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5 Paralelizem na nivoju procesorjev
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5. Paralelizem na nivoju procesorjev

Namen in cilji 5. poglavja:

A Paral el nost poskw@g@amoaizzkdmi it int |

A Prednosti in omejitve paralelizma na nivoju procesorjev
A Kako gradimo in povezujemo ?
A Kako programiramo ?

A Multiprocesorji,mul t i ral unal ni ki
A -Superralunalni ki:, podatkovni cenit
A Z/brez cenovnega kompromisa
A Razmerje cena/zmogljivost :
A Kako to dela Google ?
A Zanimivi pristopi:

A GPU, podatkovno pretokovnor a | u n A B-orgin chipsii Spinnaker
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5. Paralelizem na nivoju procesorjev

Paralelnost:
Aoje problem (programiranje, ulinkovit:
A Je edino upanje (omejitve tehnologije)

Primer:

A gel i mo:1CPE Stepe= 0.001ns

A dobimo: 1000 CPE Stepe = 1ns

Ateoretilno enaka zmogl jivost, v | em |
A sl abo: zaporedno razmigljanje, problemi, al g
A dobro: imamo probleme, ki so Aparalelniih

A razlika v porabi (v prid paralelnosti)

A°Za | PC >10 edina mognost !
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Omejitev pohitritve v paralelizmu: Amdahlov zakon

Paralelnost :
AProblem ali regitev ?

Pohitritev programa z ar ad | par al el nneullipmocasaskemg e v ar
sistemujeomejena z del pgegr a ma, K i ga | ahko p
1 N 1 1
SN = = SN - -
(N) f+@- f)/N 1+(N-1f nm(N-l, 1, N, 1 "¢

N N N
f =d e | _epgracijki_niso_ pohitrene

(1- f)=d e |_epgracijki_so_N- krat_pohitrene | —d € l_epgracijki_niso_ pohitrene
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Pohitritev 1Izvrgevanja programa Vv odyv
|l zkori gl enega paralelizma Vv
Amdahlov zakon
20,00 —
i_’_,_,-""
18.00 -
/ Del eg pardalegli zmp (1
16.00 - 50%
/ — 75%
~ 14,00 90%
% / —— 95%
= 12.00 /J’
)
= 10.00 7 —
i
i____,.-"'"
DO_EIUD ///"’;
6.00 /f
4,00 ,/
sam
2,00 ——
TS e g s 8 ¢ S5 88 5 3 8 oo
. - M2 R F B v oo
Gtevilo procesorjev N
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http://upload.wikimedia.org/wikipedia/commons/e/ea/AmdahlsLaw.svg
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5. Paralelizem na nivoju procesorjev

Vrste paralelnih ralunalnikov gl ed

Private
memory Computer
Shared memory \
Coprocessor M
Thread |
CPU
\ —{ CPU
‘%% IL' Inter-
t
CPU | v e
CcPU / f CPU |
Main CPU || CPU
Tightly coupled Loosely coupled
(a) (b) (c) (d) (e)

Figure 8-1. (a) On-chip parallelism. (b) A coprocessor. (¢) A multiprocessor.
(d) A multicomputer. (e) A grid.

ANa | i puChip@)On A Koprocesorji ( €oprocessor ¢ )
na nivoju ukazov ( pogl . 4) A MultiProcesorji ( MultiProcessor ¢ )

vel ni t(pog.s0) AMul ti Ral ( #altiConpiter ¢ )
multiprocesorji na 1 | i pu AOmr e g jGedc () &
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5. Paralelizem na nivoju procesorjev

Razl i | ni nNi vojl uvaj anja par
povezanostjo:
A Na | { e @&Ghipc )

A na nivoju ukazov (pogl . 4)

Avel ni@{aglo49)
A multiprocesorji na 1 | i pu
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5.1.1 Paral el i Z &omogemmutiprocesgrma | L phai pu
5.1.1 Multiprocesorji na | i p ([ChigiAGrh o mogeni fi
Core I7:
|A-32 |A-32 |A-32 IA-32
CPU + L1 CPU + L1 CPU + L1 CPU + L1
L2 ache L2 cache ][ L2 cache ][ L2 cache ]
%’ — Ring network — T—
L

!

L3 shared cache l

Y
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Primer heterogenega multiprocesorja : DV

NTSC/PAL/SECAM
composite video
Audio encoder
_ decoder
MPEG video decoder \ Disk controller
Control processor \ \ \ / / Cache
LY h) A 4 r £

D predvajalnik.

Heterogeneous
multiprocessor chip — .

Memory

with six cores @ g

L}

P —
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Samsung Galaxy S5,

S6, S7, S81in S20

i = GPU Performance
Instruction Frequen GFU Memory technology
Model number fab Microarchitecture | Cores e GFLOPS
set (GHz)
Cortex-A15+ _ .
Exynos 5 Octal®] 28 nm 1.9 ARM Mali-T628 MP6 @ 32-bit dual-channel 933 MHz
ARMYT Cortex-A7 444 102.4 (FP32)
(Exynos 5422) HKMG , ) 1.3 533 MHz LPDDR3/DDR3 (14.9 GB/s)
(big LITTLE with GTS)
Cortex-A57+ 32-bit dual-channel 1552
Exynos 7 Octa 14 nm 21 _
ARMYE-A Cortex-A53 4+4 Mali-T760 MPS @ 772 MHz | 210 (FP32)86] MHz LPDDR4 (24.88
7420[841EE] LPE _ . 15 5
(big LITTLE with GTS) GB/s)ET]
S . I I I I I I
LEF M1 2.6 \
{1-2 cores LPDDRA
load) 2.3
Exynos 8 Exynos M1 {34"" - Mali-T880 MP12 [
IFM Dn DDS’E""‘ Da -
SEEELLL ‘ 4+4 | ps53 16 Mali-T880 MP10 650 _
[92] Cortex-A53 o (Lite) 221 (Lite)
(GTS)E31 M1 2.0
AS53:1.5
(Lite)
Editis L Exynos M2
Octa 8895 | 10 nm M2: 2.314 .
"Mongoose"+ A+4 Mali-G71 MP20 545 375 LPDDR4X
LPE AS53 1.69
[95][96][97] Coriex-A53 (GTS)
1+ 3+ 4 cores )
Mali
Exynaos 2100 (2.91 GHz Cortex-X1 +
[157] GT78 854 1,630 LPDDRS
(S5E9840) 2.81 GHz Cortex-A78 + MP14
2.2 GHz Cortex-Ab5)
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5. Paralelizem na nivoju procesorjev

Razl i | ni nNi vojl uvaj anja par
povezanostjo (nadaljevanje):
A Koprocesor ji ( €oprocessorg )

AMregni, medijski, kriptografski
A MultiProcesorji ( RlultiProcessorg )

A enostavni (skupen naslovni prostor) za programiranje

Atesneje povekamapoi , sl| abge
A Mul ti Ral  ®altiCompltaerc )
Al ol eni naslovni pr os(tApri a pdaneldjeen

Aohl apnejge poskaimgeve, bolj ge

A Omr e ( j&edc )
A Het er ogahlagneje pgoev e z a n i , Qgeograf sk
A SETI| @H o Smert Enérgy Gridfi
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5.2 Arhitekture paralelnih ralunalnikov

