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Road Map

• Why XML ? 

• XML data model, XML Namespaces, 
XMLSchema

• XML Business Process Models:
WF and Com. patterns, the case of BPEL

Why XML?
• Models used for communication and 

interoperability by humans and programs

• “inter-business and inter-application”

• XML the de facto standard for tailor-made 
specifications of (semi) structured data 
collections shared and exchanged between 
humans and programs

• support for internationalisation (unicode) 
and platform independence (text based)

XML very briefly

• XML: eXtensible Markup 
Language

• a merge of Hypertext 
languages and Markup 
Languages (SGML)

• text + markup tags:
<greeting style=”big”>hello world</greeting>

• a specific XML 
language constrains 
the use of tags



Recipe Example

• semi-structured: 
mix of tags and unstructured text

2.2. RECIPES IN XML 35

<collection>
<description>Recipes suggested by Jane Dow</description>

<recipe id="r117">
<title>Rhubarb Cobbler</title>
<date>Wed, 14 Jun 95</date>

<ingredient name="diced rhubarb" amount="2.5" unit="cup"/>
<ingredient name="sugar" amount="2" unit="tablespoon"/>
<ingredient name="fairly ripe banana" amount="2"/>
<ingredient name="cinnamon" amount="0.25" unit="teaspoon"/>
<ingredient name="nutmeg" amount="1" unit="dash"/>

<preparation>
<step>

Combine all and use as cobbler, pie, or crisp.
</step>

</preparation>
<comment>

Rhubarb Cobbler made with bananas as the main sweetener.
It was delicious.

</comment>

<nutrition calories="170" fat="28%"
carbohydrates="58%" protein="14%"/>

<related ref="42">Garden Quiche is also yummy</related>
</recipe>

</collection>

The process of developing an XML representation for a class of data is often called XML-
ification. Notice that we have chosen markup tags purely for specifying the logical struc-
ture of the underlying information. Conceptually, we choose to view a ‘recipe’ as consisting
of a ‘title’, the ‘date’ it was entered, a number of ‘ingredients’, steps for ‘preparation’, and
so on, and these choices are directly reflected by the possible contents of the recipe tag.
Also, we have chosen to add an id attribute to the recipe tag, anticipating that we
might need a simple way of referring to a single recipe in a large collection. In a sense,
the essential information in the recipe document is in the text between the tags and in
attribute values, while the rest represents meta-information about the various fragments
of text.

This example illustrates only one possible choice of markup design. Depending on the
applications we might have in mind, we could for example choose to add further markup to
the date information, such as day or month, around the constituents. (This observation is
related to the view of XML as a notation for semi-structured data – we can use markup to
impose structure on some parts of the data while leaving other parts as unstructured text.)

Ordered trees
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Figure 2.2: The essential tree terminology
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In this example, the root contains two directories, bin and home, where the former
contains three files, and the latter contains two sub-directories. The file paper.pdf
thus appears in the jsmith sub-directory of the home directory. This analogy between
XML trees and file systems also becomes useful when in Chapter 3 we describe the XPath
language for navigating around XML trees.

In the XPath data model, an XML tree is a special kind of ordered tree whose nodes
can be of the following kinds:

text nodes A text node corresponds to a fragment of the actual information being rep-
resented by the XML document. Every text node is labeled with a nonempty

The underlying data model of XML is that of
 ordered, node labelled trees

Node types

• text nodes

• element nodes

• attribute nodes

• comment nodes

• processing instruction nodes

• root nodes

XML recipe collection 
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Figure 2.3: Tree view of the XML recipe

the children of this element node, the attribute nodes are not included. In other words,
the parent–child relationship is not symmetric. Also, we generally say that the ordering
of nodes in an XML tree is significant, but this does not include attribute nodes. In
other words, the children of an element is an ordered sequence containing text, elements,
comments, and processing instructions; in addition, the element is associated with a set
of attributes nodes.

Some of the later XML technologies that we shall look at rely on the document ordering
of nodes in an XML tree. According to this ordering, a node x is before a node y if x

appears before y in a left-to-right preorder traversal of the tree (that is, a parent comes
before its children, and children are ordered left-to-right), however, no ordering is defined
for two attribute nodes that have the same parent element. In particular, the root node
will always be the first node of an XML tree, and element nodes occur before their children.

