, such as; getting the Manifest from ship company,

establishing the container cargo list, submitting the Unloading container list and boating

note to the Custom, establishing the container unloading plan, ensuring the Import

Declaration, Overland Transport and Delivery Order, taking out cargo from CFS

container and rearranging them, registering the Duty Exempted Container, establishing

the operation schedule of Inbound Botanical and Zoological cargo, etc. [113, 114, 115].

There are many kinds of official documents have to be submitted while the container

import procedure, such as; the Cargo delivery order (Figure 5-1), Bill of lading (Figure

5-2), Dangerous cargo list (Figure. 5-3), Cargo boat note (Figure 5-4), Equipment

receipt (Figure 5-5), Container load plan (Figure. 5-6) and Container move-in form

(Figure 5-7).

I focused on the container related part of application documents listed above and

draw out the desired information for the implementation of container node within the

entire XML data model.
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Figure 5-1 Sample of Cargo delivery order [113]
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Figure 5-2 Sample of Bill of lading [113]
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Figure 5-3 Sample of Dangerous cargo list [113]
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Figure 5-4 Sample of Cargo boat note [114]
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Figure 5-5 Sample of Equipment receipt [114]
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Figure 5-6 Sample of Container load plan [115]
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Figure 5-7 Sample of Container move-in form [115]
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5.2 XML Data Model for Container Operation

In this section, I focused on the port container operation and established cargo XML

data model for container management by treating a single container as an XML data

node.

There are many requests for managing containers from multi ship companies in the

Container Yard, loading and unloading operations have to be handled simultaneously

while ships arrive in the port. Containers are divided into several types by the cargo

nature; different types of cargo also have different requests (such as; specific

equipments for unloading, quarantine operations for botanical and zoological cargo, the

reefer containers have to be kept in a low temperature, etc.). However, the operations

are very complicated, the schedules and procedures have to be planned and managed in

advance. Normally, a Container Yard accepts the orders from several fixed ship

companies to handle the related import and export flow. Under this kind of situation, the

original container data structure of each single container could be seen as under

respective ship company, also each single container owns its independent details

(attributes).

If we display the container data with XML tree structure, then the containers could be

treated as the elements belongs to the lowest layer, each container node has several leaf

elements to store different attributes. Each container belongs to a specific ship

company; finally each ship company belongs to the container yard node (the root

element of XML data model). This container XML data model is called as original

container XML data model and its structure is illustrated in Figure. 5-8. Detail of

container XML data model will be given in next section.

Figure 5-8 Original container XML data model
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5.2.1 Container XML Data Model Definition

In order to apply the container yard management, the data node for single container

should be composed of multiple-information. Based upon ongoing Customs’ clearance

procedures, the desired information from related application forms (as shown form

Figure 5-1 to Figure 5-7) are collected as the attributes for containers shown in Table

5-1. This data model is built for verifying the efficiency of querying experiments, but

not proposing the actual container operation implementation. There are still many

attributes not included in this container model, but this research is focus on data

structure, so just some important attributes are imported from the entire cargo

transportation system for the implementation.

Table 5-1 Desired container attributes

Attribute Description

Serial number Identification ruled by ISO standard for each container.

Cargo context
Classification of Full Container Load Cargo (FLC) and Less than

Container Load Cargo (LCL).

Ship company The ship company having responsibility for cargo transportation.

Gross weight Cargo total weight (including of container tare weight).

Port of

departure
The port that containers were loaded.

Port of

destination
The port that container will be unloaded.

Dangerous

cargo

Cargo which, because of its dangerous properties, is subject to

special regulations for its transport.

Place of origin The place of cargo production.

Name of party The name of cargo owner.

Kind of package The classification of cargo.

Description Description of cargo context.

Container type
Containers can be classified as several types by their purposes (dry,

flat, opentop, bulk, reefer, tank, ventilated and pen).

