CTNC NOTES

CHAPTER S5

STATIC AND DYNAMIC CHANNEL ALLOCATION

The Channel Allocation Problem

The central theme of this chapter is how to allocate a single broadcast channel among
competing users. We will first look at static and dynamic schemes in general. Then we
will examine a number of specific algorithms

Static Channel Allocation in LANsand M ANSs

The traditional way of allocating a single channel, such as atelephone trunk, among
multiple competing users is Frequency Division Multiplexing (FDM). If there are N
users, the bandwidth is divided into N equal-sized portions each user being assigned one
portion. Since each user has a private frequency band, there is no interference between
users. When there is only a small and constant number of users, each of which hasa
heavy (buffered) load of traffic (e.g., carriers' switching offices), FDM isasimple and
efficient allocation mechanism.

However, when the number of sendersis large and continuously varying or the traffic is
bursty, FDM presents some problems. |f the spectrum is cut up into N regions and fewer
than N users are currently interested in communicating, alarge piece of valuable
spectrum will be wasted. If more than N users want to communicate, some of them will
be denied permission for lack of bandwidth, even if some of the users who have been
assigned a frequency band hardly ever transmit or receive anything.

However, even assuming that the number of users could somehow be held constant at N,
dividing the single available channel into static subchannels isinherently inefficient. The
basic problem is that when some users are quiescent, their bandwidth is simply lost. They
are not using it, and no one else is allowed to use it either. Furthermore, in most computer
systems, datatraffic is extremely bursty (peak traffic to mean traffic ratios of 1000:1 are
common). Consequently, most of the channels will be idle most of the time

Dynamic Channel Allocation in LANsand M ANs

Before we get into the first of the many channel allocation methods to be discussed in this
chapter, it isworthwhile carefully formulating the allocation problem. Underlying all the
work done inthis area are five key assumptions, described below.

Station M odel. The model consists of N independent stations (e.g., computers,
telephones, or personal communicators), each with a program or user that generates
frames for transmission. Stations are sometimes called terminals. The probability of a
frame being generated in an interval of length Dt is| Dt, where | isa constant (the arrival
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rate of new frames). Once a frame has been generated, the station is blocked and does
nothing until the frame has been successfully transmitted.

Single Channel Assumption. A single channel is available for all communication. All
stations can transmit on it and all can receive from it. Asfar asthe hardware is
concerned, all stations are equivalent, although protocol software may assign priorities to
them.

Collison Assumption. If two frames are transmitted simultaneously, they overlap in
time and the resulting signal isgarbled. Thisevent is called a collision. All stations can
detect collisions. A collided frame must be transmitted again later. There are no errors
other than those generated by collisions.

4a. Continuous Time. Frame transmission can begin a any instant. There is no master
clock dividing time into discrete intervals.

4b. Slotted Time. Time isdivided into discrete intervals (slots). Frame transmissions
always begin at the start of aslot. A slot may contain O, 1, or more frames, corresponding
to an idle slot, a successful transmission, or a collision, respectively.

5a. Carrier Sense. Stations can tell if the channel is in use before trying to useiit. If the
channel is sensed as busy, no station will attempt to useit until it goesidle.

5b. No Carrier Sense. Stations cannot sense the channel before trying to useit. They just
go ahead and transmit. Only later can they determine whether the transmission was
successful.

The single channel assumption is the heart of the model. There are no external waysto
communicate. Stations cannot raise their handsto request that the teacher call on them.

The collision assumption is also basic, although in some systems (notably spread
spectrum), this assumption is relaxed, with surprising results. Also, some LANS, such as
token rings, pass a special token from station to station, possession of which allowsthe
current holder to transmit a frame. But in the coming sections we will stick to the single
channel with contention and collisions model.

Two alternative assumptions about time are possible. Either it is continuous (4a) or it is
slotted (4b). Some systems use one and some systems use the other, so we will discuss
and analyze both. For a given system, only one of them holds.

Similarly, a network can either have carrier sensing (5a) or not have it (5b). LANS
generally have carrier sense. However, wireless networks cannot use it effectively
because not every station may be within radio range of every other station. Stations on
wired carrier sense networks can terminate their transmission prematurely if they
discover that it is colliding with another transmission.
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Multiple Access Protocol

The datalink layer astwo sub layers. The upper sub layer isresponsible for datalink
control, and the lower sub layer is responsible for resolving access to the shared media. If
the channel is dedicated, we do not need the lower sub layer. The upper sub layer that is
responsible for flow and error control is called the logical link control (LLC) layer; the
lower sub layer that is mostly responsible for multiple access resolution is called the
media access control (MAC) layer.

