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Moore’s Law and High
Performance Computing
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Exponential Power and Computing Growth

5V Power at a glance:

1 (assume 31% CPU Power in a system)
= Vee sealing eToday’s Peta: 0.7- 2 nj/op

0.1 e . *Today’s COTS: 2nj/op
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eUnmanaged Exa: if 1GW, 0.31nj/op;
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Unmanaged growth in power will reach Giga Watt level at Exascale ‘
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@ WNC nmenn A.K.AiinamassaHa PAH — NMporpamma «CKU®-rPUa» E"‘,"’,,.,A

[ﬂﬂaHbl pa3sutus cuctem CKU® Pana 4 ]
CKU®/N

« 200 TPJIOMNC/wkad
* 1.37 I'PNOMNC/BatT

CKHU®D/C

* 100 TOJIOMNC/wkad
* 1.0 F®J10MNC/BatT

CKNod/B

« 37 TOJIONC/wkad
* 0.38 TQJIOlNC/BatT

CKUD/H

e 24 TOJ10MC/wkad
* 0.25 I'®J10M1C/BatT

2009 2010 2011
18 uiorHsa 2009 r. CKU®-FPUL © 2009 Bece npaBa 3awmileHbl Cnaunp 47




r@ UMNC nmenu A.K.AinamassiHa PAH — lNporpamma «CKU®-rPvg» E"‘"";w

«ncnosib3oBaHmne pecypcos FPGA»

[HanpaBneHMﬂ R&D ]

7 Peanusauus konnektusHbix MPl-onepauuii B FPGA

7« FPGA-nogaepxka PGAS-sa3bikos (UPC, Titanium, n ap.) u
apyrnx mogenen (nccNUMA, oAHOCTOPOHHME ODMEHbBI U

T.M.)

7 Moppepxka rmbpuaHbix (FPGA+CPU) BbluncneHUi

non-
standard
part

standard
part

18 miona 2009 r.

/‘
<Slstem Interconnect, 3D-torus )

FPGA FPGA FPGA| sus FPGA

CPU

Subsidiary Interconnect, Infiniband

CKU®-FrPUO © 2009 Bece npaBa 3awjmuieHbl Cnanpg 58




Fermi is a throughput computer <3
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Cucrembl XpPaHEHUA OAHHDbIX



IBM Research

Storage Historic Price Trend and Forecast
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Solid State Drive

Future Performance and Energy Efficiency

SSD GigaBytes

Assume: Capacity of the SSD grows at a

5000 PPTY 4 CAGR of about 1.5; historical HDD at 1.6
: “‘-“'-“‘ . .
: Vision
ot 10 ExaBytes at 2018:
100 ——¥%
- ‘0
50 @&

e Future projection
O . i . —
2008 2010 2012 2014 2016 2018

Source: Intel, calculations based on today’s vision

Innovations to improve 10: 2X less power with 140x performance gain




CyuwecTtsytouee peweHune: HP ESL-E
5 PB uncompressed / 3500 tapes 8 600 mm cToNKe

18 Okt 2010

Family Comparison

ESL 712e

ESL 322e

Announce Date

February 2004

July 2004

Drive Technology

LTO-5 Ultrium 3280 FC, LTO-4
Ultrium 1840 FC, LTO-3 Ultrium
960 FC

LTO-5 Ultrium 3280 FC, LTOA
Ultrium 1840 FC, LTO-3 Ultrium
960 FC

Maximum Cartridge Count

712 (1 frame)
3546 (5 frame)

322 (1 frame)
3546 (5 frame)

Maximum Drive Count

24 (1 frame)
44 (& frame)

24 (1 frame)
44 (5 frame)

Maximum Capacity (compressed 2:1)

2136 TB (1frame)
10638 TB (5 frame)

966 TB (1frame)
10638 TB (5 frame)

Maximum Throughput {compression 2:1)

24 2TB/hr (1frame)
44 ATB/hr (5 frame)

24 _2TB/hr (1frame)
44 ATB/hr (5 frame)

Interface Manager

Included

Included

ETLA Components: (not included)

FUTURE: “Oracle unrolls tape roadmap” (11.08.2010)

*  “In 2013 we have a fourth generation tape, a T10k-D we'll say, with 6-10TB
capacity and 270-400MB/sec throughput. The SL8500 now has 600-1000PB
capacity and 621-920TB/hr throughput. Once again the slot count stays
constant and so does the number of drives, using the same math as before.”