According to proposed definition for container node, the XML Schema for original

container XML data model can be illustrated in Figure 5-9. Each node under container

node is a leaf node which can carries text or numeric information. Figure 5-10 shows

some simple entity of the complete original XML data model.
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Figure 5-9 Original container XML data model Schema

Figure 5-10 Sample of original container XML document
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5.2.2 Restructuring Container XML Data Model

The XML standard defines that an XML document has to be a nested structure and

only the leaf elements (the lowest layer elements) can store strings or numeric

information. XML documents have more redundant context and need more storage

space than relational database because of this essential limitation. This fact directly

affects the efficiency of querying.

For one container, it has various attributes and each of those attributes has the

one-to-one relationship with the container. But, if we see the entire data structure, there

are still some attributes with high duplication which can be grouped. Considering the

“dangerous cargo” attribute of the container data model as an example, its value can be

just “yes” or “no”. On the other hand, once the “dangerous cargo” attribute is defined

within the XML schema, the instance of it has to occur repeatedly within each single

container node of XML document. So, if we can group the attributes with highly

duplicated within XML documents, then we can reduce the data storage space

effectively. The image figure of grouping attributes is shown in Figure 5-11.

Figure 5-11 Attributes grouping target
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Although the elements of XML document (except leaf elements) cannot store

information, it is available to self-define multi attributes for each element. By using this

function, we can translate highly duplicated attributes with finite quantity of leaf

elements into the self-defined attribute values of upper layer elements. A translation

sample is given in Figure 5-12.

<element_R>
<leaf element_X>Boolean(True)</leaf element_X>
<leaf element_Y>Description(1)</leaf element_Y>
<leaf element_Z>ID(1)</leaf element_Z>

</element_R>
<element_R>

<leaf element_X>Boolean(False)</leaf element_X>
<leaf element_Y>Description(2)</leaf element_Y>
<leaf element_Z>ID(2)</leaf element_Z>

</element_R>

<element_R>
<leaf element_X Boolean_value=’True’>

<leaf element_Y>Description(1)</leaf element_Y>
<leaf element_Z>ID(1)</leaf element_Z>

</leaf element_X>
<leaf element_X Boolean_value=’False’/>

</element_R>
<element_R>

<leaf element_X Boolean_value=’True’/>
<leaf element_X Boolean_value=’False’>

<leaf element_Y>Description(2)</leaf element_Y>
<leaf element_Z>ID(2)</leaf element_Z>

</leaf element_X>
</element_R>

Figure 5-12 Sample of XML document restructuration

For the original container XML data model, the attributes with high duplication can

be collected as index candidates and restructured the original XML document into an

indexed XML document. The detail of index candidates is given in Table 5-2.
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Table 5-2 Index attribute candidates

Attributes Possible values Quantity

Cargo context FCL, LCL 2

Dangerous cargo Yes, no 2

Port of departure PL1, PL2, PL3,PL4, PL5 5

Port of destination PD1, PD2, PD3,PD4, PD5, PD6 6

Container type
dry, flat, opentop, bulk, reefer,

tank, ventilated, pen
8

In order to improve the querying efficiency, the indexed XML document is

restructured by increasing order of attribute quantity as shown in Table 5-2.

A sample of the indexed container XML document is illustrated as Figure 5-13.

Figure 5-13 Sample of Indexed container XML document
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Each container node within Original XML container document has 12 leaf elements.

In the test case, 5 leaf elements are adopted from them as the index attributes to process

the grouping procedure and each container within the Indexed container XML document

only has 7 leaf elements. So every time when a new container is added, the data

difference between the Original XML container document and the Index container XML

document will increase 5. On the other hand, the subject varieties of the index group are

fixed according to the number of index attributes at the first place. Therefore, the data

capacity will totally decrease along with the increase of the number of containers.

