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CSSE4004-Lecture 7 
 

Distributed Computing Platforms 
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Learning Objectives 

After this week you should 

•Be able to describe architectures of distributed object-

based platforms 

•Be able to describe approaches to processes in distr. 

comp. platforms 

•Object servers 

•Be able to describe approaches to communication 

•Client-to-object binding 

•Static/dynamic method invocations 

•Parameter passing 

•Be able to compare example distr. comp. platforms 
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Outline 

 

• Architecture 

• Processes 

• Communication 

• Example distributed computing platforms 

– CORBA 

– .NET (.NET Remoting, .NET Web Services) 
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Architecture - Distributed Objects  

• Object 

– Encapsulates data (state)  

– Provides methods on data 

– Methods are made available through Interfaces 

• Object can have many interfaces 

• Several objects may implement one interface 

definition 

• Remote Method Invocation (RMI) can be static 

(predefined interface definition) or dynamic 
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Distributed Objects 

Common organization of a remote object with client-side proxy 

2-16 

The state of the object is NOT distributed 
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Compile-Time versus Runtime Objects  

• Language level objects (Java, C++, etc.) are 

compile-time objects 

– Class is a description of an abstract type 

– Object is an instance of a class 

– Compiling classes produces the code which instantiates 

objects 

• Runtime objects provide language independence 

– Objects are written in any language 

– Object adapters (wrappers) are used to provide object 

appearance  

– Object is described by interfaces; an implementation of 

the interface is registered with the adapter 
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Persistent and Transient Objects  

• Persistent object exists even if it is currently 

not contained in the address space of any 

server.  

• Transient object exists as long as the server 

hosting the object. 

• Most of distributed computing platforms 

support both kinds of objects. 
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Example: Enterprise Java Beans 

Ta-St. 10-2. General 

architecture of an EJB server 

• Java provides high degree  

  of access transparency 

• Server provides various 

   ways to invoke objects 

• Server provides   

   additional functionality:   

   look-up, storing, etc. 
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Example: Enterprise Java Beans 

• Container automatically binds EJB objects 

to services of RMI, JDBC, JNDI, JMS, 

however kind of EJB has to be defined: 

– Stateless session beans (transient object) 

– Stateful session beans (e.g. shopping cart) 

– Entity beans (long lived persistent objects) 

– Message-driven beans (react to incoming 

messages) 
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Processes – object servers 

• Object servers support distributed objects 

– Server provides means to invoke local objects 

when requested by remote clients 

• Server needs to know 

– Which code to execute 

– Which data will be operated on 

– Whether to start a separate thread for the 

invocation, etc.  

• Usually various ways of invoking objects are 

supported (based on policies) 
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Processes – object servers 

• Activation policies – decisions on how to 

invoke objects 

• Usually implemented using object adapter  

   (or object wrapper) 

• Object adapter has one or more objects under 

control 

• Several object adapters may reside in a server 

at the same time  

– To support different activation policies 
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Object Adapter 

Ta-St. 10-5. Organization  

of an object server  

supporting different  

activation policies 
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Processes – object servers 

• Adapters are generic – they are unaware of  

interfaces provided by objects 

– Adapter extracts an object reference from the 

request 

– Dispatches the request to the object based on an 

activation policy 

• The request is delivered to the skeleton (server-side 

stub) 

• “Servant” is a term used to describe a piece of 

code which implements an object.  
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Example: Object server in Ice 

• Object server is a process 

– It starts and initialise the Ice runtime system (RTS) 

– RTS includes communicator  

– Communicator manages basic resources including 

a pool of threads 

• It is possible to have more than one 

communicator if different applications need to 

be fully separated 

• Communicator can create object adapter 
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Example: Object server in Ice 

Ta-St. 10-6. Example of creating an object server in Ice 

(simplified) 16 

Example: Object server in Ice 

• Ice allows objects to be dynamically loaded 

when they are needed 

• This is supported by locators 

– Locator is called when a request refers to an object 

that has not been explicitly added to the system 

• Adapter can have more than one locator 
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Communication – client/object binding 

• Distributed object-based systems support system wide 

object references 

– Difference between Remote Method Invocation and RPC 

• Object references can be passed between remote 

processes 

• Actual implementation of object references is hidden  

– Enhances distribution transparency 

• Process holding an object reference has to bind to it 

before invoking any method 

– Binding results in a proxy being placed in process’s address 

space 
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Binding a Client to an Object 

a) implicit binding using only global references 

b) explicit binding using global and local references 

Distr_object* obj_ref;  //Declare a systemwide object reference 
obj_ref = …;   // Initialize the reference to a distributed object 

obj_ref-> do_something();  // Implicitly bind and invoke a method 

   (a) 

