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Routing
¢ Konsten att bygga least-cost trees
¢ Fran sandare till mottagare
e Fran varje nod till varje annan nod
e Tre principer
* Distance Vector
¢ Link State
e Path Vector
e Policy-based routing
Point-to-point protocol (PPP)
¢ Direct connection between two nodes
— Internet access
— Home user to ISP C S— )
 Telephone line 3| i || - ” i | o ‘ e ” o | - |
* Cable TV 3 - 1
-- "
| ]
—
PPP (- o
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State transitions in PPP

¢ We need more protocols
Failed

LCP

Establish

Carrier
detected

Link Control [Srier | Authentication

(LCP) ( S Falled [ ) ! fauthentication
J L :nol needed

i

Authentication

Data o weestl]  Nettvork Control
Open Network —' (NCP)

Network layer
configuration

Transfer
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PPP frame format

¢ Support for several (sub)protocols
* Address & control not used
¢ Maximum payload 1500 bytes

mmmnm 11000000

1 | R
‘ Flag ‘ Address | Control |€mm€9

Tbyte 1byte Tbyte 1or2bytes Variable 2ordbytes 1byte

Payload | FCS l Flag I

LCP: Link Control Protocol
LCP: 0xC021 AP: Authentication Protocol
AP: 0xC023 and 0xC223 NCP: Network Control Protacol
MCP: 0x8021 and ... .I

Data: 0x0021 and ...
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Link control protocol (LCP)

* Establish
¢ Configure

s

e Terminate
Options
* Maximum receive
unit (payload size)
* Authentication

protocol
(none/PAP/CHAP)

Protocol field 1 1 2 Variabile
compression LCP packet [(.ode] [1v} ] Length | Information I

Flag

(on/off),
Address and control ‘ Flag |-'¢d'“5| Ourmvl(ﬁﬂ)?» {m;';a?jw} l FCs

field compression
(on/off)
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Authentication protocols (AP)

¢ Password authentication (PAP)

System
User
. —
i Authenticate-request
ackol i
1 1 farial ariable
I
I User name: Passwed
1 - 1 1
i Authenticate-request | Code: | o |Ler-g|l|| length Liser name| lersgth P.nmmd|
[ Message
Authenticate-ack | Code- )| L] |Leng|'|| length |U|.¢llume|
Authenticate-nak | Code: 3| 1D ||.eng'.a| Merzsge |um mmf|
length PAP packets

Authentication protocols (AP)
¢ Challenge handshake authentication (CHAP)

System

I

S [ s =)

nternet Protocols
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Network control protocols (NCP)

¢ Preparations for the network layer
— IPCP for Internet

Conde IPCP Pucker

Variable

IPCP Code | 1D Lengthl IPCP infarmation J
packet
( ) load
‘ Flag | Address ‘ Conrol ‘ oxa0z] ‘ “r;’:wdlm' | Fcs Flag |
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IP datagram encapsulation in PPP

IP packet L Header | User data

|
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Flag l»\ddmx ‘ Control

( ) Payload
w0021 J {and padding) | FCS ‘ Flag |

PPP session example

H-Em=R-—)

I | Ranhericate sequest
o [T T T Toe oo s
| A |

IIDE_

£ I [
AP

oot

PPP session example (cont.)
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Transmission modes

Data transmission
—

Asynel I | Synek I

| Isochronous
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Parallell transmission

The 8 bits
are sent
together

v o LN

\ S

4
t
3
T
! L
;B |
i_p
]

e
7

Sender We need
cight lines

Receiver
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Parallel/serial Serial/parallel
converter converter
The & bits are sent

? one after another. ?

1 (1] 1 1 0 0 90 1 1 1

] . 0

0 We need only 0

0 one line (wire). 0

1 1

] 0

Sender Receiver
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Transmission modes

e Asynchronous —

— Stop b Start b
v Data ; —
I :! mmian jo
Sender Fecever

Gaps betveeen
elata unity

¢ Synchronous

—
Direction of flow
RNl A
Frame Frame

=== | [ Recetver
sender ly 1111 | {EREXEEIEN EXERTEE] RT08 EXXECIER] | B | EEEEK
e | =i

2012-10-08 ETSFOS Internet Protocols 16

Time-division multiplexing (TDM)

¢ Sharing available bandwidth
— Actually, time-sharing available bit rate

15 s |
e A '
= 2 D2 g.
v M E — .
uild4j3f2]1|4|3j2|1|4|3|2|1|M
a s« vl OO
== P |

s e |
— L~ ~J —
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Synchronous TDM

¢ Qutgoing link faster than incoming links
— At least n times

T T T T

1 1 1
1 A3 " A2 1 Al I‘!E‘l
[EHEHE [
d B3 H B2 H B1 Frame 3 Frame 2 Frame 1
L | 1 MUX
i : - Each frame is 3 time shots.
] ' ' Each time slot duration is T/3 5.
S SR = S I =
[ 1 L
Data are taken from each

line every Ts.
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STDM for digital telephony (T-1)

Sampling at 8000 samples/s™
'\ using B bits persample

-8
¥
, N 8l
I_'
2 — T-1 line 1.544 Mby
 — 544 Meps.
5y T PCM . T 24 x 64 kibps + B kbps overhead
G = D
¥ ‘ M
: ;
o] ]
=, —
4kHz | EEM V' ea000 bps
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STDM frame structure (T-1)

Sample n

L] A k)
Channed | Channel || Channel
4 - 2 1
1 bit Bhbits 8 bits B bits.
A T
[ e L A% 1 frisme = 193 bits
Frame: Frame || Frame .
o] - oe 4 }

T-1: BO0O frames/s = BODO x 193 bps = 1.544 Mbps.
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Digital hierarchy

D50 6312 Mbps
- 4051 )

I/ £ 274,176 Mbps

\ Ds:J

44376 Mbps
:;w_/

053

Pt |\ " ,f/
\“’“‘b‘” ] (’:5«Mbps - T | osa
M
—_—
—t-
se Lin | Rure (M ¥
151 Tl 1544
[ b2 T2 6312
| Ds-3 T 44,74
2012-10-08 D54 T4 176 21
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Wide area networks (WAN)

SONET/SDH

Asynchronous Transfer Mode (ATM)

¢ Developed by ATM Forum, adopted by ITU-T
— Wide area interconnectivity
— Connection-oriented

¢ Uses fixed-size “cells” as data unit
— Hardware implementation
— High-data rates

Header Payload

1 5 bytes 48 bytes -l
= 53 bytes
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Asynchronous TDM

e Statistical multiplexing

A3 A2 M

¢ Fixed cell size solves problem with variable

frame size
X
| — P Y
5 a | g TN E—
, o o o |

2012-10-08
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ATM network architecture

¢ User-to-network interface (UNI)
— Endpoint ¢ switch

¢ Network-to-network interface (NNI)

2012-10-08

ETSFOS Internet ProtEmipaints
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Virtual paths, virtual circuits

¢ Logical subunits of a physical transmission path

2012-10-08

¢ Unigue combination

2012-10-08

Virtual connections

« |dentified by
— Virtual path no.

This virtual connection is
uniguely defined using the pair:
(14 21)

} 4

L ]

— Virtual circuit no.

vCl =
VLl =
VCl=
Vel =
VCl =
VLl =
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Routing with VPI, VCI at ATM switch

2012-09-03

2012-10-08 3

Header Payload
|
|_ S 8 bits 16 bits 12 bits 16 bits
[ ] val | [ vl [ Vel
k 24bits " Ly W bits
2. VP and VClina UNI b VPl and VE1 in an NNI
Input Cuitput
Interface VPl VCI | Interface VP VCI
1 153 &7 : | 140 92
T,
(safe7] ]

Virtual Circuit Networks

¢ Packet switching infrastructure
e Circuit switching logic
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IP och ATM

e Hur funkar IP dver ATM?
— Stora paket i sma celler
— Effektivt?
e ATM ar lankprotokoll
— Mappning IP-adress — lankadress behovs
—Eller?
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Synchronous Optical Networks
¢ SONET, developed by ANSI

I

]
Synchronous Digital Hierarchy

¢ SDH, developed by ITU-T

2012-10-08 ETSFOS Internet Protocols
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31
Digital hierarchy on optical links
:\( o o
= T
518 oc Rate (Mbps) ST™M

STS-1 0c-1 51.840

STS-3 oc-3 155.520 STM-1
STS-9 0c-9 466,560 STM-3
STS-12 0c-12 622,080 STM-4
STS-18 0c-18 933.120 STM-6
STS-24 oc-24 1244.160 STM-8
S§TS-36 0C-36 1866.230 STM-12
STS-48 OC-48 2488.320 STM-16
STS-96 0C-96 4976.640 STM-32
STS-192 0c-192 9953.280 STM-64
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Network architecture

¢ Devices and connections

ADM: Add/drop multiplexer fi: Regenerator

0 Synchronous transport signal multiplexer T:Terminal

75 DEMUX: Synchronous transport signal demultiplexer

2012-10-08 ETSFOS Internet Protocols
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Network architecture

¢ Devices and layers

Electric signal Edectric signal

Datalinklayer  Path Path
Line Line
Section Section

Physical layer Fhiotonc Phatanic

Optical signal Optical signal  Optical signal Optical signal

Regenerator
-

Regenerator

Addidrop
2012-10-08 ETSFOS Internet Pypigrippbexer 3

SONET add/drop multiplexer

¢ Replaces a signal with another one
e Operates at line layer

e Similar to a switch

Third 5T5-1 Mew STS-1
is dropped is added
2012-10-08 ETSFOS Internet Protocols 35

. 515 [ s
¢ Proportional to )
ST [ oc3 STM-L
data rates e oc
sreil | oci2 SN
SN IR | oc SThS
S5 | ocn STV
S5 | | oce STMR2
T oC4 STAL-16
Sisos | | oo STMA
SIS 10 oc19 ST
90 bytes 90 = n bytes.
T ¥
B10 bytes O bytes B10 % n bytes 9 bytes
' '
a.5T51 frame b. 5T5-n frame
2012-10.08 ETSFOS Internet Protocols 36
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SONET frames in transmission
First | 8000 frames/second )
byte [ |efttoright
and
R Last ]
s T
a. Byte transmission b. Frame transmission
SONET frame structure (STS-1)
90 octets per row
Section
overhead
o STS-1SPE
User data and 9 rows
Line path overhead
overhead e
O rows X 87 columns
Encapsulation and offsetting
SPE
e STS-1 -
] Data
—90 bytes x 9 rows
_—- =)
H
rame j+1 Frame |
Frame flow
Kaan Bur 13
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Pointers H1+H2

¢ Where does the next frame start?
— 2 bytes to address 774 possibilities

JEREEN

L

Lo
g

Frame i+1 Frame i
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Multiplexing and byte interleaving

] sTs9 \ ] /1 5753
i

270 bytes

Multiplexed SONET frame (STS-3)

Flbytes 261 bytes

AT (AT (AN A2 A2 [A2(CY|Cr|CY

Bl | 81| EY[EYV|EL|F1|F1 P

overhesd
2

Section

D101 (D1 |D2{D2(D2|D3|D3|D3

H1[HT | HY | H2 | H2 [H2 | H3 | H3 HS $T5-35PE

B2 B2 B2 % |k K[ K2 k2 b2 Interleaving
Iytes of three SPEs

D4 (D4 | D4 | D5 | D5 | DS | D6 | D6 | D6

Line

ovethesd

D7 (07 |DF | Ca | D8 | D8 | D9 | D9 | DS

1|o1|on|oizipajoia

n|n|n|ninniele
2012-10-08 o

Eﬂ
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Concatenated signal (STS-nc)

e Data rate > STS-1
— Put in an STS-n signal

— Not demultiplexable
— Path overhead in single column

. 10octets | 260 octets
I T 1

Section
overhead

ST5-3c SPE
Line
overhead

1
2012-10-08 SFOS Internet Protocols a3
ath overheal

Virtual tributaries

¢ Backward compatibility with DS-1 and DS-3

VT VT VT Wi
VT1.5= 8000 frames/s 3columns 9rows 8 bits = 1.728 Mbps
VT2 =8000frames/s 4columns 9rows 8 bits = 2.304 Mbps
VT3 = 8000 frames/s Gcolumns 9 rows 8 bits = 3.456 Mbps
VT6 = BOOO frames/s 12 columns @ rows 8 bits = 6912 Mbps
2012-10-08 VTS5 W05 Internet ProtodTF3 VTG a4

Linear SONET topology

* Without add/drop multiplexer

Sender ‘ ] 4 3 E Receiver

» With add/drop multiplexer
sTS

s1s Wl A 5TS
DEMUX "ﬁ A MUX

Kaan Bur 15
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Automatic protection switching

e Failure protection through line redundancy

55 515
MUX

b. One-to-one APS  One-to-many APS

2012-10-08 ETSFOS Internet Protocols 46

Ring SONET topology

2012-10-08 ETSFOS Internet Protocols a7

Mesh SONET topology

¢ Better scalability
— Multiplexing/demultiplexing at switches

a. SONET mesh network

2012-10-08 ETSFOS Internet Protocols 48
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Wireless LANs

Wireless

ACCOSS o
point R
&

Infrastructure network

\’l " Adl hoc network } 'I. ] Basic Service Sets (BSS)
ﬁ:: . ¢ Infrastructure
e AdHoc
4 LA
'@ e
Host Host

2012-09-03

Extended service set (ESS)

Server or
galeway

Distribution
system

15.50
Hidden Node/Station Problem
Range ol B Range of C
S "____—__\__\
\ " i /
11;;:5 and C are Ill;i;{;h_
other’s range
e
=
p
| \\‘— A
> R
B A
b. Stations B and C are hidden
from cach other.

Kaan Bur
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CSMA/CA and NAV

Source Destination

¢ ¢

'
DIFS

'
I

DIFS

SIFS
v v
Time Time Time Time
Frame format
2bytes 2hyies  fibyies 6 byles Ghbyies  2bytes 6 byies 1o 2312 byes 4 bytes

[[Fc | D Jassmess 1| Acaress2[aduress 3| sc aadress s | rame body

k

Protocol | ., To |From|More | Pur [More| =
version | 1P | subpe | o2 1'5s" [ s 1R mor | data | VER R-ndI
2bits 2 bits 4 bits Thit Thit Ibit Thit Pbat Ibit bt 1bin

More complicated than threaded Ethernet!

Addressing mechanisms

bl - i Wireless distribution sysiem |
8 A ~—(ap2) —ARAPIBITA [api -
L D s AR =lAnlB APlkses
¢, Case o 23 4 -
B A
d Cascd

Note! AP has address.
Compare with Ethernet switch
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Exposed station problem

o T R —

A

=

¢

.
-

—_ _E C can send to D
i because this arca is

i free, but C erroncously
b refrains from sending
ok because of received RTS.

i If C sends, the :
¥ collisionwouldbe ¥
in this arca

2012-09-03

Kaan Bur

19