In order to verify the effect of data storage space, several cases composed of different

total container number from 1,000 to 500,000 are established for both original and

indexed XML documents. For the first 1,000 container case, the file storage space

reducing percentage is 83.4%. And, along with the growth of container number, finally

the file storage space reducing percentage reaches to 74.0%. The relationship between

total container number and file capacity is shown in Figure 5-14.

Figure 5-14 XML files capacity comparison
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5.3 Performance Evaluation

In this section, XPath constructions are used to verify the efficiency for querying the

original and restructured XML documents.

XPath uses path expressions to select nodes or node-sets in an XML document. The

node is selected by the following path (or steps). However, the full syntax for XPath is

somewhat cumbersome, so some syntactic simplifications have been introduced. For

example, if no axis is specified, the child axis is used as default. This leads to a syntax

very similar to directory paths of modern operating systems, so long as you restrict

yourself to only the child axis. Certainly, the child axis is the most used of the axes.

This context node is provided by the parent language in which XPath is used, e.g. by

XPointer. On the other hand, an absolute path always starts from the root node.

The common XPath constructions are given in Table 5-3.

Table 5-3 Common XPath constructions

Full construction
Simplified

construction
Description

child:: Ignored Child node of construction node

attribute:: @ Attribute node of construction node

/descendant-or-self::

node()/
// Construction itself and its descendant nodes

self::node() . Construction node itself

parent::node() .. Parent node of construction node

Child::text() text()
All text belong to the child nodes of

construction node
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For example, with the root node as context node, the location path

"News/Item[@date]" selects all news elements with a date attribute. An example of

XPath query is shown in Fig 5-15. In this example, The XPath construction as

“/News/Item[@date=’080521’]” is used to query the XML document. The query result

returned would be a node set composed of node (Headline_c) and node (Headline_d),

then we can use various node set functions to get the contexts of the result node set.

News

Item
date=”080520"

Headline_a Headline_b Headline_c Headline_d Headline_e Headline_f

Item
date=”080521"

Item
date=”080522"

Xpath construction = “/News/item[@date=’080521']”

◆Hit number = 2
◆Node set = Headline_c & Headline_d

X
P
at
h
Q
u
e
ry

Figure 5-15 An example of XPath query

The query result of XPath returns a node set including node “Headline_c” and node

“Headline_d”. Then, method count () can be used to get the total node number from the

result node set, and method text () to output the content of each node.
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In order to verify the efficiency of the XML data structure, visual basic.net 2008

express version is used to build an XML document generator and XPath query

application.

The XML document generator can establish random original and restructured XML

documents by designating total number of container. The important index attributes of

each container are assigned within the default candidates. For example, the value of

container type can only be one of dry, flat, opentop, bulk, reefer, tank, ventilated and

pen. The other attributes are randomly given such as; strings, integers or their

combination. The original and indexed container XML datasets with 100,000 containers

could be built within one minute.

The XPath query function can process single path query (direct input XPath) and

scheduled query procedures (10 constructions are designed as default). Each query

procedure runs 20 times to get their average and ensure that querying results can be

more accurate.

Performance experiments were run on a 2 GHz PC-compatible machine with RAM of

1GB running Windows XP.

Three control factors in the evaluation are used: total container number, the number

of index attribute candidates, sequence and order of the index attribute candidates. The

evaluation is separated into two steps.

 First step

In order to verify the improvement of XPath querying efficiency, the used

number of index attributes is fixed to 5 (all index attribute candidates in Table.

5-2); the order of index attributes is increasing sequence. Under these conditions,

several test cases that total container number is from 1,000 to 100,000 are

executed.

 Second step

The effects of the number and order of index attributes are discussed in the

second step. In this step, the number of index attributes is changed to 3, the first

three index attribute candidates (Cargo context, Dangerous cargo and Port of

departure); the order changes to decreasing sequence. Then I compare them with

the result of first step.
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10 query missions are designed for evaluation test with different purposes for the

data sets as shown in Table 5-4.

