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1. Abstract

Distributed Object Technology (DOT) has become an important part in doing network computing

nowadays.  There are quite a few implementation (DOT) software packages available on the market

that allow developers to write applications that can be distributed across network and across platforms.

Java programming language designed from the ground up with networking in mind, it is uniquely

suited to build the next generation of network applications.  These and other features of Java in-built

within the DOT software packages provide developers a flexible way and great simplicity in the

distributed object programming development. This project evaluates Java RMI, HORB, Voyager,

Microsoft DCOM for Java, two popular commercial CORBA IIOP implementations and compares

their performance in respect of some popular DOT characteristics such as Remote Object Connection,

Remote Object Creation, Object Data Transfer and Numerical Array Transfer.  A socket version of

Java or C is also used to compare the operations with these DOT packages where it's appropriate. This

project mainly uses a micro-benchmark suite developed by ETL-Japan in measuring the performance

of these software packages.



Test-bed for Distributed Object Technologies using Java                                        490.450 DT Project

Michael (Thuan-Duc) Ta                   7

2. Acknowledgement

First of all, I would like to thank those people at the University of Auckland, who have made it possible

for me to undertake this project.  These are my project supervisors, Professor Clark Thomborson who

has helped me to understand benchmarking process and performance analysis in evaluating software;

Dr. Radu Nicolescu who has provided his help in giving me an insight view of the Distributed Object

Technology, and especially for his initiation in giving me the opportunity to work on such an

interesting topics.  Also I would like to thank Tamaki System Administrator James Harper for his

assistant in software installations and configurations on the two Windows NT machines in the lab.

Secondly, I would like to thank HORB Open for supplying the ETL’s micro-benchmark suite, which

serves as the fundamental tool for evaluation the performance of the DOT packages in this project.  A

very special thanks to Dr. Satoshi HIRANO-author of the HORB software that has made writing

distributed object technology extremely easy- for helping me in understanding more details in HORB

and giving me a wonderful opportunity to be a guest research at ETL, Japan.



Test-bed for Distributed Object Technologies using Java                                        490.450 DT Project

Michael (Thuan-Duc) Ta                   8

3. Introduction

The proliferation of the personal computers and the growing of the web have triggered a need for

distributed computing applications.  Distributed computing can be seen as an effort to bring multiple

network machines, sometimes specialized, hardware that will cooperate with each other in such a way

that information and other resources can be shared by all of these connected computers.  To meet the

demands of the next generation of network application, which will be based on the object-oriented

Client/Server computing, the information system today and the future will need to be built upon

Distributed Object Computing Technologies.  Distributed Object Computing extends the object-

oriented programming by allowing the objects to be distributed across heterogeneous network

environment.  This technology allows objects to reside outside of the application address space but still

appear as though they were local to that application.  In a simple term, distributed object technology

allows objects on different machines to communicate each other using method calls.

There are various implementations based on distributed object technology, currently, the three

mainstreams that are dominant to support the distributed object applications development are Java

RMI, CORBA and DCOM.

3.1 Project Objectives

The goal of this project is to understand Distributed Object Technology as well as to understand

software-benchmarking comparison.  It requires to identify and understand the most common set of

Distributed Object Technology operations such as Remote Objection Connection, Remote Object

Creation, Remote Method Call and the Primitive Array Transfer and to compare the performance of

some popular DOT software packages based on these set of operations.  For measurement and testing

purposes, a Client and Server standalone GUI Java application were developed which uses ETL's

micro-benchmark suite as an underlying tool to carry out the benchmarking.

3.2 Documentation Organization

The document starts with a brief overview of the popular Distributed Object Technologies that will be

evaluated in the project, putting a special emphasis on the Common Object Request Broker

Architecture (CORBA), Java Remote Method Invocation and Microsoft's Distributed Component

Object Model.  Following the overview, I will discuss the evaluation points with respect to the

performance that I am going to measure.  This chapter will serve as a template in which each individual

comparison will be explained in detail for each subsequent chapter.  The comparison result is presented

and summarized to give the results of the individual measurements of the DOT packages.
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4. Overview of Distributed Object Technologies

Object technology has proven to be the next wave of building business applications in corporations.

Application development using object technology will benefit the reuse of existing functionality of the

objects, it isolates the development and implementation of objects so that modification of the object

components will not affect other components in the system as a whole.  Lightweight client that

interacts with multiple servers will get more comprehensive services and provide load balancing in the

network.

Distributed Object Computing (DOC) is a breakthrough framework for computing that has resulted

from the convergence of Object Technology and the Client/Server Technologies.  In the DOC, objects

can work cooperatively with others to fulfill their task, during any given interaction; objects will

dynamically assume the role of clients and servers.  The physical glue that ties distributed objects

together is an Object Request Broker (ORB).  This ORB provides the means for objects to locate and

activate other objects across a network, regardless of the platform or programming language used to

develop either client or server objects.

To simplify the network programming, there are three mainstream distributed object model that serve

as standard, they are CORBA by OMG, Java RMI by Sun and DCOM by Microsoft.  The following

sections will discuss these three technologies together with a couple of other DOT software package

that enable developers to build a distributed object version of their application.

4.1 Common Object Request Broker Architecture (CORBA)

In 1990, the Object Management Group (an international consortium now consisting of more than 800

companies) has developed Object Management Architecture (OMA) as a standard architecture for

doing distributed computing in a heterogeneous environment.  The OMA is composed of an Object

Model and a Reference Model.  The Object Model defines how objects distributed across a

heterogeneous environment can be described, while the Reference Model is used to characterize the

interactions between those objects.  In the OMA, objects interacts with other objects through the Object

Request Broker (ORB), specified by the Common Object Request Broker Architecture (CORBA),

which details the interfaces and characteristics of the ORB component of the OMA.

The idea of CORBA system is that an object is defined in terms of a set of interfaces written in

CORBA interface definition language.   The implementation of the object is independent of the

interface and hidden form other objects.

4.1.1 Object Management Architecture
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Figure 4-1 shows the components of the OMA Reference Model.  The ORB component is mainly

responsible for facilitating communication between clients and implementation objects.  There are four

object interface categories that utilizes the ORB component.

Figure 4-1: OMA Reference Model Interface Categories

• Common Object Services: These are domain-independent interfaces that are used by many

distributed object programs.  E.g. the Naming Service which allows clients to find objects based on

names; the Trading Service which allows clients to find objects based on their properties; the

Security Service which provides a complete framework for distributed object security.

• Application Interfaces: These are interfaces developed specifically for a given application.

Because they are application-specific, they are not standardized by OMG.

• Common Facilities: These interfaces are oriented towards end-user applications.  E.g. Mobile

Agent facilities, Data Interchange facilities, Business Object Framework facilities.

• Domain Interfaces: These interfaces similar to the Object Services and Common Facilities but are

oriented towards specific application domains.  E.g. Telecommunication domain, Medical domain,

Financial domain.

Domain
Interfaces

Common
Facilities

Application
Interfaces

Common Object
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Object Request Broker
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4.1.2 Object Request Broker (ORB)

Figure 4-2: The Common Object Request Broker Architecture

• Dynamic Invocation: This interface allows the discovery of new objects, their interfaces and their

definitions.

• Client IDL Stub : This is a predefined interface to an object service.  It defines how clients invoke

corresponding services on the server and includes code to perform parameters marshalling.

• ORB Interface: For accessing the general services provided by an ORB, both client and

implementation use the ORB interface.  The operations of this interface include converting object

references to strings and vice versa, determining the object implementation and interface,

duplicating and releasing copies of object references, testing object references for equivalence and

ORB initialization.

• Static Skeleton: This provides a predefined interface to each service exported by the server.

• Dynamic skeleton: This provides on-demand binding for requests for server components.

• Object Adapter: This acts on behalf of the objects on the server.  It provides the run-time

environment for instantiating server objects, passing requests to them, and assigning them object

IDs

• Interface repository: This is the place that stores the definitions of known interfaces and let

objects to be registered and queried about their interfaces

• Implementation repository: This is the place that stores information about the classes a server

supports, the objects that are instantiated and their object IDs.

4.1.2.1 The Client Side

The client can request a service from an object by use either static or dynamic invocation.  In static

invocation, client knows the IDL definition of the requested service at compile time.  The definition is
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used to automatically generate stubs for all requested operations.  The client calls the appropriate stub,

which translates the data and passes the request to the ORB core for delivery.

In the dynamic invocation, the client discovers the IDL definition of the requested service at run time.

To request an operation, the client specifies the target object, the name of the operation, and the

parameters of the operation via a series of calls to the standardized Dynamic Invocation Interface.

Then the requested service is passed to the ORB core for delivery.  The client uses the Interface

Repository to obtain an IDL definition at run time.  The ORB is responsible for serving the requested

service, the client need not care where about the object, how it is implemented or what language of the

implementation.

4.1.2.2 The Implementation Side

The implementation side contains the actual service implementation.  An automatically generated

operation-specific skeleton is used by the ORB to call the implementation of the requested service.  In

the static mechanism, the IDL definition of the requested service is available at compile time.

However, in the dynamic request delivery mechanism, it expects the implementation of the

standardized Dynamic Skeleton Interface (DSI) on the implementation side.  No compile time

information about the interfaces is needed for the dynamic request delivery mechanism.  The

information necessary to locate and activate implementations of requested services is stored in the

Implementation Repository; it provides a run-time repository of information about the classes a

implementation side supports.  The implementation repository is specific to a particular ORB and

environment and is not standardized by CORBA.

In the diverse environment, several different object adapters are implemented by the ORB to provide

the services of the ORB itself.  However, each ORB must provide the standardized Object Adapter

interface.  For CORBA 2.2 ORBs and 3.0 ORBs, this Object Adapter is called the Portable Object

Adapter.

4.1.3 The Inter-ORB Protocols

The CORBA 2.0 introduced a general ORB interoperability architecture that provides for direct ORB-

to-ORB interoperability and for bridge-based interoperability.  Two ORBs can communicate directly if

they are in the same domain.  This is not always true, however, since organizations often need to

establish local control domains.

When information in an invocation must leave its domain, the invocation must traverse through a

bridge.  The role of the bridge is to map ORB-specific information from one ORB domain to the other.

The general ORB interoperability architecture is based on the General Inter-ORB Protocol (GIOP), it

specifies standard transfer syntax (low-level data representation) and a set of message formats for

communications between ORBs over any connection-oriented transport.  GIOP is designed to be

simple and easy to implement while still allowing for reasonable scalability and performance.
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The Internet Inter-ORB Protocol (IIOP) specifies how GIOP is built over TCP/IP transports.  The IIOP

specifies a standardized interoperability protocol for the Internet, providing “out of the box”

interoperation with other compatible ORBs based on the most popular product- and vendor-neutral

transport layer.  The relationship between IIOP and GIOP is somewhat like the relationship between an

object's OMG IDL interface definition and its implementation.  GIOP specifies protocol, just as an

OMG IDL interface effectively defines the protocol between an object and its clients.  IIOP, on the

other hand, determines how GIOP can be implemented using TCP/IP, just as an object implementation

determines how an object's interface protocol is realized.

Most commercially available ORB products already support IIOP and IORs and have been tested to

ensure interoperability.  This testing is currently done directly between ORB vendors rather than by an

independent testing body.

The ORB interoperability architecture also provides for other environment-specific inter-ORB

protocols (ESIOPs).  The ESIOPs allow ORBs to be built for special situations in which certain

distributed computing infrastructures are already in use.

Figure 4-3: Inter-ORB Protocol Relationships

4.1.4 CORBA Compliant Software Products:

4.1.4.1 VisiBroker
VisiBroker is a full implementation of the CORBA 2.2 standard.  VisiBroker is now distributed by the

Inprise Corporation.  It was formerly distributed by Visigenic, and is based on the code of Orbeline

(PostModern Computing.)  The ORB is provided for several C++ and Java platform.  In this project,

the version VisiBroker 3.3 for Java is tested again other package.  Since CORBA version 2.2 does not

support transfer object by value, VisiBroker has come up with its own function that facilitates the

transfer of objects by value.  VisiBroker's java2iiop utility generates codes that can be used to program

for object transfer by value.  The java2iiop compiler lets us define interfaces and data types in Java

that can be used as interfaces and data types in CORBA.

GIOP
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4.1.4.2 OrbixWeb
Iona is a leading provider of CORBA technology.  Its Orbix ORB now runs on more than 20 operating

systems-including twelve Unix variants, OS/2, Windows NT, Windows 95, Windows 98, Macintosh

System 7.5 Open VMS, MVS...Orbix is a full implementation of the CORBA 2.2 standard.  Orbix

provides complete ORB, BOA, DII, DSI, Interface Repository and Implementation Repository.  It also

supports server activation policies, exceptions and context handling.

The Iona's OrbixWeb version 3.0 is a complete all-Java ORB.  Iona is also a provider of CORBA

firewalls, DCOM-to-IIOP bridges, and CORBA-based transaction services.

4.2 Sun's Java Remote Method Invocation ( Java RMI)

With the release of JDK version 1.1 by Sun in 1996, Java has its own, built-in native ORB, called

Remote Method Invocation (RMI).  RMI is the action of invoking a method of a remote interface on a

remote object.  However, the important thing here is that a method invocation on a remote object has

the same syntax as a method invocation a local object.  In Java RMI, Java objects running on different

Java Virtual Machines (JVM) can communicate each other, providing a homogeneous environments.

Though the version 1.1 RMI is an ORB in the generic sense that it supports making method calls on

remote objects, it's not a CORBA-compliant ORB.  However, the new version of JDK Java 1.2 extends

the Java's distributed object capabilities by adding CORBA capability to Java, providing standards-

based interoperability and connectivity.  Java 1.2 enables distributed Web-enabled Java applications to

transparently invoke operations on remote network services using OMG IDL and IIOP defined by the

OMG.

Java RMI allows programmers to pass object by value, i.e. the actual state of the object is copied in the

call.  Java RMI is native to Java, it depends on many features of Java such as object serialization,

portable, down-loadable object implementations, Java interfaces definitions. Java uses its own Java

interfaces instead of IDL code to describe remote object.  Implementing remote objects requires

extending or implementing the Remote interface, the Serializable interface and the

UnicastRemoteObject class.  The resulting is that it is natural for Java programmers to use.

Figure 4-4: The Java RMI Architecture
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To invoke a remote method, the Java client makes a call to the client proxy (stub), the client stub packs

the call parameters into a request message and invoke a wire protocol like Java Remote Method

Protocol in Java RMI (other possible protocols are Internet Inter-ORB Protocol (IIOP) in CORBA or

Object Remote Procedure Call (ORPC) in DCOM) to ship the message to the server.  At the server

side, the wire protocol delivers the message to the server side stub (skeleton), the server side skeleton

then unpacks the message and calls the actual method on the object.

4.3 Microsoft's Distributed Component Object Model ( Microsoft DCOM)

If CORBA is the industry's leading standard for distributed objects, then Microsoft's Distributed

Component Object Model (DCOM) is the defacto "other standard".  DCOM is introduced in 1996 by

Microsoft as a solution to distributed objects, DCOM, previously known as Network OLE, is an

extension of the COM design to networked applications.  DCOM has its own network protocol called

Object Remote Procedure Call as corresponding to CORBA.  DCOM is the foundation for Microsoft's

Internet and component strategy.  Today, DCOM is included in NT 4.0, in every copy of windows 98.

DCOM can also be downloaded separately at Microsoft site.

In October 1996, Microsoft shipped its Visual J++ development tool for Java which has Java language

bindings for DCOM, client objects written in Java can use DCOM to invoke remote Java server objects

as well as COM components written in other languages.

The key features incorporated into the DCOM architecture comprise of language independence,

integrated Windows NT wire-level security, transport neutrality (with the ability to communicate using

TCP/IP, UPD/IP, IPX/SPX, AppleTalk and HTTP), and static or dynamic invocation of objects.

Figure 4-5: DCOM architecture
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4.4 HORB

HIRANO ORB (HORB) is a light weight pure-Java ORB that works seamlessly with Java JDK to

provide distributed object capability.  Programming distributed object in HORB is very simple and

natural to Java programmer because the Java language specification has not been altered.  There is no

need to write IDL code for remote object.  Any Java classes can become remote object by using HORB

compiler and can be used remotely by declaring it as XXX_Proxy, where XXX stands for class name.

The key features of HORB include supporting transfer object by value or by reference, dynamic remote

object creation, remote object connection, remote method call (synchronous or asynchronous) and

mobile objects.

Proxy object represents the remote object to the client, Skeleton object on the server interacts directly

with the actually implementation of the object to facilitate the requested service from the client.

Proxies and Skeletons communicate with each other through ORB.  Proxies and Skeletons are

generated by the HORBC compiler.

Figure 4-6: HORB architecture
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Voyager, a programmer can use any existing Java class as a CORBA server and let Java object connect

to it.
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5. Evaluation Discussion

There are many features that can be used to justify a preferable package for distributed application

development such as ease of programming, rapid development, performance, robustness, cross

languages and platforms, service support, garbage collection, etc.   In the project, I evaluate the

performance of the DOT packages based on a small set of criteria that are considered to be most

prevalent on most of the DOT packages, these include: Remote Object Connection, Remote Object

Creation, Remote Method Call, Object Array Transfer, Numerical Array Transfer.  These criteria will

be discussed in the following sections.  Since performance of OO software often relates to the garbage

collection mechanism that particular software can handle, I also compare the way garbage collection

mechanism that is used in each DOT package.

Performance evaluation of the DOT package in the project is relating to the latency aspect in doing

distributed computing.  Latency is the most obvious difference between a local object invocation and

the distributed object invocation.  Latency in distributed computing depends on two factors: hardware

and software.  The advance in hardware technology has made the hardware latency factor a less

relevant than the software latency.  Latency depending on software makes developers to find out more

efficient in designing their software product, in this case the implementation of DOT package.

In the following section, I will discuss the evaluation points that are going to be tested for DOT

packages.  Each operation is discuss separately, any special considerations will be listed out as well.

5.1 Remote Object Connection

The ability for a client object to connect and reconnect to an existing remote object that was registered

on the server is an essential requirement in the distributed object computing because the underlying

connection between objects can be failed any time.  This operation provides a way for binding and

rebinding an existing object using a bootstrap reference.  Each DOT has each own method to resolve

the binding mechanism, except Microsoft's DCOM which we can't connect to an existing DCOM

object because DCOM objects only expose their interfaces to outside world, and interface object can

potentially point to DCOM object implementation which resides on different locations.  In this project,

the remote object connection is evaluated to see how long it takes to bind a client object to an existing

object on the server.  This operation is related to the automatic reconnection mechanism that allows a

client to automatically reconnect to a server in case of a communication failure.

5.2 Remote Object Creation
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Creating a remote object in a specified location is a basic feature in the distributed object computing.

After the remote object is created, its services can be requested by client object.  Creating a remote

object includes these steps:

• instantiating of the actual implementation of an object

• creating a object ID and returning it to the client

• registering of the implementation object with the reference into the repository

This mechanism is implemented differently for each DOT package.  In general, a proxy object or stub

is created on the client side to represent the remote object on the server side.  In the project, I evaluated

the time it takes a client object that had already connected to the existing server object to create a new

object remotely.

5.3 Remote Method Call

The purpose of building distributed object application is that the request for services on the object can

be delivered transparently across the network.  For remotely invoking a method on an object, a number

of steps occurred as follows:

• A call is first directed to the proxy (stub) object on the client side

• The proxy (stub) object is responsible for communicating the request to the actual implementation

of objects on the server.  This operation includes marshalling an unmarshalling the request,

consisting of initializing and filling the object name, operation name, arguments of the call.  The

performances of the operation will be mostly related to how efficiently the proxy encoding of

marshaled data.  Therefore, the speed of the operation is an important comparison in the project.

• The marshaled form of the request is delivered across the network by ORB.  In the project, TCP/IP

protocol stack is used as and underlying transport mechanism that the ORB interacts with in order

to deliver the packet over the network and is considered the same for all DOT packages.

• The marshaled form of the request arrives on the server and dispatched by the ORB.  The

identification of the service request on the actual object is processed.

• The skeleton (server-proxy) on the server side performs the process of unmarshalling the request.

This is an opposite process to marshalling on the client side

• The call on the object implementation is made

As we can see, there are a lot of processes occurred for a call on a remote object.  The step for a

callback from the server to the client is the same as an up-call as the described above.

In the project, I measured the operation of an up-call made by the client to the server.  The performance

of a DOT with respect to the remote method call test will depend heavily on how clever the DOT

packages implementing the process of marshalling and unmarshalling the request.  The speed of

delivery the request also affected by the communication mechanism of the underlying network.
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5.4 Object Data Transfer

Passing object instances as a remote method call parameter or receiving object instances from the

server as the return value for a remote method call is called " object passing".  In the project, I

measured the time it takes a client object to transfer by value an array of data object to the server.  An

"int" data is encapsulated in the object data.

Object's state is preserved when passing object-by-value inside a parameter of a method call.  Object-

by-value passing gives programmer a flexible way in using object polymorphism features, i.e. we can

use a variable of a superclass type to hold a reference to an object whose class is the superclass or any

of its subclasses.  The current CORBA version does not support passing object-by-value and currently

implemented by individual vendor. Passing object-by-value will be supported in the CORBA version

3.0.

CORBA 3.0 support for Objects-by-Value provides a straightforward and efficient method of passing

information in an object-oriented form across a network.  Support for Objects-by-Value will help

programmers integrate CORBA more seamlessly into modern programming languages like Java.

Extending IIOP support to value objects is also an enabler for CORBA 3.0's new Java-to-IDL mapping.

5.5 Numerical Array Transfer

The performance of transferring numerical array by DOT is evaluated between themselves and against

a raw socket version of Java and C.  Since DOT adds a lot of overhead in doing byte-reordering for the

network byte order, its performance on numerical array transfer is crucial in application that involves

heavy numerical calculation such as in High-performance network computing, in Digital Image

processing, in Matrix calculation.  In the project, I measured the performance of DOT in respect of

transferring the "byte", "int" and "double" array.  The size of the array is determined at runtime.

5.6 Garbage Collection Issue

Garbage collection mechanism is the way that the program reclaims the unused computer resource.  In

a distributed system, just as in the local system, it is desirable to automatically delete those remote

objects that are no longer referenced by any client.  This frees the programmer from needing to keep

track of the remote object clients so that it can terminate properly.

A garbage-collection algorithm can significantly affect program performance, if it is implemented

incorrectly, it can result in memory leaking or exhausting system memory.  It can also stop a running

program, leading to a low response from the program.  In the project, I describe different garbage

collections used by the DOT packages without going into details how it is implemented and how best it
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performs.  This is because there is no single garbage-collection algorithm can satisfy the needs of all

computing platforms-even for the same programming language.  This area has been studied and

researched for the past decades in helping to develop better garbage collectors.
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6. Java RMI

DOT:  Java RMI (Java Remote Method Invocation)

Developed by: Sun Microsystems.  Website: http://www.javasoft.com/

Version tested: JDK 1.1.6

Platforms used:

• Windows 98:

- CPU: 200 MHz Intel Pentium

- RAM: 64 MB SD RAM

• Windows NT 4.0 SP3 Workstation

- CPU: 200 MHz Intel Pentium

- RAM: 96 MB SD RAM

• Network:

- 100 Base-T Ethernet LAN

• Compiler:

- Sun's JDK 1.1.6 Java Compiler

• Java VM:

- Sun's JDK 1.1.6 with Symantec's JIT built in

Java RMI is a distributed object model for the Java Platform.  RMI is unique in that it is a language-

centric model that takes advantage of a common network type system.  Specifically, Java RMI enables

developers of DOT to treat remote objects and their methods very much like normal Java objects.  All

the implementation details are hidden.  We just need to import one package, look up the remote object

in a registry and make sure to catch 5HPRWH([FHSWLRQV when we make a method call on the remote object.

In the Java distributed object model, a remote object is the one whose methods can be invoked from

another Java Virtual Machine (JVM), potentially on different host.  A remote object is described by one

or more remote interfaces, which are Java interfaces that declare the methods of the remote object.  The

interface serves as a contract to ensure type consistency between the client and the server object.

The interfaces and classes that are responsible for specifying the remote behavior of the RMI system

are defined in the MDYD�UPL and the MDYD�UPL�VHUYHU packages.
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The following figure shows the relationship between these interfaces and classes.

Figure 6-1: Relationship between interfaces and classes in Java RMI

The Java RMI introduces a new object model which extends the pre-JDK 1.1 object model, the Java

Distributed Object Model.  Here are the new features that were added to the Java object model:

• A 5HPRWH object is passed by reference, not by copying the actual object implementation

• 1RQUHPRWH arguments in a remote method call, as well as the results returned by the call if there is

any are passed by value rather than by reference.  This is because references to objects are only

useful within the same Virtual Machine.  This passing mechanism in the Java RMI is relying on

the 2EMHFW 6HULDOL]DWLRQ service, which converts the Java objects into a serial stream so that the object

state is preserved and can be recovered after they had been transmitted across the network.

• The client of the remote objects only deals with the remote interfaces, not with the actual

implementation of the object.

• The client invokes methods on the remote objects has to deal with additional exceptions that can

occur during a remote method invocation.  This is because the failure modes of invoking remote

objects are more complicated than the failure modes of invoking local objects.

• Extra security mechanisms are introduced to control the activities that a remote object can perform

on a system.  A 6HFXULW\0DQDJHU object needs to be installed to check all operations of the remote

object on the server.  A custom security managers can be defined for specific applications.  No

remote method invocation occurs if there is no 6HFXULW\0DQDJHU object installed by the server

objects.

For more information of Java RMI, please visit Java RMI homepage:

http://www.javasoft.com/products/jdk/rmi/index.html
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6.1 The development process

The figure below shows the development process to write a RMI Client and Server Application.

Figure 6-2: Distributed object application development in Java RMI
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LQW PHWKRG$��LQW D�� LQW D�� LQW D�� WKURZV 5HPRWH([FHSWLRQ�

LQW PHWKRG$��LQW D�� LQW D�� LQW D�� LQW D�� WKURZV 5HPRWH([FHSWLRQ�

LQW PHWKRG$��LQW D�� LQW D�� LQW D�� LQW D�� LQW D�� WKURZV 5HPRWH([FHSWLRQ�

LQW PHWKRG$��LQW D�� LQW D�� LQW D�� LQW D�� LQW D�� LQW D�� WKURZV 5HPRWH([FHSWLRQ�

YRLG PHWKRG'$�'DWD>@ GDW� WKURZV 5HPRWH([FHSWLRQ�

YRLG PHWKRG%�E\WH>@ D� WKURZV 5HPRWH([FHSWLRQ�

YRLG PHWKRG,�LQW>@ LD� WKURZV 5HPRWH([FHSWLRQ�

YRLG PHWKRG'�GRXEOH>@ GD�WKURZV 5HPRWH([FHSWLRQ�

`

2. Write server code.  The server code implements the server interface defined above.  The

implementation of this server code must also extend the java.rmi.server.UnicastRemoteObject.

The java.rmi.server.UnicastRemoteObject class provides support for point-to-point active object

references using TCP-based streams.  The server implementation must also include the code that

installs a SecurityManager object that will register the server interface within the RMI naming

context using the Naming.bind (or rebind) method.  This step is required so that an instance of the

remote object is registered into the RMI registry.  The RMI registry will locate this object so that

client can reach them.  Here is the code:

// ServerImpl.java

SDFNDJH '27%HQFKPDUN�UPL�

LPSRUW MDYD�UPL�
�

LPSRUW MDYD�UPL�VHUYHU�
�

SXEOLF FODVV 6HUYHU,PSO H[WHQGV 8QLFDVW5HPRWH2EMHFW LPSOHPHQWV 6HUYHU ^

6WULQJ VHUYHU1DPH�

SXEOLF 6HUYHU,PSO�� WKURZV ([FHSWLRQ ^

VXSHU���

`

SXEOLF 6HUYHU FUHDWH,QVWDQFH�� WKURZV 5HPRWH([FHSWLRQ ^

6HUYHU,PSO REM  QXOO�

WU\ ^

REM  QHZ 6HUYHU,PSO���

�� VHUYHU REMHFW UHJLVWHUHG WR WKH UPL UHJLVWU\ DW WKH �� SRUW ���� �GHIDXOW SRUW IRU 50, LV �����

�� 7KH UHELQG PHWKRG ELQGV DQ REMHFW WR WKH UHJLVWHU QR

�� WKHUH H[LWV DQ ROG REMHFW DOUHDG\ ELQGHG WR LW RU QRW

�� :LWK WKLV ELQGLQJ� WKH ROG ELQGLQJ LV ORVW

1DPLQJ�UHELQG������VHUYHU1DPH��������6HUYHU�� REM��

UHWXUQ REM�

` FDWFK �([FHSWLRQ H� ^

H�SULQW6WDFN7UDFH���

`

UHWXUQ REM�

`

SXEOLF LQW PHWKRG$��LQW D�� WKURZV 5HPRWH([FHSWLRQ ^

UHWXUQ�D���
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`

SXEOLF LQW PHWKRG$��LQW D�� LQW D�� WKURZV 5HPRWH([FHSWLRQ ^

UHWXUQ�D���

`

SXEOLF LQW PHWKRG$��LQW D�� LQW D�� LQW D�� WKURZV 5HPRWH([FHSWLRQ ^

UHWXUQ�D���

`

SXEOLF LQW PHWKRG$��LQW D�� LQW D�� LQW D�� LQW D�� WKURZV 5HPRWH([FHSWLRQ ^

UHWXUQ�D���

`

SXEOLF LQW PHWKRG$��LQW D�� LQW D�� LQW D�� LQW D�� LQW D�� WKURZV 5HPRWH([FHSWLRQ ^

UHWXUQ�D���

`

SXEOLF LQW PHWKRG$��LQW D�� LQW D�� LQW D�� LQW D�� LQW D�� LQW D�� WKURZV 5HPRWH([FHSWLRQ ^

UHWXUQ�D���

`

SXEOLF YRLG PHWKRG'$�'DWD>@ GDW� WKURZV 5HPRWH([FHSWLRQ ^`

SXEOLF YRLG PHWKRG%�E\WH>@ D� WKURZV 5HPRWH([FHSWLRQ^`

SXEOLF YRLG PHWKRG,�LQW>@ D� WKURZV 5HPRWH([FHSWLRQ^`

SXEOLF YRLG PHWKRG'�GRXEOH>@ D� WKURZV 5HPRWH([FHSWLRQ^`

SXEOLF VWDWLF YRLG PDLQ�6WULQJ DUJY>@� WKURZV ([FHSWLRQ ^

6\VWHP�VHW6HFXULW\0DQDJHU�QHZ 50,6HFXULW\0DQDJHU����

6HUYHU,PSO REM  QHZ 6HUYHU,PSO���

1DPLQJ�UHELQG������VHUYHU1DPH��������6HUYHU�� REM��

6\VWHP�RXW�SULQWOQ��ELQG GRQH���

6\VWHP�RXW�SULQWOQ��6HUYHU LV OLVWHQLQJ DW � � VHUYHU1DPH � �������6HUYHU���

`

`

3. Compile the server implementation code.  We use javac to compile the server implementation code

into server object.  Enter this command at the dos command prompt windows:

prompt>javac -O ServerImpl.java

Note.  In this benchmark project, we will compile all Java code with option O (optimizer

turned on).

4. Generate server object stub and skeleton.  We use RMI Compiler rmic to obtain the remote object

stub and skeleton.  Since our ServerImpl.class is reached via package statement, we need to

provide a fully qualified path to ServerImpl class.  This is done by entering this command at the

dos command prompt windows as follows:

prompt> rmic –O DOTBenchmark.rmi.ServerImpl.class

If this command runs successfully, it generates 6HUYHU,PSOB6WXE�FODVV which we need to copy it

to the client machine and the 6HUYHU,PSOB6NHOHWRQ�FODVV which we need to copy it to the server

machine

5. Write the client code.  The client code is just an ordinary Java program, it can locate the remote

object by using the java.rmi.Naming class.  Here is the  piece of code that our client will need to

look up the remote object.
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//Client.java

SDFNDJH '27%HQFKPDUN�UPL�

LPSRUW MDYD�UPL�
�

SXEOLF FODVV &OLHQW ^

SXEOLF VWDWLF YRLG PDLQ �6WULQJ>@ DUJV� ^

6\VWHP�VHW6HFXULW\0DQDJHU�QHZ 50,6HFXULW\0DQDJHU����

WU\ ^

6\VWHP�RXW�SULQWOQ��ORRNLQJ XS«���

6HUYHU VHUYHU  �6HUYHU�1DPLQJ�ORRNXS������KRVW��������6HUYHU���

6\VWHP�RXW�SULQWOQ��ELQGLQJ WR WKH VHUYHU«GRQH���

` FDWFK �([FHSWLRQ H� ^

H�SULQW6WDFN7UDFH���

`

`

6. Compile the client code.  This can be done by using javac (with option O) to compile Client.java

into Client.class

7. Start up the RMI Registry.   We need to startup the RMI Registry and let it run in a separate

process on the server machine.  Open a new  dos command prompt, enter this command:

prompt> rmiregistry

8. Start up the server object.  We must load the server object and then create instances of the remote

objects on the server.  This can be done by entering this command at the command prompt

windows:

prompt> java DOTBenchmark.rmi.ServerImpl

9. Start the client.  Run the client object with an iteration and location of the server option by entering

this command at the command prompt windows:

prompt> java DOTBenchmark.rmi.Client 100 serverhostname

This command runs the client program with an input command line iteration argument of 100 and a

server host name as serverhostname.

6.2 Remote Object Connection

Java RMI supports the remote object connection model.  Multiple clients can share one remote object.

Before a client can call a remote method, it needs to retrieve a remote reference to the remote object on

the server.  It asks for the remote reference by calling the registry's lookup or list  (url ) method.

The RMI registry is defined by the Registry interface.  In fact, the registry is a remote RMI server

object itself, i.e. its services can be accessed across a network using remote method invocations.  The

Registry is a non-persistent implementation and it only supports flat names scheme and it forgets all its

contents when it is restarted.  Here is the code for client to obtain a remote reference to the remote

object.

6HUYHU VHUYHU  �6HUYHU�1DPLQJ�ORRNXS������KRVW��������6HUYHU���
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As we can see, the client program tries to lookup a remote object with an alias in RMI named "Server"

at a particular host at the port 2005.  Before it can use this reference, it must be cast to the remote

interface that is implemented by the remote object implementation (not the actual class which is hidden

from clients).  Once the object is retrieved, the client can make the methods call supported by this

server interface.

In the benchmark, I measure the time taken a client program to connect to an existing remote object on

the server.  The benchmark below shows the average time of 100 lookup()  method call by the client on

the same machine and between 2 NT machines connected by a 100 Mbps Ethernet LAN.

Table 6-1: Remote Object Connection

Remote Object Connection

Same Machine
• CPU: 200MHz
• RAM: 64 MB SDRAM
• OS: Windows 98
• Java Compiler: JDK 1.1.6
• Java VM: Sun Java VM with Symantec's

JIT compiler turned on as default
• Software: Java JDK 1.1.6

Two Windows NT Machines
• CPU: 2 Pentium 200MHz computers
• Network: 100Mbps and TCP/IP (100Base-

T)
• RAM: 96 MB SDRAM
• OS: Windows NT SP3
• Java Compiler: JDK 1.1.6
• Java VM: Sun Java VM with Symantec's

JIT compiler turned on as default
• Software: Java JDK 1.1.6

10.90 msec 11.01 msec

Later in this project, I will give a comparison between Java RMI and some other DOT packages such

as HORB, Voyager and CORBA Compliant packages.

However, with the precision of the JVM on Windows 98 and Windows NT 4 SP3 is 55ms, i.e. the

interval between 2 clock tick of the JVM is 55ms, we can see that the performance of the lookup()

method of Java RMI is reasonable good.

6.3 Remote Object Creation

Remote object creation is a process of creating a new object so that its services can be used any client

program.  We need to be able to construct a new object only when we needed because it would a waste

of resources if we make all objects available for remote access but there is no need.  Java RMI does not

directly support remote object construction.  However, we can emulate this feature using the following

steps:

• Construct a custom factory object on the server

• Pass the name of the class and the URL of the codebase to the factory object

• Use RMIClassLoader to load the class across the network

• Use reflection to construct a remote instance using the default constructor.  To construct an object

using parameter needs some further steps.
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Class Loader in RMI

For an RMI application to act as a source for classes that can be loaded across the network, the program

must be running an HTTP server.  This situation sometimes is not favorable and pretty clumsy because

we need to install a full-brown HTTP server on the machine just for loading classes.  Java RMI

provides developers a network class loader that can be used for this purpose.

To enable downloading from a network source, each remote object server must be configured with the

java.rmi.server.codebase  property which specifies where application classes and generated

stubs/skeletons reside.  When the codebase property is specified, the RMI system embeds the URL of a

class in the serialized form of the class.  This codebaseproperty is read the RMIClassLoader.loadClass

method to load classes over the network.

For example: This example is taken directly from the Java RMI specification.

LPSRUW MDYD�UPL�50,6HFXULW\0DQDJHU�

LPSRUW MDYD�UPL�VHUYHU�50,&ODVV/RDGHU�

SXEOLF FODVV /RDG&OLHQW

^

SXEOLF VWDWLF YRLG PDLQ��

^

6\VWHP�VHW6HFXULW\0DQDJHU�QHZ 50,6HFXULW\0DQDJHU����

WU\ ^

&ODVV FO  50,&ODVV/RDGHU�ORDG&ODVV��P\FOLHQW���

5XQQDEOH FOLHQW  �5XQQDEOH�FO�QHZ,QVWDQFH���

FOLHQW�UXQ���

` FDWFK �([FHSWLRQ H� ^

6\VWHP�RXW�SULQWOQ��([FHSWLRQ� � � H�JHW0HVVDJH����

H�SULQW6WDFN7UDFH���

`

`

`

In order for this code to work, we need to specify the MDYD�UPL�VHUYHU�FRGHEDVH property when you run the

bootstrapping program so that the loadClass method will use this URL to load the class. For example:

prompt> MDYD ±'MDYD�UPL�VHUYHU�FRGHEDVH KWWS���KRVW�UPLFODVVHV� /RDG&OLHQW

Instead of relying on the property, we can supply our own URL:

&ODVV FO  50,&ODVV/RDGHU�ORDG&ODVV�XUO� �P\FOLHQW���
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Once the client is started and has control, all classes needed by the client will be loaded from the

specified URL. This bootstrapping technique is exactly the same technique Java uses to force the

AppletClassLoader to download the same classes used in an applet.

Without this bootstrapping technique, all the classes directly referenced in the client code must be

available through the local CLASSPATH on the client, and the only Java classes that can be loaded by

the RMIClassLoader  over the net are classes that are not referred to directly in the client program; these

classes are stubs, skeletons, and the extended classes of arguments and return values to remote method

invocations.

Security in RMIClassLoader

There must be a security manager in place when the RMIClassLoader attempts to load classes from the

network.  Applications can either define their own security manager or use the restrictive

RMISecurityManager .  If no security manager is in place, an application cannot load classes from

network sources.  Once a class is loaded by the RMIClassLoader , any classes used directly by that class

are also loaded by the RMIClassLoader  and thus are subject to the security manger restrictions.

In this project, the benchmark for Java RMI Remote Object Connection is simulated as follows:

• we creates a remote server object and register it into the registry in advance

• we then call the createInstance  method which result in a new remote server object

• the result benchmark is an average of 100 time of calling createInstance  method by the client

Here is the part of code used for testing this operation:

�� 7KH FUHDWH,QVWDQFH�� LPSOHPHQWDWLRQ LQ WKH 6HUYHU,PSO�MDYD

SXEOLF 6HUYHU FUHDWH,QVWDQFH�� WKURZV 5HPRWH([FHSWLRQ ^

6HUYHU,PSO REM  QXOO�

WU\ ^

REM  QHZ 6HUYHU,PSO���

1DPLQJ�UHELQG������VHUYHU1DPH��������6HUYHU�� REM��

UHWXUQ REM�

` FDWFK �([FHSWLRQ H� ^

H�SULQW6WDFN7UDFH���

`

UHWXUQ REM�

`

�� 7KH UHPRWH REMHFW FUHDWLRQ EHQFKPDUN LQ WKH &OLHQW�MDYD

6HUYHU VHUYHU  QXOO�

6HUYHU VHUYHU�  QXOO�

6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  �� L � LWHUDWLRQ� L��� ^

VHUYHU  �6HUYHU�1DPLQJ�ORRNXS������KRVW��������6HUYHU���
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VHUYHU�  VHUYHU�FUHDWH,QVWDQFH���

�� "" KRZ GR , UHOHDVH WKH FRQQHFWLRQ"""

`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� ± VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��5HPRWH REMHFW FUHDWLRQ� ��HODSVH�� PVHF���

Table 6-2: Remote Object Creation benchmark

Remote Object Creation

Same Machine
• CPU: 200MHz
• RAM: 64 MB SDRAM
• OS: Windows 98
• Java Compiler: JDK 1.1.6
• Java VM: Sun Java VM with Symantec's JIT

compiler turned on as default
• Software: Java JDK 1.1.6

Two Windows NT Machines
• CPU: 2 Pentium 200MHz computers
• Network: 100Mbps and TCP/IP (100Base-T)
• RAM: 96 MB SDRAM
• OS: Windows NT SP3
• Java Compiler: JDK 1.1.6
• Java VM: Sun Java VM with Symantec's JIT

compiler turned on as default
• Software: Java JDK 1.1.6

36.20 msec 40.66 msec

From the performance above, we can see that the time it takes for creating a remote object on the server

is about 4 times longer than the time it takes to connect to an existing remote object.  Users have to pay

the cost for creating a new remote on demand to exchange for flexibility.  Later on we will see that

some other DOT packages which has its own native method to directly create a remote object on the

server.  The result will shows much higher performance then the way we simulate object creation in

JDK 1.1.

However, in the new version of JDK 1.2, the RMI has several new enhancements.  Among these are the

Object Serialization enhancement, the Remote Object Activation, which introduces a way to support

for persistent references to remote objects and automatic object creation via these references.  Also

with the introduction of the class MDYD�UPL�DFWLYDWLRQ�$FWLYDEOH and the RMI daemon, remote objects can

now be created and executed as and when they are needed.  Programs need only register the

implementation information for the remote objects and the rmid daemon will provide the spawned

JVM instance as needed.  I expect that RMI remote object creation to show much better performance

with this new way of creation remote object.  However, this feature is not confirmed yet in this project.

6.4 Remote Method Call

Remote method call in Java RMI is very straightforward, after a remote object is returned, the client

program can make method call on that remote object reference just as an ordinary local method call.

All the detail of how the method invoked is totally hidden from the programmers.  The process on
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marshalling and unmarshalling the call message is taken care by the stub/skeleton classes which is

generated by the "rmic" compiler.

Here is the code to measure the performance of making a remote method call with different number of

arguments in the Client.java program.

(Please refer to the appendix for more detail implementation of the Java RMI Client/Server benchmark

code.)

�� UPF ZLWK RQH DUJXPHQW

6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L� ^

[  VHUYHU�PHWKRG$�������

`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� ± VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��LQW VHUYHU�PHWKRG$��LQW D��� ��HODSVH�� PVHF���

�� UPF ZLWK WZR DUJXPHQWV

6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L� ^

[  VHUYHU�PHWKRG$������ �����

`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� ± VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW�� ��HODSVH�� PVHF���

�� UPF ZLWK WKUHH DUJXPHQWV

6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L� ^

[  VHUYHU�PHWKRG$������ ���� �����

`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� ± VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW� LQW�� ��HODSVH�� PVHF���

�� UPF ZLWK IRXU DUJXPHQWV

6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L� ^

[  VHUYHU�PHWKRG$������ ���� ���� �����

`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� ± VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW� LQW� LQW�� ��HODSVH�� PVHF���
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�� UPF ZLWK ILYH DUJXPHQWV

6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L� ^

[  VHUYHU�PHWKRG$������ ���� ���� ���� �����

`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� ± VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW� LQW� LQW� LQW�� ��HODSVH�� PVHF���

�� UPF ZLWK VL[ DUJXPHQWV

6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L� ^

[  VHUYHU�PHWKRG$������ ���� ���� ���� ���� �����

`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� ± VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW� LQW� LQW� LQW� LQW�� ��HODSVH�� PVHF���

Below is the table shows the performance of making remote method calls on the same machine and on

2 separate Windows NT machines connected through a 100 Mbps Ethernet LAN.  The remote method

takes integers as arguments and returns one integer.
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Table 6-3: Remote Method Call benchmark with different arguments

Remote Method Call with different arguments

Same Machine
• CPU: 200MHz
• RAM: 64 MB SDRAM
• OS: Windows 98
• Java Compiler: JDK 1.1.6
• Java VM: Sun Java VM with Symantec's JIT

compiler turned on as default
• Software: Java JDK 1.1.6

( Unit time in msec)

Two Windows NT Machines
• CPU: 2 Pentium 200MHz computers
• Network: 100Mbps and TCP/IP (100Base-T)
• RAM: 96 MB SDRAM
• OS: Windows NT SP3
• Java Compiler: JDK 1.1.6
• Java VM: Sun Java VM with Symantec's JIT

compiler turned on as default
• Software: Java JDK 1.1.6

( Unit time in msec)
1 arg 2 args 3 args 4 args 5 args 6 args 1 arg 2 args 3 args 4 args 5 args 6 args

1.6 2.2 2.2 2.2 2.2 2.2 1.4 1.6 1.6 1.7 1.7 1.7

Looking at the result above, we can see that the result performance varies very little with small

different number of argument call.  And the remote method call over the network shows better

performance than remote method call on the same machine. This shows that the Java VM is to be quite

CPU-intensive.

6.5 Object Data Transfer

Java RMI relies heavily on Java Object Serialization, which allows objects to be marshaled as a stream.

An argument to or a return value from a remote object can be any Java type that is VHULDOL]DEOH.  This

includes Java primitive types, remote Java objects, and nonremote Java objects that implement the

MDYD�LR�6HULDOL]DEOH interface.  Subclasses of a VHULDOL]DEOH class are also VHULDOL]DEOH.  For e.g., MDYD�ODQJ�,QWHJHU

and MDYD�ODQJ�'RXEOH are VHULDOL]DEOH because the class the extend, MDYD�ODQJ�1XPEHU is VHULDOL]DEOH.

Object passing can be one of the following:

• instance object passing:

- When passing a remote object as a parameter, the stub for the remote object is

passed.  The remote object implementation remains in the Java VM in which it was

created and does not move, i.e. a remote object is passed by reference in an RMI

remote method call

- When passing a nonremote object as a parameter of a remote method invocation or

returned as a result of a remote method invocation, the object is passed by copy, i.e.

the content of the nonremote object is copied before invoking the call on the remote

object.  By default, only the nonstatic and nontransient fields are copied in Java

RMI object passing.  When a nonremote object is returned from a remote method

invocation, a new object is created in the calling virtual machine.  If an object

contains an object that is not static or transient field, then its content is also
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transferred as long as and up to the highest serializable object can be reached from

the object's graph.  This means the shape of object graphs are kept when transferring.

• class passing:

- For applets, the class is dynamically loaded via the $SSOHW&ODVV/RDGHU if the class is not

available locally.

- For an applications, these classes are loaded by the network class loader that loaded

the application; this is either the default class loader (which uses the local class path)

or the 50,&ODVV/RDGHU�ORDG&ODVV method (which uses the server's FRGHEDVH property).

More on Java Object Serialization

The objective of the Java Object Serialization system is to allow a bytestream to be produced from a

graph of objects, sent out of the Java environment (either saved to disk or sent over the network) and

then used to recreate an equivalent set of new objects with the same state.

When a local machine passes a remote object to a remote machine, the proxy of the object is

transferred.  The actual implementation of the object has never really left the remote machine.  When

the local machine passes one of its own objects to the remote machine, it makes a copy of the object

and sends the copy of the object to the server.

The processes of copy an object and serializing it is done with the serialization system in Java.  This is

more difficult than it first sounds because objects include other object as fields also need to be copied

and transferred when the object is copied transferred.  However, for security reasons, not all fields in

the object can be serialized and transferred; for e.g. we don't want an object which includes a private

password field to be serialized and transferred when that object is serialized and transferred.

Therefore, fields that contain this kind of information should be declared transient which prevents

them from being serialized and transferred by the Serialization System.

Object Serialization defines two protocols, which allow the container to ask the object to write and read

its state.  To be stored in an Object Stream, each object must implement either the Serializable or the

Externalizable interface.

For a Serializable class, Object Serialization can automatically save and restore fields of each class of

an object and automatically handle classes that evolve by adding fields or supertypes.

For an Externalizable class, Object Serialization delegates to the class complete control over its

external format and how the state of the supertype is saved and restored.

The object data transfer benchmark

In this project, I measure the performance of transferring an array of simple object Data which

encapsulates a single field of type "int" from the client to the server.  The time measurement is an
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average of 100 remote method calls for transferring array of different size from the client program.

The Data object is defined as follows in Java class:

�� 'DWD�MDYD

SDFNDJH '27%HQFKPDUN�UPL�

LPSRUW MDYD�LR�
�

LPSRUW MDYD�UPL�
�

SXEOLF FODVV 'DWD LPSOHPHQWV 6HULDOL]DEOH ^

LQW D�

`

From the client program, it calls the method of transferring the array of data as defined in the following

code:

�� 7KH WUDQVIHUULQJ DUUD\ RI REMHFW 'DWD LQ &OLHQW�MDYD

LQW>@ VL]HV  ^�� ��� ��� ��� ��� ��`�

'DWD GDWD�

IRU �LQW V  �� V � VL]HV�OHQJWK� V��� ^

GDWD  QHZ 'DWD>VL]HV>V@@�

IRU �M  �� M � VL]HV>V@� M��� ^

GDWD>M@  QHZ 'DWD���

`

6\VWHP�JF���

GRXEOH VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L� ^

VHUYHU�PHWKRG'$�GDWD��

`

GRXEOH WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� ± VWDUW�

GRXEOH HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��YRLG VHUYHU�PHWKRG'$�'27%HQFKPDUN�UPL�'DWD>��VL]HV>V@��@�� ��HODSVH�� PVHF���

`
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Table 6-4: Object Array of Data Transfer with variable length

Object Data Transfer with variable length

Same Machine
• CPU: 200MHz
• RAM: 64 MB SDRAM
• OS: Windows 98
• Java Compiler: JDK 1.1.6
• Java VM: Sun Java VM with Symantec's JIT

compiler turned on as default
• Software: Java JDK 1.1.6

( Unit time in msec)

Two Windows NT Machines
• CPU: 2 Pentium 200MHz computers
• Network: 100Mbps and TCP/IP (100Base-T)
• RAM: 96 MB SDRAM
• OS: Windows NT SP3
• Java Compiler: JDK 1.1.6
• Java VM: Sun Java VM with Symantec's JIT

compiler turned on as default
• Software: Java JDK 1.1.6

( Unit time in msec)
1

obj

10

objs

20

objs

30

objs

40

objs

50

objs

1

obj

10

objs

20

objs

30

objs

40

objs

50

objs

3.8 3.3 4.9 6.1 7.1 8.8 4.1 4.11 6.01 7.31 9.01 10.82

The test shows that time to pass an array of simple data object depends mostly on the number of items.

This means more processing in marshalling and unmarshalling is involved

6.6 Numerical Array Transfer

Here we test the ability of transferring array of primitive data type in Java to see its performance.

Again the test is carried out on the same machine and across two networked machines.  The client

program make remote method call to transfer the array of "byte", "int" and "double" which has the

array size determined at run-time.  The codes we use for this benchmark are as follows.  (For a

complete client code, please refer to the appendix section in this project)

 �� E\WH>@

EXIE� LQW>@ EXIL�
GRXEOH>@ EXIG�
LQW>@ DUUD\BVL]HV  ^�� ���� ���� ����� ����� ����� ����
�� ����
�� ����
�� ����
��� ����
��� ����
�� `�

�� WR VHQG E\WH DUUD\�

IRU � M  �� M � DUUD\BVL]HV�OHQJWK� M��� ^

EXIE  QHZ E\WH>DUUD\BVL]HV>M@@�

6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L� ^

VHUYHU�PHWKRG%�EXIE��

`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� ± VWDUW�

HODSVHG  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��YRLG VHUYHU�PHWKRG%�E\WH>��DUUD\BVL]HV>M@��@�� ��HODSVHG� PVHF� �

���GRXEOH��DUUD\BVL]HV>M@��HODSVH� � � .%�VHF���

`

�� WR VHQG LQW DUUD\
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IRU � M  �� M � DUUD\BVL]HV�OHQJWK� � M��� ^

EXIL  QHZ LQW>DUUD\BVL]HV>M@@�

6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L� ^

VHUYHU�PHWKRG,�EXIL��

`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� ± VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��YRLG VHUYHU�PHWKRG,�LQW>��DUUD\BVL]HV>M@��@�� ��HODSVH�� PVHF� �

���GRXEOH��DUUD\BVL]HV>M@
���HODSVH� � � .%�VHF���

`

�� WR VHQG GRXEOH DUUD\

IRU � M  �� M � DUUD\BVL]HV�OHQJWK� � M��� ^

EXIG  QHZ GRXEOH>DUUD\BVL]HV>M@@�

6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L� ^

VHUYHU�PHWKRG'�EXIG��

`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� ± VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��YRLG VHUYHU�PHWKRG'�GRXEOH>��DUUD\BVL]HV>M@��@�� ��HODSVH�� PVHF� �

���GRXEOH��DUUD\BVL]HV>M@
���HODSVH� � � .%�VHF���

`
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The table below shows the performance of Java RMI on a single machine and on 2 Windows NT

machine connected through a 100 Mbps Ethernet LAN.

Table 6-5: Numerical Array Transfer using Java RMI on the same machine

Same Machine
• CPU: 200MHz
• RAM: 64 MB SDRAM
• OS: Windows 98
• Java Compiler: JDK 1.1.6
• Java VM: Sun Java VM with Symantec's JIT compiler turned on as default
• Software: Java JDK 1.1.6

Time (msec) Throughput (MB/sec)Array
Size in KB byte int double byte int double

0 2.2 3.3 3.3 0.00 0.00 0.00
0.25 2.2 3.3 3.8 0.11 0.30 0.51
0.5 2.8 3.8 6.1 0.17 0.51 0.64
1 3.3 5.5 8.2 0.30 0.71 0.95
2 3.8 7.7 16 0.51 1.01 0.98
4 4.9 13.2 28 0.80 1.18 1.12
8 6.6 22 49 1.18 1.42 1.28
16 11.6 44 94 1.35 1.42 1.33
32 20.3 82 181 1.54 1.52 1.38
64 35.7 171 363 1.75 1.46 1.38

128 69.8 330 725 1.79 1.52 1.38
256 135.7 648 1445 1.84 1.54 1.38

Figure 6-3: Numerical Array Transfer using Java RMI on the same machine

The graph shows that, transferring the array of byte and int primitive data reaches its peak throughput

at the array size of 256 KB, at which its throughput is 1.84 MB/sec and 1.54 MB/sec respectively.  For

transferring array of double, its transfer rate becomes saturated at 1.38 MB/sec, which corresponds to

the array size of 16 KB.
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Table 6-6: Numerical Array Transfer using Java RMI on 2 NT machines

Two Windows NT Machines

• CPU: 2 Pentium 200MHz computers
• Network: 100Mbps and TCP/IP (100Base-T)
• RAM: 96 MB SDRAM
• OS: Windows NT SP3
• Java Compiler: JDK 1.1.6
• Java VM: Sun Java VM with Symantec's JIT compiler turned on as default
• Software: Java JDK 1.1.6

Time (msec) Throughput (MB/sec)Array
Size in KB byte int double byte int double

0 2 3.11 2.71 0.00 0.00 0.00
0.25 2.1 2.5 2.8 0.12 0.39 0.70
0.5 2.21 2.81 3.31 0.22 0.70 1.18
1 2.8 3.3 4.51 0.35 1.18 1.73
2 2.61 4.71 8 0.75 1.66 1.95
4 3 6.21 13 1.30 2.52 2.40
8 3.81 11 24 2.05 2.84 2.60
16 5.5 20 51.1 2.84 3.13 2.45
32 9.91 40.1 96.1 3.15 3.12 2.60
64 17.12 85.1 195.2 3.65 2.94 2.56

128 32.04 159.3 398.5 3.90 3.14 2.51
256 62.39 314.4 779.1 4.01 3.18 2.57

Figure 6-4: Numerical Array Transfer using Java RMI on 2 NT machines

The graph shows that, transferring the array of byte and int primitive data reaches its peak throughput

at the array size of 256 KB, at which its throughput is 4.01 MB/sec and 3.18 MB/sec respectively.  For

transferring array of double, its transfer rate reaches its peak at 2.60 MB/sec, which corresponds to the

array size of 8KB and 32 KB.

The performance of transferring of large array of primitive data using Java RMI depends heavily on the

serialization process which uses lot of CPU resource.  This can be seen from the graphs above that the

transfer rate across 2 networked machines is more than twice the transfer rate on a single machine.  The
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cost of byte reordering as we will see later on the Comparison Result section is very expensive as

compared to the transferring primitive data using raw socket implementation.

6.7 Garbage Collection

Java RMI uses a reference counting garbage collection algorithm similar to Modula-3's Network

Object. (See "Network Objects" by Birrel, Nelson and Owicki, Digital Equipment Corporation Systems

Research Center Technical Report 115, 1994.)

http://gatekeeper.dec.com/pub/DEC/SRC/research-reports/abstracts/src-rr-116.html

RMI has a lease-based garbage collection system.  A reference to a remote object is leased for a period

of time by the client holding the reference.  The lease period starts when the dirty call is received.  It is

the client's responsibility to renew the leases by making additional dirty calls on the remote references

it holds before the leases expire.  A remote object is garbage-collected when all its leases expire.

More information about distributed garbage collection in Java RMI can be found in the Java RMI
Specification:

http://java.sun.com/products/jdk/1.1/docs/guide/rmi/spec/rmi-arch.doc.html#5097
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7.  HORB

DOT: HORB (Hirano Object Request Broker)

Developed by: Hirano Satoshi of Electrotechnical Laboratory, Japan.  Website: http://www.horb.org/

Version tested: HORB version 1.3 beta 1

Platforms used:

• Windows 98:

- CPU: 200 MHz Intel Pentium

- RAM: 64 MB SD RAM

• Windows NT 4.0 SP3 Workstation

- CPU: 200 MHz Intel Pentium

- RAM: 96 MB SD RAM

• Network:

- 100 Base-T Ethernet LAN

• Compiler:

- HORBC Compiler, Sun's JDK 1.1.6 Java Compiler

• Java VM:

- Sun's JDK 1.1.6 with Symantec's JIT built in

HORB is a lightweight Object Request Broker for Java that extends the Java functionality in distributed

object oriented computing.  Applications of HORB and HORB itself are network portable and

transferable, since HORB provides both portability and interoperability among different kinds of OSs.

Developing distributed application in HORB is very easy and straightforward.  Here are the features

supported by current version of HORB.

• Dynamic Remote Object Creation

• Remote Object Connection

• Remote Method Call (synchronous or asynchronous)

• Object passing by value (copy) or by reference

• Mobile Agent

• Distributed persistent objects

• Distributed Garbage Collection

• Distributed Access Control lists (built-in security feature of HORB)

• Hook methods

• Distributed Object management

• World Wide Web integration

For more information of HORB, please visit the HORB Web Site:

http://www.horb.org/
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7.1 Development process

With HORB we don't need to write an interface for remote object.  Here is the figure shows how to

write a distributed application in HORB.

Figure 7-1: Distributed Object application development in HORB

As we can see, there are six steps to develop a distributed object application in HORB.  The detail

description of each is as follows:

1. Write a server code.  Here is the Server.java code which is used for our benchmark

�� 6HUYHU�MDYD

SDFNDJH '27%HQFKPDUN�KRUE�

SXEOLF FODVV 6HUYHU ^

LQW PHWKRG$��LQW D�� ^ UHWXUQ D�� `

LQW PHWKRG$��LQW D�� LQW D�� ^ UHWXUQ D�� `

LQW PHWKRG$��LQW D�� LQW D�� LQW D�� ^ UHWXUQ D�� `

LQW PHWKRG$��LQW D�� LQW D�� LQW D�� LQW D�� ^ UHWXUQ D�� `
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Server Class3) Write Client
Code (.java)

Server_Skeleton
Class

Server_Proxy
Class

Client Class

Proxy Skeleton

IOCI ORB IOCI ORB

5) Start horb
daemon server

6) Start client
object

Client Server2) horbc

4) javac or
horbc –c

Uses

Java Virtual Machine Java Virtual Machine
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LQW PHWKRG$��LQW D�� LQW D�� LQW D�� LQW D�� LQW D�� ^ UHWXUQ D�� `

LQW PHWKRG$��LQW D�� LQW D�� LQW D�� LQW D�� LQW D�� LQW D�� ^ UHWXUQ D�� `

YRLG PHWKRG'$�'DWD>@ GDW� ^ `

YRLG PHWKRG%�E\WH>@ D� ^`

YRLG PHWKRG,�LQW>@ LD� ^`

YRLG PHWKRG'�GRXEOH>@ GD�^`

`

The code for Server.java define the implementation of the methods that are called by our client program.

As we can see, the Server.java has most of the methods as defined in the ServerImpl.java but it is much more

elegant.  We don't need to add RemoteException to every method signature in our Server.java

2. Compile the Server.java.  Next we need to compile the Server.java with the HORBC compiler.  From

the dos command windows, change to the directory contains Server.java and enter this command

from there:

prompt> horbc –O Server.java

Note.  In this benchmark project, we will compile all java code with option O (optimizer turned on).

If this command runs successfully, HORBC compiler generates Server.class, Server_Proxy.class and

Server_Skeleton.class.  The Server.class and the Server_Skeleton.class are needed on the server machine and the

Server_Proxy.class is needed on the client machine.  The client program will use it and create an instance

of Server_proxy which acts as the remote object reference of Server object on the server machine.

3. Write the client code.  The client program that is used for benchmarking in this project has almost

the same as the client program for the Java RMI version.  The only different is the way of

obtaining the server object reference.  In HORB, the client program creates an instance of

Server_Proxy to get the remote object reference to the Server.  Here is the code for this:

    6HUYHUB3UR[\ VHUYHU  QHZ 6HUYHUB3UR[\��KRUE�����KRVW��

4. Compile the client code.  We can compile the Client.java using javac compiler or horbc -c

compiler.  horbc -c –O Client.java means only the Client.class file is generated.

5. Start up the HORB daemon on the server machine.  Make sure the Server.class and Server_Skeleton.class

are copied on the server machine.  From the dos command prompt windows, enter this command:

prompt> horb –v

In this project, we want to test the remote object connection operation in which a client

program connects to an existing "Server" object on the server machine.  We can use "start"

option command of horb to startup our server, this is done as follows:

prompt>horb –start DOTBenchmark.horb.Server server

This command tells HORB to run the Server as an alias "server" on the server machine.

6. Start up the Client code.  Invoke the client program using Java interpreter

prompt>java DOTBenchmark.horb.Client 100 serverhostname
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This command runs the client program with an input iteration argument of 100 and a server host name

as serverhostname.

7.2 Remote Object Connection

HORB supports both remote object connection and remote object creation operation.  The remote

object connection will be discussed right after this section.  In the remote object connection case,

multiple clients can be served by one remote server object.  As a new connection is made from the

client to the remote server object, a corresponding thread is attached to the client.

In this project, our client program creates a remote server object at a particular host, which is passed in

from the command line, then we create a new server_proxy instance which acts as a reference to that

remote object on the server.  I measure the time it takes a client object to perform this operation and the

average time of 100 iteration is collected.

Here is the part of code in the Client.java that we used for this test.

�� LWHU LV WKH LWHUDWLRQ LQSXW IURP WKH FRPPDQG OLQH

6HUYHUB3UR[\ VHUYHUV>@  QHZ 6HUYHUB3UR[\>LWHU@�

+RUE85/ XUO  QHZ +RUE85/�KRVW��([LVWLQJ6HUYHU��� �� FUHDWH D QHZ +25%
XUO DW WKLV SDUWLFXODU KRVW ZLWK
DQ REMHFW

��,' DV �([LVWLQJ6HUYHU�

6HUYHUB3UR[\ MXQN  QHZ 6HUYHUB3UR[\�XUO�� �� LJQRUH WKH ILUVW RQH� MXVW IRU ZDUPLQJ XS

�� VWDUW EHQFKPDUN WHVW
6\VWHP�JF���

GRXEOH VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  �� L � LWHU� L��� ^

VHUYHUV>L@  QHZ 6HUYHUB3UR[\�XUO��
`
GRXEOH WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�

GRXEOH HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
6\VWHP�RXW�SULQWOQ��ELQG WR VHUYHU��� ��HODSVH�� PVHF���

�� UHOHDVH FRQQHFWLRQ ZH GRQ
W QHHG

IRU� L  �� L � LWHU� L��� ^
VHUYHUV>L@�BUHOHDVH���

`

As stated above, our existing server had been started up beforehand at the server machine as follows:

prompt>horb -start DOTBenchmark.horb.Server ExistingServer



Test-bed for Distributed Object Technologies using Java                                        490.450 DT Project

Michael (Thuan-Duc) Ta                   46

The table below shows the test of running our client and server on the same machine and on two

different machines.

Table 7-1: Remote Object Connection in HORB

Remote Object Connection

Same Machine
• CPU: 200MHz
• RAM: 64 MB SDRAM
• OS: Windows 98
• Java Compiler: JDK 1.1.6
• Java VM: Sun Java VM with Symantec's

JIT compiler turned on as default
• Software: HORB 1.3b1

Two Windows NT Machines
• CPU: 2 Pentium 200MHz computers
• Network: 100Mbps and TCP/IP (100Base-T)
• RAM: 96 MB SDRAM
• OS: Windows NT SP3
• Java Compiler: JDK 1.1.6
• Java VM: Sun Java VM with Symantec's JIT

compiler turned on as default
• Software: HORB 1.3b1

16 msec 19.03 msec

The test shows that connecting to an existing object using 2 machines across an idle network takes a

longer time than on a local machine.

