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Redes de Nueva Generacion

- Ultima asignatura sobre redes en el titulo

* Ajustandome a las competencias del titulo, he hecho
una seleccion de tecnologias relacionadas con las

redes y que creo son del ambito de los
Ing. Telecomunicacion



Redes de Nueva Generacion

Diversos temas

Pasado, presente y futuro de las redes
Internet

Servicios, que son el motivo para construir las redes y que nos
van a condicionar su diseno

Protocolos (jmas protocolos!)
Pero también fundamentos, evolucion, arquitectura...

Cdomo se pueden resolver problemas de escalado de servicios
para la Internet actual

Y llegaremos hasta “la nube”
Respecto al grado cambiamos de escala
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Mega = 10°
Giga = 10°
Tera = 1072
Peta = 10"
Exa =107

Zetta = 1041

Escala



Mega = 106
Giga = 109
Tera = 10"?
Peta = 10"
Exa =107
Zetta = 104

Escala

Orbita geoestacionaria son
36 Mm de altitud

Distancia de la tierra al sol
son unos 150Gm

Orbita de Neptuno a unos
4.5Tm del sol

1 ano-luz son unos 9.5Pm

1Zm es aproximadamente el
diametro de la via lactea
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« Cisco Annual Internet Report (2018-2023) © 2020
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Crecimiento del trafico
Cisco VNI (2018)

 “In 2017, the annual run rate for global IP traffic was 1.5 ZB per year (...).
Annual run rate for global IP traffic will reach 4.8 ZB per year by 2022.”
« ¢ Cuanto es un Zettabyte?
 1h de video a 1080p puede ocupar aproximadamente 2 GB
« 1ZB/2GB=102"/2x10° = 5x10"" horas de video a 1080p
« O mas de 57 millones de afos de video
5 millones de afos tardarias en ver todo es
26% CAGR
soupongamos laspoblacion mundial de unos 8.000 millo

de'60"peliculas de 2h en streaming en HD
« O mas de 200 Hlamadas telefonicas de 3
Exabytes ,qq
per Month 150
100 122
Zetta = 102" Bytes

1 ZB = Mil millones de TB 2017 2018 2019 2020 2021 2022

personas
y afo
a al dia

Source: Cisco VNI Global IP Traffic Forecast, 2017-2022

http://www.cisco.com/go/vni



Crecimiento del trafico

Cisco VNI (2018)

« “At the end of 2017, 59 percent of IP traffic and 51 percent of Internet traffic
originated from non-PC devices. By 2022, 81 percent of IP traffic and Internet
traffic will originate from non-PC devices (Figure 4).”

450 0 9
26% CAGR @ Other (0.01%, 0.02%)

400 @ Non-Smartphones (0.1%, 0.1%)
350

300 ® M2M (3%, 6%)

ExabYteS a20 B PCs (41%, 19%)
per Month 200
150 W TVs (32%, 24%)
100 @ Smartphones (18%, 44%)
5 .
0

2017 2018 2019 2020 2021 2022

2017=2022

W Tablets (5%, 6%)

o

* Figures (n) refer to 2017, 2022 traffic share
Source: Cisco VNI Global IP Traffic Forecast, 2017-2022



Pbps
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Crecimiento del trafico

Cisco VNI (2018)

“Busy-hour Internet traffic is growing more rapidly than average Internet traffic.”

B Busy Hour Internet Traffic (CAGR 37%)

B Average Internet Traffic (CAGR 30%)

Global internet traffic

1992
1997
2002
2007

= 2017
2022

100 GB per day

100 GB per hour

100 GB per second
2,000 GB per second
46,600 GB per second

150,700 GB per second

Source: Cisco VNI, 2018.

2017 2018 2019 2020 2021 2022

Source: Cisco VNI Global IP Traffic Forecast, 2017-2022

http://www.cisco.com/go/vni



Dispositivos

Cisco VNI (2018)

« “The number of devices connected to IP networks will be more than three times
the global population by 2022.”

Cisco AIR (2020)

« “Globally, devices and connections are growing faster (10 percent CAGR) than
both the population (1.0 percent CAGR) and the Internet users (6 percent

CAGR). “

10% CAGR
2018-2023

Billions of
Devices

30
25
20

10
5
0

Other (2.1%,3.9%)
M Tablets (4%,3%)
" PCs (7%,4%)
BTVs (13%,11%)
m Non-Smartphones (13%,5%)
m Smartphones (27%,23%)
B M2M (33%, 50%)

2018 2019 2020 2021 2022 2023

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

Source: Cisco Annual Internet Report, 2018-2023

http://www.cisco.com/go/vni



Video

Cisco VNI (2018)

« “Globally, IP video traffic will be 82 percent of all IP traffic (both
business and consumer) by 2022, up from 75 percent in 2017.”

« “Live Internet video will account for 17 percent of Internet video traffic
by 2022.”

* ‘“Internet gaming traffic will grow ninefold from 2017 to 2022, a CAGR of
55 percent. Globally, Internet gaming traffic will be 4 percent of global
IP traffic by 2022, up from 1 percent in 2017.”

