Eroaywyn 1I:
Boolkol TUTOL OIKTV®V

TnAepmviko diktvo
Ethernet LAN
Internet

ATM

Aixtoo, Emikorvaoviov: Eweoywyn 11 --  N. Mntpov /




4 o R
Tniepoviko Atktvo (TA) |

XPOVvoLOY10 GUOVTIKQY aToOUmV:

1839 Tniréypagog (Cooke, Wheatstone)

1844 Kmowag Morse ( --)

 1850-1860 IIpmwta YmoPpiyia Tnieypa@ika kainola
« 1876 Tnriépovo (A. G. Bell, E. Gray)

1879 IIp®To ™hAe@@viko kévtpo (PBX)

 1890- Hiektpounyovikoi HETAY®YELS

1962 Ilpotao yneuwkd cvotipotae petdooons TDM

* 1970- Ynorokol petoy®yeic — 0lkTLO 6NUoT000610S (Common
Channel Signalling — CCS)

* 1990- ¥norwomoinon cvvéopountikov Bpoyov (ISDN, xDSL)
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H ooun tov TNAEQOVIKOU OLKTVOV (1/2) |

Ta uépmn:

* Yvvopountkog Bpoyoc (local loop): Cevyoc
GUVEGTPOUUUEVOV GUPUATOV, OVALOYIKT] LETAO0CT)

e Yvvoconor (trunks): omTIKES IVEC 1] HIKPOKVILOTIKES
Ceviers, MG el TO TAELGTOV YNQPLOKY HETAO0ON

* Kévrpo perayoyng (switching offices)

codec codec

OVVOPOUNTIKOG trunks OUVOPOUNTIKOG
ﬂpoxog @ ﬂpoxog

2vvopountiko  Kévipo o. Kopuod — Xvvopountixo
KEVTPO (toll office) KEVTPO
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H ooun Tov TNAEQPOVIKOV OLKTVOV (2/2) |

H tomoloyia:

[Tepupeperlaxd KEvpa
/

Topeaxa kévpa

Kbpia kévtpa

\) Tomikd | cuVOPOUNTIKA KEVTPO
Tniépmva
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/Ho)mnkaé’;ia — Metayoyn ota TA (1/6)

MeTaymwyn vo1Kov KVKADUATOS
— nxm _\ / —
¢ — N N
] 'n *n -
N’ crosspoints | /: | X ‘
— — m crossbars ——

N
- crossbars N crossbars
n

Crossbar sw )
Multistage crossbar sw

or space-division sw
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/H()Mm)»s@ia — Metayoyn ota TA (26) \

Meraywyn owaipeanc ypovoo [Time-division (slot) switching]

>\ LRG| BER0 <:
Parallel-to-serial Time-slot Serial-to-parallel
interchanger

To mapaociyua Tl carrier (1.544 Mbps)

l 193 Bit frame (125 usec)
Channel #1 Channel #2 Channel #3 Channel #24
o[1]2]3]4]5[6]7]0]1]2]3]4]5]6]7]0]1]2]3]4]5]6]7 o[1]2]3]4]5]6]7
Y \
Framing code bit 7 data bits signaling bit
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IHolvmAeClo — MetTayoyn oto TA (3/6)

Il ncioypovy ¥Pneiaxn Iepapyio (PDH)

(a) U.S.

| 1] ]
| 1] ]
| L] sl
[ [ [ [ [4]o}—

T1: 1.544 Mbps

4 T1 streams

7 T2 streams

(bit-level multlplexng)>

—>
—>

- |sl4l3]2]1]o}—

—>
—>
—>

T2: 6.312 Mbps

(b) ITU (CCITT) hierarchy

32  channels

128 channels

512 channels
2048 channels
8192 channels

o

2.048 Mbps
8.848 Mbps
34.304 Mbps
139.264 Mbps
565.148 Mbps
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7:1

6 T3 streams

—>
—>

]

W

13:44.736 Mbps

N. Myztpov

6:1|— -~ | [[[]]]

14:274.176 Mbps




/Ho)nmkaé’;ia — Metayoyn ota TA 4/6) \

20yypovny Pnoiwaxn Iepapyio (SDH)

SONET/SDH frame (STS-1, OC-1: 51.84 Mbps)

3 columns 87 columns
[—>f < .

