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The pandemic required us to change the way we learn and teach

Lots of asynchronous messages :wait a second

through forums, WhatsApp, ... ok, i will keep searching

:"The Fragmentable Part
9 i Affichage of the original packet is divided into fragments, each, except
possibly the last ("rightmost") one, being an integer multiple of
8 octets long. " is it?

Teaching, in general, without seeing and listening to students

Rédane Apollonie

:uhmm, not should be
2247

:-The Fragmentable Part of the original
. packet is divided into fragments. The lengths of the fragments
Charlotte didoune must be chosen such that the resulting fragment packets fit
within the MTU of the path to the packet's destination(s). Each
complete fragment, except possibly the last ("rightmost") one,

Significant challenges and transformation within a very short time frame

Hours and hours of video content preparation

Ernesto Julien ERER timothée

Aissatou Lorenzo
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Source: https://theconversation.com/five-tips-on-how-to-reinvent-remote-teaching-155389 Source: https://www. eplphan com/blog/lecture-recording-studio/
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Status quo change

For both students and teachers

 Nearly anytime, anywhere education

 Regardless of education method, be it
synchronous or asynchronous

* Several potential advantages:

 Time savings (e.g., mobility to
Campus)

* Flexibility to varying learning paces

 More opportunities to multi-tasking
(e.g., study+work, travel)

We all became used to this new reality

Source: https://www.inc.com/business-insider/study-reveals-commute-time-impacts-job-satisfaction.html In F
. l

NSTITUTO
DE INFORMATICA
UFRGS




How can the lessons we learned help improving or even
transform networking education after the pandemic?
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Pre-recorded videos
Blessing or curse?

My experience with inverted classroom, i.e.,

pre-recorded videos + live Q&A sessions

e Students less motivated to content
exploration

* Low attendance in Q&A classes, mainly
because did not watch videos previously

 Wrong assumption that it suffices to
watch the videos (i.e., resistance to
reading the textbook)

Complex contents are hard to explain/learn

without eye content, live annotations,
heated Q&A, ...

Live annotations on slides to explain a mechanism

IP fragmentation, reassembly

example:

+ 4000 byte datagram
« MTU= 1500 bztes

1480 bytes in

length |ID | fragflag | offset
=4000 | =x =0 =0
: 1480byt

data field

offset =

length | ID | fragflag |

1480/8

one large datagram becomes
several smaller datagrams
" Tlength | ID | fragflag - .
Z15000=x 1 =1 =(

\' =1500 |=x | =1
- |length |ID | fragflag 2960'
=1040 |=x | =0 9 4000

Dijkstra’ s algorithm: example

D(v) D(w) D(x) D(y) D(z)

Step N' P(v) p(w) p(x) ply) p(2)
0 u 7,u @ Su e 0
1 uw 6,w S5u1Mtw o
2 uWx 1MW 14,
3 UWXV 10,V) 14,x
4  uwxvy

5 uwxvyz

notes:

+ construct shortest path tree by
tracing predecessor nodes

+ ties can exist (can be broken
arbitrarily)
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Royal Portuguese Readlng Cablnet in Rlo de Janeiro
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Source: https://viajantecurioso.com.br/rio—de—janeiro/biinoteca—rio—de—janeiro/
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The challenge
of meeting
excellency In

networking
education after
the pandemic

+ Increasing
number of topics
+ new teaching
methods
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Digital meets traditional
Best of the two worlds

 Face-to-face classes for
fundamental & complex topics,
student engagement and exams

* + Jopics that typically that spark
student curiosity

e Videos + Q&A online classes for
easy-to-understand topics

Syllabus of the Computer Networks course | teach to CS/CE undergrad.
based on Computer Networking: A Top-Down Approach - Kurose and Ross

Internet + The Network Edge and Core
Delay, Loss, and Throughput in Packet-Switched Networks
Protocol Layers and Their Service Models

Principles of Network Applications
HTTP

SMTP, POP, IMAP

DNS

Socket Programming

Introduction and Transport-Layer Services
Multiplexing and Demultiplexing

UDP

Principles of Reliable Data Transfer

TCP

Principles of Congestion Control

Introduction + Virtual Circuit and Datagram Networks
What'’s Inside a Router?