Table 5-4 Sample queries for data sets

Description

Q1
Original: //container

Indexed: //container

Q2
Original: //container[serial_number='986']

Indexed: //container[serial_number='986']

Q3
Original: sum(//container/gross_weight/text())

Indexed: sum(//container/gross_weight/text())

Q4
Original: //container[cargo_context='LCL']

Indexed: //cargo_context[@value='LCL']//container

Q5
Original: //container[port_of_departure='PL3']

Indexed: //port_of_departure[@value='PL3']//container

Q6
Original: //container[port_of_destination='PD4']

Indexed: //port_of_destination[@value='PD4']//container

Q7
Original: //container[container_type='reefer']

Indexed: //container_type[@value='reefer']//container

Q8
Original: //container[dangerous_cargo='yes']

Indexed: //dangerous_cargo[@value='yes']//container

Q9

Original: //container[container_type='ventilated' and cargo_context='FCL']

Indexed:

//cargo_context[@value='FCL']//container_type[@value='ventilated']//contain

er

Q10

Original: //container[dangerous_cargo='yes' and port_of_destination='PD6'

and port_of_departure='PL2']

Indexed:

//dangerous_cargo[@value='yes']/port_of_departure[@value='PL2']/port_of_d

estination[@value='PD6']//container

The performance of the querying procedures is shown in Figure 5-16 through Figure

5-24.
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Figure 5-16 XPath querying time comparison while total container number=1,000

Figure 5-17 XPath querying time comparison while total container number=3,000
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Figure 5-18 XPath querying time comparison while total container number=5,000

Figure 5-19 XPath querying time comparison while total container number=8,000
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Figure 5-20 XPath querying time comparison while total container number=10,000

Figure 5-21 XPath querying time comparison while total container number=30,000
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Figure 5-22 XPath querying time comparison while total container number=50,000

Figure 5-23 XPath querying time comparison while total container number=80,000
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Figure 5-24 XPath querying time comparison while total container number=100,000

Figure 5-25 Query time reducing rate
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From Figure 5-16 to Figure 5-24 show the query time under different total container

number. Along with the increasing of total container number, query time also increase.

According to Figure 5-25, the query time reducing rate (indexed XML / original XML)

of each query mission doesn’t show an obvious change along with the increasing of

total container number, but mostly depending on the property of each query mission.

When the total container number is under 30,000; the reducing rate seems not be stable

due to the query time is too short to show the precise results. Along with the increasing

of total container number, the reducing rate comes to be a fixed percentage.

Despite of increasing of the query time along with the total container number, the

difference would be more obvious when the total container number is high. Figure 5-24

shows an example to explain the evaluation result; the total container number is set as

100,000 in the test datasets. Table 5-5 shows the properties of two datasets, original and

indexed container XML documents. After the restructuring procedure, the dataset

capacity, line number and element number reduces by 73.7%, 70.7% and 68.8%

respectively. We can see that the restructuring procedure effectively reduce the storage

space from the results.

Table 5-5 Characteristics of test datasets

Original XML Indexed XML

Size (MB) 63.2 46.6

Max depth 3 7

Line# 1,700,033 1,202,216

Element# 1,600,016 1,101,107

The results of each query mission are summarized as follows:

 Q1: query for the total container number.

Q1 only search until the element “container”. For the original XML dataset, it

would be the third layer. And for the indexed XML dataset, it would be the

seventh layer. But, both of them stop searching for the below various attributes,

so this query doesn’t spend so much time. Because the indexed XML dataset has

a smaller capacity than original XML dataset, so its efficiency is still a little

better than original XML dataset.
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 Q2: query for a certain container among all containers.

As Q2 designates a specific container serial number, this query has to search until

the lowest layer to check the serial number attribute value. For original XML

dataset, this query would need to check about 1.2 million elements. That’s why;

when compared Q1with Q2; Q1 spent ten times of time for querying. According

to the result, indexed XML dataset is still better than original XML dataset.

