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Figure 21-5

To move a station is
very complex. It
requires going above
the ceiling. The drop

< A
Cables run on J-hooks

Plenum ce
behind the wall may g
not lend itself to
removal.
: -l"*ﬂ.ﬂ“' "

Ceiling Line

!

quite an effort, For this reason and others, 10Base5 is rarely installed &
more. Figure 21-5 shows how accessing the cable and the need to add a drg
cable from the ceiling to the device can be problematic.

10Base2

10Base5 wiring is extremely difficult to work with and costly on a per-foot
basis. With improving technology, companies determined that by applying
some engineering smarts, they could design a new Ethernet standard
(still 802.3) for use on a much lighter, flexible, and less expensive type of
coaxial cable. 10Base2, also often referred to as thin wire or cheapernet, is
specified to run on RG-58A coaxial cable. This cable is almost identical to
cable that you probably have running into your home for cable television.
However, the configuration of 10Base5 and that of 10Base2 have quite a
number of differences.
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Figure 21-6

The 10Base2 T
connector

583

10Base2 Piece Parts As with the other 802,83 media, 10Base2 requires
a network interface card (NIC) in each node. However, the NIC is much
smarter and the tap is much simpler (and less expensive) than in a 10Baseb
configuration. Also, no transceiver cable is required or even allowed;
instead, the tap, called a T connector, plugs right into the back of the NIC.
The T connector splits the signal on the cable, enabling it to continue on
and also sending a copy directly into the connector on the NIC—a coax con-
nector of the same type as on the other two sides of the T connector. A T
connector looks something like the example shown in Figure 21-6.

T connectors have advantages and disadvantages compared to trans-
ceivers. They are far less expensive, about one-tenth the cost. They can be
added or removed from a 10Base2 daisy chain in seconds, much more
quickly than a 10Baseb transceiver. However, unlike with 10Base5, T con-
nectors are inserted in line in the coaxial cable; if a T connector is to be
added or removed, the entire cable will be down for a few seconds while the
change is being made. This is true even if the T connector is being added to
the end of the cable. Once a T connector is added to the cable, unplugging it
from or plugging it into its attached node does not disrupt the cable so long
as the T connector itself remains in the cable. For this reason, many instal-
lations preconfigure many T connectors in each daisy chain to avoid later
disruption.

The minimum distance between T connectors is 0.5 meters (1.6 feet). One
10Base2 segment can be up to 185 meters (607 feet) long, much shorter
than a 10Base5 segment. As with 10Base5, every segment must end with a
terminator, in this case one designed for 10Base2. As you can see in the next
section, how the coax is terminated and how it is laid out are different when
compared with 10Baseb.
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10Base2 using a
multiport repeater

-

Configuration of 10Base2 Parts

Setup 10Base2 is supported in two different kinds of configuratio
also often used in a third configuration not originally envision
specification. The three configurations can briefly be s
follows:

® Star with daisy chains
® Pure star configuration
® Daisy chain bus

The original specification for 10Base2 was a star configurat )
each radiating spoke as a daisy chain bus. Such a configuration mij
like the example in Figure 21-7. )

A multiport repeater (MPR) takes every signal it receives on One
chain and sends it out over all of the other daisy chains to which it
nected. Up to 27 T connectors (some vendors support up to
installed on each daisy chain; the number of ports on the MPR lif
number of daisy chains. The last T connector on each daisy chain mus
a terminator on one side. The MPR is an active device; it plugs i
power. As such, it is grounded through its power cord and therefore o
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required (or indeed allowed) for the individual segments. Note that each
daisy chain is plugged directly into a port on the MPR; the cable end at the
MPR does not require a T connector.

This MPR configuration of daisy chains is very cost-effective compared
to 10Base5. However, wiring and maintaining it is rather onerous. Until
the last few years, using this approach for wall-plate installations (vs. just
running the cable along the floor) was very difficult and often subject to
frequent outages as individuals interrupted connections, disrupting the
entire daisy chain. More recently, special wall plates have come onto the
market that simplify such wiring; however, they are quite expensive.
10Base? installations can also use a pure star configuration, as shown in
Figure 21-8.

With only one T connector (and therefore only one Ethernet node) per
cable, the per-port cost of a 10Base2 pure star is much higher than the daisy
chain approach; the cost of the MPR itself is spread across far fewer devices
than with the previous configuration. Nonetheless, the star has two major
advantages over both the daisy chain and 10Base5:

# Because it is no longer a physical bus (although it is still a logical bus),
it can use the physical communications paths installed in buildings for
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the purposes of telephone wiring because telephone wiring |
configured.

® Because each node is on its own cable, cable faults gen

+ha MDD
affect other nodes through the MPR.

Vendors officially support both of the two previous 108
tions. However, vendors do not support the following conf
pure daisy chain bus (Figure 21-9), without use of any repes
contemplated by the specifiers of the 10Base2 standard (perhs
the opportunity to sell equipment to implement it is minimal), T
problem with it is that, although every Ethernet segment is supp
grounded, daisy chains without repeaters usually are not g
practice.

Because such networks are by definition very small (not to &
connectors), the problems brought on by grounding them impse
ally do not cause major interruptions. Certainly, this is probably
expensive type of Ethernet configuration on a per-port basis tha
more than two nodes. All of the cabling components together (@
NICs and software) can be assembled for about $10 to $26 p
node total in most cases.

in the cable. Adding a node to either of the dalsy chain co
more difficult. If dealing with preterminated coaxial cable len
a node requires at least one additional cable length and a T' &

The problem is not so much acquiring the materials as it is goi
portion of cable to which the new cable length is to be added, In
unless the new connectors are used (and these must be p "
the entire daisy chain is down until the new T connector s lns
connected.

The pure star approach is typically precabled to every worlk logs
normal telephone wiring. With the appropriate use of patch pansl
tral location, moves and changes in such an environment are

Figure 21-9 e | CL 9 (- bdidd Y gt
10Base?Z daisy chain 5 5 [

bus without repeater
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moving telephones. (Normally, telephone moves involve telephone numbeor
changes; Ethernet moves require only connecting the new location up to
any active MPR port.) Locations not requiring Ethernet connectivity do not
have their coaxial cable runs connected to an active MPR port. If 10Base-T
wiring had not been invented, the 10Base2 approach might have become
much more popular.

10Base-T

10Base-T defines a standard for running Ethernet over unshielded twisted
pair (UTP) wiring. The prospect of using existing, in-place (but unused) tele-
phone wiring provided much of the impetus for the development of this
standard. Many organizations had already been using some of the existing
wiring in their buildings after the breakup of the Bell System in 1984. What
actually happened was that Bell came along and told users that the in-
house (station) wiring was theirs. Bell would no longer be in the in-house
wiring business and would not maintain the wires as they had in the past.
Realizing that the number of wires in the building just for the telephone
systems was extraordinary? and that installing new wiring was expensive,
many organizations saw the opportunity to use the existing spare telephone
wires to run their higher-speed LAN connections. However, in practice, lit-
tle of the wiring that was in place (when the standard came out) could meet
Ethernet performance requirements. Even if these wires could meet the
standards, the vendors required that they be certified. This meant that the
vendor would send in a team of wiring experts who would test and certify
each cable run. In reality, it was more expensive to certify the existing
wiring than to install all new wires. This proved to be a catch-22 for the end
user.