Compare this result with Java RMI of JDK 1.1.6, connecting to an existing object in HORB takes a bit

longer for both situations.

7.3 Remote Object Creation

The remote object creation is different from the remote object connection in that the client dynamically

creates a new remote object.  This model solves the problem, which may arise in the remote connection

model when there is a shortage on sharing data object.  In the remote creation model, a new object can

be created to serve each of the clients, this makes programming easier than the remote object

connection model.  Also, dynamically create object on demand is more efficient because object only be

created when needed.

In HORB, to create a new remote object on the server, it takes two steps:

• First, it needs to connect to the server, a reference to the remote object is returned

• Second, a constructor of the remote object is called from the remote object reference.  This call to

the constructor is optional because if the client object does not make that explicit call, the default

constructor that has a null argument will be called implicitly by the proxy object.

Here is the code that is used for the test of this operation:

�� LWHU LV WKH LWHUDWLRQ LQSXW IURP WKH FRPPDQG OLQH
6HUYHUB3UR[\ VHUYHUV>@  QHZ 6HUYHUB3UR[\>LWHU@�

GRXEOH VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  �� L � LWHU� L��� ^

VHUYHUV>L@  QHZ 6HUYHUB3UR[\�XUO��

VHUYHUV>L@�6HUYHU���
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`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�
IRU� L  �� L � LWHU� L���

VHUYHUV>L@�BUHOHDVH���
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��FUHDWH VHUYHU��� ��HODSVH�� PVHF���

The table below shows the average elapsed time of 100 iterations.  Again the test is run on a single

machine and on 2 NT machines.

Table 7-2: Remote Object Creation in HORB

Remote Object Creation

Same Machine
• CPU: 200MHz
• RAM: 64 MB SDRAM
• OS: Windows 98
• Java Compiler: JDK 1.1.6
• Java VM: Sun Java VM with Symantec's JIT

compiler turned on as default
• Software: HORB 1.3b1

Two Windows NT Machines
• CPU: 2 Pentium 200MHz computers
• Network: 100Mbps and TCP/IP (100Base-T)
• RAM: 96 MB SDRAM
• OS: Windows NT SP3
• Java Compiler: JDK 1.1.6
• Java VM: Sun Java VM with Symantec's JIT

compiler turned on as default
• Software: HORB 1.3b1

11 msec 17.03 msec

The tests show that:

- Remote object connection on the same machine is faster than remote object

connection on  networked machines

- Paradoxically, the operation of remote object creation times is shorter than the

remote object connection for both situations.  This seems that explicitly calling the

default constructor is better than relying on the implicitly calling the constructor.

- Remote object creation operation in HORB is nearly three times faster than the

remote object creation operation in Java RMI.

7.4 Remote Method Call

This operation evaluates how best HORB's proxy and skeleton marshalling and unmarshalling message

exchanged between client and server.  Marshalling and unmarshalling is done via CommonIOCI class.

IOCI is Inter-Object Communication Interface which defines APIs between the lower transport layer

and the upper application layer (i.e. HORB).

A new HORB serialization patch is just released on the July 1998 this year by Luis F. G. Sarmenta

(lfgs@cag.lcs.mit.edu) which shows some improvements in the marshalling and unmarshalling process

in HORB.  It allows HORB to use Java built-in Serialization System.  According to the author of the

patch, it has the following benefits and enhancements include:
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• Removes the need to run horbc  on objects that are only used as parameters or return values of

remote functions. Enables HORB applications to use built-in objects that implement

Serializable  (e.g., java.util.Vector ). Backwards-compatible

• works with non-Serializable data and mixed-mode data (requires horbc )

• new clients can connect to old servers

• new servers can accept connections from old clients

• automatically uses built-in Serialization when available; uses old HORB serialization otherwise

This serialization patch is available to download at the HORB's web site: http://www.horb.org

In this project, I test the operation of HORB that uses the default HORB's serialization along with the

new patch.  The remote method call is exactly the same as we did in Java RMI.  Here is the code for

this:

Server_Proxy server = new Server_Proxy("horb://"+host); // new server for the test

// rmc with one argument

6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L� ^

[  VHUYHU�PHWKRG$�������

`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� ± VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��LQW VHUYHU�PHWKRG$��LQW D��� ��HODSVH�� PVHF���

�� UPF ZLWK WZR DUJXPHQWV

6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L� ^

[  VHUYHU�PHWKRG$������ �����

`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� ± VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW�� ��HODSVH�� PVHF���

�� UPF ZLWK WKUHH DUJXPHQWV

6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L� ^

[  VHUYHU�PHWKRG$������ ���� �����

`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� ± VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW� LQW�� ��HODSVH�� PVHF���
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�� UPF ZLWK IRXU DUJXPHQWV

6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L� ^

[  VHUYHU�PHWKRG$������ ���� ���� �����

`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� ± VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW� LQW� LQW�� ��HODSVH�� PVHF���

�� UPF ZLWK ILYH DUJXPHQWV

6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L� ^

[  VHUYHU�PHWKRG$������ ���� ���� ���� �����

`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� ± VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW� LQW� LQW� LQW�� ��HODSVH�� PVHF���

�� UPF ZLWK VL[ DUJXPHQWV

6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L� ^

[  VHUYHU�PHWKRG$������ ���� ���� ���� ���� �����

`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� ± VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW� LQW� LQW� LQW� LQW�� ��HODSVH�� PVHF���

And we just need to add this line

HORB.useSerialization();

just before we create Server_Proxy

6HUYHUB3UR[\ VHUYHU  QHZ 6HUYHUB3UR[\��KRUE�����KRVW��
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Table 7-3: Remote Method Call in HORB

Remote Method Call with variable arguments

E
n

vi
ro

n
m

en
t

Same Machine
• CPU: 200MHz
• RAM: 64 MB SDRAM
• OS: Windows 98
• Java Compiler: JDK 1.1.6
• Java VM: Sun Java VM with

Symantec's JIT compiler turned on as
default

• Software: HORB 1.3b1, HORB 1.3b1
patch (p)

( Unit time in msec)

Two Windows NT Machines
• CPU: 2 Pentium 200MHz computers
• Network: 100Mbps and TCP/IP

(100Base-T)
• RAM: 96 MB SDRAM
• OS: Windows NT SP3
• Java Compiler: JDK 1.1.6
• Java VM: Sun Java VM with

Symantec's JIT compiler turned on as
default

• Software: HORB 1.3b1, HORB 1.3b1
patch (p)

( Unit time in msec)
Args 1 2 3 4 5 6 1 2 3 4 5 6

Horb 1.25 1.04 1.04 2.2 1.25 1.25 1.2 1.2 1.0 0.9 1.0 1.0

Horb(p) 1.5 1.25 1.5 1.5 1.25 1.5 1.0 1.1 1.1 1.0 1.1 1.1

The tests show that:

- Performance of remote method calls on the same machine take longer time than calls

over network.  This again shows that JVM is a very CPU intensive.

- On the same machine, the HORB's patch version which use JDK 1.1 Serialization

Process takes longer times in all calls except at the call with 4 arguments, this result

might be an outlier.  So, the default HORB's serialization (i.e. CommonIOCI) shows

better performance in this respect.

- However, for the test over an idle 100Base-T Ethernet shows that the patch version is

better sometimes!  This is caused by the high computational intensity of the

marshalling and unmarshalling operations, which consumes CPU resource is diverted

on two machines.

7.5 Object Data Transfer

HORB supports object passing by value or by reference.  This feature is similar to the way that rules

how an object should be passed by copy or by reference in Java RMI.  This means that if the object for

transferring is a local object, then passing by value (copy) is used, if the object for transferring is a

remote object, then passing by reference is used.  In this case a copy of the proxy object itself is passed.

HORB can use its own serialization process or Java serialization to pass object by value.  HORB's

object serialization is called serializer objects.  What this means is that to make an object that can be

serialized and transferred by HORB, we need to compile that object with HORBC compiler.  This

process will generate a proxy for the object that includes a serialized method to be called at runtime to

carry out serialization for the object.  When object is passed by copy, all instance variables in the range
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possible to attain recursively within the transferring object are copied.  For security reason, HORB

allows transfer of only "non privates" instance variables.  This also means that "protected" field can

also be transferred.  If a class contains a private instance variable, the HORBC compiler will give

warning message when the class is compiled.  As in Java RMI, a transient instance field is not

transferred.

In HORB, any class transferred remotely must have a Proxy class both on client and on server machine.

This means, we need to compile that class with HORBC compiler to generate proxy and skeleton class

for it.  Also because of the internal mechanism of HORB, the class must define a null constructor

which is called by the server when it arrives on the server.

If an object was cast to superclass is passed, then the original object itself is passed, not the superclass.

For e.g., if we have class B extends class A, and we have

A a = new B();

foo.operate(a);

then an instance of class B is passed, not A.

Sometimes, we don't want to pass variables in superclasses, this can be done using HORBC compiler

with an option of -ignoresuper that will tell HORBC to ignore the superclasses.

In this project, I evaluate the performance of passing a simple object using horb and without using cast

operation.  What this means is that we call the default constructor of the passing object, but this causes

the java.lang.Object's default constructor is called because we didn't define a null constructor for the

passing object.  What we evaluated here at the moment is just the passing object mechanism, not the

object itself.  However, evaluation the performance of passing object with casting, passing complex

objects will be carried out if time allows.

For the moment, here is the code for our passing object called Data

�� 'DWD�MDYD

SXEOLF FODVV 'DWD ^

LQW D�

`

This Data.java class is exactly the same as the Data.java in the Java RMI test above, except we don't

explicitly extends the java.io.Serializable.  This serialization process is actually taken care by the

HORB's proxy object.

Next, use HORBC compiler to compile Data.java to generate Data_Proxy and Data_Skeleton.  As

before, the proxy object is copied on the client machine and the skeleton object is copied on the server

machine.
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The client calls the transfer the array of object Data is described in the code bellows:

LQW>@ VL]HV  ^�� ��� ��� ��� ��� ��`�

IRU �LQW V  �� V � �� V��� ^

'DWD>@ GDWD  QHZ 'DWD>VL]HV>V@@�

IRU �M  �� M � VL]HV>V@� M��� ^

GDWD>M@  QHZ 'DWD���

`

6\VWHP�JF���

GRXEOH VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L� ^

VHUYHU�PHWKRG'$�GDWD��

`

GRXEOH WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�

GRXEOH HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��YRLG VHUYHU�PHWKRG'$�'DWD>��VL]HV>V@��@�� ��HODSVH�� PVHF���

`

For complete operation in our Client.java, please refer to the appendix section

Table 7-4: Transfer object by value in HORB

Object Data Transfer with variable arguments

E
n

vi
ro

n
m

en
t

Same Machine
• CPU: 200MHz
• RAM: 64 MB SDRAM
• OS: Windows 98
• Java Compiler: JDK 1.1.6
• Java VM: Sun Java VM with Symantec's

JIT compiler turned on as default
• Software: HORB 1.3b1, HORB 1.3b1

patch (p)

( Unit time in msec)

Two Windows NT Machines
• CPU: 2 Pentium 200MHz computers
• Network: 100Mbps and TCP/IP

(100Base-T)
• RAM: 96 MB SDRAM
• OS: Windows NT SP3
• Java Compiler: JDK 1.1.6
• Java VM: Sun Java VM with

Symantec's JIT compiler turned on as
default

• Software: HORB 1.3b1, HORB 1.3b1
patch (p)

( Unit time in msec)
Number of

objects

1 10 20 30 40 50 1 10 20 30 40 50

Horb 4.58 4.58 5.63 9.17 11.25 12.71 2.81 5.91 11.11 15.83 21.63 29.34

Horb(p) 2.7 2.75 4.00 5.50 8.28 9.75 2.81 3.21 7.31 6.91 8.71 10.42

As we can see from the table above:

- The time for transferring an array of object is increased with the array size

- The HORB patch version which use Java built in Serialization mechanism shows

very good performance compare to the HORB's default serialization process

- For the test on 2 networked machines, as the number of object increase 50 times, the

time for the original of HORB increase almost 10 times whereas the HORB patch

version increases just only 5 times!
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7.6 Numerical Array Transfer

In this test, I evaluate the performance of the HORB with Serialization patch version in transferring the

array of primitive data, namely "byte", "int" and "double".  The array size is determined at runtime.

The test result shows the time in millisecond (msec) corresponding to transferring an array size

measured in KB.  For reference purpose, I also calculate the throughput, which shows the transfer rate

in MB/sec.  Tables below show the test on a single machine as well as on two networked machines

connected through an idle 100Base-T Ethernet network.

The code for measuring this operation is similar to the code that is used in the Java RMI case, I listed it

below just for completeness.

�� E\WH>@ EXIE� LQW>@ EXIL� GRXEOH>@ EXIG�

�� LQW>@ DUUD\BVL]HV  ^�� ���� ���� ����� ����� ����� ����
�� ����
�� ����
�� ����
��� ����
��� ����
�� `�

�� WR VHQG E\WH DUUD\�

IRU � M  �� M � DUUD\BVL]HV�OHQJWK� M��� ^

EXIE  QHZ E\WH>DUUD\BVL]HV>M@@�

6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L� ^

VHUYHU�PHWKRG%�EXIE��

`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� ± VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��YRLG VHUYHU�PHWKRG%�E\WH>��DUUD\BVL]HV>M@��@�� ��HODSVH�� PVHF� �

���GRXEOH��DUUD\BVL]HV>M@��HODSVH� � � .%�VHF���

`

�� WR VHQG LQW DUUD\

IRU � M  �� M � DUUD\BVL]HV�OHQJWK� � M��� ^

EXIL  QHZ LQW>DUUD\BVL]HV>M@@�

6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L� ^

VHUYHU�PHWKRG,�EXIL��

`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� ± VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��YRLG VHUYHU�PHWKRG,�LQW>��DUUD\BVL]HV>M@��@�� ��HODSVH�� PVHF� �

���GRXEOH��DUUD\BVL]HV>M@
���HODSVH� � � .%�VHF���

`

�� WR VHQG GRXEOH DUUD\

IRU � M  �� M � DUUD\BVL]HV�OHQJWK� � M��� ^

EXIG  QHZ GRXEOH>DUUD\BVL]HV>M@@�

6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���
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IRU �L  LWHU� L ! �� ��L� ^

VHUYHU�PHWKRG'�EXIG��

`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� ± VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��YRLG VHUYHU�PHWKRG'�GRXEOH>��DUUD\BVL]HV>M@��@�� ��HODSVH�� PVHF� �

���GRXEOH��DUUD\BVL]HV>M@
���HODSVH� � � .%�VHF���

    }

Table 7-5: Numerical Array Transfer in HORB

Same Machine
• CPU: 200MHz
• RAM: 64 MB SDRAM
• OS: Windows 98
• Java Compiler: JDK 1.1.6
• Java VM: Sun Java VM with Symantec's JIT compiler turned on as default
Software: Java JDK 1.1.6, HORB 1.3b1

Time (msec) Throughput (MB/sec)Array
Size in KB byte int double byte int double

0 9.5 2.75 2.75 0.00 0.00 0.00

0.25 1.25 2.75 2.75 0.20 0.36 0.71

0.5 1.25 2.75 4.25 0.39 0.71 0.92

1 1.25 2.75 5.5 0.78 1.42 1.42

2 1.25 4.25 11 1.56 1.84 1.42

4 2.75 9.5 19 1.42 1.64 1.64

8 4 16.5 36 1.95 1.89 1.74

16 6.75 33 65.5 2.31 1.89 1.91

32 13.75 58 129 2.27 2.16 1.94

64 24.75 116 258 2.53 2.16 1.94

128 48 228 513.5 2.60 2.19 1.95

256 89.25 453 1027 2.80 2.21 1.95

Figure 7-2: Numerical Array Transfer in HORB on the same machine

Numerical Array Transfer using HORB 1.3b1 on a single 
machine

0.00
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double

byte 0.00 0.20 0.39 0.78 1.56 1.42 2.31 2.27 2.53 2.60 2.80

int 0.00 0.36 0.71 1.42 1.84 1.64 1.89 2.16 2.16 2.19 2.21

double 0.00 0.71 0.92 1.42 1.42 1.64 1.91 1.94 1.94 1.95 1.95

0 0.25 0.5 1 2 4 16 32 64 128 256
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The results show that:

- The transfer rate for "byte" and "int" increase with the array size, which reaches its

peak at the array size of 256 KB, at which it has a value of 2.80 MB/sec and 2.21

MB/sec respectively.

- The transfer rate of "double" array reaches becomes saturated at the array size of 128

KB, which has a value of 1.95 MB/sec.

- HORB's proxy and skeleton which perform the marshalling and unmarshalling job is

slightly better than Java RMI in this respect.

Table 7-6: Numerical Array Transfer in HORB on 2 NT machines

Two Windows NT Machines
• CPU: 2 Pentium 200MHz computers
• Network: 100Mbps and TCP/IP (100Base-T)
• RAM: 96 MB SDRAM
• OS: Windows NT SP3
• Java Compiler: JDK 1.1.6
• Java VM: Sun Java VM with Symantec's JIT compiler turned on as default
• Software: Java JDK 1.1.6, HORB 1.3b1

Time (msec) Throughput (MB/sec)Array
Size in KB byte int double byte int double

0 1.5 2 2.11 0.00 0.00 0.00
0.25 1.4 1.81 2.3 0.17 0.54 0.85
0.5 1.5 2.2 3.21 0.33 0.89 1.22
1 1.81 2.8 4.7 0.54 1.40 1.66
2 2 4.21 8.02 0.98 1.86 1.95
4 2.4 7.01 14.62 1.63 2.23 2.14
8 3.41 13.22 22.24 2.29 2.36 2.81
16 5.41 20.24 40.06 2.89 3.09 3.12
32 9.11 36.64 76.3 3.43 3.41 3.28
64 15.02 69.3 152.22 4.16 3.61 3.28

128 28.14 136.2 300.64 4.44 3.67 3.33
256 53.58 264 610.28 4.67 3.79 3.28
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Figure 7-3: Numerical Array Transfer in HORB on 2 NT machines

The result of the same test over an idle 100Base-T Ethernet shows that:

- The transfer rate increases with the array size, which reaches its peak at the array size

of 256 KB in the case of "byte" and "int", at which it has a value of 2.80 MB/sec and

2.21 MB/sec respectively.  In the case of "double" array, the peak transfer rate is 3.33

MB/sec at the array size of 128 KB.

- The transfer rate of "double" array reaches becomes saturated at the array size of 128

KB, which is the same for the case in a single machine operation.  However, the

throughput is about 2 times higher.

- Again, this confirms the superior of marshalling and unmarshalling process in

HORB's proxy and skeleton to Java RMI in this respect.

7.7 Garbage Collection

HORB objects (except HORB's Daemon Objects) are automatically deleted from the system once all of

the remote object references to the object are no longer used, this is done through the reference

counting mechanism.

In HORB, a new TCP/IP connection and a thread of the server object is created when a new remote

object reference is created.  However, it is possible to explicitly release a connection to a remote object

reference using  _release() method of proxy objects.

Numerica l Array Transfe r using HORB 1.3b1 on 2 NT machines
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8. Voyager

DOT: Voyager

Developed by: ObjectSpace.  Website: http://www.objectspace.com

Version tested: Voyager 2.0.0

Platforms used:

• Windows 98:

- CPU: 200 MHz Intel Pentium

- RAM: 64 MB SD RAM

• Windows NT 4.0 SP3 Workstation

- CPU: 200 MHz Intel Pentium

- RAM: 96 MB SD RAM

• Network:

- 100 Base-T Ethernet LAN

• Compiler:

- Sun's JDK 1.1.6 Java Compiler

• Java VM:

- Sun's JDK 1.1.6 with Symantec's JIT built in

Voyager is a 100% Java distributed computing platform that can be used to produce high-impact

distributed systems quickly.  Voyager was developed by ObjectSpace, a company that was founded

about 6 years ago with the charter of providing support for the development and deployment of

distributed object technology solutions.  On mid September 1998 this year, ObjectSpace released

Voyager 2.0.0.  According to ObjectSpace, there are currently about 10,000 companies worldwide

using Voyager.  Here are the main features that currently supports in Voyager 2.0.0:

• Remote-Enabling a Class.  Java classes are remote-enabled classes at runtime

• Dynamic Remote Object Construction.  A remote instance of any class can be created and a

proxy to the newly created object is obtained.  The proxy class is generated dynamically if it

doesn't exist.

• Dynamic Class Loading.   Classes can be dynamically loaded from one or more locations when

necessary.

• Remote Method Invocation.  Objects can be passed by value (copy) or by reference, which uses

the default standard Java serialization mechanism.

• Exception Handling.  If a remote exception occurs, it is caught at the remote site and rethrown

locally.

• Distributed Garbage Collection.   Reclaims objects that are no longer referred to by clients.
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• Dynamic Aggregation.  Adds secondary objects to a primary object at runtime.

• Mobile Agent.  Any Serializable objects can move between programs at runtime.

• Support CORBA.  There is full native support for IDL, IIOP, and bi-directional IDL and Java

translation.  No stub generators or helper classes are required.

• Activation.   The activation framework allows objects to be persisted to any kind of database and

automatically re-activated in the case that the program is restarted.

• Naming Service.  The naming service provides a single, simple interface that unifies the many

commercially available naming services.

• Multicast.   Message can be delivered to a distributed group of objects without requiring the sender

or receiver to be modified in any way.

• Publish-Subscribe.  Java event can be published to a distributed group of subscribers.

• Security.  Hooks can be used to install custom socket such as SSL (Secure Socket Layer)

For more information about Voyager, please visit the web site at:

http://www.objectspace.com/

8.1  Development Process

The figure below, I describe steps for developing a distributed object application for the test used in

this project.  In Voyager, it is possible to turn any classes to be used remotely by running Voyager's

igen utility on that particular although that class does not implement an appropriate interface.  For e.g.,

to generate the default interface for java.util.Vector, enter this command at the command line:

prompt> igen java.util.Vector

What is different in Voyager to most DOTs is that Voyager generates client code only.  There is no

server skeleton/stub on the server side.
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Figure 8-1: Distributed object development process in Voyager

1. Write a remote interface.  Define a Java interface for remote object.  Here's the code:

�� ,6HUYHU�MDYD

SDFNDJH '27%HQFKPDUN�YR\���

SXEOLF LQWHUIDFH ,6HUYHU ^
LQW PHWKRG$��LQW D���

LQW PHWKRG$��LQW D�� LQW D���
LQW PHWKRG$��LQW D�� LQW D�� LQW D���
LQW PHWKRG$��LQW D�� LQW D�� LQW D�� LQW D���

LQW PHWKRG$��LQW D�� LQW D�� LQW D�� LQW D�� LQW D���
LQW PHWKRG$��LQW D�� LQW D�� LQW D�� LQW D�� LQW D�� LQW D���

YRLG PHWKRG'$�'DWD>@ GDW��
YRLG PHWKRG,�LQW>@ LD��

YRLG PHWKRG'�GRXEOH>@ GD��
}

2. Write the Server code.  Here I write a server application to start up the voyager server.  We can

either startup the voyager server from the command line at a specific port or call it from a

standalone program.  For e.g., enter this command at the dos prompt will startup the voyager at the

port 8000
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prompt> voyager 8000

Here's the code for our Server.java used for our benchmark.  The server program will start up the

voyager server when it runs.

�� 6HUYHU�MDYD
SDFNDJH '27%HQFKPDUN�YR\���

LPSRUW FRP�REMHFWVSDFH�YR\DJHU�
�

LPSRUW MDYD�LR�
�

SXEOLF FODVV 6HUYHU LPSOHPHQWV ,6HUYHU ^

VWDWLF 6WULQJ VHUYHU1DPH�
VWDWLF ^

WU\ ^
VHUYHU1DPH  MDYD�QHW�,QHW$GGUHVV�JHW/RFDO+RVW���JHW+RVW1DPH���

` FDWFK �([FHSWLRQ H� ^
VHUYHU1DPH  �ORFDOKRVW��

`
6\VWHP�RXW�SULQWOQ��6HUYHU QDPH� ��VHUYHU1DPH��

`

SXEOLF 6HUYHU �� ^

VXSHU���
`

SXEOLF LQW PHWKRG$��LQW D�� ^ UHWXUQ D�� `

SXEOLF LQW PHWKRG$��LQW D�� LQW D�� ^ UHWXUQ D�� `
SXEOLF LQW PHWKRG$��LQW D�� LQW D�� LQW D�� ^ UHWXUQ D�� `

SXEOLF LQW PHWKRG$��LQW D�� LQW D�� LQW D�� LQW D�� ^ UHWXUQ D�� `
SXEOLF LQW PHWKRG$��LQW D�� LQW D�� LQW D�� LQW D�� LQW D�� ^ UHWXUQ D�� `

SXEOLF LQW PHWKRG$��LQW D�� LQW D�� LQW D�� LQW D�� LQW D�� LQW D�� ^ UHWXUQ D�� `
SXEOLF YRLG PHWKRG'$�'DWD>@ GDW� ^ `

SXEOLF YRLG PHWKRG%�E\WH>@ D� ^`
SXEOLF YRLG PHWKRG,�LQW>@ LD� ^`

SXEOLF YRLG PHWKRG'�GRXEOH>@ GD�^`

SXEOLF VWDWLF YRLG PDLQ�6WULQJ DUJY>@� WKURZV ([FHSWLRQ ^

9R\DJHU�VWDUWXS����� � VHUYHU1DPH � ���������

6WULQJ VHUYHUFODVV  6HUYHU�FODVV�JHW1DPH��� �� JHW WKH 6HUYHU FODVV QDPH
,6HUYHU VHUYHU  �,6HUYHU� )DFWRU\�FUHDWH�VHUYHUFODVV����� � VHUYHU1DPH � ���������

1DPHVSDFH�UHELQG��96HUYHU��VHUYHU��
6\VWHP�RXW�SULQWOQ��ELQG GRQH���

6\VWHP�RXW�SULQWOQ��6HUYHU LV OLVWHQLQJ DW � � VHUYHU1DPH � �������96HUYHU���
`

`

As we can see in our server code, it has a static method to locate our server host address, which

will be used later on to start up Voyager server services and to register our server with a name.  In

the static main method, we startup the Voyager services at the server host located previously.

9R\DJHU�VWDUWXS����� � VHUYHU1DPH � ��������� �� VWDUWXS 9R\DJHU VHUYHU DW SRUW ���� RI WKLV VHUYHU1DPH KRVW

Then we create a proxy for our Server object by using the voyager Factory.create method.  This is

the proxy to our local server object which will be used for remote object connection benchmark

later on.

Here we call our server object with a name of "Vserver".  To bind a name to our Server object,

Voyager provides a bind()/rebind() which is somewhat similar in the Java RMI to bind the name to
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objects for later lookup.  In our code, we bind our Server object to a name of "Vserver" as

described in the code of our static main method:

1DPHVSDFH�UHELQG��96HUYHU��VHUYHU��

3. Compile our Server code.  We then compile our Server.java using our favorite Java compiler.

prompt> javac -O Server.java

As usual, all the java code will be compiled with optimizer option turned on.

4. Write a Client code.  We write a client code for our test.  As a requirement in Voyager program,

Voyager service needs to be running before any services can be used.  This can be done by calling

Voyager.startup method with a null argument.

9R\DJHU�VWDUWXS��� �� VWDUWXS DV FOLHQW

5. Compile Client code.  Use Javac to compile our Client.java (with optimizer turned on)

6. Startup Server object.  Enter this command from the command line:

prompt>java DOTBenchmark.voy20.Server

(Note that our Server is under the DOTBenchmark.voy20 package statement)

7. Startup Client object.  Enter this command from the command line:

prompt> java DOTBenchmark.voy20.Client 100 serverhostname

For a complete Voyager's Client and Server program, please refer to the appendix.

8.2 Remote Object Connection

Voyager has its own lookup method just as we use the 1DPLQJ�ORRNXS in Java RMI.  To get a proxy

object of an existing remote object with a particular name on the server, we use 1DPHVSDFH�ORRNXS

method as is specified in the codes below:

9R\DJHU�VWDUWXS��� �� VWDUWXS DV FOLHQW

,6HUYHU VHUYHU  QXOO�
6\VWHP�RXW�SULQWOQ��ORRNLQJ XS������

VHUYHU  �,6HUYHU�1DPHVSDFH�ORRNXS������KRVW��������96HUYHU���
6\VWHP�RXW�SULQWOQ��GRQH���

Here, the client program tries to locate a proxy of the remote object named VServer at the port 8000 of

this particular host.  The code used for our benchmark in this case is:
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6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  �� L � LWHU� L��� ^

VHUYHU  �,6HUYHU�1DPHVSDFH�ORRNXS������KRVW��������96HUYHU���
`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��5HPRWH REMHFW FRQQHFW� 1DPHVSDFH�ORRNXS��� ��HODSVH��PVHF���

The table below shows the performance for remote object connection using Voyager 2.0.0 on a single

machine and on 2 NT machines.

Table 8-1: Remote Object Connection in Voyager

Remote Object Connection

Same Machine
• CPU: 200MHz
• RAM: 64 MB SDRAM
• OS: Windows 98
• Java Compiler: JDK 1.1.6
• Java VM: Sun Java VM with Symantec's JIT

compiler turned on as default
• Software: Voyager 2.0.0

Two Windows NT Machines
• CPU: 2 Pentium 200MHz computers
• Network: 100Mbps and TCP/IP (100Base-T)
• RAM: 96 MB SDRAM
• OS: Windows NT SP3
• Java Compiler: JDK 1.1.6
• Java VM: Sun Java VM with Symantec's JIT

compiler turned on as default
• Software: Voyager 2.0.0

12.60 msec 15.02 msec

The result shows that Voyager's lookup mechanism has very good performance.  Voyager's locating

remote object has better performance than Java RMI and HORB for the operation on the same machine

and better than HORB but a little worse than Java RMI for operation on 2 networked NT machines.

8.3 Remote Object Creation

Voyager uses its own method )DFWRU\�FUHDWH�� to create an remote object at a specified location.  This

method returns a proxy to the newly created object and creates the proxy class dynamically if it does

not already exist.  There are several variations of FUHDWH��� depending on whether the object is to be

created locally and whether the class's constructor takes arguments.  For further details on this method,

please refer to the Voyager Core Technology Guide 2.0.

Here's the code that we use for Remote Object Creation operation in Voyager.

�� 5HPRWH REMHFW FUHDWLRQ EHQFK
6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  �� L � LWHU� L��� ^

�� FUHDWH D UHPRWH 6HUYHU REMHFW
VHUYHUV>L@  �,6HUYHU� )DFWRU\�FUHDWH��'27%HQFKPDUN�YR\���6HUYHU�� �����KRVW�������� ��

`
WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
6\VWHP�RXW�SULQWOQ��FUHDWH VHUYHU��� ��HODSVH�� PVHF���
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The name of the class that we want to create must always be fully qualified, i.e.

DOTBenchmark.voy20.Server as above.  This argument can also be obtained using the code like this:

String serverclass = Server.class.getName();

So, when the object instance and its proxy are created, Voyager wraps the object in a Voyager

component which can be depicted as below:

Figure 8-2: Voyager component model

The value-added interfaces (in boldface) give programmers access to Voyager services to facilitate

distributed system developed in Voyager.

Voyager program also provides dynamic class loading.  A Voyager program attempts to load new

classes according to the following sequence:

1. Search the CLASSPATH

2. Search the installed resource loaders from highest priority to lowest priority.

By default, a Voyager program has a single pre-installed ProxyResourceLoader at priority level 5.  This

loader can dynamically generate and load a proxy class from its original class.

To enable a program to load resources from remote sources such as web server or a database, we can

use the resource loaders by calling:

VoyagerClassLoader.addResourceLoader();

For e.g. to enable class loading from a specific URL, add an URLResourceLoader constructed on an

URL as described below:

VoyagerClassLoader.addURLResource(http://localhost:9000/);

It is possible to make Voyager acts as a HTTP server class loader, which serve other programs to load

any resource that a program needs.  To enable HTTP in a Voyager program, invoke the command

ClassManager.enableResourceServer().  By default this feature is disabled for security reason.

object interface

IProxy

object interface

proxy
to the
server

Voyager
component
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object

IIdentity

IMobility

ILifecycle

IProperty

referes to
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Now, let's have a look on the performance of Voyager in creating a remote object.  The table below

shows the result of running the test on a machine and 2 NT machines.

Table 8-2: Remote Object Creation in Voyager

Remote Object Creation

Same Machine
• CPU: 200MHz
• RAM: 64 MB SDRAM
• OS: Windows 98
• Java Compiler: JDK 1.1.6
• Java VM: Sun Java VM with Symantec's JIT

compiler turned on as default
• Software: Voyager 2.0.0

Two Windows NT Machines
• CPU: 2 Pentium 200MHz computers
• Network: 100Mbps and TCP/IP (100Base-T)
• RAM: 96 MB SDRAM
• OS: Windows NT SP3
• Java Compiler: JDK 1.1.6
• Java VM: Sun Java VM with Symantec's JIT

compiler turned on as default
• Software: Voyager 2.0.0

6.60 msec 8.01 msec

The test shows that:

- Create a remote object in Voyager is very fast, in fact it is the fastest in comparing to

all other DOT package evaluated in this project.

- Although Voyager dynamically creates proxy and add value-added interfaces to an

instance of remote object on the remote machine, it does not slow down it object

creation process, i.e. its implementation in creating remote object is very efficient.

8.4 Remote Method Call

In this operation, we evaluate the performance of Remote Method Call with variable number of

arguments using Voyager.  When a Voyager proxy object receives a message from the client program,

it executes according to the following rules:

• If the destination object is in the same program, it message is treated as a normal local call, the

argument is not serialized or copied

• If the destination object is in a different program, the arguments and the return value is sent across

the network.  This can be sent in two different styles:

- If the argument of the method call implements FRP�REMHFWVSDFH�YR\DJHU�,5HPRWH or

MDYD�UPL�5HPRWH, the argument is pass by reference, i.e. a proxy to the argument is sent

- Otherwise, the argument is pass by value, i.e. a copy of the argument is sent using

standard Java Serialization mechanism.

If a remote method throws an exception, it is caught and re-thrown in the local program.  Voyager has

an exception handling policy that allows us to select between checked and unchecked exception.  If we



Test-bed for Distributed Object Technologies using Java                                        490.450 DT Project

Michael (Thuan-Duc) Ta                   65

want the checked exception, explicitly add "WKURZV MDYD�UPL�5HPRWH([FHSWLRQ" to every method in an

interface.

Here's the code that used for testing Remote Method Call with variable arguments with Voyager.  After

the proxy is created, the operation code is exactly the same as we used for Java RMI and HORB.  For a

complete version of Voyager's Client program, please refer to the appendix.

 �� QHZO\ FUHDWHG VHUYHU IRU QH[W EHQFK

,VHUYHU VHUYHU  �,6HUYHU� 1DPHVSDFH�ORRNXS������KRVW��������96HUYHU���

�� ORDG FODVV ILOHV H[SOLFLWO\

�� LJQRUH WKLV MXVW :$50 83

6\VWHP�JF���

IRU �L  LWHU� L ! �� ��L� ^

[  VHUYHU�PHWKRG$�������

`

�� UHPRWH PHWKRG EHQFKPDUN

�� RQH DUJXPHQW

6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L� ^

[  VHUYHU�PHWKRG$�������

`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��LQW VHUYHU�PHWKRG$��LQW D��� ��HODSVH�� PVHF���

�� WZR DUJXPHQWV

6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L� ^

[  VHUYHU�PHWKRG$������ �����

`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW�� ��HODSVH�� PVHF���

�� WKUHH DUJXPHQWV

6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L� ^

[  VHUYHU�PHWKRG$������ ���� �����

`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW� LQW�� ��HODSVH�� PVHF���
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�� IRXU DUJXPHQWV

6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L� ^

[  VHUYHU�PHWKRG$������ ���� ���� �����

`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW� LQW� LQW�� ��HODSVH�� PVHF���

�� ILYH DUJXPHQWV

6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L� ^

[  VHUYHU�PHWKRG$������ ���� ���� ���� �����

`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW� LQW� LQW� LQW�� ��HODSVH�� PVHF���

�� VL[ DUJXPHQWV

6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L� ^

[  VHUYHU�PHWKRG$������ ���� ���� ���� ���� �����

`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW� LQW� LQW� LQW� LQW�� ��HODSVH�� PVHF���

Table 8-3: Remote Method Call in Voyager

Remote Method Call with variable arguments

E
n

vi
ro

n
m

en
t

Same Machine
• CPU: 200MHz
• RAM: 64 MB SDRAM
• OS: Windows 98
• Java Compiler: JDK 1.1.6
• Java VM: Sun Java VM with

Symantec's JIT compiler turned on as
default

• Software: Voyager 2.0.0

( Unit time in msec)

Two Windows NT Machines
• CPU: 2 Pentium 200MHz computers
• Network: 100Mbps and TCP/IP

(100Base-T)
• RAM: 96 MB SDRAM
• OS: Windows NT SP3
• Java Compiler: JDK 1.1.6
• Java VM: Sun Java VM with

Symantec's JIT compiler turned on as
default

• Software: Voyager 2.0.0
( Unit time in msec)

Args 1 2 3 4 5 6 1 2 3 4 5 6

Voyager 2.0.0 1.6 1.6 1.7 1.7 1.7 2.2 1.5 1.6 1.7 2.1 1.7 1.7
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The result shows the average of 100 operations on a single machine and on two NT machines.  We can

see that the performance doesn't change much with the number of argument calls, except at the 6

arguments on local machine and at the 4 arguments on the 2 machine.  It is not clear why this is the

case, probably this is an outlier.  However, comparing to HORB and Java RMI in this operation,

Voyager shows better performance than Java RMI but it is slower than HORB.  We can see this at the

comparison section later on.

8.5 Object Data Transfer

As stated above, in Voyager, arguments of remote message are copied using the standard Java

Serialization mechanism before they are sent to a different program.  That means the rules applies to

transfer objects in Java RMI also applies to the transfer object in Voyager.  What is different here is

that Voyager adds more services to the object transfer, for e.g. the object transferred can be further

move to a new program, this is call object mobility.

The table below shows the performance of transferring array of Data which encapsulates a "int" field

on a single machine and on 2 networked machines.

Table 8-4: Transfer object by value in Voyager

Object Data Transfer with variable arguments

E
n

vi
ro

n
m

en
t

Same Machine
• CPU: 200MHz
• RAM: 64 MB SDRAM
• OS: Windows 98
• Java Compiler: JDK 1.1.6
• Java VM: Sun Java VM with Symantec's

JIT compiler turned on as default
• Software: Voyager 2.0.0

( Unit time in msec)

Two Windows NT Machines
• CPU: 2 Pentium 200MHz computers
• Network: 100Mbps and TCP/IP

(100Base-T)
• RAM: 96 MB SDRAM
• OS: Windows NT SP3
• Java Compiler: JDK 1.1.6
• Java VM: Sun Java VM with

Symantec's JIT compiler turned on as
default

• Software: Voyager 2.0.0
( Unit time in msec)

Number of
objects

1 10 20 30 40 50 1 10 20 30 40 50

Voyager
2.0.0

2.80 3.80 5.00 6.60 7.20 8.80 3.01 5.11 6.11 8.71 10.71 12.82

The test shows that:

- Obviously, the time increases with the array size of data transferred.

- Operations on a single machine are faster than operations on 2 networked machines.

This indicates that voyager provides a good marshalling and unmarshalling process,

the speed depends mostly on the network connection bandwidth.
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8.6 Numerical Array Transfer

Just as we did for previous DOTs in evaluating the numerical array transfer operation, we evaluate the

operations on a single machine as well as on two NT machines.  The table below shows the benchmark

for Voyager in this respect.

Table 8-5: Numerical Array Transfer in Voyager on the same machine

Same Machine
• CPU: 200MHz
• RAM: 64 MB SDRAM
• OS: Windows 98
• Java Compiler: JDK 1.1.6
• Java VM: Sun Java VM with Symantec's JIT compiler turned on as default
• Software: Java JDK 1.1.6, Voyager 2.0.0

Time (msec) Throughput (MB/sec)Array
Size in KB byte int double byte int double

0 2.7 3.3 2.7 0.00 0.00 0.00

0.25 2.2 3.3 5 0.11 0.30 0.39

0.5 3.3 4.4 7.7 0.15 0.44 0.51

1 3.3 7.2 12.1 0.30 0.54 0.65

2 4.4 12 22 0.44 0.65 0.71

4 6.6 21.5 44 0.59 0.73 0.71

8 10.4 38 82 0.75 0.82 0.76

16 19.2 71 154 0.81 0.88 0.81

32 34.6 149 307 0.90 0.84 0.81

64 67 297 604 0.93 0.84 0.83

128 130 588 1225 0.96 0.85 0.82

256 260 1153 2499 0.96 0.87 0.80

Figure 8-3: Numerical Array Transfer in Voyager on the same machine

The test shows that:

- byte array transfer reaches its peak at 0.96 MB/sec for the array size of 256 KB, int

array at 0.88 at array size 16 KB, double array at 0.82 at the array size 128 KB.

Numerical A rray Transfer us ing V oyager 2.0.0 (on s ingle machine)

0.00

0.50

1.00

1.50
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T
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ou
gh

pu
t (

M
B

/s
ec

)

by te

int

double

by te 0.00 0.11 0.15 0.44 0.59 0.75 0.81 0.90 0.96 0.96

int 0.00 0.30 0.44 0.65 0.73 0.82 0.88 0.84 0.85 0.87

double 0.00 0.39 0.51 0.71 0.71 0.76 0.81 0.81 0.82 0.80

0 0.25 0.5 2 4 8 16 32 128 256
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- Transferring numerical array has roughly the same peak throughput for byte, int and

double.

Table 8-6: Numerical Array Transfer in Voyager on 2 NT machines

Two Windows NT Machines
• CPU: 2 Pentium 200MHz computers
• Network: 100Mbps and TCP/IP (100Base-T)
• RAM: 96 MB SDRAM
• OS: Windows NT SP3
• Java Compiler: JDK 1.1.6
• Java VM: Sun Java VM with Symantec's JIT compiler turned on as default
• Software: Java JDK 1.1.6, Voyager 2.0.0
(Unit time in msec)

Time (msec) Throughput (MB/sec)Array
Size in KB byte int double byte int double

0 3.61 3.31 3.01 0.00 0.00 0.00
0.25 2.3 3.2 3.9 0.11 0.31 0.50
0.5 2.61 3.81 5.01 0.19 0.51 0.78
1 3.2 5.21 7.61 0.31 0.75 1.03
2 4.11 7.11 13 0.48 1.10 1.20
4 4.6 11.61 23.1 0.85 1.35 1.35
8 6.6 21.1 46 1.18 1.48 1.36

16 10.51 41 91.2 1.49 1.52 1.37
32 19.33 83.2 180.2 1.62 1.50 1.39
64 36.25 167.2 361.6 1.72 1.50 1.38
128 70.9 325.5 730 1.76 1.54 1.37
256 142.4 685 1469 1.76 1.46 1.36

Figure 8-4: Numerical Array Transfer in Voyager on 2 NT machines

The test shows that:

- Byte array transfer becomes saturated at the array size of 128 KB, at which it has a

throughput of 1.76 MB/sec, for int this saturation point occurs at the array size of 16

KB.

Numerical Array Transfer using Voyager (on 2 NT Machines)
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byte 0.00 0.11 0.19 0.31 0.48 0.85 1.18 1.49 1.62 1.72 1.76 1.76

int 0.00 0.31 0.51 0.75 1.10 1.35 1.48 1.52 1.50 1.50 1.54 1.46

double 0.00 0.50 0.78 1.03 1.20 1.35 1.36 1.37 1.39 1.38 1.37 1.36
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- Numerical array transfer throughput on 2 machines is nearly double the numerical

array transfer throughput on a single machine

- Numerical array transfer using Voyager is much slower than using Java RMI and

HORB in both cases, single machine and 2 networked machines.

8.7 Garbage Collection

Objects that are no longer referred by any local or remote references are garbage-collected by the

Voyager's distributed garbage collector.  Voyager uses "delta pinging" scheme to check the existence

of reference to remote objects.  Each program notes when references to remote objects are created and

destroyed.  Every cycle 2 minutes (default value), the program sends each referenced remote program a

single message containing a summary of the references to its objects that were added or removed since

the last distributed garbage collector cycle.  By tracking this information as it changes over time, each

program can tell when no remote references exist to an exported object.

Voyager supports both leased-based as in Java RMI garbage collection mechanism and time-based

garbage collection mechanism.  With the time-based mechanism, an object's life span can be defined

based on specific length of time or a particular point in time.  When the object life span is reached, it is

garbage-collected by the Voyager's garbage collector.  Time-based garbage collection is often used to

create roaming agents that automatically self-destruct after it reaches its life span (normally, a few

days).
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9. VisiBroker

DOT: Inprise's VisiBroker 3.3

Developed by: Inprise Corporation.  Website: http://www.inprise.com

Version tested: VisiBroker 3.3 for Java

Platforms used:

• Windows 98:

- CPU: 200 MHz Intel Pentium

- RAM: 64 MB SD RAM

• Windows NT 4.0 SP3 Workstation

- CPU: 200 MHz Intel Pentium

- RAM: 96 MB SD RAM

• Network:

- 100 Base-T Ethernet LAN

• Compiler:

- Sun's JDK 1.1.6 Java Compiler

• Java VM:

- Sun's JDK 1.1.6 with Symantec's JIT built in

VisiBroker is a complete CORBA 2.2 specification for developing distributed object-based application

and is now distributed by the Inprise Corporation.  VisiBroker of Java has several key features, the

following list shows the main features of VisiBroker for Java 3.3:

• Interface Repository.  An online database contains meta information about ORB object types.

• Dynamic Invocation Interface.  Client program can query object repository for an object

interface and request a operation on it.

• Dynamic Skeleton Interface.  Allows server to construct object on the fly to serve the client

operation request

• Smart Binding.  Client performs local method call for object which resides on the same process

with the client program, otherwise the client uses IIOP to make the call.

• Smart Agents.  Smart Agent can automatically reconnect a client program to an appropriate object

on the server if the server being used becomes unavailable due to communication failures.  It can

use VisiBroker's Object Activation Daemon to launch instance of server process on demand.

• Object Action Daemon.  OAD automatically activates a server when client program requests a

bind on a server object.

• Enhanced Thread and Connection Management.  Provides thread policy for object servers.

VisiBroker automatically selects the most efficient way to manage connections

between client applications and servers.
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• Location Service.  Working with the Smart Agents on a network, the Location

Service can see all the available instances of an object to which a client can bind.

The main use of this feature is load balancing.

• Object Request Debugger.  Incorporation with a Java GUI application to allow programmer to

trace the invocation from client to server

• Web naming.  Associates Uniform Resource Locators (URLs) with objects, allowing

an object reference to be obtained and an object to be contacted by specifying a

URL.

• Define interface without IDL.  VisiBroker’s java2iiop compiler to use the Java

language to define interfaces, instead of using IDL.

• Smart Stubs.  Provides capability of caching, load balancing, logging

• Interceptors.  Supports for interceptors is a powerful feature that exposes entry points in the ORB

communication between clients and servers. Interceptor code can be inserted at particular points in

the ORB message and request processing. Using interceptors, we can view communications

between clients and servers; and we can modify these communications if we wish, effectively

altering the behavior of the ORB.

• Communication Event Handlers.  The event handling mechanism notifies clients and object

implementations of system events and can be used to implement accounting, tracing, debugging,

logging, security and encryption facilities.
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9.1 Development Process
Figure 9-1: Distributed object application development in VisiBroker

The graph above shows the steps in development a distributed program in VisiBroker 3.3 for Java.

Let's go through each step one-by-one and see what's involved:

1. Define server interfaces using the Interface Definition Language.  Here's the 6HUYHU�LGO defined for

our benchmark program.

PRGXOH YEURNHU ^

LQWHUIDFH 6HUYHU ^

6HUYHU FUHDWH,QVWDQFH���

ORQJ PHWKRG$��LQ ORQJ D���

ORQJ PHWKRG$��LQ ORQJ D�� LQ ORQJ D���

ORQJ PHWKRG$��LQ ORQJ D�� LQ ORQJ D�� LQ ORQJ D���

Uses

Uses

1) Define the IDL
Definitions

Server Class

4) Write
Client Code

Client Class

Stub Skeleton

VisiBroker ORB

7) Start server
object

6) Start VisiBroker's
smart agent osagent

8) Start client
object

Client Server

5) javac
Compiler

2) Precompile
with idl2java

CLIENT

Skeleton

Example
Servant

3) Write
Server Code

VisiBroker ORB



Test-bed for Distributed Object Technologies using Java                                        490.450 DT Project

Michael (Thuan-Duc) Ta                   74

ORQJ PHWKRG$��LQ ORQJ D�� LQ ORQJ D�� LQ ORQJ D�� LQ ORQJ D���

ORQJ PHWKRG$��LQ ORQJ D�� LQ ORQJ D�� LQ ORQJ D�� LQ ORQJ D�� LQ ORQJ D���

ORQJ PHWKRG$��LQ ORQJ D�� LQ ORQJ D�� LQ ORQJ D�� LQ ORQJ D�� LQ ORQJ D�� LQ ORQJ D���

W\SHGHI VHTXHQFH�RFWHW! %\WH$UUD\�

W\SHGHI VHTXHQFH�ORQJ! ,QW$UUD\�

W\SHGHI VHTXHQFH�GRXEOH! 'RXEOH$UUD\�

YRLG PHWKRG%�LQ %\WH$UUD\ ED��

YRLG PHWKRG,�LQ ,QW$UUD\ LD��

YRLG PHWKRG'�LQ 'RXEOH$UUD\ GD��

`�

`�

The module statement is equivalent to Java package statement, it creates a scoped name that consists of

one or more identifiers.

2. Run the idl2java compiler.  Compiler the Server.idl using VisiBroker's idl2java compiler.  This

process produces client stubs for the IDL-define methods, server skeleton and an example class

that can be used to start with the implementation of our server.  To use idl2java compiler, type the

command at the dos prompt as follows:

prompt> idl2java Server.idl

3. Write the Server code.  We need to write the server implementation.  Here's the code for our

ServerImpl.java.  We use the _example_Server.java as the start place to write our ServerImpl.java.

(Please refer to appendix for the complete ServerImpl.java code that is used in our benchmark.)

�� 6HUYHU,PSO�MDYD

SDFNDJH '27%HQFKPDUN�YLVLEURNHU�

SXEOLF FODVV 6HUYHU,PSO H[WHQGV YEURNHU�B6HUYHU,PSO%DVH ^

�

 &RQVWUXFW D SHUVLVWHQWO\ QDPHG REMHFW� 
�

SXEOLF 6HUYHU,PSO�MDYD�ODQJ�6WULQJ QDPH� ^

VXSHU�QDPH��

`

�

 &RQVWUXFW D WUDQVLHQW REMHFW� 
�

SXEOLF 6HUYHU,PSO�� ^

VXSHU���

`

SXEOLF VWDWLF YRLG PDLQ�6WULQJ DUJY>@� ^

WU\ ^

�� LQLWLDOL]H WKH 25%

RUJ�RPJ�&25%$�25% RUE  RUJ�RPJ�&25%$�25%�LQLW���
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�� LQLWLDOL]H WKH %2$ �%DVLF 2EMHFW $GDSWHU�

RUJ�RPJ�&25%$�%2$ ERD  RUE�%2$BLQLW���

6WULQJ QDPH  �6HUYHU��

'27%HQFKPDUN�YLVLEURNHU�6HUYHU,PSO VHUYHU  QHZ

'27%HQFKPDUN�YLVLEURNHU�6HUYHU,PSO�QDPH��

WU\ ^

ERD�REMBLVBUHDG\�VHUYHU��

6\VWHP�RXW�SULQWOQ��6HUYHU,PSO LV UHDG\ DW� ��QDPH��

` FDWFK �([FHSWLRQ H� ^

H�SULQW6WDFN7UDFH���

6\VWHP�H[LW����

`

�� ZDLW IRU LQFRPLQJ UHTXHVWV

ERD�LPSOBLVBUHDG\���

`

FDWFK �([FHSWLRQ H� ^

H�SULQW6WDFN7UDFH���

`

`

SXEOLF YEURNHU�6HUYHU FUHDWH,QVWDQFH�� ^

6HUYHU,PSO REM  QXOO�

WU\ ^

REM  QHZ 6HUYHU,PSO���

UHWXUQ REM�

` FDWFK �([FHSWLRQ H� ^

H�SULQW6WDFN7UDFH���

`

UHWXUQ QXOO�

`

SXEOLF LQW PHWKRG$��LQW D�� ^

UHWXUQ ��

`

SXEOLF LQW PHWKRG$��LQW D��LQW D�� ^

UHWXUQ ��

`

SXEOLF LQW PHWKRG$��LQW D� LQW D�� LQW D�� ^

UHWXUQ ��

`

SXEOLF LQW PHWKRG$��LQW D�� LQW D�� LQW D�� LQW D�� ^

�� LPSOHPHQW RSHUDWLRQ���
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UHWXUQ ��

`

SXEOLF LQW PHWKRG$��LQW D��LQW D�� LQW D�� LQW D�� LQW D�� ^

UHWXUQ ��

`

SXEOLF LQW PHWKRG$��LQW D�� LQW D�� LQW D�� LQW D�� LQW D�� LQW D� � ^

UHWXUQ ��

`

SXEOLF YRLG PHWKRG%� E\WH>@ ED � ^

`

SXEOLF YRLG PHWKRG,�LQW>@ LD � ^

`

SXEOLF YRLG PHWKRG'�GRXEOH>@ GD � ^

�� LPSOHPHQW RSHUDWLRQ���

`

`

As we can see the bold statement above, the RUJ�RPJ�&25%$�25% method returns an object of type

RUJ�RPJ�&25%$�25%.  We can now initialize the BOA.  The %2$BLQLW method returns an object reference

for BOA.  We use this reference to register our 6HUYHU,PSO object with the BOA.  Finally, we tell the

BOA that our object is ready to serve the client request.

The %2$�REMBLVBUHDG\�� call is different from the standard.  With VisiBroker, the REMBLVBUHDG\�� call is used

to register individual object implementations on the server.

4. Write the Client code.  The Client.java implementation basically will call the methods defined in

our Server.idl that has been implemented by the ServerImpl.java.  Our client code has most of the

code that we have seen in the previous DOT packages.  Here's the code that we need to discuss a

little bit about it.

// Initialize the ORB.

  org.omg.CORBA.ORB orb = org.omg.CORBA.ORB.init(argv,null);

This method returns an object of type RUJ�RPJ�&25%$�25%.  It provides a way to pass in the

main program's command line arguments, which let us set certain ORB-related properties at

run time.

5. Compile all the code.  This step involves using Java compiler to compile all the codes, these

include our 6HUYHU,PS�MDYD, &OLHQW�MDYD and its related source files.

6. Start the VisiBroker's OSAgent.  The VisiBroker Smart Agent will provide a service to locate

instances of server objects.  Enter this command at the dos command prompt to run VisiBroker

Smart Agent
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prompt>osagent

Make sure the system's path can reach the VisiBroker's vbroker\bin folder

7. Start the Server.  Start up our Server object using Java VM on the server machine.

prompt>java DOTBenchmark.visibroker.ServerImpl

Note that our ServerImpl is in the package DOTBenchmark.visibroker

8. Start the Client.  Start up our Client object using Java VM on the client machine.  Enter the

command below at the dos prompt

prompt>java DOTBenchmark.visibroker.Client 100 servername

Note that our Client is also defined in the package DOTBenchmark.visibroker.  The number

100 defines the number of iterations and servername is the machine name that the server runs

on.

9.2 Remote Object Connection

When creating an object, server must specify an object name if the object is to be made available to the

client application through the osagent.  When the server call the method %2$�ERDBLVBUHDG\, the object

interface name will only be registered with the VisiBroker osagent if the object is named.  If an object

name is not specified when bind is called, the VisiBroker osagent will return any suitable object with

the specified interface.

Remote object connection benchmark measures how fast the client can locate the server object.  To

locate object implementations, VisiBroker uses its own Location Service mechanism, which is a

specialized daemon program (osagent or Smart Agent as it is named).  The Location Service can be

used to query all available instances of an object based on the interface repository ID or with named

object.

In this benchmark, our client program uses the bind method of the 6HUYHU+HOSHU class to connect to the

server object named "Server".  The bind methods require that an org.omg.CORBA.ORB object be

supplied as the first parameter.  Here's part of the code for this benchmark.

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L� ^

YEURNHU�6HUYHU VHUYHU  YEURNHU�6HUYHU+HOSHU�ELQG�RUE� �6HUYHU���

`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
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6\VWHP�RXW�SULQWOQ��ELQG WR VHUYHU��� ��HODSVH�� PVHF���

The table below shows VisiBroker Remote Object Connection benchmark on a single machine as well

as on 2 networked machines.  The result is an average of 100 iteration call "bind" method by the client

program.

Table 9-1: Remote Object Connection in VisiBroker

Remote Object Connection

Same Machine
• CPU: 200MHz
• RAM: 64 MB SDRAM
• OS: Windows 98
• Java Compiler: JDK 1.1.6
• Java VM: Sun Java VM with Symantec's JIT

compiler turned on as default
• Software: VisiBroker 3.3 for Java

Two Windows NT Machines
• CPU: 2 Pentium 200MHz computers
• Network: 100Mbps and TCP/IP (100Base-T)
• RAM: 96 MB SDRAM
• OS: Windows NT SP3
• Java Compiler: JDK 1.1.6
• Java VM: Sun Java VM with Symantec's JIT

compiler turned on as default
• Software: VisiBroker 3.3 for Java

12.10 msec 11.11 msec

The test shows that client can locate the server object with a reasonable fast operation.  In fact, it is the

second fastest among DOT packages we have tested in this project so far.

9.3 Remote Object Creation

VisiBroker does not provide instantiating an object implementation from outside of the server address

space.  In order to perform this operation, we need to follow these steps:

1. create a new object, we can pass it a name ( H�J� 6HUYHU,PSO REM  QHZ 6HUYHU,PSO��VHUYHU�"));

2. return the newly created object (H�J� UHWXUQ REM)

These steps are implemented in the method FUHDWH,QVWDQFH�� in the 6HUYHU,PSO�MDYD.  After the client

program obtains the object reference to the remote server object, it uses this to invoke the method

FUHDWH,QVWDQFH�� to create a remote server object.  Here is the code to measure this benchmark:

�� ,Q WKH 6HUYHU,PSO�MDYD

SXEOLF YEURNHU�6HUYHU FUHDWH,QVWDQFH�� ^

6HUYHU,PSO REM  QXOO�

WU\ ^

REM  QHZ 6HUYHU,PSO���

UHWXUQ REM�

` FDWFK �([FHSWLRQ H� ^

H�SULQW6WDFN7UDFH���

`

UHWXUQ QXOO�

`
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�� ,Q WKH &OLHQW�MDYD

YEURNHU�6HUYHU VHUYHU�  QXOO�

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L� ^

YEURNHU�6HUYHU VHUYHU  YEURNHU�6HUYHU+HOSHU�ELQG�RUE� �6HUYHU���

VHUYHU�  VHUYHU�FUHDWH,QVWDQFH���

`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��REMHFW FUHDWLRQ� ��HODSVH�� PVHF���

Table below shows the Remote Object Creation test using VisiBroker 3.3 for Java.  The result on 2-

networked machine is much faster than the result on a single machine.  These results show of speed

penalty for using the object creation simulation.

Table 9-2: Remote Object Creation in VisiBroker

Remote Object Creation

Same Machine
• CPU: 200MHz
• RAM: 64 MB SDRAM
• OS: Windows 98
• Java Compiler: JDK 1.1.6
• Java VM: Sun Java VM with Symantec's JIT

compiler turned on as default
• Software: VisiBroker 3.3 for Java

Two Windows NT Machines
• CPU: 2 Pentium 200MHz computers
• Network: 100Mbps and TCP/IP (100Base-T)
• RAM: 96 MB SDRAM
• OS: Windows NT SP3
• Java Compiler: JDK 1.1.6
• Java VM: Sun Java VM with Symantec's JIT

compiler turned on as default
• Software: VisiBroker 3.3 for Java

15.90 msec 10.41 msec

9.4 Remote Method Call

The code for Remote Method Call benchmark is the same as we used to test this operation for previous

DOT packages.  First of all the client obtained the server object reference, then it uses this reference to

make method call.  I listed the code here just for completeness.

�� SUHSDUH VHUYHU IRU QH[W EHQFKPDUN WHVWV

YEURNHU�6HUYHU VHUYHU  YEURNHU�6HUYHU+HOSHU�ELQG�RUE� �6HUYHU���

�� ORDG FODVV ILOHV H[SOLFLWO\

�� LJQRUH WKLV MXVW :$50 83

6\VWHP�JF���

IRU �L  LWHU� L ! �� ��L� ^

[  VHUYHU�PHWKRG$�������

`

�� UHPRWH PHWKRG EHQFKPDUN

�� RQH DUJXPHQW
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6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L� ^

[  VHUYHU�PHWKRG$�������

`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��LQW VHUYHU�PHWKRG$��LQW D��� ��HODSVH�� PVHF���

�� WZR DUJXPHQWV

6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L� ^

[  VHUYHU�PHWKRG$������ �����

`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW�� ��HODSVH�� PVHF���

�� WKUHH DUJXPHQWV

6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L� ^

[  VHUYHU�PHWKRG$������ ���� �����

`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW� LQW�� ��HODSVH�� PVHF���

�� IRXU DUJXPHQWV

6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L� ^

[  VHUYHU�PHWKRG$������ ���� ���� �����

`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW� LQW� LQW�� ��HODSVH�� PVHF���

�� ILYH DUJXPHQWV

6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L� ^

[  VHUYHU�PHWKRG$������ ���� ���� ���� �����

`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW� LQW� LQW� LQW�� ��HODSVH�� PVHF���
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�� VL[ DUJXPHQWV

6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L� ^

[  VHUYHU�PHWKRG$������ ���� ���� ���� ���� �����

`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW� LQW� LQW� LQW� LQW�� ��HODSVH�� PVHF���

Table 9-3: Remote Method Call in VisiBroker

Remote Method Call with variable arguments

E
n

vi
ro

n
m

en
t

Same Machine
• CPU: 200MHz
• RAM: 64 MB SDRAM
• OS: Windows 98
• Java Compiler: JDK 1.1.6
• Java VM: Sun Java VM with

Symantec's JIT compiler turned on as
default

• Software: VisiBroker 3.3 for Java

( Unit time in msec)

Two Windows NT Machines
• CPU: 2 Pentium 200MHz computers
• Network: 100Mbps and TCP/IP

(100Base-T)
• RAM: 96 MB SDRAM
• OS: Windows NT SP3
• Java Compiler: JDK 1.1.6
• Java VM: Sun Java VM with

Symantec's JIT compiler turned on as
default

• Software: VisiBroker 3.3 for Java
( Unit time in msec)

Args 1 2 3 4 5 6 1 2 3 4 5 6

VisiBroker 3.3
for Java

2.2 2.7 2.8 2.7 2.8 2.7 1.7 1.7 1.7 1.7 1.7 1.8

The results of the Remote Method Call with variable arguments benchmark shows that there is no

significant difference between (small) number of argument call.  It suggests that the marshalling,

unmarshalling and the transport handling mechanism by VisiBroker's Stub and Skeleton is efficient.  It

is as fast as Remote Method Call in RMI and Voyager.

9.5 Object Data Transfer

All the previous DOT we have seen so far allow us to pass objects by value, i.e. the actual state of the

object is copied or returned in a method call, Java program can invoke methods on the cloned object

that has the same state as the original object.  This is done with the help of object serialization process,

which turns object into an array stream of byte.  In contrast, CORBA only supports pass-by-value for

non-object types, such as all the primitive data type.

CORBA copies the values of "in" parameters from the client to the server and "out" parameters from

the server to the client or "inout" parameters in both directions during the invocation and reply of a
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method.  However, CORBA only passes an object's reference; it does not copy the state of the object,

this means that if an object which inherits methods from its ancestor is passed across client and server

process, then those methods can't be used after object is received because information of how we

implemented it couldn't be found.  In essence, passing a subtype object could result in receiving an

unknown object.

CORBA assumes that all objects are remote, i.e. they can be accessed via their reference, and so

passing an object reference in a call is sufficient.  If we create remote applications starting from

CORBA IDL, we won't have any problems because IDL won't let us pass objects by value.  To pass an

object, we have to make it a remote object.

However, VisiBroker for Java provides passing object by value using a non-standard extension of

IIOP; it is the basis for new OMG standard, but with some modifications.  VisiBroker pass objects by

value by using its own data type called "extensible structs", which are upwardly compatible extensions

of CORBA structs.  When we use extensible structs, objects are passed by value.

We can use extensible structs to pass objects by value with all CORBA language mapping, not just

only Java.  In theory, we could pass an object's state across languages such as C++, Smalltalk, OO-

COBOL and Java.  The use of extensible structs is a VisiBroker extension to the OMG IDL with an

additional keyword "extensible".  Because it is an non standard feature, we can't use our code to other

ORBs vendor.  Extensible structs allow us to uses classes that can be defined in Java but cannot be

defined in IDL because of CORBA limitations.