 Q3: request for the sum of all containers’ gross weight.

Similar to Q2, it has to search all attributes under element “container”. But

compared with Q2, indexed XML dataset outperform original XML dataset much

better than Q2. The reason is the difference of leaf elements’ number between

these two datasets. The leaf element number under original XML dataset is 12,

and indexed XML dataset is 7. This difference effectively reduces the querying

time.

 Q4 through Q8: query for the containers with construction contains one index

attribute.

In these cases, the efficiencies of indexed XML datasets are greatly outperform

original XML datasets.

 Q9: query for containers with construction contains two index attributes; Q10:

query for containers with construction contains three index attributes.

According to the results, their performance improvements are even better than Q4

through Q8.

From the experimental results, the performances of indexed XML dataset I proposed

significantly outperform the original XML dataset. If the request construction contains

more grouped index attributes simultaneously, the indexed method will be able to

achieve more performance to improve querying efficiency.

The effects of index attribute number and sequence order are discussed in future steps.

I changed the number of index attribute into 3, the order into decreasing sequence; the

total container number is set to be 100,000. The result of file capacity comparison is

shown in Figure 5-26, XPath querying time comparison is also shown in Figure 5-27.
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Figure 5-26 File capacity comparison with reverse order and index attribute number

Figure 5-27 XPath querying time comparison with reverse order and index attribute number
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The effects of sequence order and index attribute number are described as follows:

 Sequence order

According to Figure 5-26, the sequence order almost doesn’t affect the file

capacity at all. Also, compared with previous propose increasing order case with

the same index attribute number, their querying time are very close according to

Figure 5-27. So, the sequence order is not an important affecting factor to the

proposed XML data structure for querying it by XPath. This result could be

reasonable because the essence of XPath is to collect the nodes that match the

path within XML document. So nowhither how we arrange the sequence of the

index attributes, the result node set would has a similar structure.

 Index attribute number

According to Figure 5-26, less index attribute number obviously increases the file

capacity than other two cases. For the querying time level, the less index attribute

number cases are a little worse than others; from Q1 to Q5 and Q8, under the

same condition (the XPath construction contains the same amount of index

attribute number, 1 or 0). On the other hand, the query efficiencies are greatly

drawback in Q6, Q7, Q9 and Q10 due to the last two candidates of index

attributes are canceled; this makes that their XPath constructions contain less

index attributes than other cases, and directly affects the querying efficiencies.

In this chapter, I proposed an index mechanism to group attributes within XML

document. The restructuring procedure can effectively reduce XPath querying time and

file capacity. In addition, the effects of the number and sequence order of index

attributes are considered. The improvement of efficiency is greatly related to the number

of index attributes and the properties of XPath constructions. If we can group the

frequent used attributes for actual requirements as many as possible, the query

efficiency would be improved more effectively.
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Chapter 6 Research Contributions and

Future Research

Although relational database is a very powerful and popularized method for data

storage model, XML is recently growing rapidly because of its various characteristics

that relational database doesn’t have. In the Business to Business (B2B) generation,

automatic communication among servers is a more important issue than efficiency. By

sacrificing some efficiency, XML can achieve various objectives with its semantic

structures that relational database is not able to achieve.

In this research, I proposed to adopt XML in maritime field and discussed it with

three themes: (1) data storage model, (2) metadata model and (3) efficient XML data

structure.

 Data storage model

The relational database is implemented to achieve the objectives of add, delete or

query of datasets by defining and controlling structured data exhaustively. The

data are saved by the format of rows based on precise definitions of columns data

type, and the query results are the complex combinations through the related data

stored in different data tables.

On the other hand, XML adopts hierarchical tree structure as its storage format,

uses element and attribute containing data and XML schema to maintain its

correctness. This structural characteristic allows XML to add new columns

arbitrarily as long as it matches the definition of XML schema. Under the same

situation, relational database has to consider a lot of conditions including the

relationship of related data tables, for example the impacts to old data, setup of

primary keys, etc. This character makes relational database not as easy to be

modified as XML.

