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Introduction

First Day Handout
Expectations
Class Participation
Readings

Projects

Spring 2020 CSC512 - Dr. Lisa Frye, Kutztown University



" J
Network Types

m LAN
= \WAN

m PAN
x \WPAN

m SAN
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Data Rate . 2= U= IIERu(;c\)/I\DleE(?
Multiple carrier .
carrier
64 Kbps 1 - -
1.544 Mbps 24 T-1 -
2.048 Mbps 32 - E-1
3.152 Mbps 48 - -
6.312 Mbps 96 T-2 -
7.786 Mbps 120
8.448 Mbps 128 - E-2
32.064 Mbps 480
34.368 Mbps 512 - E-3
44.736 Mbps 672 T-3 -

139.264 Mbps 1920 -
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Optical Carrier / Data Rate Standard

Name (Line Rate) Name
OC-1 51.84 Mbps STS-1
OC-3 155.52 Mbps STS-3
OC-9 466.56 Mbps STS-9
OC-12 622.08 Mbps STS-12
OC-18 933.12 Mbps STS-18
0C-24 1244.16 Mbps STS-24
OC-36 1866.24 Mbps STS-36
0C-48 2488.32 Mbps STS-48
OC-192 9953.28 Mbps STS-192
OC-768 40Gbit/s STS-768

OC-3072 160Gbit/s STS-3072
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Switching

m Circuit
TDM
FDM

m Packet
Virtual-circuit networks
Datagram networks

m Forwarding
m Filtering
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Network Technology: Ethernet

IEEE 802.3

Original Ethernet (10Baset-T)

Fast Ethernet (100Base-T)

Gigabit Ethernet (1000Base-T)

Ethernet over Fiber (10Base-F and 1000Base-X)

m Properties
Connectionless
Shared bus
Broadcast technology
Best-effort delivery
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Ethernet Frame

Destination Source Frame
Preamble Address  Address Type Frame Data CRC
8 octets b octets b octets | 2 octets 46-1500 octets 4 octets
Preamble

U First seven bytes — 10101010
U Last byte - 10101011
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Example Frame

02 07 01 00
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02 08 08 00

Od 00 08 09
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36 37
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CSMA/CD

m Carrier Sense Multiple Access/Collision
Detect

m Collision
m Backoff policy
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Ethernet Bridge

m |solates collision domain

m Uses

m Adaptive or learning bridge
Forwards
Filters

m Ethernet Switch
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Network Technology: Wi-Fi

m 802.11

m Supports both infrastructure-based and
ad-hoc networks
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Network Technology: ZigBee

m 802.15.4
m Low-power Wireless devices
m Self-organize mesh network
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Network Technology: Wide Area
Point-To-Point Networks

m Various data rates
T- carrier

E- carrier
OC

m SONET protocol
m POS — Packet Over SONET
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Devices

m Hubs
m Routers
m Switches

m Forwarding
m Filtering
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Protocols

m Used for communications between entities in a
system

m What and not how

m Format — Syntax

m Meaning — Semantics
m [iming
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Layered Protocol Architecture

m Each layer is layer-n
m Layer-n Protocol Data Units or PDUs

m Protocol Stack
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The Internet Architecture Stack

application

transport

network

link

physical

Messages

Segments

Datagrams

Frames

Bits
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Transport Layer

m UDP

m [CP
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UDP Segment

1&

il

UDP 3OURCE PORT

DP DESTINATION PORT

UDP MESSAGE LENGTH

UDP CHECKSUM

DATA
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Network Layer Components

m Network layer functions
Path Determination
Forwarding
Call setup

m Forwarding or Routing Table
m Network protocol — IP
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Encapsulation

=
e s UDF DATA AREA

IF _
HEADER IF DATA AREA

FRAME )
HEADER FRAME DATA AREA
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Multiplexing and Demultiplexing

m Used in every layer

m Multiplexing example

Datagram - network layer = multiplexing to
transport layer protocol

TCP - multiplexing to application layer
protocol
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Demultiplexing Incoming Frame

'F Module

ARFP Module

RARF Module

Spring 2020

T~

Demultiplexing Based
Cn Frame Type
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Demultiplexing by IP

Spring 2020

ICMP Module

UDF Moduls

TCF Moduls

IF Modul=

Dafagram Arrivac
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The Two Views Of
A TCP/IP Internet

user's view actual connections

Internetworking With TCP/IP vol 1 — Part 3 17 20035
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Internet Architecture

m Fundamental observations
No single network hardware technology
Users desire universal interconnection

m [nternet gateways / internet routers

m Routers use destination network to
forward packets
Q: Why is this important?

Spring 2020 CSC512 - Dr. Lisa Frye, Kutztown University

27



Internet Design

m Separation of network technology and
services

m End-to-end architecture

m Scalability

m Distributed design and decentralized
control
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Fundamental Problem

m Send packets between different networks
with different characteristics

Addressing

Bandwidth and latency
Packet size

Loss rates

Packet routing

Spring 2020 CSC512 - Dr. Lisa Frye, Kutztown University

29



Design Principles

m |P-over-everything

m End-to-end argument

m Best-effort service model

m Soft-state

m Fate sharing

m Conservative-transmission / liberal reception
m Layering

m Decentralization

Spring 2020 CSC512 - Dr. Lisa Frye, Kutztown University

30



More Objectives

m Robustness

m Heterogeneity — services

m Heterogeneity — networks
m Distributed management

m Cost

m Ease of attachment

m accountability
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KU Network

m No user or device data captured

m [wo Networks: Academic and ResNet

Approximately 140 subnets on the Academic
network

Approximately 60 subnets on the ResNet
network
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KU Network Technologies

m Physical and Virtual Ethernet switches
m Cat 5/5e/6

m [PV4

m Firewalls

= VPN

m |ntrusion Protection

m Anti-Virus/Malware/Ransomware

m 802.11n and 802.11AC WiFi
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KU Enterprise Routers

m Two Avaya (now Extreme Networks) VSP
9000 routing switches make up the core of
our data network

m Brocade (also now Extreme Networks)
MLXe-4 is our perimeter router managed
by PASSHE

m Multi-terabit total switching capacity

m Multi-hundred gigabit throughput capacity
per slot in the chassis.
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Discussion / Assignments

m Discussion Questions

Find a lower bound on the time it takes to
transfer a GB of data across a network that
operates at:

= 100 Mbps

= 1000 Mbps

m 10 Gbps
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