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Computer Networks

One of the greatest things about the Internet is that nobody really owns it. It is a global collection of networks, both big and small. These networks connect together in many different ways to form the single entity that we know as the Internet. In fact, the very name comes from this idea of interconnected networks. 

Since its beginning in 1969, the Internet has grown from four host computer systems to tens of millions. However, just because nobody owns the Internet, it doesn't mean it is not monitored and maintained in different ways. The Internet Society, a non-profit group established in 1992, oversees the formation of the policies and protocols that define how we use and interact with the Internet. 

A Hierarchy of Networks


Every computer that is connected to the Internet is part of a network, even the one in your home. For example, you may use a modem and dial a local number to connect to an Internet Service Provider (ISP). At work, you may be part of a local area network (LAN), but you most likely still connect to the Internet using an ISP that your company has contracted with. When you connect to your ISP, you become part of their network. The ISP may then connect to a larger network and become part of their network. The Internet is simply a network of networks. 

Most large communications companies have their own dedicated backbones connecting between various regions. In each region, the company has a Point of Presence (POP). The POP is a place for local users to access the company's network, often through a local phone number or dedicated line. The amazing thing here is that there is no overall controlling network. Instead, there are several high-level networks connecting to each other through Network Access Points or NAPs.

Here's an example. Imagine that Company A is a large ISP. In each major city, Company A has a POP. The POP in each city is a rack full of modems that the ISP's customers dial into. Company A leases fiber optic lines from the phone company to connect the POPs together. 

Imagine that Company B is a corporate ISP. Company B builds large buildings in major cities and corporations locate their Internet server machines in these buildings. Company B is such a large company that it runs its own fiber optic lines between its buildings so that they are all interconnected. 

In this arrangement, all of Company A's customers can talk to each other, and all of Company B's customers can talk to each other, but there is no way for Company A's customers and Company B's customers to intercommunicate. Therefore, Company A and Company B both agree to connect to NAPs in various cities, and traffic between the two companies flows between the networks at the NAPs. 

In the real Internet, dozens of large Internet providers interconnect at NAPs in various cities, and trillions of bytes of data flow between the individual networks at these points. The Internet is a collection of huge corporate networks that agree to all intercommunicate with each other at the NAPs. In this way, every computer on the Internet connects to every other. 

Bridging The Divide


All of these networks rely on NAPs, backbones and routers to talk to each other. What is incredible about this process is that a message can leave one computer and travel halfway across the world through several different networks and arrive at another computer in a fraction of a second! 

The routers determine where to send information from one computer to another. Routers are specialized computers that send your messages and those of every other Internet user speeding to their destinations along thousands of pathways. A router has two separate, but related, jobs. 

It ensures that information doesn't go where it's not needed. This is crucial for keeping large volumes of data from clogging the connections of "innocent bystanders." 

It makes sure that information does make it to the intended destination. 

In performing these two jobs, a router is extremely useful in dealing with two separate computer networks. It joins the two networks, passing information from one to the other. It also protects the networks from one another, preventing the traffic on one from unnecessarily spilling over to the other. Regardless of how many networks are attached, the basic operation and function of the router remains the same. Since the Internet is one huge network made up of tens of thousands of smaller networks, its use of routers is an absolute necessity.

The National Science Foundation (NSF) created the first high-speed backbone in 1987. Called NSFNET, it was a T1 line that connected 170 smaller networks together and operated at 1.544 Mbps (million bits per second). IBM, MCI and Merit worked with NSF to create the backbone and developed a T3 (45 Mbps) backbone the following year. 

Backbones are typically fiber optic trunk lines. The trunk line has multiple fiber optic cables combined together to increase the capacity. Fiber optic cables are designated OC for optical carrier, such as OC-3, OC-12 or OC-48. An OC-3 line is capable of transmitting 155 Mbps while an OC-48 can transmit 2,488 Mbps (2.488 Gbps). Compare that to a typical 56K modem transmitting 56,000 bps and you see just how fast a modern backbone is. 

Today there are many companies that operate their own high-capacity backbones, and all of them interconnect at various NAPs around the world. In this way, everyone on the Internet, no matter where they are and what company they use, is able to talk to everyone else on the planet. The entire Internet is a gigantic, sprawling agreement between companies to intercommunicate freely. 

Internet Service Provider (ISP)

An Internet Service Provider (ISP) also called Access Provider is the remote computer system to which you connect your personal computer and through which you connect to the Internet. Internet service providers that you access by modem and telephone lines are often called dial-up services.
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An access provider is the company that provides you with Internet access and in some cases, an online account on their computer system. An access provider can be a large commercial service like eWorld, which may charge you by the hour for your Internet access, or might charge you a flat rate per month for unlimited hours. If you access the Internet directly from a company account, then your company is your access provider. 

The range of services and the cost can vary widely depending on your geographic location and the number of service providers in your area. Of course, there is no limit on the number of providers you can have, and for various reasons, you may find that you want or need more than one provider.

