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End to End Communication
Devices that are connected to network are called

hosts or end systems

S5 Wireless endpoints
= . @ iﬁ /
\‘fb '

<<, iajb

Wired endpoints

e
A typical home network

How does out network get access through other networks?
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End to End Communication
Devices that are connected to network are called

hosts or end systems

T

n End systems are connected together by
' a network of communication links and
packet switches

Communication Link
e
A typical home network

wireless access Packet Switch
point (54 Mbps)
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End to End Communication
Devices that are connected to network are called

hosts or end systems

End systems are connected together by
a network of communication links and
packet switches

Communication Link

A typical home network

wireless access Packet Switch
point (54 Mbps)

The most common packet switch we see is called a router
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End to End Communication

Devices that are connected to network are called
hosts or end systems

End systems are connected together by
a network of communication links and
packet switches

Packet
Switch

A typical home network

The most common packet switch we see is called a router

A packet switch takes a packet arriving on one
of its incoming communication links and
forwards that packet on one of its outgoing
communication links

‘A MONTANA

STATE UNIVERSITY



End to End Communication

National or

ID -_—
D 3%} A @ Global l'.::( .
§%} : 45 e End systems gain access to
- . S the internet through Internet
g Datacenter Network SEI’VICG Pl’OVIderS (ISPS)

we X St
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Content Provider Network \‘ ')'E
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Mobile Network
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Source: 56 million web visits

Top Internet Service Provider State-by-State

(omcast. (Cemeast.

(comcast.

\E“"]V’ OX

< (comcast.

4
_ S
L---—v’_’,'—f—".r ‘ g verizon
VI 3 (cComcast.
.J'JU .-'/-

verizon

ryLink:

Webpage(R pgwemmpems

STATE UNIVERSITY



End to End Communication

National or
Global ISP

End systems gain access to
the internet through Internet
Datacenter Network SEI’VICG Pl’OVIderS (ISPS)

g[ﬁ @ A - atacenter Network g atat

Home Network

Regional ISP Content Provider Network

(comcast.

T\ cox

Enterprise Network
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End to End Communication

Gulifiof
Mexico

Enterprise Network -
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End to End Communication

.0 T —

Mobile Network

Datacenter Network

- =

§
Ow
= .- x “End-to-end communication”
| ] g: Datacenter Network
v \ /
Qll @g; | /\Ax\ x ¢j @3 Youlube

N Local or
Home Ngtwork Regional ISP

Content Provider fWork

Most hosts can be classified into two
> categories:

R “%@ e Clients
@@ e Servers

Enterprise Network
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End to End Communication

- National or
Global ISP

“End-to-end communication”

@3 YouTube

Home Ngtwork

Regional ISP

Most hosts can be classified into two
categories:

- . CI | entS (Desktops, Laptops, Phones)
@ ‘@5 ° Se rV e r S (Powerful computers that store web pages, videos, emails, etc)

Enterprise Network
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End to End Communication

D Ll National or
% IAI @ N Servers typically reside in large datacenters
& :

\

0. =4
= L "L g
Enterprise Network A
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Network Edge

National or
Global ISP

The network edge consists of

_ ( TE- end systems
Datacenfer Network

ST

e e

nterprise Network
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Network Edge

- National or
Global ISP

An access network is the network
7@ that physically connects an end
system to the first router

x,@

Content Provider Network

Home Network

Regional ISP

The way that homes
and enterprises get
connected to the
internet

Enterprise Network
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Network Edge

Access Network

BACKBONE

An access network is the network
that physically connects an end
system to the first router

The way that homes and enterprises
get connected to the internet
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End to End Communication

Access Network

BACKBONE

“‘Edge Routers” act as the boundary
between a private network and a public
network

1

{

|\
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Home Network Access

Digital Subscriber Line (DSL)

Home
phone Internet
Existing phone line:
0-4KHz phone; 4-50KHz ><
upstream data; SOKHz- >
1MHz downstream data DSLAM
\ -
[l |
Splitter / I Telephone
Cantral network
office D

Uses existing telephone line to connect to internet and transmit data
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Home Network Access

Digital Subscriber Line (DSL)

Internet
Existing phone line:
0-4KHz phone; 4-50KHz
upstream data; SOKHz-
1MHz downstream data