450 B Gaming (1%, 4%)
26% CAGR
20?7(22322 400 B File Sharing (7%, 2%)
350 @ Web/Data (17%, 12%)

300

250
00 @ Internet Video (55%, 71%)

150 —
100 [
B

0

2017 2018 2019 2020 2021 2022

IP VOD/ Managed IP Video (20%, 11%)

Exabytes
per Month

* Figures (n) refer to 2017, 2022 traffic share
Source: Cisco VNI Global IP Traffic Forecast, 2017-2022

http://www.cisco.com/go/vni



Video

Cisco AIR (2020)

 “An Internet-enabled HD television that draws couple - three
hours of content per day from the Internet would generate as
much Internet traffic as an entire household today, on an
average. “

« ‘“the bit rate for 4K video at about 15 to 18 Mbps is more than
double the HD video bit rate and nine times more than
Standard-Definition (SD) video bit rate. “

« “We estimate that by 2023, two-thirds (66 percent) of the
installed flat-panel TV sets will be UHD, up from 33 percent in
2018



Movil
Cisco AIR (2020)

« “By 2023, 4G connections will be 46% of total mobile connections, compared to
42% in 2018 (Figure 8).”

Figure 8. Global mobile device and connection growth

7 eam» 3G and Below
6 (55.3%, 29.0%)
e 4G (42.1%, 46.0%)
5
Billions of e 5G (0.0%, 10.6%)
Devices or
[ ]

Connections 3 LPWA (2.5%, 14.4%)

Note: This view includes
M2M. LPWA includes
cellular LPWA (e.g., NBIOT)
and non-cellular LPWA (e.g.,
LORA)

2018 2019 2020 2021 2022 2023 * Figures (n) refer to
2018, 2023 network
connection type share

LPWA = Low-Power Wide-Area Source: Cisco Annual Internet Report, 2018-2023



Dispositivos moviles

Cisco AIR (2020)

« “A growing number of M2M applications, such as smart meters, video
surveillance, healthcare monitoring, transportation, and package or asset
tracking, are contributing in a major way to the growth of devices and
connections. By 2023, M2M connections will be half or 50 percent of the total
devices and connections.”

« “By 2023, there will be 8.7 billion handheld or personal mobile-ready devices
and 4.4 billion M2M connections (e.g., GPS systems in cars, asset tracking

systems in shipping and manufacturing sectors, or medical applications making
patient records and health status more readily available, et al.). ©

Figure 7. Global mobile device and connection growth

8% CAGR 14
2018-2023 12 = Smartphones (46%, 41%)

—
I
= = Phablets (9%, 11%)
‘] 0 —
p— s M2M (13%, 34%)
Billions of 8 a Nonsmartphones (27%, 11%)
Devices 6 Tablets (2%, 2%)
4 m PCs (2%, 2%)
= Other Portable Devices
2 (0.1%, 0.1%)
* Smartphone category
0 including phablets

2018 2019 2020 2021 2022 2023 * Figures (n) refer to 2018,

2023 device share



M2M

Cisco AIR (2020)

« “Globally, M2M connections will grow 2.4-fold, from 6.1 billion in 2018 to 14.7
billion by 2023 (Figure 4). There will be 1.8 M2M connections for each member
of the global population by 2023.”

« “Connected home applications, such as home automation, home security and
video surveillance, connected white goods, and tracking applications, will
represent 48 percent, or nearly half, of the total M2M connections by 2023,
showing the pervasiveness of M2M in our lives “

Figure 4. Global M2M connection growth

19% CAGR 16.0
2018-2023 o

12.0

14.7
10.0
Billions of 4,
Connections co 7.4
4.0
2.0

0.0
2018 2019 2020 2021 2022 2023

Source: Cisco Annual Internet Report, 2018-2023



M2M

Cisco AIR (2020)

« “Connected car applications such as fleet management, in-vehicle entertainment
systems, emergency calling, Internet, vehicle diagnostics and navigation etc. will
be the fastest-growing category, at a 30 percent CAGR. Connected cities
applications will have the second-fastest growth, at 26 percent CAGR."

«  “While traditionally the traffic from M2M connections has been less than that
from the end user devices such as smartphones, TV sets and PCs, we estimate
that the amount of traffic is growing faster than the number of connections
because of the increase of deployment of video applications on M2M
connections and the increased use of applications, such as telemedicine and
smart car navigation systems, which require greater bandwidth and lower
latency.”

