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Chapter 1
Networking for E-Commerce
Ray@Panko.com
[bookmark: _Toc301634660]Learning Objectives
[bookmark: _Toc301634661]By the end of this chapter, you should be able to:
Describe basic network terminology.
Describe packet switching as a way to reduce long-distance transmission costs and error retransmissions. Describe physical links and data links.
Describe the origins of Internet.
Explain the evolution of the Internet from research network to commercial network.
[bookmark: _Toc301634662]A Day Made of Glass
Today, smartphones and tablets are revolutionizing how people work with information and with one another. This is only the beginning. In “A Day Made of Glass,” Corning gives some glimpses into the future. Although you should view the entire five-minute video at the book’s website or on YouTube, here are a few of the ideas it presents.
Figure 1-1 shows one of the most important themes—that in the future, every glass surface will be a display. In this picture, one of the people in the story is preparing an omelet while catching up on the news of the day. In other scene, a bathroom mirror lets a person catch up on e-mail. In another, someone at a bus stop goes to the side of the waiting enclosure and pulls up information about a particular route.
[bookmark: _Ref301418298][bookmark: _Toc301518017][bookmark: _Toc301634717]Figure 1-1: Everything a Display

Figure 1-2 shows another important concept—that information can be transferred from display to display. Here, one of the people in the story is rolling out a flexible glass display. In the next scene, he is placing a hand-held display on a contact point on the flexible display. In the next two frames, the information rolls out from the hand-held device to the flexible display. The idea is that even if you are only carrying a hand-held device, you can use a larger display to interact with your information seamlessly. In another part of the video, the person checking for a bus route brings a hand-held device next to the video wall. Information transfers from the video wall to the hand-held device.
In these connections, there is no network. There is direct communication between the two devices. You may already interact with your mobile phone using a Bluetooth earpiece. In the future, far richer direct communication and communication between the devices of different people will be common.
[bookmark: _Ref301418517][bookmark: _Toc301518018][bookmark: _Toc301634718]Figure 1-2: Transfering from a Hand-Held Display to a Flexible Sheet Display
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While linking highly mobile hand-held devices to larger screens is attractive, users in the future will not be limited to interactions between hand-held devices and larger displays. Figure 1-3 illustrates the interaction between a table-top display and a wall display. Here, the people in the room are holding a videoconference with three other people. The five people in the conference share the information on the wall display. The person at the table-top display has just “pushed” the picture of a model onto the far left of the wall display. Previously, he had drawn a rough circle around another figure on the wall display to emphasize a point.
[bookmark: _Ref301418856][bookmark: _Toc301518019][bookmark: _Toc301634719]Figure 1-3: From Table Top to Wall

In the future, displays will be everything from wrist watch size to sides of buildings, and different displays will be able to work with one another seamlessly. The breakout from desktop and laptop PCs to smartphones and tablets that we are seeing today is only the first glimmerings of what we will be seeing in the future. Even tablets today are too heavy to drag along comfortably. Super-tough and thin flexible glass and other materials breakthroughs will radically change the usefulness of our access devices for talking with people and retrieving information.
Test Your Understanding
1.	a) Why do you think it is valuable to be able to link displays directly instead of going through a network? b) Do you think direct links would it be sufficient for linking a table-top display to a wall display? Explain. c) Can you think of type of display not mentioned in this section or the video itself? Note: “Do you think” and “Can you think of” questions involve you thinking beyond what is written in the text. You may not get the right answer, but thinking will help you learn.
[bookmark: _Toc301634663]Basic Network Terminology
[bookmark: _Toc301634664]Networks, Hosts, and Applications
In a book on networking, it makes sense to begin by defining what a network is. As a working definition, we will define a network as a system that permits networked applications on different hosts to work together.
A network is a system that permits networked applications on different hosts to work together.
Figure 1-4 illustrates this working definition graphically. In Chapter 2, we will extend this working definition.
[bookmark: _Ref301530694][bookmark: _Ref301532213][bookmark: _Toc301634720]Figure 1-4: Basic Network Terminology. Figure 1-1 in N8

