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[MponypEVEC APXLTEKTOVLKEC ALKTUWV

Dinesh G. Dutt

Ospatikéc Evotntec (OE) nobnuotoc mokorETIKH NeGOYE,

Apyrrextovixd, nparéralha xai epyakela
Enypéhac: Navoinny ManoSapmpios, Anpociéng Kupod

= Eloaywyn

Aiktua Koppou kat MntpomoAttika Aiktva
(Omtika Aiktua Metaywyng Mrkouc Kupatoc)

Aiktua npocBaonc — Evoupuata
(Alktua kaAwdiou, DSL, madntika omtika diktua)

r‘\mn\n

Aiktva npooPaonc — Acuppata/Kivnta Aiktua
(kivnta diktua 4G kot 5G)

IxeTka BLpAia:
[ | Ai.KTUG KéVprV GESOME'VOJV 1) Dinesh G. Dutt “YrmoAoylotikn védoug: Alktiwon kévipwv dedopévwv
APXLTEKTOVIKN], TTPWTOKOAAQ Kol epyaleia” ekSOOELG KPLTLKN
(Datacenter networks) 2) Papers

https://eclass.uoa.gr/modules/document/index.php?course=DI1469&openDir=/64479
1937165/69fb0101x0v4
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Kevtpa Aedbopevwy (Data Centers)

= Wikipedia
“Eva kevipo O6ebopeEvwy €lval ML €YKATAOTACN TOU
XPNOLUOTIOLE(TOL  yla T OTEyAon  CUCTNUATWV
UTIOAOYLOTWY Kol  ouvadwv  oToEiwv,  OTMWC
TNAETUKOLVWVLIOKWY  OUCTNUATWY KOl  CUOTNHATWV
amoBnkevong”

" Yridpyouv 3 €idn KeEvTpwv dedopEVWV

|SlwTika/sTtapika (private)
Kévtpa 6edopévwy ocuv-tonoBeaoiag (co-location)

Kévtpa 6edopevwy védouc (cloud)

America's data center spending spree

Construction spending on data centers, seasonally adjusted (billions)

ChatGPT launch \

Jan"14 Jan 16 Jan'18 Jan 20 Jan 22 Jan 24

Chart: Michael Thomas * Source: Census * Created with Datawrapper
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|OLwTIKA KEVTPA Oedopevwy (Private)

" Eva LOuwTkO KEVTPO OeOOUEVWV ELval LA EYKOTOOTOON TIOU OVAKEL
KoL AELTOUPYEL OO TNV ETALPELO TTOU TO XPNOLUOTIOLEL KAl ELvVOL oLUXVA
XTIOMEVO O0TNnV Tomobeaoia TNC eTapla

" Y& OPLOUEVEC TIEPUTTWOELC UIOpPEL va Bploketal o aAAn tomobeoia
(.. oTav n tatpio €xeL ToAAATAEC ToTTOBEOLEC N O€ MLo ToTtoBeoia

Xwpic ypadeia tnc etaplag)
" Mmopel va. €Xouv OPLOTEL TUAMOTO TOU KEVTPOU HeSOUEVWY yLa TNV
gEuntnpetnon SLAPOPETIKWV TUNHATWV/EdopUOYwWV TNC ETALPLOC
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Kevtpa dedopévwy ovv-tonoBeaiac (Co-location)

= H etopeio evolklalelc keva racks oto KEVIpO
dedopevwy ouv-tonoBeoioc — TtomoBeTel SLUKOULOTEC

= To UAKKO (Kol AOYLOLLKO) QVNKEL OTNV ETALPELR KOl
amAwe oteyaletal oto KEVIPO SeSOUEVWY, TO KEVTPO
dedopevwv TmapExel oAa T ‘yupo’ (aodalela
npooPaonc, nAektplko + backup, diktvakn ocuvdeon
LLE TOV £EW KOOMO, KATT)

" AnupodlAng umnpeoia yio talpleg mou 6gv dlaBetouv
XWPO Kol TTOPOUC yLa To HLKO TOUC KEVTPO SESOUEVWVY

A +B Power Paths

10 TB Traffic

" OPpeAn: XOUNAOTEPO KOOTOC, ALYOTEPO  TEXVLKO
NMPOOWTILKO, aflomiotia, yewypadikr tomoBeoia (kaAn
Staocuvbeon pe daAla Siktua), mpoPAEPpa £€oda,
ETEKTAOLLOTNTA

15027001:2013 Certified 15027001:2013 Certified
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Kevtpa dedopevwyv veépouc (Cloud)