Figure 5. Global M2M connection growth by industries

Global M2M connections/loT growth by vertical
19% CAGR By 2023, connected home largest, connected car fastest growth
2018-2023
16 -

12 4
Billions of
M2M 8-

Connections
4 4

0 4

2018 2019 2020 2021 2022 2023

#Connected Home (20% CAGR) nConnected Work (15% CAGR) »Connected Health (19% CAGR)
= Connected Cities (26% CAGR) Connected Car (30% CAGR) = Mfg and Supply Chain (8% CAGR)
= Retail (11% CAGR) =Energy (24% CAGR) = Other (27% CAGR)



BGP RIB Entries

IPv4 : Tablas de rutas
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IPv4 address exhaustion

Table 3. IPv4 address exhaustion dates

Regional Internet Registries Exhaustion Date

Asia Pacific Network Information Centre (APNIC) April 15, 2011 (actual)
Réseaux IP Européens Network Coordination Centre (RIPE NCC) September 14, 2012 (actual)
Latin America and Caribbean Network Information Centre (LACNIC) June 10, 2014 (actual)

American Registry for Internet Numbers (ARIN) September 24, 2015 (actual)

African Network Information Center (AFRINIC) 13 January 2020: AFRINIC enters IPv4 Exhaustion Soft-
landing Phase 2

AFRINIC has no more than one /11 of non-reserved IPv4
space available in the final /8.

i | i |
| — < ! |
| i N m o A |
- 0| 29828 |3 o |
{ > > o { .
| ) o5 &= & | | o  Time
! 7} - ! Z " 0WZE A | = N
—e - - —P
,//// = \ ,/’
RFC 791 The WOrId :‘ RFC 1519 RFC 1883 IPv4 exhausted /
1Pv4 standard  First commercial ICIDR proposed \ IPv6 proposed IANA allocates last /
RFC 1338 free /8 address block /
First description of RFC 1631 /
Creation of ROAD t“eé’;’g?::‘t'on NAT proposed RIPE NCC's final /22 IPv4 allocation
Routing & Addressing Allocated from the last remaining
Group addresses in its available pool
This work is a derivative of "IPv4 address exhaustion timeline" by Michel Bakni, used under CC BY-SA 4.0. This work is licensed under CC

BY-SA 4.0 by RIPE NCC.



IPv4 address exhaustion

RIPE NCC 1Pv4 Pool

2
2 -
105
1
0 = " " - ‘ " " "
0 0 A A 2 > 23
1,207 1,20 \, 20 \, 202 \ 2% £ 2% 1,20 1, 20¢
‘\3(\ 3\_)\ ‘\',3('\ )\l\ ‘\g('\ 3\,)\ 53('\ 3\1\
Il Millions of IPv4 Addresses Reserved We use a waiting list to allocate recovered IPv4 addresses to our members. The table above shows the
s 2 y r number of requests already on the waiting list and the number of days that the LIR at the front of the
| Millions of IPv4 Addresses Available Outside 185/8 queue has been waiting. This is also shown on the graph below, which should fluctuate over time - falling
Bl Millions of IPv4 Addresses Available in 185/8 when recovered addresses become available and are allocated, and rising as new IPv4 requests are added
to the waiting list. Both the table and graph are updated every three hours.
IPv4 Waiting List Graph
1400
1200 | L ettt ittt
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AFRINIC
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] LURsinqueve ] Days that first LIR has been waiting

2013 2014 2015 2016 2017 2018

Mreserved M available

2018 2020 2021 2022

https://stats.afrinic.net/ipv4/exhaustion/ipv4 _available

2023



IPv4 vs IPv6

Siempre est: luando la di ibilidad de la ividad de IPv6 entre ios de Google. En este grafico, se muestra el porcentaje de usuarios que
acceden a Google a través de IPv6. 180000 T T T T T T T T T T T T T T T T T T T
Native: 37.87% 6tod/Teredo: 0.00% Total IPv6: 37.87% | Jan 11, 2023
45.00% 160000
40.00%
140000
35.00%
~ 120000 -
30.00% 2
25.00% '? 100000
20.00% & 80000 |
15.00% g
£ 60000 [
10.00%
40000
5.00%
0.00% 2010 2020 20000
https://www.google.com/intl/es/ipv6/statistics.html
. . - - 0 04 05 06 07 03 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Siempre estamos evaluando la disponibilidad de la conectividad de IPv6 entre Date
usuarios de Google. En este gréfico, se muestra el porcentaje de usuarios que https://bgp.potaroo.net

acceden a Google a través de IPv6.”

20
18
16
14

Number of 12
Devices 10
(Billions)

26% CAGR

2017-2022

@ IPv6 Capable Mobile Devices
@ IPv6 Capable Fixed Devices

(e}

O N B O

2017 2018 2019 2020 2021 2022

Source: Cisco VNI Global IP Traffic Forecast, 2017-2022



IPVv6

This graph shows the percentage of networks (ASes) that announce an IPv6 prefix for a specified list of countries or groups of countries
50%

All Countries
45% APNIC region
ARIN region
LACNIC region
RIPE region

40%

Add country/grouping.. |v ]—

35%

30%

25%

20%

15%

10%

5%

0%
2004 2006 2008 2010 2012 2014 2016 2018 2020

http://v6asns.ripe.net/v/6?s=_ALL;s=_RIR_APNIC;s=_RIR_AfriNIC;s=_RIR_ARIN;s=_RIR_LACNIC;s=_RIR_RIPE_NCC



Seguridad

“...the nature of the threats is becoming more diverse. The list includes
Distributed  Denial-of-Service (DDoS), ransomware, Advanced
Persistent Threats (APTs), viruses, worms, malware, spyware, botnets,
spam, spoofing, phishing, hacktivism and potential state-sanctioned
cyberwarfare.”