Dial-up Account

This is a type of account available for connecting to the Internet. With a dial-up account, you have a login name and a password that lets you access some parts of a computer system. A dial-up account through an Internet service provider allows you to use your modem to make a connection to your provider's system. Once you have dialed your provider's local number and are connected, the provider then connects you directly to the Internet, where you can run any Internet navigation software (like a web browser), just as you would if you had a direct connection to the Internet. 

Different types of dial-up accounts are available. A SLIP or PPP account allows you to navigate the World Wide Web directly from your Windows or Macintosh operating system. A UNIX shell account allows you to use UNIX commands on your service provider's system. “eWorld Internet Services” supports PPP dialup accounts for Windows and Macintosh Systems and provide better, reliable and fastest connectivity.

SLIP

An acronym for Serial Line Internet Protocol, SLIP is a communications protocol that, like PPP, allows you to connect your computer to the Internet itself using a telephone line. It is part of the TCP/IP suite of programs necessary to connect to and use the Internet. 

If you have a dial-up account to an Internet service provider, you are using either PPP or SLIP to make your connection to the Internet. Although SLIP is easy to install and use, it does not provide the error correction or negotiation features that PPP has. For this reason, PPP is rapidly replacing SLIP as the more common standard. 

PPP

An acronym for Point-to-Point Protocol, PPP is a communications protocol used to transmit network data over telephone lines. It allows you to connect your computer to the Internet itself, rather than logging on through an Internet service provider's host computer and using UNIX commands through a shell. This type of connection lets you communicate directly with other computers on the network using TCP/IP connections. It is part of the TCP/IP suite of programs necessary to connect to and use the Internet. 

Protocol

A protocol is the standard or set of rules that two computers use to communicate with each other. Also known as a communications protocol or network protocol, this is a set of standards that assures that different network products or programs can work together. Any product that uses a given protocol should work with any other product using the same protocol. 

TCP/IP

TCP/IP stands for Transmission Control Protocol/Internet Protocol, the language governing communications between all computers on the Internet. TCP/IP is a set of instructions that dictates how packets of information are sent across multiple networks. It also includes a built-in error-checking capability to ensure that data packets arrive at their final destination in the proper order. 

IP, or Internet Protocol, is the specification that determines where packets are routed to, based on their destination address. TCP, or Transmission Control Protocol, makes sure that the packets arrive correctly at their destination address. If TCP determines that a packet was not received, it will try to resend the packet until it is received properly. 

You must be running TCP/IP to have full Internet access. In UNIX, TCP/IP is a part of the operating system. In the DOS and Windows world, the functionality of TCP/IP is handled by WinSock. This piece of software takes care of your TCP/IP configuration information. 

Making Business Connection

Leased lines come in two configurations: T1 and T3. A T1 line offers a data transfer rate of 1.54 million bits per second. A T1 line is a dedicated connection, meaning that it is permanently connected to the Internet. This is useful for web servers or other computers than need to be connected to the Internet all the time. It is possible to lease only a portion of a T1 line using one of two systems: fractional T1 or Frame Relay. You can lease them in blocks ranging from 128 Kbps to 1.5 Mbps. The differences are not worth going into in detail, but fractional T1 will be more expensive at the slower available speeds and Frame Relay will be slightly more expensive as you approach the full T1 speed of 1.5 Mbps. A T3 line is significantly faster, at 45 million bits per second. 
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Leased lines are expensive and are generally used only by companies whose business is built around the Internet or need to transfer massive amounts of data. 
Making a Connection

To connect online your computer must be equipped with a modem, a device that translates the digital signals from your computer into analog signals that travel over a standard phone line. Those are the scratchy sounds you hear from a modem's speaker. Believe it or not, there is actually meaning in all that noise. A modem on the other end of the line understands it and converts the sounds back into digital information. 
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Modems come in different speeds and are measured in bps or bits per second. A 28.8 Kbps modem transmits data at speeds up to 28,800 bits per second. A 56 Kbps modem is twice as fast, sending and receiving data at a rate of up to 56,000 bits per second. Most modems today are 56 Kbps. 

Why does speed matter? On the Internet, you are constantly exchanging data with other computers. Some of these digital files can be quite large, especially for audio and video clips. As you will soon discover, you want this exchange to happen as quickly as possible. If you are purchasing a modem, buy the fastest one available. 

Modems come in different speeds and can be installed inside your computer (internal), or connected to your computer's serial port (external). These days almost all computers come equipped with an internal modem. But if you need to buy a modem for an older computer, consider purchasing an external one for two reasons. First, they are much easier to install. Second, occasionally your modem will freeze and needs to be reset. If your modem is external you can simply turn it off and on again. If it's internal, the only way to reset it is to turn off your computer and reboot, which can take several minutes. 

To connect an external modem to your computer, you'll need a serial modem cable. Most likely, your computer will have a connector on the back labeled serial, or with the IOIOIO icon. This connector comes in two varieties: 9-pin (male) or 25-pin (female). If you only have one of these ports, it will probably be COM1. If you have two, one will be COM1, and the other will be COM2. After you plug in your modem, you can sign up for Internet service. 

