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Next-Generation Internet Requirements Specifications

 A new model for digital communications services and infrastructure is needed. A new model is emerging, based on a wide spec​trum of requirements and on multiple innovations in information technology. Many new ideas related to advanced networking are being developed within research labs and through activities such as testbed network research, includ​ing projects established by commercial firms.

Just as the first Internet was developed in the advanced network and scien​tific research community, the second one also was originated by this aggres​sive networking constituency. These communities continue to drive the leading edge of advanced networking because of the requirements of their complex, demanding applications. In the early, 1990s, as a response to their continuing problems with insufficient network services, these research com​munities established a number of projects in an attempt to begin to move toward the resolution of some of the basic issues. Some of these projects were conceptual and architectural, some involved technical research, some related to policy development, and a few were initial implementations of new tech​nical approaches. Many of these projects were attempting to resolve network issue, not simply by allocation of additional resources, but by optimizing and integrating multiple different types of resource allocations including highly distributed computing resources.

An Internet Technology Spiral

These activities were part of a natural technological progression.  The National Science Foundation has developed a chart that depicts a "technology-spiral"- a technology life cycle.  The chart depicts four quadrants linked a spiral loop. The spiral originates in the lower-left corner, depicting research labs (the origin of innumerable creative innovations). It then loop through the lower-right quadrant, denoting cooperative project partnerships among research labs, which collectively improve the technology models and prototype them. The spiral ascends through the upper-right quad rant, depicting more general, wider partnerships (including commercial partners, which provide both assistance in development and wider deployment), and then through the upper-left quadrant, depicting widespread commercialization. The spiral then descends to the lower-left part of the chart (research), beginning anew a continuing cycle of technology improvement through ongoing innovation and deployment among many cooperative partners.  Many influential innovations that have had an impact on Internet develop​ment have been developed by many different types of commercial activities especially those related to microprocessor development and other information technology components. However, commercial firms have also provided innovative service development, deployment, and distribution model, lot in formation technology.

In the labs where the first Internet was developed, a second-generation Internet was quietly being conceptualized, designed, and implemented in prototype from 1992 to 1995. Research, planning, design, and development efforts related to a new type of Internet started with a few small projects but rapidly accelerated throughout the rest of the decade. During this period, a number of activities set the stage for the next phase of the Internet’s evolution. Along with presentations of potential action plans, innovations, demonstration projects, prototype net​works and several early implementations of production advanced networks all occurred. These activities accomplished much to develop an enhanced Internet infrastructure and to indicate where additional efforts were required.

Corporation for National Research Initiatives (CNRI) and Testbed Networks

Testbed networks are critical for researching advanced networking concepts architecture, and technology. In the late 1980s and early 1990s, several testbed networks were established by consortia including government agencies, universities, and commercial companies.

The Corporation for National Research Initiatives (CNRI) in Reston, Virginia, proposed the creation of testbed networks to assist in tine development of concepts in next-generation networking, including gigabit networking and a wide range of protocols and emerging networking standards. Testbed advanced applications included weather simulation (for example, thunder​storms), earthquake analysis, and medical applications, such as the real-time distribution of computed tomography (CT) scans, magnetic resonance imaging (MRI), and positron emission tomography (PET).

Funded jointly by the National Science Foundation and the Defense

Advanced Research Agency (DARPA), five testbeds were formed, along with a sixth funded by solely DARPA: CASA, BLANCA, VISANET, NECTOR, AURORA, and MAGIC. With AURORA, two related testbeds were established, plaNET, a wide-area testbed that supported a packet transfer mode and ORBIT, a Gbps fiber LAN ring.

Other separately-funded testbed network initiatives were established later, including ATDnet, BAGNET, NTON, and ARIES. The Collaborative Advanced Internet Research Network (CAIRN) is an important ATDnet funded network that supports a wide range of innovative research. In 1991 T. J. Watson Research Center researchers created Rainbow, a prototype of an all-optical wave division multiplexing (WDM) network.

