Facebook HaMepeH ucnonb3oBaTb ceTeBoe obopynoBaHue
cobcTBeHHOM pa3paboTkmu

Komnanua Facebook, ucxopsa us cBoux ctpaterud4eckux uesied m nJaHMpys mMmeTtb B Oyaywiem
BO3MOXKHOCTb rMOKOro macwurabupoBaHusa ceoero 6usHeca, npuwisia K Heo6xoaMMoCTU pa3padboTku
oTAeNbHbIX YCTPOUCTB AJIA CBOEN CeTeBOW MH(PPACTPYKTYpbI. [inA 3TOro, oKoJsio Tpéx net Hasagn,
6bin 3anywieH Open Compute Project. Hepes pBa roga Ob11m nony4vyeHsl nepBbie pe3ysbTaThl,
KOTOpbie OT/INYAJIUCh B JIy4LUYIO CTOPOHY OT KOHKYPUPYIOLLUX peLueHUun no
3Heproa¢¢peKTUBHOCTU U Ce6eCcToOMMOCTMU.

Moanep>XKom MHULNATUB KOMMAHWI, XXenaloLWmnx Yepes nosbllLleHne 3Hepro3@eKTUMBHOCTN COKPaTUTb
3aTpaTbl Ha aniekTpuyecTso, B CLUA 3aHumatoTcsa Department of Energy (DOE) n Environmental Protection
Agency (EPA).

"According to the U.S. Environmental Protection Agency (EPA), data centers consumed between
1.7 percent and 2.2 percent of the total electricity used in the United States in 2010. The EPA
has reported that U.S. data center electricity use nearly doubled between 2000 and 2005, and it
increased by approximately 36 percent between 2005 and 2010. The EPA further claims that
data center energy consumption will continue to grow at a rate of more than 9 percent per year
through 2020...", — coobuwan B npownom ropy The Hill.

3TU rocyfapCcTBEHHbIE CTPYKTYPbl 06ecrnedynBaoT NHTEPECyLWNXcs NHHOPMaLMOHHON NOAAEPXKKOR,
cobupas n nybankys cBegeHus 0 Ny4wmnx NpoekTax, OpraHN30BbLIBAOT BCTPEYMN, KOJIIEKTUBHbIE
obcyxaeHnsa nyywnx peanmsaunin. OgHMM U3 NapaMeTpoB, MO KOTOPbIM OLLEHUBAETCH CTeneHb
TexHonorn4yeckoro cosepweHcTea LLOa — 3T1o PUE (power usage effectiveness). Environmental Protection
Agency (EPA), rotoBuBLuui B ganékom 2007 roay aoknan* ansa koHrpecca CLUA, UOObI ¢ PUE MeHblwe 1,5
OTHOCWUJ K KaTeropum "ny4yiumne npoekTbl”.

Power usage effectiveness (PUE) is a metric developed by The Green Grid that measures data
center efficiency. It"s a ratio of the total power consumed by a data center to the energy
delivered to the servers. The ideal PUE is 1.0, meaning 100% of the data center energy powers
the IT equipment. Best practice PUE for the IT sector is 1.5.

OT nH>xxeHepos Facebook oXxnpann Taknx peLieHnin, KOTopbie UMET BO3MOXXHOCTb MacluTabnpoBaHus v
rMpw 3TOM NO3BOJIAIT 3KOHOMUTb B MEPUOS dKCMIyaTauun 3a cHET Bonbluen sHeproagekTuBHoCTU. He
MeHee Ba)KHON Obls10 pelwnTb 1 ApYryio 3agady — onTuMmnimposaTb cebecTonmocTb 060pynoBaHus
cobcTBEHHOM pa3paboTKn C Y4ETOM eé BANSAHME Ha KOHEYHYIO CTOMMOCTb PELLEHWIA, KOTOpble ByayT B
JanbHenweM HapawmBaTbCs.