Usually your setup program will try and find your modem and its COM port. If it can't, it will ask you which COM port your modem is attached to. If you don't know, the easiest thing to do is try them all. Even if you only have two serial ports, you may be able to select one of four COM ports. Also, there are some other devices that use the COM ports. In some computers, the mouse is plugged into a serial port. This is known as a serial mouse. If you've got a serial mouse plugged into COM1, then just plug the modem into COM2. If you don't have a second COM port, you can purchase a card that goes inside your computer that will give you a second COM port. If this is necessary, you should check with the manufacturer of your computer. 

Your modem will likely have a connector on the back with space for 25 pins. You need to make sure that the serial modem cable you purchase has the right number of pins on either side and is the correct "gender." The best thing to do is to look at the back of your computer and list the various connectors, the number of pins, and the gender. When you go to purchase your modem, find the cable that matches the connector. 

Lastly, you'll need a standard phone cable to connect the modem to your phone line. The standard connector on a telephone cable is called an RJ-11. On the back of your modem, you'll probably have two RJ-11 jacks. One is for connecting the modem to a wall jack, and the other is for connecting the modem to a telephone. 

Modems

Computers talk with each other in different ways. In places such as large office buildings or university campuses, computers often are connected directly to networks, lines dedicated for computer use only. Most computers, however, use a device called a modem, which allows computers to "talk" to each other over existing telephone lines.

A modem translates computer signals into audible tones for transmittal over a telephone line. A modem also interprets these audible tones and translates them back into computer signals. We call this modulating and demodulating the computer signal..
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Telephone lines were designed to transmit the human voice, not electronic data from computers. Modems were invented to convert digital computer signals into a form that allows them to travel over phone lines. Those are the scratchy sounds you hear from a modem's speaker. A modem on the other end of the line understands it and converts the sounds back to digital information that the computer understands. By the way, the word modem stands for MOdulator/DEModulator. 

Buying and using a modem used to be relatively easy. Not too long ago, almost all modems transferred data at a rate of 2400 Bps (bits per second). Today, modems not only run faster, they are also loaded with features like error control and data compression. In addition, modems also act like traffic cops, monitoring and regulating the flow of information. That way one computer doesn't send information until the receiving computer is ready for it. Each of these features--modulation, error control, and data compression--requires a separate kind of protocol. That's what some of the terms you see like V.32, V.32bis, V.42bis and MNP5 refer to. 

If your computer didn't come with an internal modem, consider buying an external one, because it is much easier to install and operate. For example, when your modem freezes (not an unusual occurrence), you have to turn it off and on again to get it working properly. With an internal modem, that means restarting your computer--a waste of time. With an external modem it's as easy as flipping a switch. 
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This table illustrates the relative difference in data transmission speeds for different types of files under the best of circumstances. A modem's speed is measured in bits per second (bps). A 14.4 modem sends data at 14,400 bits per second. A 28.8 modem is twice as fast, sending and receiving data at a rate of up to 28,800 bits per second. 

Many things can interfere with the speed of a file transfer. These range from excessive line noise on the telephone line, the speed of the web server from which you are downloading files, the number of other people trying to access the same file and the overall traffic on the Internet. 

Until the end of 1995, the conventional wisdom was that 28.8 Kbps was about the fastest speed you could squeeze out of a regular copper telephone line. Today, you can buy a modem capable of a data transmission up to 56 Kbps. The key question for you is knowing what speed modems your Internet service provider (ISP) supports. If your ISP has only 28.8 Kbps modems on its end of the line, you could have the fastest modem in the world, but only be able to connect at 28.8 Kbps. Before you invest in a 56 Kbps modem, make sure your ISP supports them. 

Aside from the transmission protocols that they support, the following characteristics distinguish one modem from another: 

bps :

How fast the modem can transmit and receive data. At slow rates, modems are measured in terms of baud rates. The slowest rate is 300 baud (about 25 cps). At higher speeds, modems are measured in terms of bits per second (bps). The fastest modems run at 57,600 bps, although they can achieve even higher data transfer rates by compressing the data. Obviously, the faster the transmission rate, the faster you can send and receive data. Note, however, that you cannot receive data any faster than it is being sent. If, for example, the device sending data to your computer is sending it at 2,400 bps, you must receive it at 2,400 bps. It does not always pay, therefore, to have a very fast modem. In addition, some telephone lines are unable to transmit data reliably at very high rates. 

Voice/Data: 

Many modems support a switch to change between voice and data modes. In data mode, the modem acts like a regular modem. In voice mode, the modem acts like a regular telephone. Modems that support a voice/data switch have a built-in loudspeaker and microphone for voice communication. 

Auto-answer :

An auto-answer modem enables your computer to receive calls in your absence. This is only necessary if you are offering some type of computer service that people can call in to use. 

Data Compression :

Some modems perform data compression, which enables them to send data at faster rates. However, the modem at the receiving end must be able to decompress the data using the same compression technique. 

Flash memory :

Some modems come with flash memory rather than conventional ROM, which means that the communications protocols can be easily updated if necessary. 

Fax capability:

Most modern modems are fax modems, which means that they can send and receive faxes. 

