Chapter IV: Special Topologies

1. Loop Networks
1.1 Introduction

Reference 1 Section 4.5.3

1. Describelopology
Daisy chain of nodes

2. Transmission
i. Point-to-pointtransmission
— Fixed signal lgels at the receier, no matter which node is the original source
— Regenerate the the signal at each intermediate node

— Point-to-point links
fiber-optic devices are often used.

ii. ContinousTransmission on each link - independent of the access protocol
Even when multiple sources contend for the channel

— Inis mot necessary to obtain bit synchronization at the beginning of each transmission
— Detect failures of nodes or breaks in a link by the absence of the continuous transmission.

— Active mmponents in the path increase the probability of failure
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3. BidirectionalLoop

Preferred solution in most Metropolitan area networks
SONET Rings, FDDI

Source Source

Source Source

Operation:

When a terminal detects a loss of signal on an incoming link, it signals the source of the signal,
instead of forwarding the signal.

The terminal at the input to the failed link ra@si the signal and transmits the reaei sgnal on
the standby link.

The terminal that detected the failure fards the signal that it rewes on he standby link onto the
normal link.
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1.2 Acces$rotocols

1.2.1 Token passing -- IEEE 802.5

1. Theobjectve is to giarantee that only one ring interface transmits at a time
The objectie is met by transmitting a single token on the ring.

An interface that has data to transmit reesathe tolen from the ring, transmits its data, then re-inserts
the token on the ring when it is done.

2. RingDelay
Each ring interface delays transmissiombg 1 bits

The delay is necessary to raeeind regenerate the bits and t@mine the bits to decide what action
to take.

In a netvork with v interfaces, the delay around the ringnis+ A, wherel, is the propagation delay
around the ring

The packet length is variable and may either be less than be greater than ring delay
3. Thetoken
01111110 is a free token, and is an invitation to transmit data, and

01111111 is a Umy token, and indicates that an earlier ring interface has taken the token and is
transmitting data.

4. DataTransmission
When a ring interface has data to transmit andves@ifollowed by 6 1's, it examines the next bit.
If the bit is 0, it comerts it to 1 and transmits its data

The interface transmits the free token at the end of its transmission to invite the next ring interface to
transmit data.

After the free token, the ring interface transmits an idle fill sequence of bits.
The idle fill is usually a simple sequence, for instance alternating 0,1.
5. Preventing a token from appearing in the data
If the pattern 0111111X appears in the data, it may be misinterpretted as a token.
Wheneer the 5 consecute I's appears in the data , the source inserts a 0

The receter removes one zero following 5 1's, so that a source can transmjitlata pattern. data.
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6. Remeing Data
The data treels around the entire ring, past one or more wecgj and is remeed by the source.

The source starts rewiag data from the ring when it starts to transmit, and continues removing data
until it receves the token that it inserts at the end of its transmission.

Once a source acquires a token, the next token that wesdgihe token that it acquired.

This token may amve before or after it finishes transmitting its data, depending on the delay around
the ring and its packet length.

The second token the source rgegis he token it transmitted at the end of its data.

This token must awe dter it has finished transmitting its data and transmitted trentdado that the
source no longer needs to insert its own data on the ring, and can forward the datd oacei
the ring.

If the token is busyanother ring interface has started transmitting data.

If the token is idle, no other terminals\readata to transmit, and the token can either be acquired by
this source or will continue to circulate around the ring.

A source can determine the beginning of the second token before it igetdebgi counitng the
number of bytes of data it has reved following the first token. This can be used to reduce the
delay in the ring interface to one bit, rather than the token length - 8 bits.

7. CorrectReception

If the source recees the same data that it inserted, it assumes that the datalso correctly recesd
by the destination.

If the data is distorted between the reeeand the source, it is possible for the transmitter to re-xmit
data that has already ben correctly ressbi

Note: Sequence numbers are needed tepteuplicate messages from being reeei
8. FRairness

Token passing is fair becausevegy ring interface gets a chance to transmit data befoyeriag
interface gets a chance to send a second packet

9. Priorities

some stations can bevgn higher priority by using more complicated tokens

For instance, allw 4 types of tokens instead of 2, 011111100, 011111101, 011111110, and 011111111
011111100 is the idle token for priority 1 terminals,
011111101 is the idle token for priority 1 and 2 terminals
011111110 is the idle token for priority 1 and 2 and 3 terminals, and
011111111 is the busy token

After ending transmission a station sends an idle token for priority 1 stations

If that idle tolen circulates the loop, there are no priority 1 stations, and the station that inserted the
token changes it to priority 1 and 2

If that idle token circulates the loop, it reduces the priority to 1 and 2 and 3, and that token circulates
until ary station takes the token
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10. The recee and transmit patterns at a single ring interface Reference [1] (fig 4.22a)

From another terminal |, Own Insertion , Other Terminals

|
i Forward ‘Replacel Remwe 1 Forward
| | |
Recete— |T,| Dawm |T| ide |To| Data |Te| Dam |
} | Insert : -
Xmit—  |T,| Data [T| Data |T,|idle To| Daa |
|
|
time

11. The maximum throughput approaches 1
12. Random Access ( Lost Token )
Tokens can be lost because of transmission errors or when a station that has the token fails

If no busy or idle token is reced in a pecified time, the ring interfaces assume that the token is lost
All stations with data, xmit

If there is one station, that station succeeds andvesdbe data it transmitted.

The system returns to normal when it transmits an idle token at the end of the data.

If there is a collision, theall retry a random time later
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1.2.2 Slottedsystems
Operation
The slots are fixed size
The delay around the loop is adjusted to a multiple number of slots by a controller
A source inserts data in an empty slot
The data is remad by
1. Thesource
This provides ARQ as in token ring
2. Thedestination

Since packets only tval half way around the ring - on theretage - this has the potential of
doubling the throughput

3. Bya mntroller

When the same packet passes the controller more than once, the device that is supposed to
remove the packet has failed

The controller remees the packet
Disadvantage:
Patially full fixed-size packets are less efficient than variable size packets in token ring
predecessor to ATM
small packets to reduce inefficiency
fixed size packets imply switching rather than store-and-forward

Advantage

Formatted transmission makes it easier to detect failures
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1.2.3 Registennsertion Ring
Destination remeal with variable size packets
Operation
When src has a packet ready and register W is empty
Xmit packet up to max. size W

Xmit packet at apbreak in the data
independent of the size of the gap

Store Data from the loop in W
When register W is not emptymit W to the loop
Delay W remains the same while data is neski

Delay decreases during gaps in the data
and when this node rewes data

Eventually W goes to zero and the source can transmit again

Data can be renved by the source, destination or controller,
as in slotted rings

Loop Delay -> to propagation deldy,, when loop is idle
and expands up t8l x W + Ap when the loop is busy

T '

Sink Source

Loop | X Loop Out
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1.2.4 FDDI
Characteristics

Token loop

2 priorities of traffic

High priority traffic has a delay guarantee
packet voice

Technique
Each node measures time since last token visit
The node can alays transmit the high priority traffic
but, only transmits the 1@ priority traffic if the token aries early
Definitions
« TTRT - Target token rotation time
— This is the interval that we would &ko drculate within
— Itis the same forvery terminal
« TRT(i) = Token rotation time
— This is the time since the token was last nestbat erminal "i"
— Itis maintained at each terminal

— Inimplementations, a terminal setsTT® TTRT.
TRT is decremented periodically

« THT(i) = Token hold time for terminal i
— This is the amount of data that terminal "i" can transmit when itwesctiie token
— High priority terminals can ®lays transmit up to an allocated amount of data

— Low priority terminals can transmit data up to TiRhe amount of time that is left before the
token is late
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Protocol for High Priority Sources

TRT is decremented periodically
Wait for Token

Token
Noti} (Set TRT=TTRT)

Late Upto THT

Z Xmit

-t

Done
TRT=0

(Set TRT=TTRT)

Token
(Don't Reset TRT)

TRT=0

Rule:
— Whenever the token arxies, xmit up to THTIf data is @ailable.

