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This lesson provides a broad overview of the Computer Networking and the Internet. The lesson begins with an overview of the Internet and of networking protocols, introducing several key terms and concepts.

We examine the 'edge' of a computer network, looking at the end systems and applications, and at the transport service provided to applications running of the end systems

We also examine the 'core' of a computer network, examining the links and switches that transport data. We then take a broader view of networking. From a performance standpoint, we study the causes of packet delay and loss in computer network. We identify key architectural principles in networking, including layering and service models. We provide brief introduction history of computer networking.

Finally, we provide a brief overview of ATM, a networking technology that provides an important contrast with Internet technologies.

GOTO TOP

What is the Internet?

Here we use the public Internet, a specific computer network, as our principle vehicle for discussing computer networking protocols. But what is the Internet? We would like to be able to give you a one-sentence definition of the Internet ? a definition that you can take home and share with your family and friends. Alas, the Internet is very complex, both in terms of its hardware and software components, as well as in the services it provides.

What is the Internet: `Nuts and Bolts' View

GOTO TOP
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Instead of giving a one sentence definition, let us try a more descriptive approach. There are a couple of ways to do this. One way is to describe the nuts and bolts of the Internet, that is, the basic hardware and software components that make up the Internet. Another way is to describe the Internet in terms of a networking infrastructure that provides services to distributed applications. Cool Internet Appliances

LG's Internet Microwave 

Qubit Touch Screen Tablet  -e/e43.html

JCC's iBOX-2 with Geode and Linux inside 

Digital Photo Receiver 

The public internet is a worldwide computer network, that is, a network that interconnects millions of computing devices throughout the world. Most of these computing devices are traditional desktop PCs, Unix -based workstations, and so called servers that store and transmit information such as Web (WWW) pages and e-mail
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messages. Increasingly, non-traditional computing devices such as Web TVs, mobile computers, pagers, and toasters are being connected to the Internet.

In the Internet jargon, all of these devices are called hosts or end systems. The Internet applications, with which many of us are familiar, such as the Web and e-mail, are network application programs that run on such end systems.

End systems, as well as most other `pieces' of the Internet, run protocols that control the sending and receiving of information within the Internet. TCP (Transmission Control Protocol) and IP (Internet Protocol) are two of the most important protocols in the Internet. The Internet 's principal protocols are collectively known as TCP/IP.

End systems are connected together by communication links. Links are made up of different types of physical media, including coaxial cable, copper wire, fibre optics, and radio spectrum. Different links can transmit data at different rates. The link transmission rate is often called the link bandwidth and is typically measured in bits/second.

Usually, end systems are not directly attached to each other via a single communication link. Instead, they are indirectly connected to each other through intermediate switching devices known as routers. A router takes information arriving on one of its incoming communication links and then forwards that information on one of its outgoing communication links. The IP protocol specifies the format of the information that is sent and received among routers and end systems. The path that transmitted information takes from the sending end system, through a series of communications links and routers, to the receiving end system is known as a route or path through the network.

Rather than provide a dedicated path between communicating end systems, the Internet uses a technique known as packet switching that allows multiple communicating end systems to share a path, or parts of a path, at the same time. The earliest ancestors of the Internet were the first packet-switched networks.

Things to Remember: What is the Internet? millions of connected computing devices: hosts, end-systems

l PCs,workstations, servers

l PDAs phones, toasters, running network apps

communication links

l fiber, copper, radio, satellite

l transmission rate = bandwidth

routers: forward packets (chunks of data)

Things to Remember:

The Internet is really a network of networks. That is, the Internet is an interconnected set of privately and publicly owned and managed networks. Any network connected to the Internet must run the IP protocol and conform to certain naming and addressing conventions. Other than these few constraints, however, a network operator can configure and run its network (that is, its little piece of Internet) however it chooses. Because of the universal use of the IP protocol in the Internet, the IP protocol is sometimes referred to as the Internet dial tone.

The topology of the Internet, that is, the structure of the interconnection among the various pieces of the internet, is loosely hierarchical. Roughly speaking, from bottom-to -top, the hierarchy consists of end systems connected to local Internet Service Providers (ISPs) through access networks. An access network may be a so-called local-area network within a company or university, a dial telephone line with a modem, or a high-speed cable -based or phone -based access network. Local ISPs are in turn connected to regional ISPs, which are in turn connected to national and international ISPs. The national and international ISPs are connected together at the highest tier in the hierarchy. New tiers and branches (that is, new networks, and new networks of networks) can be added.