DSL (Digital Subscriber Line) :

DSL (Digital Subscriber Line), a high-speed technology, is becoming increasingly popular. A DSL line can remain connected to the Internet, so you don't need to dial-up when you want to go online. Typically with DSL, data is downloaded to your computer at rates up to 1.544 Mbps and you can send data at 128 Kbps. Since a DSL line carries both voice and data, you don't have to install another phone line. You can use your existing line to establish DSL service, provided service is available in your area and you are within the specified distance from the telephone company's central switching office. 

DSL service requires a special modem and a network card in your computer. Prices for equipment, DSL installation and monthly service vary considerably, so check with your local phone company and Internet service provider. The good news is that prices are coming down as competition heats up. In the U.S., expect to pay around $40 a month. Some companies now provide free installation and equipment when you sign-up for a year of service. But unfortunately in Pakistan the DSL technology has not yet implemented and no company is offering DSL connectivity.

Cable Modems

Another new development high-speed Internet access via cable TV service. With speeds of up to 36 Mbps, cable modems download data in seconds that might take fifty times longer with a dial-up connection. Because it works over TV cable, it doesn't tie up a telephone line. Best of all, it's always on, so there is no need to connect and no more busy signals! This service is now available in parts of the United States, Europe and Asia. In Pakistan the cable modems services are also started and we hope that it will widely spread soon all over the country. 

Types of Modem:

The greatest difference between modems, however, is speed. The first modems began with transmission speeds of around 300 bits per second (bps). Today’s faster modems can communicate at speeds of 56,000 bps and greater! This allows more information to be transmitted in less time. The speed of the modem also is the largest factor in determining the modem’s retail price. The faster the modem, the more expensive it is.

A number of different Cable Modem configurations are possible. These three configurations are the main products we see now. Over time more systems will arrive.
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External Cable Modem

The external Cable Modem is the small external box that connect to your computer normally through an ordinary Ethernet connection. The downside is that you need to add a (cheap) Ethernet card to your computer before you can connect the Cable Modem. A plus is that you can connect more computers to the Ethernet. Also the Cable Modem works with most operating systems and hardware platforms, including Mac, UNIX, laptop computers etc.

Another interface for external Cable Modems is USB, which has the advantage of installing much faster (something that matters, because the cable operators are normally sending technicians out to install each and every Cable Modem). The downside is that you can only connect one PC to a USB based Cable Modem.

Internal Cable Modem

The internal Cable Modem is typically a PCI bus add-in card for a PC. That might be the cheapest implementation possible, but it has a number of drawbacks. First problem is that it can only be used in desktop PC's. Mac's and laptops are possible, but require a different design. Second problem is that the cable connector is not galvanic isolated from AC mains. This may pose a problem in some CATV networks, requiring a more expensive upgrade of the network installations. Some countries and/or CATV networks may not be able to use internal cable modems at all for technical and/or regulatory reasons.

Interactive Set-Top Box

The interactive set-top box is really a cable modem in disguise. The primary function of the set-top box is to provide more TV channels on the same limited number of frequencies. This is possible with the use of digital television encoding (DVB). An interactive set-top box provides a return channel - often through the ordinary plain old telephone system (POTS) - that allows the user access to web-browsing, email etc. directly on the TV screen.

MODEM Recommendations 

Almost any MODEM will work. Suggestions: 

US Robotics Sportster 33.6

US Robotics Sportster 56.0

Motorolla SM 56K

Zoltrix 56K

If you can afford it, the more expensive MODEMs are excellent value and prices have been dropping. 

Fast Serial Cards 

Although MODEMs only run at 28,800 bits per second, they can compress the data transmitted. This means that effective data rate is much higher. This higher rate can only be achieved if the PC can send the data at high speed to the MODEM. One limiting factor is the Serial Card in the PC: some cards cannot run at high enough speeds. Most recent PCs have the fast 16550 UARTs instead of the older, slower 8650s. Otherwise, you can get a faster card. IT Services can supply and fit such cards.

Apple Macintosh computers have fast enough serial links. 

How MODEMs work 

MODEMs take computer signals and convert them into sounds so that they can be conveyed over telephone lines. MODEMs can be heard "burbling" to each other as they transmit information. Telephone lines are of relatively low quality so sophisticated techniques are used by modern MODEMs to achieve amazingly high speeds. 

When you first make a connection, the two MODEMs "talk" to each other to discover at what speed they can connect. They use the highest speed that they have in common unless the poor quality of the telephone line forces them to go slow. The techniques used for transmission are governed by international standards so that MODEMs from different suppliers will interwork. The two standards currently of interest are: 

V.32bis operates at 14,400 bits per second 

V.34 operates at 28,800 bits per second (previously known as V. fast) 

Other standards: 

V.terbo 19,200 bits per second (not supported by campus MODEMs) 

V.32 9,600 bits per second 

V.22bis 2,400 bits per second 

V.22 1,200 bits per second 

V.21 300 bits per second 

V.90 56000 bits per second

The campus MODEMs support all of these standards except V.terbo and they will automatically switch to the highest speed possible with incoming calls. 

Because MODEM speeds are limited, it is usual to compress the data transmitted. This may be done both by the software being used and by the MODEM. 