Taxenomy efmultiple-access protocols

Multiple-access

protocols
| |
Random access Controlled-access Channelzation
protocols protocols protocols

%FDH‘#‘ Feservation FDMA
CSMA . Polling TDMA
CSMA/CD Token passing CDMA
CSMA/CA

ALOHA

The basic idea of an ALOHA system issimple: let users transmit whenever they have
datato be sent. There will be collisions, of course, and the colliding frames will be
damaged. However, dueto the feedback property of broadcasting, a sender can always
find out whether its frame was destroyed by listening to the channel, the same way other
users do. With aLAN, the feedback isimmediate; with a satellite, there is adelay of 270
msec before the sender knows if the transmission was successful. I listening while
transmitting is not possible for some reason, acknowledgements are needed. If the frame
was destroyed, the sender just waits a random amount of time and sends it again. The
waiting time must be random or the same frames will collide over and over, in lockstep.
Systems in which  multiple users share a common channel in away that can lead to
conflicts are widely known as contention systems.
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A sketch of frame generation in an ALOHA systemisgiven in Fig. . We have made the
frames all the same length because the throughput of ALOHA systems is maximized by
having a uniform frame size rather than by allowing variable length frames

In pure ALOHA, frames are transmitted at completely arbitrary times.
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Whenever two frames try to occupy the channel at the same time, there will be a collision
and both will be garbled. If the first bit of a new frame overlaps with just the last bit of a
frame almost finished, both frames will be totally destroyed and both will have to be
retransmitted later. The checksum cannot (and should not) distinguish between atotal
loss and a near miss

CSMA (Carrier Sense Multiple Access Protocols)

With slotted ALOHA the best channel utilization that can be achieved is 1/e. Thisis
hardly surprising, since with stations transmitting at will, without paying attention to
what the other stations are doing, there are bound to be many collisions. In local area
networks, however, it is possible for stationsto detect what other stations are doing, and
adapt their behavior accordingly. These networks can achieve a much better utilization
than 1/e. In this section we will discuss some Protocol for improving performance.

Protocol in which stations listen for a carrier (i.e., atransmission) and act accordingly are
called carrier sense Protocol. A number of them have been proposed. Kleinrock and
Tobagi (1975) have analyzed several such Protocol in detail. Below we will mention
several versions of the carrier sense Protocol.

Persistent and Nonpersistent CSMA

The first carrier sense Protocol that we will study hereis called 1-persistent CSMA
(Carrier Sense Multiple Access). When a station has datato send, it first listens to the
channel to see if anyone else is transmitting at that moment. If the channel is busy, the
station waits until it becomesidle. When the station detects an idle channel, it transmits a
frame. If a collision occurs, the station waits a random amount of time and starts all over
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again. The Protocol is called 1-persistent because the station transmits with a probability
of 1 when it finds the channel idle.

The propagation delay has an important effect on the performance of the Protocol. There
isasmall chance that just after a station begins sending, another station will become
ready to send and sense the channel. If the first sation's signal has not yet reached the
second one, the latter will sense an idle channel and will also begin sending, resulting ina
collision. The longer the propagation delay, the more important this effect becomes, and
the worse the performance of the Protocol.

Even if the propagation delay is zero, there will still be collisions. If two stations become
ready in the middle of athird station's transmission, both will wait politely until the
transmission ends and then both will begin transmitting exactly simultaneously, resulting
inacaollision. If they were not so impatient, there would be fewer collisions. Even so, this
Protocol is far better than pure ALOHA because both stations have the decency to desist
from interfering with the third station's frame. Intuitively, this approach will lead to a
higher performance than pure ALOHA. Exactly the same holds for slotted ALOHA.

A second carrier sense Protocol is nonpersistent CSMA. In this Protocol, a conscious
attempt is made to be less greedy than in the previous one. Before sending, a station
senses the channel. If no one else is sending, the station begins doing so itself. However,
if the channel is already in use, the station does not continually sense it for the purpose of
seizing it immediately upon detecting the end of the previous transmission. Instead, it
waits arandom period of time and then repeats the algorithm. Consequently, this
algorithm leads to better channel utilization but longer delays than 1-persistent CSMA.