Next-Generation Digital Communications Requirements and Architecture

The numerous testbed projects in the nineties investigated multiple, different, technical approaches. Given a large number of potential technical options there must be some criteria for selection. The core requirements for the new digital communications model are often derived from the requirements of advanced applications. In technical design, as with other types of architecture, form should follow function--the design and implementation of a technical architecture should directly flow from the functional objectives of that architecture. To design an optimal technology architecture, it is important to have an indepth understanding of the specific set of requirements, especially those defined by the applications that will be supported by that architecture.
Prototyping the Future

An optimal architecture should not only provide blueprints for development that meet current requirements but also; anticipate future needs. The architecture should also allow for flexibility, expansion, and enhancement through future technical development. Accomplishing these goals is not necessarily a direct process. The particular challenge and strength of the Internet are the rapid dynamics of its application requirements, technologies, and component economics.

Addressing Internet development issues is similar to attempting to solve a complex equation while the number of its variables, their relationships, and the weights of those values continually change. Ill addition, when undertak​ing these design processes, it is almost more important to know where tile requirements and technology will be, rather than where they are. All of this information may not even be sufficient to provide for the optimal architecture. The history of information technology development is littered with tile remains of promising technologies terminated by the market realities, some of them incorporating amazingly innovative architecture designs, but ulti​mately proving unsuccessful.

Form and Function: Application Requirements for Next-Generation Internets

The relationship between the applications that drove the technical design of the first-generation Internet and its implementation ix fairly straightforward and readily understood. As noted, the first Internet was designed based on requirement specifications for reliable communications among distributed strafed resources and, as it evolved, for three core applications: file transfer among computers, communications (e-mail), and remote access. The design also met the need for interconnection interoperability among computers at various locations from different companies.

The design of the second-generation Internet is being developed to meet similar needs--but it also must do more, much more. Certainly, it must address the same set of basic requirements as the first-generation Internet, but on a different scale and with a far greater degree of complexity. For example, the second-generation Internet must provide for reliable interactive communications across diverse systems worldwide. It must also allow for multimedia options, includ​ing multimedia e-mail that is integrated with other applications such as IP telephony, digital video, and sophisticated 3-D collaborative environments for global communications. The next-generation Internet must provide not only for common file transfer among computers but for communication of many differ-eat types of files--some very large and complex, including multimedia--to and from many different types of devices, ranging from advanced supercomputers to toys, at any location in the world. In other words, the next-generation Inter-net must do more than accommodate advanced applications: It must anticipate ubiquitous IP devices, including pagers, hand-held personal information orga​nizers, TV-top boxes, home appliances with wireless connectivity, and cars with interactive digital maps.

The next-generation Internet must provide for super high-definition, interac​tive, digital video; e-commerce, remote digital health care; data-intensive applications (which require direct access to extremely large amounts of data); distributed, high-performance computing; and advanced, specialized com​puting. It must also provide for efficient information flow to and from digital systems of all types from anywhere to anywhere worldwide.

In addition, the next-generation Internet must provide for differentiation among various services--or for differentiated services.

Continuous Exponential Growth

These are the initial baseline requirements, after which the specifications become more demanding. The next-generation Internet must accommodate exponential growth in users, applications, and use of applications. It must also continue to advance the ongoing technical revolution in digital commu​nications.  This last issue leads to a design paradox. Even as application requirements are specified and designs developed, the applications and the technologies that are to be used for implementation are rapidly changing. Advanced networking is truly the proverbial moving target.

Specifying Requirements for Next-Generation Internets

Requirements for the various next generation Internet initiatives are being driven by the needs of new, emerging applications and anticipated, future applications rather than the applications that are generally known today. Given the design paradox noted in the last section, the task of requirements definition is a significant challenge, especially designing today for changing, future requirements. If it is more important when designing technology to know where the requirements and technology will be, rather than where the\ are, it is also necessary to have a window rote the future. Fortunately, such a window exists: The future manifests itself through aggressive applications emerging in research laboratories.

Origin of "Killer Apps" for the Next-Generation Internets

As Larry Smarr, Director of the National Computational Science Alliance has noted, to view the future one should visit a national supercomputing center.

leading-edge Internet technologies have always been driven by the advanced research community. For example, the future Internet requirements of the high-energy physics community may seem like a particularly distant, rarified to today's general Internet user, but it was that community  that began develop​ing Web servers at the CERN particle physics lab in the early 1990s.

In 1993, a project established to develop an enhanced viewer tot high-energy physics data and related Internet-based information led to the development et Mosaic at the National Center for Supercomputing Applications--the first widely deployed Web browser. A few months after Mosaic was invented, mil​lions of Internet users were employing it worldwide. Only a few month~, after that, Netstape Communications Corp. (now incorporated into America online) was established. The history of tile Internet consists of such exam-pies, and tile current trend is following the same path.

SIGGRAPH 92 Showcase, Supercomputing 92

In 1992, the SIGGRAPH 92 Showcase and Supercomputing 92, and during the following year during Supercomputing 93, demonstrated how collabora​tive research linking computational science with visualization could produce unique insights that supported the process of scientific discovery. These events proved the importance of a high-performance, computing, networked environment in linking interactive visualization, applications, and collaborations.  The broadband wide area networks required to support such advanced applications were difficult and expensive to develop, even in the tee places where they were available.

National Computational Science Alliance and National Partnership for Advanced Computing Infrastructure

The National Computational Science Alliance and the National Partnership for Advanced Computing Infrastructure (NI'ACI) are two program, funded by the National Science Foundation's PACI program. These program, arc directed at building the next-generation national and international computational-research infrastructure and applications. Both are centers of scientific research activity that are driving the leading edge of networking, high performance scientific application programs that utilize advanced networks for remote large-scale parallel-processing provide for interesting, complex problems in network provisioning. The Alliance is centered at the National Center for Supercomputing Applications (NCSA) at the University of Illinois at Urbana-Champaign. NPACI is centered at the University of California-San Diego and the San Diego Supercomputing Center (SDSC).

The National Computational Science Alliance is a partnership of computational scientists, computer scientists, technical professionals, and other academic and corporate researchers who arc prototyping the computational and information infrastructure for the next century. The Alliance is developing a National technology Grid (Grid) that will integrate high-performance com​puters, advanced visualization environments, remote instrument, and massive databases through high-speed networks, in order to create a powerful environment to solve extremely complex research problems.  These problems are formulated within many different knowledge disciplines, including chemical engineering, cosmology, environmental hydrology, molecular materials, and development of new scientific instrumentation.

Emerging Killer Apps for Advanced Internets

Inevitably with multiple, contending requirements for a system's design, conflicts arise among requirements; and compromises must be made.  A number of candidate applications may evolve to become the "killer apps" or meta-drivers, of the next-generation Internet, for example, advanced, interac​tive, digital video. Although a single killer app for the next-generation Internet may emerge and drive all other design requirements, this scenario is unlikely. Also, even if a single killer app were to be identified and accommodated at any given time, others would inevitably be proposed immediately technology expectations arc always high. The design of the next generation

Internet must account for the requirements at many different killer apps, as well as tens of thousands of general, pedestrian applications.

Internet Digital Video

A number of advanced research projects involve addressing the challenges of latency-intolerant applications such as digital video, which will eventually

become another common data type such as text. The current Internet provide primarily for images and text. The next-generation Internet will provide interactive digital video, not simply delivering TV broadcasts over the Internet (which is simply an extension of the traditional analog model, although this application is possible and perhaps inevitable), but a totally different interactive video experience that will be directly linked to other types of digital data. Rather than provide for a passive experience at a given time and place, the viewer will be able to determine what he or she will see at what time and at what place. The viewer's selection options will be extensive; but perhaps more importantly, the content will have dynamic links to other types of digital information, including text, still images, and separate audio tracks. It will also have links to different types of transaction-processing systems. Because digital video streams are

latency intolerant, they require more than bandwidth. They require that net​work resources be reserved to ensure that the streams are continuous.

E-Commerce

Although e-commerce has been much discussed in the press, the real potential of this application has barely begun to be realized. No other technology has the Internet's potential to link so many customers across the world with so many products and services and, more importantly, information about those products and services, including ongoing support information.  Internally, corporations are being transformed by a revolution based on reengineered processes enabled by network-based applications designed to efficiently support corporate missions. E-commerce will also benefit by differentiated services because, one of the benefits of Internet-based commerce is the potential for customization of products and services for specific individual requirements.