Because telephone lines suffer from clicks and drop-outs, errors can be introduced into the data being transmitted. Modern MODEMs have error-correcting capabilities to detect errors and re-transmit so you should find communication quite accurate. Modern telephone lines are better than older ones and you will get better service if you are on a modern digital exchange.

Classes of MODEM

As we discussed that MODEM has only 2 types Internal MODEM and External MODEM. When we further classified these modem types then we will learn about 14.4, 28.8, 33.6, X2, K-Flex and ISDN Modems. Let’s start with this topic.

14.4, 28.8 & 33.6 MODEM

X2 MODEM

A technology developed by U.S. Robotics (now 3COM) for delivering data rates up to 56 Kbps over plain old telephone service (POTS). It was long believed that the maximum data transmission rate over copper telephone wires was 33.6 Kbps, but X2 achieves higher rates by taking advantage of the fact that most phone switching stations are connected by high-speed digital lines. X2 bypasses the normal digital-to-analog conversion and sends the digital data over the telephone wires directly to your modem where it is decoded. 

3COM has announced that future X2 modems will conform to the new V.90 standard approved by the ITU. And users with older X2 modems may upgrade their modems to support V.90. 

While X2 offers faster Internet access than normal modems, there are several caveats to using an X2 modem: 

1. The high speeds are available only with downstream traffic (e.g., data sent to your computer). Upstream traffic is delivered using normal techniques, with a maximum speed of 33.6 Kbps. 

2. To connect to the Internet at X2 speeds, your Internet Service Provider (ISP) must have a modem at the other end that supports V.90. 

3. Even if your ISP supports V.90, you might not achieve maximum transmission rates due to noisy lines. 

K56-Flex

A technology developed by Lucent Technologies and Rockwell International for delivering data rates up to 56 Kbps over plain old telephone service (POTS).

It was long believed that the maximum data transmission rate over copper telephone wires was 33.6 Kbps, but K56flex achieves higher rates by taking advantage of the fact that most phone switching stations are connected by high-speed digital lines. K56flex bypasses the normal digital-to-analog conversion and sends the digital data over the telephone wires directly to your modem where it is decoded. 

Lucent and Rockwell have announced that future K56flex modems will conform to the new V.90 standard approved by the ITU. And users with older K56flex modems may upgrade their modems to support V.90. 

While K56flex offers faster Internet access than normal modems, there are several caveats to using an K56flex modem: 

1. The high speeds are available only with downstream traffic (e.g., data sent to your computer). Upstream traffic is delivered using normal techniques, with a maximum speed of 33.6 Kbps. 

2. To connect to the Internet at K56flex speeds, your Internet Service Provider (ISP) must have a modem at the other end that supports V.90. 

3. Even if your ISP supports V.90, you might not achieve maximum transmission rates due to noisy lines.

ISDN (Integrated Services Digital Network)

ISDN service is an older, but still viable technology offered by phone companies in some parts of the U.S, Europe, Asia and in Pakistan also. ISDN requires a so-called ISDN adapter instead of a modem, and a phone line with a special connection that allows it to send and receive digital signals. An ISDN line has a data transfer rate of between 57 Kbps and 128 Kbps. You have to arrange with your phone company to have this equipment installed.

To make a connection through ISDN line we need special modems called ISDN MODEM or HDSL MODEM.

This is a modern adaptation of your telephone line to allow it to operate in a digital rather than analogue manner. It does offer very high speeds (64 thousand bits per second) but its an expensive technology. On top of that are call charges at the usual rate. One big advantage is that you get two lines so if you find that using the MODEM interferes with normal use of the phone you could consider ISDN. 

Another value of ISDN is where you are making significant use of the MODEM line. Because it takes such a short time to make an ISDN call, it is possible for the network software to make a call only when you need to access the network. You could thus save considerably on call charges - but you might have to spend more than that on the necessary networking equipment. 

Working of ISDN

ISDN (Integrated Services Digital Network) is a set of CCITT/ITU standards for digital transmission over ordinary telephone copper wire as well as over other media. Home and business users who install an ISDN adapter (in place of a modem) can see highly-graphic Web pages arriving very quickly (up to 128 Kbps). ISDN requires adapters at both ends of the transmission so your access provider also needs an ISDN adapter. ISDN is generally available from your phone company. 

There are two levels of service: the Basic Rate Interface (BRI), intended for the home and small enterprise, and the Primary Rate Interface (PRI), for larger users. Both rates include a number of B-channels and a D-channels. Each B-channel carries data, voice, and other services. Each D-channel carries control and signaling information. 

The Basic Rate Interface consists of two 64 Kbps B-channels and one 16 Kbps D- channel. Thus, a Basic Rate user can have up to 128 Kbps service. The Primary Rate consists of 23 B-channels and one 64 Kpbs D-channel in the United States or 30 B-channels and 1 D-channel in Europe. Pakistan is also following Europe standards and here are 30 B-Channels and 1 D-Channel.

Integrated Services Digital Network in concept is the integration of both analog or voice data together with digital data over the same network. Although the ISDN you can install is integrating these on a medium designed for analog transmission, broadband ISDN (BISDN) will extend the integration of both services throughout the rest of the end-to-end path using fiber optic and radio media. Broadband ISDN will encompass frame relay service for high-speed data that can be sent in large bursts, the Fiber Distributed-Data Interface (FDDI), and the Synchronous Opical Network (SONET). BISDN will support transmission from 2 Mbps up to much higher, but as yet unspecified, rates. 

