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Outline

Â Background

Â Structure

Â Usage

Â Exchange Patterns

Â WS-òextensionsò

Â Beyond SOAP
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Problems to solve
Â How to make the service 

invocation part of the 
language in a more or less 
transparent manner.
Â Donôt forget this important 

aspect: whatever you design, 
others will have to program 
and use

Â How to exchange data 
between machines that might 
use different representations 
for different data types. This 
involves two aspects:
Â data type formats (e.g., byte 

orders in different 
architectures)

Â data structures (need to be 
flattened and the 
reconstructed)

Â How to find the service one 
actually wants among a 
potentially large collection of 
services and servers.
Â The goal is that the client 

does not necessarily need to 
know where the server 
resides or even which server  
provides the service.

Â How to deal with errors (QoS)
in the service invocation in a 
more or less elegant manner:
Â server is down,
Â communication is down,
Â server busy,
Â duplicated requests ...
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Background: Inter -Application 
Communication 

Â Conventional approach for building distributed applications was to use 
distributed communication technologies based on Object RPC (ORPC)
protocols that attempted to marry object orientation and network 
protocols. 

Â ORPC request was an identifier or symbolic name that the server could 
use to locate the target object inside the server process.

Â The most representative distributed communication technologies that use 
ORPC protocols include the CORBA, DCOM, Java/RMI , and other 
application-to-application communication protocols for server-to-server 
communications. 

Â Weaknesses
Â Both ends of the communication link would need to be implemented 

under the same distributed object model (Java/RMI, DCOM or 
CORBA/IIOP )

Â difficulty of getting these protocols to work over firewalls or proxy servers . 
For example, most firewalls are configured to allow Hypertext Transfer 
Protocol (HTTP) to pass across, but not IIOP. 

Â To address the problem of overcoming proprietary systems running on 
heterogeneous infrastructures, web services rely on SOAP, an XML -
based communication protocol for exchanging messages
Â between computers regardless of their operating systems, programming 

environment, or object model framework. 
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XML-RPC

Â XML-RPC emerged in early 1998; 

Â Permits programs to make function or 
procedure calls across a network.

Â Uses the HTTP protocol to pass 
information from a client computer to a 
server computer.

5
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6
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What is SOAP?
Â The W3C started working on SOAP in 1999. The current W3C 

recommendation is Version 1.2
Â SOAP covers the following four main areas:

Â A message format for one-way communication describing how a 
message can be packed into an XML document

Â A description of how a SOAP message (or the XML document 
that makes up a SOAP message) should be transported using 
different protocols: HTTP (for Web based interaction), SMTP (for e-
mail based interaction), others..

Â A set of rules that must be followed when processing a SOAP 
message and a simple classification of the entities involved in 
processing a SOAP message. It also specifies what parts of the 
messages should be read by whom and how to react in case the 
content is not understood

Â A set of conventions on how to turn an RPC call into a SOAP 
message and back as well as how to implement the RPC style of 
interaction
Â when the client makes an RPC call, this is translated into a SOAP 

message, forwarded, turned into an RPC call at the server, the reply of 
the server converted into a SOAP message, sent to the client, and passed 
on to the client as the return of the RPC call)
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SOAP history
Â SOAP was originally conceived as the minimal possible 

infrastructure necessary to perform RPC through the 
Internet :
Â use of XML as intermediate representation between systems 
Â very simple message structure
Â mapping to HTTP for tunneling through firewalls and using the Web 

infrastructure

Â The idea was to avoid the problems associated with CORBAôs 
IIOP/GIOP (which fulfilled a similar role but using a non -standard 
intermediate representation and had to be tunneled through HTTP 
any way)
Â The goal was to have an extension that could be easily plugged on 

top of existing middleware platforms to allow them to interact 
through the Internet rather than through a LAN as it is typically the 
case in CORBA

Â Eventually SOAP started to be presented as a generic vehicle for 
computer driven message exchanges through the Internet. This 
process, however, is ongoing.
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SOAP as a lightweight protocol 
Â SOAP is a lightweight protocol

that allows applications to pass 
messages and data back and 
forth between disparate systems
in a distributed environment enabling 
remote method invocation. 

Â By lightweight we mean that the 
SOAP protocol possesses only two 
fundamental properties. It can :
Â send and receive transport 

protocol packets (HTTP, SMTP, and 
others)

Â process XML messages .

Â This can be contrasted with the 
ORPC protocols, where 
Â the proper runtime environments 

must be installed, 
Â the users have to configure their 

systems to accommodate the 
distributed infrastructure and 
administer these systems,

Â manage an applicationôs particular 
needs.

