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CHAPTER 1: INTRODUCTION

1.0 PURPOSE

The local area network arena is sizzling with strong competition and new
contenders are continually entering the market. Some firms are announcing
complete systems and others are specializing in specific components.
Because of this influx of local area network manufacturers, it is becoming
more difficult for businesses to determine which system or components to

purchase or lease.

Generally, high level executives make all decisions which inveolve
substantial expenditures. Most of these executives may not know what is
meant by the term "local area network" much less know how to choose the
right one for his or her purpose. Often the technical expertise which
should be available in lower management positions is inadequate for major
decisions because the expertise does not exist in new technologies. Relying
on vendor opinions and suggestions can be unwise as vendors are inclined to
fit the business needs to the system, while the executive should be

concerned with finding the system which best serves the company's needs.

This report defines the temminology and explains the concepts which should
be understood so that informed decisions can be made by non-technical high
level executives. Also, twenty products currently on the market are
described with emphasis on major local area network characteristics.
Finally, the paper takes a look into the future to see how local area

networks may be utilized.



1.1 LOCAL AREA NETWORK (LAN) DEFINED

Businesses are having to make crucial decisions in relatively short periods
of time due to the state of the economy and the proliferation of
governmental and regulatory mandates. Having access to reliable, current
data fram any physical area of the corporation is becoming necessary for

survival ..

This is the purpose of a local area network: to send, receive, process, and
store useful information in co-operation with a central or neighboring site

quickly and accurately.

A local area network can be described as a short distance data link network
composed of lines, temminals, processors, and peripherals which create a
resource sharing environment. The major elements of a LAN are:

(1) A method to transport data from one location to another

(2) A method to connect devices to the network

(3) A set of rules essential for the efficient and reliable operation

of the system.

Typical characteristics of a local area network include:
(1) Single building or office complex residency
(2) Data tranmission rates from 100 thousand bits per second to 100
million bits per secord
(3) Maximum transmission distance of a few miles. (Currently, it is
estimated that about 86 percent of all information needs fall

within this distance constraint.)



In the past, local area networks have been privately developed within a
business to meet specific needs which could not be fulfilled by outside
vendors. Users have had control over the installation, operation, security
requirements, and administrative tasks. At present, not all vendors are
working toward common goals, such as system component compatibility. Plans

for the future, however, include offering multi-vendor standardized networks

which can be installed quickly and efficiently.



1.2 DEFINITIONS OF TERMS

This section contains definitions of terms used, but not defined elsewhere

in this report.

Address - An identification, as represented by a name, label, or
nunber for a register, location in storage, or any other
data source or destination, such as the location of a

station in a communication network.

Amplifier - A device which increases the magnitude of the signal on a

transmission line.

Baud - A unit of speed used to describe the rate at which data
is transmitted. For every hertz of bandwidth, signaling
rates of two bauds per second can be attained. The number

of bits in a baud deperds on the voltage level.

Bit - A unit of information content. The smallest unit of
information in a binary notation system. It is the choice
between two possible states, usually designated one and

zero. Bit stands for "binary digit".

Block - A set of data, characters, or digits handled as a unit.

Buffer - A temporary storage area between two computer devices,
usually used to compensate for a difference in processing
speeds between the devices.

4



Byte -

Central Site -

Channel -

Chip -

CRC -

Enulation -

FIFO -

A sequence of adjacent binary digits operated on as a unit

usually eight, sixteen, or thirty-two bits long.

A standard interface used in countries outside the United
States and North America to link business machines and
common carrier data links electrically to teleprocessing

networks,

Handles the network traffic between remote terminals. Also
referred to as central controller, central facility,

central host, and central hub.

The part of a conmunications system that provides a path
along which data can be transmitted between computer

devices.

A small rectangular piece of silicon on which an integrated

circuit (IC) is implemented.

Cycl ic-Redundancy-Check. A simple algorithm used to verify

that information within a message is correct.

The technique of using a hardware device and/or software
program that permits programs written for one computer to

be run on another computer in real-time.

Stands for "first in, first out".
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Firmware -

ST -

Microcode -

Microprocessor -

Modem -

Nanosecond (n) -

Node -

Read only storage cards which when inserted become part of
the circuitry. The cards usually contain programs written

by the hardware manufacturer.

Stands for "Hertz" which is a measurement of bandwidth

capacity of a facility.

A suffix meaning one thousand.

Large-Scale Integration. The technology of implementing

several thousand transitors on a single circuit.

A suffix meaning one million.

Usually refers to code written in firmware or ROM which

cannot be changed.

An ISI component which implements most of the traditional

processor functions in one chip.

Stands for modulator/demodulator. A device that enables

computer equipment to be connected to communication links.

One billionth of a second.

Used interchangeably with the terms "station" and

"terminal".