— Ifthe token is later than 2*TTIRinitiate error receery procedures.
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Protocol for Asynchronous Terminals

TRT decremented periodically

Wait for Token
Token _
— Up to Min of THT
Not (Set TRT=TTRT) Xmit | and TR before Reset
Late
TRT=0 Done
(Set TRT=TTRT) Token
(Don't Reset TRT)

TRT=0

Rule:
— If the token arxies on tme, transmit for THT or time left on TRwhichever is less
— Iftoken arnves late, forward it and keep TRT
Constraints
High priority traffic
2 THT(i) + Loop Delay < TTRT
i

a; = the transmission time for the high priority traffic allocated to riople's propagation time to
node i+1 mod m, for nodes 0 to m-1.
m-1
T=3 a<TIRT
i=0
the total high priority traffic in a cycle is less than the TTRT

The amount of lav priority traffic is constrained by moearly the token arvies.
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Show that: A high priority paclet is neer delayed more than 2*TTRand that the eerage token arvil
time< TTRT

Token Arrival times
t; is the time that the token ares at rodei in the current cycle
ti_m IS the time that the token ares at rodei in the previous cycle
Operation:
If t; —ti_, < TTRT, node i can send Vo priority traffic for TTRT — (t; - ti_,,) Seconds
If t; —ti_, = TTRT, node i only sends high priority traffic

Special case 1:
Only low priority nodes,
There is no constraint onWdong a lav priority node can hold the token (THTos)
and zero propagation delay

Initially, t; —t;_,, =0 forall0<i <m
No nodes are transmitting

All nodes become heavily loaded - xmit as much ag ¢he
1. NodeO xmits for TTRT att.

2. Noneof the other nodes can xmittafor 1<i<m-1
because; —t;_, = TTRT

3. Nodel can't xmit att,,
becausd TRT,, - TTRT, = TTRT

4. Nodel xmits forTTRT att
becausé,,; —t; =0

5. Node=2->1 cant transmit att;; t0 to
becausé,; —t; = TTRT

6. Node2 transmitsTTRT att, .o
becauséypo =t =0
All of the low priority nodes get an equal share of the bandwidth in order - Round Robin Polling

Special case 20nly high priority nodes
m-1
> ai =T <TIRT
i=0

For each node it; —=ti_, =T

The token circulates in time < TTRT
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General Case

The token arvies at rodei at ..., ti_n, ti, tism, - -
ty<tforall j<i

The maximum high priority traffic transmitted by ndde a;

The maximum lw priority traffic transmitted at; is
_UTTRT = (t; —tiy) if t; =t <TTRT

T 0 if t, ~t_,, > TTRT

The time that the token ares at rodei + 1 is

tivg S max(t +aj, tj + TIRT = (4 —ti_y) + a;)
< maX(ti, ti—m + 'I_I'RT) + a;
a. Shovt,,—ti<2xTTRT for alli
tis < maX(ti, tiom + 'I_I'RT) + a;
<max(t, t; + TTRT) + a; Sincet;_, < t;

Sti +'I_I'RT+ai

tivo € MaX(tisg, tisg-m + TTRT) + @iy
< maX(ti +TTRT + aj, tj + 'I_I'RT) + a1

< ti +TTRT +a;t+a

By iteration, forj < m+1, (ti-ms(j-1) < i)
j-1

ti+j < ti +TTRT + Z ik
k=i

. . i+m-1
Forj =1+m, tiy, <t +TTRT + Z ag
k=i
i+m-1 m-1 )
2 ax= 2 ay Sincea; = ajmodm
k=i k=0
=T<TIRT

Thereforet;,m —t; < 2x TTRT
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. t; -t
b. Show lim K™ " < TTRT
K - o0 K

See reference [1] pg 329.

Home work
FDDI

Consider a loop with 4 stations:

The propagation delay between terminals is 0. Ignore the time to transmit a token.

TTRT, TRT, and THT are defined in the class not8$e state machines that specify the operation
of the lowv and high priority sources are also described in the class notes.

The target timed token rotation time at each terminal, TTT$2.5 units.

T2 and T4 are Mo priority terminals with infinite THT they transmit as much data as yhare
allowed.

— Attime t=0 a data packet that requires 10.25 units to transmi¢saati T2.
— Attime t=4 a data packet that requires 10 units to transmiegat .
T1 and T3 are high priority terminals with a token hold time, T&{T unit.
— Packets that require 1 unit to transmitaerdé T1 at imes 14, 17, 20, 23, 26, 29
— Packets that require 1 unit to transmitaeré T3 at imes 13, 16, 19, 22, 25, 28
A. Startingat time t=0, just after the first data packetvagiat erminal T2, up until time t=19:
a. Specifithe time that the token ares at exch terminal, starting with T2.

b. The amount of data that the terminal has to send when the tokess.arri
(If the token and data ave & the same time, the terminal can send the data)

c. CalculateTRT when the token anres
Indicate when the token is late.
If the token arwres at he same time that TIRexpires, dort count it as late,

d. |If the terminal has data to send, calculate ;TtH€ maximum amount of data that the
terminal can transmit.
Place your answer in the form of a table:
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If there are 3 high priority terminals with THT=1, and a packetes@at eich terminal eery 3
units, what would happen and why?
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2. Token Bus
Reference 1 section 4.5.4

Objective: Construct a virtual token passing loop on a physical bus network.
Techniques:

1. Centralizedystem
+ Hub Polling
« A central controller transmits a sequence that invites nodes to Xmit

— The controller can transmit to each source in sequence, whieh agich source access to the
same rate.

— The controller can transmit to some sources more frequentlywéotggm a higher rate than
others

— The sources dontollide with one another
« Hub polling is used to provide quality of service guarantees in the IEEE 802.11 standard.

— Polling sequences alternate with periods when the channel uses CSMA/CA, so that both
periodic sources and random access sources can share the same channel.

— Sources can join the polling list by transmitting to the controller during the random access
periods.

2. Distrituted System
- One node has a token

— When the node is done xmitting, it sends thesiglan invitation to transmit, to the next node in
a list.

« New nodes are added to the list by regularly sending an invitation to join the list
— If more than 1 node trys to join, a collision occurs

— A caollision resolution procedure is used to access subsequent invitations, and determines which
node joins the token list first

- Nodes lege the list by notifying the previous node.

— The previous node forwards the token to the node thakitiegenode had been transferring the
token

- Falures occurthe token is lost, if
— A node leaes the list without notifying the previous node, or
— There is a transmission error in the token
. After a failure,
— All nodes lege the list and transmit a request to rejoin the list
— Contention resolution is used to form aniést
3. Implicittokens - ( BRAM, MSAP)

- Instead of transmitting a token with the next address,
The token is the idle channel following a transmission.

— Each source knows its position in the list.
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- If the next token site does not xmit, an extended idle sequence is the token for subsequent sources to
transmit

— The time until the idle channel reaches the next token sitg8is &.
B is the end-to-end propagation delayd J is to time to detect a busy or idle channel.

— The time until the xmission from an a@i ource to reaches and is detected by all other
sources is also <3+ 9).

