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I. (20 points) Design of a Grid Service 
A business process is a fundamental component of a business system. In order for a grid 
service to be used to support business applications, it should be possible to model a 
business process as a grid service. Show the feasibility of this claim. 
Hints:  

• Examples for business process: Inventory control, Order Management, and 
Billing. 

• Define a business process, list its requirements. 
• Then identify the grid services capabilities that will satisfy the requirements. The 

capabilities of a grid service discussed in the GT3 tutorial will help. 
• Bring all these together as an application implementing the business process.  
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II. (20 points) Design and Implementation of grid-based application 
An e-commerce site is a very common application used in discussing large scale multi-
tier distributed systems. An example of an e-commerce site is amazon.com. Explain with 
diagrams, the requirements of such an application and how it can be implemented using 
specific features of the grid computing framework.  
Hint: You may have to use VO, virtualization and other such system level concepts.   
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III. Answer the following questions using few sentences. Assume Grid computing 
context for all the questions. Each question is worth 5 points. A good answer would 
have a simple explanation, an example and a diagram. 
 
1. What is meant by virtualization? 
2. What is a virtual organization (VO)?  
3. What is federation of information? 
4. What are the two approaches to designing a grid service? 
5. Describe a Grid Service-based Application model. Use a block diagram. 
6. What is the difference between transient and persistent services? 
7. What is a portType? 
8. What is a service EndPoint? 
9. What is a service data? How can it be used by applications?  
10. What is Notification? How can be used by applications? 
11. What is a (i) Facory and (ii) Registry? How are they related? 
12. What is a service handle, service reference and a handleMap? How are they related? 

 

A-PDF MERGER DEMOA-PDF MERGER DEMO



 

DRAFT  -  Nov 16, 2003 

Course Evaluation 

CSE 486: Distributed Systems  

This course evaluation is part of an effort to evaluate the courses that are being developed as 
part of a grant from the National Science Foundation. Your participation in this course 
evaluation will provide important information to help improve the course. In addition, your 
comments will benefit students taking this course in the future.  
We appreciate your taking the time to read each question carefully and answer them as fully as 
possible. 

Instructions for Completing the Course Evaluation 

• Do not put your name on any form. Survey responses will remain anonymous.  

• Please respond to items 1–35 on this survey by circling the appropriate number. 
Responses to items 36–39 should be reported in the spaces provided. 

• When you have completed the survey, please place the forms in the envelope supplied by 
your instructor. 
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Course Evaluation Student Questionnaire 
CSE 486 — Distributed Systems I — Fall, 2003 

 
Please respond to of the following questions by circling the number between one and five which most nearly 
represents your feelings. As indicated below, we use the scale:   (1) Strongly Agree, (2) Agree, (3) Neutral, 
(4) Disagree, (5) Strongly Disagree.  Please read each question carefully. 

Course Information 
Please indicate the degree to which you feel 

Strongly 
Agree 

Agree Neutral Disagree Strongly 
Disagree 

1. the objectives of this course were clearly stated. 1 2 3 4 5 

2. this course increased your interest in distributed systems. 1 2 3 4 5 

3. this course increased your interest in grid computing. 1 2 3 4 5 

4. you learned a lot about distributed systems, including both 
concepts and implementation. 1 2 3 4 5 

5. you learned a lot about grid computing and its future 
potential. 1 2 3 4 5 

6. adequate time was allotted to cover the course content. 1 2 3 4 5 

7. the topic areas were sequenced in an appropriate manner. 1 2 3 4 5 

8. the instructions for exercises and assignments were clear 
and easy to understand. 1 2 3 4 5 

9. the lab exercises and assignments reflected the content of 
the course. 1 2 3 4 5 

10. the lab exercises and assignments helped you learn the 
course material.  1 2 3 4 5 

11. the grading of the lab exercises and assignments was fair. 1 2 3 4 5 

12. the questions on tests reflected the content of the course. 1 2 3 4 5 

13. the grading of the tests was fair. 1 2 3 4 5 

14. adequate time was given to complete the tests. 1 2 3 4 5 

15. the textbook was helpful and a good information resource. 1 2 3 4 5 

16. the textbook, course materials and handouts were 
sufficient for you to understand all the topics covered. 1 2 3 4 5 