= Kévtpa dedopevwy mou tpoodEPOUV UTINPECLEC UTTOAOYLOTLKOU VEDOUC
* JuvnOwc peyalou peyebouc (umapyxouv Kol pecaiou)
* Avnkouv o€ €vav opyaviopo (Amazon, Google, Microsoft, IBM, etc)
e XPNOLUOTIOLOUV ULOL OXETLKA OUOLOYEVH TIAATPOPHO AOYLOULKOU Kol UALKOU
*  Kowo cuotnua Sloxeiplonc KoL EVpELa xprion ELkoVIKoToinong

o Jxeblaopévo va avtexel BAAPBeC pe pikpn N KaBoAou enibpaon otnv anodoon kot tn SLBECIUOTNTA TWV UTINPECLWV
= EkteloUv edappoyeg TnG etalpiac (Google Search, Mail, Maps, youtube, etc — BAEme WOLWTLKA
KEvtpa 6edouEvwv) r/Kat mMpoodEPOUV UTINPEDLEC O TIEAATEC

 laaS, or infrastructure as a service: on-demand access to cloud-hosted physical and virtual servers, storage and

networking - the backend IT infrastructure for running applications and workloads in the cloud

e PaaSs, or platform as a service: on-demand access to a complete, ready-to-use, cloud-hosted platform for developing,

running, maintaining and managing applications

e SaaS, or software as a service: on-demand access to ready-to-use, cloud-hosted application software
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Cloud Datacenters

Kevtpa dedopévwy veédouc
= Meyala kévrtpa debopévwy (hyperscale): ‘utoAoyloTtikd epyootdota’ KataAapuBavovtag HEYAAEC EKTAOELC
(>1000 m?) pe dekadecg xtAadec Stakoptloteg (>10000)
= Meoaia Ko pPkpa KEvtpa 6e60UEVWV e XIAAOEC OLOKOMLOTEC
= [eplocotepa armnod 500 hyperscale datacenters maykoopiwg
= AvAKouv o€ PHeYAAEC eTatplec MAnpodoplknic (cloud kot content providers)
= Hyperscale avtupoowrnevav 10 33% OAwv Twv Samavwv ylad UAKO Kol AOYLOULKO ylol TO KEVTQ
dedopévwy to 2019

Most Hyperscale Data Centers are Operating in the U.S. Spending on Data Center Hardware & Software

Hyperscale data center locations by country -
15% o N
Spending b;
19% 26% - pending by
° 30% 33% | Hyperscale
Operators

Others 26% 44% =E United States

Est. worldwide total
400 500

85% 81% 9
° 76% 74% 70% 67% Spending by
Enterprises
& Service

Providers

Germany W 59
Australia i 5%
United Kingdom EfZ 6%
Japan @ | 6%

Share of Spening

2018

8% Wl China

2014 2015 2016 2017 2018 2019

n For Period Q1-Q3
statista®a Source: Synergy Research Group




Xapaktnplotika evog hyperscale datacenter

" H etnola Katavalwaon evépyeLag evog peyalou datacenter punopetl va Eemepaoetl ta 30 GWh
= 311c HNA, n Tumikn katavaAwon NAEKTPLKOU pEVUHOTOG EVOG VOLKOKUPLOU eival epimou 11.700 kWh

= AMS ioo pe ~2500 onitia
= 50000 - 200 000 SLoKOULOTEG
= To peyaAUTEPO KEVTPO Sedopevwy ivat mavw amo 100 000 m?
= [epinov 14 ynneda modoodaipov (ynmedo modoaodaipov ~=7 000 m?)
" O pEoocg aplOuoc Twy Becewv epyaciag o Eva KEvTpo dedopevwy ocuvnBwc eplopiletal oe
30 epyalopevouc dtadpopwv edikotitwy (IT kat pn)
= To KOOTOC KATAOKEUNC EVOC KEVTPOU SeSOUEVWV Elval LEPLKA EKATOUMUPLA SoAdpLa/supw

" AvadEpPETaL OUXVA OE TR aVA TETPAywVIKO TtodL (0.302 m2): touhdyxtotov 200S ava TETPAYWVLKO TOSL,
aAAQ propel va kupaivetat tooo upnAd 6co 1.000S avd TETPAYWVLKO TTOSL
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To napadeypa tou Google Cloud

H umtodopun diktuou tng Google €xel t€ooepa SLPOPETIKA OTOLKELDL
* Data Centers

* Edge Nodes (Google Global Cache, or GGC)
e Points of Presence (POPs)