Web Service

WSDL Interface

Web Service

WSDL Interface

SOAP Messages

Transfer Protocol (e.g., HTTP)

TCP/IP Protocol Stack

Web Service
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Web Service
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Web Service
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SOAP messages
Â SOAP is based on asynchronous

message exchanges (as 
compared to synchronous 
request/response )
Â but applications can create more 

complex interaction patterns (e.g., 
request/response, request/multiple 
responses, etc.)

Â Messages are seen as envelops
where the application encloses the 
data to be sent

Â A message has two main parts:
Â header : which can be divided into 

blocks 
Â body : which can be divided into 

blocks

Â SOAP does not say what to do 
with the header and the body, it only 
states that the header is optional and 
the body is mandatory

Â Use of header and body, however, is 
implicit. 
Â The header is for infrastructure level 

data
Â The body is for application level data. 

SOAP Envelope

SOAP header

Header Block

SOAP Body

Body Block



M
a
u

ri
zi

o
 M

a
rc

h
e

se
 ï

W
e

b
 la

n
g

u
a
g

e
s 

 a
.a

.2
0

0
8-

2
0

0
9

11

<SOAP-ENV:Envelope

xmlns:SOAP-ENV="http://schemas.xmlsoap.org/soap/envelope/"

SOAP-ENV:encodingStyle="http://schemas.xmlsoap.org/soap/encoding/">

<SOAP-ENV:Body>

<m:GetLastTradePricexmlns:m="Some-URI">

<symbol>DIS</symbol>

</m:GetLastTradePrice>

</SOAP-ENV:Body>

</SOAP-ENV:Envelope>

For the XML fans (SOAP, body only)

From the: Simple Object Access Protocol (SOAP) 1.1. ©W3C Note 08 May 2000

XML name space identifier for SOAP envelope 

XML name space identifier for SOAP serialization 
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The SOAP header
Â The header is intended as a generic place holder for information 

that is not necessarily application dependent
Â the application may not even be aware that a header was attached to 

the message).

Â Typical uses of the header are: coordination information , 
identifiers (for, e.g., transactions ), security information (e.g., 
certificates)

Â SOAP provides mechanisms to specify who should deal with 
headers and what to do with them. For this purpose it includes:
Â SOAP actor attribute : who should process that particular header 

entry (or header block). The actor can be either: none, next, 
ultimateReceiver . 

Â mustUnderstand attribute : with values 1 or 0, indicating whether 
it is mandatory to process the header. If a node can process the 
message (as indicated by the actor attribute), the mustUnderstand 
attribute determines whether it is mandatory to do so. 

Â SOAP 1.2 adds a relay attribute (forward header if not processed)
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SOAP Header usage example
Â SOAP headers have been 

designed in anticipation of 
various uses for SOAP, many of 
which will involve the 
participation of other SOAP 
processing nodes - called SOAP 
intermediaries - along a 
message's path from an initial 
SOAP sender (point of origin) to 
an ultimate SOAP receiver (final 
destination). 

Â A SOAP message travels along 
the message path from a sender 
to a receiver. All SOAP messages 
start with the initial sender, 
which creates the SOAP 
message, and end with the 
ultimate receiver. 

Â The Figure illustrates the 
message path for validating a 
purchase order SOAP message 
that is generated by a customer.  
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The SOAP body
Â The SOAP body is the area of the SOAP message 

where the application specific XML data (payload) 
being exchanged in the message is placed.

Â The <Body> element must be present and must be 
an immediate child of the envelope. It may contain an 
arbitrary number of child elements, called body entries, 
but it may also be empty.

Â

Â The <Body> element contains either the 
application-specific data or a fault message. 
Â Application -specific data is the information that is 

exchanged with a web service. It can be arbitrary XML data or 
parameters to a method call. 

Â A fault message is used only when an error occurs.. A SOAP 
message may carry either application-specific data or a fault, 
but not both. 
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The SOAP body (2)

Â The body is intended for the application specific data 
contained in the message 

Â A body entry (or a body block) is syntactically 
equivalent to a header entry with attributes actor= 
ultimateReceiver and mustUnderstand = 1

Â Unlike for headers, SOAP does specify the contents of 
some body entries:
Â mapping of RPC to a collection of SOAP body entries

Â the Fault entry (for reporting errors in processing a SOAP 
message)
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SOAP Encoding

Â SOAP includes a built - in set of rules for 
encoding data types.
Â This enables the SOAP message to indicate specific data types, 

such as integers, floats, doubles, or arrays. 
Â Most of the time, the encoding rules are implemented directly 

by the SOAP toolkit you choose, and are therefore hidden 
from you. 