Distr_object objPref;  //Declare a systemwide object reference 
Local_object* obj_ptr;  //Declare a pointer to local objects 
obj_ref = …;   //Initialize the reference to a distributed object 

obj_ptr = bind(obj_ref);  //Explicitly bind and obtain a pointer to the local proxy 
obj_ptr -> do_something();  //Invoke a method on the local proxy 

   (b) 
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Object references 

• Object reference must have enough 

information for a client to bind to an object 

– Some kind of address has to be included or address 

of a locator 

– Identification of the protocol used to bind to an 

object (e.g. TCP) is needed  

– Implementation handle can also be included that 

refers to a complete implementation of a proxy 

• To support dynamic proxy loading and instantiation 

  (security measures are also needed to ensure that only 

trusted software is downloaded) 
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Static versus dynamic RMI 

• Interfaces are usually specified in an interface 

definition language  

– or object-based languages like Java are used 

• Static invocation requires that interfaces are 

known when the application is developed 

• Dynamic invocation allows to compose RMI  

    at run time: 

    invoke (object, method, input_parameters, 

output_parameters); 
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Parameter Passing 

Passing an object by reference or by value. 

2-18 

Copy of O1 is passed to C 
Copy of reference to O2 is passed to C 

Passing parameters is less restricted than in RPC 

(because of system wide object references) 
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Object-Based Messaging  

• Other models of communication than RMI are 

needed for some applications 

• Most distr. computing platforms provide some 

form of asynchronous, message oriented 

communication 

• For example CORBA provides stream 

messaging and also asynchronous method 

invocation (callback) 
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Object-Based Messaging  

Ta-St.10-9. CORBA’s callback model for  

asynchronous method invocation 24 

Object-Based Messaging 

Ta-St.10-10. CORBA’s polling model for  

asynchronous method invocation. 
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Distributed computing platforms  
 

ÅMany possible architectures: 

 
– RPC (AnsaWare, DCE) 

– Object-oriented RPC (RMI, DCOM, CORBA, .NET, Ice) 

– Message-oriented (MQSeries) 

– Event-oriented (InfoBus, Elvin) 

– Service-oriented (Web Services) 

 

ÅThere are many design options within each 
architecture 
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Distributed computing platforms  
 

ÅMiddleware design involves  
  

– Architecture 

– Object model 

– Type system 

– API design 

– Protocol design 

– Invocation models 

– Performance 
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Example platforms  

• CORBA (Common Object Request Broker 

Architecture) 

• Web services 

• .NET  

– .NET Remoting,  

– .NET Web Services 

– WCF (Windows Communication Foundation) 
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CORBA Architecture and Services 

– Interface Definition Language (IDL) 

– Functions of an ORB 

– Interoperable Object References (IORs) 

– Architecture/Core Interfaces 

– Portable Object Adapter (POA) 

– Implementation Repository 

– Interface Repository (IFR) 

– Dynamic Invocation Interface (DII) 

– Dynamic Skeleton Interface (DSI) 

– CORBA Services 
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Interface Definition Language (IDL) 

• IDL Defines: 

– core data types, e.g. text strings and numbers  

– means to build complex data types, e.g. structures and 
sequences 

– object interfaces 

– modules  

• for grouping related data types and interfaces 

– exceptions 

• IDL is strictly declarative 

• CORBA IDL is based on C data types 
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IDL Example - Stock Trading 

#include <Time. idl>  

 

module StockMarket {  

    typedef double Pr ice;  

    struct  Quote {  

 Pr ice value; Time timeIssued;  

    } ;  

 

    interface ListedCorporat ion {  

        string getACN();  

        void getQuote(out Quote quote);  

        void getVariations(out sequence<Quote> quote);  

    } ;  

 

    interface Finder {  

        ListedCorporation find( in string asxCode);  

    } ;  

} ;  
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Development Stages 

Write IDL specification  

Use the CORBA IDL 

compiler to generate stubs 

(proxies)  and skeletons 

Write the client application 

code 

Write the servants 

Write a container that the 

servants can reside in 

Compile (and/or link) the 

server and the client 

Deploy and run Client Server 

Compile 

Link 

Compile 

Link 

Stubs Skels 

IDL 

Compile 

IDL 

Client Servants 

ORB Library 
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Functions of an ORB 

(Object Request Broker) 

 • Separating interface and implementation 

• Providing a method call framework on the client 
side 

• Providing a way to associate objects with 
servants on the server side 

• Location of servants 

• Transmission of messages between clients and 
servants 

• Activation/deactivation of the servant’s container 
(the server process) where necessary 
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Object References (ORs) 