1.1966- Flynn- poda- klasifikacijo- paralelnih- ra¢unalnikov- glede- na- Stevilo- ukazov- in-

stevilo-operandov,-ki-se-izvajajo-hkrati:q

~

SISD= SIMD= MISDxz MIMD= H

B

|para|e|ni-raEunaIniki1| |
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5.2 Arhitekture paralelnih ralunalnikov

5.2.1 SISD (Single Instruction, Single Data) .

A Von Neumannov model

B Instructions
O Data
B Results

5.2.2 SIMD (Single Instruction, Multiple Data):

Ideja: poenostaviti KE, izkoristiti paralelizem na nivoju podatkov

-~

Source: ARS Technica

A SIMD razgiritve: Figure 4.5. NEON vector-by-scalar multiplication

A Intel: MMX, SSE ukazi VMULF32 g2, g1, dO[0]

A ARM: NEON kot YD) a | bt | et | e 0
A vektoarrsyi prAcesorj i,

A CRAY (najbol | znani vekt

ad1-b11| a31-b11| a21-b11| al1-b11

OR1 57 Povzetki predavanj 13
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5.2 Arhitekture paralelnih ralunalnikov

5.2.2 SIMD (Single Instruction, Multiple Data):

Pri mer : matrilno mnogenj e: ( ARM: NEON |

Figure 4.5. NEON vector-by-scalar multiplication

Figure 4.4. Matrix multiplication showing one column of results
) o ’ VMUL.F32 g2, g1, d0[0]

all al2 a13 al4 b1 b2 b13 b4 [ alisbli+alZeb2i+aid-bit+atdensl .. .. .. ]
a2l a2 a3 al b21 b2 b23 b4 a2l-b11+222-b21+a23:03 1422441 - - gt | b4l | b3t | b2t q0
a3l a3z a3l a4 ' b1 b32 b33 bM - a31eb11+a32:b21+a3d b3 +a3depd1 ... ... ...

L adl ad2 ad3 a4 | [ b4l b2 b43 ba4] | adlDil+ad2:b2isadd-b3itaddeddl - - - |

ad1+b11| a31«b11| a21-b11 | at1-b11

5.2.3 MISD (Multiple Instruction, Single Data):

ne obstajajo, nekateri sem gtejejo cev

OR1 57 Povzetki predavanj 14 E 2024, Rozman, FRI
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5.2 Arhitekture paralelnih ralunalni/

5.2.4 MIMD (Multiple Instruction, Multiple Data):

| dej a: I zvaj at i hkrati vel ukazov, vsal
Znal il nost. i

A Splognej gi od SI MD, |l zkori stijo vel P

-~

AV praksi p o gSingleé Pr oSgPrveDm (Mu | t i pl e Dat afi

Lol i mo 2 skupi ni
A Multiprocesorji (skupen naslovni prostor) i AShared Memory Multiproc. i

A CPE tesno povezane s skupnim pomnilnikom
A+ enostavno programiranje, -s | a Iskalabilnost

A Multiralbmalemii kij Massage Passkg Multiproc. i

A rahlo povezani, vsaka CPE svoj pomnilnik
A + cenej gkalabilnk-tbeogljje programiranje

OR1 57 Povzetki predavanj 15 E 2024, Rozman, FRI
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5.2 Arhitekture paralelnih ralunalnikov

Primerjava MIMD in SIMD:

A z vidika MIMD:

A+ za gradnjo se lahko uporabijpoo b st oj el i (omiogjes oagna)

A +skalabilnost; uporabni k gtevilo procesorjev prilaga

A -t egko mprevajalrdki,t ik i b i pol eg podatkovne izkori gl

OR1 57 Povzetki predavanj 16 E 2024, Rozman, FRI
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5.2 Arhitekture paralelnih ralunalnikov
A Klasifikacija Tanenbaum:
Parallel computer architectures
SISD SIMD MISD MIMD

(Von Neumann) /\ ? / \

Vector Array Multi- Multi-
processor processor processors computers
COMA NUMA COow

/\ ZANIIZAN

Switched

CC-NUMA

NC-NUMA

Grid

Hyper-
cube

N

Shared memory

"

Message passing

Figure 8-14. A taxonomy of parallel computers.
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5.

2 Arhitekture

paral el nih

ralunal ni kov

5.2.4 MIMD (Multiple Instruction, Multiple Data):

Muilti-
processors

Multiprocessors

MIMD

pllrpfrP|P
| 1 | |

PH = H P

P - «(ﬁ_p

P H AW P

S UA T ELE]
| | | I
plrfrP]lP

Multi-
computers

Multicomputers

=== ~<—— Private memory

Message-
passing
interconnection

network

= :
o
=]=]=]=] ¢

H

%ﬂ%ﬂ—m

Message-
passing
interconnection
network

%%

7 e

OR1 57 Povzetki predavanj

E 2024, Rozman, FRI



Muﬁi—
processors

" S
\

5.2.4.1 Multiprocesorji s skupnim pomnilnikom
UMA COMA NUMA

-

C

za paralelne

ldeja:
e skupen pomr

predel ava starih
ena od mognih poenostavitev |

0 mgltpnodesorga s skpypaim pomnilnikom (tesna povezanost)

programov

>

A

Ti pi | na

CPE

CPE CPE oo o

I I I

Predpomnilnik Predpomnilnik Predpomnilnik

I I I

Povezovalna struktura

I I o
Skupne p._l | - J_P
spremenljivke
. . =] . L P
Pomnilnik V/I sistem Shared |
e e ]

[
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5.2.4.1 Multiprocesorji s skupnim pomnilnikom 1 UMAT Uniform Memory Access
UMA-ne k aj multiprodesorievns skupnim pomnilnikom in vodilom

UMAT Uniform Memory Access

Private memory — Shared
Shared memory memory
CPU CPU M CPU CPU M CPU CPU M
[ — (=
Cache

Bus

(a) (b) (c)

Figure 8-22. Three bus-based multiprocessors. (a) Without
caching. (b) With caching. (c¢) With caching and private

memories.
Prednosti :
+ enostavno programiranje
+tenot ni | ado kateegakob gp@atka
-j e hkrati tudi naj velja omej it

ORT 57 Povzetki predavanj 20 E 2024, Rozman, FRI
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T 1 p imbltprocesorji s skupnim pomnilnikom: NUMA, COMA

NUMA:
A Prednosti:
A hitrejgi lokalni (polasnej gi o dkhabijost, hiirost dost o |
A Slabost
A tegje programiranje
A |Zvedbi2 CPU Memory CPU Memory CPU Memory CPU Memory
A NC-NUMA (Non Cached NUMA g g
= V0d||0 Je OZk0 gr|0 MMU = Local bus Local bus Local bus Local bus
+ ni problema skladnosti vsebine predpomnilnikov
System bus
A CC-NUMA (Cache Coherent NUMA) Node 0 Nods 1 Node 255
+ h I t r e 1 " I d 0 S t 0 I - CPU Memory CPU Memory CPU Memory
J g p Dlrectfry E . E . g .