56K MODEM

At one time, everyone thought that 28.8K and 33.6K would be the end of the line. To get higher speeds, you'd need radically different modems that wouldn't work over standard phone lines. 

The advent of 56K modems has changed all that. You can now have a faster connection using your existing phone lines and new modems that work just like your old modem, only faster. 

The nature of 56K technology is a little different than existing analog modems. In particular, it depends on a half-digital connection to achieve its higher speeds

Advantages

56K modems have two major competitors: the 28.8 and 33.6K modems that are already available, and the up and coming technologies that offer speeds several times greater than 56K modems. 56K will gradually replace 28.8K and 33.6K modems just as those modems replaced 9600 and 14400 bps modems. 

The real competition is with high-speed technologies like ISDN, cable modems, and the xDSLs (ADL, SDSL, etc.) All of these technologies are faster than 56K, and some are much faster. 56K has real-world advantages that ensure that it will be more popular than all of them for the near future. 

Speed

It goes without saying, but 56K modems perform better than their 28.8K and 33.6K cousins. No surprise there. 

A common response to 56K is "if I can't even get 28.8K/33.6K now, why should I even bother with 56K?" The answer is that you can get higher connect speeds with 56K. The half-digital nature of 56K means that your connect rates will be higher than with pure analog technology.

Most people can expect speeds in vicinity of 40-50K. It's not a huge leap, but it's natural 0progression over today's speeds, and it will be an easy decision for people buying their first modem, and for anyone who's still using a 14.4 modem. 

COST

56K modems will work with the same phone lines you're currently using. There are no additional charges for special lines, as there are with ISDN, ADSL or other technologies. 

A 56K modem will probably cost about the same as 28.8K modems cost a year ago. There are currently some deals on 33.6 modems as manufacturers liquidate their inventories, which may complicate your buying decision. 

Availability

There are other high speed technologies on the market, but none is as widely available as 56K. 56K is available practically all major cities in the Pakistan. 56K has the potential to be available everywhere phone lines are available. 

Disadvantages

There's one requirement that will prevent some people from using 56K. For 56K to work, you can have at most one analog-to-digital conversion between your home or office and the Internet service provider (ISP). If there's more than one, you can't use 56K, and your connection will be limited to V.34 speeds (a maximum of 33.6K). 

If your office is on a PBX, you may have problems getting speeds higher than 28.8 or 33.6K.

If your neighborhood's phone circuit has multiple A/D conversions, your only option is to move to another neighborhood. You're free to complain to the phone company, but don't get your hopes up. 

The only 100% guaranteed test is to borrow a 56K modem and dial into your local ISP from your home or office. Be sure to install the drivers that come with the modem. 

If you haven't tested the connection with a 56K modem, you should buy your modem from a dealer with a generous return policy. 

56K For Downloads Only

A 56K connection is asymmetric: it's faster for downloading than for uploading. Downloading means receiving data from another computer (for example, viewing a Web page or receiving email). Uploading means sending data to another computer (for example, sending email or uploading files to your Web page.) 

The download speed can be as much as 56K, but the upload speed will initially be only 28.8K or 33.6K. Lucent has stated that upload speeds for K56flex may exceed 40K in the future, though this has not been publicly demonstrated. 

Many other high-speed technologies (e.g. ADSL and cable modems) also have asymmetric rates. V.34 modems (28.8K and 33.6K) support asymmetric connections to compensate for poor line quality in one direction, but the upload and download rates are usually very close to one another. (See the 28800 FAQ below for a discussion of split speeds in V.34 modems.) 

The lower upload speed isn't significant for most users. Most Internet surfers spend far more time downloading than uploading, and most of their uploading is, as Rockwell puts it, "key strokes and mouse clicks." 

The upload limitation does limit the utility of 56K for certain uses. In particular, it makes 56K impractical for low-end server use, or for videoconferencing. For those applications, ISDN is superior. 
PCI/ISA

If you look at the picture Below, you will see two slots, an ISA slot and a PCI slot. The problem is there is only one expansion slot available on the back of the case. With this expansion slot you can choose either to use an ISA card or a PCI card, but not both. That is the reason it is called a shared PCI/ISA slot. You must choose one, or the other type of expansion card. This is a good place for a modem since modems are about 50/50 ISA and 

PCI. Below is a picture of an ISA modem.
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Notice that the modem has its own speaker. When you connect to the internet and hear the modem dialing, it is this speaker that you hear the sound coming from. Modems are what convert our computer's digital data, into analog waves, so that the data can travel through the phone lines to another computer. The other computer's modem then converts the analog waves back into digital data, so the other computer can understand it. Modems are rated by how many bits per second they can transmit and recieve data. Just because a modem is rated at 56K (56,000 bits per second), does not neccesarily mean that it will be able to send and recieve at this speed. Phone lines and your internet provider also play a big part in how fast your computer can recieve and send information via the internet. Many, if not most, phone lines are only capable of transmitting at 28.8k. For this reason, even though most internet providers offer a 56K connection, your only going to be able to access this service at 28.8k, if your phone lines limit your connection speed. Below is a picture of a PCI modem.
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What is V.90 Technology? 