* |O6LWTLKO (omTLkO) SikTuo HLAcUVOEDCNC TOV TIAPATIAVW

CDN network points of presence (PoP)

Havfrue (US, IE, DK)
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IL) 2024 . Echo (US, SG, ID) 2023 kY
L ] ) \
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Raman (SA,
JO, DJ,OM,
IN) 2024
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Indigo-Central (AU)

Google Global Network - ‘; T

https://cloud.google.com/about/locations#lightbox-cloud-media-map



Google Datacenters
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Google Datacenters

Compute

Engine®-

App Engine

Google
Kubernetes

Engine -

Cloud Functions

Products available by location

Deploy resources in specific zones, regions and multi-regions.

AMERICAS EUROPE ASIA PACIFIC MULTI-REGION
L [ ] L L L L [ ]
L ® L L L L ®
L [ ] L L L L

2118

OL mepLOXEG ival aveEapTNTEC
YVEWYPADLKEG TIEPLOXEG TIOU
armoteAovvtal ano {WVeG

Ot LwVvEC EVTOC Uiag TIEPLOXAG
g€xouv kaBuotépnon SIKTUOU pET’
EMLOTPOPNG KATW Tou <1 ms

AVAILABLE IN

#1187 %200

COUNTRIES AND TERRITORIES
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Google Datacenters

Americas Europe Asia Australia
us-centrall us-west1 europe-west1 surope-west3 asia-southeast1 asia-easti australia-southeast1
‘us-cantral1-a’ ‘us-westi-a’ ‘europe-westi-b’ ‘surope-westd-a’ ‘asia-southeastl-a’ ‘asia-eastl-a’ ‘australia-zoutheasti-a"
I I I I
‘us-central1-b' ‘us-westi-b’ ‘europe-west]-c '‘europe-west3-b" ‘asia-southeast1-b' ‘asia-easti-b’ ‘australia-southeast1-b’
I I I
'us-cantral1-¢' ‘us-westi-c’ 'europe-west1-d' ‘BUrope-west3-c' ‘asia-sast1-c' ‘australia-southeast-c'
asia-northeast1
‘us-cantrali-f
us-gast1 europe-west2 ‘asia-northeastl-a'
|
us-gastd ‘us-east1-b ‘aurope-west?-a' ‘asia-northeast1-b’
| | |
‘us-eastd-a’ ‘us-easti-¢ ‘surope-west2-b’ 'asia-northeast1-c
i I
‘Us-eastd-b' ‘us-east1-d ‘aurope-west2-c'

‘us-eastd-c’
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Google Datacenters

= H tonoB£tnon epappoywv o SladopeTIKES {WVEC
OE MO TIEPLOXN TIOPEXEL OMOUOVWON OO TOUC
TMEPLOOOTEPOUC  TUTIOUC  OMOTUXLWY  PUOLKWV
UTTOOOUWV KOl UTTNPECLWY AOYLOULKOU UTIOSOAC
(Tt.X. AelTOULPYLKO)

" H tomoB&tnon nopwv oe SLPOPETLKEC TIEPLOXEC
TIAPEXEL aKkOpn peyaAutepo BaBuo avetaptnolog
armo amotuyiog

* LY. OE TEPUTTWON OAMWAELAC MLOGC OAOKANPNG
TEPLOXNC AOYW PUCLKAC KATAOTPOPNC

REGION

Availability Zone Availability Zone

Low latency

resilient fiber
<+— connectivity —>

Availability Zone
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Points of Presence (POPs)

= Google Edge POP
*  Méow twv Edge POPs rteAdatec 1y ISP umopouv va cuvdebouv oto diktuo tng Google péow peering
*  Onowdnmnote diktuo ¢ptavel o kanowo Google POP pe Sika tou €€oda
* Yndapyouv teppatikoi Spoporoyntég ota POPs kot ot teAdteg pmopouv va StacuvdeBolv pe autolg
* MNépa amno tn dienmadn pe to diktuo tng Google, mapexovrtat kot untnpeoiec Content Delivery Network (CDN)

= Cloud Interconnect POP
* [poodEpel AUETEC, ATTOKAELOTIKEG OUVOEDELG e uTtnpeoieg Google Cloud Platform (GCP)

* [ 6La00véeoq(on—premises urtodoung pe GCP (hybrid cloud) 3 evog cuvepyadtn mapoxou umtnpectwv (Service provider
Partner Network)