The last Protocol isp-persistent CSMA. It applies to slotted channels and works as
follows. When a station becomes ready to send, it senses the channel. If it isidle, it
transmits with a probability p. With a probability g = 1 - p, it defers until the next dot. If
that slot isalso idle, it either transmits or defers again, with probabilities p and g. This
processis repeated until either the frame has been transmitted or another station has
begun transmitting. In the latter case, the unlucky station acts as if there had been a
collision (i.e., it waits arandom time and starts again). If the station initially sensesthe
channel busy, it waits until the next dot and applies the above

CSMA with Collision Detection

Persistent and nonpersistent CSMA Protocol are clearly an improvement over ALOHA
because they ensure that no station begins to transmit when it senses the channel busy.
Another improvement is for stations to abort their transmissions as soon as they detect a
collision. In other words, if two stations sense the channel to be idle and begin
transmitting simultaneously, they will both detect the collison aimost immediately.
Rather than finish transmitting their frames, which areirretrievably garbled anyway, they
should abruptly stop transmitting as soon asthe collision is detected. Quickly terminating
damaged frames saves time and bandwidth. This Protocol, known as CSMA/CD (CSMA
with Collision Detection) iswidely used on LANsinthe MAC sublayer
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Collision free protocols.

Although collisions do not occur with CSMA/CD once a station has unambiguously
captured the channel, they can still occur during the contention period. These collisions
adversely affect the system performance, especially when the cable islong (i.e., larget)
and the frames are short. And CSMA/CD is not universally applicable. In this section, we
will examine some Protocol that resolve the contention for the channel without any
collisons at all, not even during the contention period. Most of these are not currently
used in major systems, but in arapidly changing field, having some Protocol with
excellent properties available for future systems is often a good thing.

In the Protocol to be described, we assume that there are exactly N stations, each with a
unique address from O to N - 1 "wired" into it. It does not matter that some stations may
be inactive part of thetime. We also assume that propagation delay is negligible. The
basic question remains. Which station gets the channel after a successful transmission?
We continue using the model of Fig. 4-5 with its discrete contention slots.

A Bit-Map Protocol

In our first collision-free Protocol, the basic bit-map method, each contention period
consists of exactly N slots. If station O has a frame to send, it transmits a 1 bit during the
zeroth slot. No other station is allowed to transmit during this slot. Regardless of what
station O does, station 1 gets the opportunity to transmit a1 during slot 1, but only if it
has a frame queued. In general, station j may announce that it has a frame to send by
inserting a 1 bit into slot j. After all N slots have passed by, each station has complete
knowledge of which stations wish to transmit. At that point, they begin transmitting in
numerical order Since everyone agrees on who goes next, there will never be any
collisions. After the last ready station has transmitted its frame, an event all stations can
easily monitor, another N bit contention period is begun. If a station becomes ready just
after its bit slot has passed by, it is out of luck and must remain silent until every station
has had a chance and the bit map has come around again. Protocol like this in which the
desire to transmit is broadcast before the actual transmission are called reservation
Protocaol.

The basic hit-map protocol.
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Let us briefly analyze the performance of this Protocol. For convenience, we will
measure time in units of the contention bit slot, with data frames consisting of d time
units. Under conditions of low load, the bit map will simply be repeated over and over,
for lack of data frames.

Consider the situation from the point of view of alow-numbered station, such as0 or 1.
Typically, when it becomes ready to send, the "current” slot will be somewhere in the
middle of the bit map. On average, the station will have to wait N/2 slots for the current
scan to finish and another full N slots for the following scan to run to completion before
it may begin transmitting.

The prospects for high-numbered stations are brighter. Generally, these will only have to
wait half a scan (N/2 bit slots) before starting to transmit. High-numbered stations rarely
have to wait for the next scan. Since low-numbered stations must wait on average 1.5N
slots and high-numbered stations must wait on average 0.5N slots, the mean for all
stations is N slots. The channel efficiency at low load is easy to compute. The overhead
per frameis N bits, and the amount of datais d bits, for an efficiency of d/(N + d).

At high load, when all the stations have something to send all the time, the N bit
contention period is prorated over N frames, yielding an overhead of only 1 bit per frame,
or an efficiency of d/(d + 1). The mean delay for aframe is equal to the sum of the time it
gueuesinside its station, plus an additional N(d + 1)/2 once it gets to the head of its
internal queue.

Binary Countdown

A problem with the basic bit-map Protocol isthat the overhead is 1 bit per station, so it
does not scale well to networks with thousands of stations. We can do better than that by
using binary station addresses. A station wanting to use the channel now broadcastsits
address as a binary bit string, starting with the high-order bit. All addresses are assumed
to be the same length. The bits in each address position from different stations are
BOOLEAN ORed together. We will call this Protocol binary countdown. It was used in
Datakit (Fraser, 1987). It implicitly assumes that the transmission delays are negligible so
that all stations see asserted bits essentially instantaneously.