[bookmark: _Toc301634665]Networked Applications
Note that the definition focuses on applications. Although you will spend most of your time in this course learning the details of how networks operate, our preliminary definition takes the user’s point of view. The users in A Day Made of Glass needed to do their jobs, and they need applications to help them. Networks are only valuable if they connect the applications that users need to have connected. Users have no desire to know how the network operates. Nor should they. They simply want to use their applications as easily as they can. Applications are the only things users care about and should have to know about.
Computer applications existed long before networking. However, as networks began to connect different computers and to do so with greater reliability and speed, there was an explosion in networked applications, which require networks to work.
Networked applications are applications that require networks to work.
The 1970s brought the first networked applications, including e-mail and the File Transfer Protocol (FTP) for moving large files. Networked applications continued to grow steadily, but there was an explosion of applications in the 1990s, driven by the rapid growth and commercialization of the Internet brought the World Wide Web, e-commerce, and many of the other networked applications we use so extensively today.
This century has brought Web 2.0 applications, in which users provide the content. In early (Web 1.0) web applications, an information provider created the content. This was expensive and gave information providers control of what appeared on the World Wide Web. With Web 2.0, these barriers are gone. Wikipedia is an example of a Web 2.0 application. Although Wikipedia has some problems, this “crowd-sourced” application is by far the most comprehensive encyclopedia the world has ever known. On a less august level, there is YouTube.
In Web 2.0 applications, users provide the content.
Included in Web 2.0 are social media applications, such as Facebook and dating services, which are designed to facilitate relationships. E-mail, mobile telephony, and other communication applications have long been useful in building relationships, but social media sites have developed specialized tools to enhance social networking. Facebook works on the individual level, connecting an individual with several of his or her friends.
Social media applications are designed to facilitate group relationships.
[bookmark: _Toc301634666]Hosts and Addresses
In the definition of networking, it was noted that applications run on devices called hosts. We use the term host rather than computer because not all devices connected to networks are computers in the traditional sense. The smart phone and tablets are good example of this. In the future, toasters and coffee pots will be connected to networks within individual homes and across the Internet.[footnoteRef:1] Formally, we will define a host as any device connected to a network. [1:  In fact, there already is an Internet Coffee Pot Control Protocol (RFC 2324) for remotely managing coffee brewers. The standard was created on April 1, 1998. In America, the first of April is April Fool’s Day, which is a traditional day for verbal pranks. Although the Internet Coffee Pot Control Protocol was a joke standard, the future will hold many similar but serious protocols.] 

