Jini: A Window to the Future

Introduction

5:50:
Ten minutes to the start of your day. Your alarm clock informs your coffee maker to turn on the brew.

6:00:
The alarm clock rings and wakes you up. Your coffee is ready for you waiting to be gulped up. You leave the bed and the bed informs your water heater that you are up and ready to roll, please warm the water. 

6:30:
You bathe and dress up quickly. You head for your refrigerator, open the refrigerator door and take out the bottle of jam. Since there is only a meager quantity of jam left in the bottle, you shake the bottle in front of a bar code scanner and an order for the jam is automatically placed at the local supermarket.

6:50:
 You head for the office. As you drive your PDA (Personal Digital Assistant) gets you up to speed on the day’s appointments and informs your secretary that you are about to arrive.

6:59:
While you are driving to your office, your microwave oven automatically detects a fault, consults your PDA to find a time slot when you will be free and then calls up the service station to schedule a repair.

Well - if you thought the above passage was taken from the latest Stephan King’s flick or from one of H. G. Well’s books – Think Again!! The above scenario may well transform into reality – Welcome to the connected world of Jini. In this report we will dwell on what Jini is and how Jini will help transform the above hypothetical situation into reality.

What is Jini?

Jini defines a new concept known as “spontaneous networking”. Jini is designed to allow a whole range of electronics devices – from handheld computers and cellular phones to VCRs and dishwashers – to "talk" to each other in a network and share information and resources regardless of their underlying operating system or hardware. 

But what exactly is Jini? Jini is both an architecture and a set of Application Programming Interfaces (API – a set of standard functions that can be used in application programs to implement a well defined set of tasks) that define how various devices will be interconnected using the Java Platform. Jini network technology provides simple mechanisms which enable devices to plug together to form an impromptu 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 ensures reliability and compatibility. 

The Demise of the PC: Distributed Systems and Embedded Systems

The Personal Computer (PC) as we know it today is a general-purpose machine, which can be used for a variety of tasks. The PC can be used as a word processor, a fax machine, an Internet kiosk, a home theater system, a gaming console and more. Thus there is a tendency to build more and more complexity into a single computer. However, there is a limit to how powerful a single computer can get. And as with most “Jack of all Trades”, the PC is a master of none.

Problems with a traditional PC

Well let us consider a simple example. Imagine that you suddenly realize that you have run out of shampoo. Now if you were to order your favourite brand of shampoo form the online general store using you PC, you would have to turn on your PC, wait four minutes for your PC to boot, wait another five minutes to connect to the Internet. After another three minutes you will be at the home page of your online General Store. Another six minutes will be required to go to the section on shampoos and select your favourite brand. After that you will need another ten minutes or so to enter your Credit Card details together with your name address and telephone number. You can add another two minutes to log out and shut down your computer. That will be a total of thirty minutes to do a simple job – not a very bright prospect at all. Now consider how the same job would be done using an Internet appliance. You might just pass the shampoo bottle in front of a bar code scanner and the order will be placed automatically. This way it takes less than a minute. Thus the PC is too cumbersome.

Let us consider another example. Imagine that you buy a laser printer and wish to install it at your workplace. You will first have to install the respective device drivers. The device driver will vary for each operating system and you will have to configure the printer separately for each operating system that you happen to use. Now let us assume that you wish to share your printer with the other computers at your workplace. You will have to set up a print server and configure your network to allow such sharing of your printer. Again imagine that one fine day, you wish to take your printer home. The configuration will have to be repeated at your home computer. Thus the traditional PC requires you to do a lot of twiddling before you can use a service such as the printer. Jini hopes to do away with this entire configuration by introducing the concept of “spontaneous networking” which allows you to connect devices and services without any prior planning, organization or human intervention.