VisiBroker uses Java serialization to pass classes in the form of extensible structs.  Extensible structs is

simply a way to flatten the state of an object and all its parent objects that can be passed on-the-wire

using any IIOP ORB.  Here is the main functions added by the extensible structs to an ordinary

CORBA struct:

• supports for arbitrary recursive definitions that let us pass graphs of objects

• supports nested encoding

• supports an outer encoding that can represent the extensible struct as an opaque sequence of octets-

this makes the struct transportable on IIOP ORBs that are not struct-aware.

The figure below shows the steps required building an application that performs object passing by

value.  Let's go through these steps one-by-one and see what's involved:
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Figure 9-2: Caffein application development in VisiBroker

1. Define a remote interface.  The server object declares its service via a remote Java interface.  It

does this by extending RUJ�RPJ�&25%$�2EMHFW.  Here's the code for our benchmark purpose.

SDFNDJH '27%HQFKPDUN�YLVLEURNHU�

�� 6HUYHU27�MDYD

SXEOLF LQWHUIDFH 6HUYHU27 H[WHQGV RUJ�RPJ�&25%$�2EMHFW ^
SXEOLF YRLG PHWKRG'$�'DWD27>@ GDWD��

`

2. Compile the interface.  We must compile this remote interface using javac compiler.

1) Define java interface

Uses

Uses

Server Class

5) Write
Client Code

Client Class

Stub Skeleton

VisiBroker ORB

8) Start server
object

7) Start VisiBroker's
smart agent osagent

9) Start client
object

Client Server

6) javac
Compiler

3)Compile with
VisiBroker jav2iiop

Client
Stub

Skeleton

Example
Servant

4) Write
Server Code

VisiBroker ORB

interface class

2) javac
Compiler
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SURPSW!MDYDF ±2 6HUYHU27�MDYD

3. Create IIOP client stubs and server skeletons.  Run the java2iiop compiler against the class files to

generate client stubs and server skeletons for our remote classes.

prompt> java2iiop ServerOT

4. Write Server code.   Here's the code for our 6HUYHU27,PSO�MDYD

SDFNDJH '27%HQFKPDUN�YLVLEURNHU�

SXEOLF FODVV 6HUYHU27,PSO H[WHQGV ^

�

 &RQVWUXFW D WUDQVLHQW REMHFW� 
�
SXEOLF 6HUYHU27,PSO�� ^

VXSHU���
`

SXEOLF VWDWLF YRLG PDLQ�6WULQJ DUJY>@� ^

WU\ ^
�� LQLWLDOL]H WKH 25%

RUJ�RPJ�&25%$�25% RUE  RUJ�RPJ�&25%$�25%�LQLW���

�� LQLWLDOL]H WKH %2$ �%DVLF 2EMHFW $GDSWHU�
RUJ�RPJ�&25%$�%2$ ERD  RUE�%2$BLQLW���

6WULQJ KRVW  QXOO� QDPH  QXOO�

QDPH  �6HUYHU��

BH[DPSOHB6HUYHU27 VHUYHU  QHZ BH[DPSOHB6HUYHU27�QDPH��
6\VWHP�RXW�SULQWOQ��VHUYHU ZDV PDGH� ��VHUYHU��

WU\ ^
ERD�REMBLVBUHDG\�VHUYHU��

6\VWHP�RXW�SULQWOQ��6HUYHU,PSO LV UHDG\ DW� ��QDPH��
` FDWFK �([FHSWLRQ H� ^

H�SULQW6WDFN7UDFH���
6\VWHP�H[LW����

`
�� ZDLW IRU LQFRPLQJ UHTXHVWV

ERD�LPSOBLVBUHDG\���
`

FDWFK �([FHSWLRQ H� ^
H�SULQW6WDFN7UDFH���

`

`

`

5. Write the client code.  The client code is just an ordinary Java code, it use a Naming Service to

locate a remote object, it then invokes its method via a stub that serves as a proxy for the remote

object.  Here's the code for our ClientOT.java

�� &OLHQW27�MDYD

SDFNDJH '27%HQFKPDUN�YLVLEURNHU�

LPSRUW MDYD�LR�
�

LPSRUW MDYD�XWLO�
�

FODVV &OLHQW27 ^

SXEOLF VWDWLF YRLG PDLQ�6WULQJ DUJY>@� ^

LQW LWHU  ����

LQW L� [�

ORQJ VWDUW� WLPH�

GRXEOH HODSVH�
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�� VHTXHQFHBRIB'DWD+ROGHU GDWD  QHZ VHTXHQFHBRIB'DWD+ROGHU���

6WULQJ KRVW  ������������

6WULQJ KRVW��

LI �DUJY�OHQJWK   �� ^

LWHU  ,QWHJHU�SDUVH,QW�DUJY>�@��

KRVW  DUJY>�@�

` HOVH LI �DUJY�OHQJWK   �� ^

LWHU  ,QWHJHU�SDUVH,QW�DUJY>�@��

` HOVH ^

6\VWHP�HUU�SULQWOQ��MDYD KRUE�H[DPSOHV�EHQFK�&DIIHLQH�&OLHQW >LWHUDWLRQ@���

6\VWHP�H[LW����

`

�� 2EMHFW VHQG LQ DUUD\ ZLWKRXW FDVW EHQFKPDUN

RUJ�RPJ�&25%$�25% RUE  RUJ�RPJ�&25%$�25%�LQLW�DUJY�QXOO��

�� 2EMHFW VHQG EHQFKPDUN

'27%HQFKPDUN�YLVLEURNHU�6HUYHU27 VHUYHU  '27%HQFKPDUN�YLVLEURNHU�6HUYHU27+HOSHU�ELQG�RUE� �6HUYHU���

LQW>@ VL]HV  ^�� ��� ��� ��� ��� ��`�

IRU �LQW V  �� V � �� V��� ^

'27%HQFKPDUN�YLVLEURNHU�'DWD27>@ GDWD  QHZ '27%HQFKPDUN�YLVLEURNHU�'DWD27>VL]HV>V@@�

6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L�

VHUYHU�PHWKRG'$�GDWD��

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��YRLG VHUYHU�PHWKRG'$�'DWD>��VL]HV>V@��@�� �� HODSVH�� PVHF���

`

`

`

6. Compile all the codes.  We need to compile 6HUYHU27,PSO�MDYD and &OLHQW27�MDYD

7. Start the VisiBroker's Naming Service.  Run the Osagent on the server machine

prompt>osagent

8. Start the server object.  Run ServerOTImpl using Java VM on the server machine

prompt>java ServerOTImpl

9. Start the client object.  Run ClientOT using Java VM on the client machine.

prompt>java ClientOT 100 serverlocation

As usual, we specify the location that the server is running on and the iteration for the test is 100.
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Table 9-4: Transfer object by value using MDYD�LLRS in VisiBroker

Object Data Transfer with variable arguments
E

n
vi

ro
n

m
en

t

Same Machine
• CPU: 200MHz
• RAM: 64 MB SDRAM
• OS: Windows 98
• Java Compiler: JDK 1.1.6
• Java VM: Sun Java VM with Symantec's

JIT compiler turned on as default
• Software: VisiBroker 3.3 for Java

( Unit time in msec)

Two Windows NT Machines
• CPU: 2 Pentium 200MHz computers
• Network: 100Mbps and TCP/IP

(100Base-T)
• RAM: 96 MB SDRAM
• OS: Windows NT SP3
• Java Compiler: JDK 1.1.6
• Java VM: Sun Java VM with

Symantec's JIT compiler turned on as
default

• Software: VisiBroker 3.3 for Java
( Unit time in msec)

Number of
objects

1 10 20 30 40 50 1 10 20 30 40 50

VisiBroker
3.3 for Java

7.2 4.4 6.6 7.7 9.9 11 7.42 4.21 5.9 8.52 10.41 12.52

The table above shows the test of object data transfer using VisiBroker's java2iiop.   The result shows

that:

- Time to pass an array of object (the basic Data as defined for previous DOTs)

depends mostly on the length of data.

- Encapsulating a field into object adds more overheads for the process of marshalling

and unmarshalling.  Hence, when passing array of object, the invocation time mostly

depends on the number of array.

- Performance on single machine is faster than performance over 2 networked

machines, this hold for any number of array lengths.
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9.6 Numerical Array Transfer

This benchmark tests the speed of transferring the array of primitive data using VisiBroker.  The array

length is determined at runtime.  Operations were evaluated on a single machine and on 2 networked

machines.

Table 9-5: Numerical Array Transfer in VisiBroker on the same machine

Same Machine
• CPU: 200MHz
• RAM: 64 MB SDRAM
• OS: Windows 98
• Java Compiler: JDK 1.1.6
• Java VM: Sun Java VM with Symantec's JIT compiler turned on as default
Software: Java JDK 1.1.6, VisiBroker for Java 3.3

(Unit time in msec)
Time (msec) Throughput (MB/sec)Array

Size in KB byte int double byte int double
0 3.3 2.8 2.8 0.00 0.00 0.00

0.25 3.3 3.3 3.8 0.07 0.30 0.51

0.5 2.7 3.9 5.5 0.18 0.50 0.71

1 3.3 6 7.7 0.30 0.65 1.01

2 3.3 9.4 11 0.59 0.83 1.42

4 4.3 15.3 27 0.91 1.02 1.16

8 6.1 28 50 1.28 1.12 1.25

16 10.5 55 99 1.49 1.14 1.26

32 17 110 192 1.84 1.14 1.30

64 32.4 236 379 1.93 1.06 1.32

128 65.9 423 797 1.90 1.18 1.25

256 125 808 1675 2.00 1.24 1.19

Figure 9-3: Numerical Array Transfer in VisiBroker on the same machine

Numerical Array Transfer using VisiBroker 3.3 (single machine)

0.00

1.00

2.00

3.00

Array size

T
hr

ou
gh

pu
t (

M
B
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ec

)

byte

int

double

byte 0.00 0.07 0.18 0.30 0.59 0.91 1.28 1.49 1.84 1.93 1.90 2.00

int 0.00 0.30 0.50 0.65 0.83 1.02 1.12 1.14 1.14 1.06 1.18 1.24

double 0.00 0.51 0.71 1.01 1.42 1.16 1.25 1.26 1.30 1.32 1.25 1.19

0 0.25 0.5 1 2 4 8 16 32 64 128 256
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The test shows that:

- Transferring array of byte and int has throughput increases with the array size, which

reaches its peak at about 2 MB/sec at the array size of 256 KB for transferring array

of byte and 1.24 MB/sec at the array size of 128 KB for transferring array of int

- Transferring array of double becomes saturated at 1.42 MB/sec at the array size of 2

KB

- Transferring longer array with byte and int is better than transferring longer array

with double.

Table 9-6: Numerical Array Transfer in VisiBroker on 2 NT machines

Two Windows NT Machines
• CPU: 2 Pentium 200MHz computers
• Network: 100Mbps and TCP/IP (100Base-T)
• RAM: 96 MB SDRAM
• OS: Windows NT SP3
• Java Compiler: JDK 1.1.6
• Java VM: Sun Java VM with Symantec's JIT compiler turned on as default
• Software: Java JDK 1.1.6, VisiBroker for Java 3.3
(Unit time in msec)

Time (msec) Throughput (MB/sec)Array
Size in KB byte int double byte int double

0 1.7 1.8 2.1 0.00 0.00 0.00
0.25 1.81 2.21 2.91 0.13 0.44 0.67
0.5 1.8 2.8 4.7 0.27 0.70 0.83
1 2 5.11 7.21 0.49 0.76 1.08
2 2.21 8.11 13.1 0.88 0.96 1.19
4 3.4 14.22 23 1.15 1.10 1.36
8 5.01 31.1 45.1 1.56 1.00 1.39
16 7.21 52.1 85.1 2.17 1.20 1.47
32 12.32 107.1 173.3 2.54 1.17 1.44
64 21.83 189.3 363.5 2.86 1.32 1.38

128 41.16 354.5 735.1 3.04 1.41 1.36
256 88.73 730.1 1499 2.82 1.37 1.33
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Figure 9-4: Numerical Array Transfer in VisiBroker on 2 NT machines

The result on 2 networked machines indicates that:

- Throughput for transferring array of byte reaches its peak at 3.04 MB/sec at the array

size of 128 KB, for int 1.37 MB/sec at 256 KB and double 1.47 MB/sec at 16 KB

- Throughput of transferring array of byte is much higher than int and double starting

from the array size of 8 KB.

- Throughput of transferring array of primitive data on 2 machines is much higher

throughput on a single machine

9.7 Garbage Collection

VisiBroker does not support built-in distributed garbage collection.  It relies on the client and server

machine VM in doing the garbage collection.  However, I heard that many other companies who are

using the product have used interceptors in conjunction with various models (e.g. reference counting,

pinging, etc) to come up with their own distributed garbage collection.

Numerical Array Transfer using VisiBroker 3.3 (2 machines)
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byte 0.00 0.13 0.27 0.49 0.88 1.15 1.56 2.17 2.54 2.86 3.04 2.82

int 0.00 0.44 0.70 0.76 0.96 1.10 1.00 1.20 1.17 1.32 1.41 1.37

double 0.00 0.67 0.83 1.08 1.19 1.36 1.39 1.47 1.44 1.38 1.36 1.33
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10. Iona OrbixWeb

DOT: Iona's OrbixWeb for Java

Developed by: Inprise.  Website: http://www.iona.com

Version tested: OrbixWeb 3.0

Platforms used:

• Windows 98:

- CPU: 200 MHz Intel Pentium

- RAM: 64 MB SD RAM

• Windows NT 4.0 SP3 Workstation

- CPU: 200 MHz Intel Pentium

- RAM: 96 MB SD RAM

• Network:

- 100 Base-T Ethernet LAN

• Compiler:

- Sun's JDK 1.1.6 Java Compiler

• Java VM:

- Sun's JDK 1.1.6 with Symantec's JIT built in

IONA Technologies is the world’s leading provider of CORBA technology. The Orbix product was

launched in June 1993 as the first full and complete implementation of the CORBA standard and is the

market-leading implementation of the CORBA standard. With Orbix, programmers can develop

distributed, object-oriented C++ applications following a consistent and straightforward, standards-

based model. IONA also provides CORBA technology for the Ada 95 and Smalltalk languages.

OrbixWeb 3 is a fully OMG's CORBA 2.0 -compliant client/server development and runtime

environment for Java.  Therefore, it can be used in conjunction with stub and skeleton code generated

by third party Java ORBs which comply with the OMG mapping specification.
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10.1 Development process

Just as we did in developing distributed applications in CORBA, the first step to developing OrbixWeb

Application is to define an IDL interface, then compiler the IDL file to generate stub and skeleton code

so that client and server can communicate through the CORBA bus.  The figure below shows the steps

required in developing the benchmark test for OrbixWeb.  Let's go through step-by-step to see what's

involved:

Figure 10-1: Distributed object application development in OrbixWeb

1) Define the
Server.idl

Uses

Implements

Server Class

4) Write
Client Code

Client Class

Stub Skeleton

Iona ORB

8) Start server
object

7) Register Server
Implementation9) Start client

object

Client Server

5) javac
Compiler

2)Compile with Iona
idl compiler

_ServerStub
_ServerSkeleton

_ServerOperation
3) Write
Server Code

Iona ORB

6) Start orbixdj
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1.  Define server interfaces using the Interface Definition Language.  Here's the 6HUYHU�LGO defined

for our benchmark program.

LQWHUIDFH 6HUYHU ^

6HUYHU FUHDWH,QVWDQFH���

RQJ PHWKRG$��LQ ORQJ D���

ORQJ PHWKRG$��LQ ORQJ D�� LQ ORQJ D���

ORQJ PHWKRG$��LQ ORQJ D�� LQ ORQJ D�� LQ ORQJ D���

ORQJ PHWKRG$��LQ ORQJ D�� LQ ORQJ D�� LQ ORQJ D�� LQ ORQJ D���

ORQJ PHWKRG$��LQ ORQJ D�� LQ ORQJ D�� LQ ORQJ D�� LQ ORQJ D�� LQ ORQJ D���

ORQJ PHWKRG$��LQ ORQJ D�� LQ ORQJ D�� LQ ORQJ D�� LQ ORQJ D�� LQ ORQJ D�� LQ ORQJ D���

W\SHGHI VHTXHQFH�RFWHW! %\WH$UUD\�

W\SHGHI VHTXHQFH�ORQJ! ,QW$UUD\�

W\SHGHI VHTXHQFH�GRXEOH! 'RXEOH$UUD\�

YRLG PHWKRG%�LQ %\WH$UUD\ ED��

YRLG PHWKRG,�LQ ,QW$UUD\ LD��

YRLG PHWKRG'�LQ 'RXEOH$UUD\ GD��

`�

As we can see, this Server.idl file is exactly the same as we defined in VisiBroker benchmark.

1. Run the Iona's idl compiler.  Compiler the Server.idl using Iona's idl compiler.  This process

produces client stubs for the IDL-define methods, server skeleton and a couple of helper classes.

To run idl compiler, type the command at the dos prompt as follows:

prompt> idl Server.idl

2. Write the Server code.  We need to write the server implementation.  Here's the code for our

6HUYHU,PSO�MDYD.  We use the BH[DPSOHB6HUYHU�MDYD as the start place to write our 6HUYHU,PSO�MDYD.

(Please refer to appendix for the complete 6HUYHU,PSO�MDYD code that is used in our benchmark.)

SDFNDJH '27%HQFKPDUN�RUEL[�

LPSRUW ,(�,RQD�2UEL[:HE�B2UEL[:HE�

LPSRUW ,(�,RQD�2UEL[:HE�)HDWXUHV�&RQILJ�

LPSRUW RUJ�RPJ�&25%$�25%�

LPSRUW 6HUYHU3DFNDJH�
�

LPSRUW ,(�,RQD�2UEL[:HE�B&25%$�

LPSRUW RUJ�RPJ�&25%$�6\VWHP([FHSWLRQ�

SXEOLF FODVV 6HUYHU,PSO LPSOHPHQWV B6HUYHU2SHUDWLRQV ^

SXEOLF VWDWLF YRLG PDLQ�6WULQJ DUJY>@� WKURZV ([FHSWLRQ ^

25%�LQLW���

6WULQJ KRVW  QXOO� QDPH  QXOO�
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WU\ ^

KRVW  MDYD�QHW�,QHW$GGUHVV�JHW/RFDO+RVW���JHW+RVW1DPH���

` FDWFK �([FHSWLRQ H� ^

H�SULQW6WDFN7UDFH���

6\VWHP�H[LW����

`

6HUYHU,PSO VHUYHU�

6HUYHU VHUYHU7LH�

VHUYHU  QHZ 6HUYHU,PSO���

VHUYHU7LH  QHZ BWLHB6HUYHU�VHUYHU��

6\VWHP�RXW�SULQWOQ��VHUYHU ZDV PDGH���

B&25%$�2UEL[�LPSOBLVBUHDG\��6HUYHU���

`

SXEOLF 6HUYHU FUHDWH,QVWDQFH�� ^

6HUYHU,PSO REM  QXOO�

WU\ ^

REM  QHZ 6HUYHU,PSO���

6HUYHU VHUYHU7LH  QHZ BWLHB6HUYHU�REM��

UHWXUQ VHUYHU7LH�

` FDWFK �([FHSWLRQ H� ^

H�SULQW6WDFN7UDFH���

`

UHWXUQ QXOO�

`

SXEOLF LQW PHWKRG$��LQW D�� ^

UHWXUQ ��

`

SXEOLF LQW PHWKRG$��LQW D��LQW D�� ^

UHWXUQ ��

`

SXEOLF LQW PHWKRG$��LQW D� LQW D�� LQW D�� ^

UHWXUQ ��

`

SXEOLF LQW PHWKRG$��LQW D�� LQW D�� LQW D�� LQW D�� ^

�� LPSOHPHQW RSHUDWLRQ���

UHWXUQ ��

`

SXEOLF LQW PHWKRG$��LQW D��LQW D�� LQW D�� LQW D�� LQW D�� ^

UHWXUQ ��

`

SXEOLF LQW PHWKRG$��LQW D�� LQW D�� LQW D�� LQW D�� LQW D�� LQW D� � ^

UHWXUQ ��

`

SXEOLF YRLG PHWKRG%� E\WH>@ ED � ^

`

SXEOLF YRLG PHWKRG,�LQW>@ LD � ^
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`

SXEOLF YRLG PHWKRG'�GRXEOH>@ GD � ^

�� LPSOHPHQW RSHUDWLRQ���

`

`

As we can see the bold statement above, the method of RUJ�RPJ�&25%$�25%�LQLW�� must be called by the

server (as well as client as we will see later on).  Here we use a new style of programming in CORBA,

which use the BWLH approach.  There are two styles of programming in CORBA: inheritance-based and

delegate-based.  The inheritance-based we'd already seen in the VisiBroker benchmark program.  The

delegate-based is often used in integrating legacy code written in non-OO languages.  As we can see,

the BWLHB6HUYHU is a delegator class for the Server interface; it delegates every call to the real

implementation class, i.e. the ServerImpl.  We must pass an instance of the real implementation class to

the Tie object via its constructor when we first initialize it.

3. Write the Client code.  The &OLHQW�MDYD implementation basically will call the methods defined in our

Server.idl that has been implemented by the 6HUYHU,PSO�MDYD.  Our client code has most of the code

that we have seen in the previous DOT packages.   As a requirement, our client code must call the

RUJ�RPJ�&25%$�25%�LQW�� to get a object reference to the ORB.

4. Compile all the code.  This step involves using Java compiler to compile all the codes.  Note that

all the source codes will be compiled with optimizer option turned on.

5. Start up the orbixdj.  The OrbixWeb daemon process must be running on the server machine.

Enter this command at the dos command prompt

prompt>orbixdj

6. Bind the interface definition to the Implementation Repository.  We need to load the Server

interface information into the Implementation Repository using Iona's SXWLW command.  This will

allow the server to be launched automatically. The Implementation Repository is a server

‘database’ which maintains a mapping from the server name to the name of the Java bytecode that

implements that server.  If the server is registered, it is automatically run through the Java

interpreter when a client binds to our Server object.

To register the server, use the Iona's SXWLW command.  Enter the command below at the command

prompt

prompt>putit Server -java  ServerImpl

Note: Before registering the server (or running the client), make sure that an OrbixWeb daemon

process (orbixd or orbixdj) is running on the server machine.

The first parameter to SXWLW is the server’s name which we have chosen as Server. This

is also the name of the server passed to LPSOBLVBUHDG\���

The <class name> parameter is the name of the class which contains the server main()
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method, that is the name of the class which should be interpreted by the Java interpreter.  In our case,

this is the 6HUYHU,PSO.

7. Start the Server.  Start up our Server object using Java VM on the server machine.

prompt>java DOTBenchmark.orbix.ServerImpl

Note that our ServerImpl is in the package DOTBenchmark.orbix

8. Start the Client.  Start up our Client object using Java VM on the client machine.  Enter the

command below at the dos prompt

prompt>java DOTBenchmark.orbix.Client 100 servername

Note that our Client is also defined in the package DOTBenchmark.orbix.  The number 100 defines the

number of iterations and servername is the machine name that the server runs on.
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10.2 Remote Object Connection

Our client program uses the ELQG method to get a reference of the remote server object via the ORB.

The test for this operation measures how long it takes the client program to connect to the Server object

which is already running on a server host.  Here's the code for this:

�� UHPRWH REMHFW FRQQHFWLRQ EHQFKPDUN

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L� ^

VHUYHU  6HUYHU+HOSHU�ELQG���6HUYHU�� KRVW��

`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��ELQG WR VHUYHU��� ��HODSVH�� PVHF���

The table shows the benchmark result for Remote Object Connection in OrbixWeb on a single machine

and on 2 networked machines.

Table 10-1: Remote Object Connection in OrbixWeb

Remote Object Connection

Same Machine
• CPU: 200MHz
• RAM: 64 MB SDRAM
• OS: Windows 98
• Java Compiler: JDK 1.1.6
• Java VM: Sun Java VM with Symantec's JIT

compiler turned on as default
• Software: OrbixWeb 3.0

Two Windows NT Machines
• CPU: 2 Pentium 200MHz computers
• Network: 100Mbps and TCP/IP (100Base-T)
• RAM: 96 MB SDRAM
• OS: Windows NT SP3
• Java Compiler: JDK 1.1.6
• Java VM: Sun Java VM with Symantec's JIT

compiler turned on as default
• Software: OrbixWeb 3.0

14.30 msec 23.63 msec

The result shows that:

- Binding to an implementation remote object on two networked machines is much

slower than binding on a single machine.  This suggests that connect and disconnect

to the server object through a distributed environment should be carefully done.  It's

better to maintain the connection to last in a longer period than to disconnect and

reconnect in a short period.

- Compare to other DOTs so far, OrbixWeb is the slowest of all in the benchmark test

for this operation.
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10.3 Remote Object Creation

OrbixWeb does not have a function to create Server object outside of the server address space, we use

the same technique to simulate the creation of object implementation accessible from outside as we did

for VisiBroker.  Here's the code just for completeness:

�� ,Q WKH 6HUYHU,PSO�MDYD

SXEOLF 6HUYHU FUHDWH,QVWDQFH�� ^

6HUYHU,PSO REM  QXOO�

WU\ ^

REM  QHZ 6HUYHU,PSO���

6HUYHU VHUYHU7LH  QHZ BWLHB6HUYHU�REM��

UHWXUQ VHUYHU7LH�

` FDWFK �([FHSWLRQ H� ^

H�SULQW6WDFN7UDFH���

`

UHWXUQ QXOO�

`

�� ,Q WKH &OLHQW�MDYD

6HUYHU VHUYHU�  QXOO�

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L� ^

VHUYHU  6HUYHU+HOSHU�ELQG���6HUYHU�� KRVW��

VHUYHU�  �6HUYHU�VHUYHU�FUHDWH,QVWDQFH���

`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��FUHDWH UHPRWH REMHFW� ��HODSVH�� PVHF���

Here is the result for Remote Object Creation benchmark in OrbixWeb

Table 10-2: Remote Object Creation in OrbixWeb

Remote Object Creation

Same Machine
• CPU: 200MHz
• RAM: 64 MB SDRAM
• OS: Windows 98
• Java Compiler: JDK 1.1.6
• Java VM: Sun Java VM with Symantec's JIT

compiler turned on as default
• Software: OrbixWeb 3.0

Two Windows NT Machines
• CPU: 2 Pentium 200MHz computers
• Network: 100Mbps and TCP/IP (100Base-T)
• RAM: 96 MB SDRAM
• OS: Windows NT SP3
• Java Compiler: JDK 1.1.6
• Java VM: Sun Java VM with Symantec's JIT

compiler turned on as default
• Software: OrbixWeb 3.0

16.50 msec 20.53 msec
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The test shows that:

- Creating new server object on a single machine is faster than the creating the new

server object on 2 networked machines.

- In a situation that we need to have many server objects running at the same time, it is

better to connection to an existing server object and creates new server objects on

demand than to start up many servers before hand and let the client programs to

connect to it.

10.4 Remote Method Call

The Remote Method Call benchmark measures the invocation time for method with variable argument

calls.  The code for this operation is exactly the same as the use for the VisiBroker benchmark, the only

difference is how to connect to the server object as is described in the above remote object connection

benchmark.

Table 10-3: Remote Method Call in OrbixWeb

Remote Method Call with variable arguments

E
n

vi
ro

n
m

en
t

Same Machine
• CPU: 200MHz
• RAM: 64 MB SDRAM
• OS: Windows 98
• Java Compiler: JDK 1.1.6
• Java VM: Sun Java VM with

Symantec's JIT compiler turned on as
default

• Software: OrbixWeb 3.0

( Unit time in msec)

Two Windows NT Machines
• CPU: 2 Pentium 200MHz computers
• Network: 100Mbps and TCP/IP

(100Base-T)
• RAM: 96 MB SDRAM
• OS: Windows NT SP3
• Java Compiler: JDK 1.1.6
• Java VM: Sun Java VM with

Symantec's JIT compiler turned on as
default

• Software: OrbixWeb 3.0
( Unit time in msec)

Args 1 2 3 4 5 6 1 2 3 4 5 6

OrbixWeb
3.0

4.40 3.90 3.80 4.40 3.90 4.40 3.81 3.30 3.71 3.10 3.20 3.61

The test shows that:

- Invocation time is roughly the same regardless the number of arguments call, with

the exception of the first call which always takes longer time than subsequent calls

although the argument call increased.

- Paradoxically, local invocation times may sometimes be longer than network

invocation time.  This indicates that the marshalling and unmarshalling process in

IONA is a CPU intensive operation.
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10.5 Object Data Transfer
OrbixWeb does not support object transfer by value.

10.6 Numerical Array Transfer

In this benchmark, we measure the performance of OrbixWeb in transferring primitive array of "byte",

"int" and "double".  The array is determined at runtime and the result shows the average of 100 times

operation call.

Table 10-4: Numerical Array Transfer in OrbixWeb on the same machine

Same Machine
• CPU: 200MHz
• RAM: 64 MB SDRAM
• OS: Windows 98
• Java Compiler: JDK 1.1.6
• Java VM: Sun Java VM with Symantec's JIT compiler turned on as default
Software: Java JDK 1.1.6, OrbixWeb 3.0

(Unit time in msec)

Time (msec) Throughput (MB/sec)Array
Size in KB byte int double byte int double

0 3.8 3.3 3.3 0.00 0.00 0.00
0.25 3.9 3.9 4.4 0.06 0.25 0.44
0.5 3.8 4.4 5.5 0.13 0.44 0.71
1 3.8 6.1 9.3 0.26 0.64 0.84
2 4.4 9.3 17 0.44 0.84 0.92
4 5 13.2 22 0.78 1.18 1.42
8 8.8 16 39 0.89 1.95 1.60

16 11.6 44 83 1.35 1.42 1.51
32 16.5 88 181 1.89 1.42 1.38
64 28.6 192 434 2.19 1.30 1.15
128 61 533 1186 2.05 0.94 0.84
256 108 1274 3894 2.32 0.78 0.51
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Figure 10-2: Numerical Array Transfer in OrbixWeb

The test shows that:

- Transferring byte array reaches its peak rate at 2.32 MB/sec at the array size of 256

KB

- Transferring int array reaches its peak rate at 1.95 MB/sec at the array size of 8 KB,

which it decreases the throughput from 1.95 to 0.78 MB/sec at the array size increase

from 8KB to 16, 32, 128 and 256 KB

- Transferring double array also reaches it peak throughput at the array size of 8 KB at

which it has a rate of 1.60 MB/sec, then it decreases dramatically from 1.60 to 0.51

MB/sec.  It indicates that marshalling and unmarshalling for large double array size is

very inefficient in OrbixWeb.
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Table 10-5: Numerical Array Transfer on 2 NT machines

Two Windows NT Machines
• CPU: 2 Pentium 200MHz computers
• Network: 100Mbps and TCP/IP (100Base-T)
• RAM: 96 MB SDRAM
• OS: Windows NT SP3
• Java Compiler: JDK 1.1.6
• Java VM: Sun Java VM with Symantec's JIT compiler turned on as default
• Software: Java JDK 1.1.6, OrbixWeb 3.0

(Unit time in msec)
Time (msec) Throughput (MB/sec)Array

Size in KB byte int double byte int double
0 3.6 3.31 3.41 0.00 0.00 0.00

0.25 2.81 3.51 3.5 0.09 0.28 0.56
0.5 3.4 3.6 4.61 0.14 0.54 0.85
1 3.31 4.51 8.21 0.30 0.87 0.95
2 3.6 9.51 11 0.54 0.82 1.42
4 4.31 12.92 18 0.91 1.21 1.74
8 9.01 21 36 0.87 1.49 1.74
16 12.02 42.1 72.1 1.30 1.48 1.73
32 17.63 83.1 168.3 1.77 1.50 1.49
64 31.74 206.3 434.6 1.97 1.21 1.15

128 65 613.9 1251 1.92 0.81 0.80
256 109.3 1446 4063 2.29 0.69 0.49

Figure 10-3: Numerical Transfer on 2 NT machines using OrbixWeb

The result shows that:

- Transferring byte array reaches its peak at the array size of 256 KB, at which the

peak rate is 2.29 MB/sec.

- Transferring int array reaches its peak at the array size of 32 KB, at which the peak

rate is 1.50 MB/sec
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- Transferring double array reaches its peak at the array size of 8 KB, which is the

same size as in the case of single machine but it has the peak rate a little higher of

1.74 MB/sec

- Transferring array size larger than 8 KB for int and double would result in lower

throughput than making two separated round-trip transfers.

- Again, transferring large array size for double is slow in OrbixWeb.

10.7 Garbage Collection

Orbix or the CORBA architecture does not provide a means of distributed garbage collection.  There is

no concept of refCount in OrbixWeb.  The way to explicitly delete an object in OrbixWeb is to call the

method BGLVSRVH��� passing the object reference of the object.  Otherwise, the garbage collector

deletes the objects when the server exits, or when there are no more references to the object.  However,

if there is an absolutely need to implement remote garbage collection, a reference counting mechanism

can be implemented using Orbix Smart Proxies.  For more information of how to implement this,

please refer to the article ID: 141.261 at IONA webs site or follow this link:

http://www.iona.com/support/kb/Orbix_C++/articles/141.261.html
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11. DCOM

DOT: Microsoft SDK 3.1 for DCOM

Developed by: Microsoft.  Website: http://www.microsoft.com/java/sdk/default.htm

Version tested: DCOM95

Platforms used:

• Windows 98:

- CPU: 200 MHz Intel Pentium

- RAM: 64 MB SD RAM

• Windows NT 4.0 SP3 Workstation

- CPU: 200 MHz Intel Pentium

- RAM: 96 MB SD RAM

• Network:

- 100 Base-T Ethernet LAN

• Compiler:

- Microsoft's jvc Java Compiler

• Java VM:

- Microsoft's jview Java Virtual Machine

Microsoft's Distributed COM (DCOM) is an extension of the Component Object Model (COM) to

support communication among objects which resides on different computers, which can be a LAN,

WAN or the Internet.  Because DCOM is a seamless evolution of COM, we can use existing COM-

based applications, component, tools and knowledge and make them usable in a distributed computing.

DCOM handles the low-level details of network protocols to facilitate the high-level communication, it

frees developers from handling low-level details and therefore, they can concentrate on the high-level

business logic in building business solution.

Here's a brief feature that supported in DCOM:

• Transparency.  Supports both nontransparent and transparent modes.  In nontransparent mode, a

client can explicitly specify whether the server object class resides in an in process (DLL), local

EXE or located on some other machine.  In transparent mode, the client lets COM consult the

registry to determine such attributes.  Once the machine name is determined, COM will try to

attach to a running server instance hosting the requested object class on that machine.  If none

exists, COM will automatically locate the server implementation file, start a server process and

create an instance.

• Extensibility .  Allows applications to customize the client-server connection that might use add-on

features such as multicast service, asynchronous transport, compression or encryption packages.
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There are three categories of extensibility: below, above and within.  "Below" category extends

COM at the Remote Procedure Call layer and below as shown in the figure below:

Figure 11-1: COM Remote Architecture and Extensibility

Notes on terminology

Object proxies.  Acts as the client-side representatives of server objects and connects directly to the

client.

Interface proxies.  Performs client-side data marshalling and are aggregated into object proxies

Client-side channel objects.  Uses RPCs to forward marshalled calls

Server-side endpoints.  Receives RPC requests.

Server-side stub manager.  Dispatches calls to the appropriate interface stubs

Interface stubs.  Performs server-side data marshalling and make the actual calls on the objects

Standard marshaller.   Marshals interface pointers into object references on the server side and

unmarshals the object reference on the client side.

Currently, DCOM can be configured to run on TCP, UDP, IPX or NetBIOS.

"Above" category allows inserting a handler layer above the standard remote architecture and below

the user application.  It is often called semi-custom marshaling because most of the tasks are delegated

to the standard remote architecture.  "Within" category is the most general extensibility type.  For e.g.

an application wants to replace the channel object and the receiver endpoint as shown in the figure
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above, while reusing object proxies and stub managers for object-identity maintenance and call

dispatching.  However, current COM architecture provides only limited support for this type of

extensibility.  A new component architecture call COMERA (COM Extensible Remote Architecture)

has been proposed to promote binary reuse at the infrastructure level, thereby achieving this type of

extensibility.  For more information about this, please refer to the research paper by Y.M. Wang and

W.J.Lee, "COMERA: COM Extensible Remote Architecture," which can also be found at the web site:

http://www.research.microsoft.com/~ymwang/papers/COOTS98CR.htm

• Indirection .  This is a special form of providing extensibility.  COM's architecture supports

"activation indirection" and "call indirection".  "Activation indirection" occurs when a client

requests the activation of a server object by specifying its CLSID.  "Call Indirection" provides a

way to indirectly forward a call to a new machine that can provide the same service to the client.

This feature creates the basis for client transparent object migration and fault tolerance.  The next

generation of COM, the COM+, will provide a mechanism called interceptors, which support

indirection through receiving events related to object creation as well as method invocation.

• Versioning.  Interface identified by IID (Interface Identifier) is immutable, it cannot be changed in

any way.  A new implementation of the same CLSID must support an existing interface.

• Server-lifetime management.  COM supports a rich set of server styles that require different

server-lifetime management.  COM uses reference counting to manage server lifetime; COM uses

automatic "pinging" to solve the problem of an abnormally terminated client holding a reference

indefinitely.

• Multiple interfaces.  COM objects can support multiple interfaces.

For more information about DCOM, please visit the site:
http://www.microsoft.com/com/dcom.asp
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11.1 Development Process

Figure 11-2: Distributed object application development in DCOM
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The above figure shows the development process that was used in the project to evaluate DCOM

performance.  Here's the step-by-step involved:

1. Define DCOM IDL.  We must define all the interfaces for our class.  Here is the interface used in
our project.
��GFRPV�RGO

> XXLG ���((��$����$(���G�������)�)���������� @

OLEUDU\ /GFRPV
^

LPSRUWOLE��VWGROH���WOE���

> XXLG���((��$����$(���G�������)�)�����������
KHOSVWULQJ��,'&RQQHFW ,QWHUIDFH��@

GLVSLQWHUIDFH ,'&RQQHFW

^
SURSHUWLHV�

PHWKRGV�
>LG���@LQW GVHUYB�� >LQ@ LQW S� ��

>LG���@LQW GVHUYB�� >LQ@ LQW S�� >LQ@ LQW S� ��
>LG���@LQW GVHUYB�� >LQ@ LQW S�� >LQ@ LQW S�� >LQ@ LQW S� ��

>LG���@LQW GVHUYB�� >LQ@ LQW S�� >LQ@ LQW S�� >LQ@ LQW S�� >LQ@ LQW S� ��
>LG���@LQW GVHUYB�� >LQ@ LQW S�� >LQ@ LQW S�� >LQ@ LQW S�� >LQ@ LQW S�� >LQ@ LQW S� ��

>LG���@LQW GVHUYB�� >LQ@ LQW S�� >LQ@ LQW S�� >LQ@ LQW S�� >LQ@ LQW S�� >LQ@ LQW S�� >LQ@ LQW S� ��
>LG���@LQW GVHUYB�� >LQ@ LQW S�� >LQ@ LQW S�� >LQ@ LQW S�� >LQ@ LQW S�� >LQ@ LQW S�� >LQ@ LQW S�� >LQ@ LQW S� ��

>LG���@LQW GVHUYB�� >LQ@ LQW S�� >LQ@ LQW S�� >LQ@ LQW S�� >LQ@ LQW S�� >LQ@ LQW S�� >LQ@ LQW S�� >LQ@ LQW S�� >LQ@ LQW
S� ��

>LG���@YRLG GVHUYBLDUUD\� >LQ@ LQW 
 S� ��
>LG����@YRLG GVHUYBEDUUD\� >LQ@ XQVLJQHG FKDU 
 S� ��
>LG����@YRLG GVHUYBGDUUD\� >LQ@ GRXEOH 
 S� ��

`

> XXLG���((��$����$(���G�������)�)�����������

KHOSVWULQJ��&'&RQQHFW &ODVV��@
FRFODVV &'&RQQHFW

^
GLVSLQWHUIDFH ,'&RQQHFW�

`�
`�

2. Generate GUIDs for our IDL interface.  We can create the GUIDs and UUIDs for each class and

interface defined in the IDL by using the guidgen utility in the SDK-Java.31.

3. Compile the IDL file to generate type library file.  Use Microsoft interface compiler to generate

type library file.  Enter the command below at the dos command prompt

prompt>mktyplib dcoms.odl /nocpp

Note: I have to installed VJ++ 1.1 in order to get mktyplib utility to compile the IDL.

4. Create Java wrappers for DCOM class.  We can generate these wrappers for our DCOM class

using Jactivex that included in the SDK-Java.31.  Enter the command below at the DOS command

prompt:

prompt>Jactivex dcoms.tlb
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5. Write the server code.  We must write a Java file to implement all the interfaces defined in the

IDL.  We should use the summary.txt, which was generated by the type library compiler about as a

template to start with.  Here is the code CDConnect.java for this:

�� &'&RQQHFW�MDYD

LPSRUW GFRPV�
�

LPSRUW FRP�PV�FRP�
�

LPSRUW MDYD�QHW�
�

SXEOLF FODVV &'&RQQHFW LPSOHPHQWV ,'&RQQHFW

^

SXEOLF LQW GVHUYB�� LQW S� � WKURZV &RP([FHSWLRQ^

LQW [�  S��

UHWXUQ ���� `

SXEOLF LQW GVHUYB�� LQW S�� LQW S� � WKURZV &RP([FHSWLRQ^

LQW [�  S��

LQW [�  S��

UHWXUQ ���� `

SXEOLF LQW GVHUYB�� LQW S�� LQW S�� LQW S� � WKURZV &RP([FHSWLRQ^

LQW [�  S��

LQW [�  S��

LQW [�  S��

UHWXUQ ���� `

SXEOLF LQW GVHUYB�� LQW S�� LQW S�� LQW S�� LQW S� � WKURZV &RP([FHSWLRQ^

LQW [�  S��

LQW [�  S��

LQW [�  S��

LQW [�  S��

UHWXUQ ���� `

SXEOLF LQW GVHUYB�� LQW S�� LQW S�� LQW S�� LQW S�� LQW S� � WKURZV &RP([FHSWLRQ^

LQW [�  S��

LQW [�  S��

LQW [�  S��

LQW [�  S��

LQW [�  S��

UHWXUQ ���� `

SXEOLF LQW GVHUYB�� LQW S�� LQW S�� LQW S�� LQW S�� LQW S�� LQW S� � WKURZV &RP([FHSWLRQ^

LQW [�  S��

LQW [�  S��

LQW [�  S��

LQW [�  S��

LQW [�  S��

LQW [�  S��

UHWXUQ ���� `

SXEOLF LQW GVHUYB�� LQW S�� LQW S�� LQW S�� LQW S�� LQW S�� LQW S�� LQW S� � WKURZV &RP([FHSWLRQ^

LQW [�  S��

LQW [�  S��
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LQW [�  S��

LQW [�  S��

LQW [�  S��

LQW [�  S��

LQW [�  S��

UHWXUQ ���� `

SXEOLF LQW GVHUYB�� LQW S�� LQW S�� LQW S�� LQW S�� LQW S�� LQW S�� LQW S�� LQW S� � WKURZV

&RP([FHSWLRQ^

LQW [�  S��

LQW [�  S��

LQW [�  S��

LQW [�  S��

LQW [�  S��

LQW [�  S��

LQW [�  S��

LQW [�  S��

UHWXUQ ���� `

SXEOLF YRLG GVHUYBLDUUD\� LQW >@ S� �^

LQW [�L�

IRU� L  �� L � S��OHQJWK� L�� �

[  S�>L@�

UHWXUQ�

`

SXEOLF YRLG GVHUYBEDUUD\� E\WH >@ S� �^

LQW L�

E\WH [�

IRU� L  �� L � S��OHQJWK� L�� �

[  S�>L@�

UHWXUQ�

`

SXEOLF YRLG GVHUYBGDUUD\� GRXEOH >@ S� �^

LQW L�

GRXEOH [�

IRU� L  �� L � S��OHQJWK� L�� �

[  S�>L@�

UHWXUQ�

`

`

6. Compile the CDConnect.java with Microsoft's Jvc Java Compiler.

7. Register our server class.  Use the Javareg to register our CDConnect as a server class into the

registry.  Enter this command at the command line.

prompt> javareg /register /surrogate /class:CDConnect /clsid:{29EE83A2-37AE-11d2-9539-F7F021215302}
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8. Write the client code.  Here we write the client implementation that is used for testing DCOM

operation in the project.  We cannot instantiate a DCOM class directly, we must use it interface

and cast it to the interface and use the class.

IDConnect cdc = (IDConnect)new dcoms.CDConnect();

See appendix for complete client code.

9. Compile the client.java.  We need to compile the client.java into class using Microsoft's Jvc

compiler

10. Register the Java class.  Use JavaReg to specify the remote machine that the client will run.  Enter

this command at the command line as follows:

prompt> javareg /register /class:CDConnect /clsid:{29EE83A2-37AE-11d2-9539-F7F021215302} /remote:servername

11.  Start the client.  Start the client class using Microsoft Java VM.

prompt>jview client 100 servername

Note.  We don’t have to start up server class, the DCOM object factory knows how to start it up for us

when the object is requested by client.

(I still have some problems to get DCOM going.)

11.2 Remote Object Connection

In DCOM, to allocate DCOM server object, we must create an instance of the class through interface,

the code looks like this:

IDConnect cdc = (IDConnect) new dcoms.CDConnect();

This returns an interface point which refers to an object instance on a particular server that it is running;

however this reference may or may not represent to the same object instance created on the server

machine.  Therefore, we couldn't measure the performance of DCOM in this respect.
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11.3 Remote Object Creation

DCOM dynamically loads and creates the interface stubs and proxies that responsible for data

marshalling.  The test shows how fast DCOM can create a remote server object on the remote machine

through the Ethernet LAN.  I don't know how to get the client as a Local Server on the same machine.

As usual, our client performs 1000 method invocation.  Here is the part of code to measure this

operation.

��2EMHFW &UHDWLRQ %HQFKPDUN

6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU� L  LWHU� L ! �� ��L �

FGF  � ,'&RQQHFW �QHZ GFRPV�&'&RQQHFW���

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��2EMHFW FUHDWLRQ EHQFK���HODSVH��PVHF���

Table 11-1: Remote Object Creation in DCOM

Remote Object Creation

Same Machine

• CPU: 200MHz

• RAM: 64 MB SDRAM

• OS: Windows 98

• SDK-Java.31 for DCOM95

Two Windows NT Machines

• CPU: 2 Pentium 200MHz computers

• Network: 100Mbps and TCP/IP (100Base-T)

• RAM: 96 MB SDRAM

• OS: Windows NT SP3

• SDK-Java.31 for DCOM95

Not available 8.12 msec

The test shows that Object Creation operation using DCOM is very fast, it is the second fastest after

voyager we have seen above.

11.4 Remote Method Call
Table 11-2: Remote Method Call in DCOM

Remote Method Call with variable arguments

E
n

vi
ro

n
m

en
t

Same Machine
• CPU: 200MHz
• RAM: 64 MB SDRAM
• OS: Windows 98
• SDK-Java.31 for DCOM95

( Unit time in msec)

Two Windows NT Machines
• CPU: 2 Pentium 200MHz computers
• Network: 100Mbps and TCP/IP (100Base-T)
• RAM: 96 MB SDRAM
• OS: Windows NT SP3
• SDK-Java.31 for DCOM95
( Unit time in msec)

Args 1 2 3 4 5 6

DCOM95

NOT AVAILABLE

3.9 2.21 2.2 2.2 2.3 2.4
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The test for DCOM in remote method call shows that:

- The invocation time does not vary much for method call with small variable

argument, with the exception for the first call.  This would suggest that the

subsequent call after the first take advantage of the proxy marshalling and

unmarshalling process of the first call.

- The operation of DCOM in this respect is slower than other DOTs compared in the

project, it is the second slowest after OrbixWeb.

11.5 Object Data Transfer
DCOM does not support transfer object by copy

11.6 Numerical Array Transfer

I can't measure the performance of DCOM in transferring primitive data transfer, it seems to me that

the call for transferring large numerical array data was not directed to the server, the time stays the

same for all operations of calling.

11.7 Garbage Collection

DCOM supports distributed garbage collection.  COM uses reference counting to keep track of server

object lifetime.  The server increases the reference count to every new reference to an object, i.e. upon

returning the interface pointer.  When the counts of a server object drops to zero, the server object

realizes that it is no longer serving any client and can therefore be destroyed.

In the Java version, DCOM depends on the Java Virtual Machine's garbage collector to automatically

keep track of references to an object.  DCOM uses a pinging protocol to check if a connection is still

alive.  The client machines send a periodic message to the server.  It stops sending this when the client

process terminates.  Upon detecting that the number of missing pinging periods has exceeded a

threshold (default is more than 3 pinging periods of 2 minutes), the server-side assumes the client has

died and so decrements the server object's reference count on the behalf of client.
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12. Java IDL

DOT: JDK 1.2

Developed by: Sun Microsystems.  Website: http://www.javasoft.com/

Version tested: JDK 1.2 beta4

Platforms used:

• Windows 98:

- CPU: 200 MHz Intel Pentium

- RAM: 64 MB SD RAM

• Windows NT 4.0 SP3 Workstation

- CPU: 200 MHz Intel Pentium

- RAM: 96 MB SD RAM

• Network:

- 100 Base-T Ethernet LAN

• Compiler:

- JDK 1.2 's javac  Java Compiler

• Java VM:

- JDK 1.2's Java  JVM

Java IDL is the JavaSoft version of Java ORB which includes a CORBA/IIOP ORB as part of the JDK

1.2 core.  Java IDL is free.  It provides a development environment for generating CORBA stubs and

skeletons from OMG's IDL.  It also includes a CORBA Naming Service.  With this Java IDL in hand,

the Enterprise JavaBeans can use it to deliver a distributed component model.  In addition, Enterprise

JavaBeans is built on top of the Java Transaction Service (JTS), which is the Java implementation of

the CORBA Object Transaction Service (OTS).

At the current version Java IDL with JDK 1.2 beta4, it supports:

• Supports Static and Dynamic CORBA invocations

• Supports Java IDL Naming Service- a CORBA compliant Name Service.  Java IDL also provides

a transient nameserver to organize objects into a tree-directory structure. Although a transient

object disappears when its server process stops running, the object may be implemented to store its

state in a file and to re-initialize itself from this file at creation time.

• Support IIOP Client and Server ORB functions.

• Supports transient CORBA objects - objects whose lifetimes are limited by their server process's

lifetime

For more information about Java IDL, please visit the web site at: http://www.javasoft.com/
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12.1 Development Process

Figure 12-1: Distributed object application development in Java IDL

The graph above shows the steps involved in writing a client and server test program for Java IDL.

1. Define IDL.  As usual in the first step for a CORBA application development, we have to define

all the service available to be invoked remotely in an OMG's IDL file.  Here is the code for it:

// Server.idl

PRGXOH -DYD,'/6HUYHU ^

Java ORB

Uses

Uses

1) Define the IDL
Definitions

Server Class

4) Write
Client Code

Client Class

Stub Skeleton

Java ORB

7) Start server

6) Start tnameserv

9) Start client

Client Server

5) javac
Compiler

2)Precompile
with idltojava

Client
Stub

Skeleton

Server
ImplementBase

3) Write
Server Code

8) Start tnameserv
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LQWHUIDFH 6HUYHU ^

6HUYHU FUHDWH,QVWDQFH���

ORQJ PHWKRG$��LQ ORQJ D���

ORQJ PHWKRG$��LQ ORQJ D�� LQ ORQJ D���

ORQJ PHWKRG$��LQ ORQJ D�� LQ ORQJ D�� LQ ORQJ D���

ORQJ PHWKRG$��LQ ORQJ D�� LQ ORQJ D�� LQ ORQJ D�� LQ ORQJ D���

ORQJ PHWKRG$��LQ ORQJ D�� LQ ORQJ D�� LQ ORQJ D�� LQ ORQJ D�� LQ ORQJ D���

ORQJ PHWKRG$��LQ ORQJ D�� LQ ORQJ D�� LQ ORQJ D�� LQ ORQJ D�� LQ ORQJ D�� LQ ORQJ D���

W\SHGHI VHTXHQFH�RFWHW! %\WH$UUD\�

W\SHGHI VHTXHQFH�ORQJ! ,QW$UUD\�

W\SHGHI VHTXHQFH�GRXEOH! 'RXEOH$UUD\�

YRLG PHWKRG%�LQ %\WH$UUD\ ED��

YRLG PHWKRG,�LQ ,QW$UUD\ LD��

YRLG PHWKRG'�LQ 'RXEOH$UUD\ GD��

`�

`�

2. Compile the IDL.  We need to generate client stub and server skeleton from the IDL file.  Enter

this command at the command line prompt.

prompt>idltojava –fno-cpp Server.idl

By default, the idltojava using C/C++ preprocessor, we can turn it off by adding –fno-cpp

option to the command line.  The idltojava can be download at this address:

http://developer.javasoft.com/developer/earlyAccess/jdk12/idltojava.html

3. Write Server code.  We use inheritance style to write our server implementation.  Here is the code.

SDFNDJH '27%HQFKPDUN�MDYDLGO�

LPSRUW -DYD,'/6HUYHU�
� �� 7KH SDFNDJH FRQWDLQLQJ RXU VWXEV�

LPSRUW RUJ�RPJ�&RV1DPLQJ�
�

�� 7KH SDFNDJH FRQWDLQLQJ VSHFLDO H[FHSWLRQV WKURZQ E\ WKH QDPH VHUYLFH�

LPSRUW RUJ�RPJ�&RV1DPLQJ�1DPLQJ&RQWH[W3DFNDJH�
�

�� $OO &25%$ DSSOLFDWLRQV QHHG WKHVH FODVVHV�

LPSRUW RUJ�RPJ�&25%$�
�

SXEOLF FODVV 6HUYHU,PSO H[WHQGV B6HUYHU,PSO%DVH ^

�

 &RQVWUXFW D WUDQVLHQW REMHFW� 
�

SXEOLF 6HUYHU,PSO�� ^

VXSHU���
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`

SXEOLF VWDWLF YRLG PDLQ�6WULQJ DUJV>@� ^

WU\ ^

�� &UHDWH DQG LQLWLDOL]H WKH 25%

25% RUE  25%�LQLW�DUJV� QXOO��

�� &UHDWH WKH VHUYDQW DQG UHJLVWHU LW ZLWK WKH 25%

6HUYHU,PSO VHUYHU5HI  QHZ 6HUYHU,PSO���

RUE�FRQQHFW�VHUYHU5HI��

�� *HW WKH URRW QDPLQJ FRQWH[W

org.omg.CORBA.Object objRef = orb.resolve_initial_references("NameService");

      NamingContext ncRef = NamingContextHelper.narrow(objRef);

�� %LQG WKH REMHFW UHIHUHQFH LQ QDPLQJ

NameComponent nc = new NameComponent("Server", " ");

      NameComponent path[] = {nc};

      ncRef.rebind(path, serverRef);

6\VWHP�RXW�SULQWOQ��VHUYHU ZDV PDGH� ��VHUYHU5HI��

�� :DLW IRU LQYRFDWLRQV IURP FOLHQWV

MDYD�ODQJ�2EMHFW V\QF  QHZ MDYD�ODQJ�2EMHFW���

V\QFKURQL]HG�V\QF�^

V\QF�ZDLW���

`

`

FDWFK �([FHSWLRQ H� ^

H�SULQW6WDFN7UDFH���

`

`

SXEOLF 6HUYHU FUHDWH,QVWDQFH�� ^

6HUYHU,PSO REM  QXOO�

WU\ ^

REM  QHZ 6HUYHU,PSO���

UHWXUQ REM�

` FDWFK �([FHSWLRQ H� ^

H�SULQW6WDFN7UDFH���

`

UHWXUQ QXOO�

`

SXEOLF LQW PHWKRG$��LQW D�� ^

UHWXUQ ��

`

SXEOLF LQW PHWKRG$��LQW D��LQW D�� ^
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UHWXUQ ��

`

SXEOLF LQW PHWKRG$��LQW D�� LQW D�� LQW D�� ^

UHWXUQ ��

`

SXEOLF LQW PHWKRG$��LQW D��LQW D��LQW D��LQW D�� ^

�� LPSOHPHQW RSHUDWLRQ���

UHWXUQ ��

`

SXEOLF LQW PHWKRG$��LQW D��LQW D��LQW D��LQW D��LQW D�� ^

UHWXUQ ��

`

SXEOLF LQW PHWKRG$��LQW D��LQW D��LQW D��LQW D��LQW D��LQW D�� ^

UHWXUQ ��

`

SXEOLF YRLG PHWKRG%�E\WH>@ ED � ^

`

SXEOLF YRLG PHWKRG,�LQW>@ LD� ^

`

SXEOLF YRLG PHWKRG'�GRXEOH>@ GD� ^

`

`

As we can see, the code is very similar to the 6HUYHU,PSO�MDYD we wrote for VisiBroker test.  The only

different is in the main method where VisiBroker uses the BOA class to bind Server object to the ORB

and wait for connection from client, here we use the Java IDL Naming Service to bind the Server

object.  We can do this by first retrieving the root naming context which actually very similar to

retrieving the root directory on a file system), then by adding the 1DPH&RPSRQHQW to it to bind our

6HUYHU,PSO object.  Once this is done, our server application simply goes into a "wait" mode in order to

handle client request.

4. Write the client application.  We write the client program to run our test benchmark.  Here is the

code described the client resolves the object reference using the naming service, the rest of the

code after this is exactly the same as for all the DOTs we wrote and therefore is not presented here.

�� &UHDWH DQG LQLWLDOL]H WKH 25%

25% RUE  25%�LQLW�DUJV� QXOO��

�� *HW WKH URRW QDPLQJ FRQWH[W

RUJ�RPJ�&25%$�2EMHFW REM5HI  RUE�UHVROYHBLQLWLDOBUHIHUHQFHV��1DPH6HUYLFH���

1DPLQJ&RQWH[W QF5HI  1DPLQJ&RQWH[W+HOSHU�QDUURZ�REM5HI��

�
 UHPRWH REMHFW FRQQHFWLRQ EHQFKPDUN 
�

�� 5HVROYH WKH REMHFW UHIHUHQFH LQ QDPLQJ

1DPH&RPSRQHQW QF  QHZ 1DPH&RPSRQHQW��6HUYHU�� � ���
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1DPH&RPSRQHQW SDWK>@  ^QF`�

6HUYHU VHUYHU  6HUYHU+HOSHU�QDUURZ�QF5HI�UHVROYH�SDWK���

Here the server object reference is returned to the client.  The client can use it to do whatever services

which have been honored in the IDL.

5. Compile all the source code.  Run Javac to compile 6HUYHU,PSO�MDYD and &OLHQW�MDYD (with option

optimization turned on)

6. Start the Java IDL transient Naming service.  We need to run the tnameserv on the server machine

prompt>tnameserv

7. Start the Server.

prompt>java ServerImpl.java

8. Start the Java IDL transient Naming service.  We also need to run the tnameserv on the client

machine as well.

prompt>tnameserv

9. Start the client.

prompt>java Client 100 servername

Note that servername is the machine name that the server is running on and 100 is the iteration for the

test operation.



Test-bed for Distributed Object Technologies using Java                                        490.450 DT Project

Michael (Thuan-Duc) Ta                   119

12.2 Remote Object Connection

The test for the Remote Object Connection measures the time it take the client program to locate the

server object which is running on a server machine.  Unfortunately, I couldn't run the test on 2

networked machines because of the flaw in resolving object reference for the server object in Java IDL.

The table below shows the result of the test on a single machine.  Here is the part of code for this test.

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L� ^

6HUYHU VHUYHU  6HUYHU+HOSHU�QDUURZ�QF5HI�UHVROYH�SDWK���

`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��ELQG WR VHUYHU��� ��HODSVH�� PVHF���

Table 12-1: Remote Object Connection in Java IDL

Remote Object Connection

Same Machine
• CPU: 200MHz
• RAM: 64 MB SDRAM
• OS: Windows 98
• Java Compiler: JDK 1.1.6
• Java VM: Sun Java VM with Symantec's

JIT compiler turned on as default
• Software: Java IDL 1.2

Two Windows NT Machines
• CPU: 2 Pentium 200MHz computers
• Network: 100Mbps and TCP/IP (100Base-T)
• RAM: 96 MB SDRAM
• OS: Windows NT SP3
• Java Compiler: JDK 1.1.6
• Java VM: Sun Java VM with Symantec's JIT

compiler turned on as default
• Software: Java IDL 1.2

35.1 msec Not available

The result shows that, the performance of Java IDL in the remote object connection is the slowest of all

the DOTs that we compared in the project.

12.3 Remote Object Creation

In this operation, we also simulate the remote object creation as we did for VisiBroker and OrbixWeb.

We let the client connect to an existing server object and then call the method FUHDWH,QVWDQFH�� to return a

new server object, as is specified in the code below:

�
 UHPRWH REMHFW FUHDWLRQ EHQFKPDUN 
�

6HUYHU VHUYHU�  QXOO�

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L� ^

6HUYHU VHUYHU  6HUYHU+HOSHU�QDUURZ�QF5HI�UHVROYH�SDWK���

VHUYHU�  VHUYHU�FUHDWH,QVWDQFH���
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`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��REMHFW FUHDWLRQ� ��HODSVH�� PVHF���

The table shows the result of average of 100 time invoke the createInstance() method to create remote
server object .

Table 12-2: Remote Object Creation in Java IDL

Remote Object Creation

Same Machine
• CPU: 200MHz
• RAM: 64 MB SDRAM
• OS: Windows 98
• Java Compiler: JDK 1.1.6
• Java VM: Sun Java VM with Symantec's JIT

compiler turned on as default
• Software: Java IDL 1.2

Two Windows NT Machines
• CPU: 2 Pentium 200MHz computers
• Network: 100Mbps and TCP/IP (100Base-T)
• RAM: 96 MB SDRAM
• OS: Windows NT SP3
• Java Compiler: JDK 1.1.6
• Java VM: Sun Java VM with Symantec's JIT

compiler turned on as default
• Software: Java IDL 1.2

12.7 msec Not available

The result shows us that Java IDL has better performance than VisiBroker and OrbixWeb which has a

creation time of 15.9 and 16.5 msec respectively.  However, it is a bit slower than HORB and Voyager,

which has a creation time of 11.0, and 6.60 msec respectively.

12.4 Remote Method Call

The remote method call evaluates the performance of Java IDL stub and skeleton in marshalling and

unmarshalling the argument of the method call.  Here is the code for testing this operation in Java IDL.

Actually, it is exactly the same for all the DOTs we have written the code for them so far, I listed here

just for completeness.

6HUYHU VHUYHU  6HUYHU+HOSHU�QDUURZ�QF5HI�UHVROYH�SDWK���

��

�� UHPRWH PHWKRG FDOO ZLWK YDULDEOH SDUDPHWHUV EHQFKPDUN

��

�� RQH DUJXPHQW

6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L�

[  VHUYHU�PHWKRG$�������

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��LQW VHUYHU�PHWKRG$��LQW D��� ��HODSVH�� PVHF���

�� WZR DUJXPHQWV
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6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L�

[  VHUYHU�PHWKRG$������ �����

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW�� ��HODSVH�� PVHF���

�� WKUHH DUJXPHQWV

6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L�

[  VHUYHU�PHWKRG$������ ���� �����

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW� LQW�� ��HODSVH�� PVHF���

�� IRXU DUJXPHQWV

6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L�

[  VHUYHU�PHWKRG$������ ���� ���� �����

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW� LQW� LQW�� ��HODSVH�� PVHF���

�� ILYH DUJXPHQWV

6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L�

[  VHUYHU�PHWKRG$������ ���� ���� ���� �����

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW� LQW� LQW� LQW�� ��HODSVH�� PVHF���

�� VL[ DUJXPHQWV

6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L�

[  VHUYHU�PHWKRG$������ ���� ���� ���� ���� �����

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW� LQW� LQW� LQW� LQW�� ��HODSVH�� PVHF���
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Table 12-3: Remote Method Call in Java IDL

Remote Method Call with variable arguments

E
n

vi
ro

n
m

en
t

Same Machine
• CPU: 200MHz
• RAM: 64 MB SDRAM
• OS: Windows 98
• Java Compiler: JDK 1.1.6
• Java VM: Sun Java VM with

Symantec's JIT compiler turned on as
default

• Software: Java IDL 1.2

( Unit time in msec)

Two Windows NT Machines
• CPU: 2 Pentium 200MHz computers
• Network: 100Mbps and TCP/IP

(100Base-T)
• RAM: 96 MB SDRAM
• OS: Windows NT SP3
• Java Compiler: JDK 1.1.6
• Java VM: Sun Java VM with

symantec's JIT compiler turned on as
default

• Software: Java IDL 1.2
( Unit time in msec)

Args 1 2 3 4 5 6

Java IDL 1.2 6.1 5.4 6.1 5.5 5.5 5.5

NOT AVAILABLE

Looks at this result, we can see that Java the invocation time does not vary much with variable number

of argument calls.  However, the marshalling and unmarshalling process of the Stub and Skeleton of

Java IDL is much slower than the previous DOT we had tested so far.