XML is also suitable for handling unstructured data which relational database

cannot handle directly but has to convert them into several corresponding data

tables. Unfortunately, data required or produced by enterprises are not always

structured data.

In the technical implementation level, nowadays, electronic business enterprises
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mostly use relational database to store and manage their data due to relational

database technology is already very mature and easy to be implemented in

distributed environment. Although the data belong to ships have the necessity of

independent self-management themselves for fleet management because ships

cannot access to centric database through general internet construction while

offshore. The relational database cannot completely satisfy this objective due to it

is not easy to be divided.

Although nowadays ships sailing offshore can communicate with overland by

using the satellite communication technology; it is still not popularized yet due to

the development of the Internet in recent years is just focus on wireless

technology. Furthermore, within the computer science field, the technology has

not reached a huge market scale is difficult to lead to cost down.

Take JSAT Corporation (the biggest satellite communication supply company in

the Pacific Ocean area of Asia) as an example, which provides a SPACE IP

service for enterprise clients. The SPACE IP service is composed of two kinds of

plans; light plan and standard plan. The light pan provides 5Mbps download

speed bandwidth and 1Mbps upload speed bandwidth, the monthly cost is

100,000 Japanese Yen. The standard plan provides 10Mbps of download speed

bandwidth and 2Mbps upload speed bandwidth, the monthly cost is 200,000

Japanese Yen. Before starting to use the satellite communication, enterprises also

have to pay at least 400,000 Japanese Yen for the construction of equipments. In

addition, enterprises have to pay about 30,000 Japanese Yen for renting the

communication equipments for the monthly cost.

If we compare the light plan with general internet services (such as ADSL or

cable modem), satellite communication is about twenty times higher than general

ones for the monthly cost, but the communication speed is only 0.05% among

them. Depends on the conditions listed above; the satellite communication

technology is considered still not a useful communication way for the maritime

field. In this case, a self-manageable data model for ship is a valuable issue that

should be discussed.

In chapter 3, I adopted XML to construct the ship data model for fleet

management and classify data model by XML tree-structure characteristic. The

ship data model treats ships as separable units, and each ship is a child node of

the Ship Company. This data model makes ships handle its own data while
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sailing independently. Also, two attributes (property and update) for elements are

defined in this data model to provide the function of resource classification and

the index of data updating. Cooperating with appropriate user permission

management, we can achieve the objective of access control and efficient data

synchronization. Instead of ongoing Web application interfaces of port

administration, an alternative mean to process such kinds of applications is

introduced by exchanging XML data that could be validated through pre-defined

XML Schemas.

It has been ten years since XML became to be a recommended standard proposed

by W3C. Although XML still couldn’t replace HTML completely, the wave of

XML standardizing for various industries had never stopped. This high speed

global internet generation is asking for a more complex and flexible data

exchange mechanism now, and obviously XML is the alternative solution after

HTML nowadays. For the real cases, the Organization for the Advancement of

Structured Information Standards (OASIS) has joined with consortia from the

insurance, publishing and human resources industries to develop and promote

XML standards particular to each industry. By establishing agreed-upon XML

document formats, businesses should be able to more easily exchange

information with and between partners or disparate computing systems.

An irreplaceable advantage as data exchange format for XML is its semantic tag

mechanism. The semantic structure provides the automatic communicating

functions between different machines through enterprises or even industries. This

mechanism is based on the common agreements. It’s not easy to establish a

unified industry standard especially for a traditional industry like maritime

business field. But we have already learned the importance of unification from

the container operations; the worldwide container standard had improved the

productivity and competition dramatically. The XML standard for maritime

industry could be another great impact to change the whole sea transportation

business activities, and the benefits brought by automatic data exchange will

improve the efficiency greatly and is necessary as considered.