Another problem with PCs is that they require a complicated and sophisticated operating system to manage the system’s resources – the memory, storage and processors. Operating systems are amongst the most complex software systems ever built – with over 60 million lines of code in the case of Windows 98. However, it is impossible to build such a complex system without bugs – and thus you get the Illegal Operations and Invalid Exceptions – the blue screens of death. Jini hopes to do away with such complex Operating Systems by shifting the focus to embedded devices which will have all the functionality and a small, dedicated Operating System built into the device.

The Transition from PCs to Distributed and Embedded Systems

Distributed computing aims at moving the computing power away from a central hub, the PC, and into several small packets. To understand this transition form the general purpose PCs to distributed systems using embedded devices, we can consider a real-life analogy – something which happened around a hundred years back. Let us take you back to the year 1898 and to a utility store in the US by the name of Sears & Roebuck. If you look at its catalogue of products, you can find something called a home motor. In those days, you could buy a general-purpose motor, bring it home, and hook it up to anything that needed turning. Nowadays, consumers aren't inclined to purchase general-purpose motors for the home, and the home motors they do purchase aren't usually thought of as motors. When you purchase a fan, for example, you purchase a motor, but the motor is an integral part of the fan. The motor's sole purpose is to turn the fan. Motors also reside in the home as part of heating systems, dishwashers, washing machines, clothes dryers, hair dryers, lawn mowers, and so on. You can think of all these motors as embedded motors – motors that are part of devices or machines focused on specific tasks. As motors became smaller and cheaper, the general-purpose home motor, as advertised in the Sears catalog, disappeared into a proliferation of motor-enhanced devices and machines with focused functionalities.

The Jini Vision

Now we will consider a few more examples of what Jini has in store for us. Currently connecting any device to a network involves manually configuring the devices and protocols that the devices use. For example, if we wish to connect a printer to the network we will have to ensure that the printer is properly configured and uses the same protocol that the rest of the network uses.  Now let us contrast the adding of a device, such as our printer (to the network) with the procedure required for adding a telephone to the telephone network. All you have to do is to plug the phone into a socket – and behold – you hear a dial tone. You are now connected to the telephone network. This is sheer simplicity. Any number of phones (modems, fax machines, and cell phones too) can join the network in the same way. The network grows with time, and has no theoretical limit to its size in terms of the number of devices that it can support. That's scalability. Jini envisages the same sort of simplicity and scalability for all networks. Ideally you should be able to connect any device to the network and instantly hear a “web tone”. The network grows dynamically. As more services arrive on the network, they become available without the need for any configuration procedure. The network is extremely scaleable, and can span very large distances with services made available from anywhere to anyone. This service-driven distributed computing paradigm is the promise that is Jini.

Devices should “be what they are”

And now for a final example of what Jini promises for the future. Each and every device that we use at present is composed of a number of other “sub-devices”. For example, the cell phone consists of a microphone, a numeric keypad, a transmitter, a receiver, a battery, a processor and some memory. Now we traditionally think of the cell phone as a single device. However, since the cell-phone has a microphone, there seems to be no reason why we should have a separate microphone if we wish to, say, record a conversation or an interview. Ideally, it should be possible to connect the microphone present in our cell-phone to a recording service that can be used to record the conversation. Thus we should be able to record without needing a specialized standalone-recording device.

As another example, let us consider the case of a car, which has a car stereo system consisting of the radio, a set of amplifiers, nine speakers and the like. Now if we wish to install a wireless phone in the car, why should we need to have another speaker installed in our car when we already have nine speakers. Thus as the above two examples demonstrate, considering a device as a single entity leads to a certain amount of inflexibility. Each device should be considered to be a set of services – such as the microphone service, the recording service, or the speaker service, so that each service can be used independently when required. Jini promises to offer the flexibility of using the individual services, which are offered by a device, without the need of any previous planning or organization. The co-operation of the subspecies of devices is the kind of flexibility that Jini will offer when networks are ubiquitous. 