Nonetheless, the much lower wiring cost of 10Base-T (primarily because
of the lower cost of telephone wiring as opposed to coaxial cable), as well as
the availability of people who know how to work with UTP wiring, has
made this cabling approach extremely popular. The vast majority of new
installations today use 10Base-T for horizontal (that is, to the desktop)
wiring.

2 Back then, Bell used to install a 25-pair cable to every desktop, even if only a single pair was
needed. This enabled them to avoid having to rewire when a phone was changod or moved.
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The possibility of running Ethernet over UTP excited many companies
before the actual standard was developed. Several vendors, including Syn-
optics,® DEC, and others came out with Ethernet-over-UTP variants before
the 10Base-T standard was finalized. These variants worked, but naturally,
it was impossible to intermix components from these vendors to build an
Ethernet-over-UTP configuration. Most of the vendors did, however, have
the integrity to guarantee free conversion, or at least plausible migration
paths, from their proprietary hardware to hardware compliant with the
10Base-T standard when the latter became available.

This promise does not mean, of course, that all customers bothered to
take advantage of such upgrades when they became available. You might
find yourself dealing with an existing UTP-based Ethernet installation
with which you have had no previous involvement. If so, we suggest you
verify that the hardware is indeed 10Base-T compliant rather than an older
proprietary variant before blithely assuming that added 10Base-T hard-
ware will integrate properly.

10Base-T Piece Parts 10Base-T NICs are functionally similar te
10Base2 NICs. That is, no separate transceiver is required as with
a 10Base5 architecture. The connections are quite different, however,
Ethernet UTP wire is terminated at each end with an eight-pin modular
RJ-45 jack (only four pins are used). The modular jack plugs directly into
the NIC; no T connector is required. Each cable supports only one Ether-
net node, as with the pure star thin net approach. See Figure 21-10 for a
representation of the 10Base-T environment. At least category 3 wire must
be used (see Chapter 43 for more information on categories of UTP wire).
Its length must not exceed 100 meters (328 feet).

A 10Base-T hub (sometimes also called a concentrator) is usually
required. This is another version of the LAN in a box. The box or hub is the
backbone network, whereas the horizontal run to the desktop is the drop.
The only exception is if only two devices are to be connected; two 10Base-T
devices can be linked via a crossover 10Base-T cable. 10Base-T hubs are
functionally identical to multiport repeaters, although some vendors pro-
vide sufficiently fast central hubs that the two-repeater rule can be slightly
relaxed.

3 Synopties later merged with Wellfleet (a router manufacturer), creating Bay Networks. Bay was
acquired by Nortel in 1998.
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10Base-T hubs (and, to a large extent, other hubs as well) come in two
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m Work group hubs, sometimes referred to as stackable hubs

m Backplane chassis, sometimes referred to as concentrators

Work group hubs are relatively inexpensive (as low as $200 to $300)
devices that typically support 12 or 16 connections. If they incorporate Sim-
ple Network Management Protocol (SNMP) management agents, the cost
increases by several hundred dollars. Work group hubs, by definition, have
very few options in their configurations. Nevertheless, their low cost and
simple environmental requirements (they can be mounted in a rack or sim-
ply placed on a table or on the floor) make them extremely popular.

Chassis-based concentrators offer great modular flexibility. Such devices
consist of a power supply, some control logic, and several slots into which
interface boards can be inserted. Each interface board can support several
10Base-T cables, often 12. Depending on the manufacturer, other boards
might be available to support different types of networks out of the same
chassis. Those other network types (for example, token ring) might be inter-
connected to the Ethernet board either via an additional interface M N
just for that purpose or via an external device not inserted into the chassin,

10Base-F (Fiber)

Newer uses of various cabling systems have always been
fiber-optic medium has caught everyone’s attention booaqgl
costs of the glass and the electrical characteristics (Lhat in,
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components being nonissues) of the fiber. When users discovered |
fiber could be used inexpensively in the backbone network, th
thrilled. If they could use a high-speed medium that was imperviow
electrical, mechanical, and radio frequency interference, then the
could be stretched to areas that were previously unavailable. Furthes
none of the grounding and bonding issues that come with copper cabl

issues on the fiber network. When the Ethernet standard rampud.
higher speeds (100-Mbps Ethernet, for example), the fiber would ¥

these higher speeds with ease. Thus, the backbone saw more imple
tions with the 10Base-F installed.

The 10-Mbps standard was still used in the backbone network,
wiring was still the least expensive proposition for wiring to the ¢
Therefore, a medium changer is required. In the closets where the {
run from floor to floor or from closet to closet, fiber is used. At the hub, !
exist for the connection from hub to hub via the fiber backbone. Inside |
hub, the electronics are present to convert the fiber backbone to a copy
station drop, or, in more precise terms, from the light to the electrical puls
needed for the copper. Figure 21-11 shows a typical configuration of
10Base-F' environment. This could be extended to the desktop, but, .
already stated, the cost of putting fiber cards acting as transceivers in a |
or workstation is too steep for the average user. Therefore, this is done I
mixed environment.

10Broad36

Some networks have been built based on a broadband coaxial cable in the
backbone. This might be more prevalent in a campus area (such as a col-
lege, corporate park, or hospital) where multiple buildings are interlinked,
The use of the broadband cable was an expedient to support the needs
the organization’s voice, data, and video needs because all of these compo«
nents were analog transmissions that were connected between buildings,
Therefore, the broadband backbone cable (such as a CATV cable) was used
when the Ethernet was introduced. Customers who needed to link multiple
buildings together were constrained by the 500-meter distance limitations
of the Ethernet baseband coax. Even with the two-repeater rule, the most -
that the cable could be extended was 1,500 meters, just under a mile.

Although this might sound like a lot of cable, which should reach just about
anywhere, the one mile of cable gets used very quickly when it needs to be
snaked through ceilings, up and down from the ceiling heights, and so on.
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Therefore, the existing broadband cable offered a significant distance
increase to Ethernet users who had to exceed the distance allowances.
Using a 10-Mbps transmission speed on a broadband cable, the distance
limitations were increased to 3,600 meters. This is a sevenfold increase in
the distances over which the cable could be run. So the vendors came up
with a solution to the distance and the medium needs for the end user.
Broadband cable inherently is an analog transmission system. Special
devices called frequency agile modems (FAMs) were attached to the cable to
modulate the electrical signal onto the carrier. The cable is normally broken
down into various channels of 6 MHz each. Using a bridging arrangement,
two channels could be connected together as a 12-MHz channel and used to
transmit 10-Mbps Ethernet on this coax. This created more flexibility in
overall networking ability because the Ethernet, as stated in the beginning
of this chapter, has been implemented in a variety of media.

Digital Equipment Corporation (DEC) was a supporter of this form of
connectivity in their DECNet on Ethernet from the onset. Others also came
up with the necessary piece parts to use the broadband cable systems for
the 10-Mbps Ethernet standards. This has also been accepted as a connec-
tion under the [EEE standards committee. See Figure 21-12 for a cable
using the broadband Ethernet connection.

An innovation from a spin-off of DEC called LANCity, Inc. has produced
a device or n concentrator called channel works that enables direct connec-
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nectivity across the cable. In this regard, the channel works product is
supposed to be able to garner up to 83 separate Ethernets on a single cable.
The primary application has been to link multiple buildings in a metropol-
itan area network (MAN) for government, schools, universities, and hospi-
tals that have multiple buildings all across town. This has been a pretty
well-accepted innovation in many communities, LANCity was later
acquired by Bay Networks, which in turn was acquired by Nortel in 1998.
One of the most widely used CATV interfaces for the cable companies as
they roll out Internet access is through the use of these channel works
boxes. Now a new cable modem standard to bridge a PC onto a CATV and
access the Internet is becoming very popular.

Fast Ethernet

Why Do We Need Fast Ethernet? As described elsewhere, the uses of
local area networks have changed over the years. Whereas in the past the
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primary use was for movement of files and access to data by applications,
a frequent use of local area networks now is to load applications from
servers. Also, the character of those applications has changed. The exe-
cutables themselves have moved into the multiple megabyte range, and in
some cases, graphic files are also now in the millions of bits. This means
that faster networks are needed. Another factor driving the need for speed
is larger, higher-resolution monitors. A modern 1,024 X 768 monitor dis
plays slightly over 1 million bits for one screen’s worth of information. That
would require, ideally, slightly more than one-tenth of a second to traverse
an Ethernet. In practice, it would take considerably longer. One-tenth of n
second may not sound like a great deal, but on a small network of 10 users,
a whole second might be eaten up just by the one screen to each user In
practice, it would be worse because contention would slow things down,

Some applications are considerably worse than this, Large, high-
resolution graphics files make some environments entirely unsupportable
by a standard Ethernet. For example, the size of a single digitized magazine
cover can approach 70 megabytes. Bottom line: we need more spoed.
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The culture of the workforce has also changed considerably. The ,
just typing ASCII text characters on a screen have gone. With Internet |
Intranet access, the user now does more information processing. Moroovi )
that information is represented through a GUI, in which the graphics int
faces are denser. The amount of data traveling across our networks in
rapidly becoming exponential. The 10-Mbps Ethernet was pushed aside in
favor of the 100-Mbps Ethernet. Some organizations have moved to
10-Mbps switched Ethernet as a means of forestalling the change of all the
NIC cards in the PCs. This makes sense, but only begs for the actual
upgrade later. Now newer switches and hubs are auto-detecting where a
mix of 10- and 100-Mbps Ethernet NIC cards can be used on the same net-
work. This complicates the issue slightly, but also gains time for the
changes that are inevitable.

Many computer manufacturers are now installing 10- to 100-Mbps Eth-
ernet cards directly in the PCs when they are made. This saves the LAN
administrator from having to buy the cards separately. A minor issue is
associated with the manufacturers installing these cards. Not all NIC cards
are created equal. Many are made with special features and functions not
available to others. Therefore, some conflict could occur on the LAN when
these mixed variations are all on the same network. The other problem is
that the computer manufacturers who install the NICs usually require spe-
cial drivers for their machine. Thus, a user must be aware that differences
will arise and the price we pay for free LAN cards is the added burden of
keeping on top of the myriad protocols and drivers required.

As the convergence of voice and data caught on in the industry during
the late 19908, the move is to incorporate voice, data, and streaming video
at the desktop on the LAN. Given the limits of the 10-Mbps Ethernet
with the specifications discussed earlier, the movement to 100 Mbps was
escalated.

The term Fast Ethernet is primarily used today to refer to a technology
described as 100Base-T. In 1996, when the technology was introduced, Fast
Ethernet actually referred to several technologies. This creates some con-
fusion. One of the technologies was switched Ethernet. Switched Ethernet
is described in another chapter, but generally speaking, Fast Ethernet no
longer refers to switched 10-Mbps Ethernet. Likewise, full-duplex Ethernet,
at least the full-duplex variation of 10Base-T, is no longer referred to as
Fast Ethernet. Just as with 1,200-bps modems, which once were described
as high-speed, the advent of better technologies has resulted in changing
the terminology used to describe the older technologies.
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Only two technologies really deserve the name Fast Ethernet, Of the H’t‘, :
the vast majority of analysts have declared 100Base-T the winner, The !
other is 100VGAnyLAN. We'll discuss both technologies in this chapter, but
make no mistake: 100VGAnyLAN is dead. We'll also briefly describe Giign-
bit Ethernet, a technology that was standardized in 1998.

100Base-T When developers were trying to determine what the succes:
sor to Ethernet should be, they had two basic choices: try to stick to the
basic technology as closely as possible, just increasing its speed, or try to
make fundamental improvements to solve flaws that had become more
obvious over time. Two camps developed, one taking each approach. The
winning camp is the one that took the first approach. Their product was
100Base-T. The good news about 100Base-T is that the frame size and char-
acteristics are identical to those in standard Ethernet. It uses CSMA/CH
and in general can be understood and managed by network administrators
and software in the same way that 100Base-T could be managed. The bad
news is that collisions still occur, and the product still taps out at conmid-
erably less than the nominal 100 Mbps that it is supposed to be able to han-
dle. One might describe it as Ethernet on steroids. The actual throughput
on a 100Base-T is about 33 to 40 Mbps if using a hub and about 60 Mbpx
if using an Ethernet switch.
It is, however, the most popular replacement for standard Ethernet by
far. This is due largely to good marketing, but something should definitoly
be said for not having to do major retraining of your network admin i
tors and technicians. In 1998, 50 percent of all new LANSs installed we
the 100-Mbps rate. In 1999, that number jumped to almost 67 percent
varied between the shared bus concept in a hub and the switched v
using a switch. Regardless, the costs, although higher than 10-Mbps
are sufficiently attractive to merit the installation regardless of whel
the speed is needed at the desktop today. _
Like the original Ethernet, 100Base-T supports several media, Not
absent from this list is coaxial cable. Both standard copper wirin ; nn
are supported. As with all high-speed technologies, the copper impl
tion has severe distance limitations. Most of the high-speed W
not support end devices more than 100 meters away from their
tronics locations; Fast Ethernet is no exception. . -
Fast Ethernet can be handled on three variations
first is category 3 UTP (unshielded twisted pair). If you ax
egory 3, however, you must use four pairs of twisted-pai
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extremely unpopular option. It is not difficult to see why. Although many
installations have some copper wiring available, it is extremely unusual to
have four pairs that are unused. If one is going to have to put in new wiring,
there is no reason to put in anything less capable than category 5. In addi-
tion, Fast Ethernet on category 3 only supports half-duplex operation. If
Fast Ethernet is used in half-duplex mode on four pairs of either category 3
or category 5 wiring, it is described as 100Base-T4.

The second copper variation supported is category 5 UTP. In the case of
category 5, Fast Ethernet can operate in either half or full duplex on two
pairs of wire rather than the four required for category 3. Operating on two
pairs, Fast Ethernet is referred to as 100Base-TX. This is by far the most
popular implementation of Fast Ethernet.

The third variation supported on copper for Fast Ethernet is shielded
twisted pair (STP). Generally speaking, STP should only be installed in spe-
cial cases where the potential interference either to or from the network is
an issue. STP is much more difficult to install, with more demanding
grounding requirements than UTP. It doesn’t increase speed, nor does it
improve usage of the pairs in the cable. As far as network performance is
concerned, it works the same as on UTP.