“There were a total of 1,272 breaches with a total of nearly 163 million
records exposed as of the month of November in 2019. The number of
records exposed per data breach averaged 128,171 year-to-date in
2019, according to 2019 Identity Theft Resource Center, with the
highest number of breaches in the banking category and the healthcare
industry experienced the breach of the highest percentage of sensitive
records. “

“Average cost of a lost or stolen record continues to increase,
according to the IBM Security and Ponemon Institute 2018 Cost of Data
Breach Study and it is globally $150 in 2019 compared to an average of
$148 in 2018. “



Seguridad

« “...1H 2018 [...], the peak DDoS attack size was a dramatic 1.7 Tbps, a
179 percent increase from 1H 2017

“‘DDoS attacks can represent up to 25% of a country’s total Internet
traffic while they are occurring.”

Figure 21. Number of DDoS attacks: Attacks will double to 15.4 million by 2023 globally

14% CAGR
2018-2023 [T

14.0
12.0
10.0
8.0
6.0
4.0
2.0
0.0

Millions

2018 2019 2020 2021 2022 2023

Source: Cisco Annual Internet Report, 2018-2023



CDNs

“CDNs will carry 72 percent of total Internet traffic by
2022 (...), up from 56 percent in 2017.

Figure 24. Global content delivery network Internet traffic, 2017 and 2022

30% CAGR 400 B Non-CDN Internet Traffic (44%, 28%)
o
2017-2022 350 B CDN Internet Traffic (56%, 72%)

300

250

Exabytes o
per month

150

100

0

2017 2018 2019 2020 2021 2022

* Figures (n) refer to 2017, 2022 traffic share
Source: Cisco VNI Global IP Traffic Forecast, 2017-2022



Cisco Global Cloud Index

 Hemos dicho: “In 2017, the annual run rate for global IP traffic was 1.5

ZB per year (...) will reach 4.8 ZB per year by 2022 (...)"
o« (...)
N Cisco Visual Networking Index
: Algunas predicciones (Noviembre 2018)

* “In 2017, the annual run rate for global IP traffic was 1.5 ZB per year (...). Annual
run rate for global IP traffic will reach 4.8 ZB per year by 2022.”

26% CAGR [N
2017-2022 ‘y""

Exabytes
per Month 5 i i

2017 2018 2019 2020 2021 2022

0 VNI Global IP Traffic Forecast, 2017-2022

http://www.cisco.com/go/vni




Cisco Global Cloud Index

 Hemos dicho: “In 2017, the annual run rate for global IP traffic was 1.5
ZB per year (...) will reach 4.8 ZB per year by 2022 (...)"

« “Annual global data center IP traffic will reach 20.6 zettabytes (1.7 ZB
per month) by the end of 2021, up from 6.8 zettabytes (ZB) per year

(568 EB per month) in 2016.”
 (...)



Cisco Global Cloud Index

 Hemos dicho: “In 2017, the annual run rate for global IP traffic was 1.5
ZB per year (...) will reach 4.8 ZB per year by 2022 (...)"

« “Annual global data center IP traffic will reach 20.6 zettabytes (1.7 ZB
per month) by the end of 2021, up from 6.8 zettabytes (ZB) per year
(568 EB per month) in 2016.”

 “Global cloud IP traffic will account for more than 95% of total data
center traffic by 2021.”

25% CAGR
2016-2021

25
Data Center Within Data Center
20 to user 71.5%
14.9%
Zettabytes 15
per Year Data Center
to
Data Center
5 13.6%
0
2016 2017 2017 2019 2020 2021 Total East-West traffic will be 85%
. (Rack-local traffic would add another slice
Source: Cisco Global Cloud Index, 2016-2021. twice the size of “Within Data Center")

http://www.cisco.com/c/dam/en/us/solutions/collateral/service-provider/global-cloud-index-gci/white-paper-c11-738085.pdf



Cisco Global Cloud Index

« “By 2021, 94 percent of workloads and compute instances will be
processed by cloud data centers; 6 percent will be processed by
traditional data centers.”

« “Overall data center workloads and compute instances will more than
double (2.3-fold) from 2016 to 2021; however, for cloud those will
nearly triple (2.7-fold) over the same period.”

B Traditional Data Center (3% CAGR) 21% CAGR
600  w Cloud Data Center (26% CAGR) 2015-2020

500

400

Installed
Workload 300
in Millions

200
100

0

2015 2016 2017 2018 2019 2020
Source: Cisco Global Cloud Index, 2015-2020.

http://www.cisco.com/c/dam/en/us/solutions/collateral/service-provider/global-cloud-index-gci/white-paper-c11-738085.pdf



Cisco Global Cloud Index

« “By 2021, data center storage installed capacity will grow to 2.6 ZB, up
from 663 EB in 2016, nearly a 4-fold growth.”