*  “The gen 5 tape, a T10k-E, appears in 2015 with a 12-20TB capacity and 400-
600MB/sec throughput. At this point the SL8500 has a 1.2EB (1,200PB)-2EB
(2,000PB) capacity and a 920-1380TB/hr throughput, the slot and drive
count remaining constant again.”

ScTau Factory Detector :: Computing
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Obuwune XxapaKTepuUCTUKn
KOMMNbIOTEPHOro obecneyeHma
cUCTeMbl cOopa AaHHbIX AEeTEeKTopa
ana cynep c-tau pabpuku



Internal Fiber=
Interconnect:

ReadOut2
w/ LLT

FiberTraylb (8x 24smf.c.)

FiberTray2b (8x 24smf.c.)

FiberCross1b

Factor of 30-35 data rate
reduction

Event Building

SFI (fragments input)
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IT obecneveHune (3a NCKNOYEHNEM

0b60opyaoBaHMA HA aHTPECONAX AEeTEeKTopa)

* 2 dU3MYECKN He3aBUCKMMbIe NAOLWAAKM, pa3HeCeHHble Ha 500 m
(mawsan B 3paHMKM aeTekTopa + mawsan OBC)

2N pe3epsnupoBaHmne CMCTeMbl NMUTaHUA U CUCTEMDI YNPaB1eHUA,
N+1 — pe3epsnupoBaHMNeE CUCTEMbI OXN1aKOAEHUA HA obenx naowaarax

[pynna cneumnannsnpoBaHHbix cuctem MBI Ha Kaxkaon naowagke
(Mcnonb3oBaHWe AM3enb-reHepPaTopoB He NpeanoaaraeTcs)

BbicOKan cTeneHb aBTOMaTU3aUMM UHKEHEPHOM MHOPACTPYKTYpbI

* [lonesHad Harpyska:

30k apep CPU (0.6 PFlops, 20 TFlops/CPU core B 2020 r.):
20k B nomeweHmn 114 + 10k 8 OBC (Bkatovaa NPUA-pepmy)

20PB Ha “aunckosbix cuctemax” (HDD/SSD, bydep ans nepeaadm AaHHbIX
B nomelleHnn 114 (10PB) + 6ydep offline-pepmbl aetektopa 8 OBC (10PB)

80PB Ha “6bicTpom neHTouHOM XpaHuaunwe”: 20 neHTo4YHbIx poboTos B OBC

160PB Ha “meaneHHOM NeHTOYHOM XpaHunumwe”: 32 neHTouHbix poboTa B OBC

18 Okt 2010 ScTau Factory Detector :: Computing
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IT obecneveHune (3a NCKNOYEHNEM
0b60opyaoBaHMA HA aHTPECONAX AEeTEeKTopa)

e« 20PB (HDDs) + 80PB (Tapes) + 30k CPU cores no3BoASOT:

— CoxpaHATb gna gonroppemeHHomn obpaboTkm B cpegHem oKono 3% Bcex
3KCNEePUMEHTaNbHbIX COBbITMIN, OTOOPAHHbBIX NEPBUYHBIM TPUTTEPOM AETEKTOPA
NPM NPOEKTHON MaKCUMa/ibHOM BO3MOXHOM YacToTe ero cpabatbiBaHms 0.5 MHz,
4YTO COOTBETCTBYET NPUMEPHO 3el2 coxpaHeHHbIX 418 ANUTENbHON 06pabOoTKK
3KCNepUMeHTaNbHbIX COBbITMI 33 5 neT HenpepbIBHOW PaboTbl AeTeKTopa
(10 net actpoHommMyeckoro BpemeHun npn 50% apPpeKTnBHOCTH)