A host is any device attached to a network.
Each host needs a unique network address. When a source host sends a message to a destination host, the source host places the address of the destination host in the message. Based on this address, the network delivers the message to the destination host. The source host does not have to know how the message gets to the destination host—just that it does. Analogously, when you place a call, you simply dial a number and the telephone network invisibly connects you to the other telephone without your knowing how this occurred.
[bookmark: _Toc301634667]The Network Core
For users, a network is simply there. Consequently, Figure 1-4 depicts the network core—the central part of the network—as a cloud. Just as you cannot see the inside of a cloud, users do not have to look inside the network.
The network core is the central part of the network.
Of course, you will spend this course looking deeply inside various types of network technologies ranging from the network you may have in your home to the global Internet. Before my grandfather came to America, he was told that the streets of America were paved with gold. When he got here, he found that they were not even paved. Guess who was going to pave them?
Fortunately for you, the network “streets” in corporations today are already reasonably well paved. Your job will be to turn them into true super highways and to help your organization assimilate the ever growing number of networked applications and new types of network capabilities will make possible. You will also help users cope with the outpouring of new applications and devices. On the negative side, you will have to deal with a large and rapidly growing number of security threats that threaten the potential benefits of networking.
[bookmark: _Toc301634668]Access Links
Users connect to networks through access links, which may use copper wire, optical fiber, or radio transmission. Users may need to know a little more about access links than about the network core. For example, they may have to plug in access link technology, configure it, and troubleshoot simple problems. However, required knowledge should be reduced as far as possible.
Test Your Understanding
2.	Give the book’s definition of network. b) What is a networked application? c) What are Web 2.0 applications? d) What are social media applications? e) What is a host? f) Is your laptop PC or desktop PC a host? g) Is a smartphone a host? h) Why is the network core shown as a cloud? i) Why may the user need to know more about his or her access link than about the network cloud?
[bookmark: _Toc301634669]Application Interactions
Traditionally, programmers wrote applications that ran on a single computer. Today, most programmers need to be able to write applications that work with other applications on other computers on other networks. How to divide the workload between the multiple computers involved in interactions is an important concern.
[bookmark: _Toc301634670]Client/Server Processing
Networked applications on different computers have to interact in a disciplined way. Today, they normally interact through client/server processing, in which a server program on a server host provides service to a client program on a client host.
In client/server processing, a server program on a server host provides services to a client program on a client host.
You use client/server every day because this is how the World Wide Web (WWW) operates. Figure 1-5 illustrates how client/server processing works when you use the Web. Here the application protocol is the Hypertext Transfer Protocol (HTTP). Your PC is the client host, and the webserver is the server host. The webserver host runs webserver application software, while your PC runs a client application program, namely your browser. The webserver application provides service to your browser by sending you the webpages you request.
[bookmark: _Ref301532497][bookmark: _Toc301634721]Figure 1-5: Client/Server Processing. Modified from Figure 1-2 in N8
[image: ]
Although browser–webserver applications are very common, the server is not always a webserver, and the client program is not always a browser. In database processing, of course, the server is a database server. The client PC, in turns, often runs a dedicated database client program.
Client/server processing typically operates using a request–response cycle. The client sends a request message to the server. The server sends back a response message. For instance, when you type a URL or click on a link, your browser sends a request message to the webserver. This request message specifies a file to be downloaded. The webserver sends back a response message containing the specified file (or an error message). If the user downloads another webpage a few seconds or minutes later, this is a separate request–response cycle.
Client/server computing is enormously important today, and most programmers will spend much of their careers writing them. To write client/server programs effectively requires a good understanding of how networks work in order to minimize interaction times and to troubleshooting problems.
[bookmark: _Toc301634671]Peer-to-Peer Processing
Although client/server processing is important, it is not the only way to allocate work among computers. An emerging way for applications to interact is peer-to-peer (P2P) processing, in which client hosts provide to services directly to other client hosts. We saw this in A Day Made of Glass, when a small hand-held device interacted directly with a table wall device.
In peer-to-peer (P2P) applications, client hosts provided service directly to other client hosts.
[bookmark: _Toc301634722]Figure 1-6: Peer-to-Peer Computing. Added.
[image: ]
Peer-to-peer processing can also work over a network. Many people illegally share music and movies through P2P services on the Internet, and this has given networked P2P processing a bad name. However, companies are beginning to recognize that their client PC desktops represent an enormous mine of unused processing and storage power. Companies are developing ways to use this power instead of buying more servers.
[bookmark: _Toc301634672]Cloud Computing
Another popular term today is cloud computing, in which the servers for internal corporate applications are managed by an outside company. With cloud computing, corporations do not have to maintain their own servers and may not have to maintain their own applications on these servers. Just as users see networks as clouds, companies are beginning to see servers and applications as clouds to be managed without their intervention (or at least very little).
[bookmark: _Toc301634723]Figure 1-7: Cloud Computing. Added.
[image: ]
For PC users, cloud computing may involve not installing applications such as Microsoft Office on their own computers. They can simply use online versions of these applications stored on cloud servers instead of their own hard drives. Many also store their essential data files “in the cloud” so that they can have access to them everywhere. Of course, if the network is down, programs and data are inaccessible. However, high-reliability networking and wireless access are making it increasingly rare for the Internet to be unavailable.
Test Your Understanding
3.	a) Where is processing done in client/server processing? c) In P2P applications? d) What is the client/server request–response cycle? e) What are the two clouds in cloud computing?
[bookmark: _Toc301634673]Speed
The first question people ask about a new-born baby is “Is it a boy or girl?” The first question people ask about a network is “How fast is it?” Network speeds[footnoteRef:2] are measured in bits per second (bps). Note that this is bits per second, not bytes per second. Occasionally, when you download files, your software will tell you how many bytes per second are being downloaded. However, that is an exception. In such cases, the B usually is capitalized, so that bytes per second is abbreviated as Bps. [2:  Strictly speaking, speed is a poor description because it implies velocity. Signals always travel at the speed of light through propagation media, regardless of how many bits are sent. We really should say rate, which is like the amount of water flowing through a pipe. Looked at another way, velocity is like running faster. More bits per second is like talking faster.] 

Figure 1-8 shows that, in increasing factors of one thousand, there are kilobits per second (kbps), megabits per second (Mbps), gigabits per second (Gbps), and terabits per second (Tbps).
[bookmark: _Ref301533984][bookmark: _Toc301634724]Figure 1-8: Transmission Speed. Figure 1-3 in N8 (text)
	Transmission Speed Measurements

	Bits per second (bps)

	Usually not bytes per second (Bps)

	Metric Suffixes

	Kilobits per second
	kbps (lower-case k)
	1,000 bits per second (not 1,024)

	Megabits per second
	Mbps
	1,000 kbps

	Gigabits per second
	Gbps
	1,000 Mbps

	Terabits per second
	Tbps
	1,000 Gbps



How fast does a network need to be? The answer depends upon the sizes of messages transmitted. Figure 1-9shows download times at various transmission speeds for some applications you might use yourself.
[bookmark: _Ref301534191][bookmark: _Toc301634725]Figure 1-9: Download Times for Various Applications. Figure 1-4 in N8 (text)
	
	100 kbps
	0.5 Mbps
	1 Mbps
	5 Mbps
	10 Mbps
	100 Mbps

	E-mail message (250 words) 
	0.02 sec
	0 sec
	0 sec
	0 sec
	0 sec
	0 sec

	Photograph (2 MB) 
	2.7 min 
	.5 min 
	16 sec 
	3 sec 
	2 sec 
	0 sec 

	MP3 Song (3 min) 
	2.9 min
	.5 min
	17 sec
	3 sec
	2 sec
	0 sec

	Limited-quality TV (1.25 Mbps) 
	13 hrs
	3 hrs
	1 hr
	15 min
	8 min
	1 min



An e-mail message of 250 words will be downloaded instantly regardless of the network transmission speed.
A JPEG photograph is about 2 megabytes. At 100 kbps, it will take 2.7 minutes to download the photograph. This is totally unacceptable. Even at 500 kbps, it will take a half minute to download the photograph. This is better but still painful. Unless the network speed is at least a few megabits per second, the download will not seem fast to the user.
For a three-minute MP3 file, the situation is almost identical to that of a JPEG photograph.
TV requires even faster download speeds. Even with normal-quality television, which requires 1.25 Mbps for speed for real-time streaming, even 1 Mbps is too slow. If an entire one-hour show is to be downloaded, this will take eight minutes even at 10 Mbps.
Test Your Understanding
4.	Are network speeds usually measured in bits per second or bytes per second? b) How many bits per second (without a metric prefix) is 20 kbps? Use commas. c) How many bits per second (without a metric prefix) is 7 Mbps? Use commas. d) How many bits per second (without a metric prefix) is 320 kbps? Use commas. e) Is the metric prefix for kilo k or K? f) Express 27,560 bps with a metric prefix.
[bookmark: _Toc301634675]Packet Switching and the Arpanet
So far, we have been looking at networks today. In this section, we will begin looking at how we got here.
[bookmark: _Toc301634676]Larry Roberts Has a Burstiness Problem
During the 1960s, the U.S. Department of Defense’s Advanced Research Projects Agency (ARPA)[footnoteRef:3] funded a great deal of basic research across the United States. While some of this research had direct military application, most funding was for basic science and technology. [3:  Is it ARPA or DARPA? It depends on the year. It was born ARPA in 1958. In 1972, it became DARPA to emphasize its status as a Department of Defense agency. In 1993, it went back to ARPA. Then it went back to DARPA in 1996. DARPA, “ARPA-DARPA: The Name Chronicles,” undated. <ulink url="http://www.darpa.gov/arpa-darpa.html">http://www.darpa.gov/arpa-darpa.html</ulink>. Last viewed August 2009.] 