A A

ATM cells ONET frame

9 rows \_’ AR > 125 ps
aE =

v \ )

SPE

wn

l\

Agtypato eovnig
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/Ho)mnka?;ia — Metayoyn ota TA 5/6) \l

SN Holvorieéia oty SDH
TlT —
& scrambler Electro-optical
. 74:9 converter
T]T —» 4 &}
STS-1 STS-3 STS-12 OC-12
T3 —> >  — —

T3 ——
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/Ho)mnkaé’;ia — Metayoyn ota TA (6/6)

SONET & SDH multiplex rates

SONET SDH Data rate (Mbps)
Electrical | Optical Optical Gross SPE User

STS-1 OC-1 51.84 50.112 49.536

STS-3 OC-3 STM-1 155.52 150.336 148.608
STS-9 0C-9 STM-3 466.56 451.008 445.824
STS-12 0C-12 STM-4 622.08 601.344 594.432
STS-18 OC-18 STM-6 933.12 | 902.016 | 891.648
STS-24 0C-24 STM-8 1244.16 | 1202.688 | 1188.864
STS-36 OC-36 STM-12 1866.24 | 1804.032 | 1783.296
STS-48 0C-48 STM-16 2488.32 | 2405.376 | 2377.728

SONET: Synchronous Optical NETwork (USA)
SDH:  Synchronous Digital Hierarchy (ITU)
SPE: Synchronous Payload Envelope

\ Aikroo Emikorvaoviov: Eiwoaywyn 11

N. Myztpov /




4 N
Ethernet LAN 1/4) |
5 & 4 ,
Q Q s
Fuised b (UTP) g \

N
- ?-
4 o
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Ethernet LAN ©4)

Ethernet frame

Dvoixéc dicvbvvosic
oto oixtvo (“hard-wired”)

Lo ovyypoviouo / \
Destin. Source E g2 Data
pECambC Address | Address E = (m.y. IP datagram) CRC
UNKog, — 64 48 48 16 368 - 12000 32
oe bits

1

Y.
0800h: mwaxéto IP
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Dooikec 01svvvestc & 01EVOVVGEIC OIKTVOD

router
raxéto [P ,
E : Aiktvo Ethl
Al E ——| IP routing '
D: D, Ethl
mlaioto Ethernet E: D, Ethl la|d | | Eth address: d
hub
T 5 , Net address: D
a | !
D, Eihl Eth address: a
J ARP table Net address: A
Ethl
D: d
C: ¢

Eth address: ¢
Net address: C

Eth address: b
Net address: B
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Aixtva Ethernet usrtaywync (switched ethernet)

Ethernet switch

hub

Eth address: a
Net address: A

Eth address: b
Net address: B

Eth address: d

hub

Aiktvo Eth3

hub

KTV

Eth address: ¢ Net address: D

Net address: C

Aixtoo, Emikorvaoviov: Eweoywyn 11

Eth address: e
Net address: E

e avtifeon pe 1o hub, 1o ethernet switch otéAvel 10 €16epYOUEO TOKETO PE PUGIKT d1EVOBVVGN TPOOPIGLOV
d povo oty €€odo tov Eth2, dnwg mpoxvntel and tov mivaka peTory®yns mov dtobETel.

N. Mnzpov

Eth2
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Internet (1/5) |

A100IKTVO: TO TAYKOGUIO OIKTVO TTOD GOVOEEL
0/.a ta (VTo)OIKTVO VITOL0YIGTMV

./

switch !
router
gi/ hub hub

switch
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Internet (2/5) |

Tomoloyia

¢ )

v v v v

\ N — " Internet
y network ))_._ . network 3 ) — ¥ J

A
g I M B 4 J S
Yo P S
' Internet p network 4
e )—l—jj e )
‘IS V.

IToALG OiKTVO OLO.GVVOEOENUEVE NE OPOROLOYNTES (routers), TOV HTOPOVV
va. 0c@pn B0V Kol 6av Eva vonTo 0iKTVO - ALOOIKTVO
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Internet @3/5)

NSFNET (core network)




Internet @3/4)

Hoxéro IP

To dexaoixo 16oovvauo tov byte: 10010011

——
AevBovoeig okrvov (IP) n.y. 147.102.1.7

/ N\

Avagopa. Destin. Source Data
ol Address | Address (mt.y. TCP segment)
KOG, —> ]2 4 4 T
oe bytes ,
TPOOIPETIKO.
meoia
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Internet 4/4)

router
, router Aiktvo Eth2
Aiktvo Ethl @
d,|e @
; —
hub
@i |,
hub dD  d,D,
¢ \ A E —
[P routing E
B: B, Ethl

E: E, Eth2
Eth address: [

Net address: F

Eth address: b

Net address: B ARP table ARP table
Ethl Eth2
A: a E: e
B: b F: f
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Altktvo ATM
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Kvpuwo yopoktnprotika tov ATM |

e Metaymyn makétov otafepov unkovg (cells),
VAOTOMUEVT] GE h/W cOUQOVA LE TNV ETKEQAALOQ

 Connection-oriented

* Nownroi oiovior (Virtual Channels — VCs) kot
Nowrto uovomartio, (Virtual Paths — VPs)

* Exyompnon «evpovc Covne» oe VCs ko VPs katd
GTnon

e Per-VC Quality of Service (QoS) guarantee (?)
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Tomun apyrtektovikn olktvov ATM |

Private ATM Network ATM

router

) \
\ ATM \
switch

Public
UNI

Public
NNI

ATM
S 1tch)

Public ATM Network
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APYLTEKTOVIKN TPOTOKOALOV ATM

N
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ATM PDU (cell)

GFC
VPI1
VCI
PT CLP
GFC: Generic Flow Control
HEC VPI: Virtual Path Identifier
VCI:  Virtual Channel Identifier
. PT:  Payload Type
Information field CLP: Cell Loss Priority
(48 bytes) HEC: Header Error Control
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A'TM switching

Input Output
Port VPI/VCI Port VPI/VCI

| k)| 2 42

| 15 3 3

Aixtoo, Emikorvaoviov: Eweoywyn 11 --  N. Mntpov




VC & VP switching

VC Switch

.

VP Switch
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a4 ATM Traffic Flows )

Idle-cell channel

metasignalli

[lUser-network signalling

User cells ‘\
PT=1xx
OAM F5 or RM cell

N~ y
\ Ysermser.signaling ., & 5 aiglsseh /




AAI

000
001
010
011

100
101
110
111

PT field codes

User data cell, congestion not experienced, AAI=0
User data cell, congestion not experienced, AAI=1
User data cell, congestion experienced, AAI=0
User data cell, congestion experienced, AAI=1

Segment OAM F5 flow cell
End-to-end OAM F5 flow cell
Resource management cell

Reserved for future use

- ATM-user-to-ATM-user Indication
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4 ATM AdaBtation Lazer TXRe 1

Case 1: Unstructured data transfer mode

~

Higher User data bitstream
layers
CS PDU User data (47 bytes)
SN SNP
SAR PDU Al L Payload (47 bytes)

ATM cell | Header (5 bytes)

Information field (48 bytes)

o

SN: Sequence Number

SNP: Sequence Number Protection
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" ATM Adaptation Layer Type 5 A

Protocol data units in AALS Common Part (CP)

Higher Data (0 - 65.535 bytes) (11) lf t?
yte)
layers
UU | CPI | Length CRC-32
CP PDU Data (0 - 65.535 bytes) PAD a byte) (1 byte)| (2 bytes) (4 bytes)
ATM cell

Header (5 bytes)
> 4

Information field (48 bytes)

PT = 0x1 for the
last cell in the

CP PDU

o
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PAD: 0-47 bytes of padding UU: AALS user-to-user info
CPI: Common Part Indicator (reserved for future use)
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