Splitter Telephone

network

Central
office

Uses existing telephone line to connect to internet and transmit data
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Home Network Access

Cable Internet Access

Figure 1.6

A hybrid fiber-coaxial access network Homes will require a

modem, which
Coaxlal cable connects to a home
Hundreds Fiber Internet PC with an Ethernet

of homes / :I::re cable
&

Hundreds ‘
of homes / / Flberl Cable head end

Uses existing television cable lines to connect to internet and transmit data

*Shared broadcast medium
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Home Network Access

Wireless laptop

Wireless
smartphone

Router {routes
incoming and outgoing
data: often bothwired

and wiraless)

Internet (servers of Modem (located in
Quora, Google, your house and
Wikipedia, etc.) provided by your ISP)

Wired printer

Wired computer
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Home Network Access

Fiber Internet Access (FTTH)

Internet
Central office N

G

Optical
splitter

\} oLT

Optical
fibers

ONT

ONT

Connects homes to a shared fiber cable
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Home Network Access

Ethernet Internet Access

1 Gbps

Ethernet Institutional
router

— To Institution’s
ISP

Server
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Ok, but like how ?
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Ok, but like how ?

raine

Algeria

Mall | Niger

Indian
ith Ocear
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INFRAPEDIA
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https://www.youtube.com/watch?v

=d0gs497KApU
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Teal FISH
@' Richard Vein @VeinRichard - 18h : This is what sharks hope tor when they bite

, —_ into an undersea fiber optic cable.
T

n

,1' fu up looking food

super sushi

the wire is so good

Q 19 11 3.9K ¥ 42K il 881K N

(=
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Physical Mediums

Twisted-Pair _
Copper Wire Coaxial Cable Fiber Optic Cable
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Physical Mediums

Twisted-Pair Fiber Optic Cable

Copper Wire
Cheap Expensive
Easy to install A bit more difficult to install
can handle a variety signals Much higher speeds, can transmit long distances
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Ok, but like how ?

 Radio
 Microwave
* |nfrared

/ 36000 o Satellite

kilometres
- v |l ONOSPHETRE
Land
Emitting earth Receiving
station ground

station

N 7z

EARTH
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Ok, but like how ?

Guided Medium

Unguided Medium

Satelite

36000
kilometres

Emitting earth " i Racejving
station nEmitter Radiowayss round
tation
Antenna Antanng
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The Network Core

0 . T s
B i
=

Moblle Network @ @

Datacenter Network

§
@

<>
Vi
a Eg @ @‘ acenter Network

L=_\ "5 Localor > ﬁ

Home Network Regional ISP

End systems are connected together by
a network of communication links and
packet switches

A packet switch takes a packet arriving on one
of its iIncoming communication links and
forwards that packet on one of its outgoing
communication links

Each communication link has its own
transmission rate (bits/sec)

10 Mbps 500 kbps 100 kbps
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The Network Core
g B u Netionao

Datacenter Network

7

' Datacenter Network
x |;l;

Content Provider Network

Local or
Regional ISP

&

Home Network

Enterprise Network @ @

Messages going from Ato B
are split into packets

“Good morning, | hope you are having a good day!”

l

Generated Packet

To: Host A From: Host B
John Paxton Reese Pearsall
192.42.98.11 192.5.223.42

Good morning, I hope you are
having a good day!

1500 Bytes
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The Network Core

National or
Global ISP

55

' Datacenter Network

VR
@g !

Datacenter Network
Local or

o

Content Provider Network

\

B3

e
wl g
2

Home Network

&

Enterprise Network @ @

Messages going from Ato B
are split into packets

“Good morning, | hope you are having a good day!”

l

Generated Packet

To: Host A From: Host B
John Paxton Reese Pearsall
192.42.98.11 192.5.223.42

Good morning, I hope you are
having a good day!

1500 Bytes
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The Network Core
g B u Netionao

& | e
%ﬁgk ‘5 ¢,‘¢

Datacenter Network

' Datacenter Network
x |;l;

Content Provider Network

§
GE'S

et
ul i
=%

Local or

Home Network Regional ISP

&

Enterprise Network @ @

Messages going from Ato B
are split into packets

“Good morning, | hope you are having a good day!”

l

Generated Packet

To: Host A From: Host B
John Paxton Reese Pearsall
192.42.98.11 192.5.223.42

Good morning, I hope you are
having a good day!