Google Backbone
3 Networks 3

Google
Metro
Network

Google Metro
Network

Cloud Interconnect POP Google Edge POP Region Extension

Bare
—
B Metal | i AP

S PN PR PSR P s P P O PP

i
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Edge Points of Presence (POPs)

H Google eival napovoa oe mavw amo 90 internet exchange points (IXP) kol og meploootepeEC
arto 100 WOLWTLKEC eyKATAOTACELC Sltaolvdeonc o€ OAO TOV KOGUO

Aettoupyel eva peyalo, maykoopLo diktuo mou cuvdeel ta PoPs pe ta kEvipa SedopEVWVY TNG

Me tov TpOTmo autO N kivnon tn¢ Google €pxetal TLO KOVTA OTOUC XPNOTEC, TIOPEXOVTOC
KAAUTEPNC TTOLOTNTOC UTINPEOCLEC

To Peering LELWVEL TO CUVOALKO KOOTOC TWV ETALPELWV Lo TN peTadopd dedouevwy tng Google
oUyKpLon UE TNV Xpnon transit mapoyxwv (tier 1 ISPs)

24 regions

73 zones

Thousands of
edge nodes

Carbon neutral + Edge nodes @ Current region with 3 zones Network
since 2007 « Edge point of presence Future region with 3 zones

Aiktua Kévtpwv Agdopévwy 15



Aopur) Tou AladLKTUOoU: OIKTUO OKTUWV
T

Tier 1 ISP Tier 1 ISP,
S
IXP

IXP
N

|IXP

Regional ISP Regional ISP

VAR RN /]

access access access access access access access access
ISP ISP ISP ISP ISP ISP ISP ISP

2TO KEVTPO Tou AtadLktUou: UKPOC aplBuoc dtaocuvdedepuevwy peyalwyv SLKTU WV
= “tier-1” ISPs (e.g., AT&T, Level 3, Sprint, NTT), €Bvikn} kat dteBvng kaAun
= SlkTua mapoywv niepLexopevou — CDN (mty, Google, Facebook): lbliwtika diktua mou

ouvdEoLV Ta KEVTPA O60UEVWY TOUC 0TO ALadIKTUO, CUXVA TIOPOLKAUTTTOVTOC TOUC
tier-1 kot Kamoloug neplpepeLtokouC ISPs

Elcaywyn: 16



Google Global Cache (GGC)

» To Google Global Cache (GGC) emutpenel otoug ISP va e€umtnpetolV CUYKEKPLUEVO
nepLeEXopevo tTnE Google peoa amno to 6wko tne diktuo

" AUTO MELWVEL TN cupdOopnon Ko BEATIWVEL TNV EUTIELPLO TWV XPNOTWV

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

SemoEso. Google
w «—+—(B)——» | Back-end
: ' Servers
' '
ISP Network : ' Google

S I U S U S A . O S A A A A A . .
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Google Data Center - Council Bluffs, lowa, USA

e il e ‘W"

m ::a e.: m aa
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Google datacenter pictures: Council Bluffs
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Kevtpa dedopevwy otnv EAAGOa

$
ot ' L AMDA HELLIX

‘f \ : DATA CENTERS

th
=0 g
e =

-

—

== SPARKLE
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Kevtpa dedopevwy otnv EAAGOa

EAYTE - EBviko AikTuo
Yriodopwv

Ul Texvoloyiag kat
CELANCOM - 'Epeuvag - GRNET

WITH 3 PROPRIETARY
DATA CENTERS

IN ATHENS, THESSALONIKI,
KALOCHORI 452" -

=

—

«Mpaowvo» kévtpo dedopuévwy otov Aoupo

Kévtpo dedopévwy Mavemotnuiov Kpatng (HpdkAewo) yla

- £t N67E Eexave o . Yninpeoieg Yyeiag (31 Siaouvdedepéva voookopeio oe 8
ICrOSOTL: 1 I0TE ¢EKIVA KAl TTWG OA E1val TO TPITTAO da ' ’
center campus oTnV avatoAIKi ATTIKI TEPLPEPELEG TNG XWPAG)

e e g upodomes 3 kevtpa dedopevwy oto Yroupyeio MNawdeiag, Epeuvag kat
26 x 05 %= — OpPNOKEVUATWY

tnv EANGSa €wg To 2030 - Z€ MOLEQ
mePLOXEG Oa yivouv

Kévtpo Sedopévwy oto EBVIKO Kévtpo Tekunpiwong

Kévtpo 6ebopévwv (uikpo) KwAg€ttn, Internet Exchange
point (IXP)- dtacuvdeon ABrvac pe AAAEC TTOAELC

https://grnet.gr/infrastructure/datacenters-grnet/
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Tunpata evoc turiikoL datacenter