Â When exploring the SOAP encoding rules, it is 
important to note that the XML 1.0 specification does 
not include rules for encoding data types. The original 
SOAP specification therefore had to define its own data 
encoding rules. 
Â The XML Schema Part 2: Datatypes specification provides a 

standard framework for encoding data types within XML 
documents. The successive SOAP specification (1.2) therefore 
adopted the XML Schema conventions. 
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SOAP Encoding

Â SOAP data types are divided into two broad categories: 
scalar types and compound types.
Â Scalar types contain exactly one value, such as a last name, 

price, or product description.

Â Compound types contain multiple values, such as a 
purchase order or a list of stock quotes.

Â The encoding style for a SOAP message is set via the 
SOAP-ENV:encodingStyle attribute.
Â To use SOAP 1.1 encoding, use the value 

http://schemas.xmlsoap.org/soap/encoding/.

Â To use SOAP 1.2 encoding, use the value 
http://www.w3.org/2001/09/soap -encoding.
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Scalar Types
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Compound Types: Arrays

Â SOAP arrays have a specific set of rules, which require that you 
specify both the element type and array size
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Compound Types: structs

Â In contrast to arrays, structs contain multiple values, but each element is 
specified with a unique accessor element. 

Â For example, consider an item within a product catalog. In this case, the 
struct might contain a product SKU, product name, description, and price. 
Here is how such a struct would be represented in a SOAP message:
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Literal XML Encoding

Â Note that in SOAP, you are not required to use the 
SOAP encoding style. 

Â In fact, occasionally you may want to ignore the SOAP 
encoding rules completely and embed an entire XML 
document (or just a portion of the document) directly 
into your SOAP message. 

Â Doing so is referred to as literal XML encoding , and it 
requires that you specify a literal XML encoding style. 
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Literal Encoding: Example

Â For example, the following is a second option for encoding 
product information. Rather than encoding the product as a SOAP 
struct, the data is encoded as a literal XML document:

And the data types ? 
They are defined in the XML Schema
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The SOAP Communication Model

Â SOAP supports two possible communication styles: 
Â remote procedure call (RPC) and 

Â document (or message). 

Â The SOAP communication style conveys information 
about how the contents of a particular element in the 
header blocks or the <Body> element of a SOAP 
message are passed.

Â The SOAP communication styles come in four flavours: 
1. RPC/Literal, 

2. Document/Literal, 

3. RPC/Encoded, and 

4. Document/Encoded
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RPC-style SOAP Services
Â A remote procedure call (RPC)-style 

web service appears as a remote 
object to the client application. 

Â RPC-style web services are normally 
used when an application exhibits the 
following characteristics:

1. The client invoking the web service 
needs an immediate response.

2. The client and web service work in a 
back-and-forth conversational way.

3. The web service is process-oriented 
rather than data -oriented.

Â In many cases, RPC/Literal 
messaging is used to expose 
traditional components as web 
services 

The RPC/Literal mode of messaging enables 
SOAP messages to model calls to procedures
The rules are quite simple:

An RPC request message contains the 
method name and the input parameters of 
the call. 

The names and the physical order of the 
parameters must correspond to the names 
and physical order of the parameters in the 
method being invoked.

An RPC response message contains the 
return value and any output parameters (or 
a fault)..
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Document (Message)-style SOAP Services

Â SOAP can also be used for exchanging 
documents containing any kind of XML 
data. 

Â Document-style web services are message 
driven. 
Â When a client invokes a message-style web 

service, the client typically sends it an 
entire document, such as a purchase order, 
rather than a discrete set of parameters.

Â The web service is sent an entire 
document, which it processes, however, it 
may or may not return a response 
message. 

Â This style is thus asynchronous in that the 
client invoking the web service can continue 
with its computation without waiting for a 
response.

Â Unlike the RPC-style, the document style 
does not support automatic 
serialisation/deserialisation of messages. 
Rather it assumes that the contents of the 
SOAP message are well-formed XML 
documents. 

Â Document-style web services promote a 
looser coupling between the client and 
service provider, as there is no 
requirement for a tightly coupled request -
response model between the client and 
the web service. 

Â Document-style web services are normally 
used when an application exhibits the 
following characteristics:

Â The client does not require (or expect) an 
immediate response.

