Palo Alto, CA 94303 USA 650 960-1300 fax 650 969-9131

901 San Antonio Road

Jini™ Technology Executive Overview

Revision 1.0 January 1999

Please Recycle

© 1999 Sun Micr osystems, Inc. 901 San Antonio Road, Palo Alto, CA 94303 U.S.A. All rights r eserved. Copyright in this document is owned by Sun Micr osystems, Inc.

Sun Microsystems, Inc. (SUN) hereby grants to you at no charge a nonexclusive, nontransferable, worldwide, limited license (without the right to sublicense) under SUN’s intellectual property rights that are essential to use this Specification for internal evaluation purposes only. Other than this limited license, you acquir e no right, title, or inter est in or to the Specification and you shall have no right to use the Specification for productive or commercial use.

RESTRICTED RIGHTS LEGEND Use, duplication, or disclosur e by the U.S. Government is subject to restrictions of FAR 52.227-14(g)(2)(6/87) and FAR 52.227-19(6/87), or DFAR 252.227-7015(b)(6/95) and DFAR 227.7202-1(a).

This softwar e and documentation is the proprietary information of Sun Microsystems, Inc. You shall use it only in accordance with the terms of the license agreement you enter ed into with Sun.

SUN MAKES NO REPRESENTATIONS OR WARRANTIES ABOUT THE SUITABILITYOF THE SOFTWARE, EITHER EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE IMPLIED WARRANTIES OF MERCHANT ABILITY, FITNESS FOR A PARTICULAR PURPOSE, OR NON-INFRINGEMENT . SUN SHALL NOT BE LIABLE FOR ANY DAM- AGES SUFFERED BYLICENSEE AS A RESULT OF USING, MODIFYING OR DISTRIBUT- ING THIS SOFTW ARE OR ITS DERIVATIVES. TRADEMARKS

Sun, the Sun logo, Sun Microsystems, JavaSoft, JavaBeans, JDK, Java, HotJava, HotJava Views, Visual Java, Solaris, NEO, Joe, Netra, NFS, ONC, ONC+, OpenW indows, PC-NFS, EmbeddedJava, PersonalJava, SNM, SunNet Manager , Solaris sunburst design, Solstice, SunCor e, SolarNet, SunWeb, Sun Workstation, The Network Is The Computer , ToolTalk, Ultra, Ultracomputing, Ultraserver , Wher e The Network Is Going, Sun WorkShop, XView, Java WorkShop, the Java Coffee Cup logo, and Visual Java are trademarks or register ed trademarks of Sun Micr osystems, Inc. in the United States and other countries.

THIS PUBLICATION IS PROVIDED “AS IS” WITHOUT WARRANTY OF ANY KIND, EITHER EXPRESS OR IMPLIED, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANT ABILITY, FITNESS FOR A PARTICULAR PURPOSE, OR NON-INFRINGEMENT . THIS PUBLICATION COULD INCLUDE TECHNICAL INAC- CURACIES OR TYPOGRAPHICAL ERRORS. CHANGES ARE PERIODICALLY ADDED TO THE INFORMA TION HEREIN; THESE CHANGES WILL BE INCORPORA TED IN NEW EDITIONS OF THE PUBLICATION. SUN MICROSYSTEMS, INC. MAY MAKE IMPROVEMENTS AND/OR CHANGES IN THE PRODUCT(S) AND/OR THE PRO- GRAM(S) DESCRIBED IN THIS PUBLICA TION AT ANY TIME.

Page 1

Jini™ Technology Executive Overview

Pictur e this: Threestrangers from threecompanies—on the road to jointly bid a job. Among them they have a laptop, a project disk drive with data & applications, a PDA, a cell phone, and a clamshell pager—and their presentation is not ready. Their hotel suite has a small network: scattered net jacks, a couple of infrared & short-range RF transceivers, and though they never worked together before, they have snapped into an impromptu working community. The suite has an Internet gateway & low-resolution printer. The TV, the VCR, and the set-top box are connected to the same network. As they work they use all the services in the room, including those on each other’s devices. Plug in the disk & PDA, turn on the laptop & TV—total setup time: 2 minutes.

While one of them edits the presentation, the others watch it unfold, mirrored on the TV. From time to time one ofthem takes the laptop to another hotel roomto concentrate on a section while the others keepworking, running simulations from the projectdisk on the gateway & viewing results on the TV. Sometimes one of them prints a slide or graph to proof.With the clamshellthey fetchfiles from offices& email questions. Using the cellphone as a remote, they order room service through the TV & checktheir flights.

When they’re done, they need a high-resolution set ofoverheads. From the pager they reserve the hotel’s high-res color printer for 15 minutes—it’ s in a small room down the hall. Using the suite key programmed by the reservation service to open the room, one of them goes into the printer room,loads foilsbought from online roomservice,and phones into the suite’s network to start printing.

Vision or Reality?