How Jini Works

Now that we have seen many examples of what Jini is and what Jini promises for the future, it is time to come to the question that must be rustling in your minds: How does Jini hope to achieve all this? As we all know Java is a powerful, general-purpose language, which is widely used worldwide. And above all it is portable, i.e. the same program can run unchanged on many platforms. This platform independence is achieved by compiling the programs to an intermediate code for the Java Virtual Machine (JVM), which could, in turn, run on any platform. However, one brick was missing in this entire scheme of things. The Java Language did not include any APIs or functions that could allow different JVMs to be interconnected. Also it did not provide an architecture for the building and deployment of distributed systems that are organized as a “federation of services”. Enter Jini, a technology that enables such a deployment. Jini was introduced by Sun Microsystems Inc. on the 25th of January 1999.

The Jini Programming Model

We referred to Jini as a technology, which allows the building and deployment of distributed systems as a "federations of services." A federation is a set of services that can work together to perform a task. A service, the fundamental unit of a federation, is an entity that sits on the network ready to perform some kind of useful function. A service can be anything – a hardware device, a piece of software, a communications channel, or even a human user. A Jini technology-enabled disk drive, for example, could offer a "storage service" and a printer could offer a “Print service”. Once a service becomes part of a federation, it can then be used by client programs, other services, or users. 

To perform a task, a Jini technology-enabled client (a program, service, or user) enlists the help of services. For example, a client program might upload pictures from the "image storage service" in a digital camera, download the pictures to a "persistent storage service" offered by a disk drive, and send a page of thumbnail-sized versions of the images to a "printing service" of a color printer. In this example, the client program builds a federation consisting of itself, the image storage service, the persistent storage service, and the color printing service. The client and services of this federation worked together to perform the task: to offload and store images from a digital camera and print out a page of thumbnails. 

Jini technology consists of a programming model and a runtime infrastructure. The programming model helps you build a distributed system organized in the Jini technology way: as a federation of services and client programs. The runtime infrastructure resides on the network and provides mechanisms for adding, subtracting, locating, and accessing services as the system is used. Services use the runtime infrastructure to make themselves available when they join the network. A client uses the runtime infrastructure to locate and contact desired services. Once the services have been contacted, the client can use the programming model to enlist the help of the services in achieving the client's goals. 

To explain the Jini Programming Environment and Runtime Infrastructure, we will consider a real life analogy. Consider a small town or city. The city will have a number of businesses situated within its realm. Each of these businesses provides a set of services. For example, the law firms will provide a legal service; the architect firms will provide a home design service; the post office will provide a courier service; the schools and colleges will provide a teaching service and so forth. Thus the city can be regarded as a federation of services. The general population of the city will form the client programs that will access the services.

The Lookup Service

Now let us consider the case of a mortal in our city analogy who wishes to build a house. In order to design the house, he will need to enlist the services of an architect firm. However, to enlist such a service, the person will first have to locate a competent architect firm. Thus, more likely than not, he will consult the yellow pages in the directory. Thus to use a service the client has to lookup the service.

The Yellow Pages that we have just mentioned form, what is known in Jini talk as, the Lookup Service. Lookup services are the central organizing mechanism for Jini technology-based systems. When a new business is started in the city, the business advertises itself to the general public by announcing itself in magazines and newspapers and registering itself with the Yellow Pages. Similarly, when devices are plugged into the network, they register themselves with a lookup service and become part of a federation. When clients wish to locate a service to assist with some task, they consult a lookup service. 

The companies listed in the yellow pages are divided into groups depending on the specialty of the company. In a similar fashion lookup services organize the services they contain into groups. For example, the "Printers" group will consist of the set of all the devices that offer a printing service. Such a group will include the laser printers, copiers, plotters, etc. A service may be a member of a number of groups. For example, a photocopier may be registered under the "Photocopy" group as well as under the "Printers" group and the "Scanners" group since a photocopier can be used as both a scanner and a printer. 