— Therefore, when the channel is idle foB2(9), it is assumed that the xiesource in the
token list will not transmit and the idle interval is an implicit token for the second source in
the list

- Similarly, when the channel is idle folk@s + &), there is an implicit token for thé ¢ 1) token
site in the list

- Tokens are not lost when sourcesvedhe list without notifying the previous station
— Tokens cannot be lost because of transmission errors.

- Periodically dl sources lege the list and contend to rejoin to clean up lists with ivacturces.
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3. Linear Topologies
Topologies and Access Protocols that use Fiber Optic Buses

- Signals on fiber buses propdg in one direction, and topologies are constructed that allo
terminals to communicate.

+ We will consider single bus topologies, including spiral and "D" networks, and Dual Bus networks.
3.1 FiberOptic Couplers

Reference 2

3.1.1 Rassve Taps
Directional Couplers

Coupling Output 1

Output 2

« 2x2 Fused fiber couplers
— Operates by coupling energy from one fiber to another
— Dependent on proximity of the fibers and the length of the coupling

« Symmetric:
The fraction of the energy that we couple from input 2 to output 1 =
the fraction of the energy that we couple from input 1 to output 2.

- Consewation of Energy: The total energy out = the total energy in

« Result: We annot build a directional coupler that puts all of the energy framrinputs onto one output.
The energy on the second output would also equal the sum of the 2 input energies, and thegiptal ener
out would be twice the energy in.

Directional couplers are not perfect, and some energy is lost in each device.
Typically, the loss is about .2 db per device

Passive taps: Connecting Terminals to a Fiber Bus

Fiber Bus
Xi+1 =X = aXqt+(L-a)y

Y z=(1-a)x.atay
T;

« The more energy that is put onto theshbthe more energy that must be taken ofénewvhen the
terminal is not transmitting.

3.1.2 Active Taps
Lithium Niobate Switches

« pico seconds switching times
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- applying an electrical signal changes the xnoferefraction and the light path

- |If the characteristic of the switch is

a
A

E —
0 1 \Y]
the station applieg = 0 when it is not transmitting arM = 1 when it is transmitting.

- If there is contention between 2 signals, instead of a collision, the downstream terminal wins.

- Active taps

Xis1 > X =a(V)Xis + (1 —a(V))y,

yiT. z=A-alV))Xisq +a(V)y;

When a terminal ants to allev the signal from upstream to pass through it apMiesl that allavs
the signal to pass.

When a terminals wants to transmit, it appliebiageV = 0 that allows more of itswn signal to
be inserted on the fiber.
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3.2 Spiraland D Topologies

A

End Ty [y 0o L
YV Y

Y

D Network Reference [4]
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3.2.1 Operation
« The transmit fiber passes each termimg|,T,, - - -, Ty
— Each terminal[T;, inserts data onto the fiber at tp

— An optional head end, prior to termind|, may periodically transmit timing for the gmning of a
slot, or may start a token for a token passing protocol.

. After every terminal has a chance to insert data on the, fiberfiber once again passegrg terminal.
— Each terminal[T;, reads the data at t&p.
— In the D network, the reoes fiber passes the terminals in the ortlgr Ty-1, - -+, Tq.
— In the spiral network, the reei fiber passes the terminals in the ofBgrT,, - -+, Ty

— The affect of the rece2 ader was a subject of aeti cebate in the 80’s, but had a very mindeef
on the operation of the networks.

— In a ken passing protocol, the spiral network is slightly fairer than the D network because the
signal passes the receitap in the same order as the transmit tap.

— For most purposes, the D and Sprial network are identical

3.2.2 Potocols on a D Network
We will consider 3 classes of protocols to share the facilities of a "D" bus network, 1) Slotted Protocols, II)
Token Passing Protocols, and Ill) Random Access Protocols

3.2.2.1 SlottedProtocol
« The headend periodically xmits
— a dart of slot,
— followed by a busy bit that is zero,
— followed by a fixed size data area
« Aterminal with data to xmit
— Receves the start of slot,
— Xmits busy bit =1
— Receves the busy bits transmitted by upstream stations
— If received busy bit = 0, it transmits data, otherwise, the slot is already full, and the terminal waits.
— The upstream terminalsVepriority over the downstream terminals.
- In order to implement this protocol, a terminal must be able to:
a. Receie the signal at i input to the network, so that it can identify the start of a slot, and

b. dmultaneously transmit its ownuby bit, while receiving the busy bit transmitted by an upstream
station, so that it does note@write a transmitted packet.
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« Aterminal has 3 taps, 2 conseuatiaps on the transmit side of the bus and the a tap on theeradei
of the bus.

r-——--- al
' Head- 1 A Bi A B Ay By
| | .
CE TNy (nly (aly (il
Lo - i T1 T2 .. TN
0 ) 1) T
C, C, Ch

1. TapA, is used to read the busy bit from upstream stations
2. TapB, is used to transmit the terminals busy bit and data.

3. TapC, follows the bend in the "D" network, and is used to rectie signals transmitted by all of the
stations

— The directional property of the taps peets the signal transmitted & from interfering with the
signal receied a A

— The additve groperty of the tap, and the "Or'ed" reception strategyegmts T; from changing a "1" in
the busy bit to a "0".
If an upstream station transmits a busy bit of "1", the bit leaving this station is "1" independent of
whatT; transmits.

— There are 2 tap losses on the transmit side of each terminal
— When the electronics is incapable of making a decision in a transmitted bit time:
a. A fiber loop is inserted between theti@ps on the transmit side to create a delay

b. The busy bit is longer than the other bits
Xisg Xi' = BXin Xi =aBXiy +(1-a)y

-
!

Zi=(1-p) X Yi

-
-

R =yR- Ri-1

- Farness: After xmitting a paek, T; waits for an empty slot &;, to gve all terminals downstream from
it a chance to transmit
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- Example: At the beginning of slot T; has 2 packets to transmit, afglhas 1 packet to transmit

+ Note that there are#al slots in transit at grparticular time

Distgnce

T

Cs

C,

Cs

Bend

Slots

« The throughput of this scheme approaches 1 withymgis.
— BEvery slot can be used to transmit data
» There is no reason to use switched taps

— The throughput of "fair" systems can be much less than 1 when a small number of stations transmit,
and the propagation delay is much greater than the packet transmission time.

+ In 150 Mbps MANS that transmit ATM cells, the throughput can be reduced to 1%.

« We will look at a dual bus protocol that is both fair and efficient.
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3.2.2.2 Dken Passing Protocol

95

The terminal taps are the same as in the slotted system
The head-end xmits a token with the busy bit = 0
When a station with data to send sees a token it xmits a busy bit =1

If it reads a busy bit = 0, it transmits data,
Otherwise it waits

A terminal that transmits data, sends a token with a busy bit = 0 at the end
The data can be variable size

The head-end reads the end of the D or Spiral

When the head-end read a busy bit of 0, it sendsvdaken with a busy bit = 0
All terminals with data to send ¥ had a chance.

Token passing is dir. Howeve, when 1 terminal transmits, it must wait a round trip propagation time
between slots.



3.

-24 -

3 RandomAccess Protocols on a Fiber Optic Bus

Reference [5]

96

The propagtion time fromA; to C;, the write and read taps on the "D" network, may be much greater
than a packet transmission time.

— We aannot directly apply CSMA or CSMA/CD
— There may be seral packets propagating on the fiber at the same time.
We look at three basic protocols: 1) Aloha, 2) Local CSMA, and 3) Local CSMA/CD.

— For each protocol we consider A) unslotted transmission, and B) slotted transmission.
In a slotted transmission systems, a head-end generates slot timing

— For each of the six systems we consider using a)yeatgis, and
b) active (switched) taps

Local protocols use the signal at the source, rather than theeretcedetermine when to transmit, by
receiving the signal from the upstream stations on the transmit side of the network.