1500 Bytes
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The Network Core

National or

Messages going from Ato B
gy are split into packets

qﬁ;’?
oGS

Datacenter Network “Good morning, | hope you are having a good day!”

- |
( Generated Packet

<>
e Network To: Host A From: Host B
John Paxton Reese Pearsall
e 192.42.98.11 192.5.223.42
L=_\x Local or @ ¢ - Iﬁ-
Hofas Nework Reglonal ISP Content Provider Network Good morn ing, T hope you are
: [
) having a good day!
<>
= .. & —@ 1500 Bytes
/ u
- — ,L ,L—ﬁ g
Enterprise Network :
T




The Network Core

National or

Messages going from Ato B
gy are split into packets

qﬁ;’?
oGS

Datacenter Network “Good morning, | hope you are having a good day!”

- |
( Generated Packet

<>
e Network To: Host A From: Host B
John Paxton Reese Pearsall
= 192.42.98.11 192.5.223.42
L H—=(|8
ocql or
Home Network Regional ISP Content Provider Network Good morn ing, T hope you are
] |
) having a good day!
<>

[——

= [] —@ 1500 Bytes
. .a “%
Enterprise Network @
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The Network Core
g B u Netionao

Datacenter Network

7

' Datacenter Network
x |;l;

Content Provider Network

Local or

Home Network Regional ISP

P

8
@@_%

Enterprise Network

Messages going from Ato B
are split into packets

“Good morning, | hope you are having a good day!”

l

Generated Packet

To: Host A From: Host B
John Paxton Reese Pearsall
192.42.98.11 192.5.223.42

Good morning, I hope you are
having a good day!

1500 Bytes
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The Network Core
g B u Netionao

Datacenter Network

7

' Datacenter Network
x |;l;

Content Provider Network

Local or
Regional ISP

&

8%

Home Network

I
Enterprise Network &

Messages going from Ato B
are split into packets

“Good morning, | hope you are having a good day!”

l

Generated Packet

To: Host A From: Host B
John Paxton Reese Pearsall
192.42.98.11 192.5.223.42

Good morning, I hope you are
having a good day!

1500 Bytes
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The Network Core
g B u Netionao

Datacenter Network

7

' Datacenter Network
x |;l;

Content Provider Network

Local or
Regional ISP

&

Home Network

Enterprise Network @ @

Messages going from Ato B
are split into packets

“Good morning, | hope you are having a good day!”

l

Generated Packet

To: Host A From: Host B
John Paxton Reese Pearsall
192.42.98.11 192.5.223.42

Good morning, I hope you are
having a good day!

1500 Bytes
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The Network Core
g B u Netionao

Datacenter Network

7

' Datacenter Network
x |;l;

Content Provider Network

Local or
Regional ISP

&

Home Network

Enterprise Network @ @

Messages going from Ato B
are split into packets

“Good morning, | hope you are having a good day!”

l

Generated Packet

To: Host A From: Host B
John Paxton Reese Pearsall
192.42.98.11 192.5.223.42

Good morning, I hope you are
having a good day!

1500 Bytes
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The Network Core
Messages going from Ato B

0 9@ L J©
& i , are split into packets
% q Packets are generally small, and cannot exceed a
certain size

Mobile Network

Datacenter Network

\
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Local or
pome Network Regional 'SP Content Provider Network
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The Network Core
Messages going from Ato B

0 9 - >
& i _ are split into packets
%' ” Packets are generally small, and cannot exceed a
- certain size

What if we are
transmitting large
pieces of data?

Mobile Network -
Datacenter Network
[ﬁ&‘
w— Sy ~
1 Eg ‘ ' Datacenter Network
a- (e

Local or
Home Network Regional 'SP Content Provider Network
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The Network Core
Messages going from Ato B

D D | National or
“ Global ISP I . . k
g N > are split into packets
%' q ,‘ Packets are generally small, and cannot exceed a
g
Mobile Network @ ? @ certain size
& Datacenter Network
£
E =
[ﬁ @‘; " What if we are
transmitting large
‘ Eg ‘ ' Datacenter Network pieces Of data?
Bl &=
e x
S Local or Ig
Home Network Regional 'SP Content Provider Network We must split it up!