There can be a number of Lookup Services in the same way as there can be a number of Yellow Pages such as the Tata Yellow Pages, the Telephone Directory Yellow Pages and the Online Yellow Pages. If the "Printers" group is maintained by multiple lookup services, for example, and one of those lookup services goes off the network, clients will still be able to locate the "Printers"" group via a different lookup service. 

When a new service wishes to join a federation it will first have to register itself with a lookup service so that the clients and other services may make use of that service. The runtime infrastructure enables services to register with lookup services through a process called Discovery and Join. Discovery is the process by which a Jini technology-enabled device locates lookup services on the network and obtains references to them. Join is the process by which a device registers the services it offers with lookup services. 

The Discovery Process

Discovery is the process undertaken by a new service wishing to find and register itself with a Lookup Service. To continue with our city analogy, if I wanted to start a new company, I would first give an advertisement in all the local newspapers to announce my presence. Similar is the case with the Discovery process, which is analogous to the process of finding the company responsible for maintaining the Yellow Pages so that my company can be registered with them. 

Discovery works like this: Imagine you have a Jini technology-enabled disk drive capable of offering the service of "persistent storage" to a Jini federation. As soon as you connect the drive to the network, it broadcasts a "presence announcement" (the advertisement) by dropping a multicast packet onto a well-known port. Embedded in the presence announcement are two important pieces of information: the IP address and port number where the disk drive can be contacted by a lookup service, and a list of names of groups the device is interested in joining. (Analogous to the company address and the services that it wishes to join.)

Lookup services monitor the well-known port for presence announcement packets. (In a similar way, Yellow Page companies monitor the newspapers for announcements about the formation of new companies so that the new company can be sent a letter inviting it to register itself with the Yellow Pages.) When a lookup service receives a presence announcement, it inspects the list of group names contained in the packet. If the lookup service maintains any of those groups, it contacts the sender of the packet directly (using the IP address and port number from the packet) and sends it an object, called a service registrar, that will allow it to interact with the lookup service. Thus, in the disk drive example, assume a lookup service that maintains a group named "Storage Devices" receives the disk drive's announcement packet. Because the announcement packet mentions the disk drive's ambition to become part of the "Storage Devices" group, the lookup service will contact the originator of the announcement packet – the disk drive – directly at the specified IP address and port number. The lookup service will send to the disk drive an object that implements an interface through which the disk drive can register itself, via the join process, as a member of the "Storage Devices" group. 

Note that the service registrar object is basically an instance of a Java class that consists of a number of methods or functions, which allow the device to register itself with the designated lookup service. The purpose of the service registrar object is to facilitate further communication with the lookup service. By invoking methods on this object, the sender of the announcement packet can perform join and lookup on the lookup service. The object is identical to the invitation letter in the case of our analogy.

The Join Process 

Once a service provider has a service registrar object, the end product of discovery, it is ready to do a join – to become part of the federation of services that are registered in the lookup service. The join process will allow other services in the federation to use the new service. To do a join, the service provider invokes the register() method on the service registrar object, passing as a parameter an object called a service item. The register() method sends a copy of the service item up to the lookup service, where the service item is stored. Once this has completed, the service provider has finished the join process: its service has become registered in the lookup service. 

The service item is basically an object that will be used to access the services of the service provider. The service item includes an instance of a class (an object) that implements a "service interface." It can also include other attributes, such as applets that provide graphical user interfaces through which users can directly interact with the service. To make the idea of a service interface clearer, let us consider the example of a color inkjet printer that wishes to join the "Color Printing" service. The service item sent to the lookup service by the printer will include member functions (methods) that will allow documents and images of various types to be printed. It may also include applets, which will provide a GUI that will allow the users to set the resolution, color depth and check the status of the printer.

Each “service interface” has a type, which identifies the type of service offered. For example, the type of the service interface uploaded by a printer would differ from that uploaded by a disk drive. The two different types of the service interfaces will be used to differentiate the printer service from the persistence storage service offered by the disk drive. The lookup service stores and locates a service based on the type of that interface; clients interact with the service by invoking methods on an object that implements that interface. 