• Clients must obtain an OR to invoke operations  

• Network pointer for addressing CORBA objects 

– Encapsulate object’s identity and location information  

• CORBA defines a standard OR interface in IDL 

• Servers create OR’s using the services of the ORB  

– Export them to clients using Naming, Trader, files, databases 

• Object references can be of two types: 

– Persistent - long-lived, valid beyond the process that created it 

– Transient - valid only for the lifetime of the server’s process 
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Interoperable ORs (IORs) 

• CORBA defines a standard format for an IOR 

– IORs allow objects to be accessed across ORBs from 

different vendors 

• IORs contain the information required for a client to 

contact the referenced object: 

– Object type (i.e. most derived IDL interface) 

– Servers network address (IIOP: IP address, TCP port number) 

– Object Key - information specific to the server-side ORB sent 

with every IIOP request 

 (IIOP – Internet Inter-ORB Protocol) 

• ORB provides operations to turn ORs into “stringified 

IORs” 

35 

CORBA Object References 

The organization of an IOR with specific information for IIOP 
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Request Binding - IIOP 

(request and response) 

• Client invokes stub (proxy method) in local process 

• stub opens a TCP connection to server host and port 

• stub code transmits message for remote servant 

– bundles a request ID with the object key, method name, and 

method parameters 

– marshals the request onto the TCP connection 

• Server locates the correct servant and calls appropriate 

method 

• Results are marshalled back to the client on the same TCP 

connection 
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Overall Architecture/Core services 

ORB Core 

DII  
IDL  

Stubs  
ORB 

Interface  

Dynamic 
Skeleton  

Interface  

Client  Object Implementation  

Object  
Adapter  

Per- Object Type  
Generated Interface  

ORB Dependant  
Interface  

Standard  
 Interface  

Object Adapter  
Interface  

IDL  
Skeleton  
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Overall Architecture 

• Core Services specified in IDL 

– CORBA system is itself modeled as a set of objects and 
interfaces 

– CORBA interfaces (e.g. ORB, DII, DSI, POA) are all 
defined using IDL 
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Portable Object Adapter (POA) 

• POA provides the following functions: 
– Generation and interpretation of object 

references 

– Operation request de-multiplexing 

– Servant incarnation/etherealization  

– Object activation/deactivation 
• Mapping “CORBA virtual object” to Servants 

• POA Policies 
– Defines policies the POA uses in managing 

objects and servants 
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POA 

Server ORB CORE 

Server 

Active Object Map 

OID OID OID 
Servant 

Mgr. 

POA A 

POA 

B 

rootPOA 

User-supplied 

Servants 

User-supplied 

Servant Manager 

skel skel 
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POA Fundamentals 

• Each POA has a set of operating policies: 

– Servant retention, Request processing, ObjectId, 
Transient/Persistent object reference, Threading models 

• POA plays important role in objects’ lifecycles:  

– Creation/Destruction  

• Establish/destroy an object reference 

– Activation/Deactivation  

• Associate/disassociate ObjectIds with servants 

• POA Active Object Map (AOM) 

– ObjectIds(OIDs) found in AOM are resident in memory 
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Implementation Repository 

• Maps adapter names to servant managers 

• Used by servers (servant managers) supporting persistent 
object references 

• CORBA does not completely specify Impl Repos 

– Specifies how Impl Repos interacts with clients 

– Outlines server-side features that vendors may choose to 
implement 

• Use of Impl Repos by servers is ORB-specific 
• Platform dependencies 

• Environment dependencies 

• Allows vendors to add value 
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Implementation Repository - 

Server Manager 

• Sometimes referred to as “locator” 

• Keeps track of servers 

– host and port 

– running, stopped, starting, terminating 

• Starts servers if necessary 
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Request Binding - Persistent IORs 

• Series of Stages 

1. Client Process calls remote method of object 
IOR contains Impl Repos address 

2.  Impl Repos checks its server table 
starts server if necessary 

3. If server is first started, its address is returned 

4. Impl Repos issues a location forward message 
informs the client of the server address 

5. Client Process issues remote method call to server 

6 . Server locates servant and calls appropriate method 

7. Method results are returned to the client 

Subsequent calls go directly to the server 
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Interface Repository (IFR) 

• Provides a on-line database in which all IDL 
definitions (i.e. meta-data) can be stored, 
modified and retrieved 

• Can be used by the ORB or by external users 

• The repository can be co-located or separate 
from the ORB using it 

• Multiple repositories can exist 

– an ORB can access more than one IFR 
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Dynamic Invocation Interface (DII) 

• DII allows clients to invoke objects without a pre-

compiled stub 

– Still need an object reference 

• A Request is formatted from detailed information 

(meta-data) about the operation, parameters, and return 

results 

– Meta-data is obtained from an Interface Repository 

• For any given interface, the DII and the stub/proxy 

mechanism satisfy the same request semantics 
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DII and Request Binding 

• High level usage example: 

– Obtain an IOR (through Naming, Trader, etc.) 