In addition to copper wiring, 100Base-T is supported on fiber. As with
category 5, fiber supports both half- and full-duplex operations. Why might
you use fiber? It doesn’t improve the speed. The reason is fiber’s general
suneriority aver eonner ae described elsewhere in this book. In the case of
Fast Ethernet, the main reason to use fiber would be to extend the available
distances. Fast Ethernet over copper, as mentioned earlier, only reaches
100 meters to the desktop. A more severe limitation is that distances
between copper-connected Fast Ethernet hubs must not exceed 5 meters
(Figure 21-13). The use of fiber considerably relaxes these limitations.

As with standard Ethernet, the way the wiring (either copper or fiber)
can be used varies. Buyers must select among shared, switched, and/or full-
duplex use of the media and obtain the right electronics to install at both
ends of the cable. The default is shared half duplex. One should be aware
that just as in standard Ethernet, the contention experienced with a shared
half-duplex configuration means that in no case, except a two-user network,
will you be able to count on actually getting anywhere near the 100-Mbps
nominal performance of a Fast Ethernet. However, that should not usually
be a major problem. Just as with standard Ethernet, medium or even large
work groups can be set up that still get a significant performance improve-
ment over standard Ethernet by using shared half-duplex Fast Ethernet.
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If what you're doing is building a backbone, you probably want to use
switched full-duplex Fast Ethernet. This will deliver close to the rated Wn:
Mbit performance to each node, and it costs considerably less than the
available alternatives (FDDI and ATM are the ones that come to m

Note that for anything but shared half duplex, one must use either ¢
B 1UTP or fiber cabling. Nﬂi’nrﬂﬂv the cost of the electronica in
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deliver switched or full duplex is considerably more than that for & thi
half duplex—in fact, three to five times the cost of the less exp
approach. {
Changing your network over to Fast Ethernet has been made mueh o
ier than it might have been by clever manufacturers that have add
the problem. Because all Fast Ethernet implementations are hase
either copper or fiber, the cabling is done in a star or radial conf! urn
no physical bus topologies need apply. This means that in theor
practice, each node can be upgraded individually. The u
the central electronics (hubs, switches, and so on) with the ¢
most cases, to handle either 10- or 100-Mbps Ethernet
basis. This means that better electronics can be swapped &
tion, the network can be brought back up, and
machines can be upgraded (Figure 21-14).
Better than this, however, is the advent of
manufacturers make NICs that operate at both
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described as 10/100 cards. But any given computer can run at only one
speed at a time—why do we need the dual speed? Most environments
upgrade individual computers in groups; it is rare to replace all of the com-
puters in an environment at one time. Often, they are replaced one at a
time, as users’ needs change. With 10/100 cards, a company can make a
long-term decision to move toward 100Base-T without having to upgrade
all the central hubs. The company can upgrade the desktops and then
upgrade the hubs as it makes sense to do so. In most cases, the 10/100 cards
automatically sense the speed of the connected wire (that is, of the central
electronics port) at the time the PC is booted.

A changeover plan could be developed in one of two ways. One plan
would be to replace all of the NICs in desktops over time with 10/100 cards.
These cards are not significantly more expensive than standard Ethernet
cards. Once all of the cards are replaced, then replace the central electron-
ics with 100Base-T switches and hubs, reboot all the desktops, and you are
done. The second approach would be to replace the central electronics with
switches and hubs with units that have 10/100 ports. These are more costly,
but give a degree of flexibility that isn’t available in the first scenario; not
all desktops have to be upgraded either. Once the central electronics are all
upgraded, one can begin upgrading the desktops. In a pinch, some desktops
can be upgraded in parallel, although this complicates the management
efforts.

100Base-T Performance Expectations The most obvious alternative
to implementing 100Base-T is switched 10Base-T Ethernet. Surprisingly,
the latter may, under some circumstances, deliver better performance than
shared 100Base-T. One may think that this is an unfair comparison; how-
ever, the costs are similar, whereas the cost of switched 100Base-T is prob-
ably much too high for desktop use in most cases. So we will consider
switched 10Base-T and shared 100Base-T as alternatives.
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It all boils down to the numbers, In an environment with sma
groups (fewer than 20), shared 100Base-T will probably deliver m
ter performance to the desktop than shared Ethernet could, Why?
100Base-T, each user will average at most 5 Mbits of capacity on the ht i
all are active simultaneously. But in most real-world scenarios, not all users

are truly simultaneously active. In the typical case, fewer than 10 M !
of the users are doing anything on the network at any given instant, Ten
percent of 20 people is two people. These two active users, in most cason,
would share 100 Mbps of capacity, or 50 Mbps each, which is obviously bet:
ter than switched Ethernet’s delivery of 10 Mbps at best to each user. How-
ever, let’s cook the numbers a little differently. If 100 users are on a
switched Ethernet segment, each will still get 10 Mbps delivered to the
desktop all the time. Fast Ethernet at 100 Mbps, in the worst case, will
deliver only 1 Mbps to the desktop. If 10 percent of users are active at a
time, then each will get about 10 Mbps. In practice, contention on the 100
Mbps hub will reduce that by 20 to 30 percent. In this case, switched Eth-
ernet might be a better choice than the Fast Ethernet.

A major decision factor is the type of work the users are doing. If each in
doing network-intensive activities on a continuing basis that can be satis-
fied by a 10-Mbps pipe, switched Ethernet is probably the technology of
choice. On the other hand, if the user population makes sporadic use of the
network, but each use tends to benefit from a truly high bandwidth (editing
large graphic files is an application that comes to mind), then 100 Mbps (or
higher) would definitely be the better choice because each user would expe- i
rience close to the maximum capacity when needed, if it’s only lightly used. J

100VGAnyLAN Back before 100Base-T had established its market
share, a group of technically oriented companies including Hewlett-Packard
felt that the second approach to upgrading Ethernet—improving its flaws
as opposed to just increasing its speed—was the better approach. The rosult

Betamax, it didn’t win over the market. One can still buy 100VGA LA

products; however, the system is regarded by most as an lllo-l'lli: !
100VGAnyLAN had much to recommend it. Its designers chose &

inate the CSMA/CD method of allocating capacity. Inl“ld.‘ L

responding hub that it has something to send. The ]
these notifications and solicits the input once notified, It §
1
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designate high-priority traffic, such as video, enabling a better pattern of
performance for such traffic in this technology.

100VGAnyLAN also had the capability to support either Ethernet or
token ring traffic. This traffic cannot be on the same hub, but one can use
the same kind of hubs for both, significantly reducing the complexity of a
LAN implementation environment. The rules for cascading 100VG hubs are
no more restrictive than those for standard Ethernet and considerably
more flexible than those for 100Base-T. As with 100Base-T, the cable run-
ning out to the workstations can be 100 meters long; however, the distance
between hubs also can be 100 meters, 20 times the limitation of 100Base-T.

100VGAnyLAN has some disadvantages, partially explaining its failure
in the marketplace. For one thing, its initial specification required four
pairs of unshielded twisted pair wiring, no matter which category was being
used. Another disadvantage is more political than technological. Since the
beginning, Ethernet has used CSMA/CD as its media allocation scheme,
100VGAnyLAN does not. It uses demand priority. In fact, this is an advan-
tage; however, purists in the Ethernet camp have attacked 100VGAnyLAN
on this basis. It is a poor reason not to use the technology; however, enough
advocates of Ethernet went the other way because of this that it seriously
and adversely affected 100VGAnyLAN’s market share. Very few vendors
subscribed to the 100VGAnyLAN technological specification. At this point,
it is really only enthusiastically supported by Hewlett-Packard, and even
HP has moved on to support 100BaseT.

