“Taking Turns” MAC protocols (1)

Polling:
 master node “invites” slave
nodes to transmit in turn

o typically used with “dumb”
slave devices
e concerns:
— polling overhead
— static

— single point of failure
(master)

master
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“Taking Turns” MAC protocols (2)

Token passing:

« control token passed from one

node to next sequentially. @
* token message

e concerns:
— token overhead (hothing
to send)
— token loss
— single point of failure @
(token holder)
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Summary of MAC protocols with so far

« channel partitioning, by time, frequency or code
— Time Division, Frequency Division, Code Division

e random access (dynamic),
— ALOHA, S-ALOHA, CSMA, CSMA/CD

— carrier sensing: easy in some technologies (wire), hard in others (wireless)
— CSMA/CD used in Ethernet

— CSMA/CA used in 802.11
e taking turns

— polling from central site, token passing
— Bluetooth, FDDI, IBM Token Ring
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MAC Sublayer(8)

Conceptual model of CSMA with Collision Detection (CSMA/CD):

Contention
[ slots
¥
Frame D D D Frame Frame |:| Frame
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Transmission Contention Idle
period period period

Timg ——=

How to resolve the contention for the channel without any collisions at all, i.e. including the
contention period?

Assumption:

» There are N stations, each with a unique address

Basic question:

Which station gets the channel after a successful transmission?

Possible Answer:

The contention interval is modeled as N discrete contention slots with slot width := round trip propagation
of one bit
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MAC Sublayer (9)

The basic Bit - Map Protocol (N = 8)
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This protocol belongs to the class called reservation protocols.

The Binarv Countdown Protocol

Bit time

0123 Limited Contention Protocols
0 — — —
Idea:
0 — - — : : :
oo Combine the best properties of the contention and the
collision-free protocols
__1 010 1010

Result 1010

Stations 0010 Station 1001
and 0100 see this sees this 1
1 and give up and gives up

Vorlesung “Kommunikation und Netze”, SS’10 E. Nett



MAC Sublayer(10)

Probability of channel acquisition for a symmetric contention protocol
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Consequence: Dynamic station assignment to slots depending on the load.

Example: The Adaptive Tree Walk Protocol
1

-+— Stations
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MAC Sublayer(28)

Summary of channel allocation methods:

Method Description
FIoMA Dedicate a frequency band to each station
TDmA Deadicate a iimeae slot to each station

Pure Al O A

Unsynchronized transmission at any instant

Slotted ALOHA

Random transmission in weall-defined tims slots

1-paersistent CTSMhMA

Standard carrier sense multiple access

MNMonpersistent CSA

Random delay when channeal is sensaed busy

FP-parsistent CSMMA

CSrMA, but with a probability of p of parsisting

CSMASCD

C5S5mMA, but abort on detecting a collision

Bit map

Round robin scheduling using a bit map

Binary countdown
Tree walk

Wavelength divisiomn

Highest numbered ready station goes next
Reduced contention by sslective enabling

Ao dynamic FDM schame for fiber

MO A, A AN

Wirgless LAMN protocols

S50 FDOM plus TDMN for celilular radio

CDPD Packsat radio within an AMPS channal

COMA Everybody speak at once but in a different languags
Ethernmet CSMASCD with binary exponantial backoff

Token bus

Logical ring on a physical bus

Token rimg

Capture the token to send a frame

DoDB Distributed gueuwing on a two-bus MARM
F>x Fiber-optic token ring
HIFFI Crossbar using S0-100 twisted pairs

Fibre chammel

Crossbar using fiber optics

SPADE FLOM with dymamic channel allocation
ACTS roma with centralized slot allocation
Binder ropA withs ALOHA when slot owner is not interested

Crowther

ALOHAS with slot owner getting to kesp it

Robarts

Channel time resaerved in advance by ALOHA
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Network layer

« transport segment from sending to receiving host

e on sending side encapsulates segments into datagrams
e 0N receiving side, delivers segments to transport layer
* network layer protocols in every host, router