This is a great vision, but aren’t computers and softwar e too brittle to pull it off anytime soon? No—it’s about to happen. Jini Technology makes computers and devices able to quickly form impr omptu systems unified by a network. Such a system is a federation of devices, including computers, that are simply connected. Within a federation, devices are instant on—no one needs to install them. The network is resilient—you simply disconnect devices when you don’t need them.

Draft Dated January 14, 1999

Page 2 Jini™ T echnolog Executive Overview • January 1999

In our story the devices and how they communicated were central. The laptop was merely one player that came and went on a larger stage. The key was several smart and flexible independent devices simply connected. This created a work envir onment wher e the tools were ready to hand and largely invisible.

How Jini TechnologyMakes This Work

Jini technology provides simple mechanisms which enable devices to plug together to form an impr omptu community—a community put together without any planning, installation, or human intervention. Each device provides services that other devices in the community may use. These devices provide their own interfaces, which ensur es reliability and compatibility .

In our story, the hotel suite provided a small network and a lookupservicewith which devices and services register ed. When the project disk was plugged in, it went through an add-in protocol—called discoveryand join—in which the disk first located the lookup service (discovery) wher e it then uploaded all its services’ interfaces (join). The other devices—the PDA, the clamshell pager , the cell phone, and the laptop—all went through the same process.

To use a service, a person or a program locates it using the lookup service. The service’s interface is copied from the lookup service to the requesting device wher e it will be used. The lookup service acts as a switchboar d to connect a client looking for a service with that service. Once the connection is made, the lookup service is not involved in any of the resulting interactions between that client and that service.

It doesn’t matter wher e a service is implemented—compatibility is ensur ed because each service provides everything needed to interact with it. There is no central repository of drivers, or anything else for that matter .

In our story, the presentation was mirr ored on the TV; to do this, the person operating the laptop selected the TV screen display service and plugged it into the presentation softwar e. To reserve the hi-res printer , a service was selected that was built on top of the printer service to contr ol who, how, and when the printer is used.

The Java programming language is the key to making Jini technology work. Devices in a Jini network are tied together using Java Remote Method Invocation (RMI™). By using the Java language, a Jini system is secur e. The discovery and join protocols, as well as the lookup service, depend on the ability to move Java objects, including their code, between JVMs.

Jini technology not only defines a set of protocols for discovery , join, and lookup, but also a leasing and transaction mechanism to provide resilience in a dynamic networked envir onment. The underlying technology and services architectur e is powerful enough to build a fully distributed system on a network of workstations. And the Jini infrastr uctur e is small enough that a Jini device community can be built out of

Draft Dated January 14, 1999

Jini™ T echnology Executive Overview Page 3

the simplest devices. For example, it is entir ely feasible to build a Jini device community out of home entertainment devices or a few cellular telephones with no “computer” in sight.

Smart Devices

Devices permeate our lives. Look around: TVs, VCRs, DVDs, cameras, phones, PDAs, radios, furnaces, disk drives, printers, air conditioners, CD players, pagers, and the list goes on. A device performs a simple task, and only that task: Today devices are unawar e of their surr oundings—they are rigid and cannot adapt. When you buy a disk drive, you expend a lot of effort to install it or you need an expert to do it for you.

Now, devices of even the smallest size and most modest capabilities can affordably contain processors powerful enough for them to self-organize into communities that provide the benefits of multi-way interactions. A device can be flexible and negotiate the details of its interaction. We no longer need a computer to act as an intermediary between a cell phone and a printer . These devices can take care of themselves—they are flexible, they adapt.

A device that can take charge of its own interactions can self-configur e, self-diag-nose, and self-install. When computers were the size of large rooms, it made sense to have a staff of people to take care of them. As computers became smaller and shar ed by fewer people, each sys admin took responsibility for more computers. But now the cost of a computer is low, and Jini technology creates the possibility of impr omptu device communities popping up in all kinds of places far from any sys admin. Self-managing devices reduce further the need for expert help, and this should lower the total cost of ownership for Jini-technology–based systems.

Historical Trends

How have we arrived at a place wher e connected devices are the locus for the next wave of computing?

The most significant reason is our better understanding of physics, chemistry , the physical bases for computation, and chip manufacturing process. Today, a significantly powerful computer can be built from one or two small chips and an entir e computer system can built on one small boar d.

There were three dimensions of impr ovement: size, cost, and computational power . Since the 1960s, size and cost of computers have decreased dramatically while computational power has gone through the roof.

The mainframe of the 1960s was a collection of boxes in a large room—it cost millions of dollars and set the bar for computational power . Only a company could afford one.

Draft Dated January 14, 1999

Page 4 Jini™ T echnolog Executive Overview • January 1999

The minicomputer became possible when the functionality of a mainframe could be put in a few boxes. It had the computational power of the previous mainframe generation, and could be bought by a single department. Most minicomputers were connected to interactive terminals—the beginnings of computer -based cultur e, a community .