A tree view of the XML recipe from the previous section is shown in Figure 2.3. The
root node is drawn as a circle; element nodes are rounded boxes, text nodes are parallel-
ograms; and attributes are written as ‘name: value’ in boxes. Compared to the textual
representation, a few simplifications have been made to improve readability: some of the



Textual representation

• properly nested, case sensitive tags

• attributes in-lined in start element

• predefined entities written as Unicode 
character references (e.g. < as &lt;)

• comments as <!-- .... -->

• usually begins with an XML declaration
<?xml version=”1.0” encoding=”UTF-8”?>

Applications of XML

• data-oriented (e.g. replacing relational DB)

• document-oriented (e.g. XHTML)

• protocols and programming languages (e.g. 
XMLSchema, XSLT, WSDL, SOAP, BPEL4WS )

• hybrids (e.g. the RecipeML language) 

XML Namespaces

• The XML namespaces mechanism allows 
one to combine XML languages

• <example xmlns:foo=”http://www.itu.dk/
people/hilde/myfoospace” 
xmlns=”http://www.itu.dk/people/hilde/
mydefspace”>
<foo:fooelement></foo:fooelement>
</example>

Formal Language 
Specification

• needed for computers/programs to 
understand the language

• Consists of the Syntax=”the set of valid 
sentences” and the Semantics=”the 
meaning of the valid sentences”

• Often only syntax is specified formally...



Syntax

• Natural languages and programming 
languages are usually specified by a 
grammar (e.g. in Backus-Naur Form)

• Examples: the 40-year old program Eliza, 
PASCAL, Algol 60 programming language

• Data collections are usually described by 
so-called schemas (e.g. databases and XML) 

Schema languages

• A Schema/grammar can be described in a 
Schema/grammar language

• A schema processer/parser is
used to validate (and normalize)
a document

Why Schemas/
grammars?

• Humans write documents that programs 
can parse and give “meaningful” error 
messages to invalid docs 

• Why use standard schema language: 
Standard parsers, program generation, ...

• Schema language should be expressive, 
efficient and comprehensive 

XMLSchema

• Plenty of XML Schema languages, but DTDs 
and XMLSchema by far the most common

• XMLSchema is the most expressive of the 
two (and is itself an XML language)

• both uses regular expressions as 
subgrammar



Regular expressions

• Build from symbols, ?, sequencing, | and *

• Very effective (linear time, constant space)

• Very comprehensive

• Limited expressiveness: Correspond to 
finite automata, that is, finite memory and 
thus can not express that a begin tag 
should be matched by an end tag

XMLSchema overview

• Namespace declarations

• Simple type definitions

• Complex type definitions

• Element declarations

• Attribute declarations

Student Records
<schema xmlns="http://www.w3.org/2001/XMLSchema"
         xmlns:s="http://www.brics.dk/ixwt/students"
         targetNamespace="http://www.brics.dk/ixwt/students">

<element name="student" type="s:StudentType"/>
<attribute name="id" type="string"/>
<attribute name="score" type="s:Score"/>

<simpleType name="Score">
  <restriction base="integer">
    <minInclusive value="0"/>
    <maxInclusive value="100"/>
  </restriction>
</simpleType>

<complextType name="StudentType">
  <attribute ref="s:id" use="required"/>
  <attribute ref="s:score" use="required"/>
</complextType>

</schema>

Definitions and declarations populate the target namespace

Simple type examples

• The student record example contains both 
primitive types and derived types: 
<attribute name="id" type="string"/>
<attribute name="score" type="s:Score"/>

<simpleType name="Score">
  <restriction base="integer">
    <minInclusive value="0"/>
    <maxInclusive value="100"/>
  </restriction>
</simpleType>



Derived types
• Patterns (regular expressions)

<simpleType name="percentage">
  <restriction base="string">
    <pattern value="([0-9]|[1-9][0-9]|100)%"/>
  </restriction>
</simpleType>

• Enumeration
<simpleType name="passnonpass">
  <restriction base="string">
    <enumeration value="passed"/>
    <enumeration value="not passed"/>
  </restriction>
</simpleType>

• Union
<simpleType name="mark"><union>
<simpleType><restriction base="passnonpass"/></simpleType>
<simpleType><restriction base="percentage"/></simpleType>
</union></simpleType>

XMLSchema 
declarations

• associates a Schema to an XML document

• may appear at sub-elements

<?xml version="1.0"?>
<student xmlns="http://www.brics.dk/ixwt/students"
         xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"
         xsi:schemaLocation="http://www.brics.dk/ixwt/students
                             http://www.itu.dk/courses/IXMR/student.xsd">
    id="hilde071072"
    score="97"
</student>