Gigabit Ethernet Although we do not know of anyone who alleges that
full-duplex switched 100Base-T is insufficient to handle any likely desktop
requirement, if one puts together enough high-speed desktop LANSs, the
backbone to serve them needs to be a better technology than that desktop
LAN technology, whatever it is. Moreover, if the use of voice, data, video,
and multimedia finally becomes a reality on a single architecture, then the
need for more than 100 Mbps to the desk may become a reality. Gigabit Eth-
ernet was developed with the goal of providing these applications to the
individual user in the future. In 1998, products were introduced before the
standards had been adopted. As with many new technologies, some vendors
came out with products early and promised to change or upgrade those
products, at no cost to the initial implementers, to whatever the standard
becomes. This allowed the vendors to get a leap on the market and assure
their market share before others could get there. So the question is, when
would you use Gigabit Ethernet and when would you not?
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regard.mg delivery of actual capacity. An interaction occurs in all Em
between minimum packet size and size in terms of radius of the actusl
maximum network configuration. The smaller the minimum frame size, the
smaller the maximum radius of the network. This relationship s com-
pounded in a bad way by increasing the speed of the network transmission.
Because the goal in upgrading to a faster variety of Ethernet is to keep the
same frame size limitations, the radius of the Gigabit Ethernet without
using a special technique is limited to about 20 meters, which is obviously
impractical. The designers implemented a special technique that involves
transmission of a special signal in any case where a frame smaller than 512
bytes is transmitted on a Gigabit Ethernet. This means that for large
frames (those associated with large file transfers), Gigabit Ethernet might
actually deliver close to its full speed. However, many networks being used
by human beings as opposed to machines generate a large number of small
frames averaging only 300 to 350 bytes. In the worst case, such a network,
even if implemented on Gigabit Ethernet, would experience performance a
little better than that delivered by 100Base-T in its full-duplex incarnation,
The technique creates a 200-meter network diameter. This limitation
means that any network implementer needs to seriously analyze what kind
of traffic is going to be carried by that network and evaluate the likely
bandwidth to actually be delivered by Gigabit Ethernet.

Gigabit Ethernet also did not provide quality of service (QoS) guaran-
tees, although the proponents of Gigabit Ethernet are working to provide
QoS-like services. This means that even though its nominal speed is very
high, it still is not an ideal technology for satisfying isochronous type traf-
fic (such as video). The new standards for the 802.3Q are designed to han-
dle QoS features for Gigabit Ethernet.

If one implements full-duplex Gigabit Ethernet, the issue regarding dis- =
tance pretty much disappears. Gigabit Ethernet requires the use of fiber R
Two kinds of fiber are available: multimode and single mode, Multimode
should be able to reach up to about 550 meters, whereas single mode hould
be able to reach distances approaching 3 kilometers. .

One other caution: Most of the Intel-based servers in service an Xl
ally incapable of accepting or transmitting information at speeds 4
cantly greater than those that can be provided by 100Base-1. T hy
a server directly to a Gigabit pipe would not necessarily deliver
performance over Fast Ethernet. Higher-end UNIX serve:
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performance two to four times the above, but even they cannot yet receive
or transmit information at true Gigabit speeds. Backbone components
(routers, and so on) also are just now coming on the market that can han-
dle speeds in this range. Therefore, simply buying Gigabit devices and drop-
ping them into the network is not likely to be a successful strategy.

Gigabit Ethernet does promise to be a less expensive technology than
ATM. In cases where backbones can be successfully implemented with
Gigabit Ethernet, it may be more cost-effective. However, ATM is available
at speed ranges that are at least competitive with Gigabit Ethernet. With
the additional capabilities of ATM and its large (carrier-based) installed
base, ATM is probably the preferred technology for high-capacity backbones
at least for the next couple of years.

Just when we thought it was safe to come out of the LAN closets and use
the technologies, with the knowledge that Gigabit Ethernet is coming along
to deal with bandwidth issues, the next in a series of evolutionary steps
emerged. Now the talk is focused on 10-Gigabit Ethernet. Nortel Networks
announced their strategy in 1999 with the use of 10-Gbps Ethernet over
Synchronous Optical network (SONET) OC-192-based networks. The
10-Gigabit Ethernet standards are still emerging, so many vendors are
coming out with their own proprietary solutions to satisfy this demand.
Once again, this places the buyer at risk when the standards finally get
approved sometime in 2003-2004.

This 10-Gigabit strategy also points out that the end user may not need
this speed yet, but the carriers (telcos, ISPs, and new providers) will be look-
ing for this throughput. If a carrier chooses to offer 1 Gbps to a consumer
(large organization), then the 10 Gbps is necessary for the provider to guar-
antee the QoS and the effective data rates. This is particularly true when
serving the ISPs and Internet Telephony Service Providers (ITSPs).
Through the use of Metro Area Networks running on SONET standards
and using Dense Wave-Division Multiplexing (DWDM) on the fiber sys-
tems, the carriers will be delivering 1-2-54 or 10 Gbps Ethernet.

Virtual LANs

In a traditional shared media network, traffic generated by a station is
propagated to all other stations on the local segment. For a given station on
shared Ethernet, the local segment is the collision domain because traffic
on the segment has the potential to cause an Ethernet collision. The local
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segment is also the broadcast domain because any broadcast is sent to all
stations on the local segment.

Ethernet bridges and switches divide a network into smaller collision
domains, but they do not affect the broadcast domain. In simple terms, a
virtual local area network (VLAN) can be thought of as a mechanism to
fine-tune broadcast domains.

A VLAN is a collection of switch ports that make up a single broadcast
domain. A VLAN can be defined for a single switch, or it can span multiple
switches. VLANS are logical entities created in the software configuration to
control traffic flow. Membership in workgroup segments can be determined
logically instead of by user location, and moves, adds, and changes can be
easily configured as the network evolves.

IEEE 802.11 Wireless LANs

The IEEE 802.11 standard defines the physical layer and media access con-
trol (MAC) layer for a wireless local area network (WLAN), The standard
defines three different physical layers for the 802.11 WLAN, each operating
in a different frequency range and at rates of 1 Mbps and 2 Mbps. In this
section, we focus on the architecture of 802.11 LANs and their media access
protocols. We'll see that although it belongs to the same standard family as
Ethernet, it has a significantly different architecture and media access pro-
tocol. The IEEE 802.11 represents the first standard for WLAN products
from an internationally recognized, independent organization. The IEEE
manages most of the standards for wired LANs. We saw the standards at
work when we reviewed the Ethernet (802.3) and the Token Ring (802.5).
The WLAN standard (802.11) represents an important milestone in WLAN
systems because customers can now have multiple sources for the compo-
nents of their WLAN systems. Some applications are still available where
the existing proprietary data communications are a good fit because they
may optimize some aspect of the network performance. However, 802.11
compliant products expand the users’ options.

