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Link
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Physical
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Best-effort local frame delivery

Best-effort global packet delivery

Reliable streams

Application Messages

Datagrams

Link

Network

Transport

Application

Bit deliveryPhysical
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HTTP

TCP

IP

Ethernet
interface

HTTP

TCP

IP

Ethernet
interface

IP IP

Ethernet
interface

Ethernet
interface

SONET
interface
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interface

host host

router router

HTTP message

TCP segment

IP packet IP packetIP packet

Ethernet frame Ethernet frame
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Get index.html

Connection ID
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Link Address

Host Host

Link hardware
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TCP UDP

Link

Physical

Applications

The Hourglass Model

Waist

The “narrow waist” facilitates interoperability
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GET /courses/archive/spr12/cos461/ HTTP/1.1
Host: www.cs.princeton.edu
User-Agent: Mozilla/4.03
CRLF

HTTP/1.1 200 OK
Date: Mon, 6 Feb 2012 13:09:03 GMT
Server: Netscape-Enterprise/3.5.1
Last-Modified: Mon, 7 Feb  2011 11:12:23 GMT
Content-Length: 21
CRLF
Site under construction

Request

Response
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IP payload

detect corruption
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Internet
GET index.html

Problem: Lost or Delayed Data

Internet
GET index.html

Solution: Timeout and Retransmit

GET index.htmlGET index.html

…
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Internet
GET index.html GET indey.html

  134
+ 212

= 346

  134
+ 216

= 350



Solution: Add Sequence Numbers

Problem: Out of Order

GETx.htindeml

GET x.htindeml

GET index.html

ml 4 ind
e 2 x.ht 3 GE

T 1
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http://www.shutterandpupil.com/images/snooze.jpg
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5.6.7.0/24
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A

B

C

D

Switch 
learns how 
to reach A.
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A

B

C

D
When in 
doubt, 
shout!



•
• Application: HTTP request and response messages
• Transport: TCP ordered reliable byte stream
• Network: best-effort global IP packet delivery
• Link: best-effort local Ethernet frame delivery

Web client Web server



•
• Application: http://www.cs.princeton.edu/courses/archive/spr12/cos461/
• Transport: TCP connection to IP address 5.6.7.8 on port 80
• Network: server host interface with IP address 5.6.7.8
• Link: server host interface with MAC address 00:15:C5:49:04:A9

Web client Web server



•
• Application: maps request to local object /courses/archive/spr12/cos461/ 
• Transport: directs TCP segments to specific transport port (e.g., port 80)
• Network: directs IP packets toward IP destination prefix 5.6.7.0/24
• Link: directs Ethernet frames to MAC address 00:15:C5:49:04:A9

Web client Web server
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