Noise - Inter ference picked up by a transmission medium.

Port - Usually an eight-bit connection which may be used for

either input or output. A means of access to a system.

Process - A series of actions that constitute a task.

RAM - Stands for Random Access Memory. Storage locations can

be accessed without reading an entire file. Standard RAMs

lose the data when power disappears (volatile).

Remote Node - A node or station that is attached to a system through a
data link.
Repeater - A device that attaches to communication transmission media

which is used to restrengthen a signal.

ROM - Stands for Read Only Memory. Memory whose values cannot
be changed. Memory is not lost when power disappears

{ron-volatile) .

RS-232C - A binary serial interface., Defines standard interface
tranamission speed ranges from 100 to 9600 baud. Used

principally by North American countries.

Transceiver - A radio tranamitter-receiver that uses many of the same
components for both transmission and reception.

7



1.3 ORGANIZATION OF THE REPORT

This report is organized into four additional chapters. Chapter 2 describes
the ten major considerations of local area networks needed for a basic
understanding. Chapter 3 describes twenty current local area network
products. Chapter 4 looks briefly into how local area networks may impact

and influence the future, and summarizes this report.



CHAPTER 2: SELECTION CRITERIA

2.0 INTRODUCTION

Selecting a local area network system or component can be traumatic if
approached improperly. An adequate base of information is needed in order
to compare and appraise local area network products fairly. A product which
is good for Company X may prove a disaster for Company Y; therefore, a

decision cannot be based on manufacturer or product popularity alone.

The features which business personnel should be familiar with in order to
compare systems and components are:

(1) Topology

(2) Line typés

(3) Line sharing techniques and access methods

(4) Physical limitations

(5) Transmission media

(6) Transmission mode

(7) Data rate/Bandwidth

(8) lLergth of signal

(9) Protocol

(10) Layered architecture

The remainder of this chapter describes the features listed above.



2.1 TOPOLOGY

Topology refers to the way a network is configured - its physical
connectivity. Local area networks have five basic configuration patterns,
as follows:
(1) Star Topology (Figure 2.1-1)
This configuration uses a central facility to control data
transfer among satellite nodes. The design approach is easy and
well-understood, but the limitations and reliability of the
central hub determine all network performance characteristics.
Connecting the central host to each user requires an abundance
of cable and can, therefore, be more expensive in this aspect than
other topologies. But, because there is a central controller, the
attached stations can be "dumb" and less expensive. A major
disadvantage of the star configuration is that it is extremely
vulnerable to catastrophic failure since an outage at the central

site wipes out the entire network.

10
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Figure 2.1-1 Star Topology
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(2) Loop Topology (Figure 2.1-2)
The terms "loop" and "ring” are generally used interchangably;
however, same authorities make the distinction that loops have a
central controller, while rings do not. Generally, they are both
composed of one-directional transmission links where the nodes are

connected in a circular fashion.

Loops transmit data by physically passing messages throuwgh each
station toward the central controller. The controller begins all
output traffic, which must pass through each station between the
controller and the receiving node. Because messages travel through
each node, the stations must be intelligent enough to handle

message traffic.

Reliability problems are of paramount concern with loops as line,
controller, or node failure can bring down the entire system.
Bypass lines can be used to alleviate this problem, but this

increases expense considerably.

12
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13

NODE

NODE




(3)

Ring Topology (Figure 2.1-3)

Rings have no central controller. This eliminates the problem of
the central unit becaming a bottleneck, but at the same time
requires each station to be intelligent enouwgh to format messages
and handle message traffic. Because these nodes are active, they
are more difficult to modify. They are complex in that each
message passes through each node on its way to its destination.
Compared to the star, ring architecture is simpler and less

expensive.
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Figure 2.1-3 Ring Topology
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(4)

Tree Multidrop, Bus Multidrop Topology (Figure 2.1-4)

Within tree multidrop configurations every station has access to
the cable but it may be through another station. Bus multidrop
allows every station a direct access to the bus. All stations
share a single high bandwidth serial channel. The bus is passive,
while the stations are active. This necessitates intelligent
stations. By using passive connections, it alleviates the
reliability issue. Simpler transmission hardware can be used to
access the bus. This method usually allows the simplest, least
costly, and most reliable implementation. Nodes can be added or
deleted without disturbing network operation. Also, node failure
will not disturb the system. Even a break in the bus results only

in the bus being separated into two subnetworks.
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Figure 2.1-4 Tree/Bus Multidrop Topology
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(3)

Mesh Topology

Mesh topology refers to the fact that there is no pattern to the

connections. Each node can have multiple paths to other nodes in

the system. There are two basic types of mesh configurations.