We will consider the time that the signals from all terminalsvard the bend in the "D" network

— This simplifies the explanation and analysis byvethg us to ignore the packet transmission time
versus the propagation delay.

We will assume fixed size slots, although the unslotted systems may also use variable size packets
The transmission time of a slot is normalized to 1 unit of time.



96

-25-

3.3.1 AlohaProtocols
3.3.1.1 Unslottedlr ansmission
« There is no head-end, and terminals decide whegntletransmit

3.3.1.1.1 Wth Passie Taps

« The transmit tap at a terminal can write on the bus, but does not read the signal from up stream.
There is 1 tap on the transmit side of the bus, and it is arranged as in the "D" network.

« A collision occurs if the packet from ymlther terminal arties at he bend in the "D" at the same time as
our packet

Our Xmit time _—> time

0 1
Arrival Times - All Terminals _ time
All Terminals Fail -1 0 1

o PSU = e_ZG

« The throughput i§ = Ge ¢

> G =S+(1-Pg)G

1-Pg

. ds
The maximum throughput occurs% =0
G=1/2 ad Sy =.5€1 = .184.



-26 -

3.3.1.1.2 Wth Switched Taps ( Lithium Niobate )

The passie tap on the transmit side of the "D" network is replaced with a switched tap.

When a terminal transmits, it switches iwrosignal onto the bus, and rewes the signal from upstream
terminals.

A downstream terminal wins a collision.

Our Xmit time _—> time

0 1

Arrival Times - Upstream Terminals

Upstream Fail, W Succeed -1 0 T time
Arrival Times - Downstream Terminals _ time
Downstream Succeeds eWail -1 0 1

Similar to perfect capture in the radio domain

Normalize the linear distance of the input path.
T,isatx=0,andTyisatx =1

The probability of success for a terminal at positas:
1 1
-2 J G(y)dy -2 J G(y)dy
Pacc(X) =€ , S(X) = G(x)e .

Assume there is a terminal in each ing&x, and that the arvidls in each interal Ax is the same,
S(x) =S.
1 1

The total arnal rate isS; = ! S(x)dx = 81!' dx = S.

1 1

s -2 J G(y)dy —ZJ'G(y)dy ot 0
% - 0=6'(xe +G(x)e — ErZJ’ G(y)dyQ
dx dxq J 0

G'(x) +2G%(x) =0
Boundary ConditionG(1) = S, sinceTy always succeeds on the first try>at 1

S
The solution of the differential equationGgx) = m
As long asS < 1/2, G(x) < oo for all x.
Therefore, as long &< 1/2 dl of the arrivals get through, and the maximum valueSgf = 1/2

If S(1) - 1, the total throughput goes to one, sifigealways succeeds,up none of the other terminals
can get through
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3.3.1.2 Slottedlr ansmission

- The head-end on the "D" network transmits the start of slots, and the terminals must read the start of slot
on the transmit side to determine when to transmit.
3.3.1.2.1 Rssie Taps

- Taps: Unlike dotted and tokn passing systems, the sources do not simultaneously read and write a bit,
and can use a single pagsiap on the transmit side of the bus.

Xis1 Xi = a X +(1-a)Y,
Y, Zi =(1-a)Xj *ay,
Ti
i=(1-y)R
R =yR Ri-1

« Collision Diagram

Slot Transmission Time _—> time

0 1
Arrival Times - Our Terminal !—1> time
Arrival Times - All Other Terminals !—1> time

- There is a successful transmission if and only if one terminal transmits in a slot:
Poces =€°,S=GeC, S x=€1=.36
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3.3.1.2.2 Switchedaps

- On the transmit side, a terminal must reeehe start of slot from the head end, and must replace the
signal on the bus with its own signal when it transmits.
This may be accomplished with a switched tap that ismhpletely switched when a source is not
transmitting, but is more easily done with 2 taps on the transmit side, thewmmgs abads theus, and
the second replaces the signal on the bus:

X X =pXa N X = a(V)pX + (1= a(V)Y,

-
!

Zi=(1-B)Xin

-
-

R =yR R
« Collision Diagram

Slot Transmission Time _—> time

0 1
Arrival Times - Our Terminal !—1> time
Arrival Times - Upstream Terminals - time
Remaoved by Us - We Sicceed -1 0 1
Arrival Times - Downstream Terminals _ time
Remawes Us - We il -1 0 1

- When there are multiple terminals that transmit in a slot, one termwajsalvins.
The throughput of this system can be 1, when the downstream terrmags dlas something to send,
but what is the throughput wherey station gets the same throughput?
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3.3.2 LocalCSMA Protocols - LCSMA

« Receve ypstream transmission and delay our transmission if there is a transmission in progress.
3.3.2.1 Unslottedlr ansmission

3.3.2.1.1 Wth Passive Taps

- We wse a tw tap configuration with a single pagsitap on the transmit side, as in slotted Aloha with
passve taps.

« Collision Diagram:

Our Transmission Time _—> time

1

o

Arrival Times - Upstream Terminals

Arrives Before W Sart

Delays our Transmission -1 0 1 time
Arrives After We Sart ‘ time
Collides With Our Transmission -1 0 1

Arrival Times - Downstream Terminals

Arrives Before W Sart _ .
time

Collides With Our Transmission -1 0 1
Arrives After We Sart - time
Delayed By Our Transmission -1 0 1

- The analysis of this system is more complicated than the earlier analyses because itemogh tak
account the fact that not all of the packets are transmitted.

— Packets that are not transmitted do not interfere with downstream terminals.

- The throughput of the system is about 29%, as compared with the 18% obtained with Aloha wi¢h passi
taps
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3.3.2.1.2 Switchedaps

« The tap configuration is the same as in slotted Aloha with switched taps.

« Collision Diagram

Our Transmission Time _—> time

0 1
Arrival Times - Upstream Terminals
Arrives Before We Sart - time
Delays our Transmission -1 0 1
Arrives After We Sart ‘ time
Our Transmission Remres part of the Packet -1 0 1

Arrival Times - Downstream Terminals

Arrives Before W\ Sart L ;
time

Remores Part of Our Transmission -1 0 1

Arrives After We Sart
Delayed By Our Transmission -1 0 1

» time

- The analyses of these systems must tato account the fact that not all of the petskare transmitted,
and that other packets are partially transmitted befoyeateeaborted.

- The throughput of the system with aetitaps about 57%, as compared with the 50% obtained with
simple Aloha with switched taps.

3.3.2.2 SlottedTr ansmission

In a slotted system there isahy data being transmitted before we begin transmission in a slot.

Therefore, the operation is the same as slotted Aloha with/pamasi switched taps.

If the first bit in a slot is the busy bit, and we read and write the busy bit, and defer if the bit is already
busy, we dbtain the sotted systems on the spiral and "D" network, and can construct fair protocols as we
had in those networks,
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3.3.3 LocalCSMA/CD Protocol - LCSMA/CD
« Detect upstream transmission before transmitting
— With passie taps we delay our transmission twid colliding with the transmission in progress

— With active \aps we can delay our transmission tediriority to the upstream terminal, or switch the
upstream transmissionfaif the fiber and transmit

In an unslotted system, switching the transmissibthef fiber increases the transmission interval and
wastes the time that that transmission has been in progress.

« Continue to read incoming transmission while transmitting our signal.

— With passie taps we stop our transmision teoal a collision.
The transmission interval is longer than that with a single transmission.

— With switched taps, we can switch the incoming signiathad fiber until the end of its transmission,
so that downstream terminals do not see an extended transmission interval.