- problem skladnosti vsebine predpomnilnikov

t Local bus o Local bus ot Local bus

%

Interconnection network

(a)

C OMA :CachefOnly MemoryAc ces s ii)

A naslovni prostor se razdeli na vrstice v predpomnilnikih
A lokalni pomnilnik = predpomnilnik
A ni veliko realizacij po tem pristopu

ORT 57 Povzetki predavanj 21 E 2024, Rozman, FRI



5.2.4.1 Multiprocesorji s skupnim pomnilnikom 1 UMAT Uniform Memory Access

UMA :: t mufiprdcasor s skupnim pomnilnikom

. ] [
UMA I n sti kalno mrega
Memories
Sl 1al 2] [=] [8] 5] |2] |= Crosspoint
sl (elief (=111 1~ | switch is open
———0—0—0—0—0 — / ?‘<
L
000 | oo —o—o—o (3 ) K“/
001 —H—O——O—6—9
010
o——G—P—— 00— ®)
» Crosspoint
g O—O—G—DO—— )fﬂ,);\ switch is closed
(o1 ] OO0 @J o—0 f:?&/
0 —o—o / D9 KJ
111 Fa FianY Fant FanY Fant Fan' O - - 1
AR o ST k al nws. vadiloe?g
Closed :
Srosspoint Open Mrega omogo
switch crosspoint . . :
switch hkratnih povezav, je pa bolj
(a) kompleksna.

Figure 8-25. (a) An 8x 8 crossbar switch. (b) An open
crosspoint. (c) A closed crosspoint.
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Primer stikalne matrike v mikrokrmilnikih ARM Cortex M4

System performance considerations

Flgura 7. STM32F405/415 and STM32F407/417 system architecture

CORTEX M4 Ethernet  High Speed  Dual Port Dual Port
16EMHz 10100 uUsBz.0 DMA1 DMAZ

[ VR R T— S ——— L ®
Multi-AHE Bus Matrix

M3 18




Primer stikalne matrike v mikrokrmilnikih ARM Cortex M7 (H7)

Figure 1. System architecture for STM32H742xx, STM32H743/53xx and STM32H750xB devices

2

£ ITCM

« ITCM-RAM

w
=] . H
®

A

4

[=]

Foy

w

% o o

2

e GPV

-~

64-bit AXI bus matrix

D2-to-D1 AHB bus

D1 Domain

MIE

- o

A IERI BRI EE
2|15 [122]) 5 |[32] (32
o o B w g B

I I

H = o

B 98

E:I g;l

<

23 Eg

32-bit AHB bus matrix

D2 Domain

D2-to-D1 AHB bus

D2-to-D3 AHB bus

Legend
—— 32-bitbus
64-bit bus
[ ] Bus multiplexer

lash memory bank 2 is not available on STM32H750xB devices.

TCM AHB
| axi | APB
Lm0 Master interface

(RO, Slave interface

D1-to-D3 AHB bus

BDMA
B

{ AHB41—] APBA

32-bit AHB bus matrix

D3 Domain

J
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Multiprocesorji s skupnim pomnilnikom -
skladnost vsebine predpomnilnikov |

Pregjpomn_”mkl : . o o [ CPU L1 J [cgﬁ_izu J [ CPU L1 J [ CPU L1 J
A snooping cachesiii spremljajo dogajanje 7 7 7 ]
na vodilu in ustrezno reagirajo (2cache ) L2cache | L2cache | ( L2cache |
! ! 3
Skladnost vsebine predpomnilnikov : Ri“g”uf“”"”‘
A Awrite-throughfii Cache coherence protocol [ 5 Shered cache }
A Enostaven,
ANeulinkovit (vsakil pisanje (tudi)
pomnilnik \
Action \ Local request Remote request
Read miss | Fetch data from memory
Read hit \Use data from local cache
_|Write miss _\{p_da_t%d_a@ inmemory _ _|_ ___________. \
l‘ Write hit Cdeate cache and memory | Invalidate cache entry _,'
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Multiprocesorji s skupnim pomnilnikom [w"ﬁfu][cﬁﬁfﬂ[céﬁ"’?uHCF"G?U V
skladnost vsebine predpomnilnikov Il (rzcaene ) (Crzcacte ) ((rzcacne ) (Cizcacne )

! # # 1

f

A ANrite-B a ¢ Raithe Coherence Protocol :

A k om p I e k s ne J g | y I@mmr(l.Bklaglte p | S i[ L3 shared cache ]
A Pr i meESIAT @Gache coherence protocol (tudi Core i7):
A Invalid i nivrstice
A Shared i v e predp. vsebuje aktualno vrstico (skladno s pomn.)
A Exclusive i samo dol. predp. vsebuje aktualno vrstico (skladno s pomn.)
A Modified i samo dol. predp vsebuje aktualno vrstico (neskladno s pomn.)
CPU CPU 2 CPU3
@ CPU 1 CPU 2 CPU3 Memory CPU 1 reads block A (d) ! Memory CPU 3 reads block A
1l |7 C | |2 |[&]
[Bcusve | 7] | | Shared | Shared
Cache Bus Bus
CPU 1 CPU 2 CPU3 -
(b) CPU1 CpPu2 CPU3 Memory CPU 2reads block A (e) Memory CPU 2 writes block A
C 1) [ [ ) | |[E
|Shared | Shared | | | Modified |
Bus Bus
CPU 1 CPU2 CPU3 CPU1 CPU2 CPU3 : -
(C] MemDrY CPU 2 writes block A (f) Memory CPU 1 writes block A
1l I3l [ 1] |C
| [Modgified ] [Modified | [

Bus Bus
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Multiprocesorji s skupnim pomnilnikom -
programiranje

Sinhronizacijaje post opek koordinacije del oy
procesov, KkKi se i1zvrgujejo na razl:.

Eden od nal i nov zaklepaner( lock)iskupnthi j e | e
spremenljivk:
A dovol juje dostop do podatka samo
I
i

A samo en procesor ahko v nekem tr
spremenl jivke, Vvs ostal.i proceso
ne sprosti spremenljivke.
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Primer programa za multiprocesor s skupnim pomnilnikom

Vsota 64,000gt ev 1 | na 64

0
Vsak procesor ima ID 0z. Pn : 0 OPn 063 (half = 1) [0][1]
sum[ Pn] = 0;
for( 1 =1000* Pn; (half =2) |0 | I
i < 1000*(Pn+1); i =i +1) ~
sum[Pn]=sum[ Pn]+A[ ],
half = 64: ¥ Samo le je
’ gtevilo 1iho;
repeat Procesor0 prig
podatek brez para */
synch();
— if (half%2 != 0 && Pn ==0) sum[0] = sum[0] + sum[half -1
half = half/2; /* dividing line on tw o sums */
— if( Pn <halfy sum[Pn]=sum[ Pn]+sum[ Pn+half I;
until (half == 1);
ORT 57 Povzetki predavanj 28 E 2024, Rozman, FRI
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Multiprocesorji s skupnim pomnilnikom
povzetek

Private memory — Shared
A U MA ( e n O t e n ! a S d O Shared memory memory
+ enostavno programiranje H |i| e

