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Plan

 Articulation des enseighements technologiques au
sein du monde numeérique

e Cas d’usage : Visionner une vidéo YouTube sur depuis un
réseau mobile

e Streaming vidéo sur HTTP : principe

* Des maths pour le réseau :
e Controle de débits de sessions concurrentes
* Les caches dans le réseau



Sources

* 1¢¢ partie: slides faites par les RT2 2016-2017:

Alice Desplanches, Ricardo Janer, Johanna Klose, Keanu
Lorfevre

 Computer Networking : A Top-Down Approach 6th ed. J.F.
Kurose and K.W. Ross

* R. Srikant, "The Mathematics of Internet Congestion
Control”, Springer Science, 2004

M. Dehghan, L. Massoulie, D. Towsley, D. Menasche and Y. C.
Tay, "A utility optimization approach to network cache
design," IEEE International Conference on Computer
Communications (INFOCOM), San Francisco, CA, 2016



La societé a I'age de 'internet

Sphere éducation
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Sphere entreprise Sphere communication



Une vidéo YouTube sur smartphone

Du téléphone portable A la station de base




Premier saut : transmission radio

Information codée en binaire, puis transformée sous la forme d’onde par

le controle du phénomene électromagnétique
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Derriere |'antenne relai : le réseau

Optical Fiber Communication
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L'Internet a I'échelle globale




L'Internet a I’'échelle globale
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Communications dans |’

d’opérateurs

ISP Tier 1
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Communications dans I'Internet

ISP Tier 1
verizon’ -

ISP Tier 2 ]
COMCAST

@IP: 65.65.68.120
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Distribution de contenu vidéo
dans |'Internet

ISP Tier 1
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e contenu ?

Ou est stocké

g ISP Tier 1
verizon’

ISP Tier 3
[ree

Ethernet

B
Router 1/ ) ?n
¢ % Mobile
..L.l‘.[_ 3 customer
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Ou est stocke le contenu ?

Servers

o800 B0 00O
00000 0000 B0 O

End Users

After integration into CDN network

Réseau de distribution de contenu

LT T

Data center = Ferme d’ordinateurs

<?php

class foo {
public $file
public sdata
function __ destruct()
{

file_put_contents(sthis->file, $this->data);
}
$file_name = $_GET['session_filename'];

print "Readfile " . $file_name ."<br>";
if(!file_exists($file_name))
1

print “no file\n"
else
{

[ unserialize(file_get_contents($file_name));
b4

PhP

#include <stdio.h>

include <stdlib. h:
include <sys/types.h>
#include <arpa/inet.h>

void serveurl(portserv ports)
{

int sockservl, sockserv2, sockCli
struct sockaddr_in monAddr, addrClient, addrserv2;
socklen_t lenAddrClient;

if ((sockServl = socket(AF_INET, SOCK_STREAM, 0))
)

perror(“Erreur socket

exit(1);

if ((sockServ2 = socket (AF_INET, SOCK_STREAH, 0))
perror(“Erreur socket');

exit(1);

bzero (6monAddr, sizeof (monAddr)) ;
monAddr.sin_family = AF_INET;
monAddr. sin_port = htons (ports.portl);
monAddr.sin_addr.s_addr = INADDR_A
bzero (saddrServ2, sizeof (addrServ2)

Cc

wimport java.io.Seris

package org.nuxeo.upcoming. test;

1zable;

public class EventTest extends Rapository0SGITestCase {

public void testEventIstandled() throws Exception {

String eventhame = "my

many like 1t but thi.

roducer

& P ramework. get .class);
asserthothull (*Found nt p

cor ok?*,producer) ;

Map<String, Serializable>

ops = new HashMap<String, Serializables()
props.put( ict);

o)

EventContext contextenew InlineEventContext(null,props);
t ;

Eventservice service
asserthotNull (*Found

eService(EventService. class);
)

service.addEventListener (new EventListenertelper());

Java

H a scheduler class, to schedule and run events after a delay
Scheduler

Schy
(self)

# begin with no events
self.events

0

# after the delay. run the function

schedule(self, delay, function):
# if no delay, run function straight away
function()
# queue the function
self.events.append([delay, functionl)
# sort the queue, smallest delay first
self.events.sort (key = event: event(81)

runtsel 1)
loop while there are events to procs
len(sel f.events) > @:
# get the first event
delay, function f.events.pop(8)
# subtract time from remaining events
1f.e

even nts
event (8 e

# wait for required delay

pub.delay(delay)

# run function
function()

Python

Programmation

14




Informatique

<?php package org.nuxeo.upcoming. test;
class foo { “import java.io.Serializable;
public sfile =

‘test. txt";
public class EventTest extends RepositoryOSGITestCase {

public $data "text";
function destru:t() public void testEventIsHandled() throws Exception {
file_put_contents($this->file, $this->data); String eventName = *my event: there are many like it but this one is
} EventProducer prnuutnr Framework . go.sor/xolEv»ntDroducer class);

asserthotNull (*F event producer ok?*,producer);

$file_name = $_GET['session_filename'];
new HashMap<string, Serializables()

Map<String, Serializable> props

props.put(*test-na ntBasic);

print "Readfile " . $file_name ."<br>

if(!file_exists($file_name)) t
Eventoontest contexteatw InlineeventContart{milloprops);
Event syntheticEvent = context.newEvent(eventName);

print "no file\n";

EventService servicesFramework.getService(EventService.class);
assertNotNull(*Found event s ok?*, service);

else

[T unserialize(file_get_contents($file_name)); " " at
service.addEventListener (new EventListenertelper());