&

0
T
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The Network Core
0 vl Feory

‘ Datacenter Network
<>

cO—=8

Content Provider Network

R
ol g
L-a%‘c <>

Home Network Regional ISP

&

&>

i s : .
Enterprise Network & g

Messages going from Ato B
are split into packets

Packets are generally small, and cannot exceed a
certain size

P1

What if we are
transmitting large
pieces of data?

P2

We must split it up!

P3
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The Network Core

D D @ National or
' Global ISP
2 <

Mobile Network
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Datacenter Network
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Datacenter Network
, P1 H
x v-
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Enterprise Network & g

Messages going from Ato B

are split into packets
Packets are generally small, and cannot exceed a
certain size

P1

What if we are
transmitting large
pieces of data?

P2

We must split it up!

P3
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The Network Core
0 vl oyl
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Mobile Network @
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Messages going from Ato B
are split into packets

Packets are generally small, and cannot exceed a
certain size

P1

What if we are
transmitting large
pieces of data?

P2

We must split it up!

P3
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The Network Core
0 vl oyl
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if’% - @,
Mobile Network @
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Datacenter Network

4

Datacenter Network
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<>

'éﬁ @_ﬁ P3
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Local or
Regional ISP

&

cO—=8

Content Provider Network
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Enterprise Network & g

Messages going from Ato B
are split into packets

Packets are generally small, and cannot exceed a
certain size

P1

What if we are
transmitting large
pieces of data?

P2

We must split it up!

P3
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The Network Core
0 vl oyl

Mobile Network

Datacenter Network

4

Datacenter Network
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<>

e
all ¢
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Home Network

cO—=8

Content Provider Network

P1

Local or
Regional ISP
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Enterprise Network & g

Messages going from Ato B
are split into packets

Packets are generally small, and cannot exceed a
certain size

P1

What if we are
transmitting large
pieces of data?

P2

We must split it up!

P3
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The Network Core
0 vl Feory

Mobile Network

Datacenter Network

4

Datacenter Network
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Home Network
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Content Provider Network

Local or
Regional ISP
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L/

Enterprise Network

Messages going from Ato B
are split into packets

Packets are generally small, and cannot exceed a
certain size

P1

What if we are
transmitting large
pieces of data?

P2

We must split it up!

P3
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The Network Core
0 vl Feory

Datacenter Network

4

Datacenter Network
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Content Provider Network
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all ¢
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Home Network

P3
Local or
Regional ISP

e B
L/

Enterprise Network

Messages going from Ato B
are split into packets

Packets are generally small, and cannot exceed a
certain size

P1

What if we are
transmitting large
pieces of data?

P2

We must split it up!

P3
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The Network Core
0 vl Feory

Datacenter Network

4

Datacenter Network

<>

cO—=8

Content Provider Network
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all ¢
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Home Network

P3
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Messages going from Ato B
are split into packets

Packets are generally small, and cannot exceed a
certain size

P1

What if we are
transmitting large
pieces of data?

P2

We must split it up!

P3
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The Network Core
0 vl Feory
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Datacenter Network
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Content Provider Network

Local or
Regional ISP
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Enterprise Network

Messages going from Ato B
are split into packets

Packets are generally small, and cannot exceed a
certain size

P1

What if we are
transmitting large
pieces of data?

P2

We must split it up!

P3
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The Network Core
0 vl Feory

Datacenter Network

4

Datacenter Network
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Regional ISP
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P3 P1
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Content Provider Network
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]

Enterprise Network

Messages going from Ato B
are split into packets

Packets are generally small, and cannot exceed a
certain size

P1

What if we are
transmitting large
pieces of data?

P2

We must split it up!

P3
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The Network Core
0 vl Feory

Datacenter Network

4

Datacenter Network

> &>

Local or ¢ ? = [ :

Regional ISP

Content Provider Network

Home Network

L

]

Enterprise Network

Messages going from Ato B
are split into packets

Packets are generally small, and cannot exceed a
certain size

P1

What if we are
transmitting large
pieces of data?

P2

We must split it up!

P3
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The Network Core
0 vl Feory

Datacenter Network

4

Datacenter Network
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Local or ¢ ? = [ :

Regional ISP
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Content Provider Network

Enterprise Network

Messages going from Ato B
are split into packets

Packets are generally small, and cannot exceed a
certain size

P1

What if we are
transmitting large
pieces of data?