—  WMmeTb BO3MOMKHOCTb , NPU HEOBXOANMMOCTU, COXPAHATL ANS AanbHenwen obpaboTku
BECb NOTOK AaHHbIX, NAyLWMX ¢ nepBuyHoro Tpurrepa (120 Gbps)

— MmeTb Ha 04HO 3KCNepuMeHTalbHoe CObbITUEe, COXPaHEHHOE B CUCTEME XPaHEHMUS
AaHHbIX offline dpepmbl 1-3 kFlops BblMMCAUTENBHON MOLLLHOCTW.

. H606X0,£I,I/1Mbll/l 6roaxKeT Ha 5 net HenpepbIBHOW paboThl:

; — BbluMCAUTENbHbBIE CUCTEMbI U CUCTEMbI XPaHEHMA AaHHbIX: 13 M$S

: — DKcnayaTauMoHHbIe pacxoapl (B TOoM uncne pemoHT IT obopyaoBaHms
N ero obCcnyKnBaHMe, Pacxodbl Ha 3NEeKTPO3Hepruto): 2MS

— CTOMMOCTb UHXeHepHOW MHPPACTPYKTYpbI: 4-5 MS

18 Okt 2010 ScTau Factory Detector :: Computing 18



[na nanbHenwen aetannsayumm un obocHOBaHUA
npeanaraemoro IT peweHna Heobxoammo: (1)

* BblbpaTb apXUTEKTYPY CUCTEMbI KOMNOHOBKM CObbITUA U3 PparmeHTOB
(Event Builder-a):

— CTaHAapTHbIe cpeacTBa NakeTHOM KoMmmyTauum Ha 6ase IP/Ethernet
(BbICOKaA rMBKOCTb, BbICOKAsi CTOMMOCTb, MOHUXKEHHasA NPOon3BOAUTE/IbHOCTb)

— Cuctembl Ha OCHOBE cneuyManM3npPoBaHHbIX KOMMYTaTOPOB/ceTeBbIX
npotokonoB FC, FCoE, FColP (Bbicokaa npon3BoanTEIbHOCTb, BbICOKAA
rMOKOCTb, BbICOKAA CTOMMOCTb)

— Cneumann3npoBaHHble pelleHnss Ha OCHOBE MHOMOMPOLLECCOPHbIX CUCTEM C
obuwelt namaTbio/cneumanmnsnpoBaHHoro MO (HauBbiCLLaA
NPON3BOAUTENbHOCTb, CPaBHUTENbHO HM3KaA CTOMMOCTb 060pYya0BaHMUSA,
HeobxoaMMocCTb pa3paboTku n nogaepku MNO)

* Bbibpatb apxutekTypy TpeTuyHoro Tpurrepa n ¢pepmbi offline-ob6pabortkm
AAHHbIX:

— ApxutekTypa obuiero HasHayeHua (npoctoTta paspaboTku M0,
BbICOKaA NepPeHOCUMOCTb, CPaBHUTENbHO HM3KaA 3GPEKTUBHOCTD)

— CneumanusnpoBaHHana rmbpuaHan apxmtekTypa (cnokHocTb paspaboTku M0,
HMU3KasA NePEeHOCMMOCTb, BbicOKasa 3pPEeKTUBHOCTb)

18 Okt 2010 ScTau Factory Detector :: Computing 19



[na nanbHenwewn aetannsaymm mn ob60cHOBaAHUA
npeanaraemoro IT peweHna Heobxoammo: (2)