"Ecnm xo4yelwb 4YTO-TO cAesiaTb XOpPOLUOo, caesian 3To cam"
LLeHTp 06paboTkmu paHHbIX (LLOA)

MepBbiM "NpoaykToM", pa3paboTaHHbIM cneunannctamm Facebook, ctan data center (ueHTp 06paboTku
OaHHbIX, UOLO). NMpoekTnpoBaHue € "HyNa" NMo3BOSNIIO UHXXEHEPaAM N3MEHUTb BC&, YTO OHM NOCYUTaNMN
HeobxoAuMbIM: HanpuMep, 4Tobbl yMEHbLUUTb NOTEPU, B CUCTEME INEKTPONUTAHNA UCNOJIb3YETCH
Hanps>xeHne 480 BonbT (3 a3bl). KpoMe 3TOro, npennio)xeHa CBOS CUCTEMa pa3MelleHna obopynoBaHUSA
(Open Rack), cepeepbl cobcTBeHHOI pa3paboTku, MOBTOPHOE UCMOJIb30BaHWE BO3A4yXa, B TOM 4Yucie gns
oborpeBa opnCHbIX MOMELLEHNIN, OTKa3 OT LeHTpasibHoro NbM — Bcé 31o no3sonuno LOLy B Prineville
("Prineville Data Center"), npu Ton e NPON3BOAUTENLHOCTU, TPATUTb dHEPrumn Ha 38% MeHbLue. 3a CHET
3TOro y komnaHumm Facebook nosBunace BO3MOXXHOCTL B Prineville cHM3nTbL cBon 3aTpaThbl Ha 24%.

OnucaHue/cnangbl (nnoc 6onee noppobHbie pdf) oTaenbHbIX 3N1eMeHTOB UHpacTpyKTyph! LLOJ,
— "8 Data Center Lessons From Facebook".

Facebook cymen B Prineville Data Center o6ecneunTb PUE Ha ypoBHe 1,07-1,08. Huxxe ecTb nnawcTpauunn,
rae BUAHO, 4TO 3TOT NOKa3aTe b He ABAAETCH MOCTOAHHBLIM N MOXKET MEHATbLCS B HEKOTOPbLIX Npefenax.


http://thehill.com/blogs/congress-blog/technology/222512-a-sound-investment-improving-energy-efficiency-in-data-centers
http://www.cio.com/article/2368642/data-center/8-data-center-lessons-from-facebook.html

High Level Metric

PUEs: Reported & Calculated m

EPA Energy Star Average 1.91
Intel Jones Farm, Hillsboro 1.41
T-Systems & Intel DC2020 Test Lab, Munich 1.24
Google 1.16
Leibniz Supercomputing Centre (LRZ) 1.15
National Center for Atmospheric Research (NCAR) 1.10
Yahoo, Lockport 1.08
Facebook, Prineville 1.07
National Renewable Energy Laboratory (NREL) 1.06

Slide Courtesy Hike Patterson, intel
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3HauyeHuna PUE (power usage effectiveness) B LLOJlax pa3sHbIX KOMNAaHUN U OpraHusauuun

Hawéncsa niobonbiTHbIA NCTOYHUK N CBEXEN, N ncTopnyeckon nHcopmaumnm o LLOAe B Prineville, Tam Mo>xxHO
MOCMOTPETb, KaknMn BbIIN 1 B KakKUX npegenax n3MeHsanmMcb Takme napameTpbl kak PUE, WUE (water usage
effectiveness), Humidity (Outdoors) n Temperature (Outdoors). Mo)xHO NOCMOTpPETb NOAPOOHbLIE N3MEHEHUS
3TNX MapaMeTpPoB B TE€YEHME NOC/eAHUX 24 H4acoB, HUXKE CKPUHLLOTbI MaKCUMaJsibHbIX 3Ha4Y€HUN O4HOro 13
rnapaMeTpoB, 3a(PUKCUPOBaHHbBIX B Te4eHue cyToK 3 anpens 2015 roga.


https://cdn.nag.ru/news.public.uploads/upload/images/20150619-0001.jpeg
https://www.facebook.com/PrinevilleDataCenter/app_399244020173259

Prineville, OR Data Center Dashboard: PUE & WUE
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Xynwee 3HayeHue PUE B TeueHune cyTokK