3.3.3.1 Unslottedlr ansmission

3.3.3.1.1 Rssie Taps

« Sources hee 2 mssve taps on the transmit bus, as in the slotted access protocol so yhedrihreceie
the signal on the bus while transmitting.

« Collision Diagram:

Our Transmission Time _—> time

0 1
Arrival Times - Upstream Terminals
Arrives Before W Sart - time
Delays our Transmission -1 0 1
Arrives After We Sart ‘ time
Aborts our transmission, but succeeds -1 0 1

Arrival Times - Downstream Terminals

Arrives Before W\ Sart L ;
time

Aborted by our transmission, we succeed -1 0 1
Arrives After We Sart - time
Delayed By Our Transmission -1 0 1

- The collision diagram has the same success rate as LCSMA with switched taps, therefore the throughput
is 57%.
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3.3.3.1.2 Switchedaps
« The terminal configuration is the same as slotted Aloha withesiajps.

- If a terminal elects to reme an incoming packet during itsam transmission, the operation is the same
as LCSMA with switched taps.

- If a terminal elects to abort itsva transmission when an incoming packet is rekithe operation is
the same as LCSMA/CD with passitaps.

« Since the throughput of both of these systems is 57% this is the throughput of this system.
3.3.3.2 SlottedTr ansmission

« The data packets start with a busy bit, and the operation is the same as in a slotted bus network
3.3.3.2.1 Rssie Taps

- The terminal configuration is the same as the slotted bus.

« Collision Diagram:

Slot Transmission Time _—> time

0 1
Arrival Times - Our Terminal !—1> time
Arrival Times - Upstream Terminals - time
Delays our Transmission - It Succeeds -1 0 1
Arrival Times - Downstream Terminals .
» time

Delayed by Our Transmission -é/8icceed -1 0 1

- There are no slots with collisions the throughput

- We @n obtain fair operation with a protocol thaaits for an empty recet dot before transmitting its
next slot as in slotted "D" networks.

3.3.3.2.2 Switchedaps
- Aterminal can elect to ke its own packet succeed, or can let an upstream station succeed.

- By replacing an upstream packet with probabiiiythat is a function of a terminals position on thes,b
we can achiee fair operation without letting idle packets circulate the bus.

- This makes it possible to achéefair operation at a throughput of 1, independent ofztloé the bus.
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4. DualBus Networks

4.1 Topology
Head_ A]_ Bl A2 Bz e AN BN _ Bus A
=Ny (v (aly (xly
Tl T2 TN
SIS LY I GLYOLY
D, C D, C, ... Dy C, End

4.2 Operation

DQDB is a slotted bus network.

The head-ends generate the start of slot on each bus.

— The beginning of each slot contains the start of slot followed by a busy bit and a reservation bit.

— Both the busy bit and reservation bit are initially "0"

— The data segment of a slot is an ATM cell, 53 bytes.

The sources determine which bus to transmit on to reach the destination, and acquire a slot on that bus.

— A source can receé the busy and reseation bits from upstream stations, while transmitting in that
bit, as in the slotted "D" network.

When a source transmits a slot on Bus A, it transmits a "1" in the busy bit on Bus A, while receiving the
busy bit from upstream stations.

— If the source recegs a "1" in the busy bit, the slot is in use, and the source defers to the upstream
source.

The reservation bit on the opposite bus is usedviotge downstream sources equal access to the bus.

— Before a source transmits on Bus A, it transmits a "1" in the resembit on Bus B that is reced
by all upstream sources on Bus A.

— The source recegs the reseration bit from upstream sources on Bus B while transmitting its
reservation, and retrys in the next reservation bit if the bit is already "1".

— Reservations occur at the same rate as data slots, and will not limit the throughput.

Each source maintains distributed queues of the reservations from downstream sources and its own slots
— There are tw distributed queues at each source.
— There is a distributed queue for the reservationswesten Bus B, which reser/dots on Bus A,
— And a distributed queue for the reservations vedain Bus A, which resemr dots on Bus B.

Each distributed queue consists obteunters,

— Cg, are the resemtions from downstream sources thatéharived before the packet that the source
will transmit and which hae rot been serviced.
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— C,, are the reservations that agidter this sources packet, but before this source transmits its slot.
(Note: A source may place the reservation after it transmits the packet)

A reservation from a downstream source is serviced when an empty slot, busy bit =0, passes the source.
— A downstream source can use this slot to transmit its data.
WhenCpg = 0, the source transmits its packet in the neatable slot, a slot in which the busy bit is "0".
— After transmitting a packet, a source $gts= C,, andC, =0
The distributed queues operate with partial information.

— A source does not reeei the reservations placed by upstream sources, but upstream sowrces ha
first access to the slots.

— If we ignore the propagation deldlje distributed queue is a FIFO queue.
The sources that place reservations first, transmit their slots first.

Example:

— Slots arrive & nodes 5, then 2, then 3 to be transmitted o® A, while Bus A is busy transmitting
packets from upstream sources on Bus A.

— Bus A becomes\ailable, and the packets from these three sources are transmitted in the grder the
arrived.
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« Sources place 1 reservation at a time

— A source places a resation for a slot, and does not place another reservation until the slot is
transmitted.

— This prevents a downstream source with aghkrfile transfer from placing a large number of
reservations and locking out upstream sources.

— When there are simultaneous file transfers from multiple sources, the protoddeprmund robin
service to each of the sources
DQDB is the first network:
— to do nore with a bidirectional network than treat it as 2 one way networks

— where the rate and propagation delay caused an unexpected failure.

4.3 Unfairness
- In a largeg network, sources that are separated by multiple slots can obtain very different throughputs

— DQDB is a metropolitan area network, that spans up to 50 Km., operates at rates up to 155 Mbps, and
transmits ATM cells.

— If two ources are 29 Km. apart, at 150 Mbps, there are 50 ATM cells in transit between the sources
- The source that starts transmitting first reega nmuch higher throughput.
« Example:

— Sources A and B transmit long files of 53 byte cells on Bus A

— The sources are 29 km apart and transmit at 150 Mbps.
There are 50 slots in transit between A and B

50 slots

Tp| =———————— » | Tp

50 slots

A. SourceA is actively transmitting slots, and has at least 50 slots in transit on Bus A when the file at
Source B arries, source A get 99% of the slots

« B xmits a request that gets to A 50 slots later

- Alets one empty slot pass that gets to B 50 slots later,
100 slots after B transmits the request

- B transmits one slot then sends another request, which reults in another emmpty slot in another 100
slot times.

B. SourceB is actively transmitting slots, and has at least 50 restgus in transit on Bus B when the file
at Source A arvies.

« Source B gets much more throughput than source A, but the operation is more difficult to explain
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4.4 Bandvidth Balancing
References [6, 7].
1. OBSERVAT ION: For DQDB Protocol gery source can determine the utilization at the end of the bus.
« For each slot xmitted on bus A, each station either:
Sees a busy bit on bus A,
a request on bus B, or

xmits a slot itself.

