Computer Networks
X 400487

Lecture 1: Introduction to Computer Networks

Welcome! Lecture starts at 15:30

Lecturer: Jesse Donkervliet
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Port Forwarding

Dynamic IP Port Triggering
Static IP NAT Forwarding DMZ
WAN Types PPPoE UPnP
PPTP Virtual Server
L2TP
IGMP Proxy
1. After this course, you understand router specifications
Idy vV LAIN
WIRELESS
EEE 8051 1ax 6 G Address Reservation
Standards [EEE 802.1 1:2facm;: 5 GHz, DHCP DHCP Client List
IEEE 802.11ax/n/blg 2.4 GHz Server
AXE5400 TP-Link
WiFi Speeds 6 GHz: 2402 Mbps (802.11ax) DDNS NO-IP
5 GHz: 2402 Mbps (802.11ax)
2.4 GHz: 574 Mbps (802.11ax) DynDNS
OFDMA

Router Mode

Access Point Mode WiFi Capacity Airtime Fairness
Improves network efficiency by limiting excessive occupation

Simultaneously communicates with multiple Wi-Fi 6 clients

Working Modes
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https://www.tp-link.com/en/home-networking/wifi-router/archer-axe75/#overview

(a) Type address in browser
(b) Browser does magic

-

- 4 The Mullvad Browser (mullvad.net)
295 points by Foxboron 2 hours ago | hide | 119 comments

]

- » The Near-Lossless Image Formats Using Ultra-Fast LZ Codecs (richg42.blogspot.com)
57 points by ingve 3 hours ago | hide | 38 comments

%]

. & Show HN: Unknown Pleasures, a tiny web experiment with WebGL (pouriz.dev)
260 points by poeti® 5 hours aga | hide | 73 comments

4. 4 Can water solve a maze? [video] (youtube.com)
166 points by gronky_ 8 hours ago | hide | 56 comments

5. & Safari releases are development hell (construct.net)
&0 points by AshleysBrzin 1 hour 2go | hids | 17 commants

6. BuildZoom (better way to build custom homes) Is hiring a Principal Engineer (lever.ca)
26 minutss ago | hide

7

-~ The Problems That Attract the Smartest People (medium.com/sart-of-like-a-tech-diary)
71 points by wsgeorge 7 hours =go | hide | 16 comments

8. 4 Wronger Than Wrong (wikipsdia.ora)
53 points by Agraillo 2 hours zgo | hide | 26 comments

o

- 4 3Dfx Voodoo Memory Upgrade - 6MB Mod (youtube.com)

12 points by mariuz 3 hours ago | hide | 2 commants

10. & The Origin of Joy Division's Unknown Pleasures Album Cover Art (2015) (kottke.ora)
92 points by CharlzsW S hours ago | hids | 23 comments

11. 4 what it Sounds Like When Doves Cry: transcribing bird sound as human speech (jstor.org)
18 points by tintinnzbula 5 hours 2go | hide | discuss
12. A MacUser 1996: How to Rig Up the Fastest Photoshop Machine (archive.org)

e Stable Diffusion copyright lawsuits could be a legal The 2023 Hyundai Ioniq 6: A streamlined look

2. After this course, you understand browser magic
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https://www.pbs.org/newshour/science/katie-bouman-hardly-knew-what-a-black-hole-was-her-algorithm-helped-us-see-one
https://www.pbs.org/newshour/science/katie-bouman-hardly-knew-what-a-black-hole-was-her-algorithm-helped-us-see-one

Number of devices connected to the
Internet

* Likely exceeds 20 billion connected devices Q: How much traffic is
_ generated by these
* Yearly increase of 10% users?

10% CAGR » Other (2.1%,3.9%)
2018-2023 30 W Tablets (4%,3%)

25 mPCs (7%,4%)

20 BmTVs (13%,11%)
Billions of mNon-Smartphones (13%,5%)
i 1
Devices m Smartphones (27%,23%)
ie = M2M (33%, 50%)
0

2018 2019 2020 2021 2022 2023

o1

a1

* Figures (n) refer to 2018, 2023 device share

Copyright Jesse ~ Download Cisco report:
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https://www.cisco.com/c/en/us/solutions/collateral/executive-perspectives/annual-internet-report/white-paper-c11-741490.html