Complex Types

• Complex types allow to specify elements 
and attributes as content of elements
Example with only attributes:
<element name="student" type="s:StudentType"/>
<complexType name="StudentType">
  <attribute ref="s:id" use="required"/>
  <attribute ref="s:score" use="required"/>
</complexType>

• elements as content may be specified by a 
regular expression:
! Element reference <element  ref="t:..." cardinality />
! Concatenation <sequence> ...  </sequence>
! Union <choice> ...  </choice>
and cardinalities: minOccurs, maxOccurs = "0","1","..", "unbounded"
(default cardinalities are 1)

<element name="order" type="n:order_type"/>
<element name="email" type="n:email_type"/>
<attribute name="id" type="unsignedInt"/>

<complexType name="order_type" mixed="true">
  <choice>
    <element name="address">
      <sequence>
        <element name="street" type="string"/> 
        <element name="number" type="positiveInteger"/> 
        <element name="floor" type="string"/> 
      </sequence>
    </element>
    <sequence>
      <element ref="n:email" 
                  minOccurs="0" maxOccurs="unbounded"
                  default="no email provided"/>
      <element name="phone" type="n:phone_type"/>
     </sequence>
  </choice>
  <attribute ref="n:id" use="required"/>
  <attribute name="priority" default="normal">
  <simpleType>
   <restriction base="string">
    <enumeration value="normal"/>
    <enumeration value="high"/>
   </restriction>
  </simpleType>
  </attribute>
</complexType>



XML Summary

• de facto standard for tailor-made semi-
structured data collections shared on the 
internet

• use namespaces to combine XML languages

• use XMLSchema to specify syntax formally,
expressive - tends to be incomprehensible

Business Process Modeling
(design and execution)

• Web services composition
across organizational boundaries

• Technology push

• Need to improve efficiency

• BPEL4WS v1.1 Schema:
http://xml.coverpages.org/BPEL4WSv11-Schema-xsd.html

BPEL4WS, WSFL, XLANG, WSCI, and BPML. These languages are also known as 

web services flow languages, web services execution languages, web services 

orchestration languages, and web-enabled workflow languages. Before discussing 

BPEL4WS and the likes, we focus on the typical technology they are building on. 

 

 

Transport layer: HTTP, SMTP, FTP, etc.

XML messaging layer: SOAP

Service description layer: WSDL

Publication and

discovery: UDDI

Web service

composition:

BPEL4WS, XLANG,

WSFL, etc.

 

Figure 1: Overview of web services technology. 

Figure 1 shows the relation between web services composition languages and other 

standards such as SOAP, WSDL, and UDDI. SOAP (Simple Object Access Protocol) 

is a protocol for exchange of information in a decentralized, distributed environment 

using typed message exchange and remote invocation. It is an XML-based protocol 

that consists of three parts: (1) an envelope that defines a framework for describing 

what is in a message and how to process it, (2) a set of encoding rules for expressing 

instances of application-defined datatypes, and (3) a convention for representing 

remote procedure calls and responses. SOAP can potentially be build on top of any 

transport layer, e.g., an HTTP-based infrastructure. WSDL (Web Services Description 

Language) is an XML format for describing network services based on a standard 

messaging layer like SOAP. A WSDL document defines services as collections of 

network endpoints, or ports. In WSDL, the abstract definition of endpoints and 

messages is separated from their concrete network deployment or data format 

bindings. This allows for the reuse of abstract definitions: messages, which are 

abstract descriptions of the data being exchanged, and port types which are abstract 

collections of operations. The concrete protocol and data format specifications for a 

particular port type constitute a reusable binding. A port is defined by associating a 

network address with a reusable binding, and a collection of ports defines a service. 

UDDI (Universal Description Discovery & Integration) is the definition of a set of 

services supporting the description and discovery of: (1) businesses, organizations, 

and other web services providers, (2) the web services they make available, and (3) 

the technical interfaces which may be used to access those services. Simply put: 

UDDI can be used to build “yellow pages” for web services. At this point in time, 

there seems to be consensus on the use of SOAP, UDDI, and WSDL. Therefore, we 

assume these standards to be in place in the remainder.  