 Metadata model

The definition of metadata is “data about data” in information technology field,

which describes the data itself. Metadata is also defined as “structure data of

data”, which describes the characteristics of a resource. A metadata record

http://insurance.xml.org/
http://publishing.xml.org/
http://hr.xml.org/
http://www.cnet.com/Resources/Info/Glossary/Terms/xml.html
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consists of a number of pre-defined elements representing specific attributes of a

resource, and each element can have one or more values.

Along with intercommunication need growth within the Internet, the scope and

role of metadata has been changed. Metadata nowadays should satisfy three

needs:

 Not only provide the data abstraction but also improve system

intercommunications.

 Allow computers to access and analyze metadata resources automatically.

 Maintain the metadata correctness by confirming with the original data

resources periodically.

For metadata attached to Web pages, the standard encoding scheme is HTML.

And its inheritor XML supports multiple metadata schemes even much better.

The advantages of using XML can be listed as follows:

 Separates data management from data presentation, making both processes

more efficient.

 Can handle multiple metadata schemas in the one record.

 Easier for computers to understand.

 Can group elements.

 Supports complex values.

 Gives multilingual support.

Ubiquitous is an important subject of the information technology recently

because of the progress of wireless network technology and the miniaturization

of handheld equipment; people can access information they need in everywhere

and at anytime. However, it causes some problems that plenty of relevant

information is not integrated efficiently. In order to solve these problems, using

metadata to build the data models is an efficient mean that should be considered.

In chapter 4, considering the benefits of modeling metadata into context model,

an object-based context model is designed which can describe simple information

or service/operation and a user model both based on XML standard. This

modeling cannot only be used for resource finding and enhanced data selection,
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but also improve the security of system by preventing users to access resources

directly.

In the context model, various attributes are defined to divide information into

several levels. User model is used to identify users and achieve the objective of

access control. Also, an example scenario was performed to describe behavior

patterns of different users/groups within a passenger ship.

A sailing passenger ship can be treated as an isolated unit. Crisis handling

mechanism is very important because it cannot expect support from the land. And,

ship management is a combination of various complicated operations; a simple

carelessness could cause huge crisis or tragedy. So, it is necessary to apply

operations on schedule within a sailing passenger ship.

The most important control factor in this research is the time factor in the context

model. By defining the inform time, operational initial time, exceptional initial

time, exception handle time interval and destruction time, we can passively or

actively provide the newest information in simple information level. In service

level, we can trigger service by real time and reduce the possibility of unexpected

situation by the exception handling mechanism proposed in this chapter.

The proposed models allow public information updating automatically in real

time. It can not only passively provide the shared information, but also actively

send announces to the related members to make sure that everything is on

schedule.

In the real world, even the computer technology has already been developed

highly, however there still will be some needs for artificial operations. In this

research, an extended context model for services which can be driven by time

factor to deal with critical operations is proposed. According to the time trigger

mean and corresponding exception handle policy divided by time, missions with

specific importance can be handled correctly by its emergency level and

eventually maintain the integration and high security of whole system. However

this model dose limit some level of the degree of freedom, therefore only some

operations with high necessity of security or essential are suggested to be set as

critical operations and general operations can still be operated by RBAC model

to maintain the flexibility of whole system. Considering about some special

high-secured necessity, the implementation of this model is considered valuable.



107

 Efficient XML data structure

In the maritime industry, marine operations are not heavily depending on

information technologies, so the query efficiency issues have not been paid much

attention on. But, compared with the capability of cargo tracking for overland

logistic systems, sea transportation systems still cannot achieve such kind of

operation precision. Manual management is no longer the gist in B2B generation,

but most of complex processes should be automatically handled by servers.

Along with the growth of implemented applications in the maritime field, data

storage capacity and single query efficiency will affect entire system performance

explicitly.

This study proposed to adopt XML for the maritime field. At the same time, we

have to face the serious issues of the inefficient data structure of XML. XML is

pure text format; it can be edited by any general text editor without installing any

dedicated applications or systems.