Traditional modem standards assume that both ends of a modem session have an analog connection to the public switched telephone network. Data signals are converted from digital to analog and back again, limiting transmission speeds to 33.6Kbps (Thousand Bits Per Second) with current V.34 modems, and due to limitations of the public telephone network the theoretical maximum is 35Kbps. Now with V.90 technology a different assumption is made: that one end of the modem session has a pure-digital connection to the phone network (which Internet Service Providers and corporations already use for remote access) and takes advantage of that high speed digital connection. 

By viewing the public switched telephone network as a digital network, V.90 technology is able to accelerate data downstream from the Internet to your computer at speeds of up to 56Kbps. In this way V.90 technology is different than other standards of today, because it digitally encodes downstream data instead of modulating it as analog modems do. The data transfer is a asymmetrical method, so upstream transmissions (mostly keystroke and mouse commands from your computer to the central site, which require less bandwidth) continue to flow at the conventional rates of up to 33.6Kbps. That is upstream data (Data sent from your modem) is sent as an analog transmission that mirrors the V.34 Standard. Only the down stream data transfer takes advantage of the high speed V.90 rates 

V.90 technology is ideal for Internet users, because you really need the 56Kbps speed for downloading of Web pages with sound, video and other large files. All that is needed is for your V.90 modem to be connected to an ISP or corporate site using V.90 technology over their digital lines to the network. 

Modems can receive data at speeds of up to 56Kbps however due to FCC (Federal Communications Commission) rulings on maximum permissible transmit power levels during down load transmissions, speeds of 54Kbps are the maximum. Actual data speeds received will vary depending on line conditions. 

V.90 also know as V.PCM (Pulse Coded Modulation) does not make the assumption of the V.34 and other early analog standards. V.90 assumes there is only 1 analog portion of the downstream transmission path (the upstream data conforms to the V.34 standard). This assumption of only 1 analog segment is good for most areas where +80% of the locations connected have a digital connection to the network. Most all ISP’s (Internet Service Providers) and Corporate Accounts are digitally connected to the network. In this way the entire data path is operating at a 64Kbps (8 bit samples @ 8000 Samples per Second) data stream and is only throttled back at your local analog loop that runs from your house to your local Central Office (CO). If we view this local loop going from your house as a "Noisy" Digital path, then we can enjoy the high data rates of V.90.
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If you are attempting to produce a digital bitstream from an analog waveform which is done by an Analog to Digital Converter (ADC), Quantization Noise is the major issue. Quantization Noise occurs when an analog signal level does not coincide with a discrete digital level. That is, there are 256 different digital signal levels and if the analog waveform is being sampled at a point that is not exactly equal the digital discrete location then an approximation is made to the closest digital level. This approximation is called Quantization Noise, which lowers the amount of information throughput.
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With digital connections throughout the network, ISP’s and Corporate Accounts there is no A to D Conversion, therefor there is no Quantization Noise. Less noise directly corresponds to higher throughput, Voilà V.90 rates!

The downstream transmission is done by a process called PCM (Pulse Coded Modulation) which is where pulses are transmitted at different signal levels. With the data sourced at 64Kbps the next question is why are we only getting 56Kbps speeds. The first reason is though Quantization Noise has been eliminated, a lower noise level is now experienced due to distortions and non-linearity’s in the line and equipment at the local service loop. On your local loop there is a D to A Converter (DAC) in the CO that is converting the downstream data into an analog waveform that represents the data. The DAC runs at 64Kbps but due to noise, loop length, and other network impairments, speeds are reduced to 56Kbps. The second reason is that FCC and other Regulatory Agencies, in order to minimize cross talk between adjacent lines have signal power level requirements. To meet Agency requirements for maximum signal strength levels on the telephone lines, a 54Kbps limit is the theoretical maximum.

Troubleshooting Modems
This section discusses some basic troubleshooting of problems related to modems. Modems are, perhaps surprisingly, one of the most difficult components to troubleshoot. The main reason is that they are used in complex systems involving many different types of hardware and software. When you try to connect with a modem to your internet service provider, you are establishing a link that involves not only the modem but your system bus, serial ports, motherboard, operating system, drivers, communications software, your telephone company, and all the hardware and software used at the other end by your provider.

Another problem with modems is that the kinds of problems they have don't tend to be cut-and-dried. A modem totally failing is rare; one that works most of the time but randomly disconnects occasionally or refuses to connect above a certain speed is common. These are intermittent problems that are greatly affected by the quality of the modem, something that is often not even suspected when trouble strikes.

Common Problems:

My modem says it is connecting at a speed of 115,200 baud, but my modem isn't supposed to be that fast and I don't get that kind of throughput when downloading

Explanation:
The modem is reporting a connection at the speed 115,200, however, the modem does not actually seem to be sending data through at that rate.