802.11 LAN Architecture The principal components of the 802,11
WLAN architecture are shown in any architectural drawing. The funda-
mental building block of the 802.11 architecture is the cell, known as the
basic service set (BSS) in 802.11 parlance. A BSS typically contains one or
more wireless stations and a central base station, known as an access point
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(AP) in 802.11 terminology. The stations, either fixed or mobile, and the cen-
tral base station communicate among themselves using the IEEE 802.11
wireless MAC protocol. Multiple access points may be connected together
(using a wired Ethernet or another wireless channel) to form a so-called
distribution system (DS). The DS appears to upper-level protocols (such as,
IP) as a single 802 network, in much the same way that a bridged, wired
802.3 Ethernet network appears as a single 802 network to the upper-layer
protocols.

How It Will Be Used in End Applications? The IEEE 802.11 standard
defines the protocol for two types of networks: ad hoc and client/server
networks.

® An ad hoe network is a simple network where communications are
established between multiple stations in a given coverage area without
the use of an access point or server. The standard specifies the
etiquette that each station must observe so that they all have fair
access to the wireless media. It provides methods for arbitrating
requests to use the media to ensure that throughput is maximized for
all of the users in the base service set. IEEE 802.11 stations can also
group themselves together to form an ad hoc network—a network with
no central control and with no connections to the outside world. In this
case, the network is formed on the fly simply because mobile devices
have found themselves in proximity to each other, have a need to
communicate, and find no pre-existing network infrastructure (such as
a pre-existing 802,11 BSS with an AP) in the location. An ad hoc
network might be formed, for example, when people with laptops meet
together (in a conference room, a train, a car, and so on) and want to
exchange data in the absence of a centralized access point. A
tremendous recent increase in interest in ad hoc networking has
occurred, as communicating portable devices continue to proliferate.
Figure 21-15 illustrates the ad hoc network.

u The client/server network uses an access point that controls the
allocation of transmit time for all stations and enables mobile stations
to roam from cell to cell, The access point is used to handle traffic from
the mobile radio to the wired or wireless backbone of the client/server
network. This arrangement enables point coordination of all of the
stations in the basi¢ service area and ensures proper handling of the
data traffic. The access point routes data between the stations and
other wireless stations or to and from the network server. Typically,
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WLANS controlled by a central access point will provide better
throughput performance. Figure 21-16 illustrates the client/server
approach.

Physical Layer Implementation Choices The physical layer in any
network defines the modulation and signaling characteristics for the trans-
mission of data. At the physical layer, two RF transmission methods and

LN N N
Figure 21-16

The client/server
approach to wireless
LANSs

Ethernet used to connect multiple APs

Legend:
AP= Access Point

BSS= Basic Service Set
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one infrared are defined. Operation of the WLAN in unlicensed RF bands
requires the spread spectrum modulation to meet the requirements for
operation in most countries. The RF transmission standards in the stan-
dard are Frequency Hopping Spread Spectrum (FHSS) and Direct Se-
quence Spread Spectrum (DSSS). Both architectures are defined for
operation in the 2.4-GHz frequency band typically occupying 83 MHz of
bandwidth from 2.400 GHz to 2.483 GHz.

m Differential BPSK (DBPSK) and DQPSK is the modulation for the
direct sequence,

m Frequency hopping uses two to four levels Gaussian FSK as the
modulation signaling method.

Different frequencies were approved for use in Japan, the United States,
and Europe and any WLAN product must meet the requirements for the
country where it is sold. The physical layer data rate for FHSS system is
1 Mbps. For DSSS, both 1-Mbps and 2-Mbps data rates are supported. The
choice between FFHSS and DSSS will depend on a number of factors related
to the user's application and the environment that the system will be
operating.

Infrared Physical Layer One infrared standard is supported which operates
in the 860nM- to 950nM-band with peak power of 2 W. The modulation for
infrared is accomplished using either 4- or 16-level, pulse-positioning mod-
ulation. The physical layer supports two data rates: 1 and 2 Mbps.

Direct Sequencing Spread Spectrum (DSSS) Physical Layer The DSSS physical
layer uses an 11-bit Barker Sequence to spread the data before it is trans-
mitted. BEach transmitted bit is modulated by the 11-bit sequence. This
process spreads the RF energy across a wider bandwidth than would be
required to transmit the raw data. The receiver reverses the RF input to
recover the original data. The advantage is the reduced effects of narrow-
band sources of interference.

The IEEE 802.11 protocol can also use a short request to send (RTS) con-
trol frame and a short clear to send (CTS) frame to reserve access to the
channel. When a sender wants to send a frame, it can first send an RTS
frame to the receiver, indicating the duration of the data packet and the
ACK packet. A receiver that receives an RTS frame responds with a CTS
frame, giving the sender explicit permission to send. All other stations hear-
ing the RTS or CTS then know about the pending data transmission and
can avoid interfering with those transmissions. An IEEE 802.11 sender can
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The RTS/CTS
sequence

Source Destination Others

DIFS |
TS

SIFs

NAV: deter access

SiIFs

operate either using the RTS/CTS control frames or can send its data with-
out first using the RTS control frame. Figure 21-17 shows the RTS/ACTH
sequence.

The use of the RTS and CTS frames helps avoid collisions in three impor-
tant ways:

1. Because all stations within the receiver’s vicinity will hear the
receiver’s transmitted CTS frame, the CTS frame helps avoid both the
hidden station problem and the fading problem.

2. Because the RTS and CTS frames are short, a collision involving an
RTS or CTS frame will only last for the duration of the whole RTS or
CTS frame.

3. When the RTS and CTS frames are correctly transmitted, no collisions
should occur involving the subsequent DATA and acknowledge (ACK)

frames.

Frequency Hopping Spread Spectrum (FHSS) Physical Layer The FHSS phys-
ical layer has 22 hop patterns to choose from. The frequency hop physical
layer is required to hop across the 2.4-GHz ISM band covering 79 channels.
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Each channel occupies 1 MHz of bandwidth and must hop at the minimum
rate specified by the regulatory bodies of the intended country. A minimum
hop rate of 2.5 hops per second is specified for the United States.

Each of the physical layers uses their own unique header to synchronize
the receiver and to determine signal modulation format and data packet
length. The physical layer headers are always transmitted at 1 Mbps. Pre-
defined fields in the headers provide the option to increase the data rate to
2 Mbps for the actual data packet.

The MAC Layer Unlike the 802.3 Ethernet protocol, the wireless 802.11
MAC protocol does not implement collision detection. This is because of a
few reasons:

®m The ability to detect collisions requires the ability to both send (one’s
own signal) and receive (to determine if another station’s
transmissions are interfering with one’s own transmission) at the
game time. This can be costly.

® More importantly, even if one had collision detection and sensed no
collision when sending, a collision could still occur at the receiver. This
situation results from the particular characteristics of the wireless
channel.

Given the difficulties with detecting collisions at a wireless receiver, the
designers of IEEE 802.11 developed an access protocol that aimed to avoid
collisions (hence, the name CSMA/CA), rather than detect and recover from
collisions (CSMA/CD).

First, the IEEE 802.11 frame contains a duration field in which the send-
ing station explicitly indicates the length of time that its frame will be
transmitting on the channel. This value enables other stations to determine
the minimum amount of time (the so-called network allocation vector,
[NAV]) for which they should defer their access.