Telemedicine, Health Care, and Medical Sciences

Much of the advanced Internet technology development is focused on enhancing health care through new processes for new research methodologies (for example, DNA sequencing and use of genome databases) remote diagnostic computer-assisted diagnostics, new types of treatments, development of new pharmaceutical products, enhanced administrative and patient care process, new procedures for health maintenance, and professional skills training.

Advanced medical imaging, ill particular, is a fast-growing application area that depends on high-performance networks. Medical researchers are developing advanced, network-based applications utilizing specialized medical software, linked to visualization technology that enables radically new types of health care. Some leading-edge medical-visualization applications provide for projecting 3-D, virtual-reality images, for example, one that renders spiral CT images in 3-D space, allowing for unique insights.

Other heath-care-related areas being transformed through use of the Internet include basic science, structural biology, biochemistry, and physics. Also, a number of projects are being formulated to develop health​-care testbed networks that will link hospitals, clinical practices, medical schools, and research centers to allow them to communicate better, to share instrumentation and information securely (such as medical images and data), to administer enhanced types of medical care, and to employ other new, innovative techniques.

One of the most promising areas of research includes network-based computational molecular biology, which is beginning to delve into the core molecular processes that make up the basis of life. Researchers use the Internet to access the Advanced Photon Source (APS) synchrotron, a unique scientific instrument, and its experimental stations at Argonne National Laboratory, where they are engaged in leading-edge research in X-ray and time-resolved crystallography of biological macromolecules. APS X-rays are 10,000 times brighter than those in common use. This research has already led to dramatic new scientific discoveries. Use of remote instrumentation is another type of application that often requires guaranteed network services because of tine ongoing fine tuning adjustment required between tine user and the instrumentation settings.

E-Government

Many federal, state, and local government services involve Internet information flows to and from citizens. Governments are already devising and implementing Internet-based applications that enhance their services through direct links to their constituencies. The U.S. federal government has already implemented a number of such projects. Many states are planning advanced statewide networks, large-scale Civic Nets are being planned in a number of cities, not only to enhance interactions with citizens but also to allow for better  communications among government agencies.

Architectural Design

Internet-based visualizations are being used for remote, collaborative architectural design and development projects. These Internet-based visualizations  are being used to model concepts and to provide the experience of encountering architectural spaces before those spaces are built, the spaces not only allow for optimal designs but also provide better realization of requirement in the architectural blueprints before construction starts. One project in Jap is developing an application for city planning that provide for plans to be experienced in 3-D virtual reality.

Digital Learning and Research Environments

The digital learning environments being designed today for learning in the future are not robotic teachers, but supplemental support environments that enhance classroom learning through compelling educational experiences. These environments also provide capabilities for life-long learning by anyone wishing to continue his or her education. Internet-based digital learning  research environments can provide virtual laboratories, which are detailed, virtual spaces allowing for experimentation and exploration by learners.

Digital Libraries

Digital libraries are being designed that will hold vast repositories of not only digital books, images, video and audio but also simulations, animation and digital objects. For example, advanced Internet-based virtual-reality technology allows for 3-D images of ancient archeological artifacts and for experiencing virtual historical environments, such as re-created ancient cities and specific places such as the Roman Forum.

Digital Museums

Digital museums will not simply be collections of art and historic artifact: but will provide interactive experiences of past ages and events. For example, advanced Internet-based virtual-reality technology could be used like a time-machine so that travelers could be transported to the past to visit historic sites and interact with historic personages. Because this information is digital, it can be cross-linked across networks by means of all infinite number cross-connections. For this reason, applications related to digital objects in provide for repositories of not only fine objects but also related metadata

(data about the data) that can be searched and cross-linked.

Astrophysics, Astronomy, and Space Sciences

Astrophysicists, astronomers, and space scientists have always been at the fore-front of advanced networking because of their need to access remote instrumentation, to store and process extremely large datasets, and to visualize that data. For example, the Sloan Digital Sky Survey will collect 40 terabytes of data to create a 3-D map of a large part of the universe. NASA is also involved in many projects that are network-intensive. The NASA Goddard Earth Observing  System (GEOS) Data Assimilation System is one of a number that utilizes extremely large amounts of data from satellite observations to generate global weather predictions. Its General Circulation Model (GCM) uses very large amounts of data to compare observations against predicted models.

