Softwarové definovane opticke sité,
mytus nebo realita a jak se k tomu
postavit?
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Ceské vysoké uceni technické v Praze
Fakulta elektrotechnicka - katedra telekomunikacni techniky

—



Obsah







s _ o .
i ‘K}"g Inteligence v zarizenich




s
/Y:fé Od zarizeni k sitim a distribuované inteligenci

izolovana inteligentni zarizeni

Inteligentni planeta

N
.




DalSim logickym krokem v
technologické revoluci umoznujici
propojit lidi kdekoliv, je provést to

samé, ale udélat to s nezivymi
objekty. A toto je zakladni vizi
konceptu Internetu véci: kdykoliv,

kdekoliv prostrednictvim cehokoliv —
ITU, zafi 2005
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/(‘%fffg Site v lidském tele (Body Area Networks)
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k- Novy princip s uplatnénim datovych center
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Giganticka datova centra




... @ upgrade ? — pridani serveru nebo

rozvadece to je historie




A kolik tam asi bézi serveru ?

e Microsoft has more than 1 million servers, according to CEO Steve
Ballmer (July, 2013)

* Facebook has “hundreds of thousands of servers” (Facebook’s Najam
Ahmad, June 2013)

 OVH: 150,000 servers (company, July, 2013)

« Akamai Technologies: 127,000 servers (company, July 2013)

e SoftLayer: 100,000 servers (company, December 2011)

* Rackspace: The strong growth of the Rackspace Cloud has boosted the
total for this San Antonio-based provider to 94,122 servers as of March
31, 2013 (Source: Company press release)

* Intel: 75,000 servers (company, August, 2011)

e 1&1 Internet: “More than” 70,000 servers (company, Feb. 2010)

» eBay: 54,011 servers (DSE dashboard, July 2013)

* LeaseWeb: 36,000 servers (company, Feb. 2011)

* Intergenia: (PlusServer/Server4You), 40,000 servers (company, 2013)

x (20-50) VM servers per physical hosts




HESLO — vsechno ,zvirtualizujeme"

Outsourced Merged New Segregated Department
IT Department Company (Reulatory Compliance)

= Sa e
A N
|

A

o P AW
o - I SR ¥
= | = i T
Virtual Network Virtual Network

/;H H

Computing

Storage Humans ???




(‘LL(J'";{ ; o
/ “\"3{'4}? Hlavni myslenka

jeden
monoblok
vykonného HW

nasledné
diferenciace HW
zdrojU a funkci jen
pomoci SW
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/\‘f’? Rushing/Mice/Elephant toky

RUSHING - toky s malou latenci a
ruznorodou rychlosti

MICE - toky s malou pozadovanou
kapacitou radu jednotek az desitek

Mbit/s a kratkou dobou trvani stovek

milisekund az do jedné sekundy

ELEPHANT - toky s velkou pozadovanou
kapacitou fadu 10 Gbit/s a vyse s

dobou trvani stovek milisekund az
jednotek sekund
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Paketové orientované sité se striktni prioritou (EF class

L2 — Ethernet (CoS)
IP -pakety (DSCP)
(G)MPLS — (DSCP, Exp)

pro BW narocné sluzby prechod na optické prepinani okruht

Paketové orientované sité bez striktni prioority, ale s
garantovanou Sifkou pasma (AF class)

L2 — Ethernet (CoS)
IP -pakety (DSCP)
(G)MPLS — (DSCP, Exp)

prepnuti na optickou technologii s pfepindm okruh
OTH, Fix DWDM grid, Flex DWDM grid (vicestavova modulace

Optical OffLoad
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/vﬁﬁ Problém flexibility IP smérovanych siti

IP smérovace na
kazdém svém portu
terminuji optickou
transparetnost sité

- vyrazné omezeni pro
provedéni optického
preklenuti smérovace




A3 o
& vrstveni siti

NMS Virtualizace

l

MPLS

IP vrstva sité

PtP — ve WAN

LAN - VLAN,
Ethernet vrstva sité MAN - QinQ (PBB)

GMPLS

GMPLS, OpenFlow ?

Opticka vrstva sité
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SDN rizeni site
v O spravci
n n naplikaci SW aplikace
O

Virtualizace

IP vrstva sité MPLS

PtP — ve WAN
LAN - VLAN,
MAN - QinQ (PBB)

- SDH, OTH
GMPLS
Opticka vrstva sité GMPLS, OpenFlow ?

Ethernet vrstva sité

CONTROLER
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/%:f? Co je mozné SW ridit v opticke siti?

4 D
Cesta
- jakymi uzly bude informace
L prochazet )
a N
Cil

- maximalni vyuziti pfenosové
kapacity optickych tras mezi uzly
optické sité se zachovanim QoS a

odolnosti sité proti vypadku

\_ /
po:;:ﬂ;up:::;iho poué':i:::)i ZEE:VELEX poutziti FEC na optické nastaveni prepinaci
shlukového prepinani spektra Kass RUC 2 ROADM maties
poutziti vicestavové volba vlakna ve

nastaveni ziskl
optickych zesilovaca

modulace (BPSK, po:;::{::::ve svazku, volba jadra je

DQPSK, 16 QAM atd) vilakné .....
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e opticka vlakna e tlaku, pohyb apod.

e v lab. az 73 Thit/s e kvantové pocitace
e fotonické uzly




Rekord v laboratori

73 000 000 000 000 bit/s

cca 10 TB/s

cca 5 sekund




.. jen malé srovnani

http://www.thefoa.org/tech/ref/basic/nets.html




Mozné domény multiplexace v optickych
sitich

casovy usek (OPS,

BPS, TDM
Vice vinovych )

vice optickych délek *Optical Packet

vldken (Space
Divison
Multiplexing)

Switching
(Wavelength eOptical Burst

Diyisior) Switching
Multiplexing) eTime divison
multiplexing

Polarizace Amplituda

dnes soucdsti jednoho systému vicestavové modulace
(DP-DQPSK, 16/32 QAM, atd.)