IP

Routing Algorithms

Routing in the Internet (focus on OSPF and BGP)

Introduction to the Link Layer + Error-Detection and Correction
Multiple Access Links and Protocols

Switched Local Area Networks: ARP, Ethernet, VLANSs

MPLS

Principles of Wireless and Mobile Networks

My personal feeling of complex topics marked in red above .lr‘F




Digital meets traditional
Best of the two worlds

 Face-to-face classes for
fundamental & complex topics,
student engagement and exams

* + Jopics that typically that spark
student curiosity

e Videos + Q&A online classes for
easy-to-understand topics

Thanks for being here, come back soon. Get no

CLOUDFLARE The Cloudflare Blog

Understanding How Facebook
Disappeared from the Internet

llllllllllllll
oooooooooooooooooo

"Facebook can't be down, can it?" we thought, for a second.

Today at 15:51 UTC, we opened an internal incident entitled "Facebook DNS lookup
returning SERVFAIL" because we were worried that something was wrong with our
DNS resolver 1.1.1.1. But as we were about to post on our public status page we
realized something else more serious was going on.

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

tified of new posts:
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Project-based learning
A truly engaging experience

Desenvolva um controlador OpenFlow que operacionalize a “aplicagdo” abaixo.

Redes Elasticas: (Re)Dimensionando Periodicamente Infraestruturas de Rede visando a Economia de Energia. Esta

-
aplicagdo consiste em, tirando proveito do OpenFlow, criar politicas dindmicas de fluxo para apoiar o redimensionamento I NT_ o rl ented fI ow

periddico de infraestruturas de rede empregadas no ambito de ISPs. O objetivo é — a cada janela de tempo — avaliar a
demanda de triafego na rede e redimensiona-la de acordo, apagando dispositivos (roteadores) ociosos (ou com pouca

demanda) e desativando links. No caso do aumento da demanda, o contrario deve ser feito. Nesse processo, é fundamental m 0 n Ito rl n g WIth P4

que as otimizagdes realizadas ndo impegam o escoamento de nenhum fluxo. A titulo de ilustragdo da pertinéncia desse
redimensionamento periddico proposto, considere a ilustragdo abaixo. Ela apresenta o [ ~~'-%~ = #=ffomm =o fomms o e

|
semana no link da RNP que liga o RS a SC (um dos caminhos na rede académica para est
. O r O I l ro e c S aS e O I I Como resultado final, espera-se poder observar as politicas de fluxos sendo executadas
eficiente de trafego em uma infraestrutura de rede de tamanho sempre compativel com
RS - SC | 10G | Trafego UNIVERSIDADE FEDERAL DO RIO GRANDE DO SUL - UFRGS
INSTITUTO DE INFORMATICA - INF
p e n ow a. I l O S O V e 21 PROGRAMA DE POS-GRADUAGAO EM COMPUTAGAO - PPGC
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I ( ’r‘ >I l I |< > WO r I I l ro ( >I I lS _‘2-' 1.06 TRABALHO EXTRA-CLASSE - EXPLORANDO P4 PARA DEPURAGCAO DE PROBLEMAS DE DESEMPENHO EM
o APLICACOES
' 30 31 01 02 03
B Entrada  Atual: 506.10M Medio: 1.23G Maximo: 4.49 G Do ponto de vista de redes de telecomunicagbes 4G/LTE, o backhaul € tipicamente composto de niveis hierarquicos de
B Saida Atual 179.19M Medio: 270.83M Maximo: 746.04 M agregacao, tal como ilustrado na Figura 1 abaixo (extraida de R. da Costa Filho et al. [1]). RAN/Edge é o ponto de agregagéo

- mais préximo dos dispositivos finais, implantado na casa dos milhares em uma rede de escala nacional, juntando muitas (ordem
de 10) estagGes radios-base (RTT = 4-6 ms). Aggregation consiste em ponto intermediario de agregacao, implantado na casa
OBSERVACOES IMPORTANTES de muitas centenas ou alguns poucos milhares (RTT = 5-12 ms). Core é o ponto de agregagéo mais proximo do niicleo da rede,