- slaba skalabilnost

A N U M A ( r a Z I I ! e n ’ CPU Memory CPU Memory CPU Memory CPU Memory
+ hitrejlgol gkaabilhostp i |, Q g
_t e g J e p r O g r a ml r a n J e olie Local bus Local bus Local bus Local bus
A NC-NUMA (Non Cached NUMA —
- vodilo je ozko grlo Node 0 Node 1 Node 255
+ ni problema skladnosti vsebine predpomnilnikov Drectory M” M’V M’Y

A CC-NUMA (Cache Coherent NUMA)
+ hitrejagi dostopi
- problem skladnosti vsebine predpomnilnikov

C Local bus o Local bus . Local bus

Interconnection network

(@)

A COMA :CachefOnly MemoryAc c e s s i)

A naslovni prostor se razbije na vrstice v predpomnilnikih

A lokalni pomnilnik = predpomnilnik Ideja: podatki nevezani, se selijo
A ni veliko realizacij po tem pristopu bligje tistemu K i
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5242Mul ti rall mMRal si lsipor ol i | |

ldeja izhaja iz omejitev multiprocesorjev:

slabo skaliranje: veliko dodatne logike za npr. 72 CPE (MR lahko enostavneje do 65536!)

computers

Multi-

N

MPP

cow

ozkogrlov del jenem (skupnem) pomnilniku: npr. 100
Regitev: vsaka CPE i ma svoj fizilni nasl ovni pros
A komuni kacija preko sporol il (ni skupnega pomni | |

Ti pi | na o mgltonodesogazi jva | | astni mi pomni |l ni ki
CPE CPE o oo CPE

I

I

I

Predpomnilnik Predpomnilnik oo Predpomnilnik
|
Pomnilnik Pomnilnik coe Pomnilnik

I

I

Povezovalna struktura

I

/
E 2024, Rozman, FRI
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Mul ti1 rallwmial i lsipor ol i1 |

Znal il nosti
A vsaka CPE ima svoj pomnilnik
A komunikacija preko posebne infrastrukturei povezoval ne mrege
A zakomplicira zadevo, p r 0 g r a mi tegje komunicirajo, p

A sel agj e gr asdkalijajo,athbeojljjee progr amiraj o

A zakaj so sploh zanimivi?

A solahko bistvenoVELJIl i n W@ENEJ Multicomputers
Machine 1 Machine 2 Machine 1 Machine 2 Machine 1 Machine 2
Sistem mora vsebovati: . . » » . .
. . . . Application Application Application Application Application Application
A podprograme za pogiljanj e 5
Aprenos sporolil rmee|  |lmome| e (s |rmese) | s
A Vg rajena tUdI kOOI’dInaCIJa system system system system system system
A S I S t e m p O t r J e V a n J a p r e .| Operating Operating Operating Operating Operating Operating
system system system system system system
Ideja skupnega pomnilnika n i I zktjJul ena
Hardware Hardware Hardware Hardware Hardware Hardware
Shared memory Shared memory Shared memory
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Povezovalne strukture i parametri :

T A eéfanoutc : gt. povezav iz VoO:
POVGZOV&lne tOpOgraflje A édiameter¢ : gt. povezav med
A ébisectonBW¢ : kapaciteta pre
A eédimensionalityc : gt . razlil| nih
(a) (c)
@' * h:
(e) (f) (@)

Figure 8-4. Various topologies. The heavy dots represent
switches. The CPUs and memories are not shown. (a) A star.
(b) A complete interconnect. (c) A tree. (d) A ring. (e) A grid.
(f) A double torus. (g) A cube. (h) A 4D hypercube.
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" J
Primer programazamu |l t i ras usponoki | i

half Limnit

Vsota64,000gt evi | k na 6 ==

Pristevajo Poziljajo

A Operaci | e zsandPpiomaeief)jan| e:

limit = 64 ; half = 64;* 64 processors*/
repeat
half = (half+1)/2; /* send vs.receive
dividing line */

If( Pn >=half && Pn <Ilimit)
— send( Pn - half, sum) ;
if ( Pn < (limit/2))
— sum = sum + receive();
limit = half; /* upper limit of senders */
until (half == 1); /* exit with final sum */
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" J
Mul ti1 rallwmial i lsipor ol i1 |

Visoko zmogljivi multiprocesorski sistemi zahtevajo tudi zelo zmogljive povezovalne
strukture, kar pa pomeni tudi visoko ceno :

A obstaja malo aplikacij, K i bi opravilevale tako velike :
A ni gje cenovnagr wlle erranlaypiidtarh pkteka komunikacija med
procesorji preko standardni h V/I|I omregi|j

Vsl ed opi saninmulrtaizrl alku nRaolnei ikpei s knphpvb ceno (kyjé e d e
pogojena z izbiro komponent), zgradba je podobna v obeh:

A MPP Multi-
A Zmogljivost pred ceno! compuiers
A COwW, WSC (grul e)
A KClusters Of Workstations
Agrule
A Anvarehouse Scale Computersfi MPP COWw

A spletne storitve
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5. 2. 4. 2 .MassiE Para(leAProcessorsii )

Ideja:
A narediti superralunalnik s pomolj o:
A veli kegamggéeyi bvaih vozli gl
A zelozmogljivo povezZovalno mrego
A cena ni ovir-€@OWsecer grul a
Znal il nosti
A najprej se uporabijovznanosti, danes Vvsske mealcji ajenev nRBataéhe ( ABi g
A sovel mi spperrahadameskili so vektorske SI MD, itdeée
A vel i noma s etandgrdoir GPbji (Peatium, UltraSPARC, PowerPC)
A zelo zmogljive in hitre povezave
A lastenSW, knjignice
A vedno prisoten HW/SW, ki preverjanapake i n j i h odpravl jaé
Primer:
A IBM Blue Gene/Lje 1.2006z magal za eGordon Bell ¢ nagrado
At eor e zmogljn360 000 GFLOPS
A zmagovalni program izkoristi  28%
A prinekaterih je izkoristek 1% !!!
A #1 na top500.org vV letih 2004 do 2008
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5.

2 . 4. 2 MassiR Para{leAProcessorsii ) Primer

IBM Blue Gene/L

Os

nova r aBlueGare/h je RSIC ( Aplication Specific Integrated Circuitc ) pr ocegor s ki

dvemi jedri PowerPC:

A

> >

>

> >

PowerPC je cevovodni 2 -kratni (dvo -izstavitveni ) superskalarni procesor

FPU funkcijski enoti stadvovhodni-l ahko i zvrgita gtir.i dcpcer aci j e
Procesor ni med najzmogljivejgi mi

A - eno jedro je namenjeno ralunanju, drugo pa kom
Povezave med CPUji so:

A 3D torus in ge 4 druge povezovalne mrege razlilnih tip

Enormna V/I zmogljivost (1.4Gbps na P2P povezavo, oz. 275Thit/s=900 000 knjig/s)
Cilji: optimalna razmerja: TFLOPS/USD, TFLOPS/W, TFLOPS/m3

North Up
Interface to
Compute CPU L1 caches T / Custom chip T 3D-torus
Floating- \ \\ ‘
point unit | FPU ' ‘7
PowerPC H_’__ @ 2
FPU 440 core D c__et.che .
West 4—@ Snooping¢ L3 @ — > East
i cache |
FPU ae ; ' -
PowerPC 4 L2 - ‘__’ TO Cal’d—ievel'
Fpy | 440 core D - é%Chéi' ' HRRSOEA
Communication CPU l f
ORT 57 Pc South Down )24, Rozman, FRI