17. the course website was useful for obtaining course 
materials and information. 1 2 3 4 5 

18. the instructor or TA provided help when you needed it. 1 2 3 4 5 

19. you are prepared for an advanced course on distributed 
systems. 1 2 3 4 5 

20. the topics covered will be useful to you in the future, 
beyond CSE 486-586. 1 2 3 4 5 

21. the course met your expectations. 1 2 3 4 5 

22. Overall, how would you rate this course? 
(1=excellent, 2= good, 3=average, 4=poor, 5=bad) 1 2 3 4 5 
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Course Objectives 
Please indicate the degree to which you feel you  

Strongly 
Agree 

Agree Neutral Disagree Strongly 
Disagree 

23. understand the fundamental components and operation of 
a distributed system. 1 2 3 4 5 

24. can design and implement a distributed application. 1 2 3 4 5 

25. are able to analyze a distributed system for its architecture, 
algorithms, protocols and services. 1 2 3 4 5 

26. have good understanding and working knowledge of    
grid computing. 1 2 3 4 5 

27. are able to program using Web services. 1 2 3 4 5 

28. are able to program using the Globus grid computing 
framework. 1 2 3 4 5 

29. are able to demonstrate the ability to design, implement, 
and deploy distributed systems based on Java technology 
and Grid Technology. 1 2 3 4 5 

Computer Resources (Hardware and Software) 
Please indicate the degree to which you feel 

Strongly 
Agree 

Agree Neutral Disagree Strongly 
Disagree 

30. the type of hardware computer resources provided by UB 
were appropriate for the course. 1 2 3 4 5 

31. the type of software computer resources provided by UB 
were appropriate for the course. 1 2 3 4 5 

32. the computer resources provided by UB were adequate to 
do the lab exercises and assignments. 1 2 3 4 5 

33. the computer resources were available and accessible 
when you needed or wanted to use them. 1 2 3 4 5 

34. the computer resources enabled you to gain "hands on" 
experience with distributed systems. 1 2 3 4 5 

35. the computer resources enabled you to gain "hands on" 
experience with grid computing. 1 2 3 4 5 

 

Please take the time to answer each of the following questions.   

36. Why did you take this course? 
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37. What was the most valuable aspect of the Distributed Systems course? What did you like about it? 
 
 
 
 
 
 
 
 
 
38. What was the poorest aspect of the course?  In what ways could this course be improved? 
 
 
 
 
 
 
 
 
 
 
39. What other comments would you like to make regarding any aspect of this course? 
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System Models and 
Networking
Chapter 2,3

Bina Ramamurthy

9/12/2003 B.Ramamurthy 2

Fundamental Issues 

There is no global time.
All communications are by means of 
messages.
Message communication may be affected by 
network delays and can suffer from a variety 
of failures and security attacks.
How does one express a solution/process for 
handling an issue? One of the ways is to 
establish a model.

9/12/2003 B.Ramamurthy 3

System Models

Interaction model deals with performance and 
setting time limits in a distributed system, say, for 
message delivery.
Failure model gives specification of faults and 
defines reliable communication and correct 
processes.
Security model specifies possible threats and 
defines the concept of secure channels.
Architectural model defines the way in which the 
components of the system interact with one another 
and the way in which they are mapped onto the 
underlying network of computers.

9/12/2003 B.Ramamurthy 4

Architectural Model

Abstracts the functions of the individual 
components. 
Defines patterns for distribution of data and 
workload.
Defines patterns of communication among 
the components.
Example: Definition of server process, client 
process and peer process and protocols for 
communication among processes; definition 
client/server model and its variations.

9/12/2003 B.Ramamurthy 5

Software and hardware service layers in 
distributed systems

Applications, services

Computer and network hardware

Platform

Operating system 

Middleware

9/12/2003 B.Ramamurthy 6

Middleware
Layer of software whose purpose is to mask 
the heterogeneity and to provide a 
convenient programming model for 
application programmers.
Middleware supports such abstractions as 
remote method invocation, group 
communications, event notification, 
replication of shared data, real-time data 
streaming. 
Examples: CORBA spec by OMG, Java RMI, 
MS’s DCOM. 
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Clients invoke individual servers

Server

Client

Client

invocation

result

Serverinvocation

result

Process:
Key:

Computer:
EX: browser, 

web client

EX: Web server

EX: 1. File server, 
2. Web crawler
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A service provided by multiple servers

Server

Server

Server

Service

Client

Client

EX: akamai, altavista, Sun’s NIS (data replication)
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Web proxy server and caches

Client

Proxy

Web 

server

Web 

server

server
Client

Proxy servers + cache are used to provide increased 
Availability and performance. They also play a major role 
Firewall based security. http://www.interhack.net/pubs/fwfaq/
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A distributed application based on peer 
processes

Coordination

Application

code

Coordination

Application

code

Coordination

Application

code

Ex: distributed 
Whiteboard 
Application;
EJB-based?

9/12/2003 B.Ramamurthy 11

Web applets
a) client request results in the downloading of applet code 

Web 
server

Client
Web 
serverApplet

Applet code
Client

b) client  interacts with the applet 

EX: Look at Object by value in CORBA
9/12/2003 B.Ramamurthy 12

Networking (Chapter 3)
Distributed systems use local area networks, wide 
area networks and internet for communication.
Performance, reliability, scalability, mobility, and 
quality of service (qos) impact the design.
Changes in user requirements have resulted in 
emergence of wireless and qos guarantees.
Principles: protocol layering, packet switching, 
routing, data and behavior streaming.
Coverage: Ethernet, Asynchronous Transfer Mode 
(ATM), IEEE 802.11 wireless network standard.
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Networking Issues

Performance: 
Â Latency: delays at the switches and routers.
Â Data transfer rate (bits/sec) : raw data
Â Bandwidth: total volume of traffic that can be 

transferred across the network in a given time.

Scalability:
Â How does a system handle increase in the number 

of users? Increase in the size of the system? 
Increase in load and traffic?

9/12/2003 B.Ramamurthy 14

Networking Issues (contd.)

Security: requirements and techniques 
for achieving security. Firewall, Virtual 
Private Network (VPN).
Mobility: Support for moving devices. 
Not necessarily wireless.
QoS: Bandwidth and latency bounds.

9/12/2003 B.Ramamurthy 15

Types of Networks
Characterized by speed, communication 
medium, size, geographical distances, 
bandwidth, latency, technology.
LAN : 
Â Single medium such as twisted pair of copper 

wires, coaxial cables, or optical fibers.
Â Technology: Ethernet, token rings, slotted rings.

WAN: 
Â Set of comm circuits (coax, satellite) linked by 

dedicated computers called routers.
Â Technology: Switching.

9/12/2003 B.Ramamurthy 16

Types of Networks

MAN:
Â High bandwidth copper or fiber optic 

cables. (phone lines, DSL, cable modem)
Â Technology: Ethernet, IEEE802.6, ATM

Wireless: 
Â Radio frequency, infrared, 
Â Technology: IEEE 802.11 (wavelan), CDPD, 

GSM, bluetooth (proximity)

9/12/2003 B.Ramamurthy 17

TCP/IP layers

Messages (UDP) or Streams (TCP)

Application

Transport

Internet

UDP or TCP packets

IP datagrams

Network-specific frames

Message
Layers

Underlying network

Network  interface

9/12/2003 B.Ramamurthy 18

Encapsulation in a message 
transmitted via TCP over an Ethernet

Application message

TCP header

IP header

Ethernet header

Ethernet frame

port

TCP

IP
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Internet address structure, showing 
field sizes in bits

7 24

Class A: 0 Network ID Host ID

14 16

Class B: 1 0 Network ID Host ID

21 8

Class C: 1 1 0 Network ID Host ID

28

Class D (multicast): 1 1 1 0 Multicast address

27

Class E (reserved): 1 1 1 1 unused0

9/12/2003 B.Ramamurthy 20

Decimal representation of Internet 
addresses

octet 1 octet 2 octet 3

Class A: 1 to 127

0 to 255 0 to 255 1 to 254

Class B: 128 to 191

Class C: 192 to 223 

224 to 239 Class D (multicast):

Network ID

Network ID

Network ID

Host ID

Host ID

Host ID

Multicast address

0 to 255 0 to 255 1 to 254

0 to 255 0 to 255 0 to 255

0 to 255 0 to 255 0 to 255

Multicast address

0 to 255 0 to 255 1 to 254240 to 255 Class E (reserved):

