OSI Model

Function

Ultimate data
destination

Format
conversion

Interaction across
presentation

Reliable, ordered
delivery

Routing/
Internetworking
Data framing
over links

Bits on
the wire

Example
Application [« -=----—----- » Application | YVebbrowser
Presentation === ====-=--~- » Presentation | ASCI/XDR
Session [+ === ===~~~ { Session | Feoretie e
Transport [#———=—=—=—-—-—--- » Transport Tcp
Network -—-=—-=—-=—=-=-=-=--- *  Network P
Datalink @-=-=—-=-=-=-=-=--=-- »  Data link Ethernet, WiFi
Physical ¢ »  Physical SONET, 100BT
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TCP

HTTP | Payload

HTTP | Payload

| P | TCP | HTTP | Payload |

| ETH | IP | TCP | HTTP | Payload |

Appliation [« ————* Applfcation
Presentation [+ = — — —* Presentation
Sesjion [~———-* Segsion
Trangport |[*~ =~ "' Trarlsport
Network ----* Network
Dat1 link [©~ "~ 7" Data link
Phylical Physical

Sender Receiver

| P | TCP | HTTP | Payload |

| ETH | IP | TCP | HTTP | Payload |
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Ethernet (Data Link, Layer 2)

Length/ Error
Type DATA Check

1

| IP | TCP| HTTP | Payload |

Preamble| Dst Addr | Src Addr
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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 | TCPl HTTP I Payload |
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Domain Name System (DNS)

Local
Your computer DNS server
(139.140.110.78) (139.140.9.20)
What'’s the IP address for www.google.com? o

ey

»

Oh, you can find it at 74.125.225.83
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Address Resolution Protocol (ARP)

(139.140.9.20)

(139.140.110.78)
— Same IP prefix: 139.140

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
T

Ethernet
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Routers send packet
to next closest point

139.140.110.78 /

Hoe

D

74.125.225.83

H: Hosts

R: Routers
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IP Hourglass

Telecollaboration NFS ~ HTTP  email  (oein

T T T

\UDP TCP
T
/ IP\
Ethernet modem/ A'\I'M ppp _packet radio
\ N\
100BT SONET  air
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User Datagram Protocol (UDP)

Link-layer | IP | SrcPort| DestPort | Checksum | Len | Data...

v

< UDP Header
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Transmission Control Protocol (TCP)

SrcPort DestPort

SequenceNum

Acknowledgment
HdrLen | 000000 | Flags AdvertisedWindow
CheckSum UrgPtr

Options (variable — max of 320 bits)

Data

Bowdoin Sean Barker 10



TCP Three-Way Handshake

Server

“_\ihggi\* ]
W

_-%.

| ack —

Timeout
Timeout

Time
Timeout

P -

Timeout

ACK lost
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ACKs and Timeouts

| ack —

%.

Timeout  Timeout

Packet lost

_%‘

e
PC/
acket

| ack —

Early timeout/
Delayed ACK
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Filling the Pipe

< »
« >

Delay
(or roundtrip latency)
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TCP Sliding Window

advertised window

Il 2 3|4 5 67 8 9] 1011 12

sent and R can send ASAP R
acknowledged

Sender

R can’t send until
sent, not ACKed window moves

offered window R

) | 2 3 4 5 6 7 8 9] 10 Il 12
Receiver
CKdand Available bufs . , .
read g > can’t recv until .

window moves
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TCP Sliding Window (2)

advertised window
|l 2 3 4 516 |7 8 9] 10 Il 12
Sender
sent and acknowledged can send ASAP , i
can’t send until
sent, window moves
ACK5, not ACKed
Window 4
offered window
1 2 3|4 56 7 8 91011 12
Receiver
ACK’d and Available bufs , .
ead can’t recv until
ACK’d, not read window moves
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TCP Sliding Window (3)

advertised window

Il 2 3 4 5|6 7 8 9| 10 Il 12

sent and acknowledged

l Send7,8,9

Sender

, _can’t send until
sent, not ACKed window moves

__offered window

) |l 2 3|4 5|6 7 8 9 10 11 12
Receiver
ACKdand Available bufs , .
read can’t recv until
ACKd, window moves
not read
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TCP Sliding Window (4)

advertised window=0
|l 2 3 4 5 6 7 8 9 10 Il 12
Sender
sent and acknowledged R , .
> can’t send until .
window moves
ACK9,
Window 0 offered window=0
12 314 5 6 7 8 9] 10 1l 12
Receiver
ACK’d and )
read , _can’t recv until .
ACK’d, not read window moves
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TCP Sliding Window (5)

advertised window=0
Il 2 3 4 5 6 7 8 9 10 Il 12
Sender
sent and , .
acknowledged can’t send until
window moves
offered window=3
12 3 4 5 6 |7 8 910 Il 12
Receiver
CK’d and
read > >
ACK’d, not read Available bufs
Read packets 4, 5, 6
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