" N

IBM Blue Gene

=
L3
| =
"
[
"
"

System

64 cabinets
Cabinet 85 536 nodes
2 midplanes (131,072 CPUs)
1024 nodes (32x32x64)
16 compute cards (2,043 CPUs) 150350 TF/s
0-2 IO cards (Bx8x16) 3z e
32 nodes 2.9/5.7 TFis ) Lgﬂh;ﬂq""ﬁ
FRU (field {64 CPUs) 512 GiB* DDR . L
imm replaceable unit) (4xdx2) 15-20 kW MTBF 6.16 Days
4 MiB* DH:‘M 25mmx32Zmm 90M80 GFs
€ 2 nodes (4 CPUs) 16 GiB* DDR
{compare this wath a 1585 (2x1%1)
Cray YWP/S at 2.7 GFis) 2x(2.8/5.6) GF/s
2u512 MiB* DDR * hep fphysics nist gowieuwUnitsinary himl
15W
Procesorski
ASI C |Kartica Pl ogl a Omar a
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" N

BLUEGENE/L COMPUTE CARD

Metral 4000
connector
(180 pins)

Heatsinks designed

2 54 mm
(2.125%)

| ————— 206 mm (8.125) wide, 14 layers —

] TR TR YN TRRTIRN s s 5T DBt T R O R

9 x 256Mb DRAM:
16B interface



"

BLUE GENE/L NODE BOARD

16 compute

— Ethernet-
- JTAG FPGA

converters

A e

connectors through
tailstock

—




I

n

r 8lleuGerse |

n

e |

Par al
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http://upload.wikimedia.org/wikipedia/commons/d/d3/IBM_Blue_Gene_P_supercomputer.jpg

" A
Par al

e |

n

r a Blue lGane/P |

-~

A

Custom
chip

West

Od I. 2007 naprej
A 2009: prebije mejo PFLOP/sec

L1 caches Morth Up
O @
PowerPC III | L2 |I=l. .
450 core IEI " ||cache S - o
5 4-MB
[Snoeping |} [ 3 -
w0 cache
PowerPC III _ || L2 g.
450 core IEI 7 ||cache ||=
O [Snooping ] } O
PowerPC III L L2 |I=]
450 core 7 ||cache||E
o] g —
& ,
=0 ﬁ: cache
PowerPC III _ || L2 g.
450 core cache (=
FPU [D]
O O O O @)
Collective Barrier South 10Gb Ethernet Down

Interface
to 2D
torus

To
DDR2
DRAM

East

To

DDR2
DRAM

kK |

'024, Rozman, FRI
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Paral el ni r al
IBM Blue Gene/Q

http://www _-03.ibm.com/systems/technicalcomputing/solutions/bluegene /

A #3 na top500.org Vv letu 2014 (#3 v 2013, #1 v 2012):
A 96 omar x 1024 nodes x16 jeder = 98304 nodes x 16 jeder =
1 572 864 jeder
v 0 z | lajddmi: PowerPC A2 + 16GB DDR3 RAM
povezava: 5D torus
ale PetaFl ops/ s

7 x Dbomogllgh Watt od s eezmogljgWaRodtabrat b
#1 na top500 !

A zavzema 280m?: porabi 7.9 MW (HE Medvode ~ 25MW)

>t >t v D>

Razgirljiv do 512 omar
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http://www-03.ibm.com/systems/technicalcomputing/solutions/bluegene

'_
Lestvica Top 500
http://en.wikipedia.org/wiki/TOP500

10.000.000.000

1.000.000.000

100.000.000

10.000.000

1.000.000

100.000

10.000

1.000 N"f‘
e

100

10 —=— Sum
—— Top
i #500 |

o1 7T T " T T T T T T T
1995 2000 2005 2010 2015 2020 2025

Rapid growth of supercomputer performance, based on data from the top500.0rg website. The logarithmic y-
axis shows performance in GELOPS.

S u mé&ombined performance of 500 largest supercomputers
T o p éFastest supercomputer
# 5 0 0Séipercomputer in 500th place
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http://en.wikipedia.org/wiki/TOP500
https://en.wikipedia.org/wiki/FLOPS

'__
Lestvica Top 500
http://en.wikipedia.org/wiki/TOP500 Nov. 2012, Nov. 2013, Nov. 2014, Nov. 2015

Rmax Computer design

Rank Rpeak  Name Processor type, Vendor glct)intr ear gﬁ;?:ng
(Pflops) interconnect Y. ¥ y
NUDT National
33.863 . Xeon E51 2692 + Supercomputing . .
10 54.902 Tianhe-2 Xeon Phi 31S1P, NUDT Center in Guangzhou Linux (Kylin)
TH Express -2 China, 2013
_\;ffrsaco)r(eKZMD Oak Ridge National
2 (1) 17.590 Titan —Opteron CPU + Cra Laboratory (ORNL) in  Cray Linux Env
27.113 ——— Nvidia K20 GPU =8y Tennessee (SuSE based)
’ United States, 2012
Custom
Blue Gene/OQ Lawrence Livermore .
3(2) %gigg Sequoia PowerPC A2, IBM  National Laboratory I(_:||r\1]_uK>; (RHEL and
' Custom United States, 2011 ———
RIKEN
10.510 . RIKEN .
4 (3) 11.280 K computer ?()Pfﬁ\RCM VIIIfx, Fujitsu Japan, 2011 Linux
Blue Gene/Q Argonne National .
5 (4) 186106626 Mira PowerPC A2, IBM  Laboratory t:lnr\]—ué; RHEL and
' Custom United States, 2012 —
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http://en.wikipedia.org/wiki/TOP500
http://en.wikipedia.org/wiki/FLOPS
http://en.wikipedia.org/wiki/Tianhe-2
http://en.wikipedia.org/wiki/National_University_of_Defense_Technology
http://en.wikipedia.org/wiki/Ivy_Bridge_(microarchitecture)
http://en.wikipedia.org/wiki/Xeon_Phi
http://en.wikipedia.org/wiki/National_University_of_Defense_Technology
http://en.wikipedia.org/wiki/National_Supercomputing_Center_in_Guangzhou_(NSCC-GZ)
http://en.wikipedia.org/wiki/National_Supercomputing_Center_in_Guangzhou_(NSCC-GZ)
http://en.wikipedia.org/wiki/National_Supercomputing_Center_in_Guangzhou_(NSCC-GZ)
http://en.wikipedia.org/wiki/China
http://en.wikipedia.org/wiki/Linux
http://en.wikipedia.org/wiki/Kylin_(operating_system)
http://en.wikipedia.org/wiki/Titan_(supercomputer)
http://en.wikipedia.org/w/index.php?title=Cray_XK7&action=edit&redlink=1
http://en.wikipedia.org/wiki/Opteron
http://en.wikipedia.org/wiki/Opteron
http://en.wikipedia.org/wiki/Nvidia_Tesla
http://en.wikipedia.org/wiki/Cray
http://en.wikipedia.org/wiki/Oak_Ridge_National_Laboratory
http://en.wikipedia.org/wiki/Oak_Ridge_National_Laboratory
http://en.wikipedia.org/wiki/United_States
http://en.wikipedia.org/wiki/SuSE
http://en.wikipedia.org/wiki/IBM_Sequoia
http://en.wikipedia.org/wiki/Blue_Gene/Q
http://en.wikipedia.org/wiki/PowerPC_A2
http://en.wikipedia.org/wiki/IBM
http://en.wikipedia.org/wiki/Lawrence_Livermore_National_Laboratory
http://en.wikipedia.org/wiki/Lawrence_Livermore_National_Laboratory
http://en.wikipedia.org/wiki/United_States
http://en.wikipedia.org/wiki/Linux
http://en.wikipedia.org/wiki/Red_Hat_Enterprise_Linux
http://en.wikipedia.org/wiki/CNK_operating_system
http://en.wikipedia.org/wiki/K_computer
http://en.wikipedia.org/wiki/RIKEN
http://en.wikipedia.org/wiki/SPARC64_VIIIfx
http://en.wikipedia.org/wiki/Fujitsu
http://en.wikipedia.org/wiki/RIKEN
http://en.wikipedia.org/wiki/Japan
http://en.wikipedia.org/wiki/Linux
http://en.wikipedia.org/wiki/IBM_Mira
http://en.wikipedia.org/wiki/Blue_Gene/Q
http://en.wikipedia.org/wiki/PowerPC_A2
http://en.wikipedia.org/wiki/IBM
http://en.wikipedia.org/wiki/Argonne_National_Laboratory
http://en.wikipedia.org/wiki/Argonne_National_Laboratory
http://en.wikipedia.org/wiki/United_States
http://en.wikipedia.org/wiki/Linux
http://en.wikipedia.org/wiki/Red_Hat_Enterprise_Linux
http://en.wikipedia.org/wiki/CNK_operating_system