Dr. Larry Roberts was head of ARPA’s Information Processing Technology Office (IPTO). IPTO funded a great deal of software research. In those days, software usually was not portable from one computer to another. If someone needed to use a piece of software, he or she would need a computer terminal and a transmission line to the host computer running the software.
With transmission lines from the telephone company, you have to pay by the minute for service, regardless of whether you are using the line or not. Figure 1-10 shows that this is not a problem for human conversations because long gaps in telephone conversation are rare. Typically, only one side talks at a time, and there are always brief silences. However, normal voice conversations use the capacity of a telephone line 30% to 40% of the time.
[bookmark: _Ref301534914][bookmark: _Toc301634727]Figure 1-10: Data Burstiness. Figure 1-6 in N8. Make the data boxes taller.
[image: ]
In contrast to telephone conversations, data transmission is bursty, which means that there are brief bursts of traffic followed by long silences. To see this, consider what happens when you visit a website. To download a webpage, you send a request and get back a response containing the webpage. All of this usually takes a second or less. Now, you probably will look at the webpage for about 30 seconds. (Count it sometime!). This means that you are only using one-thirtieth of your circuit—about 3 percent. So while paying by the minute is only somewhat wasteful for voice, it is very wasteful for data.
Data transmission is bursty, which means that there are bursts of traffic separated by long silences. This is very wasteful if you are using reserved-capacity circuits.
In addition, Figure 1-10 shows data traffic with large boxes, to indicate that data bursts need to be large. When you download a webpage, you do not want it to dribble down. You want it right now. This requires a much faster line for data than for voice. Of course, the per-minute cost of a very fast transmission line is much higher per minute than an ordinary voice telephone line. This exacerbates the problem of burstiness.
Test Your Understanding
6.	a) Why is paying for a transmission line by the minute not too bad for voice conversations? B) For what two reasons is paying for a transmission line by the minute bad for data transmissions?
[bookmark: _Toc301634677]Packet Switching Presents a Possible Solution
[bookmark: _Toc301634678]Packet Switching
During the 1960s, several researchers identified a solution for the inefficiency of pay-by-the-minute transmission lines for bursty data transmission. This solution was called packet switching. Figure 1-11 shows how packet switching works.
[bookmark: _Ref301535507][bookmark: _Toc301634728]Figure 1-11: Packet Switching and Multiplexing (Figure 1-9 in the 8th edition)
[image: ]
In the figure, an application on Host A wishes to send an application message (Original Message AC) to an application on Host C. The figure shows that Host A fragments the message into many smaller segments and sends each in a separate message called a packet. A typical packet is about 100 bytes long. Even sending very brief e-mail messages may require two or three packets. Longer documents, graphics files, audio messages, and video files may be sent in hundreds or thousands of packets. However many packets are sent, the network delivers them to Host C. The destination host reassembles the packets and passes them to the destination application program.
In packet switching the source host fragments the application messages into many smaller pieces called packets; the network delivers the packets to the destination host, which reassembles the application message.
Figure 1-11 shows that the packets of multiple conversations can be multiplexed (mixed) on long-distance circuits. If each conversation between hosts is using only 3 percent of capacity, then, roughly speaking, about 30 conversations can be multiplexed onto the circuit. Packet switching, then, saves money by multiplexing multiple conversations over expensive circuits. Bursty traffic only has to pay for the capacity it actually uses.
Packet switching saves money by multiplexing multiple conversations over expensive circuits.
The figure lists another benefit of packet switching. If there is a transmission error that destroys a packet, only the lost packet needs to be resent. Early transmission lines had substantial error rates, and when whole messages were sent, messages might have to be resent several times before being received correctly.
[bookmark: _Toc301634679]Packet Switch Switching Decisions
Figure 1-12 looks at the packet switches that make this work. Here, there are six packet switches, imaginatively labeled A through F. The source host transmits a packet to Packet Switch A—the switch to which the source host connects directly. Packet Switch A has to make a switching decision. It must decide where to send the packet next. It can either forward the packet to Packet Switch B or send it to Packet Switch C. Packet Switch A decides that Packet Switch B is a better choice for getting the packet to Destination Host Y, so Switch A will forward the packet to Switch B.
Each packet switch makes a switching decision, which means deciding where to send the packet next. This switching decision is based on the packet’s destination address.
[bookmark: _Ref301535984][bookmark: _Toc301634729]Figure 1-12: Sequential Switch Switching Decision (Figure 1-10 in N8)
[image: ]
Now the packet is at Switch B. Packet Switch B has to make its own switching decision. It can forward the packet to Switch D or to Switch E. In this case, it decides to forward the packet to Switch D. Again, it made this decision only knowing about the switches to which it directly connected—Switch D and Switch E.
Note that neither Packet Switch A nor Packet Switch B knows the entire path the packet takes through the network. Each makes a local decision; it only decides where to send the packet next. It does not matter how many hops there are across packet switches from the source host to the destination host. Each packet switch along the way will make a local switching decision—despite the fact that the packet switches do not know the entire path the packet will take.
Individual packet switches do not know the packet’s entire path through the network. They only make a local switching decision in which they decide where to send the packet next.
Test Your Understanding
7.	a) In packet switching, what does the source host do? b) About how long is a packet? c) Why is fragmentation done? d) Where is reassembly done? e) What are the two benefits of packet switching? f) When a packet switch receives a packet, what decision does it make? h) Do packet switches know a packet’s entire path through a network?
[bookmark: _Toc301634681]Larry Roberts Builds a Solution
Larry Roberts saw packet switching as a way to reduce the cost of connecting remote terminals to the hosts that ran software funded by ARPA. He also saw it as a research project. Packet switching seemed to have great potential. To see if that potential was real, someone had to build a packet-switched network.
Roberts funded the creation of a packet-switched network called the ARPANET, which Figure 1-13 illustrates. Most of the network chores were handled by minicomputers called interface message processors (IMPs). An IMP received a message from a host attached to it, broke the message into small pieces, and placed each piece in its own packet. The IMPs then acted as packet switches, forwarding the packet to the IMP nearer to the destination host. The final IMP reassembled the original message and passed the message to the destination host. Note in the figure that an IMP can serve multiple hosts. A small team at Bolt Beranek and Newman programmed the IMPs.
[bookmark: _Ref301536373][bookmark: _Toc301634731]Figure 1-13: The ARPANET (Figure 1-12 in N8)
[image: ]
Each host ran software called the Network Control Program (NCP). This handled details of host-to-host interactions above the level of packetization, delivery, and reassembly. For instance, if the source host transmitted too rapidly for the destination host to process, the NCP on the destination host could tell the NCP on the source host to slow down.
In 1969, the first two IMPs were installed at UCLA in Los Angeles and at Stanford Research Institute (now called SRI International[footnoteRef:4]) As soon as that link was established, the University of California at Santa Barbara and the University of Utah were added. When it was clear that NCP and the IMPs were working as intended on these four sites, other sites were added, and some sites began to connect multiple computers to their IMPs. [4:  Protests during the Vietnam War caused Stanford University to sever ties with Stanford Research Institute. The Institute decided to call itself SRI, but there was already a small consultancy with that name, so Stanford Research Institute became SRI International. However, faculty and graduate students continued to move frequently between the university and the institute. (In one case, a PhD student got a contract worth about $200,000 in today’s dollars to do his dissertation.)] 