– Ask the IOR for its meta-data describing its 
interface and operations 

– IOR returns a reference to an object in the Interface 
Repository (IFR) 

– Obtain the operation description for the method 
you require to use 

– Create the argument list to be passed in 

• Includes all types, values and directional attributes for 
each argument 

– Invoke the operation/method using the DII 
48 

DII Usage 

• Use for client applications that must display 
information or invoke operations on interfaces they 
cannot know in advance 

– object browsers 

– universal clients 

• Slower, primarily due to IFR access 

• Much more difficult to develop clients compared with 
those that use IDL stubs 

– hard to program 

– longer development times 

– where do the semantics come from 
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Dynamic Skeleton Interface (DSI) 

• DSI allows the ORB and Object Adapter to 

deliver requests without need for pre-

compiled skeletons 

• When an incoming request arrives, the ORB 

requires detailed information about the 

operation 

– obtained from the Interface Repository 

• A DSI based object may be invoked via DII 

or static stubs 

50 

DSI and Servicing a Request 

• High Level Usage Example: 

– Server registers a servant providing the Dynamic Invocation 
Routine  DIR 

– Object Adapter provides the request information to the DIR 
(targeted object, operation name, etc.) 

– DIR asks the IOR for meta-data about its interface 

– IOR returns a reference to an object in the IFR 

– DIR obtains the description for the targeted operation 

– Creates the argument list and calls back to the Object 
Adapter/DSI to de-marshal the rest of the request 

– DIR handles the request through some means 

– The return parameters are provided back to the Object 
Adapter/DSI 
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CORBA Services 

• CORBA provides several services that are 
largely external to the architecture but are 
important for usability: 

– Naming 

– Trader 

– Events 

– Notification 

– Security 

– Object Transaction Service (OTS) 
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Web Services 

• Web Services is a W3C (World Wide Web 
Consortium) standard 

• Web services provide interaction of clients with 
services/components over the standard Internet 
protocols (most commonly HTTP) 

• Designed for cross platform and application 
interoperability 

• to enable Business to Business (B2B) integration 
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Web Services 

• Web Services use three XML based 
specifications: 
– Web Services Description Language (WSDL)  - equivalent 

of  IDL specification of a service 

– Simple Object Access Protocol (SOAP) – protocol to deliver 
a service request 

– Universal Description, Discovery, and Integration (UDDI ) – 
discovery of services 
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Web Services - Transport protocols 

• HTTP is the most common 

– Can cross firewalls 

– SOAP replaces GET / POST used by web forms 

• Can be implemented via existing web servers 

– IIS/ASP.NET  

• SMTP or Message Queue transports 
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Web Service - Limitations 

• XML encoding effects 

– High network traffic due to XML verbosity 

– XML parsing overheads 

• HTTP overhead 

• No object management (stateless) 

– As HTTP is state-less state-less interactions are 

the most natural for Web services 
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.NET 

• .NET implementation of Web Services 

    (ASP.NET Web Services) 

• .NET remoting 

• .NET WCF (Windows Communication 

Foundation) 

– Integrates Web Services and .NET Remoting  
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ASP.NET Web Services 
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.NET Application Architecture 

IIS Web Server  

 

 

 

Web Forms 

(ASP.NET) 

Web Browser  

HTTP GET/POST 

DCOM 

Database  

COM+ Transaction Server  

 

 

 

.NET Business Components  

ADO.NET 

Internal  

App.  

/ 

B2B  

Partner  

/  

AIS 

Engine  

SOAP /  

Corba IIOP / 

MSMQ 

SMTP 

FTP 

Etc. 

 

Web Services  

(ASP.NET) 

WS Client App.  

HTTP SOAP 
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Simple Object Access Protocol 

• SOAP RMI Envelope 
– Request:    Headers + Request input arguments 

– Response:  Headers + Reply output args. + Fault 

• Headers 
– Allows “value added” extensions 

– Mandatory headers  
• Have a “mustUnderstand” attribute that requires the server to 

understand and apply the effect of the header  

• If not it should generate a fault. 