Efficiency is a serious issue for XML compared with relational database. This

issue is mostly derived from the differences of stored data type; relational

database stores data with binary format and XML uses pure text format. The poor

efficiency of XML query could be caused by the unstructured data compared with

the normalized data in relational database. Also, the necessary file storage space

for the same data would be generally bigger in XML.

In chapter 5, a new mechanism is also proposed to group the XML document

elements by using attributes as leaf element value. By this mean, the storage

space could be effectively reduced for XML document. Simultaneously as a

result of this, more efficient performance could be gained along with the

increasing of duplication of dataset.

In this research, the test cases composed of 100,000 containers is assumed that

the maximum quantity of containers could be handled by single container yard.

According to the Japanese main ports analysis report 2008, the quantity of

containers handled by Japanese main ports are between 2,309,820 TEU (Osaka

Port) and 4,124,140 TEU (Tokyo Port) in one year, so the average handling

quantity of containers everyday would be between 6,328 and 11,300 TEU.

Although the handling quantity could change following the objectives of each

container yard, the test cases are considered to be able to cover the actual

implementation in real world for the daily use.



108

In this research, XPath is adopted as XML document query tool. Compared with

SQL (Structured Query Language) for relational database; XPath defines the

hierarchical relationship within XML document instead of relational tables. The

degree of structuring for the same data would affect the query performance

between relational database and XML.

The performance of XML could be affected by various factors such as the size of

the XML documents, the amount of script code required to process the

documents, the amount of output generated, etc. In addition, the performance of

query is application dependent. For example, major variables that can affect the

performance of MSXML include:

 The kind of XML Data

 The ratio of tags to text

 The ratio of attributes to elements

 The amount of discarded white space

If the data needed to be stored are mostly structured and static, then relational

database would be a better solution as a pure data storage method than XML

because of its high efficiency. Otherwise, if the data definitions need to be

modified frequently or there are needs for data exchange, XML would have more

advantages than relational database schemas. Although XML could be the next

generation internet language standard, its adoption should consider the actual

needs depending on the considerations of efficiency, security, presentation,

convenience, and so on.

Although XML is a powerful tool, it still has several drawbacks listed as follows

because of its essence:

 Lack of efficient data storage ability.

 Document index definition.

 Document security issue.

 Multi users access ability.

 Query across multi documents.



109

For the future work, subjects working for overcoming or avoiding these

disadvantages are expected. As the extension of this research, there are several possible

research issues as follows:

 XML document automatic generation

To develop a system that can automatically generate corresponding XML

documents by predefined XML schema according to various application forms of

on-line port administration for government departments. By using the XML data

model structured for the ship, it could be more efficient by reducing the time of

artificial inputting and the waste of internet resource. In this way, the port

application procedures can be further simplified.

The bottleneck would appear on the appropriate nodes selection from existed

XML document, nodes satisfy XML schema condition could exist at the same

layer within the document. The complete automatic XML document generation

might not be able to be achieved directly but has to rely on an extra mechanism

judging the surrounding environment.

 Ubiquitous services

For the proposed context model, the time factor plays a very important role. By

applying the exception policy, service can react to specific situation for

preventing unexpected events. The further analysis of time factor could be

analyzed more specifically to search for new possibilities of various

implementations. Multi-layer exception policies issue is also another issue that

could be followed.

The biggest issue of ubiquitous services is how to detect the contexts surrounding

users such as positions, activities, available resources, etc. Also, if there are multi

users and/or resources, the priority and collision issues should be considered.

 Cargo transportation and tracing

An efficient data structure was proposed for querying XML document. Some

operations that highly affected by query efficiency (such as cargo transportation

and tracing) should be investigated. Compared with the overland transportation,

sea cargo transportation still cannot achieve such kind of automation and

precision, so there are a large number of issues to be investigated and discussed

within this field.
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