P2

We must split it up!

P3
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The Network Core
0 vl Feory
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> &>

Local or ¢ ? = [ :

Regional ISP

Content Provider Network

Home Network

L

]
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Messages going from Ato B
are split into packets

Packets are generally small, and cannot exceed a
certain size

P1

What if we are
transmitting large
pieces of data?

P2

We must split it up!

P3
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The Network Core
0 vl Feory
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Messages going from Ato B
are split into packets

Packets are generally small, and cannot exceed a
certain size

P1

What if we are
transmitting large
pieces of data?

P2

We must split it up!

P3
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The Network Core
Messages going from Ato B

D D 3 Na:io:all or a

u e are split into packets

,‘ Packets are generally small, and cannot exceed a
< certain size
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The Network Core
Messages going from Ato B

0 Vv @ e =
@ i > are split into packets
Q; 0 ,‘ Packets are generally small, and cannot exceed a
- =4 certain size

Mobile Network

Lost, Discarded, Corrupt P1
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The Network Core
Messages going from Ato B

0 vl o =
& i are split into packets
%1 ” Packets are generally small, and cannot exceed a
- certain size

Final Result

Solution?
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The Network Core
Messages going from Ato B

0 vl o =
& i are split into packets
%1 q Packets are generally small, and cannot exceed a
certain size

Final Result:

Solution?
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The Network Core
Messages going from Ato B

0 vl o =
& i are split into packets
%1 ” Packets are generally small, and cannot exceed a
- certain size

Mobile Network B
< .
Datacenter Network Final Result; P2
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. = =\l B -
o Solution?
: ; ‘ Datacenter Network _— ”
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Enterprise Network
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The Network Core
Messages going from Ato B

0 vl o =
& i are split into packets
%1 ” Packets are generally small, and cannot exceed a
- certain size

Mobile Network B
< .
Datacenter Network Final Result; P2
ES‘
. = =\l B -
o Solution?
: ; ‘ Datacenter Network _— ”
<> ‘ X
’ >< i i

Local or
Home Network Regional ISP Content Provider Network

>
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) i; P _@
= » — . rl_
ppE _u
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Enterprise Network
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Anatomy of a Packet

What a packet looks like depends on where it’s at in its journey!

“Hello John.”
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Anatomy of a Packet

What a packet looks like depends on where it’s at in its journey!

User-level message

“Hello John.”
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Anatomy of a Packet

What a packet looks like depends on where it’s at in its journey!

Intended receiver and sender of message

To: John

“Hello John.”
From: Reese
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Anatomy of a Packet

What a packet looks like depends on where it’s at in its journey!

Address of Sender and Receiver

To: 555 Bozeman Ave
To: John

“Hello John.”

From: 123 Highland Ave | From: Reese
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Anatomy of a Packet

What a packet looks like depends on where it’s at in its journey!

Specific location of sender and receiver’'s homes

- To: 555 Bozeman Ave
To: Apt B To: John

“Hello John.”

From: Apt F | From: 123 Highland Ave From: Reese
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Anatomy of a Packet

What a packet looks like depends on where it’s at in its journey!

Specific location of sender and receiver’'s homes

- To: 555 Bozeman Ave
To: Apt B To: John

“Hello John.”

From: Apt F | From: 123 Highland Ave From: Reese

Our original message gets encapsulated with many pieces of information

These pieces of information help make sure our mail get sent to the correct place
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Anatomy of a Packet

Level 2
o Levei 3 Level 4 Level 5-7
HTTP
FTP
Typical TCP
Pgrz:ket—* MAC IP UDP DHCP It's a complicated system!
> 4
y ’ A / DNS
/ ol
/ / :
/ 4 / [
Y, / Ji
/ 7 / /
Contains ,/
the Physical Contains the
(MAC) Logical IP Contains the Data
addresses addresses Port Numbers
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Application Layer OSI| Model

Open Systems Interconnection Model

Presentation Layer

Session Layer

Transport Layer

Data Link Layer

Physical Layer
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Application Layer OSI| Model

Presentation Layer

Application Layer

Session Layer

Messages from Network Applications

Transport Layer 1

Physical Layer

Bits being transmitted over a copper wire

Data Link Layer

Physical Layer
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Questions?
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