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Network Topology 4t (s59)9095 ©

Aol (Kb Sigdges £ SO bl cwl (Ko 4SSl SO
Cawl (6,555 3995 shls dhie L 5l alIl> 55 sl
— Ethernet 10Base-T uses an extended-star physical

topology, but acts as though it uses a logical bus
topology

— Token Ring uses a physical star, and a logical ring
— FDDI uses a physical and a logical ring.
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1 millions of connected
computing devices:
hosts = end systems

< running network
apps

Q communication links
+ fiber, copper, radio,
satellite

< transmission rate =
banawidth

Q routers: forward packets
(chunks of data)
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J protocols control sending,
receiving of msgs
s e.g., TCP, IP, HTTP, Skype,
Ethernet
d Internet: “network of
networks”
¢ loosely hierarchical
¢ public Internet versus private
intranet
d Internet standards
+** RFC: Request for comments

** |IETF: Internet Engineering Task
Force
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Network Infrastructure (Network Core)

Sending host / Receiving host

Router G makes a Receivin\ rocess
choice to forward gp

packets to E and
notto D

Sending process kel
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The network edge

Mational or

Global ISP
dend systems (hosts): c%ﬁ
¢ run application programs CS— S
** e.g. Web, email
+ at “edge of network” T
Regional ISP

a client/server model s

+ client host requests, receives | ] W 5
service from always-on server
e.g. Web browser/server;

email client/server \

Home Network

0 peer-peer model: %‘17
= minimal (or no) use of j\a
dedicated servers E L

+ e.g. Skype, BitTorrent

Company Network
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Access network

Q: How to connect end
systems to edge router?

e Residential (home) access
nets

* Institutional access
networks (school, company)

* Mobile access networks

Keep in mind:

* bandwidth (bits per second)
of access network?

 shared or dedicated?

s

National or
Global ISP
o<

Mobile
Network

SO
u®
;_NW\@\' :iunal ISP /

Home Metwork

Company Network
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Residential access: point to point access

* Dialup via modem

— up to 56Kbps direct access to
router (often less)

— Can’t surf and phone at same
time: can’t be “always on”

O DSL: digital subscriber line
<+ deployment: telephone company (typically)
<+ up to 1 Mbps upstream (today typically < 256 kbps)
+ up to 8 Mbps downstream (today typically < 1 Mbps)
» dedicated physical line to telephone central office
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Residential access: point to point access

> Cable <= =
c;'-’ @— T 1 T head end Internet
House

Figure 1.6 ¢ A schematic of a typical home network
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Company access: local area networks

company/univ local area
network (LAN) connects end
system to edge router

Ethernet:

— 10 Mbs, 100Mbps, 1Gbps,
10Gbps Ethernet

— modern configuration: end
systems connect into
Ethernet switch

LANs: chapter 5
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Wireless access networks

shared wireless access network
connects end system to router ‘
— via base station aka “access point” router

wireless LANSs: @&
— 802.11b/g (WiFi): 11 or 54 Mbps base
_ _ station
wider-area wireless access
— provided by telco operator @M
N \
— ~1Mbps over cellular system (EVDO, <«
HSDPA)
— next up (?): WiMAX (10’s Mbps) over mobile
wide area hosts
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The Network Core

Mational or
Global ISP

J mesh of interconnected

routers | “ %
[ the fundamental question: Lo
how is data transferred Local or
through net? n =
** circuit switching: o oS

dedicated circuit per call:
telephone net

*» packet-switching: data
sent thru net in discrete
“chunks”

Company Network
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Network Core: Circuit Switching

End-end resources A
III @ Q

reserved for “cal =
* link bandwidth, switch

Y —
. o .
capacity
 dedicated resources: N0 | Each iink consists — End-to-end connection
of n “circuits” between Hosts A and B, using
Sh a rl ng (TDM or FDM) one “circuit” in each of the links

 circuit-like (guaranteed) N yd |
performance %J" h S@m

e call setup required

Figure 1.8 ¢ A simple circuitswitched network consisting of four switches
and four links
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Network Core: Circuit Switching

network resources (e.g., 0 dividing link bandwidth
bandwidth) divided into into "pieces”
“pieces” + frequency division

* pieces allocated to calls + time division

* resource piece idle if not
used by owning call (no
sharing)
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Circuit Switching: FDM and TDM

Example:

FDM
4 users B
4
frequency
>
time
TDM
A
frequency I I I I I
>

time
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Numerical example

* How long does it take to send a file of 640,000
bits from host A to host B over a circuit-
switched network?