12.5 Object Data Transfer

This feature of object transfer by value has not yet implemented in Java IDL

12.6 Numerical Array Transfer

As before, we also test the operation of transferring primitive "byte", "int" and "double" using Java

IDL.  Here is the result for the operation on a single machine

Table 12-4: Numerical Array Transfer in Java IDL on the same machine

Same Machine
• CPU: 200MHz
• RAM: 64 MB SDRAM
• OS: Windows 98
• Java Compiler: JDK 1.1.6
• Java VM: Sun Java VM with Symantec's JIT compiler turned on as default
Software: Java JDK 1.2 beta4

(Unit time in msec)

Size(in byte) 1 256 512.00 1024 2048 4096 8192 16384 32768 65536 131072 262144
byte 3.6 2.81 3.4 3.31 3.6 4.31 9.01 12.02 17.63 31.74 65 109.25

int 3.31 3.51 3.6 4.51 9.51 12.92 21 42.1 83.1 206.3 613.9 1446.1

double 3.41 3.5 4.61 8.21 11 18 36 72.1 168.3 434.6 1250.8 4062.9
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Figure 12-2: Numerical Array Transfer using Java IDL on the same machine

The result shows that:

- The peak throughput is low for this operation.  For transferring "byte", it reaches a

peak of 0.45 MB/sec at the array size of 256 KB, for "int" of 0.61 at the array size of

128 KB and "double" of 0.52 MB/sec at the array sizes of 16 and 32 KB.

- Transferring "int" and "double" array shows higher throughput than transferring

"byte" array, this has not been seen for all previous DOTs we have done so far where

throughput for "byte" array transferring is always higher than "int" and "double"

array.

- Marshalling and Unmarshalling process in Java IDL is much slower than the other

DOTs we have tested, in fact it is the slowest of all.

12.7 Garbage Collection

I don't know whether Java IDL supports Distributed Garbage Collection or not, I suspect it also uses

the distributed garbage collection mechanism just as in the Java RMI.

Numerical Array Transfer using Java IDL 1.2 (single machine)

0.00

0.50

1.00

Array size in KB

T
hr
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pu
t (
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byte

int

double

byte 0.00 0.04 0.07 0.21 0.30 0.36 0.41 0.42 0.43 0.45

int 0.00 0.15 0.24 0.44 0.53 0.57 0.60 0.60 0.61 0.59

double 0.00 0.22 0.32 0.47 0.52 0.49 0.52 0.52 0.51 0.50

0 0.25 0.5 2 4 8 16 32 128 256
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13. Socket Implementation

13.1 Java Socket

In order to see how good the performance of DOTs in transferring the array of primitive comparing to

the plain Socket version counterpart, a Socket version for Java and C is developed to test this feature.

For a complete code of Client/Server Java Socket version, please refer to the appendix.

Table 13-1: Numerical Array Transfer Using Socket Java on the same machine

Same Machine
• CPU: 200MHz
• RAM: 64 MB SDRAM
• OS: Windows 98
• Java Compiler: JDK 1.1.6
• Java VM: Sun Java VM with Symantec's JIT compiler turned on as default
• Software: Java JDK 1.1.6

(Unit time in msec)
Time (msec) Throughput (MB/sec)Array

Size in KB byte int double byte int double
0 0.94 0.94 1.04 0.00 0.00 0.01

0.25 1.15 4.61 8.35 0.21 0.21 0.23

0.5 1.15 8.18 15.7 0.42 0.24 0.25

1 1.27 15.3 30.7 0.77 0.26 0.25

2 1.53 30 60.9 1.28 0.26 0.26

4 2.83 61 127 1.38 0.26 0.25

8 5 120 247 1.56 0.26 0.25

16 6 236 489 2.60 0.26 0.26

32 11 478 966 2.84 0.26 0.26

64 22 945 1934 2.84 0.26 0.26

128 44 1889 3861 2.84 0.26 0.26

256 77 3757 7711 3.25 0.27 0.26

Figure 13-1: Numerical Array Transfer using Socket Java on the same machine

Numerical Array Transfer using Java Socket (single machine)
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byte 0.00 0.21 0.42 1.28 1.38 1.56 2.60 2.84 2.84 3.25

int 0.00 0.21 0.24 0.26 0.26 0.26 0.26 0.26 0.26 0.27

double 0.01 0.23 0.25 0.26 0.25 0.25 0.26 0.26 0.26 0.26
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The result shows that:

- Transferring "byte" array has throughput increased gradually, it reaches its peak 3.25

MB/sec at the array size of 256 KB

- Transferring "int" and "double" become saturated at the throughput of 0.26 MB/sec,

which corresponds to the array size of 2 KB

- The throughput for transferring "byte" array is much higher than the throughput for

transferring "int" and "double" array.  This indicates than Socket Java handles very

bad in transferring "int" and "double" array.

Table 13-2: Numerical Array Transfer Using Socket Java on 2 NT machines

Two Windows NT Machines
• CPU: 2 Pentium 200MHz computers
• Network: 100Mbps and TCP/IP (100Base-T)
• RAM: 96 MB SDRAM
• OS: Windows NT SP3
• Java Compiler: JDK 1.1.6
• Java VM: Sun Java VM with Symantec's JIT compiler turned on as default
• Software: Java JDK 1.1.6

(Unit time in msec)
Time (msec) Throughput (MB/sec)Array Size in KB

byte int double byte int double
0 0.611 0.591 0.641 0.00 0.01 0.01

0.25 0.641 6.86 13.199 0.38 0.14 0.15
0.5 0.711 12.798 25.136 0.69 0.15 0.16
1 0.841 24.746 51.604 1.16 0.16 0.15
2 1.092 48.87 98.802 1.79 0.16 0.16
4 1 95.2 197.3 3.91 0.16 0.16
8 2 194.3 328.5 3.91 0.16 0.19

16 4 322.4 591.9 3.91 0.19 0.21
32 7 579.9 1112.6 4.46 0.22 0.22
64 11 1089.5 2203.1 5.68 0.23 0.23
128 22 2213.2 4541.6 5.68 0.23 0.22
256 43 4162 8433.1 5.81 0.24 0.24
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Figure 13-2: Numerical Array Transfer Using Socket Java on 2 NT machines
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13.2 C Socket

Here we test the numerical array transfers using Socket C version.  For complete code detail, please

refer to the appendix section of this report.

Table 13-3: Numerical Array Transfer using Socket C on the same machine

Same Machine
• CPU: 200MHz
• RAM: 64 MB SDRAM
• OS: Windows 98
• Java Compiler: JDK 1.1.6
• Java VM: Sun Java VM with Symantec's JIT compiler turned on as default
• Software: Borland C++ 5.02 compiler

Time (msec) Throughput (MB/sec)Array
Size in KB byte int double byte int double

0 0.71 1.1 0.5 0.00 0.00 0.02

0.25 0.88 1.1 1.7 0.28 0.89 1.15

0.5 0.94 1.1 1.6 0.52 1.78 2.44

1 1.04 1.7 3.3 0.94 2.30 2.37

2 1.32 3.3 6.1 1.48 2.37 2.56

4 1.65 6.6 11 2.37 2.37 2.84

8 2.91 11.5 21.4 2.68 2.72 2.92

16 12.63 22.5 41.7 1.24 2.78 3.00

32 10.05 43.4 83 3.11 2.88 3.01

64 19.17 87.3 165.3 3.26 2.86 3.02

128 37.79 179.1 342.2 3.31 2.79 2.92

256 75.41 366.9 688.7 3.32 2.73 2.90

Figure 13-3: Numerical Array Transfer using Socket C on the same machine
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The result shows that:

- Throughput for transferring numerical array increases with the array size from 0 to

256 KB

- Throughput for transferring of "int" and "double" is higher than throughput of

transferring "byte" array for the array size from 0 to 8 KB; after that throughput of

"byte" array transfer is higher.

- Throughput for "byte" array transfer reaches it peak of 3.32 MB/sec at the array size

of 256 KB, "int" of 2.88 at the array size of 32 KB and "double" of 3.02 at the array

size of 64 KB

- Socket C can handle marshalling and unmarshalling process equally well for "byte",

"int" and "double" array transfer.

Table 13-4: Numerical Array Transfer using Socket C on 2 NT machines

Two Windows NT Machines
• CPU: 2 Pentium 200MHz computers
• Network: 100Mbps and TCP/IP (100Base-T)
• RAM: 96 MB SDRAM
• OS: Windows NT SP3
• Java Compiler: JDK 1.1.6
• Java VM: Sun Java VM with Symantec's JIT compiler turned on as default
• Software: Borland C++ 5.02 compiler

Time (msec) Throughput (MB/sec)Array
Size in KB byte int double byte int double

0 0.451 0.5 0.4 0.00 0.01 0.02
0.25 0.491 0.7 0.91 0.50 1.40 2.15
0.5 0.551 1 1.3 0.89 1.95 3.00
1 0.671 1.31 2.1 1.46 2.98 3.72
2 0.871 2.2 3.81 2.24 3.55 4.10
4 1.212 4 6.91 3.22 3.91 4.52
8 1.992 7.32 13.01 3.92 4.27 4.80
16 3.586 13.92 26.24 4.36 4.49 4.76
32 6.499 28.04 51.88 4.81 4.46 4.82
64 12.73 55.68 103.25 4.91 4.49 4.84

128 27.08 111.5 205.69 4.62 4.49 4.86
256 52.09 220.6 411.19 4.80 4.53 4.86
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Figure 13-4: Numerical Array Transfer using Socket C on 2 NT machines

The result shows that:
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14. Comparison

In this section, I compare the benchmark of all DOT packages based on the evaluation criteria I have

discussed on the section 5.  The comparison is for operation on a single machine as well as on 2 NT

machines.  The specific operation of each DOT is also listed.

Platforms used:

• Windows 98:

- CPU: 200 MHz Intel Pentium

- RAM: 64 MB SD RAM

• Windows NT 4.0 SP3 Workstation

- CPU: 200 MHz Intel Pentium

- RAM: 96 MB SD RAM

• Network:

- 100 Base-T Ethernet LAN

• Java Compiler: JDK 1.1.6 javac compiler, MS-SDK 3.1jvc compiler

• Java VM: Sun Java VM with Symantec's JIT compiler turned on as default, MS-SDK jview

• DOT Packages:

- Sun's JDK 1.1.6 for RMI

- HORB version 1.3b1 (with serialization patch)

- Voyager 2.0.0 Production Release

- Inprise's VisiBroker 3.3 for Java

- Iona's OrbixWeb 3.0 for Java

- Microsoft's Java SDK 3.1 for DCOM

- Sun's JDK 1.2 for Java IDL
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14.1 Remote Object Connection

Remote Object Connection benchmark tests the time it takes a client program to get a reference to an

existing object which is running on the server a priori.  The vertical axis shows the time that a DOT

executes in msec.  These operations are repeated for 100 iterations and the average elapse time is

collected.  The test is carried out for client and server hosted on the same machine as well as on two

machines connected via an Ethernet LAN network.

Figure 14-1: Remote Object Connection for DOTs on the same machine

Figure 14-2: Remote Object Connection for DOTs on 2 NT machines
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The figures show that:

- On a local machine, all DOTs have nearly the same performance except for Java IDL

which shows the longest time.  Java RMI won the benchmark for this case

- For a test over the network, OrbixWeb is the slowest.  I can't get Java IDL run over

the network.  Java RMI still won the benchmark in this case.

- Most of the results collected over the network is slower than result collected on the

local machine for this operation and this can be understood because it requires more

effort to locate an object over the network than on the same machine.  However, be

warned that this is not always true for e.g. in the case of VisiBroker, with the help of

a daemon service called osagent which helps to efficiently locate objects anywhere

on the network, can indeed show better performance on over the network than on a

local machine

- All DOT except OrbixWeb shows only less than 5% amount of time penalty for

locating a server object over the network to a local machine, for OrbixWeb it takes

more than 50% amount of time to locate a server object over the network to a local

machine.

- All DOTs except HORB and Java RMI employs connection multiplexing; i.e. one

TCP/IP connection is used to carry more than one connect message requested from

the client object.  Connection multiplexing saves the startup cost for creating each

TCP/IP for each connection, however if there are two many connections, the

connection will become bottleneck and slow down the speed of accessing remote

object from the client.  The result above does show that the time for creating a new

TCP/IP connection is negligible.  Therefore, connection multiplexing is a good

choice.  It is particularly important in distributed system that requires dedicated

bandwidth as much as possible.

- DCOM not included in this test because it is not appropriate (please refer to the

DCOM to find out why)

Each DOT has each own way to return an proxy (stub) to the existing object on the server, below is the

specific operation in which a client object tries to connect to an object name “Server” which located on

the server machine.
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Table 14-1: Remote Object Connection Method used by DOTs

Remote Object Connection

DOT Implementation

Java RMI Naming.lookup(“hostname/Server”)

HORB new Server_Proxy(“hostname”, “Server”);

Voyager Namespace.lookup(“hostname/Server”)

OrbixWeb ServerHelper.bind(“:Server”, hostname);

VisiBroker ServerHelper.bind(orb, “Server”)

Java IDL1.2

Note: orb is the Object Request Broker which can be obtained by calling this

method:org.omg.CORBA.ORB orb = org.omg.CORBA.ORB.init(argv, null);
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14.2 Remote Object Creation

Remote Object Creation benchmark in this project is the time it takes a client to create a new remote

server objects from a existing one.  Not all DOTs have equipped this kind of operation, therefore a

simulating Remote Object Creation for them is used, these DOTs include: Java RMI, Java IDL,

OrbixWeb and VisiBroker.   The vertical axis shows the time that a DOT executes in msec.  These

operations are repeated for 100 iterations and the average elapse time is collected.  The test is carried

out for client and server hosted on the same machine as well as on two machines connected via an

Ethernet LAN network.

Figure 14-3: Remote Object Creation on the same machine
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Figure 14-4: Remote object creation on 2 NT machines
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HORB, Voyager and DCOM has a its own function to create a remote object on the server, which is

listed in the table below.  For those DOTs do not implement a function to dynamically create remote

server object, it call the method createInstance() instead.

Table 14-2: Remote Object Creation methods used by DOTs

Remote Object Creation

DOT Implementation

Java RMI 1.1.6 server.createInstance()

HORB 1.3b1 server.Server()

Voyager 2.0.0 Factory.create(“Server”)

OrbixWeb 3.0 server.createInstance()

VisiBroker 3.3 for Java server.createInstance()

DCOM 95 new ServerConnect()

Java IDL 1.2 server.createInstance();
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14.3 Remote Method Call

Remote Method Call benchmark measures the time it takes the DOT in marshalling and unmarshalling

a variable number of argument calls of the method invocation.  The argument has an "int" type.  There

are six operations, with the first method corresponds to one argument and the sixth method corresponds

to 6 arguments.  The vertical axis shows the time that a DOT executes in msec.  These operations are

repeated for 100 iterations and the average elapse time is collected.  The test is carried out for client

and server hosted on the same machine as well as on two machines connected via an Ethernet LAN

network.

Figure 14-5: Remote Method Call on the same machine

Figure 14-6: Remote Method Call on 2 NT machines
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Remote Method Call with 3 arguments:

Figure 14-7: Remote Method Call with 3 arguments on the same machine

Figure 14-8: Remote Method Call with 3 arguments on 2 NT machines
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The figures and the graphs show that:

- Amount of time does not change much with variable argument calls; however, it does

show the fact that calling method with more arguments takes a little bit longer

because of the marshalling and unmarshalling the method calls and its arguments.

- On the same machine, Java IDL is the slowest of all.  On 2 NT machines, OrbixWeb

is the slowest.  If the Java IDL can run over the network, the result of this may give a

new ordering

- Local machine operations may not always faster than network machines operation.

This can be seen in this benchmark.  It indicates that marshalling and unmarshalling

is a CPU extensive process, more CPU resources give better performance.

- No doubt that DOT adds overhead in making method call.  This is confirmed that

Socket version (C or Java) is much faster than method call in DOT

- In this benchmark, HORB gives the fast performance of all DOTs but it's still about

60% slower than Socket C version or 40%  slower than Socket Java version

Here are the list of methods called by our DOTs in this project

Table 14-3: Remote Method Call methods used by DOTs

Remote Method Call

DOT Implementation

Java RMI 1.1.6

HORB 1.3b1

Voyager 2.0.0

OrbixWeb 3.0

VisiBroker 3.3 for Java

DCOM 95

Java IDL 1.2

The method call is the same for all DOTs

server.methodA1(100);

server.methodA2(100,100);

server.methodA3(100,100,100);

server.methodA4(100,100,100,100);

server.methodA5(100,100,100,100,100);

server.methodA6(100,100,100,100,100,100);
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14.4 Object Data Transfer

Object Data Transfer benchmark measures the time it takes a client program to transfer array of object

by value (or by copy as another name for this operation).  As the moment, the object data for

transferring is very simple.  This data object just encapsulates a non-private data field of type int.  The

main point affected this operation is the process of handling of object serialization by DOTs.  Although

some DOTs can use their own version of Serialization or Java Serialization process, the benchmark for

object transfer by value evaluated in this project measures only how well each DOT performs the

serialization process which all relies on the Java RMI serialization system.  As we realized that,

transferring object by value preserves object state, i.e. the shape of object graphs are kept when

transferring.  This concept is very important because it gives programmers more flexible way to handle

object polymorphism in OO feature.  Polymorphism means that we can use a variable of a superclass

type to hold a reference to an object whose class is the superclass or any of its subclasses.  Therefore, it

would be an interesting test for transferring complex objects to see how efficiently and correctly the

DOT handles this kind of operation; however, I haven't tested this feature yet.

These operations are repeated for 100 iterations and the average elapse time is collected.  The test is

carried out for client and server hosted on the same machine as well as on two machines connected via

an Ethernet LAN network.

Figure 14-9: Object Data Array Transfer on the same machine
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Figure 14-10: Object Data Array Transfer on 2 NT machines
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- Over the network, HORB shows a better performance than the other DOTs in
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Here I list the methods that was used by the DOTs for transferring object data in this project

Table 14-4: Object Data Array Transfer method used by DOTs

Object Transfer by value

DOT Implementation

Java RMI 1.1.6 server.methodDA(data);

HORB 1.3b1 server.methodDA(data);

Voyager 2.0.0 server.methodDA(data);

OrbixWeb 3.0 Not Support object transfer by value

VisiBroker 3.3 for Java server.methodDA(data) but need to use javaiiop

DCOM 95 Not Support

Java IDL 1.2 Not Support
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14.5 Numerical Array Transfer

Here I compare the benchmark for operations of transferring array of primitive data type, these are

"byte", "int" and "double" using DOTs and plain socket version (C and Java socket).  The vertical axis

represents the throughput in MB/sec, the horizontal axis represents the array size in KB.  These

operations are repeated for 100 iterations and the average elapse time is collected.  The test is carried

out for client and server hosted on the same machine as well as on two machines connected via an

Ethernet LAN network.

14.4.1 Primitive byte array transfer
Figure 14-11: Primitive byte array transfer on the same machine

Figure 14-12: Primitive byte array transfer on the same machine
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The figures show that:

- For operation on local machine, socket C and socket Java show very good

performance in which socket C is the fastest.  HORB is the only DOT that can

compare to the socket version in "byte" array transfer.  The throughput for other

DOTs is very low compare to socket version.  The lowest is Java IDL which has a

peak throughput about 1/5 of the peak throughput of socket C.  The DOT version of

transferring numerical is not efficient because of the overhead involved, such as the

wrapping primitive data to the corresponding class.

-  For operation over network machines, transferring "byte" with socket version also

shows very good performance.  Socket Java shows better performance than the

socket C counterpart.  HORB again has the highest throughput comparing to the

other DOTs.

- Throughput over the network is higher than throughput on a local machine.  This

indicates that the marshalling and unmarshalling of data is a very intensive CPU

operation.

Table 14-5: Primitive byte transfer method used by DOTs

Byte Array Transfer Method Call

DOT Implementation

Java RMI 1.1.6

HORB 1.3b1

Voyager 2.0.0

OrbixWeb 3.0

VisiBroker 3.3 for Java

DCOM 95

Java IDL 1.2

The method call is the same for all DOTs

server.methodB(bytearray)
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14.4.2 Primitive int array transfer

Here I compare the benchmark for operations of transferring array of "int" using DOTs and plain

socket version (C and Java socket).  The vertical axis represents the throughput in MB/sec, the

horizontal axis represents the array size in KB.  These operations are repeated for 100 iterations and the

average elapse time is collected.  The test is carried out for client and server hosted on the same

machine as well as on two machines connected via an Ethernet LAN network.

Figure 14-13: Primitive "int" array transfer on the same machine

Figure 14-14: Primitive "int" array transfer on 2 NT machines
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The figures show that:

- The socket C has very good throughput, it is still the fastest of all, both on the same

machine as well as over the network.  The socket Java shows the worst of all in this

respect.  Among the DOTs, HORB still is the fastest.

- Although HORB uses Java serialization in this test to perform marshalling and

unmarshalling data, it shows better performance than Java RMI for both operation on

the same machine as well as over the network.

- Transfer rate over the network is higher than transfer rate on a local machine, this

again indicates that intensive CPU involved in marshalling and unmarshalling data

transfer

- Socket C reaches its saturated transfer at about 20% higher than the saturated transfer

rate using HORB for both operations on the same machine as well as over the

network.  This indicates HORB has an efficient marshalling and unmarshalling data,

the different of the transfer rate between HORB in Socket C is the amount of

overhead that HORB added to the operations.

Here I listed the method that was called by each DOT for transferring "int" array

Table 14-6: Primitive "int" array transfer method called by DOTs

Primitive "int" array transfer method

DOT Implementation

Java RMI 1.1.6

HORB 1.3b1

Voyager 2.0.0

OrbixWeb 3.0

VisiBroker 3.3 for Java

DCOM 95

Java IDL 1.2

The method call is the same for all DOTs

server.methodI(intarray)
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14.4.3 Primitive double array transfer

Here I compare the benchmark for operations of transferring array of "double" using DOTs and plain

socket version (C and Java socket).  The vertical axis represents the throughput in MB/sec, the

horizontal axis represents the array size in KB.  These operations are repeated for 100 iterations and the

average elapse time is collected.  The test is carried out for client and server hosted on the same

machine as well as on two machines connected via an Ethernet LAN network.

Figure 14-15: Primitive "double" array transfer on the same machine

Figure 14-16: Primitive "double" array transfer on 2 NT machines
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The figures show that:

- Socket C still shows its superiority in the transferring numerical data.  HORB shows

very good throughput for operation on a local machine as well as over the network

- For transferring "double" array, HORB has a transfer rate of about 35% lower than

the socket C.  This indicates that "double" data requires more processing than "int",

"byte"

- On a local machine, Voyager has much lower throughput than VisiBroker, but over

the network the transfer rate of both two is almost the same.  This indicates that

Voyager requires more CPU resource than VisiBroker in transferring double array.

Here is the method called by each DOT for "double" array transfer benchmark.

Table 14-7: Primitive "double" array transfer method called by DOTs

Remote Method Call

DOT Implementation

Java RMI 1.1.6

HORB 1.3b1

Voyager 2.0.0

OrbixWeb 3.0

VisiBroker 3.3 for Java

DCOM 95

Java IDL 1.2

The method call is the same for all DOTs

server.methodD(doublearray)
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14.6 Garbage Collection Mechanism

In this section, I just listed the mechanism used in the distributed garbage collection for each DOT.  To

compare which distributed garbage collection method is more efficient than the other and whether it

affects the benchmark operations that we discussed in this project is outside the scope of this project.

Distributed garbage collection is still an active research topics in academic in search for a better way to

provide better handling system resource in distributed computing.

Table 14-8: Distributed Garbage Collection mechanism used in DOTs

Distributed Garbage Collection

DOT Implementation

Java RMI 1.1.6  Reference counting

HORB 1.3b1  Reference counting

Voyager 2.0.0  Delta pinging (every 2 minutes)

OrbixWeb 3.0  No support, custom built

VisiBroker 3.3 for Java  No support, custom built

DCOM 95  Pinging (every 2 minutes)

Java IDL 1.2 Reference counting???



Test-bed for Distributed Object Technologies using Java                                        490.450 DT Project

Michael (Thuan-Duc) Ta                   150

15. The GUI Test bed version for DOT
Benchmark

In this section, I describe the GUI version that I wrote for our benchmark test.  The GUI gives user a

flexible way to test out the performance of the DOTs described in this project.  The user can control

each feature tests for each DOT separately and as a whole.  The running client can start and stop a

running server on a specified machine.  Of course, this GUI program needs to be installed and

configured appropriately on those machines.  The GUI testbed was written using HORB.  The reason I

choose HORB to develop this GUI program because it is much easier than the other DOT and we only

test on a small set of operations.  HORB is good enough for doing this.  The GUI uses the ETL's

microbenchmark suite as a main tool to measure the performance of DOTs in this project.  The GUI

has 2 component, a client GUI and a server GUI which I described them in the section followed up.

15.1 The Client

Figure 15-1: The client GUI

DOT choices

Start up the server (optional)

Start up the client

Stop a running client and (optional) running server

Features testing

Clear the output area
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Output areaPrint the output result
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Server's machine name

Number of iterations
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First of all, make sure we have correctly installed all the DOT packages.  One of the problems that had

caused me a lot of pain is the system environment, the path and the classpath.  It seems to me that

VisiBroker and OrbixWeb do not co-accessible through the system classpath on the Windows NT

machine, either one of the other must be turned off in the system classpath.  However on the same

machine which run Windows 98 OS, it doesn’t have any problem with this.  So, if you are running this

application on NT machines, you need to take a good care of this classpath environment variable.  This

would sound a bit silly because we try to test all DOTs together but have to change the classpath

manually.

Anyway, to run this application, make sure the dotclasses is installed on the two machines and the

systems classpath can access to it.  From the dos command prompt, enter this command line:

Prompt>java DOTBenchmark.gui.Rclient

This command will start up our client GUI program.  Also make sure there is a horb daemon running

on the server machine.  Now we can ready for the test.

Click on the start up server test bed on the client GUI will automatically create the server GUI on the

server machine.  Now we can have either choice of starting up a particular server manually to serve for

a particular client or let the client control the startup and shutdown the server program.  After the

client/server pairs have been up and running, all we have to do is to click on the button which specifies

the test features for that DOT.

The result produced by the test is displayed on the client window GUI.  We can now save it into a text

file for processing later on.  However, there is a button called “Plot graph” that will plot the graph from

the generated results.  This button will call up the Microsoft Excel to run and plot the graph.  This

feature is implemented by using Java calling COM in Microsoft Java technology.  Therefore, it only

runs with the Microsoft JVM, not Sun JVM.  At the moment, I have just invoked Excel to run and have

not actually implemented the plot graph.  I intend to do it for the next phase of the project if I have a

chance.

One of the big problem I have encountered is the result of the benchmark is less accurate than in the

case I tested on the dos command line.  This is because I couldn’t isolate the disruption by the running

of the GUI process itself.  Sometimes the running client or server of the previous test couldn’t be

destroyed completely, then I have to manually kill it myself.
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15.2 The Server

Figure 15-2: The Server GUI

The server GUI is very easy to understand, it is just used for display the message at the status field

saying that whether it is running or not.  The output area is used to display any related message such as

there is a exception occurred or prompt message to tell user to clean up any previous running

client/server so that a new test can be started.  The radio button is used to indicate the current running

server.  Other fields are obvious as described by the text box pointers.

By the way, we can also start up the server GUI from the dos command line by entering this command

at the dos command prompt as follows:

Prompt>java DOTBenchmark.gui.RemoteController_Impl
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16. Discussion and Further Research

We have discussed the three main distributed object technologies: Java RMI, CORBA DCOM with

some other DOTs such as HORB, Voyager, Java IDL.  We also outlined the steps that are needed to

develop a basic distributed client and server application using these technologies.  In order to realize

the basic characteristics of each DOT and how the perform, we wrote the same client/server application

for each DOT to perform the most basic operations such as remote object connection, remote object

creation, remote method call, object transfer by value and large numerical array transfer.  In the

numerical array transfer, we also developed a socket version to see how fast each DOT in comparing

with the plain socket when they are used to transferring large numerical array size.  From the

benchmark above, we can see that the cost of overhead added by the DOT involved in marshalling and

unmarshalling process is very expensive.

In the project, we benchmarked each of these operations using the latency factor as the main criteria to

justify how fast each DOT can perform.  This means that we try to measure how fast the marshalling

and unmarshalling process can be done by each DOT.  There are lots of other features that can be tested

for the next phase of the project.  For example, transferring objects is one of the interesting feature can

be tested.  In the project, we have already tested the transferring of simple objects with only a small

number of objects and we did not perform the object casting.  How will the benchmark change if the

object we want to transfer is a complex one, e.g. a complex object tree?  And what about object that are

casted further down from the top of the object hierarchy?  If we try to increase the number of objects

transfer, what is the limit that a DOT can handle for a method call.  How efficient can a stub/proxy and

skeleton of each DOT handle this kind of operation?  Will they still keep its speed?  Other possible

tests can be the patterns we used to make the method call.  Which way is more efficient if we make less

message call with more arguments and if we make more message calls with less arguments, how can

this be handled in each DOTs?

In distributed computing, we need to concern the partial failure factors and resource management

factors as well.  Partial failure problem is a non-trivial task to solve in distributed computing.  The

chance of communication failure is more likely to happen in a distributed application environment than

in a local application environment.  So we might interest to test on how reliability a DOT can provide.

In resource management, we might interest in measuring how cooperative each DOT can be, how

efficient each DOT can provide in load balancing.  These and some more other features might be a very

interesting test that can be carried out for the next phase of this benchmark project.
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17. Future of Distributed Object Technology

17.1 The CORBA 3.0

The OMG will announce a pre-production release of the CORBA 3.0 specification before year-end

1998.  A CORBA 3.0's final release is expected in the first half of 1999.  This latest revision builds on

the success of CORBA to date and incorporates the new technologies that organizations are using

today.  The result is an industry standard that supports and promotes the use of all enterprise

technologies in building new powerful applications.  CORBA 3.0 will achieve a new level of

capabilities for both experienced distributed computing programmers and less technical business

programmers/analysts.  The new version of CORBA will simplify the use of CORBA ORBs for the

development of distributed object applications and include features that will facilitate CORBA's

adoption in the enterprise.

CORBA 3.0 capabilities fall into several categories, these include support for distributed components,

quality of service features, new messaging support, and other technologies that will enable complete

Internet integration and support for legacy environment.

Three core aspects added to the OMG's CORBA 3.0 specification;

• Java/Internet Integration and Legacy Support Features:

- Completed suite of support includes IDL to Java mapping to integrate Java programs

into CORBA applications

- Java to IDL mapping to support automated IDL generation from existing Java

programs

- Binary portable Java stubs for executing any Java/CORBA application in any Java

VM.

Interim specification can be found at: http://www.omg.org./corba/c2indx.htm

- DCE/CORBA Internetworking specification provide a roadmap for integrating

legacy DCE applications into CORBA environments.  It is available at

ftp://ftp.omg.org/pub/docs/orbos/98-06-01.pdf)

- Firewall specification that enables IIOP to securely traverse corporate firewalls

Final portion proxy support specification can be found at:

ftp://ftp.omg.org/pub/docs/orbos/98-07-03.pdf

• Quality of Service Management

- Quality of Service encompasses a number of service-level selection capabilities and

legacy integration

- Support message-oriented middleware (MOM) integration.  Specification is available

at ftp://ftp.omg.org/pub/docs/orbos/98-05-06.pdf
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- Minimum CORBA addresses for a CORBA-compliant system that can operate in an

embedded environment.  The specification identifies a minimum compliance for

supporting CORBA ORBs.  The draft specification can be found at:

ftp://ftp.omg.org/pub/docs/orbos/98-08-04.pdf

- Real-time CORBA 1.0 extends the CORBA specification for a new type of ORB

called the Real-time ORB.  A Real-time ORBs might be comprised of fixed priority

scheduling, control over ORB resources for end-to-end predictability, and flexible

communications. Its draft specification is available at

http://www.omg.org/library/schedule/Realtime_CORBA_1.0_RFP.htm

- The CORBA Component Model is the most significant addition to CORBA.  This

component architecture is a superset of Enterprise Java Bean.  It will specify a

framework for the development of "plug-and-play" CORBA objects.  The

specification specifies a Component Model and Container that can be mapped onto

various programming languages.  The CORBA Component Model draft specification

can be found at:

http://www.omg.org/library/schedule/CORBA_Component_Model_RFP_htm

- The CORB Scripting Language specification will make composition of CORBA

components easier using scripts.  Its draft specification is available at:

http://www.omg.org/library/schedule/CORBA_Scripting_Language_RFP.htm

- Objects-by-Value provides a straightforward and efficient method of passing

information in an object-oriented form across a network.  Support for Objects-by-

Value passing will help programmers integrate CORBA more seamlessly into

modern programming languages.  Extending IIOP support to value objects passing is

an enabler for CORBA 3.0's new Java-to-IDL mapping.  The final specification for

support passing objects-by-value is available at ftp://ftp.omg.org/pub/docs/orbos/98-

01-18.pdf

- Multiple Interfaces will allow a single object to present multiple views of itself

through an interface selection mechanism.  This allows programs to automatically

control access to an object's functions based on interface definitions, operations, or

other criteria.

17.2 Microsoft COM+

Microsoft next generation for Distributed Computing is the COM+.  COM+ includes the MTS

(Microsoft Transaction Server) development and deployment tool as well as a series of services,

including events, publish-and-subscribe event model, dynamic load balancing and queued components

via Microsoft message queue server.
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At the TechEd Microsoft developers' conference in New Orleans on Jun 1998, Microsoft showed the

world that it is offering attributed-based programming, or the capability to easily build a server-side

component and tag it as transactional object or a queued object.

MTS provides context objects for these server objects so that they can participate in transactions.  By

the way MTS objects must be implemented in the form of DLLs that will be hosted by MTS surrogate

processes.  A server object instance notifies MTS when it has finished processing the current task and

no longer needs the volatile state associated with the instance.  MTS can then reuse that instance and its

associated resources to serve other clients without incurring object-activation and resource initialized

overhead.
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18. Conclusion

Distributed object technology is the major breakthrough in modern distributed computing.  It is

dramatically changing the ways in which software systems evolve over time.  It is the cornerstone for

building the next generation of business applications, the modern client/server model that uses a middle

ware as the main communication mechanism.  This middle ware as we have seen is called the Object

Request Broker (ORB) and have standardized by OMG with a Common Object Request Broker

Architecture model.  Given so may DOTs available on the market nowadays, which one will we

consider to be a candidate for building our client/server application for the next ten years?  Which is the

winning technology that will shape the way we develop and deploy our major software applications?

In order to leverage this task, we have come up with a small set of benchmark operations which tests on

the most common operations of all DOTs.  What we were trying to do in this project is to discover the

relative speeds (or latency) for each DOTs because it is considered to be an important factor in

distributed computing to the application developers point of view.  We let all the DOTs run on the

same platforms with the same environment configuration.  Based on the result of this benchmark, we

can say that no DOT won all our benchmark tests.  However, the only DOT that shows very promising

performance is HORB.  Its performance in remote method calls is very good and consistent.  Providing

a good performance in method call is a critical tool in building and maintaining large distributed object

system.  Because Object Oriented programming encourages programmers to use more data

encapsulation, the result will increase the number of method calls.  Faster method calls allow

programmer to make more frequently call with shorter message call than making fewer call with longer

message call.  This leads to design applications with smaller parts that can be easily maintained.  No

doubt that there is a small amount of overhead that DOTs added into the process of marshalling and

unmarshalling the method call when comparing with the plain socket versions.  Although HORB is not

as fast as socket C or socket Java in transferring primitive array, it is the fastest among other DOTs.

Based on the results I found in doing this DOT benchmark project, I would like to make the following

points in this conclusion section as follows:

• Remote Object Connection time is reduced for those DOTs that have equipped with connection

multiplexing feature and have a good locating service implementation.  Connection multiplexing

saves DOTs the time to create each new TCP/IP connection in obtaining each new remote object

reference.  All DOTs except HORB can support connection multiplexing.  However, the overhead

to create each new connection in HORB is small and efficient comparing to the other DOTs.  Java

IDL although have implemented connection multiplexing, its tnameserv locating service performs

very bad, which results it to be the slowest of all DOTs in the remote object connection.  A flexible

connection scheme for DOT will be a good choice.
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• Remote Object Creation saves system resources because objects will only be created when they are

needed.  The Remote Object Creation time is quite more expensive in Java RMI than it is in

Voyager.  DOTs that have equipped with its own method to create remote object shows better

performance than those DOTs don't have, which we use a custom process to simulate the remote

object creation.

• Remote Method Call time varies considerably among the DOTs.  Remote Method Call is a bit

more expensive in DOTs than it is in Socket C and Socket Java.  It also shows that, adding one

more parameter to the method call does not increase the time required in the marshalling and

unmarshalling process of the method call.  And regardless of the number of parameters, there is an

overhead in setting up a method call.  Once the method call has been set up, adding a few

parameters will have little impact on the time it takes to make the call.

• Object Transfer by value (without casting) time basically increases with the number of object

transferred.  This indicates more processing are involved to serialize the object data into byte

stream.  Although HORB uses Java serialization system, it handles object transferred more

efficient than Java RMI in this respect.

• Large numerical array transfer requires intensive CPU resource, all DOTs show higher cost than

the plain socket version.  Socket Java shows very high performance in transferring large array of

byte but it degrades dramatically when it is used to transfer large array of int or double, this is

because of the default of small buffer size of the BufferOutputStream and the BufferInputStream.

Those DOTs support connection multiplexing are more expensive than HORB in this operation.

This is because HORB has  a dedicated connection for each data path where as the others have to

pay the cost of sharing bandwidth of the data path, they also have to pay the cost of copying data

and buffer management to ensure the integrity of the shared data resource.

In term of development process for distributed applications using this DOTs, HORB and Voyager are

the most straightforward and the easiest to use and configure.  They also come with an easy to

understand user's guide which provides step-by-step examples to illustrator the program development.

Next is Java RMI, which is rated to be an medium-easy.  Then VisiBroker, OrbixWeb and Java IDL

which have about the same requirements for developing a CORBA program.  They also have a

comprehensive programmer's guide and user's guide; however it's not very easy to understand.  The

most difficult to develop and less user friendly is DCOM although it has been improved since its first

release.

This project has just tested only on the latency factor.  In the large scale deployment, we also need to

consider other important factors such as partial failure, concurrency control, error control logging,

central monitoring that are handled by DOTs so that a comprehensive features can be used to select a

DOT for deployment.
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20. Appendix I-Client/Sever Code Base

20.1 The Client GUI

�� 7KH 5FOLHQW�MDYD

��
�� 0DLQ SURJUDP IRU %HQFKPDUN LQWHUIDFH

�� :ULWWHQ IRU '27 SURMHFW �������'7 ����
�� #YHUVLRQ Y���

�� /DVW PRGLILHG� 6HSWHPEHU �WK� ����
��

��
�� E\ 0LFKDHO 7D

��
SDFNDJH '27%HQFKPDUN�JXL�

LPSRUW ,(�,RQD�2UEL[:HE�B2UEL[:HE�
LPSRUW ,(�,RQD�2UEL[:HE�)HDWXUHV�&RQILJ�
LPSRUW RUJ�RPJ�&25%$�25%�

LPSRUW ,(�,RQD�2UEL[:HE�B&25%$�

LPSRUW '27%HQFKPDUN�YR\���
�
LPSRUW FRP�REMHFWVSDFH�YR\DJHU�
�

LPSRUW '27%HQFKPDUN�YLVLEURNHU�
�
LPSRUW '27%HQFKPDUN�RUEL[�
�

LPSRUW MDYD�LR�
�
LPSRUW MDYD�DZW�
�

LPSRUW MDYD�DZW�HYHQW�
�
LPSRUW MDYD�XWLO�3URSHUWLHV�

LPSRUW MDYD�QHW�
�
LPSRUW MDYD�UPL�
�

LPSRUW KRUE�RUE�
�

��LPSRUW RUJ�RPJ�&RV1DPLQJ�
� �� -DYD,'/ ZLOO XVH WKH QDPLQJ VHUYLFH�
��LPSRUW H[FHO��
� �� IRU XVLQJ WR

��LPSRUW FRP�PV�FRP�
� �� LQYRNH ([FHO

SXEOLF FODVV 5FOLHQW H[WHQGV )UDPH LPSOHPHQWV $FWLRQ/LVWHQHU ^

SULYDWH 3DQHO FKHFN%R[*URXS3DQHO  QHZ 3DQHO���
SULYDWH 3DQHO EXWWRQ3DQHO  QHZ 3DQHO���

SULYDWH 7H[W$UHD RXWSXW$UHD  QHZ 7H[W$UHD���
SULYDWH 7H[W)LHOG VWDWXV)LHOG  QHZ 7H[W)LHOG���

SULYDWH &KRLFH VHUYHU1DPH  QHZ &KRLFH���
SULYDWH 7H[W)LHOG LWHUDWLRQ)LHOG�

SULYDWH LQW LWHUDWLRQ1XPEHU  ���
SULYDWH MDYD�DZW�%XWWRQ FUHDWLRQ%XWWRQ� FRQQHFWLRQ%XWWRQ� FDOO%XWWRQ� REMHFW$UUD\%XWWRQ� E\WH$UUD\%XWWRQ�
SULYDWH MDYD�DZW�%XWWRQ LQW$UUD\%XWWRQ� GRXEOH$UUD\%XWWRQ� DOO2SHUDWLRQ%XWWRQ� FOHDU%XWWRQ� SORW*UDSK%XWWRQ�

SULYDWH MDYD�DZW�%XWWRQ VWDUW6HUYHU%XWWRQ� VWDUW&OLHQW%XWWRQ� VWRS%XWWRQ� SULQW%XWWRQ� VDYH%XWWRQ�
SULYDWH 6WULQJ VHUYHUDGGUHVV�

SULYDWH &KHFNER[*URXS FKER[J  QHZ &KHFNER[*URXS���
3URSHUWLHV S  QHZ 3URSHUWLHV���

'27%HQFKPDUN�UPL�6HUYHU UPL6HUYHU  QXOO�
'27%HQFKPDUN�KRUE�6HUYHUB3UR[\ KRUE6HUYHU  QXOO�

'27%HQFKPDUN�YR\���,6HUYHU YR\DJHU6HUYHU  QXOO�
YEURNHU�6HUYHU YLVLEURNHU6HUYHU  QXOO�

'27%HQFKPDUN�RUEL[�6HUYHU RUEL[:HE6HUYHU  QXOO�
��'27%HQFKPDUN�MDYDLGO�6HUYHU MDYD,'/6HUYHU  QXOO�

5HPRWH&RQWUROOHU UFVHUYHU  QXOO� �� UHPRWH FRQWUROOHU VHUYHU
3URFHVV FKLOG�

SULYDWH ERROHDQ RSHQ[OV  IDOVH�
SULYDWH ERROHDQ UXQQLQJ  IDOVH�

The Client GUI Testbed
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SULYDWH 6WULQJ%XIIHU WHPS  QHZ 6WULQJ%XIIHU���

LQW>@ DUUD\BVL]HV  ^�� ���� ���� ����� ����� ����� ����
�� ����
��
����
�� ����
��� ����
��� ����
�� `�

ORQJ VWDUW7LPH� WLPH�
GRXEOH HODSVH�

+RUE85/ XUO�
RUJ�RPJ�&25%$�25% RUE�

�
B*OREDO JORE;/  QXOO�

B$SSOLFDWLRQ DSS;/  QXOO�
:RUNERRNV ERRNV  QXOO�

B:RUNERRN ERRN  QXOO�
�

SXEOLF VWDWLF YRLG PDLQ�6WULQJ DUJV>@� ^
5FOLHQW SURMHFW  QHZ 5FOLHQW���

`

SXEOLF 5FOLHQW�� ^
VHW7LWOH��'27 %HQFKPDUN 7HVWEHG �&OLHQW� Y������

VHW6L]H����������
�

 5HJLVWHU WR KDQGOH ZLQGRZ HYHQWV 
�

DGG:LQGRZ/LVWHQHU�QHZ :LQGRZ$GDSWHU�� ^
SXEOLF YRLG ZLQGRZ&ORVLQJ� :LQGRZ(YHQW HYW � ^

LI �RSHQ[OV� ^
��FORVH([FHO���

`
GLVSRVH���

6\VWHP�H[LW� � ��
`

` ��
VHW/D\RXW�QHZ %RUGHU/D\RXW����
3DQHO ZHVW3DQHO  QHZ 3DQHO���

ZHVW3DQHO�VHW/D\RXW �QHZ %RUGHU/D\RXW����
EXWWRQ3DQHO�VHW/D\RXW�QHZ *ULG/D\RXW��������

ZHVW3DQHO�DGG��1RUWK�� EXWWRQ3DQHO��
VWDUW6HUYHU%XWWRQ  PDNH%XWWRQ�EXWWRQ3DQHO��D� 6WDUW XS VHUYHU WHVWEHG���

VWDUW&OLHQW%XWWRQ  PDNH%XWWRQ�EXWWRQ3DQHO��E� 6WDUW XS FOLHQW���
VWRS%XWWRQ  PDNH%XWWRQ�EXWWRQ3DQHO� �F� 6WRS���

FUHDWLRQ%XWWRQ  PDNH%XWWRQ�EXWWRQ3DQHO� �G� 5HPRWH 2EMHFW &RQQHFWLRQV���
FRQQHFWLRQ%XWWRQ  PDNH%XWWRQ�EXWWRQ3DQHO� �H� 5HPRWH 2EMHFW &UHDWLRQV���

FDOO%XWWRQ  PDNH%XWWRQ�EXWWRQ3DQHO� �I� 5HPRWH 0HWKRG &DOOV���
REMHFW$UUD\%XWWRQ  PDNH%XWWRQ�EXWWRQ3DQHO� �J� 2EMHFW $UUD\ 7UDQVIHUV���

E\WH$UUD\%XWWRQ  PDNH%XWWRQ�EXWWRQ3DQHO� �K� � 3ULPLWLYH E\WH $UUD\ 7UDQVIHUV���
LQW$UUD\%XWWRQ  PDNH%XWWRQ�EXWWRQ3DQHO� �L� 3ULPLWLYH LQW $UUD\ 7UDQVIHUV���

GRXEOH$UUD\%XWWRQ  PDNH%XWWRQ�EXWWRQ3DQHO� �M� 3ULPLWLYH GRXEOH $UUD\ 7UDQVIHUV���
DOO2SHUDWLRQ%XWWRQ  PDNH%XWWRQ�EXWWRQ3DQHO� �N� $OO 2SHUDWLRQV���

FOHDU%XWWRQ  PDNH%XWWRQ�EXWWRQ3DQHO� �O� &OHDU 2XWSXW���
VDYH%XWWRQ  PDNH%XWWRQ�EXWWRQ3DQHO� �P� 6DYH 5HVXOW���
SULQW%XWWRQ  PDNH%XWWRQ�EXWWRQ3DQHO� �Q� 3ULQW 5HVXOW���

SORW*UDSK%XWWRQ  PDNH%XWWRQ�EXWWRQ3DQHO� �R� 3ORW *UDSK���

3DQHO S  QHZ 3DQHO���
S�VHW/D\RXW� QHZ *ULG/D\RXW �������

S�DGG�QHZ MDYD�DZW�/DEHO��1XPEHU RI LWHUDWLRQ�����
S�DGG�LWHUDWLRQ)LHOG  QHZ 7H[W)LHOG��� � LWHUDWLRQ1XPEHU� ��

S�DGG�QHZ MDYD�DZW�/DEHO��6HUYHU DGGUHVV�����
VHUYHU1DPH�DGG��ORFDOKRVW���

VHUYHU1DPH�DGG��FLWU�SF����
VHUYHU1DPH�DGG��FLWU�SF����

S�DGG�VHUYHU1DPH��
ZHVW3DQHO�DGG��6RXWK��S��

DGG��:HVW�� ZHVW3DQHO��
3DQHO QRUWK3DQHO  QHZ 3DQHO���
QRUWK3DQHO�VHW/D\RXW� QHZ %RUGHU/D\RXW����

FKHFN%R[*URXS3DQHO�VHW/D\RXW� QHZ *ULG/D\RXW�������
QRUWK3DQHO�DGG��&HQWHU�� FKHFN%R[*URXS3DQHO��

FKHFN%R[*URXS3DQHO�DGG� QHZ &KHFNER[ ��D� -DYD 50, ������� FKER[J� WUXH���

FKHFN%R[*URXS3DQHO�DGG� QHZ &KHFNER[ ��E� +RUE Y����E��� FKER[J� IDOVH���
FKHFN%R[*URXS3DQHO�DGG� QHZ &KHFNER[ ��F� 9R\DJHU ������� FKER[J� IDOVH���

FKHFN%R[*URXS3DQHO�DGG� QHZ &KHFNER[ ��G� 9LVLJHQLF Y����� FKER[J� IDOVH���
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FKHFN%R[*URXS3DQHO�DGG� QHZ &KHFNER[ ��H� ,RQD 2UEL[:HE Y����� FKER[J� IDOVH���

FKHFN%R[*URXS3DQHO�DGG� QHZ &KHFNER[ ��I� 06 '&20�� FKER[J� IDOVH���
FKHFN%R[*URXS3DQHO�DGG� QHZ &KHFNER[ ��J� -DYD 6RFNHW�� FKER[J� IDOVH���

FKHFN%R[*URXS3DQHO�DGG� QHZ &KHFNER[ ��K� & 6RFNHW�� FKER[J� IDOVH���
FKHFN%R[*URXS3DQHO�DGG� QHZ &KHFNER[ ��L� -DYD ,'/ ����� FKER[J� IDOVH���

FKHFN%R[*URXS3DQHO�DGG� QHZ &KHFNER[ ��M� -DF25%�� FKER[J� IDOVH���
FKHFN%R[*URXS3DQHO�DGG� QHZ &KHFNER[ ��N� ,%0 $JOHWV�� FKER[J� IDOVH���

DGG��1RUWK�� FKHFN%R[*URXS3DQHO��

RXWSXW$UHD�VHW(GLWDEOH�IDOVH��
DGG��&HQWHU�� RXWSXW$UHD��

VWDWXV)LHOG�VHW(GLWDEOH�IDOVH��
DGG��6RXWK�� VWDWXV)LHOG��

SDFN���
VKRZ���

`

�

 $GG D %XWWRQ ZLWK D QDPH WR D SDQHO DQG UHJLVWHU D OLVWHQHU REMHFW ZLWK WKLV EXWWRQ 

�

SXEOLF MDYD�DZW�%XWWRQ PDNH%XWWRQ�3DQHO S� 6WULQJ QDPH� ^
MDYD�DZW�%XWWRQ E  QHZ MDYD�DZW�%XWWRQ�QDPH��

E�DGG$FWLRQ/LVWHQHU�WKLV��
S�DGG�E��

UHWXUQ E�

`

�

 $GG D &KHFNER[ ZLWK D ODEHO WR D SDQHO DQG UHJLVWHU D OLVWHQHU REMHFW ZLWK WKLV &KHFNER[ 

�
SXEOLF &KHFNER[ DGG&KHFNER[�3DQHO S� 6WULQJ QDPH� ^

&KHFNER[ F  QHZ &KHFNER[�QDPH��
��F�DGG,WHP/LVWHQHU�WKLV��

S�DGG�F��
UHWXUQ F�

`

�

 +DQGOH D FOLFN RQ WKH EXWWRQ SDQHO 

�

SXEOLF YRLG DFWLRQ3HUIRUPHG�$FWLRQ(YHQW HYW� ^
FKDU F  HYW�JHW$FWLRQ&RPPDQG���FKDU$W����

LI �F   
D
� ^ �� VWDUW XS VHUYHU

VHUYHUDGGUHVV  VHUYHU1DPH�JHW6HOHFWHG,WHP���WULP���
+RUE85/ XUO  QHZ +RUE85/��KRUE���� � VHUYHUDGGUHVV��

UFVHUYHU  QHZ 5HPRWH&RQWUROOHUB3UR[\�XUO��
SULQWOQ��6HUYHU WHVWEHG KDV EHHQ FUHDWHG DW� � � UFVHUYHU�JHW6HUYHU1DPH����

WU\ ^
7KUHDG�VOHHS�������

` FDWFK �([FHSWLRQ H[[[[� ^`
`

LI �F   
E
� ^ ��VWDUW XS FOLHQW
VHUYHUDGGUHVV  VHUYHU1DPH�JHW6HOHFWHG,WHP���WULP���

SULQWOQ��6HUYHU DGGUHVV� � � VHUYHUDGGUHVV��
FKDU RSWLRQ  FKER[J�JHW6HOHFWHG&KHFNER[���JHW/DEHO���FKDU$W����

VZLWFK �RSWLRQ� ^
FDVH 
D
�

SULQWOQ��6WDUWLQJ -DYD 50, 6HUYHU������
UFVHUYHU�VWDUWXS-DYD50,6HUYHU���

SULQWOQ��6WDUWLQJ -DYD 50, &OLHQW������
VWDUWXS-DYD50,&OLHQW�VHUYHUDGGUHVV��

UXQQLQJ  WUXH�
EUHDN�

FDVH 
E
�
SULQWOQ��6WDUWLQJ +25% 6HUYHU������
UFVHUYHU�VWDUWXS+RUE6HUYHU���

SULQWOQ��6WDUWLQJ +25% &OLHQW������
VWDUWXS+RUE&OLHQW�VHUYHUDGGUHVV��

UXQQLQJ  WUXH�
EUHDN�

FDVH 
F
�
SULQWOQ��6WDUWLQJ 9R\DJHU 6HUYHU������

UFVHUYHU�VWDUWXS9R\DJHU6HUYHU���
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SULQWOQ��6WDUWLQJ 9R\DJHU &OLHQW������

VWDUWXS9R\DJHU&OLHQW�VHUYHUDGGUHVV��
UXQQLQJ  WUXH�

EUHDN�
FDVH 
G
�

SULQWOQ��6WDUWLQJ 9LVL%URNHU 6HUYHU������
UFVHUYHU�VWDUWXS9LVL%URNHU6HUYHU���

SULQWOQ��6WDUWLQJ 9LVL%URNHU &OLHQW������
VWDUWXS9LVLEURNHU&OLHQW�VHUYHUDGGUHVV��

UXQQLQJ  WUXH�
EUHDN�

FDVH 
H
�
SULQWOQ��6WDUWLQJ ,RQD 2UEL[:HE 6HUYHU������

UFVHUYHU�VWDUWXS,RQD2UEL[:HE6HUYHU���
SULQWOQ��6WDUWLQJ ,RQD 2UEL[:HE &OLHQW������

VWDUWXS,RQD2UEL[:HE&OLHQW�VHUYHUDGGUHVV��
UXQQLQJ  WUXH�
EUHDN�

FDVH 
I
�
SULQWOQ��6WDUWLQJ 0LFURVRIW 'FRP &OLHQW������

VWDUWXS06'&RP&OLHQW���
UXQQLQJ  WUXH�

EUHDN�
FDVH 
J
�

SULQWOQ��6WDUWLQJ -DYD 6RFNHW &OLHQW������
SULQWOQ��,WHUDWLRQ LV VHW WR �������

VWDUWXS-DYD6RFNHW&OLHQW���
UXQQLQJ  WUXH�

EUHDN�
FDVH 
K
�

SULQWOQ��6WDUWLQJ & 6RFNHW &OLHQW������
SULQWOQ��,WHUDWLRQ LV VHW WR �������
VWDUWXS&6RFNHW&OLHQW���

UXQQLQJ  WUXH�
EUHDN�

FDVH 
L
�
SULQWOQ��6WDUWLQJ -DYD,'/ &OLHQW������

VWDUWXS-DYD,'/&OLHQW�VHUYHUDGGUHVV��
UXQQLQJ  WUXH�

EUHDN�
FDVH 
M
�

SULQWOQ��6WDUWLQJ -DF25% &OLHQW������
VWDUWXS-DF25%&OLHQW���

UXQQLQJ  WUXH�
EUHDN�

FDVH 
N
�
SULQWOQ��6WDUWLQJ ,%0 $JOHWV &OLHQW������

VWDUWXS,%0$JOHWV&OLHQW���
UXQQLQJ  WUXH�
EUHDN�

GHIDXOW�
SULQWOQ��1R &OLHQW LV UXQQLQJ������

`
`

HOVH LI �F   
F
� ^ �� VWRS D UXQQLQJ FOLHQW

LI �UXQQLQJ� ^
FKDU RSWLRQ  FKER[J�JHW6HOHFWHG&KHFNER[���JHW/DEHO���FKDU$W����

VZLWFK �RSWLRQ� ^
FDVH 
D
�

SULQWOQ��6KXWWLQJ GRZQ -DYD 50, &OLHQW������
UPL6HUYHU  QXOO�

SULQWOQ��6KXWWLQJ GRZQ -DYD 50, 6HUYHU������
UFVHUYHU�VKXW'RZQ6HUYHU���
6\VWHP�JF���

UXQQLQJ  IDOVH�
EUHDN�

FDVH 
E
�
SULQWOQ��6KXWWLQJ GRZQ +25% &OLHQW������

KRUE6HUYHU  QXOO�
SULQWOQ��6KXWWLQJ GRZQ +25% 6HUYHU������

UFVHUYHU�VKXW'RZQ6HUYHU���
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6\VWHP�JF���

UXQQLQJ  IDOVH�
EUHDN�

FDVH 
F
�
SULQWOQ��6KXWWLQJ GRZQ 9R\DJHU &OLHQW�����

YR\DJHU6HUYHU  QXOO�
SULQWOQ��6KXWWLQJ GRZQ 9R\DJHU 6HUYHU�����

UFVHUYHU�VKXW'RZQ6HUYHU���
6\VWHP�JF���

UXQQLQJ  IDOVH�
EUHDN�

FDVH 
G
�
SULQWOQ��6KXWWLQJ GRZQ 9LVL%URNHU &OLHQW������

YLVLEURNHU6HUYHU  QXOO�
SULQWOQ��6KXWWLQJ GRZQ 9R\DJHU 6HUYHU�����

UFVHUYHU�VKXW'RZQ6HUYHU���
6\VWHP�JF���
UXQQLQJ  IDOVH�

EUHDN�
FDVH 
H
�

SULQWOQ��6KXWWLQJ GRZQ ,RQD 2UEL[:HE &OLHQW������
RUEL[:HE6HUYHU  QXOO�

SULQWOQ��6KXWWLQJ GRZQ ,RQD 2UEL[:HE 6HUYHU������
UFVHUYHU�VKXW'RZQ6HUYHU���

6\VWHP�JF���
UXQQLQJ  IDOVH�

EUHDN�
FDVH 
I
�

SULQWOQ��6KXWWLQJ GRZQ 0LFURVRIW 'FRP &OLHQW������
VKXW'RZQ&OLHQW�FKLOG��

UXQQLQJ  IDOVH�
EUHDN�

FDVH 
J
�

SULQWOQ��6KXWWLQJ GRZQ -DYD 6RFNHW &OLHQW������
VKXW'RZQ&OLHQW�FKLOG��

EUHDN�
FDVH 
K
�

SULQWOQ��6KXWWLQJ GRZQ & 6RFNHW &OLHQW������
VKXW'RZQ&OLHQW�FKLOG��

UXQQLQJ  IDOVH�
EUHDN�

FDVH 
L
�
SULQWOQ��6KXWWLQJ GRZQ -DYD,'/ &OLHQW������

VKXW'RZQ&OLHQW�FKLOG��
UXQQLQJ  IDOVH�

EUHDN�
FDVH 
M
�

SULQWOQ��6KXWWLQJ GRZQ -DF25% &OLHQW������
VKXW'RZQ&OLHQW�FKLOG��
UXQQLQJ  IDOVH�

EUHDN�
FDVH 
N
�

SULQWOQ��6KXWWLQJ GRZQ ,%0 $JOHWV &OLHQW������
VKXW'RZQ&OLHQW�FKLOG��

UXQQLQJ  IDOVH�
EUHDN�

GHIDXOW�
SULQWOQ��1R FOLHQW LV UXQQLQJ������

`
VHW6WDWXV��1R FOLHQW LV UXQQLQJ���

`
`

HOVH LI �F   
G
� ^ �� 5HPRWH 2EMHFW &RQQHFWLRQ RSHUDWLRQ
LI �UXQQLQJ� ^

WU\ ^
LWHUDWLRQ1XPEHU  ,QWHJHU�SDUVH,QW�LWHUDWLRQ)LHOG�JHW7H[W���WULP����

` FDWFK �([FHSWLRQ H� ^
6\VWHP�HUU�SULQWOQ�H��

`
VHUYHUDGGUHVV  VHUYHU1DPH�JHW6HOHFWHG,WHP���WULP���

FKDU RSWLRQ  FKER[J�JHW6HOHFWHG&KHFNER[���JHW/DEHO���FKDU$W����
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VZLWFK �RSWLRQ� ^

FDVH 
D
�
-DYD50,5HPRWH2EMHFW&RQQHFWLRQ�LWHUDWLRQ1XPEHU� VHUYHUDGGUHVV��

SULQWOQ��)LQLVKHG���
EUHDN�

FDVH 
E
�
+RUE5HPRWH2EMHFW&RQQHFWLRQ�LWHUDWLRQ1XPEHU� VHUYHUDGGUHVV��

SULQWOQ��)LQLVKHG���
EUHDN�

FDVH 
F
�
9R\DJHU5HPRWH2EMHFW&RQQHFWLRQ�LWHUDWLRQ1XPEHU� VHUYHUDGGUHVV��

SULQWOQ��)LQLVKHG���
EUHDN�

FDVH 
G
�
9LVLEURNHU5HPRWH2EMHFW&RQQHFWLRQ�LWHUDWLRQ1XPEHU� VHUYHUDGGUHVV��

SULQWOQ��)LQLVKHG���
EUHDN�

FDVH 
H
�

2UEL[:HE5HPRWH2EMHFW&RQQHFWLRQ�LWHUDWLRQ1XPEHU� VHUYHUDGGUHVV��
SULQWOQ��)LQLVKHG���

EUHDN�
�
FDVH 
I
�

SULQWOQ��6WDUWLQJ 0LFURVRIW 'FRP &OLHQW������
VWDUWXS06'&RP&OLHQW���

UXQQLQJ  WUXH�
EUHDN�

FDVH 
J
�
SULQWOQ��6WDUWLQJ -DYD 6RFNHW &OLHQW������

SULQWOQ��,WHUDWLRQ LV VHW WR �������
VWDUWXS-DYD6RFNHW&OLHQW���

UXQQLQJ  WUXH�
EUHDN�

FDVH 
K
�

SULQWOQ��6WDUWLQJ & 6RFNHW &OLHQW������
SULQWOQ��,WHUDWLRQ LV VHW WR �������

VWDUWXS&6RFNHW&OLHQW���
UXQQLQJ  WUXH�

EUHDN�
�
FDVH 
L
�

-DYD,'/5HPRWH2EMHFW&RQQHFWLRQ�LWHUDWLRQ1XPEHU� VHUYHUDGGUHVV��
SULQWOQ��)LQLVKHG���

EUHDN�
FDVH 
M
�

SULQWOQ��6WDUWLQJ -DF25% &OLHQW������
VWDUWXS-DF25%&OLHQW���

UXQQLQJ  WUXH�
EUHDN�

FDVH 
N
�
SULQWOQ��6WDUWLQJ ,%0 $JOHWV &OLHQW������
VWDUWXS,%0$JOHWV&OLHQW���

UXQQLQJ  WUXH�
EUHDN�

GHIDXOW�
SULQWOQ��1R &OLHQW LV UXQQLQJ������

`
`

HOVH
SULQWOQ��0DNH VXUH FOLHQW DQG VHUYHU DUH XS DQG UXQQLQJ����

`

HOVH LI �F   
H
� ^ �� 5HPRWH REMHFW FUHDWLRQ
LI �UXQQLQJ� ^

WU\ ^
LWHUDWLRQ1XPEHU  ,QWHJHU�SDUVH,QW�LWHUDWLRQ)LHOG�JHW7H[W���WULP����

` FDWFK �([FHSWLRQ H� ^

6\VWHP�HUU�SULQWOQ�H��
`

VHUYHUDGGUHVV  VHUYHU1DPH�JHW6HOHFWHG,WHP���WULP���
FKDU RSWLRQ  FKER[J�JHW6HOHFWHG&KHFNER[���JHW/DEHO���FKDU$W����

VZLWFK �RSWLRQ� ^
FDVH 
D
�

-DYD50,5HPRWH2EMHFW&UHDWLRQ�LWHUDWLRQ1XPEHU� VHUYHUDGGUHVV��
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SULQWOQ��)LQLVKHG���

EUHDN�
FDVH 
E
�

+RUE5HPRWH2EMHFW&UHDWLRQ�LWHUDWLRQ1XPEHU� VHUYHUDGGUHVV��
SULQWOQ��)LQLVKHG���

EUHDN�
FDVH 
F
�

9R\DJHU5HPRWH2EMHFW&UHDWLRQ�LWHUDWLRQ1XPEHU� VHUYHUDGGUHVV��
SULQWOQ��)LQLVKHG���

EUHDN�
FDVH 
G
�

9LVLEURNHU5HPRWH2EMHFW&UHDWLRQ�LWHUDWLRQ1XPEHU� VHUYHUDGGUHVV��
SULQWOQ��)LQLVKHG���

EUHDN�
FDVH 
H
�

2UEL[:HE5HPRWH2EMHFW&UHDWLRQ�LWHUDWLRQ1XPEHU� VHUYHUDGGUHVV��
SULQWOQ��)LQLVKHG���
EUHDN�

�
FDVH 
I
�
SULQWOQ��6WDUWLQJ 0LFURVRIW 'FRP &OLHQW������

VWDUWXS06'&RP&OLHQW���
UXQQLQJ  WUXH�

EUHDN�
FDVH 
J
�

SULQWOQ��6WDUWLQJ -DYD 6RFNHW &OLHQW������
SULQWOQ��,WHUDWLRQ LV VHW WR �������

VWDUWXS-DYD6RFNHW&OLHQW���
UXQQLQJ  WUXH�

EUHDN�
FDVH 
K
�

SULQWOQ��6WDUWLQJ & 6RFNHW &OLHQW������
SULQWOQ��,WHUDWLRQ LV VHW WR �������
VWDUWXS&6RFNHW&OLHQW���

UXQQLQJ  WUXH�
EUHDN�
�

FDVH 
L
�
-DYD,'/5HPRWH2EMHFW&UHDWLRQ�LWHUDWLRQ1XPEHU� VHUYHUDGGUHVV��

SULQWOQ��)LQLVKHG���
EUHDN�

FDVH 
M
�
SULQWOQ��6WDUWLQJ -DF25% &OLHQW������

VWDUWXS-DF25%&OLHQW���
UXQQLQJ  WUXH�

EUHDN�
FDVH 
N
�

SULQWOQ��6WDUWLQJ ,%0 $JOHWV &OLHQW������
VWDUWXS,%0$JOHWV&OLHQW���

UXQQLQJ  WUXH�
EUHDN�

GHIDXOW�

SULQWOQ��1R &OLHQW LV UXQQLQJ������
`

`
HOVH

SULQWOQ��0DNH VXUH FOLHQW LV XS DQG UXQQLQJ����
`

HOVH LI �F   
I
� ^ �� 5HPRWH PHWKRG FDOO
LI �UXQQLQJ� ^

WU\ ^
LWHUDWLRQ1XPEHU  ,QWHJHU�SDUVH,QW�LWHUDWLRQ)LHOG�JHW7H[W���WULP����

` FDWFK �([FHSWLRQ H� ^
6\VWHP�HUU�SULQWOQ�H��

`
VHUYHUDGGUHVV  VHUYHU1DPH�JHW6HOHFWHG,WHP���WULP���
FKDU RSWLRQ  FKER[J�JHW6HOHFWHG&KHFNER[���JHW/DEHO���FKDU$W����

VZLWFK �RSWLRQ� ^
FDVH 
D
�

-DYD50,5HPRWH0HWKRG&DOO�LWHUDWLRQ1XPEHU��
SULQWOQ��)LQLVKHG���

EUHDN�
FDVH 
E
�

+RUE5HPRWH0HWKRG&DOO�LWHUDWLRQ1XPEHU��
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SULQWOQ��)LQLVKHG���

EUHDN�
FDVH 
F
�

9R\DJHU5HPRWH0HWKRG&DOO�LWHUDWLRQ1XPEHU��
SULQWOQ��)LQLVKHG���

EUHDN�
FDVH 
G
�

9LVLEURNHU5HPRWH0HWKRG&DOO�LWHUDWLRQ1XPEHU��
SULQWOQ��)LQLVKHG���

EUHDN�
FDVH 
H
�

2UEL[:HE5HPRWH0HWKRG&DOO�LWHUDWLRQ1XPEHU��
SULQWOQ��)LQLVKHG���

EUHDN�
�
FDVH 
I
�

SULQWOQ��6WDUWLQJ 0LFURVRIW 'FRP &OLHQW������
VWDUWXS06'&RP&OLHQW���
UXQQLQJ  WUXH�

EUHDN�
FDVH 
J
�

SULQWOQ��6WDUWLQJ -DYD 6RFNHW &OLHQW������
SULQWOQ��,WHUDWLRQ LV VHW WR �������

VWDUWXS-DYD6RFNHW&OLHQW���
UXQQLQJ  WUXH�

EUHDN�
FDVH 
K
�

SULQWOQ��6WDUWLQJ & 6RFNHW &OLHQW������
SULQWOQ��,WHUDWLRQ LV VHW WR �������

VWDUWXS&6RFNHW&OLHQW���
UXQQLQJ  WUXH�

EUHDN�
�
FDVH 
L
�

-DYD,'/5HPRWH0HWKRG&DOO�LWHUDWLRQ1XPEHU��

SULQWOQ��)LQLVKHG���
EUHDN�

FDVH 
M
�
SULQWOQ��6WDUWLQJ -DF25% &OLHQW������

VWDUWXS-DF25%&OLHQW���
UXQQLQJ  WUXH�

EUHDN�
FDVH 
N
�

SULQWOQ��6WDUWLQJ ,%0 $JOHWV &OLHQW������
VWDUWXS,%0$JOHWV&OLHQW���

UXQQLQJ  WUXH�
EUHDN�

GHIDXOW�
SULQWOQ��1R &OLHQW LV UXQQLQJ������

`
`
HOVH

SULQWOQ��0DNH VXUH FOLHQW LV XS DQG UXQQLQJ����
`

HOVH LI �F   
J
� ^ �� 2EMHFW DUUD\ WUDQVIHU

LI �UXQQLQJ� ^
WU\ ^

LWHUDWLRQ1XPEHU  ,QWHJHU�SDUVH,QW�LWHUDWLRQ)LHOG�JHW7H[W���WULP����
` FDWFK �([FHSWLRQ H� ^

6\VWHP�HUU�SULQWOQ�H��
`

FKDU RSWLRQ  FKER[J�JHW6HOHFWHG&KHFNER[���JHW/DEHO���FKDU$W����

VZLWFK �RSWLRQ� ^
FDVH 
D
�

-DYD50,2EMHFW'DWD7UDQVIHU�LWHUDWLRQ1XPEHU��

SULQWOQ��)LQLVKHG���
EUHDN�

FDVH 
E
�
+RUE2EMHFW'DWD7UDQVIHU�LWHUDWLRQ1XPEHU��

SULQWOQ��)LQLVKHG���
EUHDN�

FDVH 
F
�
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9R\DJHU2EMHFW'DWD7UDQVIHU�LWHUDWLRQ1XPEHU��

SULQWOQ��)LQLVKHG���
EUHDN�

FDVH 
G
�
9LVLEURNHU2EMHFW'DWD7UDQVIHU�LWHUDWLRQ1XPEHU��

SULQWOQ��)LQLVKHG���
EUHDN�

FDVH 
H
�
2UEL[:HE2EMHFW'DWD7UDQVIHU�LWHUDWLRQ1XPEHU��

SULQWOQ��)LQLVKHG���
EUHDN�

�
FDVH 
I
�
SULQWOQ��6WDUWLQJ 0LFURVRIW 'FRP &OLHQW������

VWDUWXS06'&RP&OLHQW���
UXQQLQJ  WUXH�

EUHDN�
FDVH 
J
�

SULQWOQ��6WDUWLQJ -DYD 6RFNHW &OLHQW������

SULQWOQ��,WHUDWLRQ LV VHW WR �������
VWDUWXS-DYD6RFNHW&OLHQW���

UXQQLQJ  WUXH�
EUHDN�

FDVH 
K
�
SULQWOQ��6WDUWLQJ & 6RFNHW &OLHQW������

SULQWOQ��,WHUDWLRQ LV VHW WR �������
VWDUWXS&6RFNHW&OLHQW���

UXQQLQJ  WUXH�
EUHDN�
�

FDVH 
L
�
-DYD,'/2EMHFW'DWD7UDQVIHU�LWHUDWLRQ1XPEHU��

SULQWOQ��)LQLVKHG���
EUHDN�

FDVH 
M
�

SULQWOQ��6WDUWLQJ -DF25% &OLHQW������
VWDUWXS-DF25%&OLHQW���

UXQQLQJ  WUXH�
EUHDN�

FDVH 
N
�
SULQWOQ��6WDUWLQJ ,%0 $JOHWV &OLHQW������

VWDUWXS,%0$JOHWV&OLHQW���
UXQQLQJ  WUXH�

EUHDN�
GHIDXOW�

SULQWOQ��1R &OLHQW LV UXQQLQJ������
`

`
HOVH

SULQWOQ��0DNH VXUH FOLHQW LV XS DQG UXQQLQJ����
`

HOVH LI �F   
K
� ^ �� E\WH DUUD\ WUDQVIHU
LI �UXQQLQJ� ^

WU\ ^
LWHUDWLRQ1XPEHU  ,QWHJHU�SDUVH,QW�LWHUDWLRQ)LHOG�JHW7H[W���WULP����

` FDWFK �([FHSWLRQ H� ^
6\VWHP�HUU�SULQWOQ�H��

`
FKDU RSWLRQ  FKER[J�JHW6HOHFWHG&KHFNER[���JHW/DEHO���FKDU$W����

VZLWFK �RSWLRQ� ^
FDVH 
D
�

-DYD50,E\WH$UUD\7UDQVIHU�LWHUDWLRQ1XPEHU��
SULQWOQ��)LQLVKHG���

EUHDN�
FDVH 
E
�

+RUEE\WH$UUD\7UDQVIHU�LWHUDWLRQ1XPEHU��

SULQWOQ��)LQLVKHG���
EUHDN�

FDVH 
F
�
9R\DJHUE\WH$UUD\7UDQVIHU�LWHUDWLRQ1XPEHU��

SULQWOQ��)LQLVKHG���
EUHDN�

FDVH 
G
�
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9LVLEURNHUE\WH$UUD\7UDQVIHU�LWHUDWLRQ1XPEHU��

SULQWOQ��)LQLVKHG���
EUHDN�

FDVH 
H
�
2UEL[:HEE\WH$UUD\7UDQVIHU�LWHUDWLRQ1XPEHU��

SULQWOQ��)LQLVKHG���
EUHDN�

�
FDVH 
I
�
SULQWOQ��6WDUWLQJ 0LFURVRIW 'FRP &OLHQW������

VWDUWXS06'&RP&OLHQW���
UXQQLQJ  WUXH�

EUHDN�
FDVH 
J
�

SULQWOQ��6WDUWLQJ -DYD 6RFNHW &OLHQW������
SULQWOQ��,WHUDWLRQ LV VHW WR �������

VWDUWXS-DYD6RFNHW&OLHQW���
UXQQLQJ  WUXH�
EUHDN�

FDVH 
K
�
SULQWOQ��6WDUWLQJ & 6RFNHW &OLHQW������

SULQWOQ��,WHUDWLRQ LV VHW WR �������
VWDUWXS&6RFNHW&OLHQW���

UXQQLQJ  WUXH�
EUHDN�
�

FDVH 
L
�
-DYD,'/E\WH$UUD\7UDQVIHU�LWHUDWLRQ1XPEHU��

SULQWOQ��)LQLVKHG���
EUHDN�

FDVH 
M
�
SULQWOQ��6WDUWLQJ -DF25% &OLHQW������

VWDUWXS-DF25%&OLHQW���
UXQQLQJ  WUXH�
EUHDN�

FDVH 
N
�
SULQWOQ��6WDUWLQJ ,%0 $JOHWV &OLHQW������

VWDUWXS,%0$JOHWV&OLHQW���
UXQQLQJ  WUXH�

EUHDN�
GHIDXOW�

SULQWOQ��1R &OLHQW LV UXQQLQJ������
`

`
HOVH

SULQWOQ��0DNH VXUH FOLHQW LV XS DQG UXQQLQJ����
`

HOVH LI �F   
L
� ^ �� LQW DUUD\ WUDQVIHU

LI �UXQQLQJ� ^
WU\ ^

LWHUDWLRQ1XPEHU  ,QWHJHU�SDUVH,QW�LWHUDWLRQ)LHOG�JHW7H[W���WULP����

` FDWFK �([FHSWLRQ H� ^
6\VWHP�HUU�SULQWOQ�H��

`
FKDU RSWLRQ  FKER[J�JHW6HOHFWHG&KHFNER[���JHW/DEHO���FKDU$W����

VZLWFK �RSWLRQ� ^
FDVH 
D
�

-DYD50,LQW$UUD\7UDQVIHU�LWHUDWLRQ1XPEHU��
SULQWOQ��)LQLVKHG���

EUHDN�
FDVH 
E
�

+RUELQW$UUD\7UDQVIHU�LWHUDWLRQ1XPEHU��
SULQWOQ��)LQLVKHG���

EUHDN�
FDVH 
F
�

9R\DJHULQW$UUD\7UDQVIHU�LWHUDWLRQ1XPEHU��

SULQWOQ��)LQLVKHG���
EUHDN�

FDVH 
G
�
9LVLEURNHULQW$UUD\7UDQVIHU�LWHUDWLRQ1XPEHU��

SULQWOQ��)LQLVKHG���
EUHDN�

FDVH 
H
�
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2UEL[:HELQW$UUD\7UDQVIHU�LWHUDWLRQ1XPEHU��

SULQWOQ��)LQLVKHG���
EUHDN�

�
FDVH 
I
�
SULQWOQ��6WDUWLQJ 0LFURVRIW 'FRP &OLHQW������

VWDUWXS06'&RP&OLHQW���
UXQQLQJ  WUXH�

EUHDN�
FDVH 
J
�

SULQWOQ��6WDUWLQJ -DYD 6RFNHW &OLHQW������
SULQWOQ��,WHUDWLRQ LV VHW WR �������

VWDUWXS-DYD6RFNHW&OLHQW���
UXQQLQJ  WUXH�

EUHDN�
FDVH 
K
�

SULQWOQ��6WDUWLQJ & 6RFNHW &OLHQW������
SULQWOQ��,WHUDWLRQ LV VHW WR �������
VWDUWXS&6RFNHW&OLHQW���

UXQQLQJ  WUXH�
EUHDN�
�

FDVH 
L
�
-DYD,'/LQW$UUD\7UDQVIHU�LWHUDWLRQ1XPEHU��

SULQWOQ��)LQLVKHG���
EUHDN�

FDVH 
M
�
SULQWOQ��6WDUWLQJ -DF25% &OLHQW������

VWDUWXS-DF25%&OLHQW���
UXQQLQJ  WUXH�

EUHDN�
FDVH 
N
�

SULQWOQ��6WDUWLQJ ,%0 $JOHWV &OLHQW������
VWDUWXS,%0$JOHWV&OLHQW���
UXQQLQJ  WUXH�

EUHDN�
GHIDXOW�

SULQWOQ��1R &OLHQW LV UXQQLQJ������
`

`
HOVH

SULQWOQ��0DNH VXUH FOLHQW LV XS DQG UXQQLQJ����
`

HOVH LI �F   
M
� ^ �� GRXEOH DUUD\ WUDQVIHU
LI �UXQQLQJ� ^

WU\ ^
LWHUDWLRQ1XPEHU  ,QWHJHU�SDUVH,QW�LWHUDWLRQ)LHOG�JHW7H[W���WULP����

` FDWFK �([FHSWLRQ H� ^
6\VWHP�HUU�SULQWOQ�H��

`
FKDU RSWLRQ  FKER[J�JHW6HOHFWHG&KHFNER[���JHW/DEHO���FKDU$W����
VZLWFK �RSWLRQ� ^

FDVH 
D
�
-DYD50,GRXEOH$UUD\7UDQVIHU�LWHUDWLRQ1XPEHU��

SULQWOQ��)LQLVKHG���
EUHDN�

FDVH 
E
�
+RUEGRXEOH$UUD\7UDQVIHU�LWHUDWLRQ1XPEHU��

SULQWOQ��)LQLVKHG���
EUHDN�

FDVH 
F
�
9R\DJHUGRXEOH$UUD\7UDQVIHU�LWHUDWLRQ1XPEHU��

SULQWOQ��)LQLVKHG���
EUHDN�

FDVH 
G
�
9LVLEURNHUGRXEOH$UUD\7UDQVIHU�LWHUDWLRQ1XPEHU��
SULQWOQ��)LQLVKHG���

EUHDN�
FDVH 
H
�

2UEL[:HEGRXEOH$UUD\7UDQVIHU�LWHUDWLRQ1XPEHU��
SULQWOQ��)LQLVKHG���

EUHDN�
�
FDVH 
I
�

SULQWOQ��6WDUWLQJ 0LFURVRIW 'FRP &OLHQW������
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VWDUWXS06'&RP&OLHQW���

UXQQLQJ  WUXH�
EUHDN�

FDVH 
J
�
SULQWOQ��6WDUWLQJ -DYD 6RFNHW &OLHQW������

SULQWOQ��,WHUDWLRQ LV VHW WR �������
VWDUWXS-DYD6RFNHW&OLHQW���

UXQQLQJ  WUXH�
EUHDN�

FDVH 
K
�
SULQWOQ��6WDUWLQJ & 6RFNHW &OLHQW������

SULQWOQ��,WHUDWLRQ LV VHW WR �������
VWDUWXS&6RFNHW&OLHQW���

UXQQLQJ  WUXH�
EUHDN�
�

FDVH 
L
�
-DYD,'/GRXEOH$UUD\7UDQVIHU�LWHUDWLRQ1XPEHU��
SULQWOQ��)LQLVKHG���

EUHDN�
FDVH 
M
�

SULQWOQ��6WDUWLQJ -DF25% &OLHQW������
VWDUWXS-DF25%&OLHQW���

UXQQLQJ  WUXH�
EUHDN�

FDVH 
N
�
SULQWOQ��6WDUWLQJ ,%0 $JOHWV &OLHQW������

VWDUWXS,%0$JOHWV&OLHQW���
UXQQLQJ  WUXH�

EUHDN�
GHIDXOW�

SULQWOQ��1R &OLHQW LV UXQQLQJ������
`

`

HOVH
SULQWOQ��0DNH VXUH FOLHQW LV XS DQG UXQQLQJ����

`
HOVH LI �F   
N
� ^ �� $OO RSHUDWLRQV

LI �UXQQLQJ� ^
WU\ ^

LWHUDWLRQ1XPEHU  ,QWHJHU�SDUVH,QW�LWHUDWLRQ)LHOG�JHW7H[W���WULP����
` FDWFK �([FHSWLRQ H� ^

6\VWHP�HUU�SULQWOQ�H��
`

VHUYHUDGGUHVV  VHUYHU1DPH�JHW6HOHFWHG,WHP���WULP���
FKDU RSWLRQ  FKER[J�JHW6HOHFWHG&KHFNER[���JHW/DEHO���FKDU$W����

VZLWFK �RSWLRQ� ^
FDVH 
D
�

-DYD50,5HPRWH2EMHFW&RQQHFWLRQ�LWHUDWLRQ1XPEHU� VHUYHUDGGUHVV��
-DYD50,5HPRWH2EMHFW&UHDWLRQ�LWHUDWLRQ1XPEHU� VHUYHUDGGUHVV��
-DYD50,5HPRWH0HWKRG&DOO�LWHUDWLRQ1XPEHU��

-DYD50,2EMHFW'DWD7UDQVIHU�LWHUDWLRQ1XPEHU��
-DYD50,E\WH$UUD\7UDQVIHU�LWHUDWLRQ1XPEHU��

-DYD50,LQW$UUD\7UDQVIHU�LWHUDWLRQ1XPEHU��
-DYD50,GRXEOH$UUD\7UDQVIHU�LWHUDWLRQ1XPEHU��

SULQWOQ��)LQLVKHG���
EUHDN�

FDVH 
E
�
+RUE5HPRWH2EMHFW&RQQHFWLRQ�LWHUDWLRQ1XPEHU� VHUYHUDGGUHVV��

+RUE5HPRWH2EMHFW&UHDWLRQ�LWHUDWLRQ1XPEHU� VHUYHUDGGUHVV��
+RUE5HPRWH0HWKRG&DOO�LWHUDWLRQ1XPEHU��

+RUE2EMHFW'DWD7UDQVIHU�LWHUDWLRQ1XPEHU��
+RUEE\WH$UUD\7UDQVIHU�LWHUDWLRQ1XPEHU��

+RUELQW$UUD\7UDQVIHU�LWHUDWLRQ1XPEHU��
+RUEGRXEOH$UUD\7UDQVIHU�LWHUDWLRQ1XPEHU��
SULQWOQ��)LQLVKHG���

EUHDN�
FDVH 
F
�

9R\DJHU5HPRWH2EMHFW&RQQHFWLRQ�LWHUDWLRQ1XPEHU� VHUYHUDGGUHVV��
9R\DJHU5HPRWH2EMHFW&UHDWLRQ�LWHUDWLRQ1XPEHU� VHUYHUDGGUHVV��

9R\DJHU5HPRWH0HWKRG&DOO�LWHUDWLRQ1XPEHU��
9R\DJHU2EMHFW'DWD7UDQVIHU�LWHUDWLRQ1XPEHU��

9R\DJHUE\WH$UUD\7UDQVIHU�LWHUDWLRQ1XPEHU��
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9R\DJHULQW$UUD\7UDQVIHU�LWHUDWLRQ1XPEHU��

9R\DJHUGRXEOH$UUD\7UDQVIHU�LWHUDWLRQ1XPEHU��
SULQWOQ��)LQLVKHG���

EUHDN�
FDVH 
G
�

9LVLEURNHU5HPRWH2EMHFW&RQQHFWLRQ�LWHUDWLRQ1XPEHU� VHUYHUDGGUHVV��
9LVLEURNHU5HPRWH2EMHFW&UHDWLRQ�LWHUDWLRQ1XPEHU� VHUYHUDGGUHVV��

9LVLEURNHU5HPRWH0HWKRG&DOO�LWHUDWLRQ1XPEHU��
9LVLEURNHU2EMHFW'DWD7UDQVIHU�LWHUDWLRQ1XPEHU��

9LVLEURNHUE\WH$UUD\7UDQVIHU�LWHUDWLRQ1XPEHU��
9LVLEURNHULQW$UUD\7UDQVIHU�LWHUDWLRQ1XPEHU��

9LVLEURNHUGRXEOH$UUD\7UDQVIHU�LWHUDWLRQ1XPEHU��
SULQWOQ��)LQLVKHG���

EUHDN�
FDVH 
H
�

2UEL[:HE5HPRWH2EMHFW&RQQHFWLRQ�LWHUDWLRQ1XPEHU� VHUYHUDGGUHVV��
2UEL[:HE5HPRWH2EMHFW&UHDWLRQ�LWHUDWLRQ1XPEHU� VHUYHUDGGUHVV��
2UEL[:HE5HPRWH0HWKRG&DOO�LWHUDWLRQ1XPEHU��

��2UEL[:HE2EMHFW'DWD7UDQVIHU�LWHUDWLRQ1XPEHU��
2UEL[:HEE\WH$UUD\7UDQVIHU�LWHUDWLRQ1XPEHU��

2UEL[:HELQW$UUD\7UDQVIHU�LWHUDWLRQ1XPEHU��
2UEL[:HEGRXEOH$UUD\7UDQVIHU�LWHUDWLRQ1XPEHU��

SULQWOQ��)LQLVKHG���
EUHDN�

FDVH 
I
�
SULQWOQ��6WDUWLQJ 0LFURVRIW 'FRP &OLHQW������

VWDUWXS06'&RP&OLHQW���
UXQQLQJ  WUXH�

EUHDN�
FDVH 
J
�

SULQWOQ��6WDUWLQJ -DYD 6RFNHW &OLHQW������
SULQWOQ��,WHUDWLRQ LV VHW WR �������
VWDUWXS-DYD6RFNHW&OLHQW���

UXQQLQJ  WUXH�
EUHDN�

FDVH 
K
�
SULQWOQ��6WDUWLQJ & 6RFNHW &OLHQW������

SULQWOQ��,WHUDWLRQ LV VHW WR �������
VWDUWXS&6RFNHW&OLHQW���

UXQQLQJ  WUXH�
EUHDN�

FDVH 
L
�
-DYD,'/5HPRWH2EMHFW&RQQHFWLRQ�LWHUDWLRQ1XPEHU� VHUYHUDGGUHVV��

-DYD,'/5HPRWH2EMHFW&UHDWLRQ�LWHUDWLRQ1XPEHU� VHUYHUDGGUHVV��
-DYD,'/5HPRWH0HWKRG&DOO�LWHUDWLRQ1XPEHU��

-DYD,'/2EMHFW'DWD7UDQVIHU�LWHUDWLRQ1XPEHU��
-DYD,'/E\WH$UUD\7UDQVIHU�LWHUDWLRQ1XPEHU��

-DYD,'/LQW$UUD\7UDQVIHU�LWHUDWLRQ1XPEHU��
-DYD,'/GRXEOH$UUD\7UDQVIHU�LWHUDWLRQ1XPEHU��
SULQWOQ��)LQLVKHG���

EUHDN�
�
FDVH 
M
�

SULQWOQ��6WDUWLQJ -DF25% &OLHQW������
VWDUWXS-DF25%&OLHQW���

UXQQLQJ  WUXH�
EUHDN�

FDVH 
N
�
SULQWOQ��6WDUWLQJ ,%0 $JOHWV &OLHQW������

VWDUWXS,%0$JOHWV&OLHQW���
UXQQLQJ  WUXH�

EUHDN�
�
GHIDXOW�

SULQWOQ��1R &OLHQW LV UXQQLQJ������
`

`

HOVH
SULQWOQ��0DNH VXUH FOLHQW LV XS DQG UXQQLQJ����

`

HOVH LI �F   
O
� ^ �� FOHDU RXWSXW
RXWSXW$UHD�VHW7H[W�����

`
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HOVH LI �F   
P
� ^ �� 6DYH RXWSXW
VHW6WDWXV��6DYH RXWSXW���

)LOH'LDORJ ILOH'LDORJ  QHZ )LOH'LDORJ�WKLV� �6DYH )LOH�� )LOH'LDORJ�6$9(��
ILOH'LDORJ�VHW)LOH��
�W[W���

ILOH'LDORJ�VKRZ���

6WULQJ RXW)LOH1DPH  ILOH'LDORJ�JHW'LUHFWRU\�� � ILOH'LDORJ�JHW)LOH���

LI �RXW)LOH1DPH � QXOO� ^
WU\ ^

3ULQW:ULWHU RXW  QHZ 3ULQW:ULWHU �
QHZ )LOH:ULWHU�RXW)LOH1DPH���

RXW�SULQWOQ�RXWSXW$UHD�JHW7H[W����
RXW�FORVH���

` FDWFK �,2([FHSWLRQ H[� ^
6\VWHP�RXW�SULQWOQ��,2 ([FHSWLRQ���

`

VHW6WDWXV��2XWSXW LV VDYHG���
`

HOVH ^

VHW6WDWXV�����
UHWXUQ�

`
`

HOVH LI �F   
Q
� ^ �� 3ULQW UHVXOW

3ULQW-RE SMRE  JHW7RRONLW���JHW3ULQW-RE�WKLV� �&RRO«�� S��
LI �SMRE � QXOO� ^

*UDSKLFV SJ  SMRE�JHW*UDSKLFV���
LI �SJ � QXOO� ^

6WULQJ V  RXWSXW$UHD�JHW7H[W���

SULQW/RQJ6WULQJ �SMRE� SJ� V��
SJ�GLVSRVH���

`
SMRE�HQG���

`
`

HOVH LI �F   
R
� ^ �� SORW JUDSK

SULQWOQ��2SHQLQJ 0LFURVRIW ([FHO������
��RSHQ([FHO���

`
`

SXEOLF YRLG VKXW'RZQ&OLHQW�3URFHVV S� ^

LI �S � QXOO� ^
S�GHVWUR\���

`

`

SXEOLF YRLG VWDUWXS-DYD50,&OLHQW�6WULQJ KRVW� ^
WU\ ^

6WULQJ>@ OLVW  1DPLQJ�OLVW������KRVW�����������
IRU �LQW L  �� L � OLVW�OHQJWK� L��� ^

SULQWOQ�OLVW>L@��
`

UPL6HUYHU  �'27%HQFKPDUN�UPL�6HUYHU�1DPLQJ�ORRNXS������KRVW��������6HUYHU��� �� LJQRUH WKLV
SULQWOQ��GRQH���

VHW6WDWXV��-DYD 50, FOLHQW LV UXQQLQJ������
`

FDWFK �([FHSWLRQ H� ^
6\VWHP�HUU�SULQWOQ�H��

`

`

YRLG -DYD50,5HPRWH2EMHFW&RQQHFWLRQ�LQW Q� 6WULQJ KRVW� ^
WU\ ^

6\VWHP�JF���
VWDUW7LPH  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �LQW L  �� L � Q� L���
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UPL6HUYHU  �'27%HQFKPDUN�UPL�6HUYHU�1DPLQJ�ORRNXS������KRVW��������6HUYHU���

�� "" KRZ GR , UHOHDVH WKH FRQQHFWLRQ"""
`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�
HODSVH  �GRXEOH��WLPH���GRXEOH��Q��

SULQWOQ��-DYD 50, UHPRWH REMHFW FRQQHFWLRQ EHQFKPDUN� ��HODSVH�� PVHF���
` FDWFK �([FHSWLRQ H� ^

6\VWHP�HUU�SULQWOQ�H��
`

`

YRLG -DYD50,5HPRWH2EMHFW&UHDWLRQ�LQW Q� 6WULQJ KRVW� ^
WU\ ^

UPL6HUYHU  QXOO�
'27%HQFKPDUN�UPL�6HUYHU VHUYHU�  QXOO�

6\VWHP�JF���
VWDUW7LPH  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �LQW L  �� L � Q� L��� ^

UPL6HUYHU  �'27%HQFKPDUN�UPL�6HUYHU�1DPLQJ�ORRNXS������KRVW��������6HUYHU���
VHUYHU�  UPL6HUYHU�FUHDWH,QVWDQFH���

�� "" KRZ GR , UHOHDVH WKH FRQQHFWLRQ"""
`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�
HODSVH  �GRXEOH��WLPH���GRXEOH��Q��

SULQWOQ��-DYD 50, UHPRWH REMHFW FUHDWLRQ EHQFKPDUN� ��HODSVH�� PVHF���
UPL6HUYHU  QXOO�

6\VWHP�JF���
UPL6HUYHU  �'27%HQFKPDUN�UPL�6HUYHU�1DPLQJ�ORRNXS������KRVW��������6HUYHU���

`
FDWFK �([FHSWLRQ H� ^

6\VWHP�HUU�SULQWOQ�H��
`

`

YRLG -DYD50,5HPRWH0HWKRG&DOO�LQW LWHU� ^
LQW L� [�

WU\ ^

�� ,JQRUH WKLV MXVW :$50 83
6\VWHP�JF���

IRU �L  LWHU� L ! �� ��L�
[  UPL6HUYHU�PHWKRG$�������

�� UPF ZLWK RQH DUJXPHQW

6\VWHP�JF���
VWDUW7LPH  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L�
[  UPL6HUYHU�PHWKRG$�������

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
SULQWOQ��LQW VHUYHU�PHWKRG$��LQW D��� ��HODSVH�� PVHF���

�� UPF ZLWK WZR DUJXPHQWV

6\VWHP�JF���
VWDUW7LPH  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L�
[  UPL6HUYHU�PHWKRG$������ �����

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW�� ��HODSVH�� PVHF���

�� UPF ZLWK WKUHH DUJXPHQWV
6\VWHP�JF���
VWDUW7LPH  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L�
[  UPL6HUYHU�PHWKRG$������ ���� �����

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW� LQW�� ��HODSVH�� PVHF���

�� UPF ZLWK IRXU DUJXPHQWV
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6\VWHP�JF���

VWDUW7LPH  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  LWHU� L ! �� ��L�

[  UPL6HUYHU�PHWKRG$������ ���� ���� �����
WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW� LQW� LQW�� ��HODSVH�� PVHF���

�� UPF ZLWK ILYH DUJXPHQWV

6\VWHP�JF���
VWDUW7LPH  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L�
[  UPL6HUYHU�PHWKRG$������ ���� ���� ���� �����

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW� LQW� LQW� LQW�� ��HODSVH�� PVHF���

�� UPF ZLWK VL[ DUJXPHQWV

6\VWHP�JF���
WDUW7LPH  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L�
[  UPL6HUYHU�PHWKRG$������ ���� ���� ���� ���� �����

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW� LQW� LQW� LQW� LQW�� ��HODSVH�� PVHF���
`

FDWFK �([FHSWLRQ H� ^
6\VWHP�HUU�SULQWOQ�H��

`
`

YRLG -DYD50,2EMHFW'DWD7UDQVIHU�LQW LWHU� ^
�� 2EMHFW VHQG LQ DUUD\ ZLWKRXW FDVW EHQFKPDUN

LQW>@ VL]HV  ^�� ��� ��� ��� ��� ��`�

'27%HQFKPDUN�UPL�'DWD>@ GDWD�

WU\ ^
IRU �LQW V  �� V � �� V��� ^

GDWD  QHZ '27%HQFKPDUN�UPL�'DWD>VL]HV>V@@�
IRU �LQW M  �� M � VL]HV>V@� M���

GDWD>M@  QHZ '27%HQFKPDUN�UPL�'DWD���
6\VWHP�JF���

VWDUW7LPH  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �LQW L  LWHU� L ! �� ��L�

UPL6HUYHU�PHWKRG'$�GDWD��
WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
SULQWOQ��YRLG VHUYHU�PHWKRG'$�'27%HQFKPDUN�UPL�'DWD>��VL]HV>V@��@�� ��HODSVH�� PVHF���

`

`
FDWFK �([FHSWLRQ H� ^

6\VWHP�HUU�SULQWOQ�H��
`

`

YRLG -DYD50,E\WH$UUD\7UDQVIHU�LQW LWHU� ^
E\WH>@ EXIE�

WU\ ^

�� WR VHQG E\WH DUUD\
IRU �LQW M  �� M � DUUD\BVL]HV�OHQJWK� M��� ^

EXIE  QHZ E\WH>DUUD\BVL]HV>M@@�
6\VWHP�JF���
VWDUW7LPH  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �LQW L  LWHU� L ! �� ��L�
UPL6HUYHU�PHWKRG%�EXIE��

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

SULQWOQ��YRLG VHUYHU�PHWKRG%�E\WH>��DUUD\BVL]HV>M@��@�� ��HODSVH�� PVHF� �
���GRXEOH��DUUD\BVL]HV>M@��HODSVH� � � .%�VHF���

`
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`
FDWFK � ([FHSWLRQ H � ^

6\VWHP�HUU�SULQWOQ�H��
`

`

YRLG -DYD50,LQW$UUD\7UDQVIHU�LQW LWHU� ^
LQW LWHUDWLRQ�

LQW>@ EXIL�

WU\ ^
�� WR VHQG LQW DUUD\

IRU �LQW M  �� M � �� M��� ^
EXIL  QHZ LQW>DUUD\BVL]HV>M@@�

6\VWHP�JF���
VWDUW7LPH  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �LQW L  LWHU� L ! �� ��L�

UPL6HUYHU�PHWKRG,�EXIL��
WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
SULQWOQ��YRLG VHUYHU�PHWKRG,�LQW>��DUUD\BVL]HV>M@��@�� ��HODSVH�� PVHF� �

���GRXEOH��DUUD\BVL]HV>M@
���HODSVH� � � .%�VHF���
`

IRU �LQW M  �� M � DUUD\BVL]HV�OHQJWK� M��� ^

EXIL  QHZ LQW>DUUD\BVL]HV>M@@�
6\VWHP�JF���

LWHUDWLRQ  LWHU���� ��FKDQJH WKH LWHUDWLRQ
VWDUW7LPH  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �LQW L  LWHUDWLRQ� L ! �� ��L� ^
UPL6HUYHU�PHWKRG,�EXIL��

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHUDWLRQ��
SULQWOQ��YRLG VHUYHU�PHWKRG,�LQW>��DUUD\BVL]HV>M@��@�� ��HODSVH�� PVHF� �

���GRXEOH��DUUD\BVL]HV>M@
���HODSVH� � � .%�VHF��
`

`
FDWFK � ([FHSWLRQ H � ^

6\VWHP�HUU�SULQWOQ�H��
`

`

YRLG -DYD50,GRXEOH$UUD\7UDQVIHU�LQW LWHU� ^
LQW L� M� LWHUDWLRQ�

GRXEOH>@ EXIG�
WU\ ^

�� WR VHQG GRXEOH DUUD\
IRU � M  �� M � �� M��� ^

EXIG  QHZ GRXEOH>DUUD\BVL]HV>M@@�

6\VWHP�JF���
VWDUW7LPH  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L�
UPL6HUYHU�PHWKRG'�EXIG��

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

SULQWOQ��YRLG VHUYHU�PHWKRG'�GRXEOH>��DUUD\BVL]HV>M@��@�� ��HODSVH�� PVHF� �
���GRXEOH��DUUD\BVL]HV>M@
���HODSVH� � � .%�VHF���

`
IRU � M  �� M � DUUD\BVL]HV�OHQJWK� M��� ^

EXIG  QHZ GRXEOH>DUUD\BVL]HV>M@@�
6\VWHP�JF���

LWHUDWLRQ  LWHU������FKDQJH WKH LWHUDWLRQ
VWDUW7LPH  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  LWHUDWLRQ� L ! �� ��L� ^

UPL6HUYHU�PHWKRG'�EXIG��
WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHUDWLRQ��
SULQWOQ��YRLG VHUYHU�PHWKRG'�GRXEOH>��DUUD\BVL]HV>M@��@�� ��HODSVH�� PVHF� �

���GRXEOH��DUUD\BVL]HV>M@
���HODSVH� � � .%�VHF���
`

`
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FDWFK � ([FHSWLRQ H � ^

6\VWHP�HUU�SULQWOQ�H��
`

`

SXEOLF YRLG VWDUWXS+RUE&OLHQW�6WULQJ KRVW� ^
WU\ ^

+25%&OLHQW�VHW3RUW������� �� PDNH D GLIIHUHQW SRUW
XUO  QHZ +RUE85/�KRVW��+6HUYHU���

'27%HQFKPDUN�KRUE�6HUYHUB3UR[\ MXQN  QHZ '27%HQFKPDUN�KRUE�6HUYHUB3UR[\�XUO�� �� LJQRUH WKLV
KRUE6HUYHU  QHZ '27%HQFKPDUN�KRUE�6HUYHUB3UR[\�XUO��

VHW6WDWXV��+RUE FOLHQW LV UXQQLQJ������
`

FDWFK�([FHSWLRQ H� ^
6\VWHP�HUU�SULQWOQ�H��

`
`

YRLG +RUE5HPRWH2EMHFW&RQQHFWLRQ�LQW LWHU� 6WULQJ KRVW� ^
LQW L�

WU\ ^

'27%HQFKPDUN�KRUE�6HUYHUB3UR[\ KRUE6HUYHUV>@  QHZ '27%HQFKPDUN�KRUE�6HUYHUB3UR[\>LWHU@�
XUO  QHZ +RUE85/�KRVW��6HUYHU���

��WU\ ^
��7KUHDG�VOHHS�������

��` FDWFK �([FHSWLRQ H[[[[� ^`
'27%HQFKPDUN�KRUE�6HUYHUB3UR[\ MXQN  QHZ '27%HQFKPDUN�KRUE�6HUYHUB3UR[\�XUO�� �� LJQRUH WKLV

6\VWHP�JF���
VWDUW7LPH  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU � L  �� L � LWHU� L��� ^
KRUE6HUYHUV>L@  QHZ '27%HQFKPDUN�KRUE�6HUYHUB3UR[\�XUO��

`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�

IRU� L  �� L � LWHU� L��� ^
KRUE6HUYHUV>L@�BUHOHDVH���

`
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

SULQWOQ��+RUE UHPRWH REMHFW FRQQHFWLRQ EHQFKPDUN� ��HODSVH�� PVHF���
`

FDWFK �([FHSWLRQ H� ^
6\VWHP�HUU�SULQWOQ�H��

`
`

YRLG +RUE5HPRWH2EMHFW&UHDWLRQ�LQW LWHU� 6WULQJ KRVW� ^

LQW L�
WU\ ^

XUO  QHZ +RUE85/�KRVW�QXOO��

'27%HQFKPDUN�KRUE�6HUYHUB3UR[\ KRUE6HUYHUV>@  QHZ '27%HQFKPDUN�KRUE�6HUYHUB3UR[\>LWHU@�
6\VWHP�JF���

VWDUW7LPH  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  �� L � LWHU� L��� ^

KRUE6HUYHUV>L@  QHZ '27%HQFKPDUN�KRUE�6HUYHUB3UR[\�XUO��
KRUE6HUYHUV>L@�6HUYHU���

`
WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
SULQWOQ��+RUE UHPRWH REMHFW FRQQHFWLRQ EHQFKPDUN � ��HODSVH�� PVHF���

IRU� L  �� L � LWHU� L��� ^
KRUE6HUYHUV>L@�BUHOHDVH���

`
`
FDWFK �([FHSWLRQ H� ^

6\VWHP�HUU�SULQWOQ�H��
`

`

YRLG +RUE5HPRWH0HWKRG&DOO�LQW LWHU� ^
LQW L�[�
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+25%�XVH6HULDOL]DWLRQ����� 8VLQJ QHZ IHDWXUH LQ +25%

WU\ ^
�� ORDG FODVV ILOHV H[SOLFLWHO\

[  KRUE6HUYHU�PHWKRG$�����
�� LJQRUH WKLV MXVW :$50 83

6\VWHP�JF���
IRU �L  LWHU� L ! �� ��L�

[  KRUE6HUYHU�PHWKRG$�������
�� UHPRWH PHWKRG LQYRFDWLRQ EHQFKPDUN

�� RQH DUJXPHQW

6\VWHP�JF���
VWDUW7LPH 6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L�
[  KRUE6HUYHU�PHWKRG$�������

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
SULQWOQ��LQW VHUYHU�PHWKRG$��LQW D��� ��HODSVH�� PVHF���

�� WZR DUJXPHQWV

6\VWHP�JF���
VWDUW7LPH 6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L�
[  KRUE6HUYHU�PHWKRG$������ �����

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW�� ��HODSVH�� PVHF���

�� WKUHH DUJXPHQWV
6\VWHP�JF���

VWDUW7LPH 6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  LWHU� L ! �� ��L�

[  KRUE6HUYHU�PHWKRG$������ ���� �����

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� ± VWDUW7LPH�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW� LQW�� ��HODSVH�� PVHF���

�� IRXU DUJXPHQWV
6\VWHP�JF���

VWDUW7LPH 6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  LWHU� L ! �� ��L�

[  KRUE6HUYHU�PHWKRG$������ ���� ���� �����
WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW� LQW� LQW�� ��HODSVH�� PVHF���

�� ILYH DUJXPHQWV

6\VWHP�JF���
VWDUW7LPH 6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  LWHU� L ! �� ��L�

[  KRUE6HUYHU�PHWKRG$������ ���� ���� ���� �����
WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW� LQW� LQW� LQW�� ��HODSVH�� PVHF���

�� VL[ DUJXPHQWV

6\VWHP�JF���
VWDUW7LPH 6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L�
[  KRUE6HUYHU�PHWKRG$������ ���� ���� ���� ���� �����

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW� LQW� LQW� LQW� LQW�� ��HODSVH�� PVHF���
`
FDWFK �([FHSWLRQ H� ^

6\VWHP�HUU�SULQWOQ�H��
`

`

YRLG +RUE2EMHFW'DWD7UDQVIHU�LQW LWHU� ^
�� 2EMHFW VHQG LQ DUUD\ ZLWKRXW FDVW EHQFKPDUN

LQW L�M�
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LQW>@ VL]HV  ^�� ��� ��� ��� ��� ��`�

+25%�XVH6HULDOL]DWLRQ����� 8VLQJ QHZ IHDWXUH LQ +25%
WU\ ^

IRU �LQW V  �� V � �� V��� ^
'27%HQFKPDUN�KRUE�'DWD GDWD>@  QHZ '27%HQFKPDUN�KRUE�'DWD>VL]HV>V@@�

IRU �M  �� M � VL]HV>V@� M���
GDWD>M@  QHZ '27%HQFKPDUN�KRUE�'DWD���

6\VWHP�JF���
VWDUW7LPH  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L�
KRUE6HUYHU�PHWKRG'$�GDWD��

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

SULQWOQ��YRLG VHUYHU�PHWKRG'$�'DWD>��VL]HV>V@��@�� ��HODSVH�� PVHF���
`

`
FDWFK �([FHSWLRQ H� ^

6\VWHP�HUU�SULQWOQ�H��

`
`

YRLG +RUEE\WH$UUD\7UDQVIHU�LQW LWHU� ^

E\WH>@ EXIE�
+25%�XVH6HULDOL]DWLRQ����� 8VLQJ QHZ IHDWXUH LQ +25%

WU\ ^
�� WR VHQG E\WH DUUD\

IRU �LQW M  �� M � DUUD\BVL]HV�OHQJWK� M��� ^
EXIE  QHZ E\WH>DUUD\BVL]HV>M@@�

6\VWHP�JF���
VWDUW7LPH  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �LQW L  LWHU� L ! �� ��L�
KRUE6HUYHU�PHWKRG%�EXIE��

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
SULQWOQ��YRLG VHUYHU�PHWKRG%�E\WH>��DUUD\BVL]HV>M@��@�� ��HODSVH�� PVHF� �

���GRXEOH��DUUD\BVL]HV>M@��HODSVH� � � .%�VHF��
`

`
FDWFK � ([FHSWLRQ H � ^

6\VWHP�HUU�SULQWOQ�H��
`

`

YRLG +RUELQW$UUD\7UDQVIHU�LQW LWHU� ^
LQW LWHUDWLRQ�

LQW>@ EXIL�

+25%�XVH6HULDOL]DWLRQ����� 8VLQJ QHZ IHDWXUH LQ +25%
WU\ ^

�� WR VHQG LQW DUUD\

IRU �LQW M  �� M � �� M��� ^
EXIL  QHZ LQW>DUUD\BVL]HV>M@@�

6\VWHP�JF���
VWDUW7LPH  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �LQW L  LWHU� L ! �� ��L�
KRUE6HUYHU�PHWKRG,�EXIL��

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

SULQWOQ��YRLG VHUYHU�PHWKRG,�LQW>��DUUD\BVL]HV>M@��@�� ��HODSVH�� PVHF� �
���GRXEOH��DUUD\BVL]HV>M@
���HODSVH� � � .%�VHF���

`
IRU �LQW M  �� M � DUUD\BVL]HV�OHQJWK� M��� ^

EXIL  QHZ LQW>DUUD\BVL]HV>M@@�
6\VWHP�JF���
LWHUDWLRQ  LWHU������FKDQJH WKH LWHUDWLRQ

VWDUW7LPH  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �LQW L  LWHUDWLRQ� L ! �� ��L�

KRUE6HUYHU�PHWKRG,�EXIL��
WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHUDWLRQ��
SULQWOQ��YRLG VHUYHU�PHWKRG,�LQW>��DUUD\BVL]HV>M@��@�� ��HODSVH�� PVHF� �

���GRXEOH��DUUD\BVL]HV>M@
���HODSVH� � � .%�VHF���
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`

`
FDWFK � ([FHSWLRQ H � ^

6\VWHP�HUU�SULQWOQ�H��
`

`

YRLG +RUEGRXEOH$UUD\7UDQVIHU�LQW LWHU� ^
LQW L� M� LWHUDWLRQ�

GRXEOH>@ EXIG�

+25%�XVH6HULDOL]DWLRQ����� 8VLQJ QHZ IHDWXUH LQ +25%
WU\ ^

�� WR VHQG GRXEOH DUUD\
IRU � M  �� M � �� M��� ^

EXIG  QHZ GRXEOH>DUUD\BVL]HV>M@@�
6\VWHP�JF���
VWDUW7LPH  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L�
KRUE6HUYHU�PHWKRG'�EXIG��

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

SULQWOQ��YRLG VHUYHU�PHWKRG'�GRXEOH>��DUUD\BVL]HV>M@��@�� ��HODSVH�� PVHF� �
���GRXEOH��DUUD\BVL]HV>M@
���HODSVH� � � .%�VHF���

`
IRU � M  �� M � DUUD\BVL]HV�OHQJWK� M��� ^

EXIG  QHZ GRXEOH>DUUD\BVL]HV>M@@�
6\VWHP�JF���

LWHUDWLRQ  LWHU������FKDQJH WKH LWHUDWLRQ
VWDUW7LPH  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHUDWLRQ� L ! �� ��L�
KRUE6HUYHU�PHWKRG'�EXIG��

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHUDWLRQ��
SULQWOQ��YRLG VHUYHU�PHWKRG'�GRXEOH>��DUUD\BVL]HV>M@��@�� ��HODSVH�� PVHF� �

���GRXEOH��DUUD\BVL]HV>M@
���HODSVH� � � .%�VHF���
`

`
FDWFK � ([FHSWLRQ H � ^

6\VWHP�HUU�SULQWOQ�H��
`

`

SXEOLF YRLG VWDUWXS9R\DJHU&OLHQW�6WULQJ KRVW� ^
WU\ ^

9R\DJHU�VWDUWXS��� �� VWDUWXS DV FOLHQW
SULQWOQ��ORRNLQJ XS������

YR\DJHU6HUYHU  �'27%HQFKPDUN�YR\���,6HUYHU�1DPHVSDFH�ORRNXS������KRVW��������96HUYHU���
SULQWOQ��GRQH���
VHW6WDWXV��9R\DJHU FOLHQW LV UXQQLQJ������

`
FDWFK �([FHSWLRQ H� ^

6\VWHP�HUU�SULQWOQ�H��
`

`

YRLG 9R\DJHU5HPRWH2EMHFW&RQQHFWLRQ�LQW LWHU� 6WULQJ KRVW� ^
LQW L�

WU\ ^

'27%HQFKPDUN�YR\���,6HUYHU VHUYHUV>@  QHZ '27%HQFKPDUN�YR\���,6HUYHU>LWHU@�
6\VWHP�JF���

VWDUW7LPH  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  �� L � LWHU� L���

VHUYHUV>L@  �'27%HQFKPDUN�YR\���,6HUYHU�1DPHVSDFH�ORRNXS������KRVW��������96HUYHU���

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

SULQWOQ��9R\DJHU UHPRWH REMHFW FRQQHFWLRQ EHQFKPDUN� ��HODSVH�� PVHF���
�� UHOHDVH FRQQHFWLRQ���

IRU� L  �� L � LWHU� L��� ^
VHUYHUV>L@  QXOO�

`
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6\VWHP�JF���

`
FDWFK �([FHSWLRQ H� ^

6\VWHP�HUU�SULQWOQ�H��
`

`

YRLG 9R\DJHU5HPRWH2EMHFW&UHDWLRQ�LQW LWHU� 6WULQJ KRVW� ^
LQW L�

WU\ ^

'27%HQFKPDUN�YR\���,6HUYHU VHUYHUV>@  QHZ '27%HQFKPDUN�YR\���,6HUYHU>LWHU@�
6\VWHP�JF���

VWDUW7LPH  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  �� L � LWHU� L���

�� FUHDWH D UHPRWH 6HUYHU REMHFW
VHUYHUV>L@  �'27%HQFKPDUN�YR\���,6HUYHU� )DFWRU\�FUHDWH��'27%HQFKPDUN�YR\���6HUYHU��

�����KRVW����������

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
SULQWOQ��9R\DJHU UHPRWH REMHFW FUHDWLRQ EHQFKPDUN� ��HODSVH�� PVHF���

�� UHOHDVH FRQQHFWLRQ���
IRU� L  �� L � LWHU� L��� ^

VHUYHUV>L@  QXOO�
`

6\VWHP�JF���
`

FDWFK �([FHSWLRQ H� ^
6\VWHP�HUU�SULQWOQ�H��

`
`

YRLG 9R\DJHU5HPRWH0HWKRG&DOO�LQW LWHU� ^
LQW L�[�

WU\ ^

�� ORDG FODVV ILOHV H[SOLFLWHO\
[  YR\DJHU6HUYHU�PHWKRG$�����

�� LJQRUH WKLV MXVW :$50 83
6\VWHP�JF���

IRU �L  LWHU� L ! �� ��L�
[  YR\DJHU6HUYHU�PHWKRG$�������

�� UHPRWH PHWKRG LQYRFDWLRQ EHQFKPDUN

�� RQH DUJXPHQW

6\VWHP�JF���
VWDUW7LPH 6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  LWHU� L ! �� ��L� ^

[  YR\DJHU6HUYHU�PHWKRG$�������
`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

SULQWOQ��LQW VHUYHU�PHWKRG$��LQW D��� ��HODSVH�� PVHF���

�� WZR DUJXPHQWV
6\VWHP�JF���

VWDUW7LPH 6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  LWHU� L ! �� ��L� ^

[  YR\DJHU6HUYHU�PHWKRG$������ �����
`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW�� ��HODSVH�� PVHF���

�� WKUHH DUJXPHQWV

6\VWHP�JF���
VWDUW7LPH 6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L� ^
[  YR\DJHU6HUYHU�PHWKRG$������ ���� �����

`
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WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW� LQW�� ��HODSVH�� PVHF���

�� IRXU DUJXPHQWV

6\VWHP�JF���
VWDUW7LPH 6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L� ^
[  YR\DJHU6HUYHU�PHWKRG$������ ���� ���� �����

`
WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW� LQW� LQW�� ��HODSVH�� PVHF���

�� ILYH DUJXPHQWV

6\VWHP�JF���
VWDUW7LPH 6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  LWHU� L ! �� ��L� ^

[  YR\DJHU6HUYHU�PHWKRG$������ ���� ���� ���� �����
`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW� LQW� LQW� LQW�� ��HODSVH�� PVHF���

�� VL[ DUJXPHQWV
6\VWHP�JF���

VWDUW7LPH 6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  LWHU� L ! �� ��L� ^

[  YR\DJHU6HUYHU�PHWKRG$������ ���� ���� ���� ���� �����
`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW� LQW� LQW� LQW� LQW�� ��HODSVH�� PVHF���

`
FDWFK �([FHSWLRQ H� ^

6\VWHP�HUU�SULQWOQ�H��
`

`

YRLG 9R\DJHU2EMHFW'DWD7UDQVIHU�LQW LWHU� ^
�� 2EMHFW VHQG LQ DUUD\ ZLWKRXW FDVW EHQFKPDUN

LQW L�M�
LQW>@ VL]HV  ^�� ��� ��� ��� ��� ��`�

WU\ ^
IRU �LQW V  �� V � �� V��� ^

'27%HQFKPDUN�YR\���'DWD GDWD>@  QHZ '27%HQFKPDUN�YR\���'DWD>VL]HV>V@@�
IRU �M  �� M � VL]HV>V@� M���

GDWD>M@  QHZ '27%HQFKPDUN�YR\���'DWD���
6\VWHP�JF���
VWDUW7LPH  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L�
YR\DJHU6HUYHU�PHWKRG'$�GDWD��

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

SULQWOQ��YRLG VHUYHU�PHWKRG'$�'DWD>��VL]HV>V@��@�� ��HODSVH�� PVHF���
`

`
FDWFK �([FHSWLRQ H� ^

6\VWHP�HUU�SULQWOQ�H��
`

`

YRLG 9R\DJHUE\WH$UUD\7UDQVIHU�LQW LWHU� ^
E\WH>@ EXIE�

WU\ ^
�� WR VHQG E\WH DUUD\

IRU �LQW M  �� M � DUUD\BVL]HV�OHQJWK� M��� ^
EXIE  QHZ E\WH>DUUD\BVL]HV>M@@�

6\VWHP�JF���
VWDUW7LPH  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �LQW L  LWHU� L ! �� ��L�
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YR\DJHU6HUYHU�PHWKRG%�EXIE��

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

SULQWOQ��YRLG VHUYHU�PHWKRG%�E\WH>��DUUD\BVL]HV>M@��@�� ��HODSVH�� PVHF� �
���GRXEOH��DUUD\BVL]HV>M@��HODSVH� � � .%�VHF���

`

`
FDWFK � ([FHSWLRQ H � ^

6\VWHP�HUU�SULQWOQ�H��
`

`

YRLG 9R\DJHULQW$UUD\7UDQVIHU�LQW LWHU� ^
LQW LWHUDWLRQ�

LQW>@ EXIL�

WU\ ^

�� WR VHQG LQW DUUD\
IRU �LQW M  �� M � �� M��� ^

EXIL  QHZ LQW>DUUD\BVL]HV>M@@�
6\VWHP�JF���

VWDUW7LPH  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �LQW L  LWHU� L ! �� ��L�

YR\DJHU6HUYHU�PHWKRG,�EXIL��
WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
SULQWOQ��YRLG VHUYHU�PHWKRG,�LQW>��DUUD\BVL]HV>M@��@�� ��HODSVH�� PVHF� �

���GRXEOH��DUUD\BVL]HV>M@
���HODSVH� � � .%�VHF���
`

IRU �LQW M  �� M � DUUD\BVL]HV�OHQJWK� M��� ^
EXIL  QHZ LQW>DUUD\BVL]HV>M@@�
6\VWHP�JF���

LWHUDWLRQ  LWHU������FKDQJH WKH LWHUDWLRQ
VWDUW7LPH  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �LQW L  LWHUDWLRQ� L ! �� ��L�
YR\DJHU6HUYHU�PHWKRG,�EXIL��

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHUDWLRQ��

SULQWOQ��YRLG VHUYHU�PHWKRG,�LQW>��DUUD\BVL]HV>M@��@�� ��HODSVH�� PVHF� �
���GRXEOH��DUUD\BVL]HV>M@
���HODSVH� � � .%�VHF���

`
`

FDWFK � ([FHSWLRQ H � ^
6\VWHP�HUU�SULQWOQ�H��

`
`

YRLG 9R\DJHUGRXEOH$UUD\7UDQVIHU�LQW LWHU� ^
LQW L� M� LWHUDWLRQ�

GRXEOH>@ EXIG�

WU\ ^
�� WR VHQG GRXEOH DUUD\

IRU � M  �� M � �� M��� ^
EXIG  QHZ GRXEOH>DUUD\BVL]HV>M@@�

6\VWHP�JF���
VWDUW7LPH  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L�
YR\DJHU6HUYHU�PHWKRG'�EXIG��

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

SULQWOQ��YRLG VHUYHU�PHWKRG'�GRXEOH>��DUUD\BVL]HV>M@��@�� ��HODSVH�� PVHF� �
���GRXEOH��DUUD\BVL]HV>M@
���HODSVH� � � .%�VHF���

`

IRU � M  �� M � DUUD\BVL]HV�OHQJWK� M��� ^
EXIG  QHZ GRXEOH>DUUD\BVL]HV>M@@�

6\VWHP�JF���
LWHUDWLRQ  LWHU������FKDQJH WKH LWHUDWLRQ

VWDUW7LPH  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  LWHUDWLRQ� L ! �� ��L�

YR\DJHU6HUYHU�PHWKRG'�EXIG��
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WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHUDWLRQ��
SULQWOQ��YRLG VHUYHU�PHWKRG'�GRXEOH>��DUUD\BVL]HV>M@��@�� ��HODSVH�� PVHF� �

���GRXEOH��DUUD\BVL]HV>M@
���HODSVH� � � .%�VHF���
`

`
FDWFK � ([FHSWLRQ H � ^

6\VWHP�HUU�SULQWOQ�H��
`

`

SXEOLF YRLG VWDUWXS9LVLEURNHU&OLHQW�6WULQJ KRVW� ^
WU\ ^

�� ,QLWLDOL]H WKH 25%
RUE  RUJ�RPJ�&25%$�25%�LQLW���

�� %LQG WR WKH VHUYHU
YLVLEURNHU6HUYHU  YEURNHU�6HUYHU+HOSHU�ELQG�RUE� �6HUYHU���
VHW6WDWXV��9LVLEURNHU FOLHQW LV UXQQLQJ������

`
FDWFK�([FHSWLRQ H� ^

6\VWHP�HUU�SULQWOQ�H��
`

`

YRLG 9LVLEURNHU5HPRWH2EMHFW&RQQHFWLRQ�LQW LWHU� 6WULQJ KRVW� ^
LQW L�

WU\ ^
�� UHPRWH REMHFW FRQQHFWLRQ EHQFKPDUN

6\VWHP�JF���
YEURNHU�6HUYHU MXQN  YEURNHU�6HUYHU+HOSHU�ELQG�RUE� �6HUYHU��� �� LJQRUH WKH ILUVW RQH

VWDUW7LPH  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  LWHU� L ! �� ��L� ^

YEURNHU�6HUYHU VHUYHU  YEURNHU�6HUYHU+HOSHU�ELQG�RUE� �6HUYHU���

��VHUYHU�BUHOHDVH���
`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

SULQWOQ��9LVLEURNHU UHPRWH REMHFW FRQQHFWLRQ EHQFKPDUN� ��HODSVH�� PVHF���
`

FDWFK �([FHSWLRQ H� ^
6\VWHP�HUU�SULQWOQ�H��

`
`

YRLG 9LVLEURNHU5HPRWH2EMHFW&UHDWLRQ�LQW LWHU� 6WULQJ KRVW� ^

LQW ,�
WU\ ^

�� UHPRWH REMHFW FUHDWLRQ EHQFKPDUN
6\VWHP�JF���
YEURNHU�6HUYHU VHUYHU�  QXOO�

VWDUW7LPH  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  LWHU� L ! �� ��L� ^

YEURNHU�6HUYHU VHUYHU  YEURNHU�6HUYHU+HOSHU�ELQG�RUE� �6HUYHU���
VHUYHU�  VHUYHU�FUHDWH,QVWDQFH���

`
WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
SULQWOQ��9LVLEURNHU UHPRWH REMHFW FUHDWLRQ EHQFKPDUN � ��HODSVH�� PVHF���

`

FDWFK �([FHSWLRQ H� ^
6\VWHP�HUU�SULQWOQ�H��

`
`

YRLG 9LVLEURNHU5HPRWH0HWKRG&DOO�LQW LWHU� ^
LQW L�[�

WU\ ^

�� ORDG FODVV ILOHV H[SOLFLWHO\
[  YLVLEURNHU6HUYHU�PHWKRG$�����

�� LJQRUH WKLV MXVW :$50 83
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6\VWHP�JF���

IRU �L  LWHU� L ! �� ��L�
[  YLVLEURNHU6HUYHU�PHWKRG$�������

�� UHPRWH PHWKRG LQYRFDWLRQ EHQFKPDUN

�� RQH DUJXPHQW
6\VWHP�JF���

VWDUW7LPH 6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  LWHU� L ! �� ��L�

[  YLVLEURNHU6HUYHU�PHWKRG$�������
WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
SULQWOQ��LQW VHUYHU�PHWKRG$��LQW D��� ��HODSVH�� PVHF���

�� WZR DUJXPHQWV

6\VWHP�JF���
VWDUW7LPH 6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  LWHU� L ! �� ��L�

[  YLVLEURNHU6HUYHU�PHWKRG$������ �����
WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW�� ��HODSVH�� PVHF���

�� WKUHH DUJXPHQWV

6\VWHP�JF���
VWDUW7LPH 6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L�
[  YLVLEURNHU6HUYHU�PHWKRG$������ ���� �����

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW� LQW�� ��HODSVH�� PVHF���

�� IRXU DUJXPHQWV

6\VWHP�JF���
VWDUW7LPH 6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L�
[  YLVLEURNHU6HUYHU�PHWKRG$������ ���� ���� �����

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW� LQW� LQW�� ��HODSVH�� PVHF���

�� ILYH DUJXPHQWV
6\VWHP�JF���

VWDUW7LPH 6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  LWHU� L ! �� ��L�

[  YLVLEURNHU6HUYHU�PHWKRG$������ ���� ���� ���� �����
WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW� LQW� LQW� LQW�� ��HODSVH�� PVHF���

�� VL[ DUJXPHQWV
6\VWHP�JF���

VWDUW7LPH 6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  LWHU� L ! �� ��L�

[  YLVLEURNHU6HUYHU�PHWKRG$������ ���� ���� ���� ���� �����
WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW� LQW� LQW� LQW� LQW�� ��HODSVH�� PVHF���

`
FDWFK �([FHSWLRQ H� ^

6\VWHP�HUU�SULQWOQ�H��
`

`

YRLG 9LVLEURNHU2EMHFW'DWD7UDQVIHU�LQW LWHU� ^

�� 2EMHFW VHQG LQ DUUD\ ZLWKRXW FDVW EHQFKPDUN
LQW>@ VL]HV  ^�� ��� ��� ��� ��� ��`�

WU\ ^

�� 2EMHFW VHQG EHQFKPDUN
'27%HQFKPDUN�YLVLEURNHU�6HUYHU27 VHUYHU  '27%HQFKPDUN�YLVLEURNHU�6HUYHU27+HOSHU�ELQG�RUE�

�6HUYHU27���
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IRU �LQW V  �� V � �� V��� ^

'27%HQFKPDUN�YLVLEURNHU�'DWD27>@ GDWD  QHZ '27%HQFKPDUN�YLVLEURNHU�'DWD27>VL]HV>V@@�
6\VWHP�JF���

VWDUW7LPH  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �LQW L  LWHU� L ! �� ��L�

VHUYHU�PHWKRG'$�GDWD��
WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
SULQWOQ��YRLG VHUYHU�PHWKRG'$�'DWD>��VL]HV>V@��@�� �� HODSVH�� PVHF���

`
`

FDWFK �([FHSWLRQ H� ^
6\VWHP�HUU�SULQWOQ�H��

`
`

YRLG 9LVLEURNHUE\WH$UUD\7UDQVIHU�LQW LWHU� ^
E\WH>@ EXIE�

WU\ ^
�� WR VHQG E\WH DUUD\

IRU �LQW M  �� M � DUUD\BVL]HV�OHQJWK� M��� ^
EXIE  QHZ E\WH>DUUD\BVL]HV>M@@�

6\VWHP�JF���
VWDUW7LPH  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �LQW L  LWHU� L ! �� ��L�
YLVLEURNHU6HUYHU�PHWKRG%�EXIE��

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

SULQWOQ��YRLG VHUYHU�PHWKRG%�E\WH>��DUUD\BVL]HV>M@��@�� ��HODSVH�� PVHF� �
���GRXEOH��DUUD\BVL]HV>M@��HODSVH� � � .%�VHF���

`
`
FDWFK � ([FHSWLRQ H � ^

6\VWHP�HUU�SULQWOQ�H��
`

`

YRLG 9LVLEURNHULQW$UUD\7UDQVIHU�LQW LWHU� ^

LQW LWHUDWLRQ�
LQW>@ EXIL�

WU\ ^
�� WR VHQG LQW DUUD\

IRU �LQW M  �� M � �� M��� ^
EXIL  QHZ LQW>DUUD\BVL]HV>M@@�

6\VWHP�JF���
VWDUW7LPH  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �LQW L  LWHU� L ! �� ��L�
YLVLEURNHU6HUYHU�PHWKRG,�EXIL��

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
SULQWOQ��YRLG VHUYHU�PHWKRG,�LQW>��DUUD\BVL]HV>M@��@�� ��HODSVH�� PVHF� �

���GRXEOH��DUUD\BVL]HV>M@
���HODSVH� � � .%�VHF���
`

IRU �LQW M  �� M � DUUD\BVL]HV�OHQJWK� M��� ^
EXIL  QHZ LQW>DUUD\BVL]HV>M@@�

6\VWHP�JF���
LWHUDWLRQ  LWHU������FKDQJH WKH LWHUDWLRQ

VWDUW7LPH  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �LQW L  LWHUDWLRQ� L ! �� ��L�

YLVLEURNHU6HUYHU�PHWKRG,�EXIL��
WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHUDWLRQ��
SULQWOQ��YRLG VHUYHU�PHWKRG,�LQW>��DUUD\BVL]HV>M@��@�� ��HODSVH�� PVHF� �

���GRXEOH��DUUD\BVL]HV>M@
���HODSVH� � � .%�VHF���

`
`

FDWFK � ([FHSWLRQ H � ^
6\VWHP�HUU�SULQWOQ�H��

`
`
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YRLG 9LVLEURNHUGRXEOH$UUD\7UDQVIHU�LQW LWHU� ^

LQW L� M� LWHUDWLRQ�
GRXEOH>@ EXIG�

WU\ ^
�� WR VHQG GRXEOH DUUD\

IRU � M  �� M � �� M��� ^
EXIG  QHZ GRXEOH>DUUD\BVL]HV>M@@�

6\VWHP�JF���
VWDUW7LPH  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L�
YLVLEURNHU6HUYHU�PHWKRG'�EXIG��

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

SULQWOQ��YRLG VHUYHU�PHWKRG'�GRXEOH>��DUUD\BVL]HV>M@��@�� ��HODSVH�� PVHF� �
���GRXEOH��DUUD\BVL]HV>M@
���HODSVH� � � .%�VHF���

`
IRU � M  �� M � DUUD\BVL]HV�OHQJWK� M��� ^

EXIG  QHZ GRXEOH>DUUD\BVL]HV>M@@�

6\VWHP�JF���
LWHUDWLRQ  LWHU������FKDQJH WKH LWHUDWLRQ

VWDUW7LPH  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  LWHUDWLRQ� L ! �� ��L�

YLVLEURNHU6HUYHU�PHWKRG'�EXIG��
WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHUDWLRQ��
SULQWOQ��YRLG VHUYHU�PHWKRG'�GRXEOH>��DUUD\BVL]HV>M@��@�� ��HODSVH�� PVHF� �

���GRXEOH��DUUD\BVL]HV>M@
���HODSVH� � � .%�VHF���
`

`
FDWFK � ([FHSWLRQ H � ^

6\VWHP�HUU�SULQWOQ�H��
`

`

SXEOLF YRLG VWDUWXS,RQD2UEL[:HE&OLHQW�6WULQJ KRVW� ^

WU\ ^
25%�LQLW���

WU\ ^
7KUHDG�VOHHS��
������

` FDWFK �([FHSWLRQ H� ^`

RUEL[:HE6HUYHU  '27%HQFKPDUN�RUEL[�6HUYHU+HOSHU�ELQG���6HUYHU�� KRVW��
VHW6WDWXV��,RQD 2UEL[:HE FOLHQW LV UXQQLQJ������

`
FDWFK�([FHSWLRQ H� ^

H�SULQW6WDFN7UDFH���
`

`

YRLG 2UEL[:HE5HPRWH2EMHFW&RQQHFWLRQ�LQW LWHU� 6WULQJ KRVW� ^

LQW L�
'27%HQFKPDUN�RUEL[�6HUYHU VHUYHU  QXOO�

VHUYHU  '27%HQFKPDUN�RUEL[�6HUYHU+HOSHU�ELQG���6HUYHU�� KRVW��

WU\ ^
6\VWHP�JF���

VWDUW7LPH  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  LWHU� L ! �� ��L� ^

VHUYHU  '27%HQFKPDUN�RUEL[�6HUYHU+HOSHU�ELQG���6HUYHU�� KRVW��
�� "" KRZ GR , UHOHDVH WKH FRQQHFWLRQ""

`
WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
SULQWOQ��,RQD 2UEL[:HE UHPRWH REMHFW FRQQHFWLRQ EHQFKPDUN� ��HODSVH�� PVHF���

`

FDWFK �([FHSWLRQ H� ^
6\VWHP�HUU�SULQWOQ�H��

`
`

YRLG 2UEL[:HE5HPRWH2EMHFW&UHDWLRQ�LQW LWHU� 6WULQJ KRVW� ^

LQW L�
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'27%HQFKPDUN�RUEL[�6HUYHU VHUYHU  QXOO�

VHUYHU  '27%HQFKPDUN�RUEL[�6HUYHU+HOSHU�ELQG���6HUYHU�� KRVW��
WU\ ^

�� UHPRWH REMHFW FUHDWLRQ EHQFKPDUN
6\VWHP�JF���

'27%HQFKPDUN�RUEL[�6HUYHU VHUYHU�  QXOO�
VWDUW7LPH  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L� ^
VHUYHU  '27%HQFKPDUN�RUEL[�6HUYHU+HOSHU�ELQG���6HUYHU�� KRVW��

VHUYHU�  �'27%HQFKPDUN�RUEL[�6HUYHU�VHUYHU�FUHDWH,QVWDQFH���
`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

SULQWOQ��,RQD 2UEL[:HE UHPRWH REMHFW FUHDWLRQ EHQFKPDUN � ��HODSVH�� PVHF���
`

FDWFK �([FHSWLRQ H� ^
6\VWHP�HUU�SULQWOQ�H��

`

`

YRLG 2UEL[:HE5HPRWH0HWKRG&DOO�LQW LWHU� ^
LQW L�[�

WU\ ^
�� ORDG FODVV ILOHV H[SOLFLWHO\

[  RUEL[:HE6HUYHU�PHWKRG$�����
�� LJQRUH WKLV MXVW :$50 83

6\VWHP�JF���
IRU �L  LWHU� L ! �� ��L�

[  RUEL[:HE6HUYHU�PHWKRG$�������

�� UHPRWH PHWKRG LQYRFDWLRQ EHQFKPDUN
�� RQH DUJXPHQW
6\VWHP�JF���

VWDUW7LPH 6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  LWHU� L ! �� ��L�

[  RUEL[:HE6HUYHU�PHWKRG$�������
WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
SULQWOQ��LQW VHUYHU�PHWKRG$��LQW D��� ��HODSVH�� PVHF���

�� WZR DUJXPHQWV

6\VWHP�JF���
VWDUW7LPH 6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L�
[  RUEL[:HE6HUYHU�PHWKRG$������ �����

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW�� ��HODSVH�� PVHF���

�� WKUHH DUJXPHQWV

6\VWHP�JF���
VWDUW7LPH 6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L�
[  RUEL[:HE6HUYHU�PHWKRG$������ ���� �����

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW� LQW�� ��HODSVH�� PVHF���

�� IRXU DUJXPHQWV
6\VWHP�JF���

VWDUW7LPH 6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  LWHU� L ! �� ��L�

[  RUEL[:HE6HUYHU�PHWKRG$������ ���� ���� �����
WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW� LQW� LQW�� ��HODSVH�� PVHF���

�� ILYH DUJXPHQWV
6\VWHP�JF���

VWDUW7LPH 6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  LWHU� L ! �� ��L�

[  RUEL[:HE6HUYHU�PHWKRG$������ ���� ���� ���� �����
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WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW� LQW� LQW� LQW�� ��HODSVH�� PVHF���

�� VL[ DUJXPHQWV
6\VWHP�JF���

VWDUW7LPH 6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  LWHU� L ! �� ��L� ^

[  RUEL[:HE6HUYHU�PHWKRG$������ ���� ���� ���� ���� �����
`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW� LQW� LQW� LQW� LQW�� ��HODSVH�� PVHF���
`

FDWFK �([FHSWLRQ H� ^
6\VWHP�HUU�SULQWOQ�H��

`

`

YRLG 2UEL[:HE2EMHFW'DWD7UDQVIHU�LQW LWHU� ^
SULQWOQ��2UEL[:HE Y��� IRU -DYD GRHV QRW VXSSRUW WUDQVIHU REMHFW E\ YDOXH���

`

YRLG 2UEL[:HEE\WH$UUD\7UDQVIHU�LQW LWHU� ^
E\WH>@ EXIE�

WU\ ^
�� WR VHQG E\WH DUUD\

IRU �LQW M  �� M � DUUD\BVL]HV�OHQJWK� M��� ^
EXIE  QHZ E\WH>DUUD\BVL]HV>M@@�

6\VWHP�JF���
VWDUW7LPH  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �LQW L  LWHU� L ! �� ��L�

RUEL[:HE6HUYHU�PHWKRG%�EXIE��
WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
SULQWOQ��YRLG VHUYHU�PHWKRG%�E\WH>��DUUD\BVL]HV>M@��@�� ��HODSVH�� PVHF� �

���GRXEOH��DUUD\BVL]HV>M@��HODSVH� � � .%�VHF���
`

`
FDWFK � ([FHSWLRQ H � ^

6\VWHP�HUU�SULQWOQ�H��
`

`

YRLG 2UEL[:HELQW$UUD\7UDQVIHU�LQW LWHU� ^
LQW LWHUDWLRQ�

LQW>@ EXIL�
WU\ ^

�� WR VHQG LQW DUUD\

IRU �LQW M  �� M � �� M��� ^
EXIL  QHZ LQW>DUUD\BVL]HV>M@@�

6\VWHP�JF���
VWDUW7LPH  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �LQW L  LWHU� L ! �� ��L�
RUEL[:HE6HUYHU�PHWKRG,�EXIL��

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

SULQWOQ��YRLG VHUYHU�PHWKRG,�LQW>��DUUD\BVL]HV>M@��@�� ��HODSVH�� PVHF� �
���GRXEOH��DUUD\BVL]HV>M@
���HODSVH� � � .%�VHF���

`
IRU �LQW M  �� M � DUUD\BVL]HV�OHQJWK� M��� ^

EXIL  QHZ LQW>DUUD\BVL]HV>M@@�
6\VWHP�JF���
LWHUDWLRQ  LWHU������FKDQJH WKH LWHUDWLRQ

VWDUW7LPH  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �LQW L  LWHUDWLRQ� L ! �� ��L�

RUEL[:HE6HUYHU�PHWKRG,�EXIL��
WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHUDWLRQ��
SULQWOQ��YRLG VHUYHU�PHWKRG,�LQW>��DUUD\BVL]HV>M@��@�� ��HODSVH�� PVHF� �

���GRXEOH��DUUD\BVL]HV>M@
���HODSVH� � � .%�VHF���
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`

`
FDWFK � ([FHSWLRQ H � ^

6\VWHP�HUU�SULQWOQ�H��
`

`

YRLG 2UEL[:HEGRXEOH$UUD\7UDQVIHU�LQW LWHU� ^
LQW L� M� LWHUDWLRQ�

GRXEOH>@ EXIG�

WU\ ^
�� WR VHQG GRXEOH DUUD\

IRU � M  �� M � �� M��� ^
EXIG  QHZ GRXEOH>DUUD\BVL]HV>M@@�

6\VWHP�JF���
VWDUW7LPH  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  LWHU� L ! �� ��L�

RUEL[:HE6HUYHU�PHWKRG'�EXIG��
WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
SULQWOQ��YRLG VHUYHU�PHWKRG'�GRXEOH>��DUUD\BVL]HV>M@��@�� ��HODSVH�� PVHF� �

���GRXEOH��DUUD\BVL]HV>M@
���HODSVH� � � .%�VHF���
`

IRU � M  �� M � DUUD\BVL]HV�OHQJWK� M��� ^
EXIG  QHZ GRXEOH>DUUD\BVL]HV>M@@�

6\VWHP�JF���
LWHUDWLRQ  LWHU������FKDQJH WKH LWHUDWLRQ

VWDUW7LPH  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  LWHUDWLRQ� L ! �� ��L�

RUEL[:HE6HUYHU�PHWKRG'�EXIG��
WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHUDWLRQ��

SULQWOQ��YRLG VHUYHU�PHWKRG'�GRXEOH>��DUUD\BVL]HV>M@��@�� ��HODSVH�� PVHF� �
���GRXEOH��DUUD\BVL]HV>M@
���HODSVH� � � .%�VHF���

`
`

FDWFK � ([FHSWLRQ H � ^
6\VWHP�HUU�SULQWOQ�H��

`
`

SXEOLF YRLG VWDUWXS06'&RP&OLHQW�� ^
6WULQJ FPG  �VWDUW �P MYLHZ FOLHQW� ������

WU\ ^
VHW6WDWXV��06 'FRP FOLHQW LV UXQQLQJ������

FKLOG  5XQWLPH�JHW5XQWLPH���H[HF�FPG��
JHW3URFHVV2XWSXW�FKLOG��

`
FDWFK�,2([FHSWLRQ H� ^

6\VWHP�HUU�SULQWOQ�H��

`
`

SXEOLF YRLG VWDUWXS-DYD6RFNHW&OLHQW�� ^

6WULQJ FPG  �MDYD '27%HQFKPDUN�MDYDVRFNHW�6RFN&OLHQW ������
WU\ ^

VHW6WDWXV��-DYD FOLHQW VRFNHW LV UXQQLQJ������
FKLOG  5XQWLPH�JHW5XQWLPH���H[HF�FPG��

JHW3URFHVV2XWSXW�FKLOG��
`

FDWFK�,2([FHSWLRQ H� ^
6\VWHP�HUU�SULQWOQ�H��

`
`

SXEOLF YRLG VWDUWXS&6RFNHW&OLHQW�� ^
6WULQJ FPG  �&�??3URMHFW??'27%HQFKPDUN??FVRFNHW??FOLHQW ������

WU\ ^
VHW6WDWXV��& FOLHQW VRFNHW LV UXQQLQJ������

FKLOG  5XQWLPH�JHW5XQWLPH���H[HF�FPG��
JHW3URFHVV2XWSXW�FKLOG��

`
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FDWFK�,2([FHSWLRQ H� ^

6\VWHP�HUU�SULQWOQ�H��
`

`

SXEOLF YRLG VWDUWXS-DYD,'/&OLHQW�6WULQJ KRVW� ^
�
 WU\ ^

�� &UHDWH DQG LQLWLDOL]H WKH 25%
25% RUE  25%�LQLW�DUJV� QXOO��

�� *HW WKH URRW QDPLQJ FRQWH[W

RUJ�RPJ�&25%$�2EMHFW REM5HI  RUE�UHVROYHBLQLWLDOBUHIHUHQFHV��1DPH6HUYLFH���
1DPLQJ&RQWH[W QF5HI  1DPLQJ&RQWH[W+HOSHU�QDUURZ�REM5HI��

�� UHPRWH REMHFW FRQQHFWLRQ EHQFKPDUN
�� 5HVROYH WKH REMHFW UHIHUHQFH LQ QDPLQJ
1DPH&RPSRQHQW QF  QHZ 1DPH&RPSRQHQW��6HUYHU�� � ���

1DPH&RPSRQHQW SDWK>@  ^QF`�
6HUYHU MXQN  '27%HQFKPDUN�MDYDLGO�6HUYHU+HOSHU�QDUURZ�QF5HI�UHVROYH�SDWK���

VHW6WDWXV��-DYD ,'/ FOLHQW LV UXQQLQJ������
`

FDWFK�([FHSWLRQ H� ^
H�SULQW6WDFN7UDFH���

`
�

`

YRLG -DYD,'/5HPRWH2EMHFW&RQQHFWLRQ�LQW LWHU� 6WULQJ KRVW� ^
�
LQW L�

'27%HQFKPDUN�MDYDLGO�6HUYHU VHUYHU  QXOO�
VHUYHU  '27%HQFKPDUN�MDYDLGO�6HUYHU+HOSHU�QDUURZ�QF5HI�UHVROYH�SDWK���
WU\ ^

6\VWHP�JF���
VWDUW7LPH  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L�
VHUYHU  '27%HQFKPDUN�MDYDLGO�6HUYHU+HOSHU�QDUURZ�QF5HI�UHVROYH�SDWK���

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

SULQWOQ��,RQD 2UEL[:HE UHPRWH REMHFW FRQQHFWLRQ EHQFKPDUN� ��HODSVH�� PVHF���
`

FDWFK �([FHSWLRQ H� ^
6\VWHP�HUU�SULQWOQ�H��

`
�
`

YRLG -DYD,'/5HPRWH2EMHFW&UHDWLRQ�LQW LWHU� 6WULQJ KRVW� ^

�
LQW L�

'27%HQFKPDUN�MDYDLGO�6HUYHU VHUYHU  QXOO�

VHUYHU  '27%HQFKPDUN�MDYDLGO�6HUYHU+HOSHU�QDUURZ�QF5HI�UHVROYH�SDWK���
WU\ ^

��
�� UHPRWH REMHFW FUHDWLRQ EHQFKPDUN

6\VWHP�JF���
'27%HQFKPDUN�MDYDLGO�6HUYHU VHUYHU�  QXOO�

VWDUW7LPH  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  LWHU� L ! �� ��L� ^

VHUYHU  '27%HQFKPDUN�MDYDLGO�6HUYHU+HOSHU�QDUURZ�QF5HI�UHVROYH�SDWK���
VHUYHU�  �'27%HQFKPDUN�MDYDLGO�6HUYHU�VHUYHU�FUHDWH,QVWDQFH���

`
WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
SULQWOQ��,RQD 2UEL[:HE UHPRWH REMHFW FUHDWLRQ EHQFKPDUN � ��HODSVH�� PVHF���

`
FDWFK �([FHSWLRQ H� ^

6\VWHP�HUU�SULQWOQ�H��
`
�

`

YRLG -DYD,'/5HPRWH0HWKRG&DOO�LQW LWHU� ^
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�
LQW L�[�

WU\ ^

�� ORDG FODVV ILOHV H[SOLFLWHO\
[  MDYD,'/6HUYHU�PHWKRG$�����

�� LJQRUH WKLV MXVW :$50 83

6\VWHP�JF���
IRU �L  LWHU� L ! �� ��L�

[  MDYD,'/6HUYHU�PHWKRG$�������
�� UHPRWH PHWKRG LQYRFDWLRQ EHQFKPDUN

�� RQH DUJXPHQW
6\VWHP�JF���

VWDUW7LPH 6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  LWHU� L ! �� ��L�

[  MDYD,'/6HUYHU�PHWKRG$�������
WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

SULQWOQ��LQW VHUYHU�PHWKRG$��LQW D��� ��HODSVH�� PVHF���

�� WZR DUJXPHQWV
6\VWHP�JF���

VWDUW7LPH 6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  LWHU� L ! �� ��L�

[  MDYD,'/6HUYHU�PHWKRG$������ �����
WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW�� ��HODSVH�� PVHF���

�� WKUHH DUJXPHQWV

6\VWHP�JF���
VWDUW7LPH 6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  LWHU� L ! �� ��L�

[  MDYD,'/6HUYHU�PHWKRG$������ ���� �����
WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW� LQW�� ��HODSVH�� PVHF���

�� IRXU DUJXPHQWV

6\VWHP�JF���
VWDUW7LPH 6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L�
[  MDYD,'/6HUYHU�PHWKRG$������ ���� ���� �����

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW� LQW� LQW�� ��HODSVH�� PVHF���

�� ILYH DUJXPHQWV
6\VWHP�JF���
VWDUW7LPH 6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L�
[  MDYD,'/6HUYHU�PHWKRG$������ ���� ���� ���� �����

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW� LQW� LQW� LQW�� ��HODSVH�� PVHF���

�� VL[ DUJXPHQWV
6\VWHP�JF���

VWDUW7LPH 6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  LWHU� L ! �� ��L�

[  MDYD,'/6HUYHU�PHWKRG$������ ���� ���� ���� ���� �����
WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW� LQW� LQW� LQW� LQW�� ��HODSVH�� PVHF���

`

FDWFK �([FHSWLRQ H� ^
6\VWHP�HUU�SULQWOQ�H��

`
�

`
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YRLG -DYD,'/2EMHFW'DWD7UDQVIHU�LQW LWHU� ^

SULQWOQ��-DYD ,'/ ��� GRHV QRW VXSSRUW WUDQVIHU REMHFW E\ YDOXH���
`

YRLG -DYD,'/E\WH$UUD\7UDQVIHU�LQW LWHU� ^

�
E\WH>@ EXIE�

WU\ ^
�� WR VHQG E\WH DUUD\

IRU �LQW M  �� M � DUUD\BVL]HV�OHQJWK� M��� ^
EXIE  QHZ E\WH>DUUD\BVL]HV>M@@�

6\VWHP�JF���
VWDUW7LPH  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �LQW L  LWHU� L ! �� ��L�
MDYD,'/6HUYHU�PHWKRG%�EXIE��

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
SULQWOQ��YRLG VHUYHU�PHWKRG%�E\WH>��DUUD\BVL]HV>M@��@�� ��HODSVH�� PVHF� �

���GRXEOH��DUUD\BVL]HV>M@��HODSVH� � � .%�VHF���
`

`

FDWFK � ([FHSWLRQ H � ^
6\VWHP�HUU�SULQWOQ�H��

`
�
`

YRLG -DYD,'/LQW$UUD\7UDQVIHU�LQW LWHU� ^

�
LQW LWHUDWLRQ�
LQW>@ EXIL�

WU\ ^
�� WR VHQG LQW DUUD\

IRU �LQW M  �� M � �� M��� ^
EXIL  QHZ LQW>DUUD\BVL]HV>M@@�

6\VWHP�JF���
VWDUW7LPH  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �LQW L  LWHU� L ! �� ��L�
MDYD,'/6HUYHU�PHWKRG,�EXIL��

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

SULQWOQ��YRLG VHUYHU�PHWKRG,�LQW>��DUUD\BVL]HV>M@��@�� ��HODSVH�� PVHF� �
���GRXEOH��DUUD\BVL]HV>M@
���HODSVH� � � .%�VHF���

`
IRU �LQW M  �� M � DUUD\BVL]HV�OHQJWK� M��� ^

EXIL  QHZ LQW>DUUD\BVL]HV>M@@�
6\VWHP�JF���

LWHUDWLRQ  LWHU������FKDQJH WKH LWHUDWLRQ
VWDUW7LPH  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �LQW L  LWHUDWLRQ� L ! �� ��L�

MDYD,'/6HUYHU�PHWKRG,�EXIL��
WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHUDWLRQ��
SULQWOQ��YRLG VHUYHU�PHWKRG,�LQW>��DUUD\BVL]HV>M@��@�� ��HODSVH�� PVHF� �

���GRXEOH��DUUD\BVL]HV>M@
���HODSVH� � � .%�VHF���
`

`
FDWFK � ([FHSWLRQ H � ^

6\VWHP�HUU�SULQWOQ�H��
`
�

`

YRLG -DYD,'/GRXEOH$UUD\7UDQVIHU�LQW LWHU� ^
�
LQW L� M� LWHUDWLRQ�
GRXEOH>@ EXIG�

WU\ ^

�� WR VHQG GRXEOH DUUD\
IRU � M  �� M � �� M��� ^

EXIG  QHZ GRXEOH>DUUD\BVL]HV>M@@�
6\VWHP�JF���

VWDUW7LPH  6\VWHP�FXUUHQW7LPH0LOOLV���
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IRU �L  LWHU� L ! �� ��L�

MDYD,'/6HUYHU�PHWKRG'�EXIG��
WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
SULQWOQ��YRLG VHUYHU�PHWKRG'�GRXEOH>��DUUD\BVL]HV>M@��@�� ��HODSVH�� PVHF� �

���GRXEOH��DUUD\BVL]HV>M@
���HODSVH� � � .%�VHF���
`

IRU � M  �� M � DUUD\BVL]HV�OHQJWK� M��� ^

EXIG  QHZ GRXEOH>DUUD\BVL]HV>M@@�
6\VWHP�JF���

LWHUDWLRQ  LWHU����
VWDUW7LPH  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHUDWLRQ� L ! �� ��L�
MDYD,'/6HUYHU�PHWKRG'�EXIG��

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHUDWLRQ��
SULQWOQ��YRLG VHUYHU�PHWKRG'�GRXEOH>��DUUD\BVL]HV>M@��@�� ��HODSVH�� PVHF� �

���GRXEOH��DUUD\BVL]HV>M@
���HODSVH� � � .%�VHF���
`

`
FDWFK � ([FHSWLRQ H � ^

6\VWHP�HUU�SULQWOQ�H��
`
�

`

SXEOLF YRLG VWDUWXS-DF25%&OLHQW�� ^
`

SXEOLF YRLG VWDUWXS,%0$JOHWV&OLHQW�� ^

`

SXEOLF ,QVHWV JHW,QVHWV�� ^

UHWXUQ QHZ ,QVHWV���� ��� ��� ����
`

SXEOLF YRLG GLVDEOH%XWWRQV$QG&KHFNER[�� ^

&RPSRQHQW>@ FRPSRQHQWV  EXWWRQ3DQHO�JHW&RPSRQHQWV���
IRU � LQW L  � � L � FRPSRQHQWV�OHQJWK � L���

FRPSRQHQWV>L@�VHW(QDEOHG�IDOVH��
FKHFN%R[*URXS3DQHO�VHW(QDEOHG�IDOVH��

VHUYHU1DPH�VHW(QDEOHG�IDOVH��
`

SXEOLF YRLG HQDEOH%XWWRQV$QG&KHFNER[�� ^

&RPSRQHQW>@ FRPSRQHQWV  EXWWRQ3DQHO�JHW&RPSRQHQWV���
IRU � LQW L  � � L � FRPSRQHQWV�OHQJWK � L���

FRPSRQHQWV>L@�VHW(QDEOHG�WUXH��
FKHFN%R[*URXS3DQHO�VHW(QDEOHG�WUXH��
VHUYHU1DPH�VHW(QDEOHG�IDOVH��

`

SURWHFWHG YRLG SULQW �6WULQJ V� ^
RXWSXW$UHD�DSSHQG�V��

`

SURWHFWHG YRLG SULQW �FKDU F� ^
RXWSXW$UHD�DSSHQG��� � F��

`

SURWHFWHG YRLG SULQWOQ �6WULQJ V� ^
RXWSXW$UHD�DSSHQG�V � �?Q���

`

SURWHFWHG YRLG VHW6WDWXV �6WULQJ V� ^

VWDWXV)LHOG�VHW7H[W���� V��
`

SURWHFWHG YRLG JHW3URFHVV2XWSXW�3URFHVV S� ^
6WULQJ%XIIHU WHPS  QHZ 6WULQJ%XIIHU���

WU\ ^
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5HDGHU LQ  QHZ %XIIHUHG5HDGHU�

QHZ ,QSXW6WUHDP5HDGHU�S�JHW,QSXW6WUHDP�����
��,QSXW6WUHDP LQ  S�JHW,QSXW6WUHDP���

LQW FK�
�� HFKR RXWSXW RI WKH UXQQLQJ SURFHVV S

ZKLOH ��FK  LQ�UHDG��� � ��� ^
��6\VWHP�RXW�SULQW��FKDU�F��

��SULQW��FKDU�FK��
WHPS�DSSHQG� �FKDU�FK ��

`
LQ�FORVH���

�� :DLW IRU VXESURFHVV WR H[LW
WU\ ^

S�ZDLW)RU���
` FDWFK �,QWHUUXSWHG([FHSWLRQ H[� ^

H[�SULQW6WDFN7UDFH���
`
�� 'LVSOD\ H[LW VWDWXV RI VXESURFHVV

VHW6WDWXV��FKLOG SURFHVV H[LWHG ZLWK � � S�H[LW9DOXH����
` FDWFK �,2([FHSWLRQ H[� ^

6\VWHP�HUU�SULQWOQ�H[��
`

�� SULQW WKH UHVXOW IURP WKH VWULQJ EXIIHU

VHW6WDWXV��'LVSOD\LQJ UHVXOW������
IRU �LQW L  �� L � WHPS�OHQJWK��� L��� ^

SULQW�WHPS�FKDU$W�L���
`

VHW6WDWXV��)LQLVKHG GLVSOD\LQJ���
`

�� 3ULQW VWULQJ WR JUDSKLFV YLD SULQWMRE
�� 'RHV QRW GHDO ZLWK ZRUG ZUDS RU WDEV

YRLG SULQW/RQJ6WULQJ �3ULQW-RE SMRE� *UDSKLFV SJ� 6WULQJ V� ^
LQW SDJH1XP  ��

LQW OLQHV)RU7KLV3DJH  ��
LQW OLQHV)RU7KLV-RE  ��

�� 1RWH� 6WULQJ LV LPPXWDEOH VR ZRQ
W FKDQJH ZKLOH SULQWLQJ�
LI ���SJ LQVWDQFHRI 3ULQW*UDSKLFV�� ^

WKURZ QHZ ,OOHJDO$UJXPHQW([FHSWLRQ ��*UDSKLFV FRQWH[W QRW 3ULQW*UDSKLFV���
`

6WULQJ5HDGHU VU  QHZ 6WULQJ5HDGHU �V��

/LQH1XPEHU5HDGHU OQU  QHZ /LQH1XPEHU5HDGHU �VU��
6WULQJ QH[W/LQH�

LQW SDJH+HLJKW  SMRE�JHW3DJH'LPHQVLRQ���KHLJKW�
��)RQW KHOY  QHZ )RQW��+HOYHWLFD�� )RQW�3/$,1� ����

MDYD�DZW�)RQW FRXU  QHZ MDYD�DZW�)RQW��&RXULHU�� MDYD�DZW�)RQW�3/$,1� ����
��KDYH WR VHW WKH IRQW WR JHW DQ\ RXWSXW
��SJ�VHW)RQW �KHOY��

SJ�VHW)RQW �FRXU��
)RQW0HWULFV IP  SJ�JHW)RQW0HWULFV�FRXU��

LQW IRQW+HLJKW  IP�JHW+HLJKW���
LQW IRQW'HVFHQW  IP�JHW'HVFHQW���

LQW FXU+HLJKW  ��
WU\ ^

GR ^
QH[W/LQH  OQU�UHDG/LQH���

LI �QH[W/LQH � QXOO� ^
LI ��FXU+HLJKW � IRQW+HLJKW� ! SDJH+HLJKW� ^

�� 1HZ 3DJH
6\VWHP�RXW�SULQWOQ ��� � OLQHV)RU7KLV3DJH � � OLQHV SULQWHG IRU SDJH � � SDJH1XP��

SDJH1XP���
OLQHV)RU7KLV3DJH  ��
SJ�GLVSRVH���

SJ  SMRE�JHW*UDSKLFV���
LI �SJ � QXOO� ^

SJ�VHW)RQW �FRXU��
`

FXU+HLJKW  ��
`
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FXU+HLJKW � IRQW+HLJKW�

LI �SJ � QXOO� ^
SJ�GUDZ6WULQJ �QH[W/LQH� �� FXU+HLJKW � IRQW'HVFHQW��

OLQHV)RU7KLV3DJH���
OLQHV)RU7KLV-RE���

` HOVH ^
6\VWHP�RXW�SULQWOQ ��SJ QXOO���

`
`

` ZKLOH �QH[W/LQH � QXOO��

` FDWFK �(2)([FHSWLRQ HRI� ^
�� )LQH� LJQRUH

` FDWFK �7KURZDEOH W� ^ �� $Q\WKLQJ HOVH
W�SULQW6WDFN7UDFH���

`
VHW6WDWXV ��� � OLQHV)RU7KLV3DJH � � OLQHV SULQWHG IRU SDJH � � SDJH1XP��
VHW6WDWXV ��SDJHV SULQWHG� � � SDJH1XP��

VHW6WDWXV ��WRWDO OLQHV SULQWHG� � � OLQHV)RU7KLV-RE��
`

�� WKLV PHWKRG LV XVHG WR LQYRNH 06 ([FHO DSSOLFDWLRQ

�� LW RSHQV DQ H[LVWLQJ ZRUNERRN FDOO '27%HQFKPDUN�[OV
�
SXEOLF YRLG RSHQ([FHO�� ^

B*OREDO JORE;/  QXOO�
B$SSOLFDWLRQ DSS;/  QXOO�

:RUNERRNV ERRNV  QXOO�
B:RUNERRN ERRN  QXOO�

WU\^

JORE;/  �B*OREDO�QHZ *OREDO���
DSS;/  �B$SSOLFDWLRQ�JORE;/�JHW$SSOLFDWLRQ���
DSS;/�VHW9LVLEOH���WUXH��

ERRNV  �:RUNERRNV�DSS;/�JHW:RUNERRNV���

9DULDQW Y7HPS  QHZ 9DULDQW���
Y7HPS�SXW6WULQJ��&�??3URMHFW??'27%HQFKPDUN??'27%HQFKPDUN�[OV���

9DULDQW Y2SWLRQDO  QHZ 9DULDQW���
Y2SWLRQDO�QR3DUDP���

ERRN  
�B:RUNERRN�ERRNV�2SHQ��&�??3URMHFW??'27%HQFKPDUN??'27%HQFKPDUN�[OV��Y2SWLRQDO�Y2SWLRQDO�Y2SWLRQ

DO�Y2SWLRQDO�Y2SWLRQDO�Y2SWLRQDO�Y2SWLRQDO�Y2SWLRQDO�Y2SWLRQDO�Y2SWLRQDO�Y2SWLRQDO�Y2SWLRQDO����
RSHQ[OV  WUXH�

`
FDWFK�&RP)DLO([FHSWLRQ H� ^

6\VWHP�RXW�SULQWOQ�H�JHW0HVVDJH����
`

`

SXEOLF YRLG FORVH([FHO�� ^

��6KHHWV ZV;/  QXOO�
��&HOOV F;/  QXOO�

WU\ ^

SULQWOQ��&ORVLQJ GRZQ 0LFURVRIW ([FHO������
RSHQ[OV  IDOVH�

��ZV;/  ERRN�JHW6KHHWV���
9DULDQW Y2SWLRQDO  QHZ 9DULDQW���

Y2SWLRQDO�QR3DUDP���
ERRN�&ORVH�Y2SWLRQDO�Y2SWLRQDO�Y2SWLRQDO����

ERRN  QXOO�
ERRNV�&ORVH����

ERRNV  QXOO�
JORE;/ QXOO�
DSS;/�4XLW���

DSS;/ QXOO�
` FDWFK �&RP)DLO([FHSWLRQ H� ^

6\VWHP�RXW�SULQWOQ�H�JHW0HVVDJH����
`

`
�

SXEOLF 6WULQJ JHW6HUYHU1DPH�� ^
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6WULQJ DGGUHVV  ���

WU\ ^
DGGUHVV  ,QHW$GGUHVV�JHW/RFDO+RVW���JHW+RVW1DPH���

SULQWOQ��� � DGGUHVV��
` FDWFK �MDYD�QHW�8QNQRZQ+RVW([FHSWLRQ H� ^

6\VWHP�HUU�SULQWOQ��8QNQRZQ KRVW���
`

UHWXUQ DGGUHVV�
`

`

20.2 The Remote Interface

��5HPRWH&RQWUROOHU�MDYD
SDFNDJH '27%HQFKPDUN�JXL�

SXEOLF LQWHUIDFH 5HPRWH&RQWUROOHU ^

SXEOLF 6WULQJ JHW6HUYHU1DPH���
SXEOLF YRLG VWDUWXS-DYD50,6HUYHU���

SXEOLF YRLG VKXW'RZQ50,6HUYHU���
SXEOLF YRLG VWDUWXS+RUE6HUYHU���

SXEOLF YRLG VKXW'RZQ+25%6HUYHU���
SXEOLF YRLG VWDUWXS9R\DJHU6HUYHU���

SXEOLF YRLG VKXW'RZQ9R\DJHU6HUYHU���
SXEOLF YRLG VWDUWXS9LVL%URNHU6HUYHU���

SXEOLF YRLG VWDUWXS,RQD2UEL[:HE6HUYHU���
SXEOLF YRLG VKXW'RZQ6HUYHU���

`

20.3 The Server GUI

�� 7KH 5HPRWH&RQWUROOHUB,PSO�MDYD
�



 :ULWWHQ IRU '27 3URMHFW �������'7

 #YHUVLRQ Y���


 #DXWKRU 0LFKDHO 7D
��

�� /DVW PRGLILHG� 6HSWHPEHU �WK� ����
��

�

SDFNDJH '27%HQFKPDUN�JXL�

LPSRUW MDYD�DZW�
�

LPSRUW MDYD�DZW�HYHQW�
�
LPSRUW MDYD�LR�
�

LPSRUW MDYD�QHW�
�
LPSRUW MDYD�XWLO�
�

LPSRUW MDYD�XWLO�3URSHUWLHV�

LPSRUW MDYD�UPL�
�
LPSRUW MDYD�UPL�VHUYHU�
�

FODVV 5HPRWH&RQWUROOHUB,PSO H[WHQGV )UDPH LPSOHPHQWV $FWLRQ/LVWHQHU� 5HPRWH&RQWUROOHU ^

SULYDWH 3DQHO FKHFN%R[*URXS3DQHO  QHZ 3DQHO���
SULYDWH 3DQHO EXWWRQ3DQHO  QHZ 3DQHO���
SULYDWH 7H[W$UHD RXWSXW$UHD  QHZ 7H[W$UHD���

SULYDWH 7H[W)LHOG VWDWXV)LHOG  QHZ 7H[W)LHOG���
SULYDWH 7H[W)LHOG VHUYHU1DPH�

SULYDWH %XWWRQ UXQ%XWWRQ� VWRS%XWWRQ�
SULYDWH 6WULQJ VHUYHUDGGUHVV�

SULYDWH &KHFNER[*URXS FKER[J  QHZ &KHFNER[*URXS���
SULYDWH &KHFNER[ UPLFKER[� KRUEFKER[� YR\FKER[� YLVLEURNHUFKER[� RUEL[FKER[�GFRPFKER[�

The RemoteController Java Interface

The Server GUI Testbed
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VRFNMFKER[� VRFNFFKER[� MDYDLGOFKER[� MDFRUEFKER[� DJOHWFKER[�

SULYDWH ERROHDQ UXQQLQJ  IDOVH�

3URFHVV FKLOG� UPLUHJ� YLVLRVDJHQW� RUEL[GM� WQDPLQJVHUY�

SXEOLF VWDWLF YRLG PDLQ�6WULQJ DUJV>@� ^
5HPRWH&RQWUROOHUB,PSO SURMHFW  QHZ 5HPRWH&RQWUROOHUB,PSO���

SURMHFW�VHW6WDWXV��� � �1R VHUYHU LV UXQQLQJ���
`

SXEOLF 5HPRWH&RQWUROOHUB,PSO�� ^

VHW7LWOH��'27 %HQFKPDUN 7HVWEHG �6HUYHU� Y������
VHW6L]H����������

�

 5HJLVWHU WR KDQGOH ZLQGRZ HYHQWV 
�
DGG:LQGRZ/LVWHQHU�QHZ :LQGRZ$GDSWHU�� ^

SXEOLF YRLG ZLQGRZ&ORVLQJ� :LQGRZ(YHQW HYW � ^
GLVSRVH���
6\VWHP�H[LW� � ��

`
` ��

VHW/D\RXW�QHZ %RUGHU/D\RXW����

3DQHO ZHVW3DQHO  QHZ 3DQHO���
ZHVW3DQHO�VHW/D\RXW �QHZ %RUGHU/D\RXW����

EXWWRQ3DQHO�VHW/D\RXW�QHZ *ULG/D\RXW�������
ZHVW3DQHO�DGG��1RUWK�� EXWWRQ3DQHO��

UXQ%XWWRQ  DGG%XWWRQ�EXWWRQ3DQHO� �5XQ���

VWRS%XWWRQ  DGG%XWWRQ�EXWWRQ3DQHO� �6WRS���

3DQHO S  QHZ 3DQHO���
S�VHW/D\RXW� QHZ *ULG/D\RXW �������
S�DGG�QHZ /DEHO��6HUYHU DGGUHVV�����

S�DGG�VHUYHU1DPH  QHZ 7H[W)LHOG��ORFDOKRVW�������
VHUYHU1DPH�VHW(GLWDEOH�IDOVH��

ZHVW3DQHO�DGG��6RXWK��S��
DGG��:HVW�� ZHVW3DQHO��

3DQHO QRUWK3DQHO  QHZ 3DQHO���

QRUWK3DQHO�VHW/D\RXW� QHZ %RUGHU/D\RXW����
FKHFN%R[*URXS3DQHO�VHW/D\RXW� QHZ *ULG/D\RXW�������

QRUWK3DQHO�DGG��&HQWHU�� FKHFN%R[*URXS3DQHO��

UPLFKER[  QHZ &KHFNER[ ��D� -DYD 50, ������� FKER[J� IDOVH��

FKHFN%R[*URXS3DQHO�DGG�UPLFKER[��
KRUEFKER[  QHZ &KHFNER[ ��E� +RUE Y����E��� FKER[J� IDOVH��

FKHFN%R[*URXS3DQHO�DGG�KRUEFKER[��
YR\FKER[  QHZ &KHFNER[ ��F� 9R\DJHU ������� FKER[J� IDOVH��
FKHFN%R[*URXS3DQHO�DGG� YR\FKER[ ��

YLVLEURNHUFKER[  QHZ &KHFNER[ ��G� 9LVLJHQLF Y����� FKER[J� IDOVH��
FKHFN%R[*URXS3DQHO�DGG�YLVLEURNHUFKER[��

RUEL[FKER[  QHZ &KHFNER[ ��H� ,RQD 2UEL[:HE Y����� FKER[J� IDOVH��
FKHFN%R[*URXS3DQHO�DGG�RUEL[FKER[��

GFRPFKER[  QHZ &KHFNER[ ��I� 06 '&20�� FKER[J� IDOVH��
FKHFN%R[*URXS3DQHO�DGG�GFRPFKER[��

VRFNMFKER[  QHZ &KHFNER[ ��J� -DYD 6RFNHW�� FKER[J� IDOVH��
FKHFN%R[*URXS3DQHO�DGG� VRFNMFKER[ ��

VRFNFFKER[ QHZ &KHFNER[ ��K� & 6RFNHW�� FKER[J� IDOVH��
FKHFN%R[*URXS3DQHO�DGG� VRFNFFKER[ ��

MDYDLGOFKER[  QHZ &KHFNER[ ��L� -DYD ,'/ ����� FKER[J� IDOVH��
FKHFN%R[*URXS3DQHO�DGG�MDYDLGOFKER[��

MDFRUEFKER[  QHZ &KHFNER[ ��M� -DF25%�� FKER[J� IDOVH��
FKHFN%R[*URXS3DQHO�DGG�MDFRUEFKER[��
DJOHWFKER[  QHZ &KHFNER[ ��N� ,%0 $JOHWV�� FKER[J� IDOVH��

FKHFN%R[*URXS3DQHO�DGG�DJOHWFKER[��
DGG��1RUWK�� FKHFN%R[*URXS3DQHO��

RXWSXW$UHD�VHW(GLWDEOH�IDOVH��

DGG��&HQWHU�� RXWSXW$UHD��
VWDWXV)LHOG�VHW(GLWDEOH�IDOVH��

DGG��6RXWK�� VWDWXV)LHOG��
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SDFN���
VKRZ���

`

�

 $GG D %XWWRQ ZLWK D QDPH WR D SDQHO DQG UHJLVWHU D OLVWHQHU REMHFW ZLWK WKLV EXWWRQ 

�
SXEOLF %XWWRQ DGG%XWWRQ�3DQHO S� 6WULQJ QDPH� ^

%XWWRQ E  QHZ %XWWRQ�QDPH��
E�DGG$FWLRQ/LVWHQHU�WKLV��

S�DGG�E��
UHWXUQ E�

`

�

 $GG D &KHFNER[ ZLWK D ODEHO WR D SDQHO DQG UHJLVWHU D OLVWHQHU REMHFW ZLWK WKLV &KHFNER[ 

�
SXEOLF YRLG DGG&KHFNER[�3DQHO S� 6WULQJ QDPH� &KHFNER[*URXS J� ERROHDQ E� ^

&KHFNER[ F  QHZ &KHFNER[�QDPH� J� E��

��F�DGG,WHP/LVWHQHU�WKLV��
S�DGG�F��

`

SXEOLF YRLG DGG�&RPSRQHQW F� *ULG%DJ&RQVWUDLQWV JEF� LQW [� LQW \� LQW Z� LQW K� ^
JEF�JULG[  [�

JEF�JULG\  \�
JEF�JULGZLGWK  Z�

JEF�JULGKHLJKW  K�
DGG�F�JEF��

`

�

 +DQGOH D FOLFN RQ WKH EXWWRQ SDQHO 

�
SXEOLF YRLG DFWLRQ3HUIRUPHG�$FWLRQ(YHQW HYW� ^

6WULQJ ZKDW  HYW�JHW$FWLRQ&RPPDQG���

LI �ZKDW�HTXDOV��5XQ��� ^
GLVDEOH%XWWRQV$QG&KHFNER[���

LI ��UXQQLQJ� ^
FKDU RSWLRQ  FKER[J�JHW6HOHFWHG&KHFNER[���JHW/DEHO���FKDU$W����

VZLWFK �RSWLRQ� ^
FDVH 
D
�

SULQWOQ��6WDUWLQJ -DYD 50, 6HUYHU������
VWDUWXS-DYD50,6HUYHU���

UXQQLQJ  WUXH�
EUHDN�

FDVH 
E
�
SULQWOQ��6WDUWLQJ +25% 6HUYHU������

VWDUWXS+RUE6HUYHU���
UXQQLQJ  WUXH�
EUHDN�

FDVH 
F
�
SULQWOQ��6WDUWLQJ 9R\DJHU 6HUYHU������

VWDUWXS9R\DJHU6HUYHU���
UXQQLQJ  WUXH�

EUHDN�
FDVH 
G
�

SULQWOQ��6WDUWLQJ 9LVL%URNHU 6HUYHU������
VWDUWXS9LVL%URNHU6HUYHU���

UXQQLQJ  WUXH�
EUHDN�

FDVH 
H
�
SULQWOQ��6WDUWLQJ ,RQD 2UEL[:HE 6HUYHU������

VWDUWXS,RQD2UEL[:HE6HUYHU���
UXQQLQJ  WUXH�
EUHDN�

FDVH 
I
�
SULQWOQ��6WDUWLQJ 0LFURVRIW 'FRP 6HUYHU������

VWDUWXS06'&RP6HUYHU���
UXQQLQJ  WUXH�

EUHDN�
FDVH 
J
�

SULQWOQ��6WDUWLQJ -DYD 6RFNHW 6HUYHU������
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VWDUWXS-DYD6RFNHW6HUYHU���

UXQQLQJ  WUXH�
EUHDN�

FDVH 
K
�
SULQWOQ��6WDUWLQJ & 6RFNHW 6HUYHU������

VWDUWXS&6RFNHW6HUYHU���
UXQQLQJ  WUXH�

EUHDN�
FDVH 
L
�

SULQWOQ��6WDUWLQJ -DYD ,'/ 6HUYHU������
VWDUWXS-DYD,'/6HUYHU���

UXQQLQJ  WUXH�
EUHDN�

FDVH 
M
�
SULQWOQ��6WDUWLQJ -DF25% 6HUYHU������

VWDUWXS-DF25%6HUYHU���
UXQQLQJ  WUXH�
EUHDN�

FDVH 
N
�
SULQWOQ��6WDUWLQJ ,%0 $JOHWV 6HUYHU������

VWDUWXS,%0$JOHWV6HUYHU���
UXQQLQJ  WUXH�

EUHDN�
GHIDXOW�

SULQWOQ��1R VHUYHU LV UXQQLQJ���
VHW6WDWXV��1R VHUYHU LV UXQQLQJ���

`
`

`

HOVH LI �ZKDW�HTXDOV��6WRS��� ^
HQDEOH%XWWRQV$QG&KHFNER[���
LI �UXQQLQJ�

VKXW'RZQ6HUYHU���
HOVH

VHW6WDWXV���� �1R VHUYHU LV UXQQLQJ���
`

`

SXEOLF YRLG VKXW'RZQ6HUYHU�� ^ �� IRU ORFDO DQG UHPRWH PHWKRG FDOO
LI �FKLOG � QXOO� ^

FKLOG�GHVWUR\���
SULQWOQ��1R VHUYHU LV UXQQLQJ���

VHW6WDWXV��1R VHUYHU LV UXQQLQJ���
UXQQLQJ  IDOVH�

`
HOVH

VHW6WDWXV��1R VHUYHU LV UXQQLQJ���
`

SXEOLF YRLG VWDUWXS-DYD50,6HUYHU�� ^
6WULQJ>@ SURJDUUD\  QHZ 6WULQJ>�@�

SURJDUUD\>�@  �MDYD��
SURJDUUD\>�@  �'27%HQFKPDUN�UPL�6HUYHU,PSO��

FKER[J�VHW6HOHFWHG&KHFNER[�UPLFKER[��

WU\ ^
��UPLUHJ  5XQWLPH�JHW5XQWLPH���H[HF��UPLUHJLVWU\ �������

FKLOG  5XQWLPH�JHW5XQWLPH���H[HF�SURJDUUD\��
JHW3URFHVV2XWSXW�FKLOG��

VHW6WDWXV��-DYD 50, VHUYHU LV UXQQLQJ������
`

FDWFK� ,2([FHSWLRQ H� ^
6\VWHP�HUU�SULQWOQ�H��

`

`

SXEOLF YRLG VWDUWXS+RUE6HUYHU�� ^
6WULQJ FPG  �KRUE �SRUW ���� �LRFL KRUE�RUE�6HULDOL]LQJ,2&, �VWDUW '27%HQFKPDUN�KRUE�6HUYHU +6HUYHU��

FKER[J�VHW6HOHFWHG&KHFNER[�KRUEFKER[��
WU\ ^

FKLOG  5XQWLPH�JHW5XQWLPH���H[HF�FPG��
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VHW6WDWXV��+RUE VHUYHU LV UXQQLQJ������

��JHW3URFHVV2XWSXW�FKLOG��
`

FDWFK�,2([FHSWLRQ H� ^
6\VWHP�HUU�SULQWOQ�H��

`
`

SXEOLF YRLG VWDUWXS9R\DJHU6HUYHU�� ^

6WULQJ FPG  �MDYD '27%HQFKPDUN�YR\���6HUYHU��
FKER[J�VHW6HOHFWHG&KHFNER[�YR\FKER[��

WU\ ^
FKLOG  5XQWLPH�JHW5XQWLPH���H[HF�FPG��

JHW3URFHVV2XWSXW�FKLOG��
VHW6WDWXV��9R\DJHU VHUYHU LV UXQQLQJ������

`
FDWFK�,2([FHSWLRQ H� ^

6\VWHP�HUU�SULQWOQ�H��

`
`

SXEOLF YRLG VWDUWXS9LVL%URNHU6HUYHU�� ^

6WULQJ>@ SURJDUUD\  QHZ 6WULQJ>�@�
SURJDUUD\>�@  �MDYD��

SURJDUUD\>�@  �'27%HQFKPDUN�YLVLEURNHU�6HUYHU,PSO��

FKER[J�VHW6HOHFWHG&KHFNER[�YLVLEURNHUFKER[��
WU\ ^

�� UHPHPEHU WR VWDUW XS YLVLEURNHU RVDJHQW ILUVW
FKLOG  5XQWLPH�JHW5XQWLPH���H[HF�SURJDUUD\��

JHW3URFHVV2XWSXW�FKLOG��
VHW6WDWXV��9LVLEURNHU VHUYHU LV UXQQLQJ������

`

FDWFK� ,2([FHSWLRQ H� ^
6\VWHP�HUU�SULQWOQ�H��

`
`

SXEOLF YRLG VWDUWXS,RQD2UEL[:HE6HUYHU�� ^

6WULQJ FPG  �MDYD '27%HQFKPDUN�RUEL[�6HUYHU,PSO��
FKER[J�VHW6HOHFWHG&KHFNER[�RUEL[FKER[��

WU\ ^
�� 5HPHPEHU WR VWDUW XSV RUEL[GM RQ WKH FRPPDQG OLQH

FKLOG  5XQWLPH�JHW5XQWLPH���H[HF�FPG��
JHW3URFHVV2XWSXW�FKLOG��

VHW6WDWXV��,RQD 2UEL[:HE VHUYHU LV UXQQLQJ������
`

FDWFK� ,2([FHSWLRQ H� ^
6\VWHP�HUU�SULQWOQ�H��

`

`

SXEOLF YRLG VWDUWXS06'&RP6HUYHU�� ^
FKER[J�VHW6HOHFWHG&KHFNER[�GFRPFKER[��

`

SXEOLF YRLG VWDUWXS-DYD6RFNHW6HUYHU�� ^
6WULQJ>@ SURJDUUD\  QHZ 6WULQJ>�@�

SURJDUUD\>�@  �MDYD��
SURJDUUD\>�@  �'27%HQFKPDUN�MDYDVRFNHW�6RFN6HUYHU ������

FKER[J�VHW6HOHFWHG&KHFNER[�VRFNMFKER[��

WU\ ^
FKLOG  5XQWLPH�JHW5XQWLPH���H[HF�SURJDUUD\��
VHW6WDWXV��-DYD VHUYHU VRFNHW LV UXQQLQJ������

��JHW3URFHVV2XWSXW�FKLOG��
`

FDWFK� ,2([FHSWLRQ H� ^
6\VWHP�HUU�SULQWOQ�H��

`
`
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SXEOLF YRLG VWDUWXS&6RFNHW6HUYHU�� ^

6WULQJ FPG  �&�??3URMHFW??'27%HQFKPDUN??FVRFNHW??VHUYHU ������
FKER[J�VHW6HOHFWHG&KHFNER[�VRFNFFKER[��

WU\ ^

FKLOG  5XQWLPH�JHW5XQWLPH���H[HF�FPG��
VHW6WDWXV��& VHUYHU VRFNHW LV UXQQLQJ������

��JHW3URFHVV2XWSXW�FKLOG��
`

FDWFK� ,2([FHSWLRQ H� ^
6\VWHP�HUU�SULQWOQ�H��

`
`

SXEOLF YRLG VWDUWXS-DYD,'/6HUYHU�� ^

6WULQJ>@ SURJDUUD\  QHZ 6WULQJ>�@�
SURJDUUD\>�@  �MDYD��
SURJDUUD\>�@  �'27%HQFKPDUN�MDYDLGO�6HUYHU��

FKER[J�VHW6HOHFWHG&KHFNER[�MDYDLGOFKER[��

WU\ ^
��WQDPLQJVHUY  5XQWLPH�JHW5XQWLPH���H[HF��&�??3URJUDP )LOHV??MGN���EHWD�??ELQ??WQDPHVHUY�H[H���

�� UHPHPEHU WR VWDUW XS WQDPHVHUY
FKLOG  5XQWLPH�JHW5XQWLPH���H[HF�SURJDUUD\��

JHW3URFHVV2XWSXW�FKLOG��
VHW6WDWXV��-DYD ,'/ VHUYHU LV UXQQLQJ������

`
FDWFK� ,2([FHSWLRQ H� ^

6\VWHP�HUU�SULQWOQ�H��
`

`

SXEOLF YRLG VWDUWXS-DF25%6HUYHU�� ^

FKER[J�VHW6HOHFWHG&KHFNER[�MDFRUEFKER[��
`

SXEOLF YRLG VWDUWXS,%0$JOHWV6HUYHU�� ^

FKER[J�VHW6HOHFWHG&KHFNER[�DJOHWFKER[��
`

SURWHFWHG YRLG SULQW �6WULQJ V� ^

RXWSXW$UHD�DSSHQG�V��
`

SURWHFWHG YRLG SULQW �FKDU F� ^

RXWSXW$UHD�DSSHQG��� � F��
`

SURWHFWHG YRLG SULQWOQ �6WULQJ V� ^
RXWSXW$UHD�DSSHQG�V � �?Q���

`

SURWHFWHG YRLG VHW6WDWXV �6WULQJ V� ^
VWDWXV)LHOG�VHW7H[W��� � V��

`

SURWHFWHG YRLG JHW3URFHVV2XWSXW�3URFHVV S� ^
WU\ ^

5HDGHU LQ  QHZ %XIIHUHG5HDGHU�
QHZ ,QSXW6WUHDP5HDGHU�S�JHW,QSXW6WUHDP�����

��,QSXW6WUHDP LQ  S�JHW,QSXW6WUHDP���
LQW F� QHZOLQH  ��

�� HFKR RXWSXW RI WKH UXQQLQJ SURFHVV S
ZKLOH ��F  LQ�UHDG��� � �� 		 QHZOLQH � �� ^

FKDU FK  �FKDU�F�

SULQW�FK��
LI �FK   
?Q
�

��QHZOLQH�
`

LQ�FORVH���
�� :DLW IRU VXESURFHVV WR H[LW

�
WU\ ^
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S�ZDLW)RU���

` FDWFK �,QWHUUXSWHG([FHSWLRQ H[� ^
H[�SULQW6WDFN7UDFH���

`
�
�� 'LVSOD\ H[LW VWDWXV RI VXESURFHVV

��6\VWHP�RXW�SULQWOQ��FKLOG H[LWHG ZLWK � � S�H[LW9DOXH����
��SULQWOQ��FKLOG H[LWHG ZLWK � � S�H[LW9DOXH����

` FDWFK �,2([FHSWLRQ H[� ^
6\VWHP�HUU�SULQWOQ�H[��

`
`

SXEOLF ,QVHWV JHW,QVHWV�� ^

UHWXUQ QHZ ,QVHWV���� ��� ��� ����
`

SXEOLF YRLG GLVDEOH%XWWRQV$QG&KHFNER[�� ^
&RPSRQHQW>@ FRPSRQHQWV  EXWWRQ3DQHO�JHW&RPSRQHQWV���

IRU � LQW L  � � L � FRPSRQHQWV�OHQJWK � � � L���
FRPSRQHQWV>L@�VHW(QDEOHG�IDOVH��

FKHFN%R[*URXS3DQHO�VHW(QDEOHG�IDOVH��

`

SXEOLF YRLG HQDEOH%XWWRQV$QG&KHFNER[�� ^
&RPSRQHQW>@ FRPSRQHQWV  EXWWRQ3DQHO�JHW&RPSRQHQWV���

IRU � LQW L  � � L � FRPSRQHQWV�OHQJWK � � � L���
FRPSRQHQWV>L@�VHW(QDEOHG�WUXH��

FKHFN%R[*URXS3DQHO�VHW(QDEOHG�WUXH��
`

SXEOLF 6WULQJ JHW6HUYHU1DPH�� ^
6WULQJ DGGUHVV  ���

WU\ ^
DGGUHVV  ,QHW$GGUHVV�JHW/RFDO+RVW���JHW+RVW1DPH���

SULQWOQ��� � DGGUHVV��
VHUYHU1DPH�VHW7H[W��� � DGGUHVV��

VHW6WDWXV��1R VHUYHU LV UXQQLQJ���
` FDWFK �MDYD�QHW�8QNQRZQ+RVW([FHSWLRQ H� ^

6\VWHP�RXW�SULQWOQ��8QNQRZQ KRVW���
`

UHWXUQ DGGUHVV�
`

`

��� $SSHQGL[ ,,�(7/ 0LFUR�%HQFKPDUN 6XLWH

21.1 Java RMI

�� 6HUYHU�MDYD

SDFNDJH '27%HQFKPDUN�UPL�
LPSRUW MDYD�UPL�
�

SXEOLF LQWHUIDFH 6HUYHU H[WHQGV MDYD�UPL�5HPRWH ^
6HUYHU FUHDWH,QVWDQFH�� WKURZV 5HPRWH([FHSWLRQ�

LQW PHWKRG$��LQW D�� WKURZV 5HPRWH([FHSWLRQ�
LQW PHWKRG$��LQW D�� LQW D�� WKURZV 5HPRWH([FHSWLRQ�

LQW PHWKRG$��LQW D�� LQW D�� LQW D�� WKURZV 5HPRWH([FHSWLRQ�
LQW PHWKRG$��LQW D�� LQW D�� LQW D�� LQW D�� WKURZV 5HPRWH([FHSWLRQ�
LQW PHWKRG$��LQW D�� LQW D�� LQW D�� LQW D�� LQW D�� WKURZV 5HPRWH([FHSWLRQ�

LQW PHWKRG$��LQW D�� LQW D�� LQW D�� LQW D�� LQW D�� LQW D�� WKURZV 5HPRWH([FHSWLRQ�
YRLG PHWKRG'$�'DWD>@ GDW� WKURZV 5HPRWH([FHSWLRQ�

YRLG PHWKRG%�E\WH>@ D� WKURZV 5HPRWH([FHSWLRQ�
YRLG PHWKRG,�LQW>@ LD� WKURZV 5HPRWH([FHSWLRQ�

YRLG PHWKRG'�GRXEOH>@ GD�WKURZV 5HPRWH([FHSWLRQ�
`

Java RMI
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��6HUYHU,PSO�MDYD
SDFNDJH '27%HQFKPDUN�UPL�

LPSRUW MDYD�UPL�
�
LPSRUW MDYD�UPL�VHUYHU�
�

SXEOLF FODVV 6HUYHU,PSO H[WHQGV 8QLFDVW5HPRWH2EMHFW LPSOHPHQWV 6HUYHU ^

VWDWLF 6WULQJ VHUYHU1DPH�
VWDWLF ^

WU\ ^
VHUYHU1DPH  MDYD�QHW�,QHW$GGUHVV�JHW/RFDO+RVW���JHW+RVW1DPH���

` FDWFK �([FHSWLRQ H� ^
VHUYHU1DPH  �ORFDOKRVW��

`
6\VWHP�RXW�SULQWOQ��6HUYHU QDPH� ��VHUYHU1DPH��

`

SXEOLF 6HUYHU,PSO�� WKURZV ([FHSWLRQ ^

VXSHU���
`

SXEOLF 6HUYHU,PSO�6WULQJ QDPH� WKURZV 5HPRWH([FHSWLRQ ^

VXSHU���
WU\ ^

1DPLQJ�UHELQG������QDPH��������6HUYHU��WKLV��
` FDWFK �([FHSWLRQ H� ^

6\VWHP�RXW�SULQWOQ�H��
`

`

SXEOLF 6HUYHU FUHDWH,QVWDQFH�� WKURZV 5HPRWH([FHSWLRQ ^
6HUYHU,PSO REM  QXOO�
WU\ ^

REM  QHZ 6HUYHU,PSO���
1DPLQJ�UHELQG������VHUYHU1DPH��������6HUYHU�� REM��

UHWXUQ REM�
` FDWFK �([FHSWLRQ H� ^

H�SULQW6WDFN7UDFH���
`

UHWXUQ REM�
`

SXEOLF LQW PHWKRG$��LQW D�� WKURZV 5HPRWH([FHSWLRQ ^

UHWXUQ�D���
`

SXEOLF LQW PHWKRG$��LQW D�� LQW D�� WKURZV 5HPRWH([FHSWLRQ ^

UHWXUQ�D���
`

SXEOLF LQW PHWKRG$��LQW D�� LQW D�� LQW D�� WKURZV 5HPRWH([FHSWLRQ ^
UHWXUQ�D���

`

SXEOLF LQW PHWKRG$��LQW D�� LQW D�� LQW D�� LQW D�� WKURZV 5HPRWH([FHSWLRQ ^
UHWXUQ�D���

`

SXEOLF LQW PHWKRG$��LQW D�� LQW D�� LQW D�� LQW D�� LQW D�� WKURZV 5HPRWH([FHSWLRQ ^
UHWXUQ�D���

`

SXEOLF LQW PHWKRG$��LQW D�� LQW D�� LQW D�� LQW D�� LQW D�� LQW D�� WKURZV 5HPRWH([FHSWLRQ ^
UHWXUQ�D���

`

SXEOLF YRLG PHWKRG'$�'DWD>@ GDW� WKURZV 5HPRWH([FHSWLRQ ^`

SXEOLF YRLG PHWKRG%�E\WH>@ D� WKURZV 5HPRWH([FHSWLRQ^`
SXEOLF YRLG PHWKRG,�LQW>@ D� WKURZV 5HPRWH([FHSWLRQ^`

SXEOLF YRLG PHWKRG'�GRXEOH>@ D� WKURZV 5HPRWH([FHSWLRQ^`

SXEOLF VWDWLF YRLG PDLQ�6WULQJ DUJY>@� WKURZV ([FHSWLRQ ^
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6\VWHP�VHW6HFXULW\0DQDJHU�QHZ 50,6HFXULW\0DQDJHU����
6HUYHU,PSO REM  QHZ 6HUYHU,PSO��� �� WR FUHDWH RQH L�H UXQ UPLUHJLVWU\

1DPLQJ�UHELQG������VHUYHU1DPH��������6HUYHU�� REM��
6\VWHP�RXW�SULQWOQ��ELQG GRQH���

6\VWHP�RXW�SULQWOQ��6HUYHU LV OLVWHQLQJ DW � � VHUYHU1DPH � �������6HUYHU���
`

`

�� &OLHQW�MDYD

SDFNDJH '27%HQFKPDUN�UPL�

LPSRUW MDYD�UPL�
�

FODVV &OLHQW ^
SXEOLF VWDWLF YRLG PDLQ�6WULQJ DUJY>@� WKURZV ([FHSWLRQ ^
LQW LWHU  ����

LQW L� M� [�
ORQJ VWDUW� WLPH�

GRXEOH HODSVH�
E\WH>@ EXIE�

LQW>@ EXIL�
GRXEOH>@ EXIG�

'DWD>@ GDWD�
6WULQJ KRVW  �ORFDOKRVW��

LI �DUJY�OHQJWK   �� ^
LWHU  ,QWHJHU�SDUVH,QW�DUJY>�@��

KRVW  DUJY>�@�
` HOVH LI �DUJY�OHQJWK   �� ^

LWHU  ,QWHJHU�SDUVH,QW�DUJY>�@��

` HOVH ^
6\VWHP�HUU�SULQWOQ��MDYD &OLHQW >LWHUDWLRQ >KRVW@@���

6\VWHP�H[LW����
`

��
�� UHPRWH REMHFW FRQQHFWLRQ EHQFKPDUN

��
6HUYHU VHUYHU  QXOO�

6WULQJ>@ OLVW  1DPLQJ�OLVW������KRVW�����������
IRU �L  �� L � OLVW�OHQJWK� L��� ^

6\VWHP�RXW�SULQWOQ�OLVW>L@��
`

6\VWHP�RXW�SULQWOQ��ORRNLQJ XS������

VHUYHU  �6HUYHU�1DPLQJ�ORRNXS������KRVW��������6HUYHU��� �� LJQRUH WKLV
6\VWHP�RXW�SULQWOQ��GRQH���
6\VWHP�RXW�SULQWOQ��GRQH���

6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  �� L � LWHU� L��� ^

VHUYHU  �6HUYHU�1DPLQJ�ORRNXS������KRVW��������6HUYHU���
�� "" KRZ GR , UHOHDVH WKH FRQQHFWLRQ"""

`
WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
6\VWHP�RXW�SULQWOQ��5HPRWH REMHFW FRQQHFW� 1DPLQJ�ORRNXS��� ��HODSVH�� PVHF���

�
 WU\ ^

7KUHDG�VOHHS���
������
` FDWFK �([FHSWLRQ H� ^` 
�

��
�� UHPRWH REMHFW FUHDWLRQ EHQFKPDUN

��
VHUYHU  QXOO�

6HUYHU VHUYHU�  QXOO�
6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���
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IRU �L  �� L � LWHU� L��� ^

VHUYHU  �6HUYHU�1DPLQJ�ORRNXS������KRVW��������6HUYHU���
VHUYHU�  VHUYHU�FUHDWH,QVWDQFH���

�� "" KRZ GR , UHOHDVH WKH FRQQHFWLRQ"""
`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��5HPRWH REMHFW FUHDWLRQ� ��HODSVH�� PVHF���

VHUYHU  QXOO�
VHUYHU  �6HUYHU�1DPLQJ�ORRNXS������KRVW��������6HUYHU���

�� UHPRWH PHWKRG FDOO ZLWK YDULDEOH SDUDPHWHUV EHQFKPDUN

�� ,JQRUH WKLV MXVW :$50 83
6\VWHP�JF���

IRU �L  LWHU� L ! �� ��L�
[  VHUYHU�PHWKRG$�������

�� UPF ZLWK RQH DUJXPHQW
6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  LWHU� L ! �� ��L�

[  VHUYHU�PHWKRG$�������
WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
6\VWHP�RXW�SULQWOQ��LQW VHUYHU�PHWKRG$��LQW D��� ��HODSVH�� PVHF���

�� UPF ZLWK WZR DUJXPHQWV

6\VWHP�JF���
VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L�
[  VHUYHU�PHWKRG$������ �����

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
6\VWHP�RXW�SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW�� ��HODSVH�� PVHF���

�� UPF ZLWK WKUHH DUJXPHQWV

6\VWHP�JF���
VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L�
[  VHUYHU�PHWKRG$������ ���� �����

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW� LQW�� ��HODSVH�� PVHF���

�� UPF ZLWK IRXU DUJXPHQWV
6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  LWHU� L ! �� ��L�

[  VHUYHU�PHWKRG$������ ���� ���� �����

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW� LQW� LQW�� ��HODSVH�� PVHF���

�� UPF ZLWK ILYH DUJXPHQWV
6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  LWHU� L ! �� ��L� ^

[  VHUYHU�PHWKRG$������ ���� ���� ���� �����
`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW� LQW� LQW� LQW�� ��HODSVH�� PVHF���

�� UPF ZLWK VL[ DUJXPHQWV

6\VWHP�JF���
VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L� ^
[  VHUYHU�PHWKRG$������ ���� ���� ���� ���� �����

`
WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
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6\VWHP�RXW�SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW� LQW� LQW� LQW� LQW�� ��HODSVH�� PVHF���

��
�� 2EMHFW VHQG LQ DUUD\ ZLWKRXW FDVW EHQFKPDUN

��
LQW>@ VL]HV  ^�� ��� ��� ��� ��� ��`�

IRU �LQW V  �� V � �� V��� ^
GDWD  QHZ 'DWD>VL]HV>V@@�

IRU �M  �� M � VL]HV>V@� M��� ^
GDWD>M@  QHZ 'DWD���

`
6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  LWHU� L ! �� ��L� ^

VHUYHU�PHWKRG'$�GDWD��
`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
6\VWHP�RXW�SULQWOQ��YRLG VHUYHU�PHWKRG'$�'27%HQFKPDUN�UPL�'DWD>��VL]HV>V@��@�� ��HODSVH�� PVHF���

`

�� QXPHULFDO GDWD WUDQVIHU
LQW>@ DUUD\BVL]HV  ^�� ���� ���� ����� ����� ����� ����
�� ����
��

����
�� ����
��� ����
��� ����
�� `�
LQW LWHUDWLRQ�

�� WR VHQG E\WH DUUD\
IRU � M  �� M � DUUD\BVL]HV�OHQJWK� M��� ^

EXIE  QHZ E\WH>DUUD\BVL]HV>M@@�
6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  LWHU� L ! �� ��L� ^

VHUYHU�PHWKRG%�EXIE��
`
WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
6\VWHP�RXW�SULQWOQ��YRLG VHUYHU�PHWKRG%�E\WH>��DUUD\BVL]HV>M@��@�� ��HODSVH�� PVHF� �

���GRXEOH��DUUD\BVL]HV>M@��HODSVH� � � .%�VHF���
`

�� WR VHQG LQW DUUD\

IRU � M  �� M � �� M��� ^
EXIL  QHZ LQW>DUUD\BVL]HV>M@@�

6\VWHP�JF���
VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L� ^
VHUYHU�PHWKRG,�EXIL��

`
WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
6\VWHP�RXW�SULQWOQ��YRLG VHUYHU�PHWKRG,�LQW>��DUUD\BVL]HV>M@��@�� ��HODSVH�� PVHF� �

���GRXEOH��DUUD\BVL]HV>M@
���HODSVH� � � .%�VHF���

`
IRU � M  �� M � DUUD\BVL]HV�OHQJWK� M��� ^

EXIL  QHZ LQW>DUUD\BVL]HV>M@@�
6\VWHP�JF���

LWHUDWLRQ  LWHU����
VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHUDWLRQ� L ! �� ��L� ^
VHUYHU�PHWKRG,�EXIL��

`
WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHUDWLRQ��
6\VWHP�RXW�SULQWOQ��YRLG VHUYHU�PHWKRG,�LQW>��DUUD\BVL]HV>M@��@�� ��HODSVH�� PVHF� �

���GRXEOH��DUUD\BVL]HV>M@
���HODSVH� � � .%�VHF���
`

�� WR VHQG GRXEOH DUUD\
IRU � M  �� M � �� M��� ^

EXIG  QHZ GRXEOH>DUUD\BVL]HV>M@@�
6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  LWHU� L ! �� ��L� ^

VHUYHU�PHWKRG'�EXIG��
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`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��YRLG VHUYHU�PHWKRG'�GRXEOH>��DUUD\BVL]HV>M@��@�� ��HODSVH�� PVHF� �
���GRXEOH��DUUD\BVL]HV>M@
���HODSVH� � � .%�VHF���

`

IRU � M  �� M � DUUD\BVL]HV�OHQJWK� M��� ^
EXIG  QHZ GRXEOH>DUUD\BVL]HV>M@@�

6\VWHP�JF���
LWHUDWLRQ  LWHU����

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  LWHUDWLRQ� L ! �� ��L� ^

VHUYHU�PHWKRG'�EXIG��
`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHUDWLRQ��
6\VWHP�RXW�SULQWOQ��YRLG VHUYHU�PHWKRG'�GRXEOH>��DUUD\BVL]HV>M@��@�� ��HODSVH�� PVHF� �

���GRXEOH��DUUD\BVL]HV>M@
���HODSVH� � � .%�VHF���
`

`
`

��'DWD�MDYD

SDFNDJH '27%HQFKPDUN�UPL�

LPSRUW MDYD�LR�
�
LPSRUW MDYD�UPL�
�

SXEOLF FODVV 'DWD LPSOHPHQWV 6HULDOL]DEOH ^

LQW D�
`

21.2 HORB

�� 6HUYHU�MDYD

SDFNDJH '27%HQFKPDUN�KRUE�

�� SXEOLF FODVV 6HUYHU ^
SXEOLF FODVV 6HUYHU LPSOHPHQWV MDYD�LR�6HULDOL]DEOH ^

SXEOLF LQW PHWKRG$��LQW D�� ^ UHWXUQ D�� `
SXEOLF LQW PHWKRG$��LQW D�� LQW D�� ^ UHWXUQ D�� `

SXEOLF LQW PHWKRG$��LQW D�� LQW D�� LQW D�� ^ UHWXUQ D�� `
SXEOLF LQW PHWKRG$��LQW D�� LQW D�� LQW D�� LQW D�� ^ UHWXUQ D�� `

SXEOLF LQW PHWKRG$��LQW D�� LQW D�� LQW D�� LQW D�� LQW D�� ^ UHWXUQ D�� `
SXEOLF LQW PHWKRG$��LQW D�� LQW D�� LQW D�� LQW D�� LQW D�� LQW D�� ^ UHWXUQ D�� `

SXEOLF YRLG PHWKRG'$�'DWD>@ GDW� ^ `
SXEOLF YRLG PHWKRG%�E\WH>@ D� ^`

SXEOLF YRLG PHWKRG,�LQW>@ LD� ^`
SXEOLF YRLG PHWKRG'�GRXEOH>@ GD�^`

`

��'DWD�MDYD
SDFNDJH '27%HQFKPDUN�KRUE�
SXEOLF FODVV 'DWD ^

LQW D�
`

��&OLHQW�MDYD

SDFNDJH '27%HQFKPDUN�KRUE�
LPSRUW KRUE�RUE�
�

FODVV &OLHQW ^

SXEOLF VWDWLF YRLG PDLQ�6WULQJ DUJY>@� ^

HORB 1.3b1
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LQW LWHU  ����

LQW L� M� [�
ORQJ VWDUW� WLPH�

GRXEOH HODSVH�
E\WH EXIE>@�

LQW EXIL>@�
GRXEOH EXIG>@�

6WULQJ KRVW  �ORFDOKRVW��

LI �DUJY�OHQJWK   �� ^
LWHU  ,QWHJHU�SDUVH,QW�DUJY>�@��

KRVW  DUJY>�@�
` HOVH LI �DUJY�OHQJWK   �� ^

LWHU  ,QWHJHU�SDUVH,QW�DUJY>�@��
` HOVH ^

6\VWHP�HUU�SULQWOQ��MDYD KRUE�H[DPSOHV�EHQFK�KRUE�&OLHQW >LWHUDWLRQ >KRVW@@���
6\VWHP�H[LW����

`

6HUYHUB3UR[\ VHUYHUV>@  QHZ 6HUYHUB3UR[\>LWHU@�

�� UHPRWH REMHFW FRQQHFWLRQ EHQFKPDUN
WU\ ^

7KUHDG�VOHHS�������
` FDWFK �([FHSWLRQ H[[[[� ^`

+RUE85/ XUO  QHZ +RUE85/�KRVW��6HUYHU���

6HUYHUB3UR[\ MXQN  QHZ 6HUYHUB3UR[\�XUO�� �� LJQRUH WKH ILUVW RQH
6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  �� L � LWHU� L��� ^

VHUYHUV>L@  QHZ 6HUYHUB3UR[\�XUO��
`
WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�

IRU� L  �� L � LWHU� L���
VHUYHUV>L@�BUHOHDVH���

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
6\VWHP�RXW�SULQWOQ��ELQG WR VHUYHU��� ��HODSVH�� PVHF���

�


WU\ ^
7KUHDG�VOHHS����
������

` FDWFK �([FHSWLRQ H[[[[� ^`

�

�� UHPRWH REMHFW FUHDWLRQ EHQFKPDUN

XUO  QHZ +RUE85/�KRVW�QXOO��
��XUO  QHZ +RUE85/��KRUE�����KRVW��

6\VWHP�JF���
VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  �� L � LWHU� L��� ^

VHUYHUV>L@  QHZ 6HUYHUB3UR[\�XUO��
VHUYHUV>L@�6HUYHU���

`
WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�

IRU� L  �� L � LWHU� L���
VHUYHUV>L@�BUHOHDVH���

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
6\VWHP�RXW�SULQWOQ��FUHDWH VHUYHU��� ��HODSVH�� PVHF���

�� SUHSDUH VHUYHU IRU QH[W EHQFKPDUN WHVWV

+25%�XVH6HULDOL]DWLRQ���

6HUYHUB3UR[\ VHUYHU  QXOO�

WU\ ^

7KUHDG�VOHHS�������
` FDWFK �([FHSWLRQ H[[[[� ^`

VHUYHU  QHZ 6HUYHUB3UR[\��KRUE�����KRVW��

�� UHPRWH PHWKRG FDOO ZLWK YDULDEOH SDUDPHWHUV EHQFKPDUN
�� ORDG FODVV ILOHV H[SOLFLWHO\

[  VHUYHU�PHWKRG$�����
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WU\ ^
�� ORDG FODVV ILOHV H[SOLFLWHO\

[  VHUYHU�PHWKRG$�����
�� LJQRUH WKLV MXVW :$50 83

6\VWHP�JF���
IRU �L  LWHU� L ! �� ��L�

[  VHUYHU�PHWKRG$�������
�� UHPRWH PHWKRG LQYRFDWLRQ EHQFKPDUN

�� RQH DUJXPHQW

6\VWHP�JF���
VWDUW7LPH 6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L�
[  VHUYHU�PHWKRG$�������

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
SULQWOQ��LQW VHUYHU�PHWKRG$��LQW D��� ��HODSVH�� PVHF���

�� WZR DUJXPHQWV

6\VWHP�JF���
VWDUW7LPH 6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L�
[  VHUYHU�PHWKRG$������ �����

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW�� ��HODSVH�� PVHF���

�� WKUHH DUJXPHQWV
6\VWHP�JF���

VWDUW7LPH 6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  LWHU� L ! �� ��L�

[  VHUYHU�PHWKRG$������ ���� �����

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� ± VWDUW7LPH�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW� LQW�� ��HODSVH�� PVHF���

�� IRXU DUJXPHQWV
6\VWHP�JF���

VWDUW7LPH 6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  LWHU� L ! �� ��L�

[  VHUYHU�PHWKRG$������ ���� ���� �����
WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW� LQW� LQW�� ��HODSVH�� PVHF���

�� ILYH DUJXPHQWV

6\VWHP�JF���
VWDUW7LPH 6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  LWHU� L ! �� ��L�

[  VHUYHU�PHWKRG$������ ���� ���� ���� �����
WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW� LQW� LQW� LQW�� ��HODSVH�� PVHF���

�� VL[ DUJXPHQWV

6\VWHP�JF���
VWDUW7LPH 6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L�
[  VHUYHU�PHWKRG$������ ���� ���� ���� ���� �����

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW7LPH�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW� LQW� LQW� LQW� LQW�� ��HODSVH�� PVHF���

��
�� 2EMHFW VHQG LQ DUUD\ ZLWKRXW FDVW EHQFKPDUN

��

LQW>@ VL]HV  ^�� ��� ��� ��� ��� ��`�
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IRU �LQW V  �� V � �� V��� ^

'DWD>@ GDWD  QHZ 'DWD>VL]HV>V@@�
IRU �M  �� M � VL]HV>V@� M��� ^

GDWD>M@  QHZ 'DWD���
`

6\VWHP�JF���
VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L� ^
VHUYHU�PHWKRG'$�GDWD��

`
WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
6\VWHP�RXW�SULQWOQ��YRLG VHUYHU�PHWKRG'$�'DWD>��VL]HV>V@��@�� ��HODSVH�� PVHF���

`

�� 1XPHULFDO DUUD\ WUDQVIHU EHQFKPDUN
�� WR VHQG QXPHULFDO GDWD
��

LQW>@ DUUD\BVL]HV  ^�� ���� ���� ����� ����� ����� ����
�� ����
�� ����
�� ����
���
����
��� ����
��`�

LQW LWHUDWLRQ�

�� WR VHQG E\WH DUUD\
IRU � M  �� M � DUUD\BVL]HV�OHQJWK� M��� ^

EXIE  QHZ E\WH>DUUD\BVL]HV>M@@�
6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  LWHU� L ! �� ��L� ^

VHUYHU�PHWKRG%�EXIE��
`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
6\VWHP�RXW�SULQWOQ��YRLG VHUYHU�PHWKRG%�E\WH>��DUUD\BVL]HV>M@��@�� ��HODSVH�� PVHF� �

���GRXEOH��DUUD\BVL]HV>M@��HODSVH� � � .%�VHF���
`

�� WR VHQG LQW DUUD\

IRU � M  �� M � �� M��� ^
EXIL  QHZ LQW>DUUD\BVL]HV>M@@�

6\VWHP�JF���
VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L� ^
VHUYHU�PHWKRG,�EXIL��

`
WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
6\VWHP�RXW�SULQWOQ��YRLG VHUYHU�PHWKRG,�LQW>��DUUD\BVL]HV>M@��@�� ��HODSVH�� PVHF� �

���GRXEOH��DUUD\BVL]HV>M@
���HODSVH� � � .%�VHF���
`
IRU � M  �� M � DUUD\BVL]HV�OHQJWK� M��� ^

EXIL  QHZ LQW>DUUD\BVL]HV>M@@�
6\VWHP�JF���

LWHUDWLRQ  LWHU���
VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHUDWLRQ� L ! �� ��L� ^
VHUYHU�PHWKRG,�EXIL��

`
WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHUDWLRQ��
6\VWHP�RXW�SULQWOQ��YRLG VHUYHU�PHWKRG,�LQW>��DUUD\BVL]HV>M@��@�� ��HODSVH�� PVHF� �

���GRXEOH��DUUD\BVL]HV>M@
���HODSVH� � � .%�VHF���
`

�� WR VHQG GRXEOH DUUD\
IRU � M  �� M � �� M��� ^

EXIG  QHZ GRXEOH>DUUD\BVL]HV>M@@�
6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  LWHU� L ! �� ��L� ^

VHUYHU�PHWKRG'�EXIG��
`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�
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HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��YRLG VHUYHU�PHWKRG'�GRXEOH>��DUUD\BVL]HV>M@��@�� ��HODSVH�� PVHF� �
���GRXEOH��DUUD\BVL]HV>M@
���HODSVH� � � .%�VHF���

`
IRU � M  �� M � DUUD\BVL]HV�OHQJWK� M��� ^

EXIG  QHZ GRXEOH>DUUD\BVL]HV>M@@�
6\VWHP�JF���

LWHUDWLRQ  LWHU���
VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHUDWLRQ� L ! �� ��L� ^
VHUYHU�PHWKRG'�EXIG��

`
WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHUDWLRQ��
6\VWHP�RXW�SULQWOQ��YRLG VHUYHU�PHWKRG'�GRXEOH>��DUUD\BVL]HV>M@��@�� ��HODSVH�� PVHF� �

���GRXEOH��DUUD\BVL]HV>M@
���HODSVH� � � .%�VHF���
`

`

`

21.3 Voyager

�� 'DWD�MDYD

SDFNDJH '27%HQFKPDUN�YR\���

SXEOLF FODVV 'DWD LPSOHPHQWV MDYD�LR�6HULDOL]DEOH ^
LQW D�

`

��,6HUYHU�MDYD
SDFNDJH '27%HQFKPDUN�YR\���
SXEOLF LQWHUIDFH ,6HUYHU ^

LQW PHWKRG$��LQW D���
LQW PHWKRG$��LQW D�� LQW D���

LQW PHWKRG$��LQW D�� LQW D�� LQW D���
LQW PHWKRG$��LQW D�� LQW D�� LQW D�� LQW D���

LQW PHWKRG$��LQW D�� LQW D�� LQW D�� LQW D�� LQW D���
LQW PHWKRG$��LQW D�� LQW D�� LQW D�� LQW D�� LQW D�� LQW D���

YRLG PHWKRG'$�'DWD>@ GDW��

YRLG PHWKRG%�E\WH>@ D��
YRLG PHWKRG,�LQW>@ LD��

YRLG PHWKRG'�GRXEOH>@ GD��
`

��6HUYHU�MDYD
SDFNDJH '27%HQFKPDUN�YR\���

LPSRUW FRP�REMHFWVSDFH�YR\DJHU�
�

LPSRUW MDYD�LR�
�

SXEOLF FODVV 6HUYHU LPSOHPHQWV ,6HUYHU ^
VWDWLF 6WULQJ VHUYHU1DPH�

VWDWLF ^
WU\ ^

VHUYHU1DPH  MDYD�QHW�,QHW$GGUHVV�JHW/RFDO+RVW���JHW+RVW1DPH���
` FDWFK �([FHSWLRQ H� ^

VHUYHU1DPH  �ORFDOKRVW��
`

6\VWHP�RXW�SULQWOQ��6HUYHU QDPH� ��VHUYHU1DPH��
`

SXEOLF 6HUYHU �� ^
VXSHU���

`

SXEOLF LQW PHWKRG$��LQW D�� ^ UHWXUQ D�� `
SXEOLF LQW PHWKRG$��LQW D�� LQW D�� ^ UHWXUQ D�� `

Voyager 2.0.0 (modified by Michael Ta)
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SXEOLF LQW PHWKRG$��LQW D�� LQW D�� LQW D�� ^ UHWXUQ D�� `

SXEOLF LQW PHWKRG$��LQW D�� LQW D�� LQW D�� LQW D�� ^ UHWXUQ D�� `
SXEOLF LQW PHWKRG$��LQW D�� LQW D�� LQW D�� LQW D�� LQW D�� ^ UHWXUQ D�� `

SXEOLF LQW PHWKRG$��LQW D�� LQW D�� LQW D�� LQW D�� LQW D�� LQW D�� ^ UHWXUQ D�� `

SXEOLF YRLG PHWKRG'$�'DWD>@ GDW� ^ `

SXEOLF YRLG PHWKRG%�E\WH>@ D� ^`
SXEOLF YRLG PHWKRG,�LQW>@ LD� ^`

SXEOLF YRLG PHWKRG'�GRXEOH>@ GD�^`

SXEOLF VWDWLF YRLG PDLQ�6WULQJ DUJY>@� WKURZV ([FHSWLRQ ^
9R\DJHU�VWDUWXS����� � VHUYHU1DPH � ��������� �� VWDUWXS 9R\DJHU VHUYHU

6WULQJ VHUYHUFODVV  6HUYHU�FODVV�JHW1DPH���
,6HUYHU VHUYHU  �,6HUYHU� )DFWRU\�FUHDWH�VHUYHUFODVV����� � VHUYHU1DPH � ���������

1DPHVSDFH�UHELQG��96HUYHU��VHUYHU��
6\VWHP�RXW�SULQWOQ��ELQG GRQH���
6\VWHP�RXW�SULQWOQ��6HUYHU LV OLVWHQLQJ DW � � VHUYHU1DPH � �������96HUYHU���

`
`

��&OLHQW�MDYD

�� IRU 9R\DJHU ����� SURGXFWLRQ UHOHDVH

��
SDFNDJH '27%HQFKPDUN�YR\���

LPSRUW FRP�REMHFWVSDFH�YR\DJHU�
�

FODVV &OLHQW ^

SXEOLF VWDWLF YRLG PDLQ�6WULQJ DUJY>@� ^
LQW LWHU  ����
LQW L� M� [�

ORQJ VWDUW� WLPH�
GRXEOH HODSVH�

E\WH EXIE>@�
LQW EXIL>@�

GRXEOH EXIG>@�
6WULQJ KRVW  �ORFDOKRVW��

WU\ ^

LI �DUJY�OHQJWK   �� ^
LWHU  ,QWHJHU�SDUVH,QW�DUJY>�@��

KRVW  DUJY>�@�
` HOVH LI �DUJY�OHQJWK   �� ^

LWHU  ,QWHJHU�SDUVH,QW�DUJY>�@��
` HOVH ^

6\VWHP�HUU�SULQWOQ��MDYD &OLHQW >LWHUDWLRQ >KRVW�SRUW@@���
6\VWHP�H[LW����

`

` FDWFK �([FHSWLRQ H� ^
6\VWHP�HUU�SULQWOQ�H��

`

WU\ ^
9R\DJHU�VWDUWXS��� �� VWDUWXS DV FOLHQW

,6HUYHU VHUYHU  QXOO�
6\VWHP�RXW�SULQWOQ��ORRNLQJ XS������

VHUYHU  �,6HUYHU�1DPHVSDFH�ORRNXS������KRVW��������96HUYHU��� �� LJQRUH WKLV
6\VWHP�RXW�SULQWOQ��GRQH���

6\VWHP�JF���
VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  �� L � LWHU� L��� ^
VHUYHU  �,6HUYHU�1DPHVSDFH�ORRNXS������KRVW��������96HUYHU���
�� "" KRZ GR , UHOHDVH WKH FRQQHFWLRQ"""

`
WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
6\VWHP�RXW�SULQWOQ��5HPRWH REMHFW FRQQHFW� 1DPHVSDFH�ORRNXS��� ��HODSVH�� PVHF���

,6HUYHU>@ VHUYHUV  QHZ ,6HUYHU>LWHU@�
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�� 5HPRWH REMHFW FUHDWLRQ EHQFK
6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  �� L � LWHU� L��� ^

�� FUHDWH D UHPRWH 6HUYHU REMHFW
VHUYHUV>L@  �,6HUYHU� )DFWRU\�FUHDWH��'27%HQFKPDUN�YR\���6HUYHU�� �����KRVW�������� ��

`
WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
6\VWHP�RXW�SULQWOQ��FUHDWH VHUYHU��� ��HODSVH�� PVHF���

�� UHPRWH PHWKRG FDOO ZLWK YDULDEOH SDUDPHWHUV EHQFKPDUN

VHUYHU  QXOO�
�� QHZO\ FUHDWHG VHUYHU IRU QH[W EHQFK

VHUYHU  �,6HUYHU� 1DPHVSDFH�ORRNXS������KRVW��������96HUYHU���
�� ORDG FODVV ILOHV H[SOLFLWHO\
�� LJQRUH WKLV MXVW :$50 83

6\VWHP�JF���
IRU �L  LWHU� L ! �� ��L� ^

[  VHUYHU�PHWKRG$�������
`

�� UHPRWH PHWKRG EHQFKPDUN

�� RQH DUJXPHQW
6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  LWHU� L ! �� ��L� ^

[  VHUYHU�PHWKRG$�������
`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
6\VWHP�RXW�SULQWOQ��LQW VHUYHU�PHWKRG$��LQW D��� ��HODSVH�� PVHF���

�� WZR DUJXPHQWV

6\VWHP�JF���
VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L� ^
[  VHUYHU�PHWKRG$������ �����

`
WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
6\VWHP�RXW�SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW�� ��HODSVH�� PVHF���

�� WKUHH DUJXPHQWV

6\VWHP�JF���
VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L� ^
[  VHUYHU�PHWKRG$������ ���� �����

`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW� LQW�� ��HODSVH�� PVHF���

�� IRXU DUJXPHQWV
6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  LWHU� L ! �� ��L� ^

[  VHUYHU�PHWKRG$������ ���� ���� �����
`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW� LQW� LQW�� ��HODSVH�� PVHF���

�� ILYH DUJXPHQWV

6\VWHP�JF���
VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L� ^
[  VHUYHU�PHWKRG$������ ���� ���� ���� �����

`
WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
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6\VWHP�RXW�SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW� LQW� LQW� LQW�� ��HODSVH�� PVHF���

�� VL[ DUJXPHQWV

6\VWHP�JF���
VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L� ^
[  VHUYHU�PHWKRG$������ ���� ���� ���� ���� �����

`
WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
6\VWHP�RXW�SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW� LQW� LQW� LQW� LQW�� ��HODSVH�� PVHF���

�� 2EMHFW VHQG LQ DUUD\ ZLWKRXW FDVW EHQFKPDUN

�� RQH RI WZR �
V LV IRU ZDUPLQJ XS
LQW>@ VL]HV  ^�� �� ��� ��� ��� ��� ��`�

IRU �LQW V  �� V � �� V��� ^
'DWD>@ GDWD  QHZ 'DWD>VL]HV>V@@�
IRU �M  �� M � VL]HV>V@� M��� ^

GDWD>M@  QHZ 'DWD���
`

6\VWHP�JF���
VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L�
VHUYHU�PHWKRG'$�GDWD��

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��YRLG VHUYHU�PHWKRG'$�'DWD>��VL]HV>V@��@�� ��HODSVH�� PVHF���
`

�� WR VHQG QXPHULFDO GDWD

��
LQW>@ DUUD\BVL]HV  ^�� ���� ���� ����� ����� ����� ����
�� ����
�� ����
�� ����
���

����
��� ����
��`�

LQW LWHUDWLRQ�
�� WR VHQG E\WH DUUD\

IRU � M  �� M � DUUD\BVL]HV�OHQJWK� M��� ^
EXIE  QHZ E\WH>DUUD\BVL]HV>M@@�

6\VWHP�JF���
VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L� ^
VHUYHU�PHWKRG%�EXIE��

`
WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
6\VWHP�RXW�SULQWOQ��YRLG VHUYHU�PHWKRG%�E\WH>��DUUD\BVL]HV>M@��@�� ��HODSVH�� PVHF� �

���GRXEOH��DUUD\BVL]HV>M@��HODSVH� � � .%�VHF���
`

�� WR VHQG LQW DUUD\
IRU � M  �� M � �� M��� ^

EXIL  QHZ LQW>DUUD\BVL]HV>M@@�
6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  LWHU� L ! �� ��L� ^

VHUYHU�PHWKRG,�EXIL��
`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��YRLG VHUYHU�PHWKRG,�LQW>��DUUD\BVL]HV>M@��@�� ��HODSVH�� PVHF� �
���GRXEOH��DUUD\BVL]HV>M@
���HODSVH� � � .%�VHF���

`
IRU � M  �� M � DUUD\BVL]HV�OHQJWK� M��� ^

EXIL  QHZ LQW>DUUD\BVL]HV>M@@�
6\VWHP�JF���
LWHUDWLRQ  LWHU����

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  LWHUDWLRQ� L ! �� ��L� ^

VHUYHU�PHWKRG,�EXIL��
`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHUDWLRQ��

6\VWHP�RXW�SULQWOQ��YRLG VHUYHU�PHWKRG,�LQW>��DUUD\BVL]HV>M@��@�� ��HODSVH�� PVHF� �
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���GRXEOH��DUUD\BVL]HV>M@
���HODSVH� � � .%�VHF���

`

�� WR VHQG GRXEOH DUUD\
IRU � M  �� M � �� M��� ^

EXIG  QHZ GRXEOH>DUUD\BVL]HV>M@@�
6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  LWHU� L ! �� ��L� ^

VHUYHU�PHWKRG'�EXIG��
`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��YRLG VHUYHU�PHWKRG'�GRXEOH>��DUUD\BVL]HV>M@��@�� ��HODSVH�� PVHF� �
���GRXEOH��DUUD\BVL]HV>M@
���HODSVH� � � .%�VHF���

`
IRU � M  �� M � DUUD\BVL]HV�OHQJWK� M��� ^

EXIG  QHZ GRXEOH>DUUD\BVL]HV>M@@�

6\VWHP�JF���
LWHUDWLRQ  LWHU����

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  LWHUDWLRQ� L ! �� ��L� ^

VHUYHU�PHWKRG'�EXIG��
`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHUDWLRQ��

6\VWHP�RXW�SULQWOQ��YRLG VHUYHU�PHWKRG'�GRXEOH>��DUUD\BVL]HV>M@��@�� ��HODSVH�� PVHF� �
���GRXEOH��DUUD\BVL]HV>M@
���HODSVH� � � .%�VHF���

`
9R\DJHU�VKXWGRZQ����� E\ 0LFKDHO 7D

` FDWFK �([FHSWLRQ H[� ^
6\VWHP�HUU�SULQWOQ�H[��

`

`
`
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21.4 VisiBroker

��6HUYHU�LGO
PRGXOH YEURNHU ^

LQWHUIDFH 6HUYHU ^
6HUYHU FUHDWH,QVWDQFH���

ORQJ PHWKRG$��LQ ORQJ D���
ORQJ PHWKRG$��LQ ORQJ D�� LQ ORQJ D���

ORQJ PHWKRG$��LQ ORQJ D�� LQ ORQJ D�� LQ ORQJ D���
ORQJ PHWKRG$��LQ ORQJ D�� LQ ORQJ D�� LQ ORQJ D�� LQ ORQJ D���

ORQJ PHWKRG$��LQ ORQJ D�� LQ ORQJ D�� LQ ORQJ D�� LQ ORQJ D�� LQ ORQJ D���
ORQJ PHWKRG$��LQ ORQJ D�� LQ ORQJ D�� LQ ORQJ D�� LQ ORQJ D�� LQ ORQJ D�� LQ ORQJ D���

W\SHGHI VHTXHQFH�RFWHW! %\WH$UUD\�
W\SHGHI VHTXHQFH�ORQJ! ,QW$UUD\�

W\SHGHI VHTXHQFH�GRXEOH! 'RXEOH$UUD\�
YRLG PHWKRG%�LQ %\WH$UUD\ ED��

YRLG PHWKRG,�LQ ,QW$UUD\ LD��
YRLG PHWKRG'�LQ 'RXEOH$UUD\ GD��

`�

`�

��6HUYHU,PSO�MDYD

��SDFNDJH KRUE�H[DPSOHV�EHQFK�YEURNHU�
��LPSRUW QHWVFDSH�VHFXULW\�
�

��LPSRUW QHWVFDSH�:$,�
�
��LPSRUW RUJ�RPJ�&25%$�
�

��LPSRUW FRP�YLVLJHQLF�YEURNHU�85/1DPLQJ�
�
�


�S!

�XO!
�OL! �E!-DYD &ODVV��E! KRUE�H[DPSOHV�EHQFK�&DIIHLQH�BH[DPSOHB6HUYHU

�OL! �E!6RXUFH )LOH��E! KRUE?H[DPSOHV?EHQFK?&DIIHLQH?BH[DPSOHB6HUYHU�MDYD
�OL! �E!,'/ $EVROXWH 1DPH��E! ��6HUYHU

�OL! �E!5HSRVLWRU\ ,GHQWLILHU��E! ,'/�6HUYHU����
��XO!

��S!

�

SDFNDJH '27%HQFKPDUN�YLVLEURNHU�

SXEOLF FODVV 6HUYHU,PSO H[WHQGV YEURNHU�B6HUYHU,PSO%DVH ^

�

 &RQVWUXFW D SHUVLVWHQWO\ QDPHG REMHFW� 
�
SXEOLF 6HUYHU,PSO�MDYD�ODQJ�6WULQJ QDPH� ^

VXSHU�QDPH��

`

�

 &RQVWUXFW D WUDQVLHQW REMHFW� 
�
SXEOLF 6HUYHU,PSO�� ^

VXSHU���
`

SXEOLF VWDWLF YRLG PDLQ�6WULQJ DUJY>@� ^

WU\ ^
�� LQLWLDOL]H WKH 25%

RUJ�RPJ�&25%$�25% RUE  RUJ�RPJ�&25%$�25%�LQLW���

�� LQLWLDOL]H WKH %2$ �%DVLF 2EMHFW $GDSWRU�
RUJ�RPJ�&25%$�%2$ ERD  RUE�%2$BLQLW���

6WULQJ QDPH  �6HUYHU��
6WULQJ QDPH�  �6HUYHU27��

'27%HQFKPDUN�YLVLEURNHU�6HUYHU,PSO VHUYHU  QHZ '27%HQFKPDUN�YLVLEURNHU�6HUYHU,PSO�QDPH��
'27%HQFKPDUN�YLVLEURNHU�BH[DPSOHB6HUYHU27 VHUYHU�  QHZ

'27%HQFKPDUN�YLVLEURNHU�BH[DPSOHB6HUYHU27�QDPH���
��6\VWHP�RXW�SULQWOQ��VHUYHU ZDV PDGH� ��VHUYHU��

VisiBroker 3.3 for Java



Test-bed for Distributed Object Technologies using Java                                        490.450 DT Project

Michael (Thuan-Duc) Ta                   219

��6\VWHP�RXW�SULQWOQ��VHUYHU ZDV PDGH� ��VHUYHU���

WU\ ^

ERD�REMBLVBUHDG\�VHUYHU��
ERD�REMBLVBUHDG\�VHUYHU���

6\VWHP�RXW�SULQWOQ��6HUYHU,PSO LV UHDG\ DW� ��QDPH��
6\VWHP�RXW�SULQWOQ��6HUYHU27,PSO LV UHDG\ DW� ��QDPH���

` FDWFK �([FHSWLRQ H� ^
H�SULQW6WDFN7UDFH���

6\VWHP�H[LW����
`

�� ZDLW IRU LQFRPLQJ UHTXHVWV
ERD�LPSOBLVBUHDG\���

`

FDWFK �([FHSWLRQ H� ^
H�SULQW6WDFN7UDFH���

`

`

SXEOLF YEURNHU�6HUYHU FUHDWH,QVWDQFH�� ^
6HUYHU,PSO REM  QXOO�

WU\ ^
REM  QHZ 6HUYHU,PSO���

UHWXUQ REM�
` FDWFK �([FHSWLRQ H� ^

H�SULQW6WDFN7UDFH���
`

UHWXUQ QXOO�
`

SXEOLF LQW PHWKRG$��
LQW D�

� ^
UHWXUQ ��

`

SXEOLF LQW PHWKRG$��
LQW D��

LQW D�
� ^

UHWXUQ ��
`

SXEOLF LQW PHWKRG$��

LQW D��
LQW D��

LQW D�
� ^
UHWXUQ ��

`

SXEOLF LQW PHWKRG$��
LQW D��

LQW D��
LQW D��

LQW D�
� ^

�� LPSOHPHQW RSHUDWLRQ���
UHWXUQ ��

`

SXEOLF LQW PHWKRG$��
LQW D��
LQW D��

LQW D��
LQW D��

LQW D�
� ^

UHWXUQ ��
`
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SXEOLF LQW PHWKRG$��

LQW D��
LQW D��

LQW D��
LQW D��

LQW D��
LQW D�

� ^
UHWXUQ ��

`
SXEOLF YRLG PHWKRG%�

E\WH>@ ED
� ^

`

SXEOLF YRLG PHWKRG,�
LQW>@ LD
� ^

`

SXEOLF YRLG PHWKRG'�
GRXEOH>@ GD

� ^
�� LPSOHPHQW RSHUDWLRQ���

`

`

��&OLHQW�MDYD
��SDFNDJH KRUE�H[DPSOHV�EHQFK�YEURNHU�

SDFNDJH '27%HQFKPDUN�YLVLEURNHU�

FODVV &OLHQW ^
SXEOLF VWDWLF YRLG PDLQ�6WULQJ DUJY>@� ^

LQW LWHU  ����
LQW L� M� [�

ORQJ VWDUW� WLPH�
GRXEOH HODSVH�

E\WH EXIE>@�
LQW EXIL>@�

GRXEOH EXIG>@�
6WULQJ KRVW  ������������

6WULQJ KRVW��

LI �DUJY�OHQJWK   �� ^
LWHU  ,QWHJHU�SDUVH,QW�DUJY>�@��

KRVW  DUJY>�@�
` HOVH LI �DUJY�OHQJWK   �� ^

LWHU  ,QWHJHU�SDUVH,QW�DUJY>�@��

` HOVH ^
6\VWHP�HUU�SULQWOQ��MDYD '27%HQFKPDUN�YLVLEURNHU�&OLHQW >LWHUDWLRQ@ >KRVW@���

6\VWHP�H[LW����
`

�� ,QLWLDOL]H WKH 25%�
RUJ�RPJ�&25%$�25% RUE  RUJ�RPJ�&25%$�25%�LQLW�DUJY�QXOO��

��

�� UHPRWH REMHFW FRQQHFWLRQ EHQFKPDUN
��

YEURNHU�6HUYHU MXQN  YEURNHU�6HUYHU+HOSHU�ELQG�RUE� �6HUYHU��� �� LJQRUH WKH ILUVW RQH

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  LWHU� L ! �� ��L� ^

YEURNHU�6HUYHU VHUYHU  YEURNHU�6HUYHU+HOSHU�ELQG�RUE� �6HUYHU���

�� VHUYHU�BUHOHDVH���
`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��ELQG WR VHUYHU��� ��HODSVH�� PVHF���

�� WU\ ^
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�� 7KUHDG�VOHHS���
������

�� ` FDWFK � ([FHSWLRQ H � ^ `

��
�� UHPRWH REMHFW FUHDWLRQ EHQFKPDUN

��
YEURNHU�6HUYHU VHUYHU�  QXOO�

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  LWHU� L ! �� ��L� ^

YEURNHU�6HUYHU VHUYHU  YEURNHU�6HUYHU+HOSHU�ELQG�RUE� �6HUYHU���
VHUYHU�  VHUYHU�FUHDWH,QVWDQFH���

��VHUYHU��PHWKRG$�������
`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��REMHFW FUHDWLRQ� ��HODSVH�� PVHF���

��
�� SUHSDUH VHUYHU IRU QH[W EHQFKPDUN WHVWV

��
YEURNHU�6HUYHU VHUYHU  YEURNHU�6HUYHU+HOSHU�ELQG�RUE� �6HUYHU���

�� VWDUW HYDOXDWLRQ

��

�� UHPRWH PHWKRG FDOO ZLWK YDULDEOH SDUDPHWHUV EHQFKPDUN
��

�� RQH DUJXPHQW

6\VWHP�JF���
VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  LWHU� L ! �� ��L�

[  VHUYHU�PHWKRG$�������

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��LQW VHUYHU�PHWKRG$��LQW D��� ��HODSVH�� PVHF���

�� WZR DUJXPHQWV
6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  LWHU� L ! �� ��L�

[  VHUYHU�PHWKRG$������ �����

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW�� ��HODSVH�� PVHF���

�� WKUHH DUJXPHQWV

6\VWHP�JF���
VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L�
[  VHUYHU�PHWKRG$������ ���� �����

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
6\VWHP�RXW�SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW� LQW�� ��HODSVH�� PVHF���

�� IRXU DUJXPHQWV

6\VWHP�JF���
VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L�
[  VHUYHU�PHWKRG$������ ���� ���� �����

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW� LQW� LQW�� ��HODSVH�� PVHF���

�� ILYH DUJXPHQWV
6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���
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IRU �L  LWHU� L ! �� ��L�

[  VHUYHU�PHWKRG$������ ���� ���� ���� �����

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW� LQW� LQW� LQW�� ��HODSVH�� PVHF���

�� VL[ DUJXPHQWV
6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  LWHU� L ! �� ��L�

[  VHUYHU�PHWKRG$������ ���� ���� ���� ���� �����

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW� LQW� LQW� LQW� LQW�� ��HODSVH�� PVHF���

��
�� QXPHULFDO GDWD WUDQVIHU

��
LQW>@ DUUD\BVL]HV  ^�� ���� ���� ����� ����� ����� ����
�� ����
��

����
�� ����
��� ����
��� ����
�� `�
LQW LWHUDWLRQ�

�� WR VHQG E\WH DUUD\

IRU � M  �� M � DUUD\BVL]HV�OHQJWK� M��� ^
EXIE  QHZ E\WH>DUUD\BVL]HV>M@@�

6\VWHP�JF���
VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L�
VHUYHU�PHWKRG%�EXIE��

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��YRLG VHUYHU�PHWKRG%�E\WH>��DUUD\BVL]HV>M@��@�� ��HODSVH�� PVHF� �
���GRXEOH��DUUD\BVL]HV>M@��HODSVH� � � .%�VHF���

`

�� WR VHQG LQW DUUD\

IRU � M  �� M � �� M��� ^
EXIL  QHZ LQW>DUUD\BVL]HV>M@@�

6\VWHP�JF���
VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L�
VHUYHU�PHWKRG,�EXIL��

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��YRLG VHUYHU�PHWKRG,�LQW>��DUUD\BVL]HV>M@��@�� ��HODSVH�� PVHF� �
���GRXEOH��DUUD\BVL]HV>M@
���HODSVH� � � .%�VHF���

`

IRU � M  �� M � DUUD\BVL]HV�OHQJWK� M��� ^
EXIL  QHZ LQW>DUUD\BVL]HV>M@@�

6\VWHP�JF���
LWHUDWLRQ  LWHU���� �� UHGXFH WKH LWHUDWLRQ �� WLPHV WR VDYH WLPH�

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  LWHUDWLRQ� L ! �� ��L�

VHUYHU�PHWKRG,�EXIL��

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHUDWLRQ��
6\VWHP�RXW�SULQWOQ��YRLG VHUYHU�PHWKRG,�LQW>��DUUD\BVL]HV>M@��@�� ��HODSVH�� PVHF� �

���GRXEOH��DUUD\BVL]HV>M@
���HODSVH� � � .%�VHF���
`

�� WR VHQG GRXEOH DUUD\
IRU � M  �� M � �� M��� ^

EXIG  QHZ GRXEOH>DUUD\BVL]HV>M@@�
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6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  LWHU� L ! �� ��L�

VHUYHU�PHWKRG'�EXIG��

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��YRLG VHUYHU�PHWKRG'�GRXEOH>��DUUD\BVL]HV>M@��@�� ��HODSVH�� PVHF� �
���GRXEOH��DUUD\BVL]HV>M@
���HODSVH� � � .%�VHF���

`

IRU � M  �� M � DUUD\BVL]HV�OHQJWK� M��� ^
EXIG  QHZ GRXEOH>DUUD\BVL]HV>M@@�

6\VWHP�JF���
LWHUDWLRQ  LWHU���� �� UHGXFH WKH LWHUDWLRQ �� WLPHV

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  LWHUDWLRQ� L ! �� ��L�

VHUYHU�PHWKRG'�EXIG��

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHUDWLRQ��
6\VWHP�RXW�SULQWOQ��YRLG VHUYHU�PHWKRG'�GRXEOH>��DUUD\BVL]HV>M@��@�� ��HODSVH�� PVHF� �

���GRXEOH��DUUD\BVL]HV>M@
���HODSVH� � � .%�VHF���
`

`
`

��'DWD27�MDYD
SDFNDJH '27%HQFKPDUN�YLVLEURNHU�

SXEOLF FODVV 'DWD27 LPSOHPHQWV MDYD�LR�6HULDOL]DEOH ^
SULYDWH LQW GDWD�

SXEOLF YRLG VHW�LQW Q� ^

GDWD  Q�
`

SXEOLF LQW JHW�� ^

UHWXUQ GDWD�
`

`

��6HUYHU27,PSO�MDYD
SDFNDJH '27%HQFKPDUN�YLVLEURNHU�

SXEOLF FODVV 6HUYHU27,PSO ^

�

 &RQVWUXFW D SHUVLVWHQWO\ QDPHG REMHFW� 
�
SXEOLF 6HUYHU27,PSO�MDYD�ODQJ�6WULQJ QDPH� ^

�� VXSHU�QDPH��
`

�

 &RQVWUXFW D WUDQVLHQW REMHFW� 
�

SXEOLF 6HUYHU27,PSO�� ^
VXSHU���

`

SXEOLF VWDWLF YRLG PDLQ�6WULQJ DUJY>@� ^
WU\ ^

�� LQLWLDOL]H WKH 25%
RUJ�RPJ�&25%$�25% RUE  RUJ�RPJ�&25%$�25%�LQLW���

�� LQLWLDOL]H WKH %2$ �%DVLF 2EMHFW $GDSWRU�
RUJ�RPJ�&25%$�%2$ ERD  RUE�%2$BLQLW���

6WULQJ KRVW  QXOO� QDPH  QXOO�

QDPH  �6HUYHU��
BH[DPSOHB6HUYHU27 VHUYHU  QHZ BH[DPSOHB6HUYHU27�QDPH��

6\VWHP�RXW�SULQWOQ��VHUYHU ZDV PDGH� ��VHUYHU��
WU\ ^

ERD�REMBLVBUHDG\�VHUYHU��
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6\VWHP�RXW�SULQWOQ��6HUYHU,PSO LV UHDG\ DW� ��QDPH��

` FDWFK �([FHSWLRQ H� ^
H�SULQW6WDFN7UDFH���

6\VWHP�H[LW����
`

�� ZDLW IRU LQFRPLQJ UHTXHVWV
ERD�LPSOBLVBUHDG\���

`
FDWFK �([FHSWLRQ H� ^

H�SULQW6WDFN7UDFH���
`

`

`

��&OLHQW27�MDYD
SDFNDJH '27%HQFKPDUN�YLVLEURNHU�

LPSRUW MDYD�LR�
�
LPSRUW MDYD�XWLO�
�

FODVV &OLHQW27 ^

SXEOLF VWDWLF YRLG PDLQ�6WULQJ DUJY>@� ^
LQW LWHU  ����

LQW L� [�
ORQJ VWDUW� WLPH�

GRXEOH HODSVH�
�� VHTXHQFHBRIB'DWD+ROGHU GDWD  QHZ VHTXHQFHBRIB'DWD+ROGHU���

6WULQJ KRVW  ������������
6WULQJ KRVW��

LI �DUJY�OHQJWK   �� ^
LWHU  ,QWHJHU�SDUVH,QW�DUJY>�@��

KRVW  DUJY>�@�
` HOVH LI �DUJY�OHQJWK   �� ^

LWHU  ,QWHJHU�SDUVH,QW�DUJY>�@��
` HOVH ^

6\VWHP�HUU�SULQWOQ��MDYD KRUE�H[DPSOHV�EHQFK�&DIIHLQH�&OLHQW >LWHUDWLRQ@���
6\VWHP�H[LW����

`

��
�� 2EMHFW VHQG LQ DUUD\ ZLWKRXW FDVW EHQFKPDUN

��
RUJ�RPJ�&25%$�25% RUE  RUJ�RPJ�&25%$�25%�LQLW�DUJY�QXOO��

�� 2EMHFW VHQG EHQFKPDUN

'27%HQFKPDUN�YLVLEURNHU�6HUYHU27 VHUYHU  '27%HQFKPDUN�YLVLEURNHU�6HUYHU27+HOSHU�ELQG�RUE� �6HUYHU���

LQW>@ VL]HV  ^�� ��� ��� ��� ��� ��`�

IRU �LQW V  �� V � �� V��� ^

'27%HQFKPDUN�YLVLEURNHU�'DWD27>@ GDWD  QHZ '27%HQFKPDUN�YLVLEURNHU�'DWD27>VL]HV>V@@�
6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  LWHU� L ! �� ��L�

VHUYHU�PHWKRG'$�GDWD��

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��YRLG VHUYHU�PHWKRG'$�'DWD>��VL]HV>V@��@�� ��
HODSVH�� PVHF���

`

`
`
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21.5 OrbixWeb

��6HUYHU�LGO

��6HUYHU�LGO

LQWHUIDFH 6HUYHU ^
6HUYHU FUHDWH,QVWDQFH���

ORQJ PHWKRG$��LQ ORQJ D���
ORQJ PHWKRG$��LQ ORQJ D�� LQ ORQJ D���

ORQJ PHWKRG$��LQ ORQJ D�� LQ ORQJ D�� LQ ORQJ D���
ORQJ PHWKRG$��LQ ORQJ D�� LQ ORQJ D�� LQ ORQJ D�� LQ ORQJ D���

ORQJ PHWKRG$��LQ ORQJ D�� LQ ORQJ D�� LQ ORQJ D�� LQ ORQJ D�� LQ ORQJ D���
ORQJ PHWKRG$��LQ ORQJ D�� LQ ORQJ D�� LQ ORQJ D�� LQ ORQJ D�� LQ ORQJ D�� LQ ORQJ D���

W\SHGHI VHTXHQFH�RFWHW! %\WH$UUD\�
W\SHGHI VHTXHQFH�ORQJ! ,QW$UUD\�

W\SHGHI VHTXHQFH�GRXEOH! 'RXEOH$UUD\�
YRLG PHWKRG%�LQ %\WH$UUD\ ED��

YRLG PHWKRG,�LQ ,QW$UUD\ LD��
YRLG PHWKRG'�LQ 'RXEOH$UUD\ GD��

`�

�� 6HUYHU,PSO�MDYD

SDFNDJH '27%HQFKPDUN�RUEL[�

LPSRUW ,(�,RQD�2UEL[:HE�B2UEL[:HE�
LPSRUW ,(�,RQD�2UEL[:HE�)HDWXUHV�&RQILJ�

LPSRUW RUJ�RPJ�&25%$�25%�
LPSRUW 6HUYHU3DFNDJH�
�

��SDFNDJH KRUE�H[DPSOHV�EHQFK�RUEL[�
��LPSRUW QHWVFDSH�VHFXULW\�
�

LPSRUW ,(�,RQD�2UEL[:HE�B&25%$�

LPSRUW RUJ�RPJ�&25%$�6\VWHP([FHSWLRQ�

SXEOLF FODVV 6HUYHU,PSO LPSOHPHQWV B6HUYHU2SHUDWLRQV ^
SXEOLF VWDWLF YRLG PDLQ�6WULQJ DUJY>@� WKURZV ([FHSWLRQ ^ 25%�LQLW���

6WULQJ KRVW  QXOO� QDPH  QXOO�
WU\ ^

KRVW  MDYD�QHW�,QHW$GGUHVV�JHW/RFDO+RVW���JHW+RVW1DPH���
` FDWFK �([FHSWLRQ H� ^

H�SULQW6WDFN7UDFH���
6\VWHP�H[LW����

`

6HUYHU,PSO VHUYHU�
6HUYHU VHUYHU7LH�

VHUYHU  QHZ 6HUYHU,PSO���

VHUYHU7LH  QHZ BWLHB6HUYHU�VHUYHU��

6\VWHP�RXW�SULQWOQ��VHUYHU ZDV PDGH���
B&25%$�2UEL[�LPSOBLVBUHDG\��6HUYHU���

`

SXEOLF 6HUYHU FUHDWH,QVWDQFH�� ^
6HUYHU,PSO REM  QXOO�

WU\ ^
REM  QHZ 6HUYHU,PSO���

6HUYHU VHUYHU7LH  QHZ BWLHB6HUYHU�REM��
UHWXUQ VHUYHU7LH�
` FDWFK �([FHSWLRQ H� ^

H�SULQW6WDFN7UDFH���
`

UHWXUQ QXOO�
`

OrbixWeb 3.0 Modified by Michael Ta
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�


�S!

2SHUDWLRQ� �E!��6HUYHU��PHWKRG$���E!�
�SUH!

ORQJ PHWKRG$��
LQ ORQJ D�

��
��SUH!

��S!

�

SXEOLF LQW PHWKRG$��
LQW D�

� ^
�� LPSOHPHQW RSHUDWLRQ���

UHWXUQ D��
`
�



�S!
2SHUDWLRQ� �E!��6HUYHU��PHWKRG$���E!�

�SUH!
ORQJ PHWKRG$��

LQ ORQJ D��
LQ ORQJ D�

��
��SUH!

��S!

�

SXEOLF LQW PHWKRG$��
LQW D��

LQW D�
� ^
�� LPSOHPHQW RSHUDWLRQ���

UHWXUQ D��
`

�


�S!

2SHUDWLRQ� �E!��6HUYHU��PHWKRG$���E!�
�SUH!

ORQJ PHWKRG$��
LQ ORQJ D��

LQ ORQJ D��
LQ ORQJ D�

��
��SUH!

��S!

�

SXEOLF LQW PHWKRG$��
LQW D��
LQW D��

LQW D�
� ^

�� LPSOHPHQW RSHUDWLRQ���
UHWXUQ D��

`
�



�S!
2SHUDWLRQ� �E!��6HUYHU��PHWKRG$���E!�

�SUH!
ORQJ PHWKRG$��

LQ ORQJ D��
LQ ORQJ D��

LQ ORQJ D��
LQ ORQJ D�
��

��SUH!
��S!


�
SXEOLF LQW PHWKRG$��

LQW D��
LQW D��

LQW D��
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LQW D�

� ^
�� LPSOHPHQW RSHUDWLRQ���

UHWXUQ D��
`

�


�S!

2SHUDWLRQ� �E!��6HUYHU��PHWKRG$���E!�
�SUH!

ORQJ PHWKRG$��
LQ ORQJ D��

LQ ORQJ D��
LQ ORQJ D��

LQ ORQJ D��
LQ ORQJ D�

��
��SUH!
��S!


�
SXEOLF LQW PHWKRG$��

LQW D��
LQW D��

LQW D��
LQW D��

LQW D�
� ^

�� LPSOHPHQW RSHUDWLRQ���
UHWXUQ D��

`
�



�S!
2SHUDWLRQ� �E!��6HUYHU��PHWKRG$���E!�
�SUH!

ORQJ PHWKRG$��
LQ ORQJ D��

LQ ORQJ D��
LQ ORQJ D��

LQ ORQJ D��
LQ ORQJ D��

LQ ORQJ D�
��

��SUH!
��S!