® Other Consumer Apps (29% CAGR) =
" Search (26% CAGR) 233 1'66(_:933
3,000 ®Social Networking (37% CAGR)

" Video Streaming (36% CAGR)
2,500 ®ERP and Other Business Apps (32% CAGR)
® Database/ Analytics / loT (31% CAGR)
2,000 ®™Collaboration (33% CAGR — Consumer

Installed Compute (28% CAGR) -
Storage 1.500
Capacity in "’

Exabytes 1000

2016 2017 2018 2019 2020 2021

~— Business

Source: Cisco Global Cloud Index, 2016-2021.

http://www.cisco.com/c/dam/en/us/solutions/collateral/service-provider/global-cloud-index-gci/white-paper-c11-738085.pdf




Cisco Global Cloud Index

« “(...) the amount of data stored on devices will be (...) 5.9 ZB by 2021.”

The volume of all data stored will almost triple by 2021 from 1.8 ZB to 7.2 ZB.
Most data is stored on client devices, but more moves to the data center over time.

2016 84% Client devices or M2M 16% DC 1.87ZB

2021 82% Client devices or M2M 18% DC 7.27ZB

Data stored on client devices (PCs, tablets, phones, M2M...) Data stored on data centers
1.3
2016 ZB
2021 15% 9% vis 20%
2021
m PCs » Smartphones + Phablets
Tablets M2M Data at rest (Stored)
® External storage S ORI » Data in motion (Traffic)
Stored data on M2M modules grows the fastest at 59% CAGR Data at rest is growing faster than
traffic and exceeds traffic by 2021

Source: Cisco Global Cloud Index, 2016-2021.

http://www.cisco.com/c/dam/en/us/solutions/collateral/service-provider/global-cloud-index-gci/white-paper-c11-738085.pdf



Cisco Global Cloud Index

« “Cisco GCI estimates that nearly 850 ZB will be generated by all
people, machines, and things by 2021, up from 220 ZB generated in
2016.”

« “Most of the more than 850 ZB that will be generated by 2021 will be
ephemeral in nature and will be neither saved nor stored.”

«  “Much of this ephemeral data is not useful to save, but we estimate that
approximately 10 percent is useful, which means that there will be 10
times more useful data being created (85 ZB, 10 percent of the 850
total) than will be stored or used (7.2 ZB) in 2021. Useful data also
exceeds data center traffic (21 ZB per year) by a factor of four.”

- Useable data created per year

—— Data center traffic per year 85

67

52
Opportunity for

Edge or fog
computing

Zettabytes 30 22
per year

2016 2017 2018 2019 2020 2021
Source: Cisco Global Cloud Index, 2016-2021.

http://www.cisco.com/c/dam/en/us/solutions/collateral/service-provider/global-cloud-index-gci/white-paper-c11-738085. pdf



Cisco Global Cloud Index

« “"Examples of Broad Cloud Adoption”

-
In

“Last week, we la
represented hund
usage happened (
slowing down.”

- Netflix Repres

Bank of HL:
America R\

“Our target is to d
virtual platforms W
- Howard Boville,

Source: Cisco

65% currently utilize cloud or cloud serices
within their organization

“Much of the usage leans towards clinical applicaiton and data
hosting, data recoverty and backup... 88% of those using the cloud
do so through the SaaS model, which has become a preferred
deployment method for clinical application vendors.”

- 2017 HIMSS Analytics Cloud Survey

SGN e .
Majority of Workloads in the Cloud

“We have an 18-month transformation period, during which about
80% of our application will be cloud-enabled..” -Mo Ahddoud, SGN
Oil & Gas CISCO

“BP is moving it’s advanced workloads’ into the cloud out of its
current data centres.” - Steve Fortune, Group CIO of BP




Cisco Global Cloud Index

“Cybercrime damages will cost world $6 trillion annually by 2021.”
(“trillion” = billones)

“The cybercrime costs prediction includes damage and destruction of
data, stolen money, lost productivity, theft of intellectual property, theft
of personal and financial data, embezzlement, fraud, postattack
disruption to the normal course of business, forensic investigation,
restoration and deletion of hacked data and systems, and reputational
harm.”

“Cyberthreats have evolved from targeting and harming computers,
networks, and smartphones to people, cars, railways, planes, power
grids, and anything with a heartbeat or an electronic pulse, all powered
by the cloud. ”

“The Cisco 2017 Security Capabilities Benchmark Study also found that
nearly a quarter of the organizations that have suffered an attack lost
business opportunities. Four in 10 said those losses are substantial.
One in five organizations lost customers due to an attack, and nearly
30 percent lost revenue.”

http://www.cisco.com/c/dam/en/us/solutions/collateral/service-provider/global-cloud-index-gci/white-paper-c11-738085. pdf



Cisco Global Cloud Index

« “Every 40 seconds, a business falls victim to a ransomware attack. The
world’s largest shipping companies reported losses in the order of
$300M each from the NoPetya ransomware attack in June 2017.”

* “In October 2017, a DDoS attack crashed the IT system that monitors
train locations in Sweden.”