— All links are 1.536 Mbps
— Each link uses TDM with 24 slots/sec
— 500 msec to establish end-to-end circuit

Let’s work it out!
[ 0.5 + (640,000)/(1536*1000/24)] = 10.5 s
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Network Core: Packet Switching

each end-end data stream
divided into packets

e user A, B packets share
network resources

e each packet uses full link
bandwidth

* resources used as needed

resource contention:

0 aggregate resource demand
can exceed amount available

O congestion: packets queue, wait
for link use

O store and forward: packets
move ohe hop at a time

+ Node receives complete
packet before forwarding
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Packet Switching: Statistical Multiplexing

3 |
| 10 Mbps Ethernet ﬂ|
) Statistical
k__-_—___.':*"";} == multlpllexmg =_;_:-c==__
A = NN, WA
1.5 Mbps ‘“f
I'I Queue of <)
] packets waiting
= for output link 4 |
B ! in ﬂ'
J _J
= ==
Key: D E
‘ Packets
Figure 1.10 ¢ Packet switching

Sequence of A & B packets does not have fixed pattern, bandwidth
shared on demand =» statistical multiplexing.

TDM: each host gets same slot in revolving TDM frame.
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Internet structure: network of networks

* roughly hierarchical

e atcenter: “tier-1” ISPs (e.g., Verizon, Sprint, AT&T, Cable and
Wireless), national/international coverage

— treat each other as equals

providers
interconnect
ivatel
privarely Tier 1 ISP

Tier 1 ISP
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Jol ¥ sl ISP
Tier-1 ISP: e.g., Sprint

INUNOEr B3

— POP: point-of-presence —

to/from backbone

to/from customers

Abilenz

@ Tucson
El Paso

Hermaosille

Chihuahua

Torréon .

AMavirna
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 “Tier-2” ISPs: smaller (often regional) ISPs
— Connect to one or more tier-1 ISPs, possibly other tier-2 ISPs

Tier-2 ISPs
. Iso peer
Tier-2 ISP pays /a 0P :
tier-1 ISP for gg'cv;*ggevg'*h

connectivity to
rest of Internet

2 tier-2 ISP is
customer of
tier-1 provider Tier 1 ISP
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* “Tier-3” ISPs and local ISPs

— last hop (“access”) network (closest to end systems)
Local and tier-

3
3 ISPs are % %

customers of Tier 1 ISP
higher tier

ISPs

connecting o
them to rest Tier 1 TSP Tier 1 ISP

of Internet : @
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Internet structure: network of networks

* a packet passes through many networks!

Trer 1 ISP

. Tier 1 157

Tier 1 ISP
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Why a Layered Network Model?

7 | Application

6 |Presentation .

+ Reduces complexity

5 Session + Standardizes interfaces

+ Facilitates modular engineering

4 | Transport + Ensures interoperable technology

3 Network + Accelerates evolution

) + Simplifies teaching and learning
2 | Data Link
1 Physical

© Cisco Systems, Inc. 1999

Bushehr Islamic Azad University — H.R. Imanikia

1-64



S 4 Jaol g b asls o1,b

Dol gyl CBS Ay Sawws L as o)l casin dalg Y o —

SG o Al il Oolae Caale Lo 5l ol &l il ST gg e o5 0 —
Ded b LGl Y

g5 odues 4Y ,a didsg aS oS SadsT a4 g sl ol yusl wls e Y olaws —
D yasuiwl

SYb slo Y 509l o a8 S onuol (p sl Y Sl AY e 0 —
e Y Sleas 5l Vexle g oolw (59 ly, S Slezl 3 L Lass
oS ool.é.’;w‘