» router checks header fields in all IP datagrams passing

% data link J|_data link
through it dcta link 1L Physical “ physical

physical

application

network network
data link data .link
Two Key Network-Layer Functions physical | | physical
: . . €M :é network
« forwarding: move packets from router’s input to appropriate ﬂ_ | datalink data link
router output physical
data .link
 routing: determine route taken by packets from source to physical

/

destination network
data link
— routing algorithms = - [Tl physical I datq link

=/ data link &M physical

physical \ ﬂ j
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Interplay between routing and forwarding

routing algorithm

local forwarding table
header value |output link

0100| 3
0101| 2
0111| 2
1001 1

value in arriving

packet’s header;

i
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Virtual circuits

e used to setup, maintain, teardown VC
e usedin ATM, X.25
e not used in today’s Internet

a Iica‘rionl . r@j .
T‘?ﬂzns ort |2 Data flow begins 6. Receive data |application

4 |Call connected 3. Accept cfl LTransport
1|[Lnitiate call |

data link 2. incoming ¢

physical |

data link
physical |

»
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Datagram networks

* no call setup at network layer
* routers: no state about end-to-end connections
— no network-level concept of “connection”
» packets forwarded using destination host address
— packets between same source-dest pair may take different paths

appllca’rlonl m%io_nl

transport

transport

data link 1. Send data

physical L.l B>

2. Receive data

|

data link
physical |
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Forwarding table

Destination Address Range

11001000 00010111 00010000 00000000
through
11001000 00010111 00010111 11111111

11001000 00010111 00011000 00000000
through
11001000 00010111 00011000 11111111

11001000 00010111 00011001 00000000
through
11001000 00010111 000111171 11111111

otherwise
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possible entries
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Router Architecture Overview

Two key router functions:

OSPF, BGP)

lookup,run routing algorithms/protocol, i.e. setting the state of the switching fabric (RIP,

« forwarding datagrams from incoming to outgoing link according to the actual state of the

switching fabric

input port

input port

Vorlesung “Kommunikation und Netze”,
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output port
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switching .
fabric output port

routing

Processor

SS’10

13
E. Nett



Input Port Functions

lookup,
forwarding

queueing

data link

line processing
termination (protocol

/'/v decapsulation)

Physical layer:
bit-level reception

switch

fabric

Data link layer:

e.g., Ethernet Decentralized switching:

e given datagram destination, lookup output port using
local copy of forwarding table in input port memory

e goal: complete input port processing at ‘line speed’
(transmission rate)

e queuing: if datagrams arrive faster than forwarding
rate into switch fabric

14
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Three types of switching fabrics
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Switching Via Memory

First generation routers:
o traditional computers with switching under direct control of CPU

 packet copied to system’s memory
* speed limited by memory bandwidth

Input Memory Output
Port Port

System Bus
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Switching Via a Bus

datagram from input port memory
to output port memory via a shared bus

bus contention: switching speed limited by bus
bandwidth

32 Gbps bus, Cisco 5600: sufficient speed for
access and enterprise routers

Vorlesung “Kommunikation und Netze”, SS’10
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Switching Via An Interconnection Network

e overcome bus bandwidth limitations

 crossbar switch: interconnection network of 2n buses connecting n input ports
to n output ports.

e Cisco 12000: switches 60 Gbps through the interconnection network

A

S 1 P— .
B

0oL Jmm T 1 crossbar
C

> Jmm>
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B~ B~ E
. ¥ 1
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Output Ports

itch . i
SWite queuing: data l"?k .
. — buffer processing ine Ly
aoric mana (protocaol, terminat
gement , ermination
decapsulation)

« Buffering required when datagrams arrive from fabric faster than the
transmission rate

« Scheduling discipline chooses among queued datagrams for transmission

19
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Output port queueing

— —
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« buffering when arrival rate via switch exceeds output line speed
» gueueing (delay) and loss due to output port buffer overflow!
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Input Port Queuing

 Fabric slower than input ports combined -> queueing may occur at input
queues

» Head-of-the-Line (HOL) blocking: queued datagram at front of queue
prevents others in queue from moving forward

e queueing delay and loss due to input buffer overflow!

.................. } . .I
switch.| . I switch
fabric ¥ I" fabric
output port contention green packet
at time t - only one red experiences HOL blocking

packet can be transferred
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