To avoid conflicts, an arbitration rule must be applied: as soon as a station sees that a
high-order bit position that is 0 in its address has been overwritten with a 1, it gives up.
For example, if stations 0010, 0100, 1001, and 1010 are al trying to get the channdl, in
the first bit time the stations transmit O, 0, 1, and 1, respectively. These are ORed together
to forma 1. Stations 0010 and 0100 see the 1 and know that a higher-numbered station is
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competing for the channel, so they give up for the current round. Stations 1001 and 1010

continue.

The binary countdowen protocol. A dash indicates silenc

Bit time
0123
0 - - -
[o100] 0---
100 -
1010 1010
Result 1010
Stations 0010 Station 1001
and 0100 sea this seas this 1
1 and give up and gives up

The next bit is 0, and both stations continue. The next bit is 1, so station 1001 gives up.
The winner is station 1010 because it has the highest address. After winning the bidding,

it may now transmit a frame, after which another bidding cycle starts

ETHERNET

The original Ethernet was created in 1976 at Xerox's Palo Alto Research Center (PARC).
Since then, it has gone through four generations: Standard Ethernet (Iot Mbps), Fast
Ethernet (100 Mbps), Gigabit Ethernet (I Gbps), and Ten-Gigabit Ethernet (10 Gbps),
as shown in Figure 13.3. We briefly discuss all these generations starting with the first,
Standard (or traditional) Ethernet.

Figure 133 Etherner evolution rhrough four generarions

Eihermned

evluTon
Stanclard Fast Gipabit Ten-Cigabit
Erwerne Erhernet Ethearret Eihermst
HI I'Thps 100 Mbps 1 {itepas 10 Fhps.
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Caregories ofStandard Ethernet

Standard Ethernet
COmIT0a
implementations
| [{FHaszes | ftase? Iﬂliﬂﬂ:»'['] | 10Base-F
Fus Bas, Star, Star,
thick coaxial thin comxal UTP fiber

|OBaseb: Thick Ethernet

The first implementation is called 10BaseS, thick Ethernet, or Thicknet. The nickname
derives from the size of the cable, which is roughly the size of a garden hose

and too siff to bend with your hands. |IOBaseS was the first Ethernet specification to

use a bus topology with an external transceiver (transmitter/receiver) connected viaa
tap to athick coaxial cable. Figure 13.10 shows a schematic diagram of a |OBase5
implementation. The transceiver is responsible for transmitting, receiving, and detecting
collisions. The transceiver is connected to the station viaa transceiver cable that provides
separate paths for sending and receiving. This means that collision can only happen in the
coaxial cable. The maximum length of the coaxial cable must not exceed 500 m,
otherwise, there is excessive degradation of the signal. If alength of more than 500 mis
needed, up to five segments, each a maximum of SOO-meter, can be connected using
repeaters.

10Base2: Thin Ethernet

The second implementation is called IOBase2, thin Ethernet, or Cheapernet. |OBase2
also uses a bus topology, but the cable is much thinner and more flexible. The cable can
be bent to pass very close to the stations. In this case, the transceiver is normally part of
the network interface card (NI1C), which isinstalled inside the station. Note that the
collision here occursin the thin coaxial cable. Thisimplementation is

more cost effective than 10BaseS because thin coaxial cable is less expensive than thick
coaxial and the tee connections are much cheaper than taps. Installation is simpler
because the thin coaxial cable isvery flexible. However, the length of each segment
cannot exceed 185 m (close to 200 m) due to the high level of attenuation in thin coaxial
cable.

|OBase-T: Twisted-Pair Ethernet

The third implementation is called IOBase-T or twisted-pair Ethernet. 10Base-T uses
aphysical star topology. The stations are connected to a hub viatwo pairs of twisted
cable, as shown in Figure 13.12.

Note that two pairs of twisted cable create two paths (one for sending and one for
receiving) between the station and the hub. Any collision here happens in the hub.
Compared to |IOBaseS or |IOBase2, we can see that the hub actually replaces the coaxial
cable as far asacollision is concerned. The maximum length of the twisted cable here
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isdefined as 100 m, to minimize the effect of attenuation in the twisted cable.
|I0OBase-F: Fiber Ethernet

Although there are several types of optical fiber |O-Mbps Ethernet, the most common is
called 10Base-F. |OBase-F uses a star topology to connect stations to a hub.