Therefore _ Busy bits on bus A Rgst bitson Bus B+ Xmitted Slots on Bus A
$ oA total slots on Bus A

2.RATE CONTROL -- FOR DQDB
+ Each Actve User
— Measures Busy Bits + Request Bits
— Takes Fractiomr < 1 of Remaining Slots
« THEN
— System Conmerges to Fair Operation
— Corvergence is Faster for Smaller

— Whena =1 Corvergence Time Is Infinite
Original implementation

« Examplea =.9

NODE A -- NODE B
Measure Measure
Bsy+Rqgst Teke Bsy+Rgst Teke

0 9*1=9 - -

0 9*1=9 9 .9*.1=.09
.09 .9*.91=.82 .82 .9*.18=.16
.16 .9*.84=.76 .76 .9*.24=22
.22 .9*.78=.7 g .9*.3=.27
27 .9*.73=.66 .66 .9*.34=.31
31 .9*.69=.62 .62 .9*.38=.34
474 .9*.526=.474 474 .9*.526=.474

3. A Simple Implementation
1 ocounter -- no change in transmission protocol

- To Obtain Rate 8/9, at each source,
— Count the slots that the source transmits

— Each time 8 data slots are transmitted,
IncrementCg by 1

— Put a dummy request in the request queue telaaextra empty slot aftenery 8 of our own slots
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- RESULT:
A source takest most 8/9 of the mailable slots

a. Thesteady state throughput at a sourcgis a; [1 - 3 T|]
i

b. When there are N sources trying to transmit asyrsiats as thg can,

T, =T foralli
a
T =a[l-(N-DT]=————
all = ( )T] Tva (N-1)
c. Example
a=.8
N = 3
U4 4 40
T_

- [ 7['

o3’ 13" 137
Unused Bandwidth A
13

d. If the sources use differesmt, they obtain different rates
The sources ha dfferent priorities

Homework

DQDB with bandwidth balancing

A. Thereare 8 users that are trying to transmit asyrsots as thg can.

4 of the users are high priority and each takes a fraetips . 9 o the remaining bandwidth.

The high priority users eachvea hroughputl .

What fractiona of the remaining bandwidth should each of thew fwiority users tak 9 that

their throughpuf| = T{/2?

B. Whatfraction of the bandwidth is unused?

If there arel high priority users and low priority users, and the users ugg anda, in part A,

what isT, /Ty ?
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5. 2-Connected\etworks

5.1 TheManhattan Street Network[8, 9, 10]
5.1.1 Topology

Source

bl il
fESEaEaRar S
bbb il
b sl

fototetoloter
O Er Br O B

\

Source

Originally proposed as a metropolitan area network
2-connected, point-to-point links - 8KFDDI

One way streets on surface of a torus
By removing corners and edges, there are fewer hot spots in the network.

Distance between nodes grows/a rather than linearly.
Fewer resources to transmit a packehigher throughput.

Sources connected to the nodes
Sources replaced by circuit boards

Regular structure- route based on source and destination address.

In Manhattan if you are on"® ave, and 4% St., you can get to"bave and 729 St. without asking
directions.

With wrap around links, if there are N rows, the distance to the destinatias calculated modulo N.
If the distance is > N/2, going in the other direction is shorter.
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Why has this become a switch?

— Regqular wiring plan for connections between chips, boards and on the back plane
5.1.2 SlottedSystem

1. Fixed size slots are transmitted in the network

« At a node the slots from different links are exchanged without using store-aratdorw
techniques

2. Inanretwork:
« The clocks hee the same (approximate) rate, but different phases at each node

— The plysical slots are longer than necessary to carry the bits, so that sligrerdies
in the clocks do not accumulate

« The xmission delays are different

— The slots must be lined up to perform switching

3. Inadrcuit:
« There is a common clock
« All Xmission delays are approximately the same

4. Raulates flav by only allowing nev packet to enter when there is an empty slot
5.1.3 DeflectiorRouting

Uses a slotted system
This routing rule is one of a family of rules known as hot-potatoe routing rules
In general, these rules do not operate on slotted systems
Other members of this family will be described when we discuss routing

Operation:

— If 2 or more packts select the same output, and there are not sufficient oufferishsome of the
packets are forced to w@knother path.

In a slotted system, at least one packet camttekpreferred path.
— Operates with or without output buffers
— Output buffers decrease the probability of deflection

— A small number of outputiifers are useful when succegsdots are uncorrelated, but not when
there are large file transfers

Problem with calculating buffer requirements in ATM analysis

The huffers in first generation ATM switches were an order of magnitude too small for the desired
discard probability

Found buffers should be proportional to message size, not slot size

Advantage of deflection routing in the MSN

— At mary intermediate nodes, the distance to the destination is the same along both output paths

If one arriving slot doeshtare which path it selects, it will not deflect another arriving slot.
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— The penalty for deflections is small
When a slot selects the proper path, the distance to the destination is decreased by 1

When a packet is deflected, the distance to the destination is increased by 3
A deflected packet is forced to go around the block

Fdlowing a deflection, at the next node either path has the same distance to the destination

— Probabilistic components are introduced into deflection routing aniays:
1. When more than one output path that is equally "good",
The paths are equally "good" if thhavethe same distance to the destination.

The paths arevailable if there is sufficient udffering to accomodate all arriving packets that
select the path.
the output paths are selected with equal probability.

2. Whensome of the packets must be deflected, the packets that are deflected are selected with equal
probability.
In the MSN if both paosts select the same output, and therd stuffer available, each pack
has a probability of 1/2 of being deflected.

— Advantage of probabilistic components

— At any node, for ag distribution of flows in the network, all slots V&a ron-zero probability of
progressing tward the destination.
A network in which packets cannot progessaa a destination isve-locked.

— This does not guarantee that the network is stable.

There may be a set of amis that result in thevarage progress weard the destination being
negetve.

In the MSN, it has been shown that the network is stable for 2 simultaneous file transfers

— Position dependent deflection rulesradeen proposed for the MSN, andveaeen found to result
in livelocks

— The position dependent rules thavédeen tried include rules thatvgi preference to packets that
go straight, rather than turning and rules thae greference to packets that are closer the their
destination.

— In both of these cases, flows can be found that result in the packets in some of thenfsyws al
being deflected and wer progressing tavard their destination

— If l were to ivestigate deflection routing again, | would try deflections based on age.

— The arerage penalty remains the same, since onegbagmkgresses to d-1 and the other changes to
d+3, but

— The variance of delay decreases since the probability that old slots become older is decreased.

— When we inestigate uffer control mechanisms used by Merlin and Schweitzer in general S&F
nets we will see that these mechanisms are dead-lock free.

Home work

In the 36 node MSN, consider a slot from node 0,0 to node 3,3
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Determineall equal length shortest paths

At what fraction of the nodes does either output pathe hhe same distance to the
destination?

Repeafl and 2 assuming that the slot is deflected at the first node at which one output path is
preferred ger the other.



-43-

5.2 Shuffle-Exchangeswitches and networks

5.2.1 GeneralizedPefect Shuffle Switches

« Minimum number ofPxP switches to get fronp!*1 inputs toP'*! outputs
in most applicationsp = 2.