'__
Lestvica Top 500
http://en.wikipedia.org/wiki/TOP500

Rmax Computer design
Rank Rpeak Name Processor type,
(Pflops) interconnect
Sunwa NUDT
10 93.015 m“ . Xeon E512692 +
125.436 H— Xeon Phi 31S1P, TH
- Express -2
NUDT
33.863 . Xeon E571 2692 +
2(1) 54.002 anhe-2 S Phi 31S1P, TH
Express -2
Cray XK7
17.590 . 16 core AMD Opteron
302 27113 tan CPU + Nvidia K20
GPU, Custom
16.325 . Blue Gene/O
43) 20133 =8dU0@ 5 PC A2, Custom
5 () 14.015 Cori Cray XC40
27.881 —— Xeon Phi 7250, Aries

Vendor

NRCPC

NUDT

Nov. 2015, Nov. 2016,

Site
Country, year

Operating
system

National
Supercomputing
Center in Wuxi
China, 2016

Linux (Raise)

National
Supercomputing
Center in

Linux (Kylin)

Cray

IBM

Guangzhou
China, 2013

Oak Ridge National

Laboratory (ORNL) in
Tennessee

United States, 2012

Cray Linux Env
(SuSE based)

Lawrence Livermore
National Laboratory

Linux (RHEL and

United States, 2011 CNK)

National Energy
Research Scientific
Computing Center
United States, 2016

Linux (CLE)
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https://en.wikipedia.org/wiki/Sunway_TaihuLight
https://en.wikipedia.org/wiki/Sunway_TaihuLight
http://en.wikipedia.org/wiki/National_University_of_Defense_Technology
http://en.wikipedia.org/wiki/Ivy_Bridge_(microarchitecture)
http://en.wikipedia.org/wiki/Xeon_Phi
https://en.wikipedia.org/w/index.php?title=NRCPC&action=edit&redlink=1
https://en.wikipedia.org/wiki/National_Supercomputing_Center_in_Wuxi
https://en.wikipedia.org/wiki/National_Supercomputing_Center_in_Wuxi
https://en.wikipedia.org/wiki/China
https://en.wikipedia.org/wiki/Linux
http://en.wikipedia.org/wiki/Tianhe-2
http://en.wikipedia.org/wiki/National_University_of_Defense_Technology
http://en.wikipedia.org/wiki/Ivy_Bridge_(microarchitecture)
http://en.wikipedia.org/wiki/Xeon_Phi
http://en.wikipedia.org/wiki/National_University_of_Defense_Technology
http://en.wikipedia.org/wiki/National_Supercomputing_Center_in_Guangzhou_(NSCC-GZ)
http://en.wikipedia.org/wiki/National_Supercomputing_Center_in_Guangzhou_(NSCC-GZ)
http://en.wikipedia.org/wiki/National_Supercomputing_Center_in_Guangzhou_(NSCC-GZ)
http://en.wikipedia.org/wiki/National_Supercomputing_Center_in_Guangzhou_(NSCC-GZ)
http://en.wikipedia.org/wiki/China
http://en.wikipedia.org/wiki/Linux
http://en.wikipedia.org/wiki/Kylin_(operating_system)
http://en.wikipedia.org/wiki/Titan_(supercomputer)
http://en.wikipedia.org/w/index.php?title=Cray_XK7&action=edit&redlink=1
http://en.wikipedia.org/wiki/Opteron
http://en.wikipedia.org/wiki/Opteron
http://en.wikipedia.org/wiki/Nvidia_Tesla
http://en.wikipedia.org/wiki/Nvidia_Tesla
http://en.wikipedia.org/wiki/Cray
http://en.wikipedia.org/wiki/Oak_Ridge_National_Laboratory
http://en.wikipedia.org/wiki/Oak_Ridge_National_Laboratory
http://en.wikipedia.org/wiki/United_States
http://en.wikipedia.org/wiki/SuSE
http://en.wikipedia.org/wiki/IBM_Sequoia
http://en.wikipedia.org/wiki/Blue_Gene/Q
http://en.wikipedia.org/wiki/PowerPC_A2
http://en.wikipedia.org/wiki/IBM
http://en.wikipedia.org/wiki/Lawrence_Livermore_National_Laboratory
http://en.wikipedia.org/wiki/Lawrence_Livermore_National_Laboratory
http://en.wikipedia.org/wiki/United_States
http://en.wikipedia.org/wiki/Linux
http://en.wikipedia.org/wiki/Red_Hat_Enterprise_Linux
http://en.wikipedia.org/wiki/CNK_operating_system
https://en.wikipedia.org/w/index.php?title=Cori_(supercomputer)&action=edit&redlink=1
https://en.wikipedia.org/wiki/Cray_XC40
https://en.wikipedia.org/wiki/Xeon_Phi
https://en.wikipedia.org/wiki/Cray
https://en.wikipedia.org/wiki/National_Energy_Research_Scientific_Computing_Center
https://en.wikipedia.org/wiki/National_Energy_Research_Scientific_Computing_Center
https://en.wikipedia.org/wiki/National_Energy_Research_Scientific_Computing_Center
https://en.wikipedia.org/wiki/United_States
https://en.wikipedia.org/wiki/Linux
https://en.wikipedia.org/wiki/UNICOS

"

Lestvica Top 500

http://en.wikipedia.org/wiki/TOP500 Nov. 2015, Nov. 2016, Nov 2018 in 2019
Rmax Proces
Rank Rpeak Name Model Interconnect Vendor
(PFLOPS) sor
s T T TEEEEEEEE RS SR EEEEEEEEEEEEEEEEEEEEEEEEEET N
\
l 143.500 POWER I
| 1 ' Summit Power System AC922 9, Tesla Infiniband EDR IBM
200.795 |
| V100 :
|
I |
' 94.640 POWER I
l 2 125' 436 Sierra Power System S9221.C 9, Tesla Infiniband EDR IBM I
\ ' V100 !
T S S SIS BEEE BEEE BEEE DI BN SEEE  BEEE  BEEE  BEEE  BEEE  SEE  SEEN  SEEE  SESE SEEE SEEE SEE  EEE SN SN SN S SN SEEN SEEE SIS S S S SN SEEE SESE SEE SEEE SEEE B B S . /
93.015 Sunway SW2601 120]
3 125436  TaihuLioht Sunway MPP _0— Sunway NRCPC
Xeon
61.445 . E5i 2692
4 100.679 Tianhe-2A  TH-IVB-FEP v2, Matri TH Express-2 NUDT
x-2000
Xeon E5-
21.230 . . 2690 :
5 27 154 Piz Daint Cray XC50 v3, Tesla Aries Cray
P100
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http://en.wikipedia.org/wiki/TOP500
https://en.wikipedia.org/wiki/FLOPS
https://en.wikipedia.org/wiki/Summit_(supercomputer)
https://en.wikipedia.org/wiki/POWER9
https://en.wikipedia.org/wiki/POWER9
https://en.wikipedia.org/wiki/Nvidia_Tesla
https://en.wikipedia.org/wiki/Nvidia_Tesla
https://en.wikipedia.org/wiki/IBM
https://en.wikipedia.org/wiki/Sierra_(supercomputer)
https://en.wikipedia.org/wiki/POWER9
https://en.wikipedia.org/wiki/POWER9
https://en.wikipedia.org/wiki/Nvidia_Tesla
https://en.wikipedia.org/wiki/Nvidia_Tesla
https://en.wikipedia.org/wiki/IBM
https://en.wikipedia.org/wiki/Sunway_TaihuLight
https://en.wikipedia.org/wiki/Sunway_TaihuLight
https://en.wikipedia.org/wiki/SW26010
https://en.wikipedia.org/wiki/SW26010
https://en.wikipedia.org/wiki/TOP500#cite_note-top500.org1-20
https://en.wikipedia.org/w/index.php?title=NRCPC&action=edit&redlink=1
https://en.wikipedia.org/wiki/Tianhe-2
https://en.wikipedia.org/wiki/Ivy_Bridge_(microarchitecture)
https://en.wikipedia.org/wiki/Ivy_Bridge_(microarchitecture)
https://en.wikipedia.org/wiki/Ivy_Bridge_(microarchitecture)
https://en.wikipedia.org/w/index.php?title=Matrix-2000&action=edit&redlink=1
https://en.wikipedia.org/w/index.php?title=Matrix-2000&action=edit&redlink=1
https://en.wikipedia.org/wiki/National_University_of_Defense_Technology
https://en.wikipedia.org/wiki/Piz_Daint_(supercomputer)
https://en.wikipedia.org/wiki/Cray_XC50
https://en.wikipedia.org/wiki/Haswell_(microarchitecture)
https://en.wikipedia.org/wiki/Haswell_(microarchitecture)
https://en.wikipedia.org/wiki/Haswell_(microarchitecture)
https://en.wikipedia.org/wiki/Nvidia_Tesla
https://en.wikipedia.org/wiki/Nvidia_Tesla
https://en.wikipedia.org/wiki/Cray

" JE

Lestvica Top 500
http://en.wikipedia.org/wiki/ TOP500 Nov 2017, Nov 2018 in 2019, Nov 2020

Rmax Rpeak Power
Rank System Cores (TFlop/s]  (TFlop/sl  [kWI

SRR EEE  Eam B B B DA Baa Baa  Baa e e Baa  Baa Bae Baa e e Bae e e e e Bae  Iae e e e e e e e e e e e mee e

N\
1 Supercomputer Fugaku - Supercomputer Fugaku, A64FX 48C 7630848 4420100 5372120 29,899
2.2GHz, Tofu interconnect D, Fujitsu
RIKEN Center for Computational Science
Japan

| U —

N ———-—

i e i R e M i R T e e i e e T i

2 Summit - IBM Power Systerm AC%22, IEM POWER? 22C 2,414,592 1486000 2007949 10,095
3.07GHz, NVIDIA Volta GV100, Dual-rail Mellanox EDR
Infiniband, IEM
DOE/SC/0ak Ridge National Laboratory
United States

3 Sierra - |IBM Power System AC922, IBM POWER? 22C 3.1GHz, 1,572,480 94,6400 1257120 7,438
NVIDIA Volta GV100, Dual-rail Mellanox EDR Infiniband, IBM /
NVIDIA / Mellanox
DOE/NNSA/LLNL
\ United States /
______________________________________ \
& Sunway TaihuLight - Sunway MPP, Sunway SW24010 260C 10,649,600 93,0146 1254359 15371 |
1.45GHz, Sunway, NRCPC

MNational Supercomputing Center in Wuxi

_._______~
—— - ———

SEE  EEE - O O O S S S S S S R S S R S S R S S S S e e e S e S e e S e e e .

\
{ 5 Selene - NVIDIA DGX A100, AMD EPYC 7742 64C 2.20GHz, 555,520 63,460.0 79,215.0 2,646
| NVIDIA A100, Mellanox HDR Infiniband, Nvidia

| MNVIDIA Corporation

| United States

\

/
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Lestvica Top 500
http://en.wikipedia.org/wiki/ TOP500 Nov 2017, Nov 2018 in 2019, Nov 2020, Nov 2021

Rmax Rpeak Power
Rank System Cores (TFlop/s]  (TFlop/s]  [kW)
T e e e e e e e e e e e e e e
{ N\
1 Supercomputer Fugaku - Supercomputer Fugaku, Ab4FX 48C 7,630,848 4420100 5372120 29899 |
| 2.2GHz, Tofu interconnect D, Fujitsu |
| RIKEN Center for Computational Science |
1 Japan |
\ /
/ 2 Summit - IBM Power System AC%22, IBM POWER? 22C 2414592 148,600.0 2007949 10,096 \
] 3.07GHz, NVIDIA Volta GV100, Dual-rail Mellanox EDR |
I Infiniband, 1BM :
1 DOE/SC/0ak Ridge National Laboratory I
1 United States
| |
| 3 Sierra - IBM Power System AC922, IBM POWER? 22C 3.1GHz, 1,572,480 94,6400 1257120 7,438 I
| NVIDIA Volta GV100, Dual-rail Mellanox EDR Infiniband, IBM / I
I NVIDIA / Mellanox I
\ DOE/NNSA/LLNL I
\ United States /
o e e e mm e e Em Em En e Em Em e e En En e Em Em e e Em Em e Em e e Ee Em e e e e e e P
s \
I 4 Sunway TaihuLight - Sunway MPP, Sunway SW24010 260C 10,649,600 93,0146 1254359 15371 I
I 1.45GHz, Sunway, NRCPC I
MNational Supercomputing Center in Wuxi
| : I
e T
(" X
5 Perlmutter - HPE Cray EX235n, AMD EPYC 7763 64C 761,856 70,870.0 93,750.0 2,589 |
| 2.45GHz, NVIDIA A100 SXM4 40 GB, Slingshot-10, HPE |
1 DOE/SC/LBNL/NERSC 1
| United States |
\ /
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Lestvica Top 500
http://en.wikipedia.org/wiki/TOP500 Nov 2021, Nov 2022