Table 13.1  Sumymary afStandard Ethernet implementations

Characteristics 10Bazed [O0Base? I0Base-T I0Basa-F
Madia Thick Thiz 2UTP 2 Fibar
ceaxial eable | ceaxial cable
Maximum length 500m 185 m 100 2000m
Line encoding Manchestar Manchester Manchester Manchaster

IEEE STANDARDS

In 1985, the Computer Society of the IEEE started a project, called Project 802, to set
standards to enable intercommunication among equipment from a variety of
manufacturers. Project 802 does not seek to replace any part of the OSI or the Internet
model. Instead, it isaway of specifying functions of the physical layer and the data link
layer of mgjor LAN protocols. The standard was adopted by the American National
Standards Institute (ANSI). In 1987, the International Organization for Standardization
(1S0) aso approved it as an international standard under the designation SO 8802.
The relationship of the 802 Standard to the traditional OSI model is shown in Figure
13.1. The IEEE has subdivided the data link layer into two sublayers: logical link
control (LLC) and media access control (MAC). |EEE has also created several
physicallayer

standards for different LAN protocols.

Figure 13.1 IEEE standardfor LAN:

LLC: Logical link control

MAC: Media access confrol

Upper layers Upper Layers
e ::5’“’:
Cata link layer I -
) Ethemat Token Ring Token Bus

MAC MAC MAC

Etecmat Token Ring Token B
hewicsrad Tancs rysical lavers : M 'y b+ s
e pL}r: lfn'-.'[ Pyl bayer physical layer

051 or [nternet mode] IEEE Standard
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Number Topic

8021 K Overview and architecture of LANS

o2z L ' Logical link control

8023 *  Ethernet

802.4 Token bus (was briefly used in manufacturing plants)
802.5 Taken ring (IBM's entry into the LAN world)

B02.6 Dual queue dual bus (early metropolitan area netwaork)

o

L
Bo27 L Technical advisory group on broadband technologies
8028 t | Technical advisory group on fiber oplic technologies
B02.9 L | Isochronous LANs {for real-time applications)

B02.10 L | Virlual LANs and security

802.11°  Wireless LANs

g02.12 L | Demand priority (Hewlett-Packard's AnyLAN)

BO2.13 Unlucky number, Nobody wanted it

B02.14 L = Cable modems (defunct: an industry consortium got there first)
B02.15*  Personal area networks (Bluetooth)

80216 * | Broadband wireless

802.17  Resilient packet ring

IEEE 802.2 (LOGICAL LINK CONTROL)

the |EEE has standardized a number of local area networks and metropolitan area
networks under the name of |EEE 802. The |IEEE 802.2 Standard defines Logical Link
Control. The Logical Link Control (LLC) data communication protocol layer isthe
upper sublayer of the Data Link Layer specified in the seven-layer OSI model (layer 2). It
provides multiplexing and flow control mechanisms that make it possible for several
network protocols (1P, IPX) to coexist within a multipoint network and to be transported
over the same network media.

IEEE 802.3 (ETHERNET)

The IEEE 802.3 Standard defines I-persissent CSMA/CD asthe access method for
First-generation 10-Mbps Ethernet. | EEE 802.3 is a collection of |EEE standards
defining the Physical Layer and Data Link Layer's media access control (MAC) sublayer
of wired Ethernet. Thisis generally aLAN technology with some WAN applications.
Physical connections are made between nodes and/or infrastructure devices (hubs,
switches, routers) by various types of copper or fiber cable.

IEEE 802.4 (TOKEN BUS)
Token bus is a network implementing the token ring protocol over a "virtual ring" on a
coaxial cable. A token is passed around the network nodes and only the node possessing
the token may transmit. If a node doesn't have anything to send, the token is passed on to
the next node on the virtual ring. Each node must know the address of its neighbour in the
ring, so a special protocol is needed to notify the other nodes of connections to, and
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disconnections from, the ring. Token bus was standardized by |IEEE standard 802.4. It is
mainly used for industrial applications
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TOKEN BUS

802.5 standards (TOKEN RING)

Stations on a token ring LAN are logically organized in a ring topology with data being
transmitted sequentially from one ring station to the next with a control token circulating
around the ring controlling access. This token passing mechanism is shared by ARCNET,
token bus, and FDDI, and has theoretical advantages over the stochastic CSMA/CD of
Ethernet.
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