Growth of global internet traffic in the past 30 years

153,000 GB/s

By 2022, traffic is expected to reach 150,000 GB of traffic per second, a .

traffl C 1,000-fold increase compared to the 156 GB in 2002, 20 years earlier. Ten
years before that, in 1992, global internet traffic was 100 GB per day,
which roughly equates to just 10 households binge watching a Netflix

1 Exabyte — series for 10 hours. /
24% CAGR -
2016-2021

/ 50,000

Exabyte
per mon
-

15.322_'._...-'
/.
0.00193 156 "
r—————— O — §— O — O —— § — § —— §—— §—— B B ®
1932 2002 2012 bt
Figures (n) refer to 2016, 20: Source: WDR 2021 team calculations and Cisco Visual Networking Index: Forecast and Trends,
Source: Cisco VNI Global IP T 2017-2022

Copyright Jesse https://www.cisco.com/c/en/us/solutions/collateral/service-provider/visual-networking-index-vni/vni-hyperconnectivity-wp.html
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Figure 13. Significant demand for bandwidth and video in the connected home of the future

B UHD Cameras (Security)
Near Term

m UHD Streaming

Near Term ® VR Streaming

B Self Driving Vehicle
Diagnostics

Cloud Gaming
B UHD IP Video

m SKWall TV

m HDWR v

= UHD VR Future

Application requirements in Mbps

Source: Cisco Annual Internet Report, 2018-2023
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THE INTERNET IN2 O 2 3 EVERY MINUTE
=
; )

@ 22,851 241.2M @
visits to emails sent

ChatGPT
271,309 18.8M
10S & Android text messages
app downloads sent

3.02M N

photos created " i
with smartphones Pl

2.4M
Google searches

’ l' | ‘ 60 v““ | 694’000 | a
video hours viewed \ o
1,834 | SECONDS  J
y 347,222
34,247 @

chats on
Slack messages 3-47"

Microsoft Teams
snaps created

vY  6.94aM

emoji sent

N

18 S 10.4M

e | total Zoom 11 035 -

\ ® / meeting minutes y viewing

NS / fake accounts minutes
s removed

~ o)

Created by: eDiscovery Today & LTMG
Further reading on Facebook outage:
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Ehe New York Times

Google Services Go Down in Some

Parts of U.S.

People experienced outages of services like Gmail, YouTube and
Google Meet.

CONFIGURATION SABOUTAGE —

Facebook’s outage likely cost the company
over S60 million

Configuration change cascaded down the data centers, bringing systems to a halt.

AX SHARMA - 10/5/2021, 2:33 PM

TECH \ AMAZON \

An Amazon server outage caused problems for
Alexa, Ring, Disney Plus, and deliveries

Amazon says “many services have already recovered”

By Richard Lawler | @ricc | Updated Dec 7, 2021, 7:25pm EST

1. https://blog.cloudflare.com/october-2021-facebook-outage/

2. https://engineering.fb.com/2021/10/05/networking-traffic/outage-details/


https://engineering.fb.com/2021/10/05/networking-traffic/outage-details/
https://engineering.fb.com/2021/10/05/networking-traffic/outage-details/
https://engineering.fb.com/2021/10/05/networking-traffic/outage-details/

Eve Online is getting

crushed by its own success [

In a blog post on Jan. 4, just hours after the fateful battle, CCP Games essentially threw

its hands in the air, saying that it can no longer “predict the server performance in

these kinds of situations.”

: - = : \ ¢ '.A 2 f&}
“Both dunng and after the ﬁght pla}rers expenenced thmgb that don’t happen under
normal circumstances,” CCP said in its blog post. “Things like ships disappearing,

j ships reappearing, ships not appearing in the right systems — even after going through

-


https://www.polygon.com/features/2021/1/15/22228837/eve-online-m2-mittani-papi-server-failure-hellcamp
https://www.polygon.com/2021/1/5/22214982/eve-online-world-record-massacre-m2-xfe-ghost-titans

Why are existing systems
not good enough?