Geosciences

The geosciences have been using advanced networks from the time National Center for Atmospheric Research (NCAR) was first linked to the 5o Kbps National Science Foundation backbone network. Geosciences researcher~ now use advanced networks to access remote supercomputers and large amounts of data to support investigations into general atmospheric science and global climate modeling. Some of the most advanced and complex cur​rent work involves combined oceanographic and atmospheric model>, with a high degree of granularity.

Engineering Science

Internet-based techniques for computational processing, modeling, simulation, and visualization. Multidisciplinary centers for imaging sciences are developing core imaging and visualization theories, concepts, and techniques that are allowing for radically new "imaging tools," including specialized Advanced engineering projects are increasingly employing a wide range of systems for specific disciplines: imaging systems for the development of instrumentation prototypes, image reconstruction for medical applications, and molecular processes, such as computational chemistry and computational biology.

Chemistry/Physical Chemistry

Advanced Internet capabilities are substantially enhancing interchanging and collaborative research activity among researchers in chemistry and physical chemistry, especially those that are employing applications requiring remote high-performance computing, for example, computational chemistry involving large models. Using advanced networks, these models can be used for basic research and for development, such as for prototyping new substances.

Enhancing Human Perception

Advanced Internet applications that provide for significant enhancements to human perception are among the most complex and challenging. Yet this area holds a significant potential for different types of human activities. Digital technologies are significantly extending the powers of human perception.

Using technology to extend the senses is a process, as ancient as history, but digital technologies allow for powerful new mean to amplify the patterns, the physical universe and to model what may not exist, such as mathematic models and simulations of the effects of experimental in digital patients. These techniques require accessing enormous amount of information that cannot be stored locally and must be shared with many at diverse locations.

Enhancing Vision

People acquire more than 80 percent of information visually, and the visual sense is often the quickest path to information.  Through out history, scientists have broadened their understanding by creating new viewing instrument such as the microscope and tine telescope.  The majority of imaging and visualization modalities, generated by instruments from CT scans to telescopes, however, have been invented comparatively recently.  Almost all of these modalities are becoming digitized.

Advances in digital information technology have provided powerful new visualization tools.  These new tools not only allow viewers to see physical realities but also allow them to interact dynamically with those systems through simulations and models.  For example, researchers can simulate experiments in the earth’s core response to changes in pressure, temperature, and material composition.

Astronomers use radio telescopes to view the beginning of time, visualizing the cosmos as it looked 13 billion years ago by peering at the edge of the universe.

At supercomputing centers, Internet-based high fidelity simulations are being produced of complex, three-dimensional, computational fluid dynamics related to a variety of phenomena, such as the merging of neutron stars and the behavior of supernovas.  The whole universe can be presented as a 3-D image, one through which viewers can voyage.

Much of the promise of these new techniques relies on the ability to access extremely large amounts of stored data and to link that information to displays over a network.  The more information that can be streamed, the more detail that can be imaged.  New display devices allow for super-high-definition screens with 2,500 by 2,000 pixels resolution.

High-Energy Physics

The high-energy physics (HEP) research community is one of the most demanding users of advanced networking, but it also is among the most innovative. For example, this is the community that developed tile World Wide Web. HEP researchers conducting major projects at Fermilab use the Internet to pursue research that is defining how the universe works at its most fundamental core. They are at the leading edge of the international HEP community in experiment (colliding beam and fixed target) design, development, implementation, and utilization. The Collider Detector at Fermilab (CI)F) is Fermilab's major colliding beam experiment. The researchers use the Fermilab instruments to examine charge parity violation (the attribute of matter that determines the universe's balance of matter and anti-matter and, therefore, the existence of "matter"). To accomplish these tasks, they need to gather, process, and analyze enormous amounts of data, tens of terabytes, which must be communicated over high-performance digital networks.

Teleimmersion

Some applications incorporate many different types of capabilities. Such applications are valuable to network developers because, as they are mod​eled and specified, they provide insights into optimal designs. One such application, which has been studied by designers of advanced networks, is teleimmersion.