Although the ARPANET was officially “born” in 1969, its performance was flakey until the early 1970s. More fundamentally, there were no applications at all beyond those that ran on hosts for terminal users. Even in 1973, when the first author used the ARPANET, reliability and services were quite limited. Over time, however, reliability improved and more applications appeared. Users stopped calling the ARPANET the “notwork.”
Test Your Understanding
9.	a) On the ARPANET, explain the functions of IMPs. b) How is this like what packet switches do today? c) How is it more than packet switches do today?
[bookmark: _Toc301634684]The Internet
[bookmark: _Toc301634685]Bob Kahn Has a Problem
By the early 1970s, the ARPANET was (reasonably) stable. In addition, packet switching was proving itself in wireless environments. The ALOHANET project at the University of Hawai`i demonstrated that packet switching could be done over satellite circuits, despite the long time lags in upward and downward transmission. Terrestrial (earth-bound) packet radio projects also began to appear, using backpack radios.
Dr. Bob Kahn, who was by now in charge of IPTO at ARPA, was happy to see packet switching blossoming. However, he also saw a deep problem. Users on the ARPANET, the PRNET packet radio network, and the SATNET packet-switched satellite network could not communicate with each other. Packet switched networking was becoming a Tower of Babel.
Test Your Understanding
12.	What problem that Bob Kahn faced led to the Internet?
[bookmark: _Toc301634686]Bob Kahn and Vint Cerf Find a Solution
Kahn discussed the problem with a young Stanford professor, Vint Cerf. Together, Kahn and Cerf explored various solutions to the problem of internetworking. Their final solution, which Figure 1-14 illustrates, was to use special devices called gateways to connect different networks together into an “internet.” Today, we call these devices routers.
Routers connect different networks together into an internet.
[bookmark: _Ref301537116][bookmark: _Toc301634732]Figure 1-14: Internetworking (Figure 1-13 in N8)