�
SXEOLF LQW PHWKRG$��

LQW D��
LQW D��

LQW D��
LQW D��
LQW D��

LQW D�
� ^

�� LPSOHPHQW RSHUDWLRQ���
UHWXUQ D��

`

�� SXEOLF YRLG PHWKRG'$�KRUE�H[DPSOHV�EHQFK�RUEL[�B6HUYHU�'DWD$UUD\ D�� ^`

SXEOLF YRLG PHWKRG%�E\WH>@ ED� ^`
SXEOLF YRLG PHWKRG,�LQW>@ ED� ^`

SXEOLF YRLG PHWKRG'�GRXEOH>@ ED� ^`
`

��&OLHQW�MDYD
��SDFNDJH 3URMHFW�%HQFKPDUN�2UEL[�Y��

SDFNDJH '27%HQFKPDUN�RUEL[�

LPSRUW ,(�,RQD�2UEL[:HE�B2UEL[:HE�

LPSRUW ,(�,RQD�2UEL[:HE�)HDWXUHV�&RQILJ�
LPSRUW RUJ�RPJ�&25%$�25%�
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��SDFNDJH KRUE�H[DPSOHV�EHQFK�RUEL[�

LPSRUW ,(�,RQD�2UEL[:HE�B&25%$�

FODVV &OLHQW ^

SXEOLF VWDWLF YRLG PDLQ�6WULQJ DUJY>@� WKURZV ([FHSWLRQ ^
25%�LQLW���

LQW LWHU  ����
LQW L� M� [�

ORQJ VWDUW� WLPH�
GRXEOH HODSVH�

E\WH>@ EXIE�
LQW>@ EXIL�

GRXEOH>@ EXIG�
6WULQJ KRVW  ������������

6HUYHU VHUYHU  QXOO�

LI �DUJY�OHQJWK   �� ^

LWHU  ,QWHJHU�SDUVH,QW�DUJY>�@��
KRVW  DUJY>�@�

` HOVH LI �DUJY�OHQJWK   �� ^
LWHU  ,QWHJHU�SDUVH,QW�DUJY>�@��

` HOVH ^
6\VWHP�HUU�SULQWOQ��MDYD '27%HQFKPDUN�RUEL[�&OLHQW >LWHUDWLRQ >KRVW@@���

6\VWHP�H[LW����
`

��

�� UHPRWH REMHFW FRQQHFWLRQ EHQFKPDUN
��

VHUYHU  6HUYHU+HOSHU�ELQG���6HUYHU�� KRVW�� �� LJQRUH WKLV RQH

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L� ^
VHUYHU  6HUYHU+HOSHU�ELQG���6HUYHU�� KRVW��

�� VHUYHU�UHOHDVH���
��B2UEL[:HE�25%�25%�LQLW����FORVH&RQQHFWLRQ�VHUYHU��

�� "" KRZ GR , UHOHDVH WKH FRQQHFWLRQ""
`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��ELQG WR VHUYHU��� ��HODSVH�� PVHF���

WU\ ^
7KUHDG�VOHHS���
������

` FDWFK �([FHSWLRQ H� ^`

��
�� UHPRWH REMHFW FUHDWLRQ EHQFKPDUN
��

6HUYHU VHUYHU�  QXOO�
VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L� ^
VHUYHU  6HUYHU+HOSHU�ELQG���6HUYHU�� KRVW��

VHUYHU�  �6HUYHU�VHUYHU�FUHDWH,QVWDQFH���
�� VHUYHU��UHOHDVH���

��B2UEL[:HE�25%�25%�LQLW����FORVH&RQQHFWLRQ�VHUYHU���
�� VHUYHU�UHOHDVH���

��B2UEL[:HE�25%�25%�LQLW����FORVH&RQQHFWLRQ�VHUYHU��
�� "" KRZ GR , UHOHDVH WKH FRQQHFWLRQ""

`
WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
6\VWHP�RXW�SULQWOQ��FUHDWH UHPRWH REMHFW� ��HODSVH�� PVHF���

VHUYHU  6HUYHU+HOSHU�ELQG���6HUYHU�� KRVW��

�� 6\VWHP�RXW�SULQWOQ��ELQG WR VHUYHU VXFFHVV���
�� ORDG FODVV ILOHV H[SOLFLWHO\

[  VHUYHU�PHWKRG$�����
�� VWDUW HYDOXDWLRQ
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�� LQWHJHU VHQG EHQFKPDUN

6\VWHP�JF���
VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L�
[  VHUYHU�PHWKRG$�������

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��LQW VHUYHU�PHWKRG$��LQW D��� ��HODSVH�� PVHF���

6\VWHP�JF���
VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L�
[  VHUYHU�PHWKRG$������ �����

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
6\VWHP�RXW�SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW�� ��HODSVH�� PVHF���

6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  LWHU� L ! �� ��L�

[  VHUYHU�PHWKRG$������ ���� �����
WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
6\VWHP�RXW�SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW� LQW�� ��HODSVH�� PVHF���

6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  LWHU� L ! �� ��L�

[  VHUYHU�PHWKRG$������ ���� ���� �����
WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW� LQW� LQW�� ��HODSVH�� PVHF���

6\VWHP�JF���
VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L�
[  VHUYHU�PHWKRG$������ ���� ���� ���� �����

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW� LQW� LQW� LQW�� ��HODSVH�� PVHF���

6\VWHP�JF���
VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L�
[  VHUYHU�PHWKRG$������ ���� ���� ���� ���� �����

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
6\VWHP�RXW�SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW� LQW� LQW� LQW� LQW�� ��HODSVH�� PVHF���

��

�� WR VHQG QXPHULFDO GDWD
��

LQW>@ DUUD\BVL]HV  ^�� ���� ���� ����� ����� ����� ����
�� ����
�� ����
�� ����
���
����
��� ����
��`�

LQW LWHUDWLRQ�

�� WR VHQG E\WH DUUD\
IRU � M  �� M � DUUD\BVL]HV�OHQJWK� M��� ^

EXIE  QHZ E\WH>DUUD\BVL]HV>M@@�
6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  LWHU� L ! �� ��L�
VHUYHU�PHWKRG%�EXIE��

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��YRLG VHUYHU�PHWKRG%�E\WH>��DUUD\BVL]HV>M@��@�� ��HODSVH�� PVHF� �
���GRXEOH��DUUD\BVL]HV>M@��HODSVH� � � .%�VHF���

`
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�� WR VHQG LQW DUUD\

IRU � M  �� M � �� M��� ^
EXIL  QHZ LQW>DUUD\BVL]HV>M@@�

6\VWHP�JF���
VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L�
VHUYHU�PHWKRG,�EXIL��

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��YRLG VHUYHU�PHWKRG,�LQW>��DUUD\BVL]HV>M@��@�� ��HODSVH�� PVHF� �
���GRXEOH��DUUD\BVL]HV>M@
���HODSVH� � � .%�VHF���

`
IRU � M  �� M � DUUD\BVL]HV�OHQJWK� M��� ^

EXIL  QHZ LQW>DUUD\BVL]HV>M@@�
6\VWHP�JF���

LWHUDWLRQ  LWHU����
VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  LWHUDWLRQ� L ! �� ��L�

VHUYHU�PHWKRG,�EXIL��
WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHUDWLRQ��
6\VWHP�RXW�SULQWOQ��YRLG VHUYHU�PHWKRG,�LQW>��DUUD\BVL]HV>M@��@�� ��HODSVH�� PVHF� �

���GRXEOH��DUUD\BVL]HV>M@
���HODSVH� � � .%�VHF���
`

�� WR VHQG GRXEOH DUUD\

IRU � M  �� M � �� M��� ^
EXIG  QHZ GRXEOH>DUUD\BVL]HV>M@@�

6\VWHP�JF���
VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L�
VHUYHU�PHWKRG'�EXIG��

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
6\VWHP�RXW�SULQWOQ��YRLG VHUYHU�PHWKRG'�GRXEOH>��DUUD\BVL]HV>M@��@�� ��HODSVH�� PVHF� �

���GRXEOH��DUUD\BVL]HV>M@
���HODSVH� � � .%�VHF���
`

IRU � M  �� M � DUUD\BVL]HV�OHQJWK� M��� ^
EXIG  QHZ GRXEOH>DUUD\BVL]HV>M@@�

6\VWHP�JF���
LWHUDWLRQ  LWHU����

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  LWHUDWLRQ� L ! �� ��L�

VHUYHU�PHWKRG'�EXIG��
WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHUDWLRQ��
6\VWHP�RXW�SULQWOQ��YRLG VHUYHU�PHWKRG'�GRXEOH>��DUUD\BVL]HV>M@��@�� ��HODSVH�� PVHF� �

���GRXEOH��DUUD\BVL]HV>M@
���HODSVH� � � .%�VHF���
`

`
`
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21.6 DCOM

�� GFRPV�RGO

> XXLG ���((��$����$(���G�������)�)���������� @
OLEUDU\ /GFRPV

^
LPSRUWOLE��VWGROH���WOE���

> XXLG���((��$����$(���G�������)�)�����������

KHOSVWULQJ��,'&RQQHFW ,QWHUIDFH��@
GLVSLQWHUIDFH ,'&RQQHFW

^
SURSHUWLHV�
PHWKRGV�

>LG���@LQW GVHUYB�� >LQ@ LQW S� ��
>LG���@LQW GVHUYB�� >LQ@ LQW S�� >LQ@ LQW S� ��

>LG���@LQW GVHUYB�� >LQ@ LQW S�� >LQ@ LQW S�� >LQ@ LQW S� ��
>LG���@LQW GVHUYB�� >LQ@ LQW S�� >LQ@ LQW S�� >LQ@ LQW S�� >LQ@ LQW S� ��

>LG���@LQW GVHUYB�� >LQ@ LQW S�� >LQ@ LQW S�� >LQ@ LQW S�� >LQ@ LQW S�� >LQ@ LQW S� ��
>LG���@LQW GVHUYB�� >LQ@ LQW S�� >LQ@ LQW S�� >LQ@ LQW S�� >LQ@ LQW S�� >LQ@ LQW S�� >LQ@ LQW S� ��

>LG���@LQW GVHUYB�� >LQ@ LQW S�� >LQ@ LQW S�� >LQ@ LQW S�� >LQ@ LQW S�� >LQ@ LQW S�� >LQ@ LQW S�� >LQ@ LQW S� ��
>LG���@LQW GVHUYB�� >LQ@ LQW S�� >LQ@ LQW S�� >LQ@ LQW S�� >LQ@ LQW S�� >LQ@ LQW S�� >LQ@ LQW S�� >LQ@ LQW S�� >LQ@ LQW S�

��
>LG���@YRLG GVHUYBLDUUD\� >LQ@ LQW 
 S� ��

>LG����@YRLG GVHUYBEDUUD\� >LQ@ XQVLJQHG FKDU 
 S� ��
>LG����@YRLG GVHUYBGDUUD\� >LQ@ GRXEOH 
 S� ��

>LG����@%675 KHOOR���
`

> XXLG���((��$����$(���G�������)�)�����������
KHOSVWULQJ��&'&RQQHFW &ODVV��@

FRFODVV &'&RQQHFW
^

GLVSLQWHUIDFH ,'&RQQHFW�
`�

`�

��&'&RQQHFW�MDYD
��

��
�� &'&RQQHFW

��
��

LPSRUW GFRPV�
�
LPSRUW FRP�PV�FRP�
�

LPSRUW MDYD�QHW�
�

SXEOLF FODVV &'&RQQHFW LPSOHPHQWV ,'&RQQHFW
^

SXEOLF LQW GVHUYB�� LQW S� � WKURZV &RP([FHSWLRQ^
LQW [�  S��

UHWXUQ ���� `
SXEOLF LQW GVHUYB�� LQW S�� LQW S� � WKURZV &RP([FHSWLRQ^

LQW [�  S��
LQW [�  S��

UHWXUQ ���� `
SXEOLF LQW GVHUYB�� LQW S�� LQW S�� LQW S� � WKURZV &RP([FHSWLRQ^

LQW [�  S��
LQW [�  S��

LQW [�  S��
UHWXUQ ���� `

SXEOLF LQW GVHUYB�� LQW S�� LQW S�� LQW S�� LQW S� � WKURZV &RP([FHSWLRQ^

LQW [�  S��
LQW [�  S��

LQW [�  S��
LQW [�  S��

DCOM
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UHWXUQ ���� `

SXEOLF LQW GVHUYB�� LQW S�� LQW S�� LQW S�� LQW S�� LQW S� � WKURZV &RP([FHSWLRQ^
LQW [�  S��

LQW [�  S��
LQW [�  S��

LQW [�  S��
LQW [�  S��

UHWXUQ ���� `
SXEOLF LQW GVHUYB�� LQW S�� LQW S�� LQW S�� LQW S�� LQW S�� LQW S� � WKURZV &RP([FHSWLRQ^

LQW [�  S��
LQW [�  S��

LQW [�  S��
LQW [�  S��

LQW [�  S��
LQW [�  S��

UHWXUQ ���� `
SXEOLF LQW GVHUYB�� LQW S�� LQW S�� LQW S�� LQW S�� LQW S�� LQW S�� LQW S� � WKURZV &RP([FHSWLRQ^

LQW [�  S��

LQW [�  S��
LQW [�  S��

LQW [�  S��
LQW [�  S��

LQW [�  S��
LQW [�  S��

UHWXUQ ���� `
SXEOLF LQW GVHUYB�� LQW S�� LQW S�� LQW S�� LQW S�� LQW S�� LQW S�� LQW S�� LQW S� � WKURZV &RP([FHSWLRQ^

LQW [�  S��
LQW [�  S��

LQW [�  S��
LQW [�  S��

LQW [�  S��
LQW [�  S��
LQW [�  S��

LQW [�  S��
UHWXUQ ���� `

SXEOLF YRLG GVHUYBLDUUD\� LQW >@ S� �^
LQW [�L�

IRU� L  �� L � S��OHQJWK� L�� �
[  S�>L@�

UHWXUQ�

`
SXEOLF YRLG GVHUYBEDUUD\� E\WH >@ S� �^

LQW L�
E\WH [�

IRU� L  �� L � S��OHQJWK� L�� �
[  S�>L@�

UHWXUQ�
`

SXEOLF YRLG GVHUYBGDUUD\� GRXEOH >@ S� �^
LQW L�

GRXEOH [�
IRU� L  �� L � S��OHQJWK� L�� �

[  S�>L@�

UHWXUQ�
`

SXEOLF 6WULQJ KHOOR�� WKURZV &RP([FHSWLRQ ^
6WULQJ KRVW  QXOO�

WU\ ^
KRVW  ,QHW$GGUHVV�JHW/RFDO+RVW���JHW+RVW1DPH���

6\VWHP�RXW�SULQWOQ�KRVW��
` FDWFK �8QNQRZQ+RVW([FHSWLRQ H� ^
6\VWHP�RXW�SULQWOQ�H��

UHWXUQ �

��
`

UHWXUQ KRVW�
`

`

��FOLHQW��MDYD



Test-bed for Distributed Object Technologies using Java                                        490.450 DT Project

Michael (Thuan-Duc) Ta                   233

��

��
�� FOLHQW

��
�� 7KLV ILOH LV PRGLILHG E\ 0LFKDHO 7D RQ ��������

�� -XVW FOHDQXS DW WKH PRPHQW

��SDFNDJH GFRPV�

LPSRUW GFRPV�
�

SXEOLF FODVV FOLHQW�
^

SXEOLF VWDWLF YRLG PDLQ� 6WULQJ DUJY>@ �^
LQW LWHU  ����

6WULQJ KRVW  �ORFDOKRVW��
ORQJ VWDUW� WLPH�
GRXEOH HODSVH�

,'&RQQHFW FGF�
LQW L�

LQW [�
E\WH >@ EXIE�

LQW >@ EXIL�
GRXEOH >@ EXIG�

LI �DUJY�OHQJWK   �� ^

LWHU  ,QWHJHU�SDUVH,QW�DUJY>�@��
KRVW  DUJY>�@�

` HOVH LI �DUJY�OHQJWK   �� ^
LWHU  ,QWHJHU�SDUVH,QW�DUJY>�@��

` HOVH ^
6\VWHP�HUU�SULQWOQ��&OLHQW >LWHUDWLRQ >KRVW@@���
6\VWHP�H[LW����

`

FGF  �,'&RQQHFW�QHZ GFRPV�&'&RQQHFW���
6\VWHP�RXW�SULQWOQ��VHUYHU� ��FGF�KHOOR����

��6\VWHP�RXW�SULQWOQ��$OO WLPH PHDVXUHG LQ PV���

��2EMHFW &UHDWLRQ %HQFKPDUN
6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU� L  LWHU� L ! �� ��L �

FGF  � ,'&RQQHFW �QHZ GFRPV�&'&RQQHFW���

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��2EMHFW FUHDWLRQ EHQFK���HODSVH��PVHF���
��6\VWHP�RXW�SULQWOQ��?W?W?W��WLPH�� PVHF�WRWDO����

FGF  �,'&RQQHFW�QHZ GFRPV�&'&RQQHFW���

�� PHWKRG FDOO EHQFK LQW� LQW 
��
6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU� L  LWHU� L ! �� ��L �

[  FGF�GVHUYB�� ��� ��

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��LQW PHWKRG� LQW 
� ����HODSVH��PVHF���
��6\VWHP�RXW�SULQWOQ��?W?W?W��WLPH��PVHF�WRWDO����

�� PHWKRG FDOO EHQFK LQW� LQW 
��
6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU� L  LWHU� L ! �� ��L �

[  FGF�GVHUYB�� ���� ��� ��

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��LQW PHWKRG� LQW 
� ����HODSVH��PVHF���
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��6\VWHP�RXW�SULQWOQ��?W?W?W��WLPH��PVHF�WRWDO����

�� PHWKRG FDOO EHQFK LQW� LQW 
��

6\VWHP�JF���
VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU� L  LWHU� L ! �� ��L �
[  FGF�GVHUYB�� ���� ���� ��� ��

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
6\VWHP�RXW�SULQWOQ��LQW PHWKRG� LQW 
� ����HODSVH��PVHF���

��6\VWHP�RXW�SULQWOQ��?W?W?W��WLPH��PVHF�WRWDO����

�� PHWKRG FDOO EHQFK LQW� LQW 
��
6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU� L  LWHU� L ! �� ��L �

[  FGF�GVHUYB�� ���� ���� ������� ��

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
6\VWHP�RXW�SULQWOQ��LQW PHWKRG� LQW 
� ����HODSVH��PVHF���

��6\VWHP�RXW�SULQWOQ��?W?W?W��WLPH��PVHF�WRWDO����

�� PHWKRG FDOO EHQFK LQW� LQW 
��
6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU� L  LWHU� L ! �� ��L �

[  FGF�GVHUYB�� ���� ���� ���� ������� ��

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
6\VWHP�RXW�SULQWOQ��LQW PHWKRG� LQW 
� ����HODSVH��PVHF���

��6\VWHP�RXW�SULQWOQ��?W?W?W��WLPH��PVHF�WRWDO����

�� PHWKRG FDOO EHQFK LQW� LQW 
��
6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU� L  LWHU� L ! �� ��L �

[  FGF�GVHUYB�� ���� ���� ���� ���� ������� ��

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��LQW PHWKRG� LQW 
� ����HODSVH��PVHF���
��6\VWHP�RXW�SULQWOQ��?W?W?W��WLPH��PVHF�WRWDO����

�� PHWKRG FDOO EHQFK LQW� LQW 
��

6\VWHP�JF���
VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU� L  LWHU� L ! �� ��L �

[  FGF�GVHUYB�� ���� ���� ���� ���� ���� ������� ��

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��LQW PHWKRG� LQW 
� ����HODSVH��PVHF���
��6\VWHP�RXW�SULQWOQ��?W?W?W��WLPH��PVHF�WRWDO����

�� PHWKRG FDOO EHQFK LQW� LQW 
��

6\VWHP�JF���
VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU� L  LWHU� L ! �� ��L �
[  FGF�GVHUYB�� ���� ���� ���� ���� ���� ���� ������� ��

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��LQW PHWKRG� LQW 
� ����HODSVH��PVHF���
��6\VWHP�RXW�SULQWOQ��?W?W?W��WLPH��PVHF�WRWDO����

�� WUDQVIHULQJ E\WH DUUD\ �

6\VWHP�JF���
EXIE  QHZ E\WH>�@�

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���
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IRU� L  LWHU� L ! �� ��L �

FGF�GVHUYBEDUUD\� EXIE ��

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��LQW PHWKRG� E\WH>�@ ����HODSVH��PVHF� ���GRXEOH����HODSVH� � � .%�VHF���
��6\VWHP�RXW�SULQWOQ��?W?W?W��WLPH��PVHF�WRWDO����

�� WUDQVIHULQJ E\WH DUUD\ ���

EXIE  QHZ E\WH>���@�
6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU� L  LWHU� L ! �� ��L �

FGF�GVHUYBEDUUD\� EXIE ��

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
6\VWHP�RXW�SULQWOQ��LQW PHWKRG� E\WH>���@ ����HODSVH��PVHF� ���GRXEOH������HODSVH� � � .%�VHF���

��6\VWHP�RXW�SULQWOQ��?W?W?W��WLPH��PVHF�WRWDO����

�� WUDQVIHULQJ E\WH DUUD\ ���

EXIE  QHZ E\WH>���@�
6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU� L  LWHU� L ! �� ��L �

FGF�GVHUYBEDUUD\� EXIE ��

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��LQW PHWKRG� E\WH>���@ ����HODSVH��PVHF� ���GRXEOH������HODSVH� � � .%�VHF���
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21.7 Java IDL

��6HUYHU�LGO
PRGXOH -DYD,'/6HUYHU ^

LQWHUIDFH 6HUYHU ^
6HUYHU FUHDWH,QVWDQFH���

ORQJ PHWKRG$��LQ ORQJ D���
ORQJ PHWKRG$��LQ ORQJ D�� LQ ORQJ D���

ORQJ PHWKRG$��LQ ORQJ D�� LQ ORQJ D�� LQ ORQJ D���
ORQJ PHWKRG$��LQ ORQJ D�� LQ ORQJ D�� LQ ORQJ D�� LQ ORQJ D���

ORQJ PHWKRG$��LQ ORQJ D�� LQ ORQJ D�� LQ ORQJ D�� LQ ORQJ D�� LQ ORQJ D���
ORQJ PHWKRG$��LQ ORQJ D�� LQ ORQJ D�� LQ ORQJ D�� LQ ORQJ D�� LQ ORQJ D�� LQ ORQJ D���

W\SHGHI VHTXHQFH�RFWHW! %\WH$UUD\�
W\SHGHI VHTXHQFH�ORQJ! ,QW$UUD\�

W\SHGHI VHTXHQFH�GRXEOH! 'RXEOH$UUD\�

YRLG PHWKRG%�LQ %\WH$UUD\ ED��
YRLG PHWKRG,�LQ ,QW$UUD\ LD��

YRLG PHWKRG'�LQ 'RXEOH$UUD\ GD��

`�
`�

�� 6HUYHU,PSO�MDYD

SDFNDJH '27%HQFKPDUN�MDYDLGO�
LPSRUW -DYD,'/6HUYHU�
� �� 7KH SDFNDJH FRQWDLQLQJ RXU VWXEV�

LPSRUW RUJ�RPJ�&RV1DPLQJ�
�
�� 7KH SDFNDJH FRQWDLQLQJ VSHFLDO H[FHSWLRQV WKURZQ E\ WKH QDPH VHUYLFH�

LPSRUW RUJ�RPJ�&RV1DPLQJ�1DPLQJ&RQWH[W3DFNDJH�
�

�� $OO &25%$ DSSOLFDWLRQV QHHG WKHVH FODVVHV�
LPSRUW RUJ�RPJ�&25%$�
�

SXEOLF FODVV 6HUYHU,PSO H[WHQGV B6HUYHU,PSO%DVH ^
�

 &RQVWUXFW D SHUVLVWHQWO\ QDPHG REMHFW� 
�

��SXEOLF 6HUYHU,PSO�MDYD�ODQJ�6WULQJ QDPH� ^
��VXSHU�QDPH��

��`

�

 &RQVWUXFW D WUDQVLHQW REMHFW� 
�
SXEOLF 6HUYHU,PSO�� ^
VXSHU���

`

SXEOLF VWDWLF YRLG PDLQ�6WULQJ DUJV>@� ^
WU\ ^

�� &UHDWH DQG LQLWLDOL]H WKH 25%
25% RUE  25%�LQLW�DUJV� QXOO��

�� &UHDWH WKH VHUYDQW DQG UHJLVWHU LW ZLWK WKH 25%

6HUYHU,PSO VHUYHU5HI  QHZ 6HUYHU,PSO���
RUE�FRQQHFW�VHUYHU5HI��

�� *HW WKH URRW QDPLQJ FRQWH[W

RUJ�RPJ�&25%$�2EMHFW REM5HI  RUE�UHVROYHBLQLWLDOBUHIHUHQFHV��1DPH6HUYLFH���
1DPLQJ&RQWH[W QF5HI  1DPLQJ&RQWH[W+HOSHU�QDUURZ�REM5HI��

�� %LQG WKH REMHFW UHIHUHQFH LQ QDPLQJ

1DPH&RPSRQHQW QF  QHZ 1DPH&RPSRQHQW��6HUYHU�� � ���
1DPH&RPSRQHQW SDWK>@  ^QF`�

QF5HI�UHELQG�SDWK� VHUYHU5HI��

Java IDL by Michael Ta
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6\VWHP�RXW�SULQWOQ��VHUYHU ZDV PDGH� ��VHUYHU5HI��

�� :DLW IRU LQYRFDWLRQV IURP FOLHQWV

MDYD�ODQJ�2EMHFW V\QF  QHZ MDYD�ODQJ�2EMHFW���
V\QFKURQL]HG�V\QF�^

V\QF�ZDLW���
`

`

FDWFK �([FHSWLRQ H� ^
H�SULQW6WDFN7UDFH���

`
`

SXEOLF 6HUYHU FUHDWH,QVWDQFH�� ^

6HUYHU,PSO REM  QXOO�
WU\ ^

REM  QHZ 6HUYHU,PSO���

UHWXUQ REM�
` FDWFK �([FHSWLRQ H� ^

H�SULQW6WDFN7UDFH���
`

UHWXUQ QXOO�
`

SXEOLF LQW PHWKRG$��

LQW D�
� ^

UHWXUQ ��
`

SXEOLF LQW PHWKRG$��
LQW D��

LQW D�
� ^

UHWXUQ ��
`

SXEOLF LQW PHWKRG$��

LQW D��
LQW D��

LQW D�
� ^

UHWXUQ ��
`

SXEOLF LQW PHWKRG$��

LQW D��
LQW D��
LQW D��

LQW D�
� ^

�� LPSOHPHQW RSHUDWLRQ���
UHWXUQ ��

`

SXEOLF LQW PHWKRG$��
LQW D��

LQW D��
LQW D��

LQW D��
LQW D�

� ^
UHWXUQ ��
`

SXEOLF LQW PHWKRG$��

LQW D��
LQW D��

LQW D��
LQW D��

LQW D��
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LQW D�

� ^
UHWXUQ ��

`
SXEOLF YRLG PHWKRG%�

E\WH>@ ED
� ^

`

SXEOLF YRLG PHWKRG,�
LQW>@ LD

� ^
`

SXEOLF YRLG PHWKRG'�

GRXEOH>@ GD
� ^
�� LPSOHPHQW RSHUDWLRQ���

`

`

��&OLHQW�MDYD

SDFNDJH '27%HQFKPDUN�MDYDLGO�
LPSRUW -DYD,'/6HUYHU�
� �� 7KH SDFNDJH FRQWDLQLQJ RXU VWXEV�

LPSRUW RUJ�RPJ�&RV1DPLQJ�
�

LPSRUW RUJ�RPJ�&25%$�
�

FODVV &OLHQW ^
SXEOLF VWDWLF YRLG PDLQ�6WULQJ DUJV>@� ^
LQW LWHU  ����

LQW L� M� [�
ORQJ VWDUW� WLPH�

GRXEOH HODSVH�
E\WH EXIE>@�

LQW EXIL>@�
GRXEOH EXIG>@�

6WULQJ KRVW  ������������
6WULQJ KRVW��

LI �DUJV�OHQJWK   �� ^

LWHU  ,QWHJHU�SDUVH,QW�DUJV>�@��
KRVW  DUJV>�@�

` HOVH LI �DUJV�OHQJWK   �� ^
LWHU  ,QWHJHU�SDUVH,QW�DUJV>�@��

` HOVH ^
6\VWHP�HUU�SULQWOQ��MDYD '27%HQFKPDUN�YLVLEURNHU�&OLHQW >LWHUDWLRQ@ >KRVW@���
6\VWHP�H[LW����

`

WU\^
�� &UHDWH DQG LQLWLDOL]H WKH 25%

25% RUE  25%�LQLW�DUJV� QXOO��

�� *HW WKH URRW QDPLQJ FRQWH[W
RUJ�RPJ�&25%$�2EMHFW REM5HI  RUE�UHVROYHBLQLWLDOBUHIHUHQFHV��1DPH6HUYLFH���

1DPLQJ&RQWH[W QF5HI  1DPLQJ&RQWH[W+HOSHU�QDUURZ�REM5HI��

�
 UHPRWH REMHFW FRQQHFWLRQ EHQFKPDUN 
�

�� 5HVROYH WKH REMHFW UHIHUHQFH LQ QDPLQJ
1DPH&RPSRQHQW QF  QHZ 1DPH&RPSRQHQW��6HUYHU�� � ���
1DPH&RPSRQHQW SDWK>@  ^QF`�

6HUYHU MXQN  6HUYHU+HOSHU�QDUURZ�QF5HI�UHVROYH�SDWK���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L� ^
6HUYHU VHUYHU  6HUYHU+HOSHU�QDUURZ�QF5HI�UHVROYH�SDWK���

`
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WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��ELQG WR VHUYHU��� ��HODSVH�� PVHF���

�
 UHPRWH REMHFW FUHDWLRQ EHQFKPDUN 
�

6HUYHU VHUYHU�  QXOO�
VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L� ^
6HUYHU VHUYHU  6HUYHU+HOSHU�QDUURZ�QF5HI�UHVROYH�SDWK���

VHUYHU�  VHUYHU�FUHDWH,QVWDQFH���

`
WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
6\VWHP�RXW�SULQWOQ��REMHFW FUHDWLRQ� ��HODSVH�� PVHF���

�
 SUHSDUH VHUYHU IRU QH[W EHQFKPDUN WHVWV 
�

6HUYHU VHUYHU  6HUYHU+HOSHU�QDUURZ�QF5HI�UHVROYH�SDWK���

�� VWDUW HYDOXDWLRQ

��
�� UHPRWH PHWKRG FDOO ZLWK YDULDEOH SDUDPHWHUV EHQFKPDUN

��

�� RQH DUJXPHQW
6\VWHP�JF���
VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L�
[  VHUYHU�PHWKRG$�������

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
6\VWHP�RXW�SULQWOQ��LQW VHUYHU�PHWKRG$��LQW D��� ��HODSVH�� PVHF���

�� WZR DUJXPHQWV

6\VWHP�JF���
VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L�
[  VHUYHU�PHWKRG$������ �����

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
6\VWHP�RXW�SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW�� ��HODSVH�� PVHF���

�� WKUHH DUJXPHQWV
6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  LWHU� L ! �� ��L�

[  VHUYHU�PHWKRG$������ ���� �����

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��

6\VWHP�RXW�SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW� LQW�� ��HODSVH�� PVHF���

�� IRXU DUJXPHQWV
6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  LWHU� L ! �� ��L�

[  VHUYHU�PHWKRG$������ ���� ���� �����

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
6\VWHP�RXW�SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW� LQW� LQW�� ��HODSVH�� PVHF���

�� ILYH DUJXPHQWV

6\VWHP�JF���
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VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L�
[  VHUYHU�PHWKRG$������ ���� ���� ���� �����

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
6\VWHP�RXW�SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW� LQW� LQW� LQW�� ��HODSVH�� PVHF���

�� VL[ DUJXPHQWV

6\VWHP�JF���
VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L�
[  VHUYHU�PHWKRG$������ ���� ���� ���� ���� �����

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
6\VWHP�RXW�SULQWOQ��LQW VHUYHU�PHWKRG$��LQW� LQW� LQW� LQW� LQW� LQW�� ��HODSVH�� PVHF���

��

�� QXPHULFDO GDWD WUDQVIHU
��

LQW>@ DUUD\BVL]HV  ^�� ���� ���� ����� ����� ����� ����
�� ����
��
����
�� ����
��� ����
��� ����
�� `�

LQW LWHUDWLRQ�

�� WR VHQG E\WH DUUD\
IRU � M  �� M � DUUD\BVL]HV�OHQJWK� M��� ^

EXIE  QHZ E\WH>DUUD\BVL]HV>M@@�
6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  LWHU� L ! �� ��L�
VHUYHU�PHWKRG%�EXIE��

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
6\VWHP�RXW�SULQWOQ��YRLG VHUYHU�PHWKRG%�E\WH>��DUUD\BVL]HV>M@��@�� ��HODSVH�� PVHF� �

���GRXEOH��DUUD\BVL]HV>M@��HODSVH� � � .%�VHF���
`

�� WR VHQG LQW DUUD\
IRU � M  �� M � �� M��� ^

EXIL  QHZ LQW>DUUD\BVL]HV>M@@�
6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  LWHU� L ! �� ��L�

VHUYHU�PHWKRG,�EXIL��

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
6\VWHP�RXW�SULQWOQ��YRLG VHUYHU�PHWKRG,�LQW>��DUUD\BVL]HV>M@��@�� ��HODSVH�� PVHF� �

���GRXEOH��DUUD\BVL]HV>M@
���HODSVH� � � .%�VHF���
`

IRU � M  �� M � DUUD\BVL]HV�OHQJWK� M��� ^

EXIL  QHZ LQW>DUUD\BVL]HV>M@@�
6\VWHP�JF���

LWHUDWLRQ  LWHU���� �� UHGXFH WKH LWHUDWLRQ �� WLPHV WR VDYH WLPH�
VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHUDWLRQ� L ! �� ��L�
VHUYHU�PHWKRG,�EXIL��

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHUDWLRQ��

6\VWHP�RXW�SULQWOQ��YRLG VHUYHU�PHWKRG,�LQW>��DUUD\BVL]HV>M@��@�� ��HODSVH�� PVHF� �
���GRXEOH��DUUD\BVL]HV>M@
���HODSVH� � � .%�VHF���

`

�� WR VHQG GRXEOH DUUD\

IRU � M  �� M � �� M��� ^
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EXIG  QHZ GRXEOH>DUUD\BVL]HV>M@@�

6\VWHP�JF���
VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L�
VHUYHU�PHWKRG'�EXIG��

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
6\VWHP�RXW�SULQWOQ��YRLG VHUYHU�PHWKRG'�GRXEOH>��DUUD\BVL]HV>M@��@�� ��HODSVH�� PVHF� �

���GRXEOH��DUUD\BVL]HV>M@
���HODSVH� � � .%�VHF���
`

IRU � M  �� M � DUUD\BVL]HV�OHQJWK� M��� ^

EXIG  QHZ GRXEOH>DUUD\BVL]HV>M@@�
6\VWHP�JF���

LWHUDWLRQ  LWHU���� �� UHGXFH WKH LWHUDWLRQ �� WLPHV WR VDYH WLPH�
VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  LWHUDWLRQ� L ! �� ��L�

VHUYHU�PHWKRG'�EXIG��

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHUDWLRQ��

6\VWHP�RXW�SULQWOQ��YRLG VHUYHU�PHWKRG'�GRXEOH>��DUUD\BVL]HV>M@��@�� ��HODSVH�� PVHF� �
���GRXEOH��DUUD\BVL]HV>M@
���HODSVH� � � .%�VHF���

`

` FDWFK�([FHSWLRQ H� ^

6\VWHP�RXW�SULQWOQ��(5525 � � � H��
H�SULQW6WDFN7UDFH�6\VWHP�RXW��

`
`

`
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21.8 SocketJava

��6RFN6HUYHU�MDYD
��SDFNDJH KRUE�H[DPSOHV�EHQFK�VRFNHW�

SDFNDJH '27%HQFKPDUN�MDYDVRFNHW�

LPSRUW MDYD�LR�
�
LPSRUW MDYD�QHW�
�

FODVV 6RFN6HUYHU ^

SXEOLF VWDWLF YRLG PDLQ�6WULQJ DUJY>@� WKURZV ,2([FHSWLRQ ^
LQW LWHU  ����

LQW L� M� N� [�
E\WH E�
GRXEOH G�

LQW UHDOFRXQW� SUHYLRXVFRXQW�
'DWD,QSXW6WUHDP LQ�

'DWD2XWSXW6WUHDP RXW�
LQW>@ VL]HV  ^�� ���� ���� ����� ����� ����� ����
�� ����
��

����
�� ����
��� ����
��� ����
�� `�
E\WH>@ EXIE  QHZ E\WH>����
��@�

LQW LWHUDWLRQ�

LI �DUJY�OHQJWK   �� ^
LWHU  ,QWHJHU�SDUVH,QW�DUJY>�@��

` HOVH ^
6\VWHP�HUU�SULQWOQ��MDYD KRUE�H[DPSOHV�EHQFK�VRFNHW�6RFN6HUYHU&OLHQW LWHUDWLRQ���

6\VWHP�HUU�SULQWOQ��MDYD '27%HQFKPDUN�MDYDVRFNHW�6RFN6HUYHU LWHUDWLRQ���
6\VWHP�H[LW����

`

�� ORDG FODVV ILOHV H[SOLFLWHO\

6HUYHU6RFNHW VHUYHU6RFNHW  QHZ 6HUYHU6RFNHW������ ����
6RFNHW VRFNHW  VHUYHU6RFNHW�DFFHSW���

LQ  QHZ 'DWD,QSXW6WUHDP�QHZ %XIIHUHG,QSXW6WUHDP�VRFNHW�JHW,QSXW6WUHDP��� ����
�����
RXW  QHZ 'DWD2XWSXW6WUHDP�QHZ %XIIHUHG2XWSXW6WUHDP�VRFNHW�JHW2XWSXW6WUHDP��� ����
�����

�� VWDUW HYDOXDWLRQ

�� LQWHJHU VHQG EHQFKPDUN

[  LQ�UHDG,QW���
RXW�ZULWH,QW������

RXW�IOXVK���

�� ZDUP XS

IRU �M  �� M � �� M��� ^
IRU �L  LWHU� L ! �� ��L� ^

IRU �N  �� N � M� N��� ^
[  LQ�UHDG,QW���

`
RXW�ZULWH,QW������

RXW�IOXVK���
`

`

IRU �M  �� M � �� M��� ^
IRU �L  LWHU� L ! �� ��L� ^

IRU �N  �� N � M� N��� ^
[  LQ�UHDG,QW���

`
RXW�ZULWH,QW������
RXW�IOXVK���

`
`

�� WR VHQG E\WH DUUD\

Socket Java
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��IRU � M  �� M � VL]HV�OHQJWK� M��� ^

IRU � M  �� M � �� M��� ^ ��IRU ���� LWHU E\ 07$
IRU �L  LWHU� L ! �� ��L� ^

LQ�UHDG)XOO\�EXIE� �� VL]HV>M@��
RXW�ZULWH,QW������

RXW�IOXVK���
`

`

IRU � M  �� M � VL]HV�OHQJWK� M��� ^ ��IRU ���� LWHU E\ 07$
LWHUDWLRQ  LWHU�����

IRU �L  LWHUDWLRQ� L ! �� ��L� ^
LQ�UHDG)XOO\�EXIE� �� VL]HV>M@��

RXW�ZULWH,QW������
RXW�IOXVK���

`
`

�� WR VHQG LQW DUUD\
��IRU � M  �� M � VL]HV�OHQJWK� M��� ^

IRU � M  �� M � �� M��� ^ ��IRU ���� LWHU E\ 07$
IRU �L  LWHU� L ! �� ��L� ^

IRU �N  �� N � VL]HV>M@� N��� ^
[  LQ�UHDG,QW���

`
RXW�ZULWH,QW������

RXW�IOXVK���
`

`

IRU � M  �� M � VL]HV�OHQJWK� M��� ^ ��IRU ���� LWHU E\ 07$
LWHUDWLRQ  LWHU�����

IRU �L  LWHUDWLRQ� L ! �� ��L� ^

IRU �N  �� N � VL]HV>M@� N��� ^
[  LQ�UHDG,QW���

`
RXW�ZULWH,QW������

RXW�IOXVK���
`

`

�� WR VHQG GRXEOH DUUD\
��IRU � M  �� M � VL]HV�OHQJWK� M��� ^

IRU � M  �� M � �� M��� ^ ��IRU ���� LWHU E\ 07$
IRU �L  LWHU� L ! �� ��L� ^

IRU �N  �� N � VL]HV>M@� N��� ^
G  LQ�UHDG'RXEOH���

`
RXW�ZULWH,QW������
RXW�IOXVK���

`
`

IRU � M  �� M � VL]HV�OHQJWK� M��� ^ ��IRU ���� LWHU E\ 07$

LWHUDWLRQ  LWHU�����
IRU �L  LWHUDWLRQ� L ! �� ��L� ^

IRU �N  �� N � VL]HV>M@� N��� ^
G  LQ�UHDG'RXEOH���

`
RXW�ZULWH,QW������

RXW�IOXVK���
`

`

`

`

�� 6RFN&OLHQW�MDYD
��SDFNDJH KRUE�H[DPSOHV�EHQFK�VRFNHW�?

SDFNDJH '27%HQFKPDUN�MDYDVRFNHW�

LPSRUW MDYD�LR�
�
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LPSRUW MDYD�QHW�
�

FODVV 6RFN&OLHQW ^

SXEOLF VWDWLF YRLG PDLQ�6WULQJ DUJY>@� WKURZV ,2([FHSWLRQ ^
LQW LWHU  ����

LQW L� M� N� [�
'DWD,QSXW6WUHDP LQ�

'DWD2XWSXW6WUHDP RXW�
ORQJ VWDUW� WLPH�

GRXEOH HODSVH�
E\WH EXIE>@�

6WULQJ KRVW  �ORFDOKRVW��
LQW>@ VL]HV  ^�� ���� ���� ����� ����� ����� ����
�� ����
��

����
�� ����
��� ����
��� ����
�� `�
LQW LWHUDWLRQ�

LI �DUJY�OHQJWK   �� ^

LWHU  ,QWHJHU�SDUVH,QW�DUJY>�@��
KRVW  DUJY>�@�

` HOVH LI �DUJY�OHQJWK   �� ^
LWHU  ,QWHJHU�SDUVH,QW�DUJY>�@��

` HOVH ^
6\VWHP�HUU�SULQWOQ��MDYD KRUE�H[DPSOHV�EHQFK�VRFNHW�6RFN&OLHQW >LWHUDWLRQ >KRVW@@���

6\VWHP�HUU�SULQWOQ��MDYD '27%HQFKPDUN�MDYDVRFNHW�6RFN&OLHQW >LWHUDWLRQ >KRVW@@���
6\VWHP�H[LW����

`

6RFNHW VRFNHW  QHZ 6RFNHW�KRVW� ������

LQ  QHZ 'DWD,QSXW6WUHDP�QHZ %XIIHUHG,QSXW6WUHDP�VRFNHW�JHW,QSXW6WUHDP��� ����
�����
RXW  QHZ 'DWD2XWSXW6WUHDP�QHZ %XIIHUHG2XWSXW6WUHDP�VRFNHW�JHW2XWSXW6WUHDP��� ����
�����

�� VWDUW HYDOXDWLRQ

�� LQWHJHU VHQG EHQFKPDUN
RXW�ZULWH,QW������

RXW�IOXVK���
[  LQ�UHDG,QW���

�� ZDUP XS

IRU �M  � � M � �� M��� ^
6\VWHP�JF���

IRU �L  LWHU� L ! �� ��L� ^
IRU �N  �� N � M� N��� ^

RXW�ZULWH,QW������
`

RXW�IOXVK���
[  LQ�UHDG,QW���

`

`

IRU �M  � � M � �� M��� ^
6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  LWHU� L ! �� ��L� ^

IRU �N  �� N � M� N��� ^
RXW�ZULWH,QW������

`
RXW�IOXVK���

[  LQ�UHDG,QW���
`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
6\VWHP�RXW�SULQWOQ��LQW VRFNHW�LQW D�
��M���� ��HODSVH�� PVHF���

`

��
�� QXPHULFDO GDWD WUDQVIHU

��

�� WR VHQG E\WH DUUD\
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��IRU � M  �� M � VL]HV�OHQJWK� M��� ^

IRU � M  �� M � �� M��� ^ ��IRU ���� LWHU E\ 07$
EXIE  QHZ E\WH>VL]HV>M@@�

6\VWHP�JF���
VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L� ^

RXW�ZULWH�EXIE� �� VL]HV>M@��
RXW�IOXVK���

[  LQ�UHDG,QW���
`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
6\VWHP�RXW�SULQWOQ��E\WH>��VL]HV>M@��@ WUDQVIHU E\ VRFNHW � ��HODSVH�� PVHF� �

���GRXEOH��VL]HV>M@��HODSVH� � � .%�VHF���
`

IRU � M  �� M � VL]HV�OHQJWK� M��� ^ ��IRU ���� LWHU E\ 07$
EXIE  QHZ E\WH>VL]HV>M@@�

6\VWHP�JF���
LWHUDWLRQ  LWHU�����

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHUDWLRQ� L ! �� ��L� ^
RXW�ZULWH�EXIE� �� VL]HV>M@��

RXW�IOXVK���
[  LQ�UHDG,QW���

`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHUDWLRQ��
6\VWHP�RXW�SULQWOQ��E\WH>��VL]HV>M@��@ WUDQVIHU E\ VRFNHW � ��HODSVH�� PVHF� �

���GRXEOH��VL]HV>M@��HODSVH� � � .%�VHF���
`

�� WR VHQG LQWHJHU DUUD\
��IRU � M  �� M � VL]HV�OHQJWK� M��� ^

IRU � M  �� M � �� M��� ^ ��IRU ���� LWHU E\ 07$
6\VWHP�JF���

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L� ^
IRU �N  �� N � VL]HV>M@� N��� ^

RXW�ZULWH,QW������
`

RXW�IOXVK���
[  LQ�UHDG,QW���

`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
6\VWHP�RXW�SULQWOQ��LQW>��VL]HV>M@��@ WUDQVIHU E\ VRFNHW � ��HODSVH�� PVHF� �

���GRXEOH��VL]HV>M@
���HODSVH� � � .%�VHF���
`

IRU � M  �� M � VL]HV�OHQJWK� M��� ^ ��IRU ���� LWHU E\ 07$

6\VWHP�JF���
LWHUDWLRQ  LWHU�����

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHUDWLRQ� L ! �� ��L� ^
IRU �N  �� N � VL]HV>M@� N��� ^

RXW�ZULWH,QW������

`
RXW�IOXVK���

[  LQ�UHDG,QW���
`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHUDWLRQ��
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6\VWHP�RXW�SULQWOQ��LQW>��VL]HV>M@��@ WUDQVIHU E\ VRFNHW � ��HODSVH�� PVHF� �

���GRXEOH��VL]HV>M@
���HODSVH� � � .%�VHF���
`

�� WR VHQG GRXEOH DUUD\

�� IRU � M  �� M � VL]HV�OHQJWK� M��� ^
IRU � M  �� M � �� M��� ^ ��IRU ���� LWHU E\ 07$

6\VWHP�JF���
VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���

IRU �L  LWHU� L ! �� ��L� ^
IRU �N  �� N � VL]HV>M@� N��� ^

RXW�ZULWH'RXEOH��������
`

RXW�IOXVK���
[  LQ�UHDG,QW���

`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�

HODSVH  �GRXEOH��WLPH���GRXEOH��LWHU��
6\VWHP�RXW�SULQWOQ��GRXEOH>��VL]HV>M@��@ WUDQVIHU E\ VRFNHW � ��HODSVH�� PVHF� �

���GRXEOH��VL]HV>M@
���HODSVH� � � .%�VHF���
`

IRU � M  �� M � VL]HV�OHQJWK� M��� ^ ��IRU ���� LWHU E\ 07$

6\VWHP�JF���
LWHUDWLRQ  LWHU�����

VWDUW  6\VWHP�FXUUHQW7LPH0LOOLV���
IRU �L  LWHUDWLRQ� L ! �� ��L� ^

IRU �N  �� N � VL]HV>M@� N���
RXW�ZULWH'RXEOH��������

RXW�IOXVK���
[  LQ�UHDG,QW���

`

WLPH  6\VWHP�FXUUHQW7LPH0LOOLV�� � VWDUW�
HODSVH  �GRXEOH��WLPH���GRXEOH��LWHUDWLRQ��

6\VWHP�RXW�SULQWOQ��GRXEOH>��VL]HV>M@��@ WUDQVIHU E\ VRFNHW � ��HODSVH�� PVHF� �
���GRXEOH��VL]HV>M@
���HODSVH� � � .%�VHF���

`
`

`
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21.9 Socket C

��VHUYHU�F

�


 VHUYHU�F


 &RS\ULJKW ���� +25% 2SHQ

 &RS\ULJKW ���� (OHFWURWHFKQLFDO /DERUDWRU\� $,67� -DSDQ


 $XWKRU� .D]XR <DPDPRWR �+25% 2SHQ� 066�




�
�LQFOXGH �VWGLR�K!

�LQFOXGH �ZLQVRFN�K!

�GHILQH 3257B12 ����

�GHILQH 0$;6,=( ����
��
�GHILQH 703%8))6,=( ��
����

W\SHGHI XQVLJQHG FKDU %\WH�

�� 3URWRW\SHV

LQW LQ5HDG,QW�YRLG��
YRLG LQ5HDG)XOO\�FKDU 
� LQW��

YRLG LQ5HDG,QW%XII�LQW 
� LQW ��
YRLG LQ5HDG'RXEOH%XII�GRXEOH 
� LQW ��

YRLG RXW:ULWH,QW�LQW��
YRLG RXW)OXVK,QW�YRLG��

�� *OREDO 9DULDEOH
XQLRQ XBWDJ ^

%\WH E>0$;6,=(@�

LQW L>0$;6,=(@�
GRXEOH G>0$;6,=(@�

` R%XII�L%XII�

FKDU WPSEXII>703%8))6,=(@�

LQW RXW,QGH[  ��
LQW LQ,QGH[  ��

62&.(7 V� VF�

LQW PDLQ�LQW DUJF� FKDU 
DUJY>@�

^
LQW UHW� OHQ�
LQW LWHU  ����

LQW L� M� N� [�
FKDU KRVW>���@�

62&.$''5B,1 DGGU� DGGUF�
:6$'$7$ ZVD'DWD�

+267(17 
VKRVW�
%\WH E�

LQW VL]HV>@ ^�� ���� ���� ����� ����� ����� ����
�� ����
��
����
�� ����
��� ����
��� ����
��`�

%\WH EXIE>����
��@�

�� FKHFN DUJXPHQWV
LI �DUJF   �� ^

LWHU  DWRL�DUJY>�@��
` HOVH ^

ISULQWI� VWGHUU��XVDJH� �V LWHUDWLRQ?Q�� DUJY>�@��
H[LW�����

`

�
 LQLWLDOL]H ZLQVRFN 
�

:6$6WDUWXS� �:25'�0$.(:25'������ 	ZVD'DWD��

Socket C
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�� FUHDW VRFNHW

V  VRFNHW�$)B,1(7� 62&.B675($0� ,335272B,3��
LI �V   ,19$/,'B62&.(7� ^

SULQWI����� ,QYDOLG VRFNHW >�G@?Q�� :6$*HW/DVW(UURU����
H[LW�����

`

�� JHW ORFDO KRVW
UHW  JHWKRVWQDPH�KRVW� VL]HRI�KRVW���

LI �UHW   62&.(7B(5525� ^
SULQWI����� JHWKRVWQDPH HUURU >�G@?Q�� :6$*HW/DVW(UURU����

H[LW�����
`

VKRVW  JHWKRVWE\QDPH�KRVW��
LI �VKRVW   18//� ^

SULQWI����� HUURU JHWKRVWE\QDPH >�G@?Q�� :6$*HW/DVW(UURU����
H[LW�����

`

�� GXPS KRVWHQW
�� SULQWI��VKRVW�!QDPH �V?Q�� VKRVW�!KBQDPH��

�� SULQWI��VKRVW�!KBDGGUW\SH �G?Q�� VKRVW�!KBDGGUW\SH��
�� SULQWI��VKRVW�!KBOHQJWK �G?Q�� VKRVW�!KBOHQJWK��

�� ELQG

PHPVHW�	DGGU� �[��� VL]HRI�DGGU���
DGGU�VLQBIDPLO\  $)B,1(7�

DGGU�VLQBSRUW  KWRQV�3257B12��
PHPFS\�	DGGU�VLQBDGGU�VBDGGU� VKRVW�!KBDGGU� VKRVW�!KBOHQJWK��

UHW  ELQG�V� �62&.$''5
�	DGGU� VL]HRI�DGGU���
LI �UHW   62&.(7B(5525� ^

SULQWI����� ELQG HUURU >�G@?Q�� :6$*HW/DVW(UURU����
H[LW�����

`

�� OLVWHQ

UHW  OLVWHQ�V� ���
LI �UHW   62&.(7B(5525� ^

SULQWI����� OLVWHQ HUURU >�G@?Q�� :6$*HW/DVW(UURU����
H[LW�����

`

�� DFFHSW
PHPVHW�	DGGUF� �[��� VL]HRI�DGGUF���

OHQ  VL]HRI�DGGUF��
VF  DFFHSW�V� �62&.$''5
�	DGGUF� 	OHQ��

LI �VF   ,19$/,'B62&.(7� ^
SULQWI����� DFFHSW HUURU >�G@?Q�� :6$*HW/DVW(UURU����

H[LW�����
`

�� VWDUW HYDOXDWLRQ
�� LQWHJHU VHQG EHQFKPDUN

[  LQ5HDG,QW���
RXW:ULWH,QW������

RXW)OXVK,QW���

�� :DUP XS "
IRU �M �� M� �� M��� ^

IRU �L  LWHU� L!�� ��L�^
IRU �N �� N�M� N���

[  LQ5HDG,QW���
RXW:ULWH,QW���� 
 M��

RXW)OXVK,QW���
`

`

IRU �M �� M� �� M��� ^

IRU �L  LWHU� L!�� ��L�^
IRU �N �� N�M� N���

[  LQ5HDG,QW���
RXW:ULWH,QW���� 
 M��

RXW)OXVK,QW���
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`

`

��
�� QXPHULFDO GDWD WUDQVIHU

��

�� WR VHQG E\WH DUUD\
IRU �M �� M�VL]HRI�VL]HV��VL]HRI�VL]HV>�@�� M��� ^

IRU �L LWHU� L!�� ��L� ^
LQ5HDG)XOO\�L%XII�E� VL]HV>M@��

RXW:ULWH,QW������
RXW)OXVK,QW���

`
`

�� IRU WLPH VDYLQJ

LI �LWHU! ���� ^
LWHU � ���

SULQWI��


 LWHUDWLRQ FKDQJH WR �G?Q�� LWHU��
`

�� WR VHQG LQW DUUD\

IRU �M �� M�VL]HRI�VL]HV��VL]HRI�VL]HV>�@�� M��� ^
IRU �L LWHU� L!�� ��L� ^

��IRU �N �� N�VL]HV>M@� N���
�� [  LQ5HDG,QW���

LQ5HDG,QW%XII�L%XII�L� VL]HV>M@��
RXW:ULWH,QW������

RXW)OXVK,QW���
`

`

�� WR VHQG GRXEOH DUUD\

IRU �M �� M�VL]HRI�VL]HV��VL]HRI�VL]HV>�@�� M��� ^
IRU �L LWHU� L!�� ��L� ^

��IRU �N �� N�VL]HV>M@� N���
�� [  LQ5HDG'RXEOH���

LQ5HDG'RXEOH%XII�L%XII�G� VL]HV>M@��
RXW:ULWH,QW������

RXW)OXVK,QW���
`

`

FORVHVRFNHW�V��
FORVHVRFNHW�VF��

:6$&OHDQXS���
UHWXUQ ��

`

�



 LQ5HDG,QW���

�

LQW LQ5HDG,QW� YRLG �
^

LQW OHQ� [�

OHQ  UHFY�VF� �FKDU
�	[� VL]HRI�LQW�� ���
LI �OHQ   62&.(7B(5525� ^

SULQWI����� UHFHLYH HUURU >�G@?Q�� :6$*HW/DVW(UURU����
H[LW�����

`
LI �OHQ � VL]HRI�LQW�� ^

SULQWI����� LQ5HDG,QW (UURU UHFHLYH OHQJWK �G?Q�� OHQ��

`HOVH ^
UHWXUQ QWRKO��XBORQJ�[��

`
`

�
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 LQ5HDG'RXEOH���


�
LQW LQ5HDG'RXEOH� YRLG �

^
LQW OHQ� VL]H�

LQW L ��
GRXEOH [�

FKDU 
 S�

VL]H  VL]HRI�GRXEOH��
S  �FKDU 
�	[�

GR ^

OHQ  UHFY�VF� S� VL]H� ���
LI �OHQ   62&.(7B(5525� ^

SULQWI����� UHFHLYH HUURU >�G@?Q�� :6$*HW/DVW(UURU����
H[LW�����

`

�� SULQWI����� LQ5HDG'RXEOH��� �G E\WH UHFHLYH��G� ?Q�� OHQ� L����
VL]H � OHQ�

S � OHQ�
` ZKLOH �VL]H ! ���

UHWXUQ [�

`

�



 LQ5HDG)XOO\��

�

YRLG LQ5HDG)XOO\�FKDU 
SEXI� LQW VL]H�
^

LQW OHQ� UFYVL]H�

LQW WDWDOVL]H �� ORRSFRXW ��
FKDU 
S�

GR ^

LI �VL]H � 703%8))6,=(�
UFYVL]H  VL]H�

HOVH
UFYVL]H  703%8))6,=(�

OHQ  UHFY�VF� WPSEXII� UFYVL]H� ���
LI �OHQ   62&.(7B(5525� ^

SULQWI����� UHFHLYH HUURU >�G@?Q�� :6$*HW/DVW(UURU����
H[LW�����

`
VL]H � OHQ�

PHPFS\�SEXI� WPSEXII� OHQ��
SEXI � OHQ�
�� WDWDOVL]H � OHQ�

�� ORRSFRXW���
�� LI �VL]H   ��

�� SULQWI��WDWDO VL]H  �G ��G�?Q�� WDWDOVL]H� ORRSFRXW��
` ZKLOH �VL]H ! ���

`

�



 LQW5HDG,QW%XII���

�

YRLG LQ5HDG,QW%XII�LQW 
SEXI� LQW VL]H�
^

LQW L� M ��
LQW ORRS ��
LQW OHQ� UFYVL]H�

FKDU 
S�

VL]H 
 VL]HRI�LQW��

GR ^
LI �VL]H � 703%8))6,=(�

UFYVL]H  VL]H�
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HOVH

UFYVL]H  703%8))6,=(�
OHQ  UHFY�VF� WPSEXII� UFYVL]H� ���

LI �OHQ   62&.(7B(5525� ^
SULQWI����� UHFHLYH HUURU >�G@?Q�� :6$*HW/DVW(UURU����

H[LW�����
`

VL]H � OHQ�

IRU�L �� L�OHQ�VL]HRI�LQW�� L� VL]HRI�LQW��M��� ^
SEXI>M@  QWRKO��XBORQJ�WPSEXII>L@��

`
` ZKLOH �VL]H ! ���

`

�


 LQW5HDG'RXEOH%XII���


�
YRLG LQ5HDG'RXEOH%XII�GRXEOH 
SEXI� LQW VL]H�

^
LQW L� M ��

LQW ORRS �� WDWDOVL]H ��
LQW OHQ� UFYVL]H�

XBLQW 
S�
XBLQW YDO  ��

VL]H 
 VL]HRI�GRXEOH��

S  �XBLQW 
�SEXI�

GR ^
LI �VL]H � 703%8))6,=(�

UFYVL]H  VL]H�

HOVH
UFYVL]H  703%8))6,=(�

OHQ  UHFY�VF� WPSEXII� UFYVL]H� ���
LI �OHQ   62&.(7B(5525� ^

SULQWI����� UHFHLYH HUURU >�G@?Q�� :6$*HW/DVW(UURU����
H[LW�����

`
VL]H � OHQ�

IRU�L �� L�OHQ�VL]HRI�GRXEOH�� L� VL]HRI�GRXEOH��S� VL]HRI�GRXEOH�� ^


�S���  QWRKO��XBORQJ�WPSEXII>L@��

�S���  QWRKO��XBORQJ�WPSEXII>L��@��

`
` ZKLOH �VL]H ! ���

`

�


 RXW:ULWH,QW��


�
YRLG RXW:ULWH,QW�LQW D�

^
R%XII�L>RXW,QGH[��@ KWRQV��XBVKRUW�D��

`

�



 RXW)OXVK,QW��

�

YRLG RXW)OXVK,QW�YRLG�
^

LQW L ��

LQW VL]H� VHQW�
LQW LQGH[ ��

VL]H  RXW,QGH[ 
 VL]HRI�LQW��

RXW,QGH[  ��

GR ^
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��SULQWI��VL]H �G ��G�?Q�� VL]H� L����

VHQW  VHQG�VF� �FKDU 
�	R%XII�L>LQGH[@� VL]H� ���
LI �VHQW   62&.(7B(5525� ^

SULQWI����� VHQG HUURU >�G@?Q�� :6$*HW/DVW(UURU����
H[LW�����

`
VL]H � VHQW�

LQGH[ � VHQW�VL]HRI�LQW��
` ZKLOH �VL]H ! ���

`

��FOLHQW�F
�
 &OLHQW�F 
�

�
 7KLV ILOH LV PRGLILHG E\ 0LFKDHO 7D RQ 6XQ -XO\ ��WK ���� 
�
�
 &KDQJH BWLPHE WR WLPHE

&KDQJH BIWLPH WR IWLPH

�

�LQFOXGH �VWGLR�K!
�LQFOXGH �WLPH�K!

�LQFOXGH �V\V�WLPHE�K!
�LQFOXGH �ZLQVRFN�K!

�GHILQH 3257B12 ����

�GHILQH 0$;6,=( ����
��

W\SHGHI XQVLJQHG FKDU %\WH�

�� 3URWRW\SHV
YRLG RXW:ULWH,QW�LQW��

YRLG RXW)OXVK,QW�YRLG��
YRLG RXW:ULWH'RXEOH�GRXEOH��
YRLG RXW)OXVK'RXEOH�YRLG��

LQW LQ5HDG,QW�YRLG��
YRLG RXW:ULWH%\WH$UUD\� FKDU 
� LQW ��

YRLG RXW)OXVK%\WH$UUD\�YRLG��

�� *OREDO 9DULDEOH
XQLRQ XBWDJ ^

%\WH E>0$;6,=(@�
LQW L>0$;6,=(@�

GRXEOH G>0$;6,=(@�
` R%XII�L%XII�

LQW RXW,QGH[  ��

LQW LQ,QGH[  ��

62&.(7 V�

LQW PDLQ�LQW DUJF� FKDU 
DUJY>@�

^
LQW UHW� OHQ�

LQW LWHU  ����
LQW L� M� N� [�

62&.$''5B,1 DGGU�
:6$'$7$ ZVD'DWD�

+267(17 
VKRVW�
VWUXFW WLPHE VWDUWBWLPH� HQGBWLPH� �� HGLWHG E\ 0LFKDHO 7D

ORQJ GLII�
GRXEOH HODSVH�

%\WH 
EXIE�
FKDU KRVW>���@ �ORFDOKRVW��

LQW VL]HV>@ ^�� ���� ���� ����� ����� ����� ����
�� ����
��
����
�� ����
��� ����
��� ����
��`�

�
 FKHFN DUJXPHQWV 
�
LI �DUJF   �� ^

LWHU  DWRL�DUJY>�@��
VWUFS\�KRVW� DUJY>�@��

` HOVH LI �DUJF   �� ^
LWHU  DWRL�DUJY>�@��

` HOVH ^
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ISULQWI� VWGHUU��XVDJH� �V >LWHUDWLRQ >KRVW@@?Q�� DUJY>�@��

H[LW�����
`

�
 LQLWLDOL]H ZLQVRFN 
�

:6$6WDUWXS� �:25'�0$.(:25'������ 	ZVD'DWD��

�� FUHDWH VRFNHW
V  VRFNHW�$)B,1(7� 62&.B675($0� ,335272B,3��

LI �V   ,19$/,'B62&.(7� ^
SULQWI����� ,QYDOLG VRFNHW >�G@?Q�� :6$*HW/DVW(UURU����

H[LW�����
`

�� JHW KRVW HQWU\

VKRVW  JHWKRVWE\QDPH�KRVW��
LI �VKRVW   18//� ^

SULQWI����� HUURU JHWKRVWE\QDPH >�G@?Q�� :6$*HW/DVW(UURU����

H[LW�����
`

�� FRQQHFW

PHPVHW�	DGGU� �[��� VL]HRI�DGGU���
DGGU�VLQBIDPLO\  $)B,1(7�

DGGU�VLQBSRUW  KWRQV�3257B12��
PHPFS\�	DGGU�VLQBDGGU�VBDGGU� VKRVW�!KBDGGU� VKRVW�!KBOHQJWK��

��DGGU�VLQBDGGU�VBDGGU  KWRQV�,1$''5B$1<��

UHW  FRQQHFW�V� �62&.$''5
�	DGGU� VL]HRI�DGGU���
LI �UHW � �� ^

SULQWI����� FRQQHW HUURU >�G@?Q�� :6$*HW/DVW(UURU����
H[LW�����

`

�� VWDUW HYDOXDWLRQ

��
�� LQWHJHU VHQG EHQFKPDUN

��
RXW:ULWH,QW������

RXW)OXVK,QW���
[  LQ5HDG,QW���

�� ZDUP XS"

IRU �M �� M� �� M��� ^
IRU �L LWHU� L!�� ��L� ^

IRU �N �� N�M� N��� ^
RXW:ULWH,QW������

`
RXW)OXVK,QW���
[  LQ5HDG,QW���

`
`

IRU �M �� M� �� M��� ^

IWLPH�	VWDUWBWLPH�� �� VWDUW RI WLPH
IRU �L LWHU� L!�� ��L� ^

IRU �N �� N�M� N��� ^
RXW:ULWH,QW������

`
RXW)OXVK,QW���

[  LQ5HDG,QW���
`

IWLPH�	HQGBWLPH�� �� HQG RI WLPH
GLII  �HQGBWLPH�WLPH � VWDUWBWLPH�WLPH�
����

� ��ORQJ�HQGBWLPH�PLOOLWP � �ORQJ�VWDUWBWLPH�PLOOLWP��

HODSVH  �GRXEOH�GLII��GRXEOH�LWHU�
SULQWI��LQW VRFNHW�LQW D�
�G�� ����I PVHF?Q�� M� HODSVH��

`

��
�� QXPHULFDO GDWD WUDQVIHU

��
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�� WR VHQG E\WH DUUD\
IRU �M �� M�VL]HRI�VL]HV��VL]HRI�VL]HV>�@�� M��� ^

EXIE  PDOORF� VL]HV>M@��
LI �EXIE   18//� ^

SULQWI�� ��� PDOORF HUURU?Q���
H[LW�����

`
IWLPH�	VWDUWBWLPH�� �� VWDUW RI WLPH

IRU �L LWHU� L!�� ��L� ^
RXW:ULWH%\WH$UUD\�EXIE� VL]HV>M@��

RXW)OXVK%\WH$UUD\���
[  LQ5HDG,QW���

��SULQWI��[ �G?Q�� [��
`

IWLPH�	HQGBWLPH�� �� HQG RI WLPH
GLII  �HQGBWLPH�WLPH � VWDUWBWLPH�WLPH�
����

� ��ORQJ�HQGBWLPH�PLOOLWP � �ORQJ�VWDUWBWLPH�PLOOLWP��

HODSVH  �GRXEOH�GLII��GRXEOH�LWHU�
SULQWI��E\WH>�G@ WUDQVIHU E\ VRFNHW � ����I PVHF ����I .%�VHF?Q��

VL]HV>M@� HODSVH� �GRXEOH��VL]HV>M@�HODSVH���
IUHH�EXIE��

`

�� IRU WLPH VDYLQJ

LI �LWHU! ���� ^
LWHU � ���

SULQWI��


 LWHUDWLRQ FKDQJH WR �G?Q�� LWHU��
`

�� WR VHQG LQW DUUD\

IRU �M �� M�VL]HRI�VL]HV��VL]HRI�VL]HV>�@�� M��� ^
IWLPH�	VWDUWBWLPH�� �� VWDUW RI WLPH

IRU �L LWHU� L!�� ��L� ^
IRU �N �� N�VL]HV>M@� N���

RXW:ULWH,QW������
RXW)OXVK,QW���

[  LQ5HDG,QW���
`

IWLPH�	HQGBWLPH�� �� HQG RI WLPH
GLII  �HQGBWLPH�WLPH � VWDUWBWLPH�WLPH�
����

� ��ORQJ�HQGBWLPH�PLOOLWP � �ORQJ�VWDUWBWLPH�PLOOLWP��
HODSVH  �GRXEOH�GLII��GRXEOH�LWHU�

SULQWI��LQW>�G@ WUDQVIHU E\ VRFNHW � ����I PVHF ����I .%�VHF?Q��
VL]HV>M@� HODSVH� �GRXEOH��VL]HV>M@
��HODSVH���

`

�� WR VHQG GRXEOH DUUD\
IRU �M �� M�VL]HRI�VL]HV��VL]HRI�VL]HV>�@�� M��� ^

IWLPH�	VWDUWBWLPH�� �� VWDUW RI WLPH
IRU �L LWHU� L!�� ��L� ^

IRU �N �� N�VL]HV>M@� N���
RXW:ULWH'RXEOH��������

RXW)OXVK'RXEOH���
[  LQ5HDG,QW���

`
IWLPH�	HQGBWLPH�� �� HQG RI WLPH

GLII  �HQGBWLPH�WLPH � VWDUWBWLPH�WLPH�
����
� ��ORQJ�HQGBWLPH�PLOOLWP � �ORQJ�VWDUWBWLPH�PLOOLWP��

HODSVH  �GRXEOH�GLII��GRXEOH�LWHU�
SULQWI��GRXEOH>�G@ WUDQVIHU E\ VRFNHW � ����I PVHF ����I .%�VHF?Q��

VL]HV>M@� HODSVH� �GRXEOH��VL]HV>M@
��HODSVH���

`

FORVHVRFNHW�V��
:6$&OHDQXS���

UHWXUQ ��

`
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YRLG RXW:ULWH,QW�LQW D�

^
R%XII�L>RXW,QGH[��@ KWRQO��XBORQJ�D��

`

YRLG RXW)OXVK,QW�YRLG�

^
LQW L ��

LQW VL]H� VHQW�
LQW LQGH[ ��

VL]H  RXW,QGH[ 
 VL]HRI�LQW��

RXW,QGH[  ��

GR ^

��SULQWI��VL]H �G ��G�?Q�� VL]H� L����
VHQW  VHQG�V� �FKDU 
�	R%XII�L>LQGH[@� VL]H� ���

LI �VHQW   62&.(7B(5525� ^
SULQWI����� VHQG HUURU >�G@?Q�� :6$*HW/DVW(UURU����

H[LW�����
`

VL]H � VHQW�
LQGH[ � VHQW�VL]HRI�LQW��

` ZKLOH �VL]H ! ���
`

�



 RXW:ULWH'RXEOH��

�
YRLG RXW:ULWH'RXEOH�GRXEOH D�

^
XBORQJ 
S� 
T�

S  �XBORQJ
�	R%XII�G>RXW,QGH[��@�

T  �XBORQJ
�	D�

�S���  KWRQO�
�T�����


�S���  KWRQO�
�T�����

��R%XII�G>RXW,QGH[��@ KWRQO��XQVLJQHG ORQJ�D��
��R%XII�G>RXW,QGH[��@ D�

`

�



 RXW)OXVK'RXEOH��

�
YRLG RXW)OXVK'RXEOH�YRLG�

^
LQW L ��

LQW VL]H� VHQW�
LQW LQGH[ ��

VL]H  RXW,QGH[ 
 VL]HRI�GRXEOH��

RXW,QGH[  ��

GR ^
VHQW  VHQG�V� �FKDU 
�	R%XII�G>LQGH[@� VL]H� ���

LI �VHQW   62&.(7B(5525� ^
SULQWI����� VHQG HUURU >�G@?Q�� :6$*HW/DVW(UURU����

H[LW�����
`
��SULQWI����� RXW)OXVK'RXEOH� VHQW �G E\WHV?Q�� VHQW��

VL]H � VHQW�
LQGH[ � VHQW�VL]HRI�GRXEOH��

` ZKLOH �VL]H ! ���
`

YRLG RXW:ULWH%\WH$UUD\� FKDU 
 SEXI� LQW VL]H�
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^

PHPFS\�R%XII�E� SEXI� VL]H��
RXW,QGH[ � VL]H�

`

YRLG RXW)OXVK%\WH$UUD\��

^
LQW L ��

LQW VL]H� VHQW�
LQW LQGH[ ��

VL]H  RXW,QGH[ 
 VL]HRI�FKDU��

RXW,QGH[  ��

GR ^
VHQW  VHQG�V� �FKDU 
�	R%XII�E>LQGH[@� VL]H� ���
LI �VHQW   62&.(7B(5525� ^

SULQWI����� VHQG HUURU >�G@?Q�� :6$*HW/DVW(UURU����
H[LW�����

`
VL]H � VHQW�

LQGH[ � VHQW�VL]HRI�FKDU��
` ZKLOH �VL]H ! ���

`

LQW LQ5HDG,QW� YRLG �

^
LQW OHQ� [�

OHQ  UHFY�V� �FKDU
�	[� VL]HRI�LQW�� ���
LI �OHQ   62&.(7B(5525� ^

SULQWI����� UHFHLYH HUURU >�G@?Q�� :6$*HW/DVW(UURU����
H[LW�����

`
LI �OHQ � VL]HRI�LQW�� ^

SULQWI����� LQ5HDG,QW (UURU UHFHLYH OHQJWK �G?Q���
`HOVH ^

UHWXUQ QWRKO��XBORQJ�[��
`

`
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