Digital technologies also provide the capabilities for creating and experiencing new worlds. No technology has taken this concept further than teleimmersion. Teleimmersion provides an insight into the future of advanced applications that will take advantage of next-generation digital communications.  Teleimmersion and other advanced virtual-reality (VR) technology is being developed by Tom DeFanti and the Electronic Visualization Laboratory at the University of Illinois, Chicago. These technologies are now implemented directly or as derivative technology at more than 100 sites around the world. The core of that technology is the CAVE (Cave Automatic Virtual Environment), which enables applications that are, in a word, compelling. Even technologies based on real needs can lead to extraordinary developments through imaginative insight--a description that is appropriate for CAVE technologies.

The CAVE is an immersive VR environment in which the viewer is allowed mobility through a room-sized VR space, created through projected images. This "holedeck" type of VR supports a wide range of visualization applica​tions, including interactive virtual environments, the dynamic steering of high-performance, scientific computations through VR interfaces, utilizing distributed computation and imaging. A related technology is the CAVERN, a CAVE research network.

Teleimmersion is a CAVE application that allows collaborative VI?` sessions to take place over high-performance networks, it provides for a new type et inter​active space that supports human-to-human interaction across the world, as

well as simultaneous,  shared, real-time data (including data-mining processes), digital video, computational process, and model sharing. Current teleimmersion research is exploring new ways for people to interact easily with heterogeneous, distributed resources across the world, including instrumentation, visualization of massive amounts of data, simulated architectural spat, and planetary surfaces. CAVE technology can provide a quantum extension human vision to the farthest limits of human imagination.

Collaborative Spaces

The CAVE can be used for multi-functional collaborative spaces, digital rooms that provide support for different functions, (research, teaching, information discussion, and lab experimentation) by providing tot each function complete sets of resources that are called up on demand -data, access to real or virtual instrumentation, software, and analysis tools that change depending on the requirements of the user at any given moment.  EVL researchers have created a Narrative, Immersive, Constructivist/Collaboration Environment (NICE). One NICE application enables children at multiple locations cultivate a three-dimensional garden and control its environment.

A five-sided CAVE is being used in Japan (at the University of Tokyo) for many applications including urban planning. One application in the United States, as an experiment in real-time dynamic data exploration, demonstrates computational fluid dynamics and the imaging of these flows within a CAVE. It may be possible to use red-shift data from astronomical digital surveys to create a CAVE-based virtual universe to allow VR travel to, and through, any galaxy in the universe. Such data is being collected at Fermilab  through the Sloan Digital Sky Survey project, which is being conducted

under the auspices of tine Astrophysical Research Consortium, to produce detailed photometric map of half the northern sky to about 23rd magnitude. The project will create a 3-D map of the 1 million brightest in the universe and will survey the properties  of 100 million fainter galaxies.

General Application Requirements

The requirements of tine applications described here, as well as related applications, all vary to some degree. Some application requirements do not coexist well, and others are  mutually exclusive.  Collectively, the complete set, next-generation applications provides for a large number of challenging, complex advanced networking requirements, including  the following:

Access to any type of information, for example, real-time application  such as multimedia

Ability to communicate information from anywhere to anywhere, world​wide

Ability to ensure the integrity of information

Ability to transform information into knowledge, for example, special analysis

tools

Convenient access to data in extremely large amounts of digital informa​tion, for example, not simply accessible but also directed, intelligent searches, in distributed repositories

Access to specialized instrumentation, for example, virtually any device

That users  or generates information anywhere in the world

Extensions of human sensory perception 

Ability to integrate different types of digital information
Allowing different applications to use the same suite of network services, as opposed to having network services tightly coupled to application

Enhanced monitoring and management of network resources

General and Core Technical Requirements for the Next-Generation Internet

For most types of advanced technical architectures, a set of general require​ments must be met, for example, high quality, high performance, exceptional reliability, modularity, open standards, scalability, expandability, manageabil​ity at all technical layers, operability at increasingly higher performance (and other improvements over time), security, and resource efficiency. The next​-generation Internet will be distinguished from the first by how it addresses address requirements and by how it meets a set of core requirements.