ECcTb OaHHblE N 3a OPYro BPEMEHHOW MPOMEXXYTOK (MOXKHO BbibpaTb HeOeN0, Mecsl, nocneaHue Tpu
Mecsaua nnm ron). N Torga Mmo>xHo obHapyxuTb ewé bonee xypliee 3HaveHne PUE.
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Prineville, OR Data Center Dashboard: PUE & WUE
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Xynuwee 3HayeHue WUE (water usage effectiveness) B TeueHme cytok
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Prineville, OR Data Center Dachboard: PUE B WUE
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MakcuMmanbHaa TeMnepaTypa B Te4eHue CyToK
EcTb n nonobHble "Xuebie" n Nyb6anyHble NICTOYHMKN 0 paboTe Kakoro-nmbo LIOa B Poccun?

"EC/IM Xo4ellb Y4TO-TO cAesiaTb XOpPOoLUo, caesiam 3To cam"
MapuwpyTusaTtop

Kpome nepenpoekTmnpoBaHus LOLoB B Facebook 3aHMManncb n KOHCTpyKUMAMU gpyrux yctponcts ("How
Facebook aims to reinvent hardware"). JleTom npoLioro roga npeacraBuTesib KOMMNaHUN B UHTEPBbLIO
n3aaHuto Gigaom paccka3asl 0 HOBOM MOAX04e K TOMY, KaKM A0J/KeH OblTb CETEBOW MapLUpyTU3aTop.
Bbina nHdopmauma n 8 Network World ("Facebook-Led Open Compute Project Tackles Network Switches").

FBOSS

Wedge Fabric FBOSS 6-Pack

2015

HoctuxxeHue Facebook B 2015 roay — "cBon" mapwipytusaTtop


https://cdn.nag.ru/news.public.uploads/upload/images/20150619-0007.jpeg
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Mpenno>xeHHass MOAYJIbHaA KOHCTPYKLNA CETEBOro yCTPOMCTBA, B KOTOPOM eLwé 1 pasfesieHbl "xxenes3o" un
nporpamMmmHas "HadyuHka" (06 ONIE nHdpopmaumsa Huxe), bbina Ha3zBaHa Wedge. KOHCTPYKTUBHOE peLleHmne
OO0MOJIHEHO ornepaunoHHon cuctemon FBOSS Ha 6ase Linux.

Wedge Hardware
Design

Chassis

Open Compute “Group Hug™
MGora Se

40Gb switching ASIC
Corimarckilly avallab)s

Sixteen 40Gb network ports

spacad for opt

Dual power supplies

with AC and DT spticn

Fans

Simple enclosure

i for efficient cooling

Wedge

OcHOBOW A1 MOCTPOEHUSA U Pa3BUTUA ceTeBbiX pecypcos B Facebook cTtaHeT 6-ypoBHeBas nnaTtdopMma,
KOTOopas co3faHa B cooTBeTCcTBMU ¢ naesmm Wedge.

B 3Ton nnatdgopme ecTb 12 HE3aBUCUMbIX KOMMYTUPYIOLLUX IEMEHTOB, KaXK bl U3 KOTOPbIX MOXeT
ynpaBasaTb TpaMKOM AaHHbIX 1,28 T6/c. ECTb ABe KOH(Urypauun: s NnepBon peasnsoBanuv Ha
hpoHTanbHoOM cTopoHe 16x40 GE, a Ha TbIJIbHOW — BO3MOXXHOCTb NOAKJOYEHUA KaHana go 640 6/c,


https://cdn.nag.ru/news.public.uploads/upload/images/20150619-0027.jpeg
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BTOpas KOHpUrypaumnsa oTan4yaeTcs oT NepBon OTCyTCTBMEM 16 (hpOHTaIbHbIX KOHHEKTOPOB, a C3aAun eCcTb
— 640 I6/c.