" YroAoyloTLKr) UTtoSOUN

= ArtoOnkeuTtikn utodourn

= Awtuoakn vrtodopun (LAN, WAN, SAN)

" KaAwbiwon (cabling)

= Uninterrupted power source systems (UPS)

= JyoTtApota apaywyng evepyeLag (electrical
generator)

= Juothpota petadoonc evepyetlac (PDU)
= Juotpata eAgyyou miepifairovtoc (CRAC)
= JuotApata nupacdAAELOC

= Juothpoata GUOLKNG aohAAELOC

CRAC

(Computer room air condition)

Cabling @ @
md}’\LAN (Local Area Network)

wanfE

UPS

(Uninterruptible
Power Supply)

Electrlcal Generator

\. torage

( Storage Area Network)
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kain power distnbulion with APC Symmetra PX500

Automatic Transfer Switch (ATS) (Uninterruptite povwer Supoly)
SOMO Ermersan MNetwork
Diesel generator Power chiller
DryCooler LU-VE f;rnI:.'sl:-n_ Metwaork
9 e 0 Fower climate control

'9 UPS batteries 9 Servers, storage,
Relworking equipment

s EEEEEEsEEE)
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KatapepLlopoc Kootoucg evoc datacenter

» To total cost of ownership (TCO) meplExeL Tpla LEPN, TO KOOTOC EMEVOUONC, TO
AELTOUPYLKO KOOTOC KOl TO KOOTOC EVEPYELOLC

Typical TCO structure of a data centre

m System Monitoring ® Project Management
= Power Equipment # Cooling Equipment
m Engineering&Installation m Electricity

m Serive ®m Racks

m Space

DATA CENTER CAPITAL COST CALCULATOR

Inputs

Data Center Environment (@)

Location of Data Center

|
|

Data Center Design Capacity

Cooling System CRAH with VED chillerftower

Air distribution type

E

a

UPS Architecture

Eﬂ

Power distribution type

Power Density —@p————————> 4kW/rack
Labor Rate e $ 90 / hour
Core & shell e $ 90 / ft*
Redundancy Level @

IT distribution upPs Generator
Power § N ) N ) N )

CRAH Pumps Chiller Heat rejection

Cooling ( N = ( N = N =] ( N =
Include in Cost (@)
Racks Fire suppression / detection
Standby generator Switchgear / panelboards

Raised floor Dropped ceiling

Results

Capital Cost Summary (___ tocalcumency - JNI@))
Data Center Cost $44Mm

Data Center Cost Per Watt $ 734
Calculated Rack Quantity 150

IT Room Area 4,875 ft2
Facility Area 7,917 ft2
Cost by Type (@)

12 14%7 62%
Material
" 16.18%
22 019 ‘ Installation

Design/Engineering
Project Mgt./Facility Eng.
Core & shell

41.16%

Cost by System

41 50%

ﬂ B Power

21.92% GCooling
Other
36.58%

https://www.se.com/uk/en/work/solutions/for-
business/data-centers-and-networks/trade-off-tools/
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Rack

e Typically is 48cm wide, 91 or
102 cm depth, 180 cm height

e Rack unit U: 4.45 cm height
e Typically, Rack =42 U

e Slots:




Rack Slots

e Slots hold power distribution, servers, storage, networking equipment

e Typical server: 2U

o 8-128 cores
o DRAM: 32-512 GB

e Typical storage: 2U

e 30 drives

e Typical Network: 1U
o 64x10GB
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AlakoLoTEC evoc datacenter

= AUO b SLaKOULOTWY XPNOLUOTIOLOUVTAL TILO CUXVA oTa KEVTPpa SeSopévwy: SLOKOULOTEC rack Kat blade
= O Slakoplotnc rack
= YrtoAoyloTth¢ yevikng xpnong (ouvnOwc high-end) mou pmnopet va StapopdpwOel avaloya pe TIC ATOLTHOELS
= Exel kKatooKeVAOTEL ELOLKA yLa va pmaivel o€ racks (xpnotpomowwvtag Bideg otnpeéng  payeg)
= To UYog, N To pHEyeBoc pumopel va dtadepet (1U, 2U, 4U)
= TomoBetouvTtal 0 £V TTAVW ATtO ToV AAAO PEoa O€ Eva pAdL, VLo VO EAAXLOTOTIOLEITE O XWPOG