Diagnosis: 
The modem is not connecting at that speed. What that speed represents is the transfer rate from the modem through to the PC system. The modem's true connection rate--the connection speed over the phone line to the remote computer--is something lower. You will need to issue an AT command to the modem (or change the configuration of your communications software) to get it to report the true connection speed of the modem. A common reason for setting the internal connection speed higher than the external connection speed is the use of compression. Two modems using compression when talking to each other can transmit data, say, at 28,800 over the phone line but at double that rate when talking to their machines internally. 

Recommendation:
Don't worry about the 115,200 baud being reported as the modem speed. Just realize that it is not actually the speed of your modem. 

If you need to see the correct connection speed, you will need to consult the documentation for your modem. You are looking for an AT command that will tell the modem to report the external connection speed and not the speed that is just within the PC. 

I have a fast modem but it always connects at a slower speed than it is supposed to support

Explanation: 
You have a modem that does not connect at the maximum speed for which it is rated. For example, you have a 33.6 KB modem that usually connects at a speed like 28800 baud or 26400.

Diagnosis: 
This is usually normal, although there are various factors that can influence the connect speed of the modem. The main reason why a modem will usually not connect at its maximum theoretical speed is line quality; as modem speeds get faster and faster, they are more likely to only reach their top rated speed under ideal conditions. While a 14.4 KB modem will usually actually connect at 14400, a 28.8 KB modem will only hit that speed for some people, and for others only some of the time. Many people get only 28800 on 33.6 KB modems (like me). 57.6 KB modems are very deceiving in terms of how they are named, because nobody can really get a 57600 connection from one of these today.

Recommendation: 
In general, if you are getting 24000 or better from a 28.8 KB or higher speed modem, that is usually considered normal. There is probably not a lot that you can do to substantially change this, assuming that there isn't some other problem involved, and by itself it does not mean that your modem is defective (although a 57.6 KB modem that is this slow would make me raise an eyebrow). I have a 33.6 KB modem that has never connected to my internet service provider above 28800. Here are some ideas of things you can try to improve your connection speed and/or verify that there really isn't an actual problem that is causing the slow connections: 

Make sure your modem settings are correct. If you set a 33.6 KB modem to 28800 connection speed in its setup program or properties page, you can be guaranteed that it will never connect above that number. You should have it set to 57600 or above; this is the speed of the interface from the modem to the PC and keeping this high will enable higher connections and also increased throughput on compressible downloads. 

Try dialing some different numbers and watch the connection speeds. You may find that the slow connections are due to the host you are dialing into. Make sure that if you are using a 57.6 KB modem that the host you are dialing into supports it, or you will see no benefit. 

Listen for a hum or ring on the line by dialing a number with a voice phone and listening closely. You should actually complete a call, not just dial a number on the phone. If you hear an audible hum or ring then your phone line quality is suspect. 

Try using a different wall jack in the building you are in. It is possible that you may get better results this way, but realize that there is some random variation involved, so don't just try each jack only once. 

My connection is working, but I have noticed that the transfer rate I am getting on downloads is much lower than it should be

Explanation: 
You can connect to the remote host you are dialing and are not having any problems with the modem or the connection, except that the transfer rates you are getting are much lower than you would expect.

Diagnosis: 
The theoretical maximum download transfer rate of a modem, in characters per second, is approximately equal to the connection speed of the modem times 0.1125. This means that a 28800 connection should allow transfers of around 3200 characters per second. If you are getting a throughput much lower than this, then one possible cause is that you are connecting at a much lower rate than is theoretically possible for your modem (which isn't necessarily abnormal). Otherwise, there may be a bandwidth problem either within the PC or the remote host that is making transfer performance worsen. Software settings can also definitely be a factor.

Recommendation: 
Make sure that the connection speed is in fact as fast as you think it is. If you have a 33.6 KB or faster modem, you are most likely not connecting at the theoretical top speed of your modem. 

It is common to see low bandwidth on downloads retrieving a file from a very busy remote host. If you are trying to download a huge file from a popular site, you are most likely going to see bandwidth reductions caused by network traffic. To eliminate this possibility, try doing a download of a local file from your own account and gauge the download performance that way. 

Try a different host or dialup line, if possible, to eliminate the possibility of the remote host being the cause of the problem. I have used internet service providers that simply had overloaded servers that refused in many cases to provide adequate bandwidth for downloads. No matter what I downloaded from this account the transfer rate was much lower than I would have expected and when I tried other accounts they worked much better. 

Double-check all of your software settings. Make sure that items such as connection speed and flow control are set correctly. 

The software that you are using could easily be part of the problem. In particular, doing large file downloads using a web browser will frequently be slower than using a more direct file transfer protocol such as FTP, in my experience. Try using FTP and see if performance improves. 

If you are using Windows 95's dial-up networking, and you are finding that your transfers are only going at around half the speed they should be, you may be experiencing a well-known condition called the "MTU problem". There is a specific problem with Windows 95 that is related to the way its dial-up networking works that causes transfers to run at half-speed

	Disclaimer

The contents of this article were prepared from the material available on the Internet other sources and modified by our staff to suit our users. We; however, do not tak any responsibility for the use of software and advice mentioned in the article. Users are welcome to follow the advice at their own discretion.
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