 

Web services composition languages build directly on top of WSDL. A language like 

BPEL4WS both provides and/or uses one or more WSDL services. Note that a WSDL 

BPEL overview

• Process = PartnerLinks + variables + 
flowchart of activities

• Primitive activities: invoke, receive, reply, 
wait, assign, throw, terminate, empty

• Structured activities: sequence, flow, while, 
switch, pick, scope

Activity A1 Activity A2

Activity B

• Sequencing, Parallel Split & Synchronisation:

• Exclusive Choice and Simple Merge:

WF Patterns in BPEL

  <sequence>
    <flow>
    <!-- activityA1 -->
    <!-- activityA2 -->
    </flow>
  <!-- activity B -->
  </sequence>
 

<sequence>
 <switch>
    <case condition=”C1”>
     <!-- activityA1 -->
    </case>
    <case condition=”C2”>
     <!-- activityA2 -->
    </case>
 </switch>
 <!-- activity C -->
</sequence>

(Example of condition: getVariableData(’status’)=’rejected’ ) 

Activity A1 Activity A2

Activity C

C1 C2



• Multi-Choice and Synchronizing Merge:
(using the WSFL features)

and Figure 2). The different conditions (C1 and C2 in the example) are
specified as transitionConditions, one for each corresponding link (L1 or
L2). This implies that the activities specified as targets for these links
(A1 and A2 in the example) will be executed only if the corresponding
conditions are fulfilled. An empty activity is the source of links L1 and
L2, implying that conditions C1 and C2 are evaluated as soon as the flow
is initiated. Activity C is the target of links L1s and L2s whose sources
are A1 and A2 respectively, thereby capturing the Simple Merge pattern.

Listing 4

1 <switch>
2 <case condition="C1">
3 activityA1
4 </case>
5 <case condition="C2">
6 activityA2
7 </case>
8 </switch>
9 activityC

Figure 2
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Listing 5

1 <flow>
2 <links>
3 <link name="L1"/>
4 <link name="L2"/>
5 <link name="L1s"/>
6 <link name="L2s"/>
7 </links>
8 <empty>
9 <source linkName="L1"

10 transitionCondition="C1"/>
11 <source linkName="L2"
12 transitionCondition="C2"/>
13 </empty>
14 activityA1
15 <target linkName="L1">
16 <source linkName="L1s">
17 activityA2
18 <target linkName="L2">
19 <source linkName="L2s">
20 activityC
21 joinCondition="L1s OR L2s"
22 <target linkName="L1s">
23 <target linkName="L2s"> ...
24 </flow>

A difference between these two solutions is that in the solution of
Listing 4 only one activity is triggered, the first one for which the spec-
ified condition evaluates to true. Meanwhile, in the solution of Listing 5
multiple branches may be triggered if more than one of the conditions
evaluates to true. To ensure that only one of the branches is triggered,
the conditions have to be disjoint.

WP6 Multi-Choice A point in the process, where, based on a decision
or control data, a number of branches are chosen and executed as parallel
threads. Example: After executing the activity evaluate damage the ac-
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WP6 Multi-Choice A point in the process, where, based on a decision
or control data, a number of branches are chosen and executed as parallel
threads. Example: After executing the activity evaluate damage the ac-

• Cycles  (using while loops)

• More detailed example: (multible instances)

<while condition=”C”>
    <sequence> 
     <!-- activityA -->
     <!-- update condition data -->
    </sequence>
 </while>

<variable name=”i” type=”xsd:integer”/>
... 
<assign><copy><from expression=”0”/><to variable=”i”/></copy>
</assign>
<while condition=”bpws:getVariableData(i) !=5”>
    <sequence> 
      <invoke .../>
     <assign>
      <copy><from expression=”bpws:getVariableData(i)+1”/>
            <to variable=”i”/>
      </copy>
     </assign>
    </sequence>
</while>

• Multiple Instances with Synchronisation

Listing 6

1 <processA>
2 <while cond="C1">
3 <invoke processB ... >
4 </invoke>
5 </while>
6 </process>

Listing 7

1 <processB>
2 <receive processA ...
3 createInstance="yes">
4 </receive>
5 </process>

Listing 8

1 moreInstances:=True
2 i:=0
3 <while moreInstances OR i>0>
4 <pick>
5 <onMessage StartNewActivityA>
6 invoke activityA
7 i:=i+1
8 </onMessage>
9 <onMessage ActivityAFinished>

10 i:=i-1
11 </onMessage>
12 <onMessage NoMoreInstances>
13 moreInstances:=False
14 </onMessage>
15 </pick>
16 </while>

the point is reached, but instead several alternatives are offered, and the
choice between them is delayed until the occurrence of some event. Ex-
ample: When a contract is finalized, it has to be reviewed and signed
either by the director or by the operations manager. Both the director
and the operations manager would be notified and the first one who is
available will proceed with the review.