Generace optickych prenosovych systému

plna regenerace ve viech uzlech sité

ﬂ_@_um & OE0 | OEO |-5)-|OEO |- OEO |5y OEO|-E-OEO ¢ GED—@W

WDM a EDFA zesilovac¢e umoznuji efektivné dosahnout vétsi vzdalenosti a mensi ceny zesilenim vice kanall souc¢asné

M At

&
v

5]
vy

]

g Ag

pozadavek vétsi flexibility v optické siti vedl k vytvoreni konceptu OADM (Optical Add/Drop Multiplexer)
— Ize obslouZit i mezilehlé uzly sité

zdroj: KAMINOW, Ivan P, Tingye LI a Alan E WILLNER. Optical fiber telecommunications V. Boston: Academic Press, c2008-, 2 v. ISBN 01-237-4172-6.
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/vﬁﬁ Generace optickych prenosovych systémii

pouZitim optickych prepinacll Ize posunout koncept bod/bod optickych systéma ke konceptu optickych siti s polygonalni topologii (MESH)

B

zdroj: KAMINOW, Ivan P, Tingye LI a Alan E WILLNER. Optical fiber telecommunications V. Boston: Academic Press, c2008-, 2 v. ISBN 01-237-4172-6.




Toky a typy rozhrani optickych uzlii

=== paterni/sitové rozhrani — pro tranzitni uzlovy provoz

pristupové/prispévkové rozhrani - pro koncovy provoz

ROADM east

west ROADM




Je tedy SW rizeni optickych siti mytus
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| "‘\‘&’? A jak to souvisi se slozitosti?

Bude Clovék schopen zvladnout slozitost dnesnich a
budoucich pocitacovych systémU nebo bude muset
pouzit prvky umélé inteligence (Ul)

Pokus Ul, tak potom az kam dovolime této inteligenci jit,
protoze

JenZe, vse je v podstaté
Senzory tomuto Ul nepouZitelné, pokud
u’ potichu také Ul nema akeni leny,
budui ale to za nedlouho nebude
iR EE pravda!l

Na ,neuronech”
tohoto mozku Ul se
uz usilovné pracuje

mohutna datovy centra se silné Internet véci

koncentrovanym vypocetnim vykonem, Senzorové bezdratové sité Internet véci

ktera budou Citat brzy desitky az Senzory na lidskéem téle Smart Grids (energetické sit&)
stovky milionG vysoce vykonnych serveru atd.

Pod rouskou prosperity a ristu musime byt vSichni nutné pripojeni do sité




Jak mlizeme treba i jednou skoncit
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S8 CVUT iniciativa v oblasti rozvoje SDN siti

http://www.sdnlabs.cz/

jedndame o zapojeni Cisco Systems, Hewlett Packard, Brocade, CESNET, VUT Brno.....

SDN==2

About the initiative Publications Members Links Posts Contacts

About the initiative

SDN Czech Labs initiative was established with the aim to bring together Czech universities and Research centers to support research and development, publishing and domestic
awareness in area of software defined networks. Software Defined Network, or SDN is current disruptive technology that is expected to have a great potential in various
application areas. The various vendors, data service providers and software companies have only recently seen the potentials of SDN and updated their product portfolio with new
products tied to SDN. It is necessary to uderline that SON is not equal to OpenFlow even though both terms are interchanged often.

The SDN is very dosely releated to another term NFV, which stands for Network Functions Virtualization that can be seen as higher level of virtualization including devices such as
routers, network monitoring, billing and so on in the software plain whereas these devices are currently deployed as special end very expensive boxes. The aim of SDN Czech Labs
is to introduce and consolidate various Czech research projects and SDN/NFV activities running in both application areas of SOM and its basic development. Further, we find as
very important to avoid confusion in the SDN terminology therefore we are going to keep the basic description of the technology in rigid notation, and also we intend to inform
aboutinteresting publications in the world.

Among the major application areas of SDN at scientific institutions which SDN czech labs tackles is management of optical burst switched netwaorks, industrial networking and
multimedia broadcasting. For others refer to section Publications
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Dekuji za pozornost



Standardni reseni ROADM prvku

Output Signals

Input Signals ———_—

connections

A

Underutilised
modules




Prostorove prepnuti v uzlech

Input Signals Output Signals
e MEMS

cross-connections

SDM t

DEMUX Wavelength

Inset A: Cross section of the MCFs™— conversion

Zdrroj: http://imagebank.osa.org/getimage.xqy?img=0G0kcC5mdWxsLGIILTIXLTctODg2NS1nMDAy&article=oe-21-7-8865-g002




The light is the future, is not it?

Pic. source: http://pardis.ir/services/fiber-optic/
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