I I l | ]
ipsum dolor sit amet, consectetuer adipiscing elit. Etiam lobortis
L] nec mi et neque pharetra sollicitudin. Praesent imperdiet
mi nec ante. corper, felis non sodales commodo, lectus velit ultrices
augue, a dignissim lectus placerat pede. Vivamus nunc nunc, molestie
ut, ultricies vel, sem velit. Ut porttitor. Praesent in sapien. Lorem
| | ipsum dolor sit amet, col uer adipiscing elit. Duis fringilla tristique neque.
Sed interdum libero ut . Pellentesque placerat. Nam rutrum augue a
u u I |} I

<P
<P

!

leo. Morbi sed elit sit ame te lobortis sollicitudin. Praesent blandit blandit
mauris. Praesent lectus t , aliquet aliquam, luctus a, egestas a, turpis.
Mauris Jacinia lorem sit am@f ipsum. Nunc quis urna dictum turpis accumsan
semper.

Lorem ipsum dolor sit amet, consectetuer adipiscing elit. Etiam lobortis
facilisis sem. Nullam nec mi et neque pharetra sollicitudin. Praesent imperdiet
mi nec ante. Donec ullamcorper, felis non sodales commodo, lectus velit ultrices
augue, a dignissim nibh lectus placerat pede. Vivamus nunc nunc, molestie
ut, ultricies vel, semper in, velit. Ut porttitor. Praesent in sapien. Lorem
ipsum dolor sit amet, consectetuer adipiscing elit. Duis fringilla tristique neque.
Sed interdum libero ut metus. Pellentesque placerat. Nam rutrum augue a

bi sed elit sit amet ante lobortis sollicitudin. Praesent blandit blandit
mauris. Praesent lectus tellus, aliquet aliquam, luctus a, egestas a, turpis.
Mauris lacinia lorem sit amet ipsum. Nunc quis urna dictum turpis accumsan
semper.
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Early telephone system
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Telephone switching

Human operator Strowger gear

Copyright Jesse
Donkervliet 2024 13




Hierarchical topology

Switching

Copyright Jesse
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Hierarchical topology

Switching 1
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Military Is a big fan of

resilient systems

« US military asked RAND Corporation to design a better system
(in 1960).

» Paul Baran (RAND employee) designed a fault tolerant network.

» Military asked AT&T to build it.

* They refused...

« Baran’s design was forgotten...
* But design improved upon by NPL, built by ARPA.

Copyright Jesse
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Network designed by the
National Physical Laboratory

 NPL paper cited Baran but went further m©

 Divided files into chunks called
packets

« Store-and-forward packet switching
network N= e

They did not build a
prototype, but
described its design.

Copyright Jesse
Donkervliet 2024



The ARPANET
A mesh-structured network

Copyright Jesse
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The ARPANET
Fault tolerance

B B B




The ARPANET
Growth over time

Growth of the ARPANET.
(a) December 19609.

(b) July 1970.

(c) March 1971.

SRI UTAH SRI UTAH MIT SRI UTAH ILLINOQIS MIT LINCOLN CASE
— o ¥ Fant

F {3} {r—- 1 A=} L i3
. UCSB 0OSDC UCsB 0 sDC (O CARN
STAN
> 4 & - - ) b O o o
UCLA UCLA RAMND BBM LICLA, RaMD BEM HARVARD BURROUGHS

(@) (b) (c)
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The ARPANET
Network state in 1973

ARPA NETWORK, LOGICAL MAP, SEPTEMBER 1973

POR-I0)
= g ? &9
Tk ILLINOIS POP-g - @
_ TIP IMPF-
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https://www.kaspersky.com/blog/amazing-internet-maps/10441/

Q: Why use a

Layered architecture layered architecture?

Q: Can you think of

: another domain that uses
Can be found in... layered architectures?

...computer networks... ...and other domains
N ETFLIX Client [Mb"-lmm { PTESLzr;EﬁGn J n
A i

Y

Transport layer
|
Network Layer Application Server Application Business
x Programs, Logic Layer
Web Server Web Pages ye

Data link layer

)
Medium Access ¥

i

Control

Database Database Database o
4 Sarver Management Services \,‘;/
Physical layer f System Layer i
(@) (b) v
Copyright Jesse 23
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Layered architecture In
computer networks: an analogy

Location A Location B
| like . J'aime
rabbits | T Message Philosopher —— bien les
lapins
3
‘ A I}
v
Information &
L: Dutch| 4 for the remote Translator —{ L: Dutch
Ik vind translator Ik vind
konijnen konijnen
leuk leuk 2
A
Information
Fax #— | 5 for the remote Fax #-—
L: Dutch secretary Secretary L: Dutch
Ik vind Ik vind
. . 1
konijnen konijnen
leuk leuk
>
m 2006555 ’ “un““m