When a computer the power of a mini shrank to a box that fit beside a desk, we got the workstation. A department could afford to buy one for a couple of professionals. A workstation had enough computational power to support sophisticated design, engineering, and scientif ic applications, and to provide the graphical support for them.

The personal computer was small enough to fit on a desk and powerful enough to support intuitive graphical user interfaces, individuals could afford them, and companies bought them for every employee.

Eventually processors became small enough and cheap enough to put one in a car in place of an ignition system, or in a TV instead of discr ete electronics. Today’s cars can have fifty or more processors, the home over a hundr ed.

The computational power dimension has another fallout. The overall trend towar d smaller , faster, cheaper processors meant that fewer people had to shar e a CPU, but it also meant that people in the organization could become isolated. When a tool is shar ed, it creates a community; as the tool shrinks, fewer people use it together , and the community disperses. But, a community is hard to give up. Fortunately , computational power kept pace with the shrinking processor, and as the community served by a single computer system shrank, ther e was enough power to support communication between systems. Thus for example, workstations became successful once they could communicate and exchange data.

The final stretch of the computational power dimension is that now processors are powerful enough to support a high-level, object-oriented programming language in such a way to support moving objects between them. And such a processor is small enough and cheap enough to sit in the simplest devices.

Once ther e is sufficient computational power , the ability to connect and communicate is the dominant factor determining value. Today for most people, a computer runs only a few applications and mainly facilitates communication: email, the Web. Recall how fast Internet popularity soared first with email and more recently once the Web and browsers became prevalent.

Sun Community Source Licensing

When the Internet was developing, ther e were two essential activities: defining and perfecting the underlying protocols and infrastr uctur e, and creating applications and services on top of that infrastr uctur e. Internet infrastr uctur e includes TCP/IP , HTTP, SMTP, and FTP—pr otocols and their implementations. On top of these were built

Draft Dated January 14, 1999

Jini™ T echnology Executive Overview Page 5

email composers and readers, file fetching programs, Web browsers, and the Web itself. No single company or organization did all the work, and none could, if the ventur e was to be successful, because underlying it all is a standar d protocol, and a protocol can be successful only if it is widely adopted.

For Jini technology to succeed, the underlying protocols and infrastr uctur e must become pervasive, and to accomplish this requir es a strong community of participants and partners.

The Sun Community Source License (SCSL) is a mechanism to build such a community around Jini technology . The SCSL opens the sour ce code for the Jini infrastr ucture to the community of Jini technology licensees, who are free to use it, extend it, impr ove it, and repair it by following an open process that insur es both fairness and stable evolution of the technology . Community members may add to this common body of sour ce code while still maintaining, if they wish, proprietary implementations, though interfaces must be published so other community members can build their own implementations.

There are three levels of participation in the SCSL: Resear ch Use: This enables resear chers and students to use the sour ce for any non-deployment purpose, and provides a way for organizations and individuals to examine and evaluate Jini technology .

Internal Deployment: This enables organizations and individuals to deploy products based on Jini technology within their organization.

Commer cial Use: This is for commer cial distribution and is based on a branding license model.

Fees are associated only with commer cial use, and only in for-profit situations. The resear ch use and internal deployment licenses are Web-based click-thr oughs, so that joining the community is simple and immediate, just as is Jini technology itself.

The SCSL anticipates an emer gent, self-organizing community coalescing into interest groups surr ounding different sorts of services, such as printing and digital cameras. Such inter est groups would define, refine, and standar dize interfaces for their category of service, providing useful community sour ce and verification suites for new community members to get started.

What Our Community is Doing

A Jini device network can be built from many diverse types of devices. Today ther e are initiatives underway by several major manufactur ers to enable their devices with Jini technology . These devices include printers, storage devices such as disks, personal digital assistants, digital cameras, cell phones, residential gateways, digital video cassette recorders, TV sets, set-top boxes, DVD players, industrial contr ols, and every sort of imaginable consumer electronics device. There are several technol-

Draft Dated January 14, 1999

Page 6 Jini™ T echnolog Executive Overview • January 1999

ogies in preparation for connecting devices within a particular domain, such as home entertainment or industrial contr ol, and bridges are being planned to connect these other types of networks to Jini communities.

Close

The right architectur e makes it all simple—and the results can startle. Jini technology is only what is needed to gather a group of devices into an impr omptu community that is simply connected: a simple protocol to discover a lookup service and join it, a lookup service which acts as a switchboar d connecting clients to services, the Java language to provide the underlying object model, and RMI technology to provide federation and to move objects.

By looking to simple devices as the archetype of how to design devices and by creating a way to simply connect them, we may at last begin to see advanced computer technology simplify our lives.

Just before bed, the man with the laptop reads his email, half-watching the local news. The anchor mentions a brief pieceon the localzoo’s binturong to air after the break.His daughter is doing a project on them, so he records the piece on his laptop’s drive. Just before bed, he decidesto email it to her as a surprise.