Taknm obpa3om, 3a OTHOCUTENbHO HEBObLLOM NeprnoL BpeMeHn nHxxeHepbl Facebook cobcTBeHHbIMY
cnnamn nepepaboTanu Ka4YeBblE 3/1IeMEeHThI, UCMOJIb3yeMble B MHDPACTPYKTYpe KOMMaHUW: cepBepsl,
MapLIpyTrM3aTopbl, KOHCTPYKTUB (Open Rack) ansA pa3MelleHns CETEBOro, BblHMCAMTENbHOro 0bopynoBaHuA
N CUCTEM XPaHEHWS OaHHbIX U peann30oBain CBOE KOMMJIEKCHOE pelleHne Ha Ba3e nepedncieHHbIX
peleHnn n NoaxoAoB B BMAe MacwTabupyemoro sHeproagdekTusHoro LOA.

PesynbTathl Facebook — cnepcreme HoBOro nopxopa

MpoeKkT He NPOoCTOo Tak Ha3biBaeTca Open Compute Project: Ha canTe [OCTynHbI cneyndukauum, a
pa3paboTymMKN OTKPbIThI 418 MPEeAsIOKEHNN, KOTOPbIE MOMOIYT UM YTO-TO YAY4YLWNTb. TaM eCTb OnncaHme
CUCTEMbl XpaHeHuns (Storage); onncaHne KOHCTPYKLWIA ANns pa3MelleHns obopynoBaHusa (Open Rack) c
pPacyéToM Ha onpenesiéHHY CeMCMUYECKY0 YCTONYMBOCTb; An3anH-npoekT LLOMOa (Data Center Design
project). MoHATHO, 4TO pa3paboTkm n pekomeHaaunm Ha Open Compute Project nogroToBfAeHbl C YH4ETOM
aMepUKaHCKUX CTaHAapTOB, MO3TOMY eCTb CMbICA obpallaTb BHAMaHNE TONbKO HA MHTEPECHbIe naeun n
yha4dHble peleHuns.
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U3 onucanua pewenun Facebook gnsa LOJa

HenocpeacTteeHHo B pa3gene** Open Compute Networking Project HeT cneundukaumn nam nopobHbix
MaTepuasioB, HO €CTb KOHTaKTbl PYKOBOAUTESS 3TOr0 NOANPOEKTA, eCTb NPeasioXKeHne NoANMcaTbCs Ha
paccoinky, ecTb IRC Channel u Webchat Link for IRC.

Yrposa rereMOHMM NOCTAaBLUUKOB NponpueTapHbIX peLleHni

Monck CBOMX BapMaHTOB ONTUMM3aUNK, 3PhHEKTNBHbBIX PeLUEeHN ANA HblHEWHMX 1 ByayLmx 3agay Nnpveenmn
K TOMY, 4TO crieunanncTbl Facebook MnHuMmnanposann ncnonb3oBaHme NponpueTapHbIX PeLleHn, a BECHON
2011 ropa 06baBuam o 3anycke Open Compute. B 2013 roagy 3TOT NPOEKT 0XBaTWa HOBble HanpaBieHUs,
CBAi3aHHblE C CETAMU N ceTeBbiM 060pyAOBaHMEM.

B cnucke nepsBbix yyacTHUKOB Open Compute Networking Project (OCP) HeT TaknMx U3BeCTHbIX
npousBoauTenen pasHoobpasHoro ceteBoro obopypoBaHus, Kak Cisco Systems u Hewlett-
Packard***, MoHAaTHO, 4TO npes OCP — oTka3s oT XXécTKkom "cBaA3ku" coupmMmeHHoro "xenesa" n No
OOHOro M TOro >XXe npousBoauTens — noapbiBaeT ux busHec.

UuTepec Facebook u apyrux KpynHbix norpeburenei K pewseHmam Open Compute Networking
Project nopTankuBaet 10T XXe CiSCO K TOMy, YTO LLeHOBble NPeansioKeHUA A 3TUX NoKynaTtenen
(a 31O xXOpoLwIMe, pacTywime NoKynaTesim) A0JIKHbl YYUTbIBaTb HaJiMuue aJibTepHaTUBHbIX
BapuaHToB. OpHoBpeMeHHO Cisco kputukyet Open Compute Networking Project.

Mo3>xe nosBnanace uHcpopmauua, uto "Cisco and HP are starting to sell their computing
hardware without their proprietary software". Hanpumep, ogHO U3 coobLieHui No 3TOMy NoBoAy
Obiz10 B MapTe 3TOoro ropa — cM. "Cisco might ONIE up".

