Networking Fundamentals
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Network Connections
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Connection Types

Point to Point

Multiple access (broadcast)
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Switched Networks
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Interconnection of Networks (Routers)
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Network Performance
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Delay
(or roundtrip latency)

propagation delay = distance / speed of light
transmit time = message size / bandwidth

queue delay = time spent in router queues

latency = propagation + transmit + queue
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Latency Examples

Total Latency for 1 byte object

Prop delay: 1 ms Prop delay: 100 ms
Bandwidth: 1 Mbps 1,008 us 100,008 ps
Bandwidth: 100 Mbps 1,000 us 100,000 ps

Total Latency for 10 MB object

Prop delay: 1 ms Prop delay: 100 ms
Bandwidth: 1 Mbps 80.001 s 80.1s
Bandwidth: 100 Mbps 0.801 s 0.9s
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Protocol Encapsulation
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OSI Model

Function Example
U!jtlm?.te .data Application e = == ———— » Application Web browser (HTTP)
estination
Format Presentation * == =======-= » Presentation | ASCI/XDR
conversion
Interaction across Session e = = — = ———— » Session Restartable file
presentation transfer
Reliable, ordered e = = = = = = = —— - »
delivery Transport Transport TCP
Routing/
Internetworking Network *-=—-—-=-=—-—-=---- » Network P
Data frgming Data link e = —— o ———— > Data link Ethernet, WiFi
over links
Bits on
the wire Physical ¢ *  Physical SONET, 100BT
Bowdoin Sean Barker 9

IP Hourglass

Telecollaboration ~ NFS HTTP  email  pogin

o | N L

\UDP TCP
\

S

Ethernet modem ATM Ppp  Packet radio
N
[00BT SONET  air

Bowdoin Sean Barker 10




Ethernet (Data Link, Layer 2)

Length/ Error
Type DATA Check

t ¢+ 1

MAC (Ethernet) addresses [ [wcr[ nrre | payicad

Preamble| Dst Addr | Src Addr

(not IPs!)
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Internet Protocol (Network, Layer 3)
Version| HLen TOS Length
Identification Flags Offset
TTL Protocol Header Checksum

Source IP Addr

Destination IP Addr

Options (variable) Pad (variable)

Data | TCP | HTTP | Payload |
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Dynamic Host Configuration Protocol (DHCP)

Local DHCP
Your computer server

Broadcast: Hi, I’'m new to the network! =

B
>

4
<

Hi, I assigned you IP 139.140.235.145,
DNS is at 139.140.9.20,
gateway router is at 139.140.235.129
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Address Resolution Protocol (ARP)

. (139.140.9.20)
Same IP prefix: 139.140 5=

(139.140.110.78)

Broadcast: Anyone know the
Ethernet address for 139.140.9.207?

T T
Ethernet

Unicast:Yes, I'm at
08-00-2b-18-bc-65
1

Ethernet

BOWdOiIl Sean Barker 14




Domain Name System (DNS)

Local
Your computer DNS server
(139.140.235.145) (139.140.9.20)
What'’s the IP address for www.google.com!? —

ey

;

Oh, you can find it at 74.125.225.83
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Routers send packet
to next closest point

139.140.110.78 /

Hoe

o T

74.125.225.83

H: Hosts

R: Routers
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