N J
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Layered architecture In
computer networks: an overview

i

Copyright Jesse
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lllusion of direct communication

Layer k + 1 Layer k + 1
]Sewice provided by layer K I
Frotocol
LE}I’EI’ T - La':.l,re.r k
Layer k - 1 Layer k - 1

Copyright Jesse "
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How scale affects
n etWO rkS d eS i g n Interprocessor Processors Example

distance located in same
Personal Area Network (PAN) 1m Square meter Personal area network
« Example: Bluetooth om Room
100 Buildi ~ L | twork
Local Area Network (LAN) - — T
m Campus

¢ Examples: WlFl (80211) 10 km City J Metropolitan area network
Metropolitan Area Network (MAN) 100 km Country

} Wide area network

Wide Area Network (WAN) o contnen
10,000 km Planet The Internet
The Internet
Copyright Jesse 57
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How the medium affects
network design

Different frequencies
have different
physical properties!

Copyright Jesse
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An example protocol

HTTP | ____ HTTP protocol_ _ _ _ _ HTTP
TCP _____JCPprotocol _ ____ TCP
1= —_____lIpprotocol_ _ ____ P
Ethernet —— - = _Et_hgrpgt_pgogo_cgl —— Ethernet
Copyright Jesse 29
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Encapsulation in a protocol stack

Browser

HTTP

Ethernet

—
O
0
_|
T T T T

Copyright Jesse
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The power of a layered design

Only the lower
Web
server

level headers need

to change!

Lower layer

header
removed.

Base station

-)
‘ i
VAN @3

IP

Ethernet

New lower
layer header

: added.
Copyright Jesse 31
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Multiple reference models for computer
networks

Each models has both advantages and disadvantages.
OSI model

1. Design by committee.

2. Strictly separated layers.

TCP/IP model

1. Widely used in practice.

2. Low generality.

3. Poor separation of concerns and interface design.

Copyright Jesse 32
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OSI versus TCP/IP

OSlI TCP/IP
7 Application Application
6 Presentation T~ Not present
. Session x/ in the model
4 Transport Transport
3 Network Internet
2 Data link Host-to-network
1 Physical

Copyright Jesse 33
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The model used In this course

_ This Course TCP/IP
The OSI model is well- 5 Application ‘ Application
designed, but layer 5 PP i
and 6 are almost empty T~ Not present
_—"in the model
7
So we skip them! a | Trnsper Transport
3 Network Internet
2 Data link Host-to-network
1 Physical

Copyright Jesse 34
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The OSI reference model

Layer Mame of unil
exchanged
- Application protocol —
T Application |=-—---—--—--"--""""""""""""" =| Application | APDU
[
Interface ! I
Presentation protocol
6 | Presentation |=-----—--——--—---———- - =| Presentation | PPDU
Session protocol
] Session  |=-----—--—m--iosCUPIEONT Session sPDU
[
| |
4 | Transport |=—--—-—————nn Transportprotocol __________ =| Transport | TPDU
] Communication subnet boundary
) g Intermnal subnet protocol I [
3 MNetwork  |=——-1=| Network ==  Metwork |- = MNetwork Packet
[
| |
2 Data link +T «{ Datalink |=—p=| Datalink |= = Data link Frame
| |
L
1 | pPhysical |=ddls| Physical [« Physical |~l-—~| Physica | Bit
Host A Router Router HostB
e S
Metwork layer host-router protocol

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

Copyright Jesse
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Protocols and Networks from the TCP/IP model

Layer (OSI nhames)

"
TELNET FTP SMTP Application
Protocols < TCP Transport

Networks< | | ARPANET SATNET Facket LAN Liyeical +

hYd

Copyright Jesse 36
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Roadmap of the Computer Networks Course

Lets distributed applications o
: Application layer
communicate
Sends segments from one process to
Transport layer
another (over a network)

Sends packets from one machine to
another over a network Network Layer

_ Data link layer
Sends frames from one machine to

another over a single link Medium Access
Control

You are here

Sends bits over a physical medium Physical layer
Basic principles and course overview Introduction 4—|

Copyright Jesse
Donkervliet 2024
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import socket
sock = socket.socket(socket.AF_INET, kit.

host_port = ("127.9.0.1", 4321)
sock.connect(host_port)

string_bytes = "Sockets are great!".encode("
bytes_len = len(string_bytes)
num_bytes_to_send = bytes_len
while num_bytes_to_send > 9:
b = string_bytes[bytes_len-num_bytes_to_
num_bytes to_send -= sock.send(b)

COMPUTER o 28. Suppose there is a change in the service (set o
...... - : tion

adrew 8. Tanenbaum. - \|E TVWORKS

David Wetherall
; y Towmet

does this impact services at layers k-1 and k+1'

Nick Feamster 29. Provide a list of reasons for why the response
best-case delay.
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Lectures D

Self-Study

EXdIT
Fart 1 —"| ‘

1 []
- [1O0 0|
N
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How Am | Graded?

exam + lab + in class + self study
1000

grade =

* You cannot pass the course without passing the mandatory lab assignment.

Copyright Jesse 42
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L ectures

Collect points by:
 Giving good answers to questions
* Answering correctly questions from the in-lecture quizzes

First quiz is today!

Copyright Jesse 43
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Tutorials

P

ease use:
Pen

Paper

Do not use:

 Calculators
* Al Chatbots
* Other external tools

Copyright Jesse
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Self-Study: Completing Book Exercises

Complete exercises from the book in a group.

: COMPUTER sumtat
Earn more points by s mennn NETWORKS

Nick Feamster.

completing more chapters.

Copyright Jesse
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Self-Study Checkpoints

Graded at two “checkpoints.”
Part 1.

* If you successfully completed 2 chapters,
you receive +500 points.

Part 2:
* If you complete 2 more chapters, you receive +500 points.
* If you complete 4 more chapters, you receive +1000 points.

Copyright Jesse 46
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How to Participate In the Self-Study?

Join a Self-Study group on Canvas.
Deadline: 12 April.

Submit your Self-Study Plan.
Deadline: 12 April.

We recommend starting as soon as possible,
and not wait for this deadline

Copyright Jesse
Donkervliet 2024




Exams

*Midterm (April 22) and Final (May 31)

°* Computer-based (TestVision)

* Multiple-choice questions

°Every correctly answered question earns you 300 points

Getting 60% on the exam Is not sufficient to pass the course!

Register for the exam on VUnet

Copyright Jesse
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Exam Content and Grades

Chapter1(|2||31||4||5||6]| 7
Midterm v v v \/:
Final | v VY VY VIV Y V]
Resit ‘ v v \/:“i\/ v \/}
| |

Final Exam Grade: max + max

Copyright Jesse
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Lab

Logistics

Copyright Jesse 50
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Lab

Labs on Wednesdays and Fridays.

Use the Canvas groups page to enroll for the one of the
sessions.

Copyright Jesse 51
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Lab

Lab Guide specifies several optional assignments
Assignment 1 and 2 are mandatory

For assignment descriptions,
see the Lab Guide on Canvas.

Copyright Jesse 57
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Lab

Collect points by Completing Lab assignments.
« Small reward for the mandatory assignments
 Larger rewards for the optional assignments

Copyright Jesse 53
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How to Participate In the Lab?

1. On Canvas, create a CodeGrade group for each assignment

Resit students: please team up with another resit student or work by yourself

2. Complete the assignment(s)
3. Submit the assignment(s) on Canvas
4. Enqueue during the lab to discuss your solution with a TA

Show and explain your solution for the two mandatory
assignments during a lab session in week 4 and week 7 at the
latest, respectively

Show and explain your solution for other assignments during a
lab session during or in week 8 at the latest

Assignments uploaded to Canvas are not accepted without

Copy without TA approval obtained during the lab _ .



Lab Logistics

Important:
1. The assignments may take more than 4 hours to complete.

2. Getting your assignment approved takes time.
Complete the assignments before the day of their deadline!

Copyright Jesse 55
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How to Hand in Lab Assignments

Submission System:
1. Complete assignment.
2. Upload code/report to

Computer Networks - Lab Queue

Fill in this form to get in the queue for asking questions or submitting an assignment.

IMPORTANT:

CanvaS . - Please upload your source code files to Canvas before entering this queue (one person per
group is sufficient).
3. Enter Queue = ewthe y :
. View the live queue at https://docs.google.com/spreadsheets

4. Walit for, and discuss with, ...
TA.

5 . ASS I g nme nt ap p Ffove d . Your Canvas Group Number *
-0r-
x G O to Ste p 1 . Your answer

Copyright Jesse 56
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How to Hand in Lab Assignments

We use a queue, which means First-Come, First-Serve (FCFS)
Important:
1. Queue closes before the end of the lab session.

2. Closed gueue not a valid excuse for not completing
assignments.

Enqueue on time Do not wait until last session before the deadline

Donkervliet 2024



Lab Assignments

Getting Started




Network layer services

Application layer

Sends segments from one process to

Transport layer
another (over a network) - .

Sends packets from one machine to

Network Layer
another over a network

Data link layer
Sends frames from one machine to

another over a single link Medium Access
Control
Sends bits over a physical medium Physical layer

Copyright Jesse
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Network layer services

Application layer

Sends segments from one process to
another (over a network)

This is the service used by What kind of interface
your application does it use?

Transport layer

Copyright Jesse 60
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Socket Primitives in TCP

Socket — create a new Used to allow incoming
communication endpoint. connections

Bind — assign a local

address to the socket.
Connect — connect to a . .
Listen — wait for a

remote listening socket. :
connection.

Q: Are we missing Accept — passively accept
ing? . . .
something: an incoming connection

request.

Send — send data to the other application.
Receive — receive data from the other application.
Close — close the connection.

Copyright Jesse 61
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TCP Sockets in Python

import socket
# Create a new socket. / /

s = socket.socket(socket.AF_INET, socket.SOCK_STREAM) Application layer
# Connect to another application.
s.connect(("hostname", port_number)) Transport layer

# Send bytes.
num_bytes sent = s.send(buffer)

s.sendall(buffer :

. ( ) Max number of bytes to receive Data link layer
# Receive bytes. /
buffer = s.recv(2048) Access Control

# Close connection. ,
Physical layer _
s.close() \j

Copyright Jesse 62
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TCP provides Q: What does this mean for your application?
a reliable byte-stream

1. The program waits until  s.recv(2048)

data is available HlE[L|L][o|-[F[R|o[m| [I1]E]|S

2. It may return an
arbitrary number of

S.recv(2048)

bytes SIE[\WW[H|O]\n

S.recv(2048)

SIEINID| ElcH[O[BIOIT  |H

S.recv(2048)

ElLILIOl [WIOIRILIDI\

Copyright Jesse
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Threading Python

# Import threading library.

import threading

# A regular call to print.

print("Hello", "World")

# A threaded call to print.

t = threading.Thread(target=print, args=("Hello", "World"))
# Run target in new thread.

t.start()

# Wait 100ms for thread to finish.

t.join(0.1)

Copyright Jesse 64
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Course Material
COMPUTER p—

Course Material: wens menam. NETWORKS
David Wetherall ~-,. ’ -

1. Course Slides
2 Book: = '
Computer Networks, 22
6th edition,

Andrew S. Tanenbaum, Nick Feamster,
and David J. Wetherall

OmrrunicaTon
_——
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Other Computer Networks Books

Peterson and Davie Kurose and Ross

Avalilable for free at
https://book.systemsapproach.org
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https://book.systemsapproach.org/

How to

How to Study (for this Course) .. [
ral =
Or: how we view our own course * | ! J

Student

Cal Newport
HONW YO WIN AT COLLECE

. ‘i‘i- —AY Our recommendations:
YN IR - Producing is better than

- consuming (Do exercises, write
programs, quiz yourself, etc.)

* Learn how to study effectively

« Example books: Make It Stick, How
to Become a Straight-A Student
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Meet the Team
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How to Contact the Team?

Talk to us at the lab/lecture/tutorial
* EXpected response time: minutes
Canvas discussion board

» EXpected response time: hours
Mail us at compnet2024.beta@vu.nl
* EXpected response time: days
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Next steps

Participate in the Entry Quiz! Earn your first points!
Read the course syllabus (10 pages)
Obtain a copy of the book!

Find a lab partner.
The lab i1s done In teams of 2 students.

1. Register your group on Canvas
2. Can’t find a partner? Look for one on the Canvas discussion board

3. Contact the Computer Networks team
5. Start looking for a self-study team

> N
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Next stop: Physical Layer

Transport layer

Network Layer

Data link layer

Medium Access
Control

Introduction
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