1.0.0.0 to 
127.255.255.255

128.0.0.0 to 
191.255.255.255

192.0.0.0 to 
223.255.255.255

224.0.0.0 to 
239.255.255.255

128.0.0.0 to 
247.255.255.255

Range of addresses

9/12/2003 B.Ramamurthy 21

IP packet layout and IPV4 
Issues

dataIP address of destinationIP address of source

header

up to 64 kilobytes

Address limitations

Scarcity of Class B addresses

Managing entries in routing tables

Ad hoc measures such as allocation Class C 
to Class B address ranges (CIDR – classless
interdomain routing).

9/12/2003 B.Ramamurthy 22

Issues in IPV4

Address limitations
Scarcity of Class B addresses
Managing entries in routing tables
Ad hoc measures such as allocation 
Class C to Class B address ranges (CIDR 
– classless interdomain routing).

9/12/2003 B.Ramamurthy 23

IPV6 Features

Addresses are 128 bits (double that of IPV4)
Address space is partitioned
Routing speed improved by removing some 
operations such as checksum.
Accommodates real-time and special services. 
(streams and devices)
Future evolution possible (next header field).
IPV6 support “anycast” (message delivered to 
at least one of the hosts).
Built-in security.

9/12/2003 B.Ramamurthy 24

IPv6 header layout

Source address
(128 bits)

Destination address
(128 bits)

Version (4 bits) Priority (4 bits) Flow label (24 bits)

Payload length (16 bits) Hop limit (8 bits)Next header (8 bits)
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Tunnelling for IPv6 migration

A BIPv6 IPv6

IPv6 encapsulated in IPv4 packets

Encapsulators

IPv4 network
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Introduction to Web Services

Bina Ramamurthy

9/15/2003 2

Literature Surveyed

IBM’s alphaworks site:
http://www-106.ibm.com/developerworks/webservices/

http://www-3.ibm.com/software/solutions/webservices/pdf/WSCA.pdf

9/15/2003 3

Web Services
Web Services is a technology that allows for 
applications to communicate with each other 
in a standard format.
A Web Service exposes an interface that can 
be accessed through XML messaging.
A Web service uses XML based protocol to 
describe an operation or the data exchange 
with another web service. Ex: SOAP
A group of web services collaborating 
accomplish the tasks of an application. The 
architecture of such an application is called 
Service-Oriented Architecture (SOA).

9/15/2003 4

Web Services Suite of 
Protocols

A suite of protocols define the Web Services 
Technology.
These are used to describe, publish, discover, 
deliver and interact with services.
The information about the protocols is from 
IBM’s developerworks.

9/15/2003 5

WS Suite of Protocols
Messaging protocol Simple Object Access Protocol 
(SOAP) encodes messages so that they can be 
delivered over the transport protocols HTTP, SMTP or 
IIOP.
Web Services Definition Language (WSDL) is used to 
specify the service details such as name, methods 
and their parameters, and the location of the service. 
This facilitates the registering and discovery of the 
service.
For services to locate each other, the Universal 
Description, Discovery and Integration (UDDI) 
protocol defines a registry and associated protocols 
for locating and accessing services. 
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WS Suite of Protocols (contd.)
The WS-Transaction and WS-Coordination protocols 
work together to handle distributed transactions.
The Business Process Execution Language for Web 
Services (BPEL4WS) defines workflow operations. 
WS-Security is a family of protocols that cover 
authentication, authorization, federated security, 
secure communications, and delivery. 
WS-Policy is another group of protocols that define 
the policy rules behind how and when Web services 
can interact with each other.
WS-Trust defines how trust models work between 
different services. 
These protocols are for e-business. Are there any 
available for e-science?
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WS Stack

Network

XML-based Messaging

Service Description

Service Publication

Service Discovery

Service Flow

HTTP, FTP, MQ
Email, IIOP

SOAP

WSDL

UDDI

UDDI

WSFL

Security

M
anagem

ent

Q
uality of Service
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WS Interoperability Infrastructure