• Fault  
– If specified the client proxy will typically throw an 

exception 
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SOAP Envelope - Request 

POST /StockQuote HTTP/1.1  

Host: www.stockquoteserver.com  

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

Content - Length: nnnn  

SOAPAction: "Some - URI"  

 

<SOAP- ENV:Envelope  

  xmlns:SOAP -

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

  SOAP-

ENV:encodingStyle="http://schemas.xmlsoap.org/soap/en

coding/">  

   <SOAP- ENV:Body>  

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

           <symbol >DIS</symbol>  

       </m:GetLastTradePrice>  

   </SOAP- ENV:Body>  

</SOAP- ENV:Envelope>  
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SOAP Envelope - Response 

HTTP/1.1 200 OK  

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

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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• Web Service Description Language 
– XML Interface Description Language published by 

a Web Service 

– WS Client App. builds a web service proxy based 
on a published WSDL document. 

• Universal Description, Discovery, and Integration  
– Directory Web Service used by applications to dynamically 

discover and then invoke web services. 

– Yellow Pages server for business web services. 

WSDL   &   UDDI 
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.NET Remoting 

64 

What is .NET Remoting? 

• Remote Method Invocation (RMI) framework 

• Similar to CORBA RMI / Java RMI 

• Supersedes Microsoft’s DCOM (Distributed COM) 

• Implemented by .NET Framework class library  

  and tools 

•.NET supports: 

– Transport protocols: HTTP or TCP/IP 

– RMI Encodings: .NET’s “Binary” encoding or SOAP 1.1 

• 3rd party support for Corba/RMI  IIOP 
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.NET Remoting – Overview 

• Remote Object based Client / Server 

applications 

• Remote method call includes: 

– Request: Object URI + Method Name + In Args 

– Response: Out Args + Return Value + Exception 

• Object lifecycle management via “lifetime 

leasing” 
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.NET Framework 

Web 

Forms  

Win 

Forms  

ADO.NET: Databases and XML  

Base Class Library  

Common Language Run -time (CLR)  
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VB.NET C# C++ JScript  J# 

Common Language Specification  

30+ 

Web 

Services  

.NET 

Remoting  
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.NET Intermediate Language 

• All .NET Languages must support a common class 
inheritance model & common data types (CLI) 

• Java-like object references and garbage collection. 

• .NET Compilers all compile to the same CLR portable 
intermediate language (IL is like Java byte codes). 

• No .class files.  Source files compiled direct to a 
single .dll  or .exe  assembly (like a .jar  file). 

• No JVM-like interpreter – IL code is compiled to native 
machine code prior to execution. 

• Compiled IL code executes on top of a portable 
abstraction layer that enables platform independence. 
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.NET Application Domains 

 

 

 

Process 1 

Inter-process RMI 

Inter-host RMI 

 

App Dom 1 
Obj A 

 

 

 

Process 2 

 

App Dom 3 
Obj C 

Inter-App. Domain RMI 

 

App Dom 2 
Obj B 

Á Inter-Application Domain 
RMI 

• App Domain is .NET fault, 
security & execution 
boundary. 

• Can restart an App. Dom. 
(e.g when web server 
extension faults) 

• If client & server AppDom. 
are in same process then 
RMI invocations need not 
be serialized. 
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Real Proxy 

Message Method Call 

.NET Remoting Architecture 
• ObjRef  returns type-safe Server object reference 

• Transparent Proxy converts invocation into a message 

• Formatters convert message to/from byte stream 

• Channel transports byte stream across App Domains. 

• Sinks extend pipeline to process messages and byte streams. 

Message 

Stack Builder Sink Server 

Object Method Call 

 

Channel 

Formatter Formatter 

 

 
 

 
Message 

Sink 

 

 
 

 
Channel 

Sink 

 

 
 

 
Channel 

Sink 

 

 
 

 
Message 

Sink 

ObjRef 

Transparent Proxy Client 

Ref 
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Comparison of .NET Remoting  

& Web Services 

• Web Services  
– Wide acceptance as app. integration vehicle 

– Loosely coupled apps. or WAN integration (B2B). 

– Interface to stateless business components. 

– Performance is affected by transport protocols and XML 
impact. 

– Many new developments: including Microsoft WCF and 
Sun Java Web Services. 

• .NET Binary Remoting 
– Suitable for distributed applications on a LAN  

– High performance 

– J2EE / .NET IIOP bridges 
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Summary 

• Current platforms for distributed computing are 

object-oriented 

• The platforms can differ in many ways: 

– Distributed object definition, 

– Interface Definition Language 

– Object reference definition/implementation 

– Object invocation (static/dynamic. policies), etc 

• Reading: Chapter 10 (10.1 - 10.4) 

 

 