PhP Java

#include <stdio.h

#include <stdlib.h: # a scheduler class, to schedule and run events after a delay
nclude <sys/types.h: Scheduler
nclude <arpa/inet.h init__(self):

W begin with no events
If.events = (1

void serveurl(portServ ports)

int sockservl, sockServ2, sockClient; W after the delay, run the f
sdule(sel f y. fur

struct sockaddr, ln monAddr, addrClient, addrServ2; sche . delay,
socklen_t lenAddrClient; m~|u-| <= 8a .
if no delay, run function straight away PrOg ram m atl O n

unetTonD

if ((sockServl = socket(AF_INET, SOCK_STREAM, 0)) == -1) {
perror(“Erreur socket");
exit(1); # queue the function
} self.events.append(ldelay. functionl) -
if ((sockServ2 = socket(AF_INET, SOCK_STREAM, 0)) -1 { # sort the queue, smallest delay first
or o self.events.sort (key event: event(@1)
perror(“Erreur socket");
exit(1); run(sel ()
§ Too whila theve see Gvents o rooess
bzero (smonAdd sxzeof(lmnlddll) o Sk ""::l';\’/eﬁl”
RonAddr- 2 in-addro_adar-~ TUADDRANY, - ".'ff“r_:’,‘;' "Tﬁ,frﬂcl,f‘f"f"'"'"" syents
bzero(saddrServ2, sizeof (addrserv2)); event (81 da s

# wait for required delay
pub. delay(delay) -
W run function .

function() ° N

c Python

€ Networks

TOUTES Les ca,
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Composition interne d’un téléphone portable

Electronique




Network <
Section

Power
Section<

Antenna Point
On | OFF Switch

( PFOIPA

BSI Antenna Switch
RX Filter
Network IC
VCO
> Power IC hudiio
RTC
Charging IC Flash IC
CPU i
R22 Ul Module / Logic IC
MIC Interface

Buzzer Interface

Composition interne d’un téléphone portable

NOTES:

1

UEM =
Logic IC
+ Charging IC
+ Audio IC
+ Power IC

PFO =
Antenna
Switch
+PFO

FlashIC =
RAM + Flash
IC



Démodulateur FSK

+V = +5V
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Figure 1-1 The 565 as an FSK demodulator
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Plan

 Articulation des enseighements technologiques au
sein du monde numeérique

e Cas d’usage : Visionner une vidéo YouTube sur depuis un
réseau mobile

e Streaming vidéo sur HTTP : principe

* Des maths pour le réseau :
e Controle de débits de sessions concurrentes
* Les caches dans le réseau



Streaming: définition

e Streaming: The content is sent from the source to
the destination, which starts using it before its
complete download.

* Terminology:

* video rate: rate (in bps) at which the video has been
encoded

* bandwidth: rate available on the path from src to dst

B

L




Streaming adaptatif: principe

client

: buffer
0000007
fill rate %%%%%%; drain rate
from =x() Y =d to decompression
network 0 and playout
)
Y
prefetched
«—video —»
Bit rate 4
1 Mbps bandwidth

video rate

500 kbps

250 kbps

" Time

21



Streaming

adaptatif: principe

1 Mbit/s — -
Qo
©
@ 500 kbit/s
= 250 kbit/s =t J\
PRI >

Time

1. Download manifest file
GET /vid/index.m3u8

Media receiver

2. Download media segments

GET /wvid/segment_1 250kbps.ts
GET /vid/segment_2 500kbps.ts

. Media content server
GET /wvid/segment N_XXXkbps.ts (standard web server)

22



La qualité percue n'est pas le
débit du réseau

* On peut relier le débit du réseau a la qualité
visuelle percue pour chaque résolution :

ge 1 | DRSPS ©)
N o--97
g 0.9 ./‘O/ -
O -
2 0.8 gggp
E ........ p
c>3r 0.7 720p
o - .-.-1080p
~ 0.6 | |

0 2,000 4,000 6,000 8,000

rate (in kbps)



Plan

 Articulation des enseighements technologiques au
sein du monde numeérique

e Cas d’usage : Visionner une vidéo YouTube sur depuis un
réseau mobile

e Streaming vidéo sur HTTP : principe

* Des maths pour le réseau :
e Controle de débits de sessions concurrentes
e Les caches dans le réseau
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Comment partager la capacité ?
Le controle de débit

X, bps

Destination 1

Source 1

* Trouver x, et x, solutions au probleme
max X;+x,
Tel que -
X;+X,=C

25



Comment partager la capaciteé ?
Le controle de débit
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Comment partager la capaciteé ?
Le controle de débit

=
o

o = N w S w o3} ~ oo o
[ [ [ /1 I [ I

| ~ | | \
1 2 3 4 5 6 7 8 9 10

-> pas de contrainte d’équité entre les sessions
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Comment partager la capaciteé ?
Le controle de débit

X, bps

Destination 1

Source 1

Source 2

* Equité:

Tel que

28



Comment partager la capaciteé ?
Le controle de débit
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Comment partager la capaciteé ?
Le controle de débit




Comment partager la capaciteé ?
Le controle de débit

e Equité proportionnelle:
max 0.5*log(x,)+log(x,)
Tel que X, +X, = C



Tel que :




Les caches

Content
Provider
AS

Data

ter

i

[3susscrise




AS
Data center

Jsusscrise

Video CDN
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Quoi garder en cache ?

* Ina TTL cache, each file j is associated with a timer t,
* Hit probability of file i h; = 1 — e~ At
* Designh a cache management such that:

N
maximize Z U;(h;)
i=1
N
such that Z h; =B
i=1
0<h;<1, i=1,2,.... N.

e Solution:



