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Performance

- Cannot grow indefinitely!
- Bandwidth
- Latency

Design Issue for the Layers

-  Addressing

«  Error and Flow Control
«  Multiplexing

Routing
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The OSI Reference Model

The TCP/IP Reference Model

A Comparison of OSI and TCP/IP

A Critique of the OSI Model and Protocols
A Critique of the TCP/IP Reference Model
Examples of Networks



Physical Layer Models

 Concerned about transmitting raw bits over a
communication channel

exchanged

_______ =| Application | APDU

Issue to deal:
Electrical and procedural interface and physical
media transmission

 how many volts used to represent 1

 how many nanoseconds a bit lasts

 how many pins the network connector has

* efc....

_______ =| Presentation

——————— =| Transport

2 --—— K --+=| Data link Frame

1 Physical - Physical --=| Physical |=- Physical

Host A Router Router

Network layer host-router protocol
Data link layer host-router protocol
Physical layer host-router protocol


Presenter
Presentation Notes
token management (do not allow the same critical operation at the same time)


Name of unit
exchanged

Application | APDU

[

A
Presentation

!

Session

Physical

1 Physical =3 [l Physical R i
Host B

Host A Router

Network layer host-router protocol
Data link layer host-router protocol
Physical layer host-router protocol



Presenter
Presentation Notes
token management (do not allow the same critical operation at the same time)


Network Layer > Models

Concerned about how packets are routed from
Name of unit

source to destination
1 h d
« It uses route tables and addressing -
Application APDU

e It uses various signal messaging to know the 1

Y

network topology and the possible paths S——

Issue to deal:

» Control of congestion (too many packets!!)
* Quality of service (delay, jitter, transit time)
» Used for billing, traffic monitoring and analysis

Data link

A

A
Physical 11 Physical Physical

Physical
Host B

Host A Router Router

Network layer host-router protocol
Data link layer host-router protocol
Physical layer host-router protocol



Presenter
Presentation Notes
token management (do not allow the same critical operation at the same time)


Transport Layer
Concerned about splitting the data from above ':e M O de ]_ S

layer (if need be) and ensure that all the pieces

arrive correctly at the destination

Name of unit

It is a real end-to-end layer axcharEd

.It malntalns Appljcation APDU
1. multiple connection or multiplex |
2. the start and the end of the Prosentaon
connection , I

Session

» Identifies the application end-point who
should received the data
e Ensure end-to-end flow control

Packet

Most popular type of transport connection:
1. Point-to-point - delivers messages in the
order they are sent.
Other transport services: Physi ; Physical
1. do not guarantee the order of delivery Hast B
2. broadcast messages outer pratocol

st-router protocol

3. Transport isolate messages Gst-router protocol



Presenter
Presentation Notes
token management (do not allow the same critical operation at the same time)


Session Layer

—-—

Name of unit

1-——=

——

3
Concerned about establishing a session
Ex.Remote Login
Issue to deal: protocol 3
e dialog control,
e token management protocol .
* ex. do not allow same critical
operation at the same time
e synchronization
» ex. Restart file transfer without
o o 0 o o ary
going to the beginning if session Pramenl
Network
- Data link
1 Physical - »| Physical —<-—=  Physical
Host A Router Router

t

Network layer host-router protocol

Data link layer host-router protocol

Physical layer host-router protocol

exchanged
Application | APDU
i
L
Presentation | PPDU
Session SPDU
i
¥
Transport TPDU
[
¥
Network Packet
[
A
Data link Frame
i
¥
Physical Bit
Host B



Presenter
Presentation Notes
token management (do not allow the same critical operation at the same time)


ncoding daata in a standar

ex. ASCII to Unicode translation

ce Models

Name of unit
exchanged

n protocol
st =| Application | APDU

an nrotocol

- manage the data structures and allow high- = = gt

level records (e.g. banking records) to be

define and exchanged

o [omeime -

1 Physical -

Host A

—————————————————— Transport
subnet boundary
ernal subnet protocol

»| Physical <-——+ Physical [=-1--+| Physical

Router Router Host B

Network layer host-router protocol
Data link layer host-router protocol
Physical layer host-router protocol


Presenter
Presentation Notes
token management (do not allow the same critical operation at the same time)


Application Layer

Contains a variety of protocols

commonly used by users

Most widely used: HTTP
Other: FTP, Telnet, DNS, SMTP

o [omeime -

1 Physical  |=

Host A

--=| Application

tion protocol

Session

subnet boundary

2rnal subnet protocol

= Network - Network

+| Physical |=-- Physical |« Physical

Router Router Host B

Network layer host-router protocol
Data link layer host-router protocol
Physical layer host-router protocol

——————————————————— =| Presentation

Transport

Refergnce Models

Name of unit
exchanged

APDU

PPDU

TPDU

Packet

Frame

Bit


Presenter
Presentation Notes
token management (do not allow the same critical operation at the same time)


Reference Models tor Layering

e

Datalink
Physical

Host-to-
Network

-
Radio

1l



Comparing OSI and TCP/IP Models

Concepts central to the OSI model

Services

- Tells what the layer does
Interfaces

- Tells the processes above it how to access it
Protocols

- ...are the layer’s own business

Each layer performs some services for the

layer above it
¢ ... and must be concerned about the layer below it.