« Self routing - At each stage of the switch, the path is determined by the destination address.
« Used in ATM switches and mgmouters
5.2.1.1 Dpology

1. ThereareP'*! inputs/outputs
Where P and i are ginintegers.

2. Thereare (i+1) stages in the switch, numbered O to i
3. Eachstage ha$' switches numbered from 0 & - 1.
— Switch K is represented by thetuple, &—1, ki, - - -, Kg)
- Wherek; =0, 1,---,P - 1.

i-1 .
- AndK = 3 k;PJ.
=0

— We @n calculaték; recusvely:
«dp=K
- kj =d; modP
« djy; =(dj —k;)/P
4. ExampleP=4,i=5
— There are 5 stages of switches, and each stage kak024 switches.
— The switches are numbere&®X <4°-1 - 0< K <1023
— Switch K =727 is represented by a 5-tuple that is calculated as
. dy=727,ky =727 mod 4& 3
. d, =(727-3)/4=181,k, = 181 mod 4= 1
. d, =(181-1)/4=45,k, = 45 mod 4= 1
. d3=(45-1)/4=11,k; = 11 mod 4= 3
e d,;=(11-3)/4=2,k, =2 mod 4=2
e K=(2,3,1,1,3F2*4%+3*43 + 142 +1* 41 +3%40
=2*256+3*64+1*16+1*4+3=512+192+16+4+3 =727
5. Eachswitch is a PxP switch, and switéhat stage. is connected to the P switches,
(P*K)modP', (P*K+1) modP',...,(P* K+P-1) modP'
at stagd_ + 1.

i-1 i O i N -1 _
- SinceK = 3 k;P!, PK modP' = (ki41P' + 3 k;,P'OmodP' = 3 k;_;P’
i=0

0 j=1 0 j=1
« SwitchK = (ki_1, ki, - - -, ko) at levd L is connected to switches
(ki—Z! T kO! O)! (ki—21 Tt kO! 1)1 Y (ki—2! T kO! P _1)
atlevel L +1
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+ In the xample: SwitchK =727=(2,3,1,1, 3)at Level 1 is connected to the inputs of
switches
(3,1,1,3,0r 860, (31,1,3,1=861, (31,1, 3,2=862, (31,1, 3,3 863
at Level 2.

6. ThereareP"*! inputs to theP' switches at leel 0.
— The inputs are labelledl = (m;, mi_; ---, mg)
« Wherem, are integers base P,
« AndM =mP' + m_ Pt +...+my
— InputM is connected to switcM mod P'
« Input=(m;, mi_; ---, mp) is connected to switchnf_,, M - --, M)

« We can connect M to any switch at level 0, aslong as P inputs are connected to each input
switch, but chose this pattern for convenience.

7. ThereareP™! outputs from thé®' switches at heel |.

— The outputs are labelled = (n;, nj_; - - -, Ng).
« Where i, ni—y - - -, ny) is the switch number.
« And ng is the output number of that switch.

— OutputN at level | is connected to
- Then™ input of switch (_1, Ni_y, - - -, No)
« This convention is required to make the switch self-routing.

5.2.1.2 Routingthrough the switch

- The switch is self-routing, the number of the destination is used to select the next PxP switch on the
path at each stage.

1. TheinputisM = (m;, mi_y -+, M)
The destination i&N = (n;, nj_1, - - -, Ng).

2. Ateach stage, k, select the switch ougut

— The switching procedure operates by shifting the integers that rephMseumt of the switch
position while shifting in the integers that repreddnt

A. The input arnes at $age 0 at switchM = (m_y, m_, - -+, M)

B. It is switched to output;,
which is connected to switcim(_,, m;_3, - - -, Mg, n;) at leve 1

C. At level 1 it is switched to outpub;_q,
which is connected to switcim(_s, - - -, mg N, N;_;) at leve 2.

D. At stage i-1, the input is at switch (mg, n;, nNi_1, - - -, Ny).
It is switched to output,
Which is connected to switch( n,_1, - - -, ny) atleved i

E. At level i we select outputg,
which is conneced tbl

3. We et to anyP'*! output from ag of P"*tinputs ini + 1 = log, P'*! stages

This is the smallest number of stages possible with PxP switches
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— At each switch we can get to at most P outputs.
— Therefore, i +1 ¢ages we can get to at méxt* different outputs from anstarting position.

— There are no alternate paths through the switch.
If there is more than oneay we can reach an output, then we cannot reach the maximum
number of outputs.

5.2.1.3 SXin ATM networks
In ATM networks we hee dways used 2x2 switcheP, = 2
Example of 16X16 ATM switch.

Inputs Outputs
0000 0000
0001 0001
0010 0010
0011 0011
0100 0100
0101 0101
0110 0110
0111 0111
1000 1000
1001 1001
1010 1010
1011 1011
1100 1100
1101 1101
1110 1110
1111 1111

5.2.1.4 Bufferingin Slotted System

— 2inputs in a switch may be directed to the same output stades-0;,i — 1 by the self routing rule,
evan if the inputs are headed for different destinations.

— Both inputs cannot be forwarded in the slot time
— We aan:

1. Discardone of the inputs.
It is lost.

2. Insertbuffers at the contention points and forward the outputs in a later slot.
— This reduces the loss rate, but the buffers nvayflow.
3. Operatahe switch fabric at a higher rate than the slovagi

— If we operate the switchabric at twice the line rate, and 2 slots that are directed to
different outputs contend at stage 2, switch 010, both may barfted to their outputs
and transmitted in the same transmission slot time.

4. Two input slots that are destined to the same output cannot be transmitted at the same time,
evan if they make it through the fabric

— The slots may be stored at the output of the switch, or blocked and stored at the input.
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— Switches hae been designed with both input and output buffers.
— Generally fewer output buffers are required for the same loss probability
— Some simple designs ¥ been constructed without intermediate buffers.
— We switch fixed size cells.
. This allows us to switch different inputs onto the output lines without storing them.

. Variable size packets cannot be switched onto the output line without storage, to account for
the different start and stop times of the packets.

— Shuffle-exchange switches are considered spawesidn switches becausevemsl packets can go
through the fabric simultaneously.

— In the mid 90's, after the introduction of Web browsers, the Internet started growing rapidly.

« It was thought that the store-and-forward switching techniques in routersl wot keep up
with the demand, and would be replaced by space division ATM switches.

« This didnt happen. Most current routers divide variable size packets into fixed size cells, and
use space division switches.

Home work

Non-binary shuffle-exchange switch
A. Draw a Z7x27 switch with P=3
B. Findthe path from input M=17 to output N=13

C. Drawvatee from input 7 to all outputs.
Note that this is the largest number of outputs that can be reached from this input in 3 steps.
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5.2.2 Shuffle-Exchang&etworks
How do we urn the shuffle exchange switch into a network?

1. Connecsources at each of the 2x2 switching elements, as in the MSN
Use the same access rule as in the MSN

2. Connecthe outputs of the switch to the inputs to makyclotomic structure
References [911, 12]

Column 1 Column 2 Column 3

This network has 24 nodes/sources.

The 7 nodes in the same column are reached in 3 steps.

Column 1

000
001
010
011
100
101
110
111

2 of the 8 nodes in the next column are reached in 1 step, the other 6 are reached in 4 steps

4 of the 8 nodes that are 2 columngag are reached in 2 steps, the other 4 are reached in 5 steps.

. 7*3+2*1+6*4+4*2+4*5
The average distance between nodes-is 23 =3.26

In A SX networks, there must b&rmbdes in a column to preserthe switching rule, but there doesnéed

to bei columns, as in the switch.

For instance, we can construct a 16 node network with 8 rows and 2 columns.

Column 1 Column 2 Column 1

000
001
010
011
100
101
110
111
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We oould also construct a 32 node network with 8 rows and 4 columns.
When we reduce the number of columns to 1, node 0 and hedea& connected to themselves.
These links are wer used.

To avoid wasting the links, link 0 0 is replaced with 0 2' -1, and link 2-1 - 2' -1, is replaced

The network is still 2-connected.

Column 1 Column 1 Column 1 Column 1
000 000
001 001
010 010
011 T0O 011
100 100
101 101
110 110
111 111

In general, the distance between nodes in a S-X netwowsgie log N, while the distance for the MSN
grows as/N.
Therefore, thearage distance for the S-X is smaller for large numbers of nodes.

In general, when we reduce thesi@ge distance, we reduce the number of altemmgiths, and increase
the distance when there are deflections.