Differentiated Services

The current Internet essentially provides for a Best-effort IP service. The core requirement, for the next-generation Internet center on mechanisms for pro​viding for differentiated services. By stating that the provisioning of differen​tiated services is a requirements goal, a number of issues must be addressed, as follows:

If services are differentiated, a scheme must be developed to define different classes and levels, or qualities, of services and their parameters.

A mechanism must be created to allow for applications to signal specific requests for services.

Because services are no longer common, the requests, for services must be carefully managed, through enhanced mechanism for identification, authentication, authorization, and resource utilization.

A mechanism must be established for services provisioning, to fulfill requests, to link the

requests with specific allocation, or reservations of network resources, through some

type of contractual guarantee.

The ability to fulfill specific guarantees implies a need to know precisely what network

resources are available for allocation at what time.

Provision of differentiated services requires policy mechanics to adjudicate for

priorities, priority queuing, conflict resolution, and contingencies for unexpected 

circumstances.   

Mechanisms must be implemented to ensure performance of established contracts and

To provide for enforcement of noncompliance with established tracts—allowing

for a measure of restraint among applications and processes (rationed resource

allocations, priority queuing, scheduling, millisecond  adjustments etc.).

Management mechanisms must be implemented to monitor all processes related to

service and resource provisioning, especially resource utilization, and to respond

dynamically to needs tot adjustments.

Next-Generation Internet Middleware

The next-generation Interact will have sophisticated capabilities for addressing the needs of applications, especially with regard to matching the requirements of advanced applications to the resources provided by the network. These interlinking/brokering tasks, processes, and services will be accomplished through a midlevel set of technologies, and capabilities. The aggregate collection of many of  these mechanisms has been termed middleware or advanced Internet middleware, the processes that live between the next-generation Internet applications and the infrastructure.

To some degree, many of these types of processes have existed in some form within the existing Internet. The next-generation Internet, however, will require  a substantial new level of complex middleware processes. The delivery of optimal network capabilities that fully support advanced application is currently problematic, in part because the power of the network is underutilized as a result of the fairly primitive nature of existing  middleware, where it exists at all.

Advanced middleware networks will do more than allow for the required network resources and for guarantees that network performance will match the resources requested by the application; they will also provide links to other types of network services, such as directory and security services ( including identification, authorization, and resource usage auditing).  When these features are implemented in tile Internet fabric, the applications they support will be far more capable of providing functionality to Internet applications. Recently an IETF Middleware draft has been developed (Aiken  999).

General Networking Economic Requirements

Network economic considerations are particularly important because no technology is designed, developed, and implemented with an unlimited bud​get. All technology designs require some form of economic trade-off, and it is not always clear which trade-offs are the best, especially given rapid technol​ogy change. Resource values (ratios measuring requirements against resources) must be projected. The "macroeconomic' resource utilization pol​icy providing balances among many resources must be determined, includ​ing (a) applications, (b) networks, (c) computational processing, (d) peripherals, and (e) secondary processes.

Providing for network resource optimization is particularly complex in a dynamic environment. For example, choices projected for trade-offs among computational processing at various points at various levels and bandwidth based on current assumptions of economics are not straightforward. A matrix model projecting alternate scenarios of free versus scarce computational processes and bandwidth yields dramatically different results under different circumstances. Moore's Law specifies that processor power doubles every 18 months, yet bandwidth demand is accelerating at a far greater pace. Large gains are possible by distributing multiple processors within a system, and large gains are possible by over-provisioning bandwidth as those costs decline.

Conclusion

The development of tile next-generation Internet is being driven by dynamic, interactive processes in which aggressive application requirements shape technical design and development--even as technical design and develop-merit influence the evolution of the applications that they support. This process consists of a large number of constantly changing variables. Conse​quently, the implementation of advanced digital communications systems has not always followed predictable paths. Increasingly, an important design goal is provisioning for optimal interactions among a wide range of inte​grated, highly distributed resources. Therefore, while increased bandwidth is important, it is also important to provide for differentiation among multiple requests for network resources and to optimally allocate available resources among  those requests, especially those that are highly distributed and those that require sustained allocations.
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