The Lookup Process 

Once a service has joined at least one group in a particular lookup service, that service is available for use by clients who query that lookup service. To build a federation of services that will work together to perform some task, a client must locate and enlist the help of the individual services. For example, if you wish to send a voice mail over the internet, the client program (the voice mail program) will have to first enlist the services of a microphone (which will provide the recording service) and a disk drive (which will provide the service of persistent storage). After the message has been recorded, the client will have to use a dial-up service provided by a modem to dial to the Internet. The dial-up service will in turn enlist the services of the Internet service provider. Thus to send a simple voice mail message, the client will have to locate and enlist the help of various different services as detailed above. The process by which the clients interact with lookup servers to find a service is called Lookup.

To perform a lookup, a client has to make use of the service registrar object, which it obtained, from the service provider during the discovery process. The service registrar object consists of a lookup() method (or function) which facilitates the search for a service. The search criteria is passed as a parameter to the lookup() function. The search criterion usually consists of the type of the service desired. 

As mentioned above, at the time of joining, a service interface object is passed by every service to the lookup service. The service interface object has a type, which is used to identify the type of services offered. The type of service specified in the search criteria is matched against the types of the service interface objects registered with the lookup service. The lookup service then returns to the client all the service interface objects of the services that match the search criteria.

Client/Service Interaction 

The service interface objects that are returned by the lookup service are used by the clients to interact with a particular service. The clients perform this interaction by invoking methods or functions that are present in the service interface object. Thus the Jini architecture brings object-oriented programming to the network by enabling network services to take advantage of one of the fundamentals of object-oriented programming: the separation of interface and implementation. 

The service interface object can grant the client access to the service in several ways. For example, the object can actually represent the complete service, which is downloaded to the client during lookup and then executed locally. Alternatively, the object can merely serve as a proxy to a remote service. An in-between approach is also possible. In this case, the local object and a remote service each do part of the work. Proxies that fully or partially implement the service itself are called smart proxies. 

Jini: Dream vs. Reality:

Will Jini really live up to its promise or will it eventually evanesce? Only time will tell the future of networking. However, don't expect to be networking "anything, anytime, anywhere" soon. The Jini Network Technology Vision laid out by Sun Microsystems Inc. sounds like a great idea in theory but practice may be another matter. And even if Sun can ultimately deliver on its promise of "spontaneous networking," Jini is not likely to be available commercially in the next two years, and perhaps, for far longer. 

According to one analyst "It's going to take time for people to actually apply the idea to real problems and then find out whether the technology performs well enough. Jini is likely to have a three- to five-year gestation period, very much like Java." 

There are a number of variables and obstacles that stand between Jini and users in the enterprise and consumer markets. One of the major factors, which will determine whether Jini succeeds or not is the robustness of the Java Programming Language. The Jini architecture is based entirely on the Java programming language, which is itself at a relatively early stage of development. Hence the deployment of Jini cannot be any faster than the deployment of Java itself. Also Jini adds another layer of abstraction on top of Java to do more things, which means that it is going to be slower than Java itself. Also a lot of other issues have to be resolved.

Still another factor that may slow the adoption of Jini is the fact that people are used to working with their PCs and existing home entertainment systems. If you're in the habit of editing and cropping your digital camera images in your favorite Windows graphics program, you're not likely to break that habit for no good reason. 

Conclusion

Whether or not Jini will deliver on its promise is still to be seen. However, one thing that is pretty obvious is that present-day networking is much too cumbersome. People are really ready for easier networking, and the fact that both Sun and Microsoft are trying to solve the problem says it is not just a new technology looking for a problem, but a problem looking for a solution. As computing becomes more pervasive with non-technical people, increased ease-of-use is more and more in demand. Therefore even if Jini does not succeed in changing the present day scenario, some other technology will come along which will do all that which Jini envisages and probably much more. 
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