= O Suwakoputotnc Blade
= Elval HLKpOC Kal LEPLKES POPEC TTEPLEXEL LOVO CPU, pvriun 1} amoBnKeuTIkO Xwpo

= Mrnaivel o éva nepiPAnua blade, to omoio xwpael moAAoU¢ Sltakouoteg blade, mapéxovtag tpododooia, Puén,
Siktvwon, dtadopeg dtacuvdeoelc kat Slaxeiplon

= EmAoyEg oxeTIKA e To TL B elval to kaBe blade kal mwc va To cuvOULACELG o€ €va TepiPANpa

Aiktua Kévtpwy Aedopévwy 27
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AKTUWON KEVTPWV OEOOUEVWV

* KaBe kevtpo dedopevwy €xeL To HLKO Tou SiKTUO
e SLaoUVOEEL TOUC UTTOAOYLOTEC TOU HETOED TOUC
e SlaouvdeeL To kKEVTPO dedopeEvwy e To SLadikTtuo
* 15% Tt0 KOOTOUC EVOC HeYAAOU KEvTpou dedopevwy oxetilovtal pe tTn SIKTuwon
*  OLKTUAKOC EEOTIALOMOC (LeTaywyelg, SpopoAoynTEg, LoooTtabuLoteg doptiov)
* KOOTOC EWTEPLKWV (eVEEWVY
* Evw n diktbwon bev elval to HeyaAUTEPO KOOTOC, Elval TTOAU ONUOVTLKY 0T
AELTOUPYLKOTNTA, OTN HEyLloTomoinon Tt amodoonc Kal TN Kelwon OAOU TOU KOOTOUC

Racks of servers (Google) Facebook
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AKTUWON KEVTPWV OEOOUEVWV

e Eidn kivnonc:

 Meéoa oto kévtpo dedopevwy (“machine to machine”,

n

east-west”)

Metaél kévtpou dedopevwy Kat xpnotwy (“north-south”)
 Metal kévipwv dedopévwy (datacenters interconnect DCl — pépoc tou “north-south”)

* To peyaAUTEPO TOOCOOTO TNC Kivnong elval Leca oTto KEVTIPO dedopevwy |

Data Center e
to User o Within Data Center (71.5%)
14.9% Within ' 2

‘ Sterage, production and
Data Center L  Siorage, production-an

M development data,

71.5% Betall o thentcation
Data Center

i
Data Center

Q Data Center to Data Center (13.6%)
13.6%

r.:l'r.« C‘J
tercioud |

e Data Center to User (14.9%)

= , It
l NC WebEx...

https://blogs.cisco.com/sp/five-things-that-are-bigger-than-the-internet-findings-
from-this-years-global-cloud-index

Total East-West Traffic Will Be 85%

{Rack-local traffic wousd add another slice
twice the size of “Within Data Cenmer™)

Facebook’s Data Center Traffic
M Intra-Cluster
M Inter-DC

M Intra-Rack

W Intra-DC

Source: Facebook 2015
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ALKTUO KEVTPOU OEOOUEVWV: APXLTEKTOVLKN

lepapxkn) TomoAoyia: kivnon armno eEwteplkou g XpNOTeC tpoc toAAarmAouc servers (north-
south NS) aAAa kat kivnon peta€u twv servers (east-west EW)

border router(s) yta cuvdeon pe to Aladiktuo, internet

access routers yLa YwpLopO O€ TUApATA /(“_J'E)E”“\‘
Katw armo €vav access router umtapyouv BaBuideg = < Access router
LETAYWYEWV (switches) mou oxnuatilovv fat tree [

(emopevec dladaveleg)

== Tier-1 / Core switch

Fat tree

E¢Looppomnnteg (utoAoyloTikou) doptiou,
AopBavouv TNV eEWTEPLKNA Kivnon Kot Tnv

| Y |

{1 Load
.1 balancer

KOTOLVELLOUV OTOUG servers

MoAAol servers punopei va TpExouv tnv idla
urntnpeoia (m.x. Katw oo tov bLo access router)

S <%\ Tier-2 / Aggregation switch

Top of Rack (ToR)/
edge switch

Server racks

Em. Zevéng: 6-32



Alktuo Kevtpou Oedouevwy - Fat tree

———\ Tier-1/ Core switch

i
cP8L 50588, /SIL 8L 58 S SBL 8L ALl L SRL LD B35 83T SAL

WL e
Xwpntkotnta Levéng (link capacity) servers

= 3 emimeda HETAYWYEWV
= Tier 1 (core) switch, Tier 2 (aggregation) switch, Tier 3 or Top of Rack (ToR) switch