NHdopmaumsa o ToM, 4eM B HacTosILLee BPEMS 3aHATHI cneunanncTol ectb B Wiki, oHn paboTatoT Hag
nporpaMMHbiM obecrnedeHuem ansg Open Network Install Environment (ONIE) — HanpaBsieHus, KoTopoe
nogaep>xueatoT koMmnaHmm Accton, Agema, Big Switch Networks, Broadcom, Cumulus Networks, Dell,
Penguin Computing, Quanta n gpyrue.


https://cdn.nag.ru/news.public.uploads/upload/images/20150619-0011.jpeg
http://www.networkworld.com/article/2228976/opensource-subnet/facebook-goes-open-source.html
http://www.opencompute.org/blog/progress-in-opening-up-the-network-/
http://www.networkworld.com/article/2169117/lan-wan/facebook-open-compute-project-has--weaknesses---cisco-ceo-says.html
http://www.networkworld.com/article/2893272/cisco-subnet/cisco-might-onie-up.html
http://www.opencompute.org/wiki/Networking/SpecsAndDesigns
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TECHNOLOGY

HoBbii TpeHp B pa3paboTke MapLUpyTU3aTOPOB

OcHOBHas ugesa — paTb NpoBanaepy yYHUBepcasibHOe '")KeJsie30" U NpoCcTEULLUA 3arpysymk,
KOTOpbie NO3BOJIAT NMPU XKeslaHMM "3anuTh" Apyrylo ceTeBylo onepaunoHHylo cuctemy (network
OS) u ruéko, non cedbs, BCé HaCTPOUTD.

ONIE: Uses Management Interfaces Q) comuus netuorks

Boot

Flash [~
SoC
Mass / I

Storage

Ethernet
Mgmt Port

Serial
Console

( Management Interfaces )

PaspeneHbl ynpasnsowasn 4actb U ynpasnseMana (KOMMyTaLMOHHas)

ONIE: Subsequent Reboots - Vendor's 0S is Already Installed Q) cumuus networks

Boot Loader
Boot LOEdE!’ * Low Level boot loader, configures CPU complex
(HW Vendor Supplied) * Loads and boots OS vendor’s installed OS

ONIE
+ 5till exists, but is not used
* Available for uninstall / re-install operations

v Network OS5
Network OS * Configures Switching ASIC

(OS Vendor Supplied) * Runs Network Protocols
* Provides CLI
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Mo>xxHo 3arpy3uTtb gpyryio Network OS (Operating System Vendors: Big Switch Networks,
Cumulus Networks, Mellanox Technologies)

ONIE: Network OS Installer Discovery and Install Behavior @) cumuas neworks

Interface * Configures Ethernet interface for IPv4 / IPve

* Configures DNS and hostname

* Determines the location of an installer executable

Examines local file systems, e.g. USB flash drives

* Uses DHCP options, DNS Service Discovery, Multicast
DNS and IPve Neighbors

[ Locate Installer J

Downloads installer via URL
Run Installer Passes various environment variables to installer
* Launches installer

I pyrue BO3MOXXHOCTHU, peanusoBaHHble B ONIE

YyacTHukn Open Compute Networking Project HamepeHbl ocBonTb "XXene3o", paboTatouee Ha CaMbIX
pa3HbIX NpoLieccopax

ONIE Ongoing Development Qcumis netuods

Support Multiple CPU Architectures

* PowerPC - Today

= x86 - VM Prototype available today

* Thinking about ARM, MIPS

= Maintain ONIE behaviors across architectures

Testing and Compliance
= Enhance and extend regression test suites
* Develop compliance test suites

Onsa "ob6kaTku" u pabortsl ONIE ucnonb3yloTt "BUpTyanusauuio"


https://cdn.nag.ru/news.public.uploads/upload/images/20150619-0017.jpeg
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ONIE Ongoing Development 1 cumuds netuworks

New Features
= DHCPvG
* DNS Service Discovery / Multicast DNS discovery
* HW Vendor diagnostic