What is the Internet?

protocols control sending, receiving of msgs e.g., TCP, IP, HTTP, FTP, PPP

Internet: "network of networks"

l loosely hierarchical l public Internet

versus private intranet

Internet standards

l RFC: Request for comments

At the technical and developmental level, the Internet is made possible through creation, testing, and implementation of Internet standards. These standards are developed by the Internet Engineering Task Force (IETF).

l IETF: Internet Engineering Task Force

The IETF standards documents are called Request For Comments (RFCs). RFCs started out as general request for comments (hence the name) to resolve architecture problems that faced the precursor to the Internet. RFCs, though not formally standards, have evolved to the point where they are cited as such. RFCs tend to be quite technical and detailed. They define protocols such as TCP, IP, HTTP (for the web), and SMTP (for open-standards e-mail). There are more than 2,000 different RFCs.
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The public Internet is the network that one typically refers to as the Internet. There are also many private networks, such as certain corporate and government networks, whose hosts are not accessible from (that is, they cannot exchange messages with) hosts outside of that private network. These private networks are often referred to as intranets, as they often use the same Internet technology (for example, the same types of host, routers, links, protocols, and standards) as the public Internet.

The preceding discussion has identified many of the pieces that make up the Internet.

Let us now leave the nuts -and -bolts description and take a more abstract service -oriented view.

GOTO TOP

What is the Internet: A Service View

The Internet allows distributed applications running on its end systems to exchange data with each other. These applications include remote login, file transfer, electronic mail, audio and video streaming, real-time audio and video conferencing, distributed games, the World Wide Web, and much, much more.

It is worth emphasizing that the Web is not a separate network but rather just one of many distributed applications that use the communication services provided by the Internet. The Web could also run over a network besides the Internet. One reason that the Internet is the communication medium of choice for the Web, however, is that no other existing packet switched network connects more than 100 million computers together and has over 350 million users.

Cyberspace [Gibson]: "a consensual hallucination experienced daily by billions of operators, in every nation,

...."

The Internet provides two services to its distributed applications: a connectionoriented service and a connectionless oriented service.

Loosely speaking, connection -oriented service guarantees that data transmitted from a sender to a receiver will eventually be delivered to the receiver in order and its entirety. Connectionless service does not make any guarantees about eventual delivery.

Typically, a distributed application makes use of one or the other of these two services and not both.

Currently, the Internet does not provide a service that makes promises about how long it will take to deliver the data from sender to receiver. Also, except for increasing your access bit rate to your Internet service provider, you currently cannot obtain better service (for example, shorter delays) by paying more.

Things to Remember:

Communication infrastructure enables distributed applications:

l Web l email l games l e-commerce l database l voting l file (MP3) sharing

Our second description of the Internet ? in terms of the services it provides to distributed applications ? is a non-traditional, but important, one. Increasingly, advances in the nuts-and-bolts components of the Internet are being driven by the needs of new applications. So it is important to keep in mind that the Internet is an infrastructure in which new applications are being constantly invented and deployed.

Communication services provided to apps:

l connectionless l connection-oriented

We have given two descriptions of the Internet, one in terms of its hardware and software components, the other in terms of the services it provides to distributed applications.
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What is a Protocol?

Page 5 of 44

Computer Networking and Management

Now that we have got a bit of a feel for what the Internet is, let us consider another important buzzword in computer networking ? protocol.

What is a protocol? What does a protocol do? How would you recognize a protocol if you met one?

human protocols: "what's the time? " "I have a question" introductions

... specific msgs sent ... specific actions taken when msgs received, or other events

network protocols: machines rather than humans all communication activity in Internet governed by protocols

protocols define format, order of msgs sent and received among network entities, and actions taken on msg transmission, receipt

GOTO TOP

A Human Analogy

It is probably easiest to understand the notion of a computer network protocol by first considering some human analogies, since we humans execute protocols all of the time. Consider what you do when you ask someone for the time of day.

A typical exchange is shown in the following diagram. Human protocol dictates that one first offers a greeting (the first "Hi" in Figure) to initiate communication with someone else. The typical response to a "HI" message (at least outside of New York City) is a returned "Hi" message. Implicitly, one takes a cordial "Hi" response as an indication that one can proceed ahead and ask for the time of day. A different response to the initial "Hi" (such as "Don 't bother me!" or "I don't speak English, " or an unprintable reply that one might receive in New York City) might indicate an unwillingness or inability to communicate.

a human protocol and a computer network protocol:
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