(a)

(b)

Irregular (Figure 2.1-5)

In this configuration not all nodes are connected to each
other. Generally, stations that need more reliability have
more connections so that chance of failure is lessened. Nodes

which are not as critical will have fewer links to other

nodes.

Fully-interconnected (Figure 2,1-6)

As the name implies, all nodes in this topology are connected
to each other. This is an expensive method as it requires
much cable; however, the system can continue to operate when a

link or node fails by finding another route.
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Figure 2.1-6 Fully-Interconnected Mesh Topology




2.2 LINE TYPES

Communication lines within a local area network can be point-to-point or
multipoint lines. A point-to-point line operates between the nodes of a
fixed origination - destination pair exclusively. Point-to-point lines may

be either switched (dial-up) or leased (dedicated).

Switched point-to-point lines involve the use of a common carrier network
such as the public telephone. The connection which is established over this
type of line is supported only for the span of a single call. Normally, if
modems are not obtained by the Bell System, a device called a Data Access
Arrangement (DAA) is required for connection to the system because most
leased voice—grade lines are four-wire circuits while a dial-up connection

furnishes only a two-wire circuit.

Leased point-to-point lines provide for a perpetual connection between the
origination - destination pair, regardless of whether or not the line is
being used. Generally, the response is better for dedicated lines because
there is no need to wait for access to the line; however, the cost
associated with this type of line is much higher than the switched type.
Other advantages of leased lines include:

(1) the chance of misconnection is greatly reduced

(2) privacy is increased

(3) the noise associated with switched lines is greatly reduced.

Systems have been designed which equip leased lines with a dial back-up to

provide an alternative in case of dedicated line failure.
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Multipoint lines are dedicated lines that are shared by more than one
station. Only one node can transmit at a time so a polling list is
generally necessary to determine which station is allowed access to the
line. Signals transmitted from a modem are received by all stations;

however, only the one with the correct address can accept the data.

Multipoint lines are generally less expensive than point-to-point lines
because they require less modems and ports, and they also incur lower line
charges. Their disadvantages include possible reduction in response time
for each station added to the line,‘ and a need for more software to control

access to the line.

Dedicated point-to-point lines are used when high traffic volume is expected

or when fast user response time is crucial.
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2.3 LINE SHARING TECHNIQUES AND ACCESS METHODS

(1) Line Sharing Techniques

Multiplexing and concentration are the two types of line sharing

techniques in general use today. Multiplexing is based on sharing

schemes which allocate time slots or frequency bands in a fixed,
predetermined pattern. Three multiplexing schemes are in general
use.

(a) Frequency-division multiplexing (FDM) divides a commmication
channel into lower speed subchannels. Each subchannel then
operates within its own frequency allocation. Normally this
method is used only with asynchronous devices where speeds of
up to 150 bits per second and sometimes higher can be attained
on voice-grade lines. Advantages to this method usually
revolve around low cost where the total bit rate required of
the channel is not too high. Modems can usually be eliminated
with this method because the FIM device normally handles that
function. Also FDM schemes allow for easy addition and
deletion of nodes along the channel. Voice, data, and video
can share a channel using FDM techniques. Probably the
biggest limitation of this method is the need for safety areas
between subchannels to prevent overlapping of the signals.
This tends to reduce the efficiency of this system. Figure

2.3-1 depicts frequency-division multiplexing.
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(b)

(c)

synchronous time-division multiplexing (STDM) establishes for
each port (sharing a channel) a time slot or subchannel,
shaves off incaming data bits, puts them into frames, and
interleaves then onto a single high speed line. This method
can be used for both asynchronous and synchronous devices.
Speeds of 4800, 7200, and 9600 bits per second are possible on
dedicated voice-grade lines. STDM can make use of the entire
bandwidth which makes it generally more efficient than FDM
(which may have frequency channels that remain idle for long
periods of time). It is difficult to add or remove
subchannels when using this method as campared to FDM because
a camplete STDM system must be added where the change is
taking place. Figure 2.3-2 depicts synchronous time-division

multiplexing.

Statistical time division multiplexing (STATDM) actually
carbines miltiplexing and concentration techniques since it
assigns subchannels or time slots on a statistical basis.
Only active ports are provided with time slots in this method
which increases the efficiency of the system over both STDM
and FDM. However, STATDM may be unable to meet the needs of
systems with heavy loads. Costs are higher than with FDM and
STDM due to the need for addressing and control circuitry and

data buffers for message storage.

25
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Figure 2.3-2 Synchronous Time-Division Multiplexing
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Concentration describes schemes which provide a large number of

input ports with a smaller number of output charnnels which are

accessed on a demand basis. Input and output bit rates do not need

to match in these schemes since the system queues and stores input

traffic. There are two basic types of concentration techniques.