Releases

* Quarterly release cadence
* Ongoing maintenance
* Enhancements

ONIE He TONIbKO BOCNPOM3BOAUT, NOBTOPAET UMeloLLMecss BOSMO>XKHOCTU, HO U COBEpPLUEHCTBYET M
nodaBnserT HOBble

Takol nogxopn no3eosseT bbicTpee NoAcTpamBaTbCca Noa TpeboBaHMA MpoBanNgepoB: NyCTb NPON3BOAUTENN
")Kenesa" 3aHUMalOTCS CBOW AesioM, nocTasnsas "bare metal network switches", a gpyrue komnaHuu,
COTPYyAHMYAa N coNnepHMnYas, 3anMyTCa COBEPLUEHCTBOBAHUEM N PA3BUTMEM MPOrpPaMMHON "HaYNHKKN".
MpenmMyLecTBo 3TOro NoAxona He TOJIbKO B BO3MOXXHOCTK BHOCUTb n3MeHeHud B MO, eCTb N MHAHCOBLIN
BbINTPbILL.


https://cdn.nag.ru/news.public.uploads/upload/images/20150619-0021.jpeg
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MeTodHKE: "Making the Switch to Bare Metal and Open Metwarking” Cumulus Metwarks, 20145

HoBbi# noaxop NO3BOJIAET 3aMEeTHO YMEHbLWUTb (PUHANbHYIO CTOMMOCTb 060pyAOBaHuUA, 3a CYET
U3BATUA TOro "HaBapa", KOTOPbIN MOJIyYasZiu NOCTABLLUKM NPONPUETEPHLIX PELUEHUN

M3MeHeHNs B OTHOLIEHMSAX MexXAy NOCTaBLLNKaMM nponprueTapHoOro o6opynoBaHNS N KPYMHBbIMU
nokynatenaMmu-notTpebutenamm (Amazon, Google, Facebook) otmeTunn B Gartner. Tam c4ymTatoT, 4TO
MHUUMaTuBLI, NoaobHble Open Compute Networking Project, BO3HUKAN He cnyYaliHo 1 byayT
pa3BuMBaTbCA®* B BaniKallLee BpeMs: Lenb MOHATHa — opraHn3oBaTb busHeca Hanbonee shpeKTMBHO C
YY4ETOM TOro, 4To And rnobasbHOro oxsaTa NoTpebyeTcs 3Ha4YMTENIbHOE MacWwWTabnpoBaHme
MHPPaACTPYKTYPbl. JOCTUXKEHNSA Ha 3TOM NYTU HE CKPbIBAOTCS, MPOEKT OTKPbIThIA, MO3TOMY UHHOPMaL s
0OCTynHa n gpyrum, bonee menknm komnaHuam (cm. "Overview" n "Code repository for ONIE" Ha GitHub).


https://cdn.nag.ru/news.public.uploads/upload/images/20150729-0003.jpeg
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https://github.com/opencomputeproject/onie

* "Report to Congress on Server and Data Center Energy Efficiency" — ccbinka Ha pdf.
** Open Compute Networking Project — www.opencompute.org/projects/networking/

¥k Hewlett-Packard (HP) npncoegmHmnnack K npoekTy BecHon 2012 roga. HoBble KOMMNAaHUN-YJIEHBI, KpOMe
HP, aTo AMD, Fidelity, Quanta, Tencent, Salesforce.com, VMware, Canonical, DDN, Vantage, ZT Systems,
Avnet, Alibaba, Supermicro n Cloudscaling. Yem 3aHANCb HOBblE YYAaCTHUKN — CM. 30€Ch.

Rk "Web-scale IT is a pattern of global-class computing that delivers the capabilities of large cloud service
providers within an enterprise IT setting by rethinking positions across several dimensions." - cMm. "Gartner
Says By 2017 Web-Scale IT Will Be an Architectural Approach Found Operating in 50 Percent of Global
Enterprises".


http://www.energystar.gov/ia/partners/prod_development/downloads/EPA_Datacenter_Report_Congress_Final1.pdf
http://www.opencompute.org/blog/enabling-innovation-where-it-matters/
http://www.gartner.com/newsroom/id/2675916
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