Test Your Understanding
13.	a) What device connects different networks into an internet? b) What is the old name for this device?
[bookmark: _Toc301634697]The Internet Evolves
[bookmark: _Toc301634699]The Internet Is Born—Slowly
When did the Internet start? The answer is surprisingly difficult because the Internet did not appear all at once. It emerged very slowly, in parallel with traditional ARPANET protocols. Rather than create a sharp continuity, hosts were allowed to continue using NCP or to implement TCP/IP. The two standards continued in parallel for several years. Finally, on January 1, 1983, hosts were required to stop using NCP. Although there were a few loud protests,[footnoteRef:5] most hosts had long since transitioned TCP/IP. In that sense, the Internet was born on January 1, 1983. At the same time, it had effectively existed for several years. [5:  To nudge organizations along, NCP functionality was made nonfunctional for a brief time and then for a slightly longer time as the deadline approached. This was not publicized at the time, but it was effective.] 

Test Your Understanding
16.	a) In what sense is January 1, 1983, the birthday of the Internet? b) In what sense is it not?
[bookmark: _Toc301634700]The Internet Goes Commercial
Initially, ARPA funded ARPANET and Internet transmission. In 1986, the National Science Foundation created NSFNET, which two years later became the backbone of the Internet. NSFNET brought higher speeds to the Internet backbone. NSFNET also brought the Acceptable Use Policy to the Internet. Basically, the Acceptable Use Policy explicitly forbade the use of the Internet for commercial purposes such as buying, selling, and advertising. The Internet was to be a pure research network, although the e-mail systems of commercial networks were eventually allowed to use the Internet.
On April 30, 1995, the NSF discontinued the NSFNET as the core of the Internet. Before this, a number of companies called Internet Service Providers (ISPs) had formed to connect users to the Internet. These ISPs were also connected to one another. Consequently, when NSF pulled the plug on NSFNET support for the Internet, the Internet continued with no visible change to users.
Figure 1-15 shows today’s commercial internet. Technologically, the Internet is simply a large collection of routers. However, these routers are owned by different ISPs. The ISPs are interconnected at Network Access Points (NAPs), which allow the ISPs to exchange packets.
[bookmark: _Ref301539541][bookmark: _Toc301634739]Figure 1-15: The Commercial Internet (Figure 1-20 in N8)