« “Although end-user security concerns exist, the time of amateur
hackers is long over, and hacking is now an organized crime or state-
sponsored event.”

http://www.cisco.com/c/dam/en/us/solutions/collateral/service-provider/global-cloud-index-gci/white-paper-c11-738085. pdf
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Tendencias

Hype Cycle for Emerging Technologies, 2021

Al Augmented Software Engineering

Nonfungible Tokens

Employee Communications

e Data Fabric

Decentralized Identity
Composable Applications
Generative Al

Multiexperience

Active Metadata Eigital
Management umans
Real-Time Incident

Decentralized
Center-aaS Finance

Composable Networks
Self-l_ntegrating
Applications Homomorphic

Encryption

Industry Clouds

Expectations

Physics-Informed Al

Named Data
Networking

Sovereign Cloud

Machine-Readable Legislation
Influence Engineering
Al-Driven Innovation

Quantum Al-Augmented Design
MC Digital Platform Conductor Tools
Peak of
Innovation Inflated Trough of Slope of Plateau of
Trigger Expectations Disillusionment Enlightenment Productivity
L]
Time

Plateau will be reached:
() less than 2 years ® 2to5years @ 5to10years A more than 10 years @ obsolete before plateau As of August 2021

gartner.com

Source: Gartner

® 2021 Gartner, Inc. and/or its affiliates. All rights reserved. Gartner and Hype Cycle are registered trademarks of Gartner, Inc. and its affiliates in the U.S. 1448000 G a rt n e ro



Hype Cycle for Emerging Tech, 2022

Foundation Models

Web3

Computational Storage
Superapps

Industry Cloud Platforms

Decentralized Identity
NFT
Cloud Data Ecosystems

Internal Talent Marketplaces

Digital Humans
Dynamic Risk
Governance

Observability-Driven
Development

Expectations

et Dot Cloud Sustainability

Platform Engineering
Causal Al

Open Telemetry
Minimum Viable
Architecture
Digital Twin of
a Customer

Metaverse

Augmented FinOps

Machine Learning
Code Generation
Generative Design Al

Cyberseourity Autonomic Systems Peak of
Meshh Innovation Inflated Trough of Slope of
Arehitectre Trigger Expectations  Disillusionment Enlightenment

Plateau of
Productivity

Time

Plateau will be reached:

(O less than 2 years ® 2to5years @ 51010 years A More than 10 years ) Obsolete before plateau As of August 2022

gartner.com

Source: Gartner
© 2022 Gartner, Inc. and/or its affiliates. All rights reserved. Gartner and Hype Cycle are registered trademarks of Gartner, Inc. and its affiliates in the U.S. 1893703

Gartner



Google Trends

* “Internet of Things”

Interés a lo largo del tiempo ¥ o<

1 ene 2004 1 abr 2011 1jul 2018

https://www.google.com/trends/



Google Trends

« “Big Data”

|
A
v
A

Interés a lo largo del tiempo

Nota
Nota

M—W—‘:v_ S N
1 abr 2011 1jul 2018

1 ene 2004

https://www.google.com/trends/



Google Trends

« “Software Defined Networking”

Interés a lo largo del tiempo ¥ o<
| (s) &

1 ene 2004 1 abr 2011 1jul 2018

https://www.google.com/trends/



Google Trends

“Hyperconvergence”

|
A
v
A

Interés a lo largo del tiempo

Nota
Nota

1 ene 2004 1 abr 2011 1jul 2018

https://www.google.com/trends/



Google Trends

* “Cloud Computing”

|4
A
v
A

Interés a lo largo del tiempo

Nota
No

1jul 2018

1 abr 2011

Aa -
1 ene 2004

https://www.google.com/trends/



“Blockchain”

Interés a lo largo del tiempo

Google Trends

|
A
v
A

Nota

T jul 2018

1 ene 2004

1 abr 2011

https://www.google.com/trends/



Google Trends

“5G”

Interés a lo largo del tiempo ¥ O -<:
- P PN &

1 ene 2004 1 abr 2011 1jul 2018

https://www.google.com/trends/



Google Trends

“SD-WAN”

Interés a lo largo del tiempo r o<

https://www.google.com/trends/



Google Trends

« “Docker”

Interés a lo largo del tiempo ¥ o<

-

1 ene 2004 1 abr 2011 1jul 2018

https://www.google.com/trends/



Google Trends

o “Kubernetes’

<> <

Interés a lo largo del tiempo

4

1 ene 2004 1 abr 2011 1jul 2018

https://www.google.com/trends/



Predicciones

Se suelen basar en datos pasados e hipotesis de
continuidad

Linealidad
La realidad es discontinua (ej: 29 de junio de 2007)
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Redes de Nueva Generacion

Vamos a hablar sobre Centros de Datos (Datacenters)
— Sobre la arquitectura de sus redes
— Sobre las nuevas tendencias tecnoldgicas para formarlas
— Sobre almacenamiento y almacenamiento en red
— Sobre virtualizacion (de servidor, de almacenamiento y de red)
— Sobre “la nube”, cloud computing y redes definidas por software

Sobre redes de acceso, MAN y WAN

— Tecnologias
— Ingenieria de trafico

Y sobre analisis y dimensionamiento, problemas de rendimiento
gue surgen, arquitectura de conmutadores, costes, etc.

J \

\
-




Conceptos previos

Venis de:
— Grado con especialidad en Telematica
— O asignaturas de extension sobre redes y servicios

Necesitamos bastantes conceptos que se han visto en el grado
0 en el primer semestre

Las redes hoy en dia son una amalgama de tecnologias y
protocolos

Interactuan entre ellas (para bien o para mal)




Conceptos previos

« Sobre redes

— Conmutacion Ethernet, tecnologias Ethernet, VLANs, STP/RSTP/MSTP,
conmutadores capa 2/3, VRRP, firewalls, routing IP, NAT

— Disefio de LANs (con QoS, routing, gestion y seguridad)
— Tecnologias de acceso: xDSL, FTTH, cable

— Tecnologias WAN: ATM, PDH, SDH, MPLS

— Préximo dia: TRAED DUDAS SOBRE TODO ESTO

Layer 3 Collapsed Core

* ¢Qué ha cambiado? Ahora los conmutadores del acceso son

* Las tramas que lleguen al puerto (sin tag, lo vemos - VLANs

Switch - Router también L2/3

Port VLAN I D (PVI D) « Esto permite limitar una VLAN a una seccién de acceso
« Switch: + Reduce a ese armario el dominio de broadcast y los problemas
« Cada puerto tiene asignado un valor — Puertos conmutados que pueda dar

* Y el sistema de distribucion? (...)

A all Spanning-Tree Proto

PVITp VID,
1

v/tbzi PVI\D:Z Pvriza D=3
| ;l T If MA « Calcula una topologia libre de ciclos
\:;l\ = = « A partir del grafo de la topologia crea un arbol
=, =,

mas tarde) se asignan a la VLAN de namero el PVID — Base de datos de filtrado (tabla de direcciones MAC)
+ 0<VLAN ID < 4095 * Router: .,
VID, — Interfaces virtuales en VLANSs, con sus propias MACs ) iy
I MAC — Enrutados
Ty — Tabla de rutas a
Q B Sl VLAN3, 4,5
pavs Pars P
Al ANn ‘
Al

VLAN1

« ¢Coémo? Seleccionan un puente como ‘raiz”
arbol

« Desactivan los enlaces que no estan en el arbd

Radia Perlman




Conceptos previos

e Sobre servicios
— Arquitecturas de servicio en capas (tiers)

— Protocolos de transporte (TCP) y aplicacion (DNS, HTTP,
etc)

— Rendimiento de protocolos y aplicaciones
— CDNs
— VoIP
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Cuestiones administrativas
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El titulo y las redes
s




Competencias especificas

CE4 - Capacidad para disenar y dimensionar redes de
transporte, difusion y distribucion de senales
multimedia.




Competencias especificas

CE6 - Capacidad para modelar, disefar, implantar,
gestionar, operar, administrar y mantener redes,
servicios y contenidos.




Competencias especificas

CE7 - Capacidad para realizar la planificacion, toma de
decisiones y empaquetamiento de redes, servicios y
aplicaciones considerando la calidad de servicio, los
costes directos y de operacion, el plan de implantacion,
supervision, los procedimientos de seguridad, el
escalado y el mantenimiento, asi como gestionar y
asegurar la calidad en el proceso de desarrollo.




Competencias especificas

CE8 - Capacidad de comprender y saber aplicar el
funcionamiento y organizacion de Internet, las
tecnologias y protocolos de Internet de nueva
generacion, los modelos de componentes, software
iIntermediario y servicios.




Competencias especificas

CE9 - Capacidad para resolver la convergencia,
iInteroperabilidad y diseno de redes heterogeneas con
redes locales, de acceso y troncales, asi como la
integracion de servicios de telefonia, datos, television e
iInteractivos.




Competencias especificas

CE12 - Capacidad para utilizar dispositivos logicos
programables, asi como para disenar sistemas
electronicos avanzados, tanto analdégicos como
digitales. Capacidad para disefiar componentes de
comunicaciones como por ejemplo encaminadores,
conmutadores, concentradores, emisores y receptores
en diferentes bandas.

Switch

Receiving buffers Output Queues

Scheduler —m{
2 handling %
EL g
E - Address lookup 'g

- Traffic classification *‘:D]:Dq_» L

:}.-l:'_. Scheduler —»C)—»




Esta materia en la UPNA

 "Diseno e implantacion de servicios en redes de
comunicaciones’
— “Redes de Nueva Generacion”
— “Despliegue de Servicios Multimedia”

60h 45h 15h

< —

Proyecto

12 ECTS

RNG DSM

Proyecto

H
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Temario

Introduccion

Tecnologias para el centro de datos

Interconexion de redes

Modelado y dimensionamiento de redes y servicios




Temario

0. Introduccion

1. Tecnologias para el centro de datos

Virtualizacion de servidor, red y almacenamiento.
Arquitectura interna de conmutadores y efectos en su rendimiento

Disefio y dimensionamiento de redes de datos para el entorno
Campus y CPD. Escalado, gestion y mantenimiento.