(a) Message switching concentration (MSC) stores an entire block
of data and prepares it for transmission upon the high speed
line. Queues are established when necessary. Because these
messages are variable length and can be quite long (which in
turn can tie up the system) the second technique of
concentration was developed.

(b) Packet switching concentration (PSC) divides up long messages
into packets. These packets are then interleaved onto the
system. The packets are reassembled in the destination's
buffer area. Packet switching concentration is illustrated in

Figure 2.3-3.

Both concentration methods are instrumental in performing line
control, code conversion, and error checking functions. Their
disadvantages revolve around the need for more camplicated software
and more buffer storage. Also, reliability problems may result
fram the need for programmable camputers at destination sites
which, if they fail, can cause the entire system to became
inoperative. Of course back-up units can be installed, but the
cost of this may reduce the feasibility of implementing these
techniques. In large networks, the flexibility and performance
advantages may outweigh the cost disadvantages.
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(2) Controlling Access to the Trunk

There are two basic approaches to controlling access to the trunk.
Contention is the simplest type of line control which essentially
involves all stations actively campeting for access to the line.
I1f the line is free, the node can transmit. If the line is busy,
the node must wait and try again. If two nodes get on the line at
the same time a "collision" results and both must stop sending and
wait a random amount of time before trying again. This method is
often referred to as Carrier Sense Multiple Access with Collisicn

Detection or CSMA/CD.

Polling is the second technique which is used mainly on multipoint
lines. There are several different types of polling including:
(a) Roll call polling. This technique requires a central

station to request messages of remote stations in a
predefined order. If the remote station has something to
send it is transmitted; if not, a control message is sent
indicating there is no message and the next station is
polled. Each station has a unique address which only it can
respond to. General polling requests any device at a
particular station to transmit while specific polling
requests a certain device at a particular station to

transmit.



(b) Hub polling allows a station to send a message to the
central station or pass the poll to the next station if
there is no message. This requires more hardware and
software but it can increase the efficiency of the system
by eliminating the need to return a message to the
central station when there is no transmission waiting.
This method can be used effectively when terminals are
generally inactive and lines are very long. Polling
resumes at the next terminal so that one active node
cannot monopolize the line. Terminals must be

intelligent to use this method.

With polling techniques it is possible to increase the number of
times certain stations are polled as campared with others so that
those with higher priority can have more frequent use of the line.
Possible disadvantages of polling are:
(a) a high proportion of control messages must pass through
the network which tends to lower the efficiency

(b) +the need for more intelligent terminals.

The choice between polling and contention depends generally on the
network configuration, the relative activity of terminals, and the
amount of time terminals are active. Generally, loops use polling

methods, while bus configurations often rely on contention.
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2.4 PHYSICAL LIMITATIONS

The following physical limitations may be of concern when researching local

area network products.

(1) Maximm Number of Stations

(2)

(3)

The mumber of stations which can be supported by a LAN is of prime
importance to a firm which expects their system to expand. LANs
can range fram accammodating a few stations to those which can

handle several hundred.

Maximum Cable Length

The maximum length of cable which can be used in a local area
network is an important consideration if the physical environment
may expand into other offices within a building or into an adjacent
building. It is important to make certain the system will not be

limited by the cable length.

Maximum Distance Between Stations
The maximum distance between stations is an important
consideration, especially if there is a necessity to locate same

stations in distant areas of a building or in an entirely different

building.
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2.5 TRANSMISSION MEDIA

Several different types of transmission media are available for use in

tieing together the camponents of a local area network. The media include:

(1)

(2)

Radio Broadcasting

This method is extremely flexible - anyone can talk to anyone else
without going through a central site. For same applications this
method may be feasible, but ordinarily business applications do not
render themselves well to the lack of privacy and security which is

inherent in this medium.

Twisted Pair

The most prevalent type of transmission medium used within the last
several years was the twisted pair. The "two twisted wires”
approach made for a camparatively inexpensive, well-understood,
easy to install (and add on to) line that could handle data sent
over relatively short distances (several thousand feet at 9600 bits
per second) without the use of modems. When short-haul modems and
phone lines are used the distance can increase to several miles (at
9600 bits per second maximum). The drawbacks to this medium are

its susceptibility to noise and its limited bandwidth.
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(3)

Coaxial Cable

This medium has became the most widely used in recent time. It is
the same medium that is used in cammercial Cable TV transmission.
High data rates of 5 to 10 million bits per second (and scmetimes
higher) are cammon, and data can be transmitted relatively long
distances. Bandwidths of 300MHz are standard. Coaxial cable is
relatively inexpensive and immune to noise; however, security can
be a problem as this medium is subject to wire taps. Also, the
size and weight of the cable can be a problem at same sites.
Repeaters are necessary to strengthen the signal at intervals which

can escalate the expense involved in using this medium.
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