= 3TOXO0C: MARPNG puBuoc poc/amod to Altadiktuo otoucg servers (NS), kot petaév twv servers (EW)
= To dBpolopa tnE xwpntkotntac Twv {evéswv va eival to idlo og kABe eminedo, m.x. 18C1 =6:C2 =C3
= OLlevéelc mpocg tn plla Tou SEvTpou elval «xovtpec» (fatter), oe cuykplon pe to UAAa / servers
= Ol petaywyeic mpocg tn pida eival peyalol (m.x. petaywyeag otn pila=0AoL oL petaywyeic duAAa)

=" MpofAquata
= Single point(s) of failure
= «XoVTPECY (eVEELC KOl LEYAAOL LETOYWYELC OTO TTAVW ETtieda



Aiktuo kevtpou dedopevwy - Fat tree/folded Clos

< S Sl S < Sl N S = S S| S = S| SV S

el BebAs BILISLLL GSLIRLALL 3lodsllsl 33 ERLAL 315433031

XwpnTkotnta evenc (link capacity) servers

' Tier-3/ Top of Rack

loodUvapun vAomolnon HE HKPOoUC METAYWYELC (cuvnBwc OAoL LoLot)

MoAANOTTAEC (EVEELC QTIO EVOV LETAYWYEQ OE LLETAYWYELC TOU MAVW Kol KATW EMLITESOU

Alktuo FoI’ded CI’os (Cha’rles Clos 19’53) . Folded CLOS
" [vwotn Bewpla, MoAAEC epapuoVES (TNAedwviKA KEVTPQ, router internals) === e

Alatnpel g 1botnteg (idla xwpntikotnta os kKA Oe emninedo) I

KOLL QVTLLETWTIL(EL TOL TTPpOoPAN T A
= Single point of failure: MoAAamAd povomatia - avénuevn aélomiotia 1
" XovtpéEC (eVEELG, LeyAAOL HETAY.: HULIKPOL peTaywyelc (kat (dlot -otkovouia kKALpakac), xapunAol puBuot




Fat tree — folded Clos - theory

Assuming a switch has “k” ports and the
number of Levels is “L”

Tier-1 / Core switch

Fat-tree with L levels Two level Fat Tree Three Level Fat Tree Four Level Fat Tree
L=2 L=3 L=4

Number of Core switches A E E\? k\3
e ORI
Tier2 / i ' Number of Host: rted L 2 3 4

. ¢ H umber o OSTS supporte
Aggregation ! E ) ? : ! < g ! 2 a (%) 2 (g) 2 (g) 2 (g)
switch - \ | T T
b4 4 N | \ // I| I e Total Switches O\t k 0\ 2 0\ 2
/<\ A | >\ | | / | @2L-1) (—) 3 5 (—) 7 (—)
: 7N /o \\ s | Lo 2 2 2
i L-1 2 3
ToR/ edge | ) | : ' , II 1 i Number of Edge Switches <§) k . (g) 5 (;)
switch L : :
l[l I l ............ | ______ l ............ l ...... l ____________ J _______ I ............ l _I ............. I _____ I ............. l Number of Pods K L-2 NA k k2/2
pod pod pod pod 2(5)

1

1 \J n
ol 1

1 1
1 1 Lo
* . Patent US2244004A, by Edson Erwin, Bell Labs, 1938

Formalized by Charles Clos

L —! “A study of non-blocking switching networks”
1 = 1 Lo The Bell System Technical Journal ( Volume: 32, Issue: 2, March 1953)
ol |
cz;s:b?:rs c:;:s;arrs c;;on;:b:rs
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http://ieeexplore.ieee.org/document/6770468/
http://ieeexplore.ieee.org/document/6770468/
http://ieeexplore.ieee.org/document/6770468/

Fat — tree - oversubscription

K=32 (typical switch), L= 3

Maximum of 256 core (spine) switches
Maximum of 512 aggregation switches
A total of 512 TOR (leaf) switches gives a
total of 8192 (512 x 16) servers

K=64 (also typical): 65K servers

only 64 core (spine) switches: 4 spine sets
(with 16 switches each)

Oversubscription of 4:1 at aggregation-
core and 1:1 at edge-aggregation levels
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QPYLTEKTOVLKN

Kevtpo dedopevwy
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[MoAAamAa povornatia

" Auénuevn anodoon petalv racks (duvatotnta moAAamAwyY Kot aveéaptntwy dtadpouwv)
= Auénpevn aélomiotiao HEow MAEOVAOUOU