Â The web service is data-oriented rather 
than process-oriented.
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SOAP Fault element (v 1.1 & 1.2)
Â The fault entry has four elements (in 1.1):

Â fault code : indicating the class of error (version, mustUnderstand, client, 
server)

Â fault string: human readable explanation of the fault (not intended for 
automated processing)

Â fault actor : who originated the fault
Â detail : application specific information about the nature of the fault

Â In version 1.2, the fault element is specified in more detail. It must 
contain two mandatory sub-elements:
Â Code : containing a value (the code for the fault) and possibly a subcode (for 

application specific information)
Â Reason : same as fault string in 1.1

Â and may contain a few additional elements:
Â detail : as in 1.1
Â node : the identification of the node producing the fault (if absent, it defaults 

to the intended recipient of the message)
Â role : the role played by the node that generated the fault

Â Errors in understanding a mandatory header are responded using a fault 
element but also include a special header indicating which one o f the 
original headers was not understood.
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From TRPC to SOAP messages

SOAP Envelope

SOAP header

Transactional
context

SOAP Body

Input param 1

Input param 2

Name of Procedure

RPC Request

SOAP Envelope

SOAP header

SOAP Body

Return parameter

Transactional
context

RPC Response (one of the two)

SOAP Envelope

SOAP header

SOAP Body

Fault entry

Transactional
context
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SOAP and HTTP
Â A binding of SOAP to a transport 

protocol is a description of how a 
SOAP message is to be sent 
using that transport protocol

Â The typical binding for SOAP is 
HTTP

Â SOAP can use GET or POST. With 
GET, the request is not a SOAP 
message but the response is a 
SOAP message, with POST both 
request and response are SOAP 
messages (in version 1.2, version 
1.1 mainly considers the use of 
POST).

Â SOAP uses the same error and 
status codes as those used in 
HTTP so that HTTP responses 
can be directly interpreted by a 
SOAP module

SOAP Envelope

SOAP header

Transactional
context

SOAP Body

Input parameter 1

Input parameter 2

Name of Procedure

HTTP POST
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HTTP POST

SOAP Envelope

SOAP Envelope

SOAP header

Transactional
context

SOAP Body

Input parameter 1

Input parameter 2

Name of Procedure

SOAP header

Transactional
context

SOAP Body

Return parameter

HTTP Acknowledgement
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RPC call
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POST /StockQuote HTTP/1.1

Host: www.stockquoteserver.com

Content-Type: text/xml; charset="utf-8"

Content-Length: nnnn

SOAPAction: "Some-URIñ

In XML (a request)

<SOAP-ENV:Envelope

xmlns:SOAP-ENV="http://schemas.xmlsoap.org/soap/envelope/"

SOAP-ENV:encodingStyle="http://schemas.xmlsoap.org/soap/encoding/">

<SOAP-ENV:Body>

<m:GetLastTradePrice xmlns:m="Some-URI">

<symbol>DIS</symbol>

</m:GetLastTradePrice>

</SOAP-ENV:Body>

</SOAP-ENV:Envelope>
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In XML (the response)

HTTP/1.1 200 OK

Content-Type: text/xml; charset="utf-8"

Content-Length: nnnn

<SOAP-ENV:Envelope

xmlns:SOAP-ENV="http://schemas.xmlsoap.org/soap/envelope/"

SOAP-ENV:encodingStyle="http://schemas.xmlsoap.org/soap/encoding/"/>

<SOAP-ENV:Body>

<m:GetLastTradePriceResponse xmlns:m="Some-URI">

<Price>34.5</Price>

</m:GetLastTradePriceResponse>

</SOAP-ENV:Body>

</SOAP-ENV:Envelope>
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SOAP summary
Â SOAP, in its current form, provides a basic mechanism for:

Â encapsulating messages into an XML document
Â mapping the XML document with the SOAP message into an HTTP request
Â transforming RPC calls into SOAP messages
Â simple rules on how to process a SOAP message (rules became more precise 

and comprehensive in v1.2 of the specification)

Â SOAP takes advantage of the standardization of XML to resolve problems 
of data representation and serialization (it uses XML Schema to 
represent data and data structures, and it also relies on XML for 
serializing the data for transmission). 
Â As XML becomes more powerful and additional standards around XML appear, 

SOAP can take advantage of them by simply indicating what schema and 
encoding is used as part of the SOAP message. Current schema and encoding 
are generic but soon there will be vertical standards implementing schemas 
and encoding tailored to a particular application area (e.g., the efforts around 
EDI)

Â SOAP is a very simple protocol intended for transferring data from one 
middleware platform to another. In spite of its claims to be agnostic to 
protocols (which are true), current specifications are very tied to 
RPC and HTTP.
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A first use of SOAP
app. to legacy systems

Â Some of the first systems to 
incorporate SOAP as an 
access method have been 
databases. The process is 
extremely simple:
Â a stored procedure is 

essentially an RPC interface
Â Web service = stored 

procedure
Â IDL for stored procedure = 

translated into WSDL
Â call to Web service = use 

SOAP engine to map to call 
to stored procedure

Â This use demonstrates how 
well SOAP fits with 
conventional middleware 
architectures and interfaces. 
It is just a natural extension 
to them
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