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Distributed Systems

o Overview of Lecture
Definition and motivation
Potential problems \/

The client-server paradigm
Remote procedure calls (RPCs)
Inside RPC technology

o Additional reading
Distributed systems : principles and paradigms, Tanenbaum
Distributed Systems Concepts & Design, Coulouris et al,

Modern Operating Systems, Tanenbaum,
Engineering Distributed Objects, Emmerich.



What Is a Distributed System?

- A distributed system is a collection of independent
computers that appears to its users as a single coherent
system [Tanenbaum and van Steen]

- A distributed system is one in which hardware or
software components located at networked computers
communicate and coordinate their actions only by passing
messages [Coulouris, Dollimore and Kindberg]

- A distributed system is one that stops you getting work
done when a machine you’ ve never even heard of crashes
[Lamport]



What is a Distributed System - 2

“A distributed system 1s a system designed to
support the development of applications and
services which can exploit a physical architecture
consisting of multiple autonomous processing
elements that do not share primary memory but
cooperate by sending asynchronous messages over
a communications network”  [Blair and Stefani,
1998]



Why Distributed Systems?

o Resource sharing

o Availability

o Extensibility

o Improved performance

o Structure of modern organisations

o Pervasive nature of communications
technologies




Examples of Distributed Systems

o The Web
Shopping on-line e.g. Flights, buying a PC etc
o Aircraft industry

Additional processing units are used for specific
needs (data logging, cockpit displays, etc.)

Modern planes have replicated flight control

computers (Airbus A330/A340 planes have 5 for
instance)

o Peer-to-Peer (P2P) file sharing networks
Each user contributes to the network
Auto-organisation, no centralised entity




Examples of Distributed Systems 2

o Corba -

Telecommunications

o E.g. Nokia’s use of CORBA for rapid deployment of
Intelligent Network services

Broadcasting

o The weather channel use MICO open source CORBA 2
implementation for integrated weather services

http://omg.org/corba/success.htm
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What iIs CORBA? What does 1t do?

o CORBA is the acronym for Common Object
Request Broker Architecture, OMG's open,
vendor-independent architecture and
infrastructure that computer applications use to
work together over networks. Using the standard
protocol IIOP, a CORBA-based program from any
vendor, on almost any computer, operating
system, programming language, and network,
can interoperate with a CORBA-based program
from the same or another vendor, on almost any
other computer, operating system, programming
language, and network.




Examples 3: The Grid

“The Grid is a software infrastructure that
enables flexible, secure, coordinated resource
sharing among dynamic collections of
individuals, institutions and resources.”

“The Grid is an emergent infrastructure capable
of delivering dependable, pervasive and uniform
access to a set of globally distributed, dynamic
and heterogeneous resources. It brings
challenges of scalability, interoperability, fault
tolerance, resource management and security.”

http://www.gridforum.org/
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Is The Web a Grid?

o The Web is not (yet) a Grid:

its open, general-purpose protocols
support access to distributed resources

but not the coordinated use of those
resources to deliver interesting
qualities of service.

http://www-fp.mcs.anl.gov/%7Efoster/Articles/WhatlsTheGrid.pdf
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Potential Problems

o Difficulties in locating services, esp. if they
are prone to migration

o Difficulties in maintaining consistency of a
group of services

Difficulties in dealing with partial failure
Dealing with scalability issues

Dealing with heterogeneity

Knowing how to interact with a service

discovered in a distributed environment

o Etc... )/
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Breakout Session
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The Key Issue of Transparency

o Distributed systems are complex , as
illustrated for example by the problems
identified above

Dealing with failure
Dealing with migration
Etc.

o Ideally, the developer of a distributed
application should not have to deal with this
level of complexity &Z

o In distributed systems, this hiding of detail
known as distribution transparency , or
simply transparency




The Client-Server Model




Example Services

o Naming service (cf. DNS)
o Distributed file service

O Security services

o Time and coordination services

o Concurrency control and recovery
services (atomic transactions)

o Etc.




Two Tier Approach
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Three Tier Approach
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Models of Interaction

o Clients and servers need a
suitable protocol for
communication

o TCP is too low level

o Various solutions proposed
Remote procedure calls (RPC)
The publish-subscribe paradigm

Etc.




Focus on RPC

o Higher level mechanism supporting
the construction of distributed
applications

o Supports the calling of a procedure in
a separate address space (process) as
if it exists in the local address space;
the process may or may not be on the
same machine

o Trying to make distributed systems as
easy as any other class of application

o Examples include Java RMI, CORBA
and DCE RPC



An example i Java RMI

o Interface

public interface CentralAgent extends java.rmi.Remote {

public UserData getPersonData(String ID) throws RemoteException;

o Server

public class CentralAgentImpl extends java.rmi.server.UnicastRemoteObject implements CentralAgent {

public UserData getPersonData(String ID) throws RemoteException {
return (UserData) data.elementAt(((Integer) ;

by

o Client

BufferedReader cfg = new BufferedReader(new FileReader("cfg.txt"));

String ip = cfg.readLine();
String addr = cfg.readLine(); Local methOd Ca”S
addr = "rmi://" + ip + "/CentralAgentImpl"; Get remote object

centralAgent = (CentralAgent) Naming.lookup(addr);
UserData ud = centralAgent.getPersonData(id);

Remote method call



RPC and Transparency

o RPC does succeed in providing a level of
reasonable level of transparency

Programmers do not need to know the location of
servers (location transparency)

They are not aware of the underlying engineering
required to access the service (access

transparency)
o However, transparency is compromised by a
number of key factors: <A

The performance of remote procedures will be
significantly different from local calls

Parameter passing will be different, e.g. passing
an address as a parameter

Other things can go wrong, e.g. network problems




Implementing RPC

Communications modules
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Breakout Session

o Task

You are asked to think about a protocol for RPC

which should ensure that each remote call is carried
out correctly (once! )

Remember that messages between clients and
servers can be lost of delayed

o Hint

Consider a protocol that sends a request message
and awaits a reply; if a reply does not come, a
timeout occurs and the request is sent again. What
problems might such a protocol possess?
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Expected Learning Outcomes

You should have a strong understanding of what is
meant by a distributed system and why people are
developing such systems

o You should also appreciate the potential problems of
such systems

o You should have an initial understanding of the client-
server approach

o You should understand the concept of RPC and its role
in distributed systems

o You should appreciate the issues involved in the design
of an RPC service, e.g. transparency