The MAC layer specification for 802.11 has similarities to the 802.3 Eth-
ernet wired line standard. The protocols for 802.11 use a protocol scheme
know as carrier sense multiple access collision avoidance (CSMA/CA). This
protocol avoids collisions instead of detecting a collision like the algorithm
used in 802.3. It is difficult to detect collisions in an RF transmission net-
work, which is why collision avoidance is used. The MAC layer operates
together with the physical layer by sampling the energy over the medium
transmitting data. The physical layer uses a clear channel assessment
(CCA) algorithm to determine if the channel is clear. This is accomplished
by measuring the RF energy at the antenna and determining the strength
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The hidden node

of the received signal. The best method to use depends ‘I.IM
interference in the operating environment. The CSMA/CA pro
options that can minimize collisions by using RTS, CTS, data and
edge (ACK) transmission frames, in a sequential fashion, !

Communications is established when one of the wireless nodes send

length of message. The message duration is known as the network allooa:
tion vector (NAV). The NAV alerts all others in the medium to back off for
the duration of the transmission. The receiving station issues a CTS frame,
which echoes the sender’s address and the NAV. If the CTS frame i not
received, it is assumed that a collision occurred and the RTS process starts ~
over. After the data frame is received, an ACK frame is sent back verifying
a successful data transmission. A common limitation with wireless LAN
systems is the hidden node problem. This can disrupt 40 percent or more of
the communications in a highly loaded LAN environment. It occurs when a
station in a service set cannot detect the transmission of another station to
detect that the media is busy. Figure 21-18 shows the hidden node.

With the emphasis now on Voice over IP telephone applications, the
802.11 standard enables the interconnection of the traditional PBX and
LANS as shown in Figure 21-19.
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Figure 39-4
The unshielded

twisted-pair wiring

Twisted Pair Wire

T

Twisted Pair

Twisted pair refers to telephone wiring. This type of paired wiring us
comes as two solid copper wires, each covered with a plastic insulator
twisted together. It is not the silver satin cable often sold in hardware
for use with telephones. Silver satin is a flat-wire system where all
wires are laid side by side rather than twisted around each other in
Twisted-pair wiring is often described as shielded or unshielded
pair (STP or UTP). UTP (Figure 39-4) has been primarily used for v
communications. It is twisted to reduce induction effects in adjacent wires
otherwise known as cross talk. The more twists per foot, the better the
reduction in the cross talk. The twisted-pair wiring is usually sold in vari:
ous flavors, as shown in Table 39-1. In these pairings, the number of pairg
is always important because of basic and immediate needs as well as future
needs. The best approach anyone can take when installing wiring to the
desk or in vertical distribution is always to add more.

P e
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Table 39-1

Typical Number of
Pairs Used for Analog telephone wiring 2 pairs 1 pair
leset=allati~um
e, Digital telephone wiring 1-4 pairs i pairs
LAN wiring Ethernet 10BASE-T 4 pairs 2 pnirs
LAN wiring token ring 4 or 16 Mbps 4 pairs 2 pniry
Horizontal telephone wires 25 pairs 14 for individunl sots

The wire pairs are typically color coded so that the pairing can be kopt
together visually, rather than by guesswork. This pairing color code is
designed so that a striped wire and a solid-color wire, or a striped wire and
a striped wire of the reverse color combination, create a pair; older wiring
systems, such as the old telephone wiring in households, use a solid-color
wire convention. Table 39-2 shows the more common combinations. The two
colors on the wire insulation represent where the convention uses a striped
color code (that is, white/blue means a white wire with a blue stripe,

Table 39-2 Pair | : i
Color Coding for Number Gckm(}odedl’airing Dl ST
Normal Pairings ' '
One White wire/blue stripe and blue wire, or white wire/blue stripe and blue
wire/white stripe
Two White wire/orange stripe and orange wire, or white/orange and
orange/white
Three White/green and green or white/green and green/white
Four White/brown and brown or white/brown and brown/white

Older analog wiring found still in some buildings uses a four-wire pairing with these
color-coding conventions.

One Red/green
Red is the transmit and green is the receive wire.

Two Black/yellow
Black is the battery and yellow is the ground for some sota; if a twoeline sot
is used, then black is transmit 2 and yellow is receive 2,
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Table 39-3

Comparing the
Difference
Between Pulling a
Single Cable Twice
versus Two Cables
Once Shows the
Real Dollar Value of
Preplanning. The
Main Cost
Difference Is the
Labor.

blue/white means a blue wire with a white stripe). In the reverse wir
color code uses the two colors in the reverse; however, the normal p
tains a striped and a solid wire (that is, white/blue is a white wire wi
stripes and blue is a solid blue wire). F

If installing a telephone set (for example) that requires one pair, it
be imprudent to run the wires to the set with only one pair enclosu
erwise, the first thing that would happen if you chose to change the
hanging off these wires is that you would be confronted with the i
rewire with additional pairs. Telephone systems typically can be
require from one to four pairs at the desk. Thus, the minimum num|
pairs to the desk is four. We have always adopted a standard that a
mum of two each of the four-pair wiring be installed. After all, the «
adding a few hundred feet of wire at the time of initial installation I8
a few cents per foot. If, however, rewiring is necessary, the labor to g : )
and pull more wires will cost a significant amount (Table 39-3). :

UTP is a balanced wiring system. This means that both wires carry |
ilar types of electrical signals and have similar characteristics. No sp
grounding is required. With the appropriate adapter, UTP can be usé
support nonremote terminal traffic that would otherwise require
cabling. Shielded twisted-pair (STP) wiring (Figure 39-5) was endorse

e

Materials (4-pair cable, $9.35

block, RJ45, cross-connect

wire, base cord)

Labor to pull wires, $300

punch down and test

Total cost per run $309.35 $338.70
@ 50 pulls $15,467.50 $16,935
Cost for additional $15,467.50 $0 50
installations

Total cost $30,935 $16,935
Difference ($14,000)
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Figure 39-5 =

Shielded twisted pairs
Include foil wrap that
1§ connected to a
Lj()t‘)d earth ground.

Foil Wrap

STP was better for data communications than early UTP was, but only if it
was installed correctly. The shield—a foil sheath covering the copper pairs
—must be properly grounded. If not, the shield can create a ground loop
(Figure 39-6). This situation introduces the possibility that a wiring system
will become an antenna, which is worse than if no shielding were used. STP
is also more costly than UTP because of the extra foil shielding and because
the jacks and plugs cost significantly more than those used with UTP. STP
was generally used only for token ring installations, before appropriate
UTP grades and components became available. The shield, if properly
installed, will provide better cable performance, such as reduced cross talk,
protection from grounds and faults, greater signal distances, and protection
from EMI and RFI interference.?

AT&T (now Lucent) and others experienced many queries from cus-
tomers as to the transmission characteristics of various UTP offerings. The

GO Rl NS RS
Figure 39-6

If grounded on both
ends at different
potentials, the shield
creates a ground
loop. This is worse
than no ground

at all.