To use the Internet today, you must connect to it via an ISP. The ISP sends your packets into the Internet, to destination hosts. Your ISP delivers reply packets to you. You need an access line from your home or place of business to your ISP’s nearest office. Corporations, which have far larger volumes of Internet traffic, need much faster access lines.
Who pays for Internet transmission? The answer is that you do. You pay money each month to your ISP. Corporations also pay money to their ISPs. While you pay ten to a hundred dollars a month, large corporations pay tens of thousands of dollars per month for service. Given the number of people and corporations on the Internet, there is enough money to pay for all of the Internet’s transmission volume.
Although Internet service did not change when the Internet backbone became entirely commercial, the vanishing of NSF support led to the vanishing of NSF’s acceptable use policy. From that point on, commercial activities were perfectly fine.
The termination of the NSFNET did not come as a surprise to anyone. NSF announced the change far ahead of time, and companies were ready to offer commercial service. Immediately after the NSFNET was disconnected, companies began to offer e-commerce service massively. In a few months, it was hard to believe that e-commerce was not several years old. Many Internet-only companies began to sell stock through initial public offerings. A vast land rush of dot-com companies appeared, many based on absurd business models. In 2000 and 2001, the bottom dropped out of dot-com stocks. However, e-commerce did not collapse. After one year of stagnant growth in the middle of a recession, e-commerce continued to grow very rapidly.
Most e-commerce activity relied upon the World Wide Web, which was invented at CERN by Tim Berners-Lee. Although he created the HTML standard in 1991, it was just beginning to grow explosively on the Internet when commercial activity became possible.
Test Your Understanding
17.	a) What was the Acceptable Use Policy in place on the Internet before 1995? b) Why did commercial activities on the Internet become acceptable in 1995? c) What do we call the carriers that provide Internet service? d) Why do they need to be interconnected? e) At what locations do ISPs interconnect?
[bookmark: _Toc301634715][bookmark: _GoBack]Perspective Questions
1.	What was the most surprising thing for you in this chapter?
2.	What was the most difficult thing for you in this chapter?
image5.png

image8.png
Cliont Client/Server Processing

Program
Request Message

Response Message

PO TeseARe

Client Server hosts provide services to client hosts Server
Host Host





image9.png




image10.png
Local Application

Melinda
(San Francisco)





image11.png
Voice Traffic:
Fairly constant use.
Paying by the minute
is fairly efficient

Data Traffic:
Short intense bursts,
Long silences in
between.

Paying by the minute is
very inefficient

Two-Way Transmission

I e
[ N

Two-Way Transmission





image12.png
Original Message AC

Original Message AC

Reassembled

Fragmented into packets

multiplexed, reducing
the cost per conversation

2/ If a packet is lost, only
Mebile Clt the packet needs to be resent,

not the entire application message





image13.png
If Packet Switch B
receives the packet,
what s its forwarding
decision?

1

Packet Switch A receives a packet addressed
to Destination Host Y. It must make a
forwarding decision, which means sending

the packet to Switch B or Switch C.

Switch A does not know the packet's entire

path through the network.

\/ Packet

Destination
Host Y





image14.png
Univ.
IMP Utah
IMP

Dumb !
Terminals

Leased Line

IMP = Interface Message Processor
NCP = Network Control Program

Leased Line