Network

XML Messaging

Service DescriptionWSDL

SOAP

HTTP

Do you see any platform or language dependencies here?
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JAX-RPC
JAX-RPC: Java API for XML-based Remote Procedure 
Call (RPC).
An API for building Web Services and Web Services 
clients.
Some important concepts in JAX-RPC are:
Â Type-mapping system (WSDL to Java)
Â Service endpoint
Â Exception handling
Â Service endpoint context
Â Message handlers
Â Service clients and service context
Â SOAP with attachments
Â Runtime services
Â JAX-RPC client invocation models

9/15/2003 10

Application Architecture

Weather Client

JAX-RPC Stub

JAX-RPC 
Runtime (APIs)

Transport

Weather Service
Endpoint impl

JAX-RPC Ties

JAX-RPC 
Runtime (APIs)

TransportSOAP/HTTP

9/15/2003 11

Approaches to Web Service 
Implementation

Top down: Start with WSDL and map 
onto Java
Bottom up: Start with Java and end up 
all the supporting classes needed.
We used the second approach for our 
RMI example.

9/15/2003 12

WS Development Lifecycle

Build:
Â Definition of service interface
Â Definition of service implementation

È New services
È Existing application into WS
È Composing a WS out of other WS and applications

Â Source compiled and Stubs and Ties are generated.
Deploy: 
Â Publication of the service interface and service 

implementation to service registry or service requestor.
Â Deployment of executables in an execution environment.
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WS Development Lifecycle 
(contd.)

Run: A WS is available for invocation. 
Requestor can perform find and bind 
operation.
Manage: on going management and 
administration for security, availability, 
performance, QoS, and business 
processes.

9/15/2003 14

A Simple Example from Sun 
Microsystem

HelloWorld distributed application:
Files of interest: 
Â HelloIF.java: service definition interface 
Â HelloImpl.java: Service definition implmentation.
Â HelloClient.java: remote client to invoke the service.
Â config-interface.xml: configuration file used by 

wscompile
Â jaxrpc-ri.xml: a configuration file used by wsdeploy
Â web.xml: a deployment descriptor for the web 

component that dispatches to the service.
Â build.xml for running the various steps such as 

compile, wscompile, deploy etc. Used by the ant tool.
Â build.properties: contains the details of varuious

context roots or paths.
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Building and Deploying the 
Service

Code the service definition interface 
and implementation class.
Compile the service definition code 
written above.
Package the code in a WAR (web 
archive) file.
Generate the ties and WSDL files.
Deploy the service.
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Coding the interface and 
implementation classes

The interface extends java.rmi.Remote
interface.
No constant declarations allowed.
Methods must throw 
java.rmi.RemoteException
Method parameters and return types 
must be supported by JAX-RPC types.
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Compiling and Packaging

To compile:
Â ant compile-server

To pacakge:
Â ant setup-web-inf
Â ant package

These two commands will generate and place 
the executables in appropriate directories. 
(Details will be given to you later in another 
handout).
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Generating Ties and WSDL file
and deploy the service

To generate Ties and WSDL: 
Â ant process-war
Â Will invoke wsdeploy to generate the tie classes and the 

WDSL file MyHello.wsdl
To deploy the service:
Â ant deploy

To verify deployment:
Â http://localhost:8080/hello-jaxrpc/hello
Â The details of the web service will be displayed.

To undeploy:
Â ant undeploy
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Building and Running the client

Generate the stubs.
Code the client.
Compile the client code.
Package the client classes into a JAR 
file.
Run the client.
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Client steps

To generate stubs:
Â ant generate-stubs
Â This will call wscompile to generate the 

stubs.

Coding the client: is a stand alone 
program. It calls the service through 
the generated stub which acts as a 
proxy for the remote service.
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Clients steps (contd.)

Compile the client code:
Â ant compile-client

Package the client:
Â ant jar-client

Running the client:
Â Ant run
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Iterative Development

Test the application.
Edit the source files.
Execute ant build to create and deploy war 
files.
Execute ant redeploy to undeploy and deploy 
the service.
Execute ant build-static to create jar files with 
static stubs. 
Execute ant run to run the client.
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Other features

Read about the types supported by 
JAX-RPC
An advanced feature of interest is the 
dynamic proxy.
Read about the directory structure and 
paths.
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Reading Material

Introduction to Web Services Ch.1.
Building Web Services with JAX-RPC Ch. 
11.
Ant build tool details.
XML, XML Schema and SOAP1.1.