2 EMI refers to electromechanical interference; RFI refers to radio frequency interference. These
are the conditions that are introduced into the copper on the twisted-pair wiring.
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company’s specification sheets provided the desired information, |
format that only an electrical engineering graduate could
make buying products easier, vendors developed a set of simp
grade wire specifications based on the underlying detailed el
acteristics of the wire. Initially supported by the Underwriters Labo
(UL), this specification contained three levels numbered 1 thre
more wiring products became available and needed, the company exi
the grading scheme. Now five defined levels or data grades for UTP wi
are supported by the TIA/EIA, each capable of handling its own
ments as well as those addressed by all lower levels:

m Level 1 Sometimes described as barbed wire, this level will har
the requirements of voice communications, called plain old telephe
service (POTS), and limited data rates that meet EIA 232-specific d
rates (such as 19.2 Kbps).

m Level 2 This level is certified to handle the requirements of a 4
token ring.

®m Level 3 This level addresses Ethernet’s requirements of 10 '-_'
twisted pairs. The specifications from various vendors suggest that |
specification will support higher rates, such as 16 and 20 Mbps, but
not an EIA standard.

® Level 4 This level is used for 16-Mbps token ring speeds and the
20-Mbps ARCNet service. IBM is planning to introduce a 25-Mbps
token-passing ring concept at duplex arrangements that will be cal
ATM. The specification is to use level 3 or 4 wiring to support thess
speeds. R,

m Level 5 This level is certified to function properly at up to 100 M
protocol unspecified, as long as no cable run exceeds 100 meters
(828-foot combined runs from the closet to the workstation). The
industry is now stating that level 5+ will support up to 155-Mbps
speeds that are supported by ATM standards. A level 5E is being
endorsed to support gigabit Ethernet over copper cables because th '_
speeds continue to rise and rewiring the building every time a sp
increase occurs is too expensive.

The term level applies only to the wire itself. The entire system
described as category n, where n matches the wiring level. The entire ay
tem includes jacks, plugs, and patch panels, in addition to the wiring itsel
These components also need to be certified as meeting category whatevs
requirements. Because category 5 components cost more to install, peop!
sometimes install category 5 wiring with category 3 components, Bocaun
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replacing the components is much easier than rewiring a building, they
expect to replace the components later if required.

Some LAN technologies require 100 Mbps. These include two varieties of
Fast Ethernet, as well as a standard for Fiber Distributed Data Interface
(FDDI) that runs on category 5 UTP. No matter what LAN topology is used,
UTP is almost always configured with a radial wiring plan and rarely as a
physical bus. Radial (or star, radiating out from a central point) fits well
into building cabling troughs, which in large part accounts for the popular-
ity of UTP data wiring.

UTP offers the lowest medium cost per foot installed. Of available tech-
nologies, it is the most limited in distance because of the nature of the
medium. Every medium has an inverse relationship between distance and
potential speed. The specific ratio varies with the media. For any given
speed, UTP has the shortest distance limitation of the media discussed in
this chapter.

However, UTP has many suppliers, and installers are familiar with it.
Because of its popularity, vendors focus on getting their products to function
in this type of physical plant. Unless a company will possibly need speeds
greater than 100 to 155 Mbps to the desktop, or will need cable runs to
exceed 100 meters, a category-5 installation is likely to handle all require-
ments for at least the next 5 years. If you are planning a category-5 imple-
mentation, however, be sure to have installers who are experienced with
category 5 and who have more than just basic telephone wiring experience.
Installing category 5 is not particularly difficult, but it is different from the
other wiring levels, Specific considerations must be adhered to when
installing this type of wiring or all efforts will be for naught. When improp-
erly installed, the category-hH cabling can be negated and functionally
provide only speeds based on the wenkest link in the system, such as cate-
gory 1. You can spend a lot of money on the wiring system, only to be left
with an infrastructure that doesn’t meet expectations; or, retrofits that are
expensive might be required to bring the wiring up to standard. This can be
a devastating financial burden to the organization.

Twisted-pair wire is typically cabled using standardized jacks and plugs.
Originally standardized by AT&T, the designations of these jacks are easily
understood codes (such as RJ11, RJ45, and others). We assume that some-
one found them easy to understand, anyway. In any case, the key differen-
tiating factors among these jacks and plugs are

How many pairs of wire can terminate on the jack (two, three, or four)?

-
» How many pairs of wire actually do terminate on the jack?

Hﬂ‘v‘;’ are 'Lhe pnirs nasio‘nﬂd?

aa=in it
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RJ-45 RJ-45 Keyed
The specific number
of pairs and the _‘_ _i
pinouts differ on the
RJ-11-4
RJ-11-6 Modified RJ-11-6

? Fiber Distributed Data Interface (FDDI) was specified on a proprietary cabling schome

Copper Distributed Data Interface (CDDI). This has not been popular because of the I

speed increases and proliferation.

Chap!

Every electrical signal path on UTP requires one pair of wires, If tw
nal paths are required (for example, digital sending and receiving),
two pairs are required. However, those pairs most likely will
assigned in sequence (for example, left to right or right to left); that w
be too easy. As an example, voice wiring on an RJ11 jack (which e
two pairs of wire and thus handle two analog voice lines) typically
center pair of pins or wires on the jack for the first line, and the outes
for the second line if present. If only one line is to be installed, som |
the outer pair will not even be present on the Jacks and plugs, even th
the RJ11 jacks are still used. :

Every defined use of UTP (for example, 10BASE-T for Ethernet) in
a very precise specification of which positions will be used on what ja¢
which transmission path. 10BASE-T is different from token ring, and
differ from the standard for FDDI® over UTP, even though all of the !
defined on RJ45 jacks and plugs. See Figure 39-7 for a representati

the various ways that the wires can be used in the jacks based on diffe
standards.
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Figure 39-8

The balun is used to
run less-expensive
twisted pairs to a
coax interface.

Coax

Coaxial cable is decreasing in popularity. Before fiber wan developed, it was
the only practical medium to achieve high bandwidths over distances
exceeding a few hundred feet. Whereas a high-speed signal (up to about 100
Mbps) can go via UTP up to 100 meters or so, some forma of conxial cablo
can carry signals requiring several hundred Mbps a fow thousand metors.
The two basic forms of coaxial cable are baseband and brondband. Baso-
band is used for an Ethernet connection and broadband is the typleal enble
used in cable TV (CATV) systems. The use of baseband versus hroadband
systems was covered in Chapter 23.

Coaxial cable is an unbalanced medium; the signal goes through one eon-
ductor (the inner core), while the other conductor (the outer braid) funetions
as the ground. Signals can be converted from a balanced to an unbulanced
medium (and back) via use of a special passive device called a balun (hals
anced and unbalanced), so long as the numbers of required conductors
match. This technique is used to supplement coaxial cable with twisted-pair
wires as an economic measure. Coaxial ends might be used on a cable run,
but UTP wires are used in the middle for the vertical or horizontal run to
save money in the wiring of a building. See Figure 39-8 for a typical instal
lation using the balun.

All coaxial cables have the same basic construction. Each has an inner
conductive core, usually of copper (usually solid but sometimes strandod),
Around the core is the dielectric, an insulating material. Around the disles
tric is a second conductive path or sheath, usually in the form of hralded
copper. This basic construction is illustrated in Figure 39-9 for binsehind
coaxial cable and in Figure 39-10 for broadband coaxial cable, As with other
available media, the underlying construction is varied in muany ways (o
enable customization for specific purposes.

Variations in the thickness of the three key compononts, as well as in the
type or types of covering used, result in a bewildering array of posnible
cables. Each specific type has a designation (for example, RGAKA) that
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