* Onpepgenutbca ¢ apxutektypou MO EventBuilder-a, TpeTtuyHoro tpurrepa,
PEKOHCTPYKLUMN U MOAENUPOBAHNA CODbITUM AeTeKTopa:
— OpgHonoTtoyHoe/mHoronoTtoyHoe MO?
— TpeboBaHMA K BHYTPEHHUM CETAM? (MponycKkHaa cnocobHOCTb, 3a4ePHKN,
HeobXoANMOCTb BbICOKOTOYHOM CUHXPOHM3ALNN)
— OrpaHuyeHumne cHM3y Ha 06bem RAM Ha eAUHULY BbIMNUCAUTENBHOM
MOLHOCTN?
* Onpepenutbca co cTaHaapTHOMU cpeaou ucnonHeHua NO geteKkTopa:

— WHTeHcMBHOE MCNONb30BaHME BUPTYaM3aLUM CO CPABHUTENBHO HEBONbLLINM
4YUCNOM OgHOBPEMEHHO AocTynHbIX agep CPU (ynpouleHre npouecca
pa3paboTKK, BbICOKAsA TMOKOCTb M NEPEHOCUMOCTb pPELLEHUSA,

HECKO/IbKO MOHUXEHHas NPOM3BOAMUTENbHOCTD)

— 1ub0 OPNEHTMPOBAHHOCTb Ha Cpeabl NCMONHEHUA C OAHOBPEMEHHOWN
NOCTYNHOCTbIO 6bonbLioro ymucna agep CPU (mHoro 6onbuwe 32-x)
(BblcOKana Npon3BOANTENBHOCTb, OFPAHMYEHHOCTb B Bbibope OC,
YyCNOXHeHMe npouecca pa3paboTkm, HU3Kas NePEHOCUMOCTD)

18 Okt 2010 ScTau Factory Detector :: Computing 20



[na nanbHenwewn aetannsaymm mn ob60cHOBaAHUA
npeanaraemoro IT peweHna Heobxoammo: (3)

* OnpepennuTbca C BbICOKOYPOBHEBOW apXUTEKTYPOiIA CUCTEMbI XPaHEHUA U
offline-06paboTKku gaHHbIX:

— GRID cuctema? (Bbicokaa maclutabupyemocTb M OTKa30yCTONYMBOCTD,
CNOXHOCTb pa3BepTbIBaHNA U aAMUHUCTPUPOBAHUA, HEOHXOAMMOCTD B
HaANYUN BHELLHUX KaHANOB CBA3M)

— KoHconnanpoBaHHbIN LEeHTP 06paboTKM AaHHbIX (OTCYTCTBME [A0POroCTOALLMX
KaHa/10B CBAI3U, BbICOKAsA YNPaBAAeMOCTb M NPOCTOTA aAMUHUCTPUPOBAHUA,
OrpaHUYeHHaA MacWwTabnpyemocTb U CPaBHUTENIbHO HMU3KaA
OTKa30yCTOMYNBOCTb)?

— KoHCcONManpoBaHHbIN LLEHTP 06paboTKM AaHHbIX C NOAAEPKKOM
COBMECTMMOCTM C pacnpocTtpaHeHHbiMmu Cloud-nnatdopmamm
(ncnonb3oBaHMe cBOHOAHOM EMKOCTU PETMOHA/bHbIX
CYNepKOMMbIOTEPHbIX LLEHTPOB)?

18 Okt 2010 ScTau Factory Detector :: Computing 21



O6beKTbl IT MHPPACTPYKTYpPbI AETEKTOPA
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ncrnonb3osaHua LR 10-100 GbE/SMF fiber unmn oo 4-x He3aBUCUMBbIX
nyTen B cayvyae ncnonb3oBaHua texHonornn DWDM 22
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[ Legacy Free Standing Servers False Floor Plate Counters
o e wimses [BINP IT FACILITY MAP
. y e e Half size plates (0.18m’): 65
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Fermom 11 size 2&22 Eo.osﬂ%: 37 Alexander S. Zaytsev <A.S.Zaytsev@inp.nsk.su>
D APC Open Frame Rack (43U)
_ Area Estimates 2020
E HP ESL-E Tape Library (42V) Total usable area: 366.2m’ (of 440m’ within the outline)
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[pepnaraembie nepsbie Warn peannsaumm
M 060CHOBaAHMIO NPEA/IOKEHHbIX peLleHnI