We @annot modify the S-X structure to add single nodes, atahsie re-wiring is needed to addweows
or columns

Home work

Connect 18 nodes as 2 columns of 9 nodes in a shuffle net with P=3, and determine the characteristics
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6. Mapping Logical Topology onto a Physical Topologies

In a multiple vavdength network the objeet is to @mnstruct a forwading topology that can fang
messages between all nodes without transmitting and receivingrgnvaveength at gery node

Consider the physical topology

[y [y [y [y

T1 T, Ts Ty

. . . .

T, transmits om; and recaies n A,

A

T, transmits om, and recaies an A4
T3 transmits oM and recaies an A,

T, transmits om, and recaies an A3

The logical topology is

- The aerage number of times that a patks transmitted between a source and destination when all

: : I1x1+1%x2+1x3
connections are equally likely s 3 =2

- Therefore, if anaerage ofA messages per second agsi at ech source, arvarage of 2 messages per
second is transmitted on eachwdenght, as opposed tol dmessages per second in a singévéenght
system

- In addition, there is no contention between sources, since each source transmits on a separate
wavelenght, while in the single avdength system all 4 stations contend with one another.
Now consider a network with 2 avdengths, instead of 4:
T, transmits om and recaies an A,
T, transmits om, and recaies an A4
T3 transmits oM, and recaies an A,

T, transmits om, and recaies an A4
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The logical topology is

A1

« The average number of times that a patks transmitted between a source and destination when all
2x1+1x%x2

connections are equally Iikely+537 =4/3

« Therefore, if aneerage ofA messages per second asi at @ch source, andverage of 831 messages
per second is transmitted on eachvdenght, as opposed toldmessages per second in a single
wavelenght system

« 2 ources contend on eactavdength, while in the single awdength system all 4 stations contend with
one another.

There is only 1 wy to construct the logical network when there is one source transmitting on each
wavelenght. A loop network.

However, when there are 2 or more sources transmitting on eagHamght there are mgrways to select

the 2 sources. The different ways result in different logical networks.

We dhould select a logical network that:

A. Is completely connected.
Each source can reach each destination

B. Has an equal number of transmissions on easid@ngth
So that the contention on eachwdength is equal

C. Has the minimumwarage distance between sources
So that the number of times each message isafded, and the number of transmissions per
wavelength, is minimized

The shuffle-exchange networksv/haa snall average distance between sources.

They can be arranged so that there are the same number of sources gength.
For uniform traffic the load on eachawdength is the same.
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Example: Logical netark with 24 nodes arranged in 3 columns of 8 nodes, connected asfla shuf
exchange network:

2 nodes transmit on eachamdenght.
Oand 4 onAq, 1 and 5 oni,, 2 and 6 onA3, 3 and 7 ondy,
8 and 12 onis, 9 and 13 ondg, 10 and 14 o4, 11 and 15 ondg,
16 and 20 oo, 17 and 21 ond g, 18 and 22 oni 44, 19 and 23 ond 45,

In order to obtain this logical topology the following nodes must veasi wavdengths:
Oand 1 ondg, 2 and 3 0nA1g, 4 and 5 oni4, 6 and 7 onAq,,
8 and 9 onA4, 10 and 11 ond,, 12 and 13 o3, 14 and 15 ondy,
16 and 17 onis, 18 and 19 onkg, 20 and 21 oni,, 22 and 23 ondg,

Column 1 Column 2 Column 3 Column 1

MelElblelvlele

« The aerage number of times that a patks transmitted between a source and destination when all

. ) Xx1+4x2+7x3+6*4+4*5
connections are equally likely 25 23 =3.26

- Therefore, if anerage ofA messages per second agsi at @ch source, andrerage of 6521 messages
per second is transmitted on eachvdenght, as opposed to 24messages per second in a single
wavelenght system

We @an reduce the number obwdengths by using a P connected shuffle-exchange network.

Home work
Mapping a Logical Topology onto a Physical Topology

The physical topology is a "D" network with 16 nodes, each node transmits oravéength and recees
on one vavdength.

A. Pick the wavdenghts to construct a multihop 4x4 Manhattan Street di&twWMSN), with two
sources interfering on eaclawdength.
(List the wavdengths each node transmits angehees an)
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11

Rt
SESIRES
SRS
Npnsu.

B. If the "D" network has a head-end that sends slot timing on each ofahdengths. Hav can we
operate the MSN as a contention free slotted network?

C. Ifwe only hae 4 wavdengths can we construct a 4x4 contention free MSN? How?
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7. Tree Networks

CATV - Homenet [13]

Power distribution networks are being used to collect meter readings
Topology and Transmission

« CATV networks were originally designed to transmit TV programming from a single head-enddge a lar
number of homes.
The original networks were designed as trees rooted at the head-end.

« CATV networks arewolving into a hub and spekiopology.

Hub and Spoke Topology

— Fibers distribute the signals to the hub.
— Small trees are rooted at the hubs thatvethe signal to the homes using coaxial cables.
— The hub and spakiopology has a higher signal to noise ratio and is easier to maintain.
« The bandwidth in the CATV cable is divided into frequebands
— Most of the bands are used to transmit signals downstream from the head end to the homes.
— A small number of bands are reserved to transmit signals upstream, from the homes to the head end.
« CATV taps resemble the passitaps in a fiber optic network,
— but typically reme@e a nuch smaller fraction of the signal energy.
— this is possible because electronic amplifiers are much less exptiasi optical amplifiers
+ Noise

— Because of the directional taps, noise inserted by poorly terminated connectors in a tvame flo
upstream, and is not reeed at he other homes.
The noise inserted at a home does not affect the S/N ratio of the TV sigualedetd the other
homes.

— The signal to noise ratio on the upstream channel is not high enough to supply TV quality pictures,
but is adequate to transmit data and digital voice.
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« Power distribution networks tia a tee topology.
— Instead of hubs, transformers reduce transmission capacity at some nodes.

— Interest in communications on a smart grid is renewing interest in the tree topology.

Data and Voice Transmission
- Data transmission uses a 2 channel variant of CSMA/CD
— Terminals transmit orf; toward the head-end or hub
— At the hub receie f; and re-transmit the signal da
— The terminals recee the signal from the other terminals and perform CSMA/C.on

— The maximum propagation delay in the network is the 2-way padigaigdelay from a terminal to the
hub and back

— CSMA/CD requires that thg of the network is< 1

T

HAub

fl - le/

2 Channel CSMA/CD
— Two channel CSMA/CD uses standard Ethernet chips

— A 2 frequeng network can also be used in cellular radio where there are "hidden nodes" and
reflections preent CD
The base station retransmits the signal [14]

- At present analog voice is placed on the CATV network by sididg a 6 Mhz TV channel into 3 khz
voice channels

— An early experimental system inserted voice in the data channel using MSTDM
« Problems are encountered when using CSMA/CD on CATV networks
1. There are fewer upstream channels than downstream channels in a CATV network.
2. The number of data users on a tree may require more bandwidth thailaidea
3. The round trip delays from the end-points of the treeer@&MA/CD inefficient.

« Hubs can be routers

28
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— Each tree that terminates at a Hub is a separate Ethernet and uses the same downstreamffrequency

— The Hub receaies data on the fiber that is destined for the terminals and uses the CSMA/CD protocol
to contend with the signals from the tree to send data to the terminals.

— The number of data users is increased by my increasing the number of hubs, and moving the hubs
closer to the end-users

Homenets: A frequenaeuse plan was used in CATV networks that consisted of a single tree.
Homenets partitioned the tree into smaller trees, with theirlocal headends, dedicated lines from the
local head-ends to the neivk head-end, and required terminals to switch between differenveecei
frequencies.

Homenets arehheeded in the current CATV topologies.
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