J§‘d.>- > c\.iy O le M| QL’)" aS ML: LS‘ c\.Sgig > d..g}f LS'LQ})A ul.?r.u‘ —

Bushehr Islamic Azad University — H.R. Imanikia 1-65



gm0 &yl = sk Y Jguol g b aSnds 1

Layer k + 1

Service provided by layer k

Layer k

Layer k - 1

g oolawl J bl Y b g pw 3l Y 4
apd oo iyl FYL Y aly 65 4l iy Gl gyw

Bushehr Islamic Azad University — H.R. Imanikia 1-66



Jaio g 9 1,5 Jlail (g gy

Connection Oriented and Connectionless Services

220 Bl ) 398 Guigrw 95 90 5l (S Slge Y 2 —
Sl oo GR g ilie LT g5 —

055 el e Cumo bl 5,18,

WS oo o dlgd S asile Guag e ol ®

dg oo B,k po ol i a <l g dgd U3l Bk Gl e sols Lyl
Al (oo Comy Joo wlie ¢ Juasto gk gy —

Dgd oo adad T L bLS )| g ool eold  tiws §goio 4 4ol

Syl Jloyl joly (Jias s g Sl aseine ol Gl pls o @

sy daite & Jsl ply 5l 5095 pgo play Cnl San @

Bushehr Islamic Azad University — H.R. Imanikia 1-67



D9 s o 3l JBSH > o 6l ools e slezel LB slows g s o —

@1y b ools oo ol jo 0ui 5 a5 el Gl eSS gy (] —

QS oo el oniiin )

30 by Slal b oo el (Acknowledgment) gouas ol —
s Gtz ay (B (g el 11 35l el as 0gl e Ll Ui
las)]

2,10 slazel BB gl Slasl gy S5 a5k Jolb Jlisl —

Do v duado A ool wls s ool s SO o> ®

Bushehr Islamic Azad University — H.R. Imanikia

1-68



2ol sleel BB ol (Jg 0,lad 1 Slas] gy a5 5L o) S —

s las W eols goual a4 5o Jleows polai g glowe —

Sl p 3l Cwnl 5 oo BB S8y (Ko ph0g slopd] oSy

sloiel b8 e o o |, Slail & ol oyt ol SLLO gy —

Bushehr Islamic Azad University — H.R. Imanikia

1-69



SN 9 9 9w abl

ORI

a2d oo, 8 0e 5l YL Y (LS o0 Y SO aS b sles Shee 5l gl acgoe ®
QT ‘ob;.ﬂ 09.2.5 o)lg).b Crud

(Protocol) JsGgp —
as Y 50 (o Loy 5 o sy Jols o950 5 3o a2 ST elsh deparns
(bL3 )l o,k )9)
5 o 4 (Object) ;oo O L (data type) sols g5 SO : Jle —
3,1 polg dx t i SO auld 0 ST L) SS9y asline o] (o5le eols
(.| 00 ngLw ooL_, c\.:gi rb.,.,\o e ngj

Bushehr Islamic Azad University — H.R. Imanikia 1-70



J5S 95 9 w9 oy bl

Layer k + 1 Layer Kk + 1
[Service provided by layer k ‘
Protocol
| BIEIPI |[rafememommsm —imonsscmmomemoassm. mirmiic stocims o 1 e > Layerk
Layer Kk - 1 Layer k - 1

Bushehr Islamic Azad University — H.R. Imanikia 1-71



L abuwly g b JSigy b as¥

Host 1

Layer 5

Layer 4/5 interface I

Layer 4

Layer 3/4 interface I

Layer 3

Layer 2/3 interface I

Layer 2

Layer 1/2 interface I

Layer 1

I

Layer 5 protocol

Host 2

Layer 5

I

Layer 4

I

Layer 3

I

Layer 2

I

Layer 1

I

Physical medium

Bushehr Islamic Azad University — H.R. Imanikia

1-72



Layering of airline functionality

ticket (purchase)

baggage (check)

gates (load)

runway (takeoff)

L

ticket (complain)

baggage (claim

gates (unload)

runway (land)

airplane routing

airplane routing airplane routing

airplane routing

departure
airport

Layers: each layer implements a service

intermediate air-traffic
control centers

arrival
airport

— via its own internal-layer actions

— relying on services provided by layer below
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