[To3TanHoOe HapalwmBaHME BbIYUC/IUTENbHOM
N TENEKOMMYHUKALUMOHHOMN MHPPACTPYKTYpPbI

 [PUAO-pepma Kak npoTtoTmn depmbl offline-obpaboTKkm AaHHbIX AeTeKTopa
M NOJINTOH AN1A OTPABOTKM TEXHONOTMMN NOCTPOEHMUA CUCTEM XPaHEHUA
AAHHbIX:

10-100 GbE, onTummnsauma npon3BoAUTENIbHOCTU CETEN
KommyTupyemble cetu xpaHeHus AaHHbiX (SAN/FC, FCoE)

MapannensvHbie pamnosbie cuctemsbl (PVFS2, Lustre n npoyne reteporeHHble cUcTeMbI €
BbIFPY3KOM MeTaZaHHbIX Ha OTAe/ibHble BbICOKONPOU3BOAUTENbHbIE FPYNMbl HOCUTENEN)

MacwTtabHoe ncnonb3oBaHMe BUPTyann3aumm, B TOM YNCNE U C NOALEPHKKOM
“npo3payHon” murpaunm VM-oB, mexay (reorpadunyeckn) yaganeHHbIMU
BbIYNCANTENbHBIMW KOMMNNEKCAaMMU

MonyyeHMe onbiTa aKCNAyaTaLUum cuctembl cuctembl macwitaba 2k CPU cores/1 PB HDD
(3-5% oT dMHanbHOM KoOHUTrYypaummn)

MonyyeHme onbiTa 3KcNAyaTauum cuctembl MBMN/pacnpeaenednsa nutaHms go 150 kVA
(4-5% oT KOHeYHOM KoHUrypaumm)
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3.2 M$
1832 CPU Cores (5.5 MSI2k) / 4.8 TB RAM / 1.0 PB HDD (wlo PDU & cooling

infrastructure)

2012-2013



[To3TanHoOe HapalwmBaHME BbIYUC/IUTENbHOM
N TENeKOMMYHUKALUMOHHOMN MHPPACTPYKTYPbI

* [lpoTOTMNMPOBAHME peLleHUN Ana TPeTUYHoro Tpurrepa n EventBuilder-a
Ha ocHoBe rnMbpunaHbix apxmutektyp (CUDA/NVIDIA Tesla) — s cayuae
8blbopa coomeemcmayrouieli apxumeKkmypsl 8 Ka4ecmee 0CHOBHOU

YoenbHaa CTOMMOCTb B 5 pa3 HUXKe pelueHua Ha OCHoBe naatdopm
obuero Ha3HavyeHus (no coctosiHMio Ha 2010 T.)

[JocTynHocTb cpeacTs pa3paboTku n othaakm NO
MonHoueHHaa nogaepKa DP (HaunHaa c NVIDIA Fermi, 2010 r.)
BbicOoKana sHeprospPeKTMBHOCTb U KOMMNAKTHOCTb pPELLEeHMS

BO3MOKHOCTb MOCTPOEHUS NEPBON oYepean peLleHna Npu CpaBHUTEIbHO HEGONbLLNX
3aTtpaTax (10 maH.p.)

BO3MOXHOCTb Mcnoab3oBaHmMA Tononorm 2D n 3D-Top AnA CMCTEMHOW CETH

OcHogHble Hedocmamku O0aHHO20 Mo0x00a bbisu rnepeyucsieHsl 8biue
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Annotated rack layout: front view
(no blanking panels and cable organizers shown here)

Cisco RPS » :

24x Tesla

S2070
Computing
Module

2x SATAFC

RAID Array [>|p

(50 TB)

4x APC
20 kVA
(N+1)

Specs summary:

24 x2x12
24 x 4 x 448
24 x 24 GB
24 x 48 GB
24 x 80 GB

4 x5x146 GB

24 x 146 GB

24 x 4 Tesla C2070 GPUs:

4x L3 Ethernet
switch (24 GbE
+ 2x 10GbE
ports each)

A A

2x QDR IB switch

(36 ports each)

2x APC KVM
(32 RJ45 ports each) I>D

O

N
I fo

24x 2U TYAN S7025 |femscegey € 8x APCSKVAATS
< (S7025WAGM2NR) [I=
based server > ———] APC Env.
4 2xLGA1366 > =B < Monitoring
( Xeon 56xx support: —
6 physical / 12 logical (s
L < cores each), —
48 GB DDR3 RAM, P>
4  4xPCle2.0 (x16), = 4x Storage / Ul
: 1x PCle2.0 (x8), = < Server
1x PCle2.0 (x4 '
< . DIMEANI ] 2xsAsFc
uuuuuuu WY | DAID Array
(00RO (12 TB)

<
<] 2x Aux. 100 Mbps
L2 Ethernet switch

576 logical CPU cores (Xeon W5680, 3.3 GHz, 3.8 TFlops)

43008 CUDA cores
0.56 TB of GDDR5 VRAM
1.13 TB of DDR3 RAM

1.88 TB on SSD drives (80 mks latency for reading)
2.9 TB on 15000rpm SAS drives in RAID6
3.4 TB on 15000rpm SAS drives in RAID10

12 TB on 10000rpm SAS drives in RAID6
50 TB on 7200rpm SATA drives in RAID6

[ 70 TB of storage in total ]

53 - 66 TFlops (double precision)
107 TFlops (single precision)

Hardware overall cost estimate:
Total: 1.23 M$ (35.7 MRub)

$19-23/(1Gflops+1.2TB)
for GPU based design (double precision)

Compare to $ 100 - 110 / GFlops (double precision)
for the general purpose CPU based design



Front view: plain layout Open frame rack based layout
(step 1: building 17% testbed)

Rear view: data and power cable organizers

Planar (switched fabric based) layout
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A B C D
R80k (UPS) ;DS T O T W
I T 8 O O O ] O OO
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4 x 4 Tesla C2070 GPUs: 8.8 - 11 TFlops (double precision)
18 TFlops (single precision)
[ 35 TB of storage in total ] D c B A

Hardware overall cost estimate: 349 k$ (10.1 MRub) Rack (UPS) IDs



[To3TanHoOe HapalwmBaHME BbIYUC/IUTENbHOM
N TENEKOMMYHUKALUMOHHOMN MHPPACTPYKTYpPbI

MopgepHunlauma TeNeKOMMYHUKALNOHHOW MHbpacTpyKkTypbl MAD
n rPUA-pepmbl UAD:

— BbIXO/, BO BHELWHUN MUp ana Bcen IT nHPpacTpyKTypbl AeTEKTopa

— npwuBseYeHme reorpadmnyeckm pacnpenesieHHbIX BblYMCANUTEIbHbIX PECYPCOB

3abnaroBpemeHHaa moaepHUsauma mawsana OBC:
— 2x 500kVA — pacnpeaeneHune nutaHmsA
— 480kW — oTBOAMMAA TENNOBAS MOLLHOCTb
— KOHTPO/Ib AOCTYMa U CUCTEMbI MOHUTOPUHIA

3abnaroBpemeHHas oTpPaboTKa pelleHn ANA CUCTEM YNpPaBaAEHUA U
MOHWUTOPMHra Mall3anoB ana byayuwero getektopa (cMcrembl
AVCKPETHbIX U pacnpeaeneHHbIX 4aTYNKOB):

— CropoHHue pewweHus (APC)

— CobcTtBeHHble pelwleHusa (MAD)

— Bo3smoxcHbIlU coemecmHsbil npoekm MAS rno co30aHuro cobcmeeHH020 peuwieHus 05
pacnpedeneHH020 PAMAHOBCKO20 0NTMOBOI0OKOHHO20 mepMomempad
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QUESTIONS & DISCUSSION