Solution, WP16 This pattern is realized through the pick construct. The
semantics of pick, i.e. awaiting the receipt of one of a number of messages
and continuing the execution according to the received message, captures
the key idea of this pattern, namely a choice is not made immediately
when a certain point (i.e. the pick activity) is reached, but delayed until
receipt of a message.

WP17 Interleaved Parallel Routing A set of activities is executed
in an arbitrary order. Each activity in the set is executed exactly once.
The order between the activities is decided at run-time: it is not until
one activity is completed that the decision on what to do next is taken.
In any case, no two activities in the set can be active at the same time.
Example: At the end of each year, a bank executes two activities for each
account: add interest and charge credit card costs. These activities can be
executed in any order. However, since they both update the account, they
cannot be executed at the same time.

Solution, WP17 It is possible to capture this pattern in BPEL4WS us-
ing the concept of serializable scopes (see Listing 9). A serializable scope is
an activity of type scope whose containerAccessSerializable attribute is set
to “yes”, thereby guaranteeing concurrency control on shared containers.

• Deferred Choice: (using pick)

• Cancel Activity: 
Using fault and compensation handlers

• Cancel Case: <terminate/> action

<pick name=”messageortimeout”>
    <onMessage partnerLink=”..” ...> 
     <!-- activityA -->
    </onMessage>
    <onAlarm for=”PT10D”>
     <!-- activityB -->
    </onAlarm>
 </pick>



• WP8: Multi-merge

• WP17: Interleaved Parallel Routing

• WP18: Milestone

Patterns not directly 
supported in BPEL

Communication 
Patterns

• Synchronous Communication:
Request/reply and One-way (empty reply)

• Asynchronous Communication:
Message passing: no outputContainer

• No direct support for publish/subscribe 
nor broadcast

CP2 One-Way A form of synchronous communication where a sender
makes a request to a receiver and waits for a reply that acknowledges the
receipt of the request. Since the receiver only acknowledges the receipt,
the reply is empty and only delays further processing on the sender side.

Solutions, CP1 & CP2 The way in which synchronous communication
is modeled in BPEL4WS is by the invoke activity included in the request-
ing process, process A (see Listing 11) and a couple of receive and reply
activities in the responding process, process B (see Listing 12). Further-
more, two different containers need to be specified in the invoke activity
within process A: one inputContainer, where the outgoing data from the
process is stored (or input data for the communication); and one output-
Container, where the incoming data is stored (or the output data from the
communication). The One-Way pattern differs from Request/Reply only
by B sending its reply (i.e., confirmation) immediately after the message
from A has been received.

Listing 11

1 <process name="processA">
2 <sequence>
3 ...
4 <invoke partner="processB" ...
5 inputContainer="Request"
6 outputContainer="Response">
7 </invoke>
8 ...
9 </sequence>

10 </process>

Listing 12

1 <process name="processB"> ...
2 <sequence>
3 <receive partner="processA" ...
4 container="Request">
5 </receive>
6 ...
7 <reply partner="processA" ...
8 container="Response">
9 </reply>

10 </sequence>
11 </process>

CP3 Synchronous Polling Synchronous Polling communication is a
form of synchronous communication where a sender communicates a re-
quest to a receiver but instead of blocking continues processing. At inter-
vals, the sender checks to see if a reply has been sent. When it detects a
reply it processes it and stops any further polling. Example: During a
game session, the system continuously checks if the customer has termi-
nated the game.

Solution, CP3 This pattern is captured through two parallel flows: one
for the receipt of the expected response, and one for the sequence of the
activities not depending on this response (see Listing 13, lines 4 to 7). The
initiation of the communication is done beforehand through an invoke ac-
tion (line 3). To be able to proceed, the invoke action is specified to send
data and not wait for a reply. This is indicated by omitting the spec-

BPEL conclusions

• Anchored in the web services world

• Mix of flow/graph and control structures

• Expressive, perhaps too expressive

• Formalisation could provide precise semantics

• Not the only proposal (BPML, XPDL, WSCL,..

Course Evaluation

• Please spend the time... we do listen to 
your comments!!