Why OS5I did not take over the world

Bad Timing

Billion dollar
Research investment

| |

Standards

|

Your SW must be ready here



Why OSI did not take over the world

TCP/IP was already delivered when
OSI protocols were available

Bad technology

- Two layers (session and presentation) are nearly empty

Bad implementations

- Huge, unwieldy and slow

Bad politics
- TCP/IP was offered under UNIX

- Government participation in OSI was seen as lack of quality of the
model



A Critique of the TCP/IP Reference
Model

Problems:

1. Service, interface, and protocol not
distinguished
2. Not a general model
Ex. Describe Bluetooth is impossible

3. Host-to-network “layer” not really a layer

It is an interface between network and data link layer

It does not distinguish between the physical and data link
layers

4. Minor protocols deeply entrenched, hard to
replace



Hybrid Model

The hybrid reference model to be used
in the book and in the class.

Application layer
Transport layer
Network layer
Data link layer

Physical layer




Example Networks

The Internet

Connection-Oriented Networks:
X.25, Frame Relay, and ATM

Ethernet

Wireless LANs: 802:11



Internet Usage

Traditional applications
(1970 - 1990)

- E-mail

- News

- Remote login
- File transfer



Architecture of the Internet

Overview of the Internet.

Regional ISP
. ® O Backbone
)

PO w M’ p

Corporate

LAN IIIII.




AFVEViaGtual @ireuits

A virtual circuit.

Router Subnet

Sending process Virtual circuit Receiving process



@OLHNECHOL ORI RHIE VS,
Connenctionless

Connection Oriented

- Modeled after the telephone system
- Establish the connection
- Uses the connection
* Release the connection

Connectionless

- Modeled after the postal system

- Each message
1. carries the full destination address
2. 1srouted independently



@OLHNECHOL ORI RHIE VS,
Connenctionless

Not all the applications require

connection

often called
datagram service.
° Junk E-mail

- Similar to registered mail (you get a return receipt)

- Similar to a database query



AFVEViaGtual @ireuits

A connection is called a
Most network support
between 2 hosts

It transmits a fixed size packet called

Sending process Virtual circuit Receiving process



The ATM Reference Model

Plane management

Layer management

CS: Convergence sublayer
ATM adaptation layer SAR: Segmentation and
reassembly sublayer
TC: Transmission convergence

ATM layer
sublayer
TC

Physical layer PMD: Physical medium
dependent sublayer

Upper layers Upper layers
CS




The ATM Reterence Model (2)

ATM ATM
layer  sublayer Functionality

Providing the standard interface (convergence)
Segmentation and reassembly

Flow control

Cell header generation/extraction
Virtual circuit/path management
Cell multiplexing/demultiplexing

Cell rate decoupling
Header checksum generation and verification
Cell generation
Packing/unpacking cells from the enclosing envelope
Frame generation
Physical

Bit timing
Physical network access

The ATM layers and sublayers and their functions.



The ARPANET: The test bed for
emerging technologies

SRI UTAH MIT SRI UTAH ILLINOCIS MIT LINCOLN CASE

UCLA RAND BBN UcLA RAND BBN HARVARD BURROUGHS

(b)

LBL MCCLELLAN UTAH ILLINOIS
O O

MCCLELLAN
SFN /UTAH NCAH

UCLA HAND TINKEFt’ BBN HARVARD NBS

Growth of the ARPANET (a) December 1969. (b) July 1970.
(c) March 1971. (d) April 1972. (e) September 1972.



The ARPANET (2)

The original ARPANET design.
Predecessor of TCP/IP

It introduces the concept of packet
switching




Example of Communication Services

X.25 Network
Frame Relay
Distributed Queue Dual Bus (DQDB)

« Used for MAN
ATM
Switched Megabyte Data Service (SMDS)

X.25 |Frame [ DQD |ATM | SMDS
Relay | B

Connection
Oriented

Speed (Mbps)
Switched

Fixed-size
payload

Multicasting



b Copnielibletion .

The OSI Reference Model

« Good model but never successful for several reasons
The TCP/IP Reference Model

- Not perfect, but was realized in a timely fashion

The ATM Reference Model

« Connection Oriented Network
- Uses cells

Examples of Networks

- Internet

ARPANET

- ATM

DQDB

X.25



Next Time...

We start Chapter 2
The Physical Layer

Assignment 1 issued today. Due by next
class.
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