] ]
. . ) implantado na casa de poucas centenas (RTT = 7-20 ms). Outro aspecto importante dessas infraestruturas é a presencga de
e  Otrabalho é individual. pontos destinados ao armazenamento temporario de contetdos, dos quais usuarios finais podem recupera-los mais
, e  Deveré ser entregue: eficientemente (e.g., com menores atrasos fim-a-fim).

o o cddigo fonte do controlador, fartamente documentado;

N . . Small Cell /
o artigo cientifico sumarizando o trabalho conduzido e os resultados ol e

] n n
n etW O r k I n — O r I e n t e d ro ' | t I n O E — e Anota do trabalho estd condicionada a apresentagdo do mesmo, em data a sel L -
, e Data de entrega do trabalho: 21/06 L \
Core

RAN /\Edge Agregation
(« JD =

oriented routing, network
telemetry, ... |

o B (oo o o

Figura 1: Redes de telecomunicagdes 4G/LTE, sua estrutura hierarquica e oportunidades de offloading de contetdos

G reen netwo rki ng -oriented Fonte: R. da Costa Filho et al. [1]

Apresentadas as informagdes contextuais acima, e assumindo uma rede totalmente programavel via SDN/P4, projete e

ro uting With Open FIOW desenvolva um mecanismo que permita — via In-Band Network Telemetry [2,3] — depurar precisamente problemas de

desempenho em uma aplicagao (i.e., conjunto de fluxos) de interesse. A ideia basica é que cada pacote desse(s) fluxo(s), ao

[ | |
n ingressar na rede, tenha um cabegalho de telemetria adicionado. A cada salto, incluindo o primeiro e o Ultimo, devem ser
. I V r W r I l l r coletadas e armazenadas “condi¢coes” de rede (e.g., timestamp, delay do salto, tamanho da fila e fluxos competidores)
[ , observadas pelo pacote. No dltimo salto, o cabegalho de telemetria deve ser removido do pacote e enviado a uma aplicagao de

monitoragdo executando em um controlador externo. Essa aplicagdo de monitoragdo deve, em tempo real, apresentar o

desempenho da aplicagdo escolhida e, em caso de degradacgao (e.g., delay acumulado acima de um limiar), informar a(s)

technical report/paper and

[1] R. da Costa Filho, W. Lautenschlager, N. Kagami, M. Luizelli, V. Roesler, L. Gaspary. Scalable QoE-aware Path Selection
in SDN-based Mobile Networks. In Proceedings of the IEEE INFOCOM 2018 - IEEE Conference on Computer

[ | [ |
_} Communications, 2018.
[2] In-band Network Telemetry (INT), Working Draft. https://github.com/p4lang/p4-applications/blob/master/docs/INT.pdf.
August 2018.

[38] Telemetry Report Format, Working Draft. https:/github.com/p4lang/p4-applications/blob/master/docs/telemetry_report.pdf.
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Project-based learning e

Mininet creates a realistic virtual network, running real kernel, switch and application code, on a single machine Get Started

A truly engaging experience sk bl gber i et

Walkthrough

Overview

I ® - controllers
’
m /.'\. .. switches Download

. hosts Documentation

) Papers
Videos

* Lots of online materials available ot o can sl 1t i v ot g e M L e 1, izt shs R b i
(tUtO”aISa virtual maChmeS, exampleS, Emulating Software Defined Wireless Networks (2015 - )

etc.) and an active community N
N

Mininet-WiIFi

Emulator for Software-Defined Wireless Networks

 Mechanisms can be designhed and
tested using a single machine

* Assignment preparation and
develOpment Can be Very time— m Ecosystem Specifications Learn Blog Events Commun ity v
consuming

* Possibility to correlate concepts from P4 Open Source
CS, CE, and other areas Programming Language

Programming Protocol-independent Packet Processors (P4) is a

table routing {
cey = { ipv4.dstAddr : lpm; }

domain-specific language for network devices, specifying how data
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