" Napadootakd ta Ethernet - L2 diktua tpExouv spanning tree protocol (STP) kot auto-ekpuabnon
SLadpopwyv Ko SeV HUmopouV va XpNOLUOTIOLo0UV TTOAAOTTAQ LOVOTTATLOL

= To biktuo Aettoupyei pe SDN / L2&L3 kat xpnotpomnotei mapaAlayéc tou Equal Cost Multiple Paths
(ECMP) protocol (L3) mou enttpenouv noAAamAd povornadrtia, kat Sev emadiovial oTnv autoekpuadnon

Tier-1 switches

Tier-2 switches

E—

X
)

TOR switches

Server racks

| I

i i

16

[y
(92

1 2 3 4 5 6 7 8 9 10 11 12 13 14
two disjoint paths highlighted between racks 1 and 11

Aiktua Kévtpwy Asdopévwy 38



CLOS Fat-tree — multiple paths — load balancing

Many paths between servers

Distributed load

Server equal performance paths Server
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CLOS Fat-tree — resilience to failures

Distributed load, resilience to failures

XOQQO




Linkedin Data Center network architecture

-
32
* [ © ] ¢
L) ) o o * 506 Links
506 Links e e * . .
=3
1 1 g

https://engineering.linkedin.com/blog/2016/03/the-linkedin-data-center-100g-transformation
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Linkedin Data Center network architecture

Linked [f

Switches with radix of 64x50G where ports can be
combined/split so as to be 25/50/100G

Fat tree (k=64,1=3)
TOR switches: 32x50G to servers + 32x50G to Tier
2 (‘spine’) switches

Tier 2 switches: 32x50G to TORs and 32x50G to
Tier 1 (“fabric’) switches

Tier 1 switches: 64x50G to Tier 2 switches

Actually, each TOR uses 28x50G ports, it is
connected to 48 servers with 25G (24x50G ports to
servers) servers and to 4 Tier 2 switches with 50G
(4x50G ports to Tier 2)

* Oversubscription of 24:4 = 6:1 between ToR - Tier 2
levels
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Apxttektovikn Facebook F16

Spine switch
Equivalent implementation

with single type of switches /
single type of links

Fabric Switch

Top-of-rack switch

https://engineering.fb.com/data-center-engineering/f16-minipack/ (posted 3/2019)
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Storage in Datacenters

Local Area Network (LAN)
é DAS
Server i [j

= Direct Attached Storage (DAS) storage device is

= Network Attached Storage (NAS) directly attached
to the server

= Storage Area Network (SAN)

dedicated storage 0 SAN.. :

Local Area Network (LAN) Local Area Network (LAN)
|
|
| Server Server Server Server
|
[
|
I

network accessed/ shares storage over a
connected to LAN different/dedicated

network
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Storage Networking options

Direct Attached Storage

==l

Ethernet N
|
Servers  Swrage

Switch
m— G2E

Storage

*High cost of management
*Inflexibie
*Expensive to scale

Network Attached Storage

mjuye

NAS Storage
Ethemet _.
Switch
LN
Q g]
— ObE
*Transmission optimized for
flle transactions

»Storage traffic travels across
the LAN

Storage Area Network

s Transmission optimized for
flle transactions
*Separate LAN and SAN
sIncreases data avaliabliity
*Flexible and scalable
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ALKTUA KEVTPWYV OEOOUEVWV: KOLVOTOLLEC OTOL
TP WTOKOAAQL

» Entimedo Zevénc (Link layer):

* RoCE: remote direct memory access (RDMA) mavw armno Ethernet

= ApopoAoynon (routing)
* SDN yxpnotlpornoleital katd kopov oe datacenters
e Juvbuoouocg L2 & L3 texvikwv, VLAN, ECMP extensions/variations

* Entimedo petadopac (Transport layer):

* ECN (explicit congestion notification) xpnolpomnoteital otov EAeyxo cupudOpnNONG VEWV
vevoewv (flavor) TCP (DCTCP, DCQCNf(

* Melpapatiopog pe EAeyxo cupdopnong o kaBe aipa (hop-by-hop - backpressure)

" Ataxeiplon (management)
« Common platform, virtualization, etc

* Mnxaviopotl yla Tnv TornoBetnon UnnpecLwy Kot Twv 6e60UEVWY Toug 660 TO duvaTov
TtiLo kovta (r.x. oto iblo rack  kKovtva) ya eAaxLotomoinon TNG EMKOLVWVLOG
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