2. Interconexion de redes
3. Modelado y dimensionamiento de redes y servicios




Temario

0. Introduccion
1. Tecnologias para el centro de datos

2. Interconexion de redes
« Tecnologias para soluciones de acceso, WAN y de nucleo

« Encaminamiento interdominio en la Internet publica e ingenieria de
trafico con BGP y MPLS. Supervivencia ante fallos.

«  MAN y WAN para interconexion de CPDs y sedes remotas.
» Overlays. Redes definidas por software.

 Transporte de voz digital en redes de conmutacion de paquetes y
su integracion con datos

» Soluciones de coexistencia de IPv4 e IPv6.
3. Modelado y dimensionamiento de redes y servicios




W=~ o

Temario

Introduccion

Tecnologias para el centro de datos
Interconexion de redes

Modelado y dimensionamiento de redes y servicios

Modelado de fuentes de voz, video y datos (trafico de Poisson,
fuentes On-Off, trafico auto-similar).

Dimensionado de red para transporte de voz, video y datos.

Nuevos problemas de rendimiento y sus soluciones (Incast,
outcast, DCTCP, HTTP2, MPTCP)

3

Client

=)

HTTP 2.0 connection

stream 1 stream 3 stream 3
DATA | HEADERS DATA

stream 1
DATA

..............................................................

stream 5
DATA

=)

$

Server



Actividades de laboratorio

Virtualizacion de servidor y equipos de red
Networking con contenedores
Introduccion a OpenFlow

Analisis y presentacion de casos de planificacion, diseno e
implementacion de infraestructuras para redes multiservicio



Horarios

Lunes de 15:00 a 17:00

Jueves de 15:00 a 17:00

Comenzaremos con teoria en los dos dias
Periodo lectivo (clases) hasta el 25 de mayo

Cuando hayamos visto suficiente teoria se plantearan las
actividades de laboratorio en el mismo horario

LLNES, MARTES MIERCOLES _fommmdME VIERNES
SISTEMAS DESPLIEGUE §E|  REDES DE DESPLIEGUE DE
“EgE:ng\%E'}M INTEGRADOS Y SERVICIOS NUEVA SERVICIOS
15:qo- ey EMBEBIDOS MULTIMED GENERACION MULTIMEDIA
17:4o (720510) (720511) (720508) (720511)
DIRECCION Y
SISTEMAS DE SISTEMAS SISTEMAS GESTION DE -
COMUNICACIONES | INTEGRADOSY | INTEGRADOSY | PROYECTOS TIC R
17:00 AVANZADAS EMBEBIDOS EMBEBIDOS i LT
(720512)
SISTEMAS DE .
SISTEMAS DE SISTEMAS DIRECCION Y -
coxszh%‘t\asnss COMUNICACIONES | INTEGRADOSY | GESTION DE %12551%%13 'gg
19:00- lamli AVANZADAS EMBEBIDOS | PROYECTOSTIC | , CESTIONDE =
21:00 (720509) (720510) i




Planificacion tentativa
Dias | Actividades |Actividades

30 eney 2feb

6 feby 9 feb

13 feb y 16 feb
20 feby 23 feb
27 feb 'y 2 mar

6 mary 9 mar

13 mary 16 mar
20 mary 23 mar
27 mary 30 mar
3 abry 6 abr

10 abry 13 abr
17 abr y 20 abr
24 abry 27 abr

1 may y 4 may

8 may y 11 may
15 may y 18 may
22 may y 25 may

Presentacion

Arquitectura del servicio. DCs
Virtualizacion

NAS. Virtualizacién

Virtualizacion

Overlays

Balanceadores

FESTIVO

Servicios. 1/0O consolidation
Arquitectura y escalabilidad en DCs
FESTIVO

Arquitectura de conmutadores
TRILL. SPB

FESTIVO

L3VPNs. L2VPNs

WAN optimization. HTTP/2, HTTP/3

Procesos de trafico de datos

Cambios en 802.3 y 802.11
Disefio DCs. NICs
Almacenamiento. SAN
Practicas

Practicas

Practicas

Practicas

Practicas

Practicas

FESTIVO

FESTIVO

Practicas

SDN

NFV. Baremetal. Interconexion DCs
Practicas

QUIC, MPTCP

Ejemplos, ajuste temporal, fin



Evaluacion

« Examen: 6 ptos
« Actividades de laboratorio: 4 ptos




Evaluacion

« Examen: 6 ptos

— Sobre todo el temario
— Nota minima del 50% para sumar el resto

— Sin apuntes

« Actividades de laboratorio: 4 ptos

— En cuanto demos suficiente teoria
— Puntos de control y documentos

Resultados de
aprendizaje

R1,R2, R3, R4

R3, R4

R2, R3, R4

Actividad de Peso
evaluacion (%)
Prueba escrita que recoja los conceptos adquiridos (examen sin apuntes) 60
Actividades de laboratorio de resolucién de problemas practicos y comprensién de conceptos 30
10

Revision de una propuesta tecnolégica novedosa (informe individual)

o
=

Caracter Nota minima
recuperable requerida

Si 30% de la nota
total de la
asignatura
No
No
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Presentacion
.

Area de Ingenieria Telematica
http://www.tim.unavarra.es

Master en Ingenieria de Telecomunicacion