Rmax Rpeak Power
Rank System Cores (PFlop/s) (PFlop/s) (kW)
[ Frontier - HPE Cray EX235a, AMD Optimized 3rd 8,730,112 1,102.00 1,685.65 21,100 »
| Generation EPYC 64C 2GHz, AMD Instinct MI250X, I
I Slingshot-11, HPE 1
| DOE/SC/0ak Ridge National Laboratory |
\___Urﬂecftafs__________________________I
I—_______________________________\
I 2 Supercomputer Fugaku - Supercomputer Fugaku, 7,630,848 4420 837.21 29,899 |
ABLLFX 48C 2. 2GHz, Tofu interconnect D, Fujitsu I
| RIKEN Center for Computational Science
| Japan I
. J
,3 LUMI - HPE Cray EX235a, AMD Optimized 3rd 2,220,288 309.10 42870 6,018 P
‘ Generation EPYC 64C 2GHz, AMD Instinct MI250X, \
Slingshot-11, HPE |
I EuroHPC/CSC |
I Finland |
I I
| A Leonardo - BullSequana XH2000, Xeon Platinum 8358 1,463,616 174.70 255.75 5610 |
| 32C 2.6GHz, NVIDIA A100 SXM4 64 GB, Quad-rail NVIDIA I
| HDR100 Infiniband, Atos |
! !
\ Italy ’
- e e e e e e o e o e e S e e e e e S S e S S e e e e e e
5 Summit - IBM Power System AC?922, IBM POWER® 22C 2414592 148.60 200.79 10,096
3.07GHz, NVIDIA Volta GV100, Dual-rail Mellanox EDR
Infiniband, IBM

DOE/SC/0ak Ridge National Laboratory
United States

(0 e oo i A e e gersss s s e

Perlmutter - HPE Cray EX235n, AMD EPYC 7763 64C 761,856 70.87 93.75 2,589 :

OR 'I' 5 'I' II; 2.45GHz, NVIDIA AT00 SXM4 40 GB, Slingshot-lcl, HPE E 2024' Rozman, FRI
I DOE/SC/LBNL/NERSC I
\ United States |


http://en.wikipedia.org/wiki/TOP500

" JE

Lestvica Top 500
http://en.wikipedia.org/wiki/ TOP500 Nov 2022, Nov 2023
Rmax Rpeak Power
Rank System Cores (PFlop/s) (PFlop/s) (kW)
‘_________________________________\
{1 Frontier - HPE Cray EX235a, AMD Optimized 3rd 8,699,904 1,194.00 1,679.82 22,703 |
| Generation EPYC 64C 2GHz, AMD Instinct MI250X, |
| Slingshot-11, HPE I
| DOE/SC/0ak Ridge National Laboratory I
1 United States J

A Y
[
4

Aurora - HPE Cray EX - Intel Exascale Compute Blade, 4,742,808 585.34 1,059.33 24,687
Xeon CPU Max 9470 52C 2.4GHz, Intel Data Center GPU

Max, Slingshot-11, Intel

DOE/SC/Argonne National Laboratory

United States

(28]

Eagle - Microsoft NDvb, Xeon Platinum 8480C 48C 2GHz, 1,123,200 561.20 846,84
NVIDIA H100, NVIDIA Infiniband NDR, Microsoft

Microsoft Azure

United States

— o o o o —
e e e e o = =

”~

~

’--------------------------------‘
4 Supercomputer Fugaku - Supercomputer Fugaku, 7,630,848 442.01 537.21 29,899 y
ALLFX 48C 2.2GHz, Tofu interconnect D, Fujitsu
RIKEN Center for Computational Science
Japan

o

LUMI - HPE Cray EX235a, AMD Optimized 3rd Generation 2,752,704 379.70 531.51 7,107
EPYC 64C 2GHz, AMD Instinct MI250X, Slingshot-11, HPE

- o . o . oy,

S Finland /

Mw/—
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Vega : SLO superralunalnik
RANKING
- Total Rmax Rpeak Power
rList Rank I System Vendor Cores [TFlops) [TFlops) (kW)
1142021 157 I BullSequana XH2000, AMD EPYC Atos 33,600 3,096.0 £,680.0
I I TH12 64C 2.6GHz, NVIDIA A100,
| Ilnfin\band HDR Uvrstltev . 2021
I 06/2021 134 I BullSequana XH2000, AMD EPYC Atos 33,600 3,096.0 £,680.0
|

TH12 64C 2.6GHz, NVIDIA A100,
Infiniband HOR

- e - -

VEGA HPC GPBullSequan&H2000, AMD EPYC 7H12 BBGHX

O Vegi

VEGA HPC GPBULLSEQUANA XH2000, AMD EPYC 7H2B64€ZNVIDIA A100,

140

MareNostrum5
LUMI,
Leonardo,
EURO_IT4l,

N ER

Deucalion,

PetaSC,

8. HPC Vega: osnovne informacije

VEGA HPC CPU - BullSequana XH2000, AMD EPYC 7H12
64C 2.6GHz, Mellanox InfiniBand HDR100, Atos
1ZUM

122,880

382

5.37

INFINIBAND HDR
Site:
Manufacturer:
Cores:

Memory:
Processor:
Interconnect:

Performance

Linpack Performance (Rmax)

Theoretical Peak (Rpeak)
Nmax

HPCG [TFlop/s]
Software

Operating System:

IZUM

Atos

33,600

30,720 GB

AMD EPYC 7H12 64C 2.6GHz
Infiniband HDR

3,096 TFlop/s
4,680 TFlop/s
1,152,000
77.547

Linux

E 2024, Rozman, FRI


https://www.top500.org/site/50864/

Vega, Mai ster SLO

HPC VEGA

Prilagodjiv, hibridni in vecnamenski
produkcijski HPC sistem

superralunal ni ka

OPEN SOURCE

Odprtokodna sistemska programska
oprema

Vrednost investicije

21.653.444,85 EUR

Operacijski sistem: Linux Cent0S

Skupna ra¢unska zmogljivost: 6,8 PFLOP/s. Avtomatizacija postopkov: Foreman, Puppet, Ansible

Shranjevanije, dostop, prenos in obdelava podatkov:
CephFS, Ceph RDB, ObjectStore (Webdav, XrootD,
gsiftp), dCache, Rucio, iRODS

Baze podatkov InfluxDB, MariaDB, PostgreSQL
Zabojniki/Vsebniki (container) - podpora aplikacij

Racunska particija: 320 troprocesorskih racunskih rezin s skupno 122.880 jedri.

Vektorska (GPU) particija: 60 dvoprocesorskih racunskih vozlisc s po 4 dodanimi GPU
enotami s skupno preko 1,6 milijona jedri.

Diskovno polje s 4 PB hitrega (SSD) in 18 PB trajnega (HDD) shranjevalnega prostora.

Vsa vozlisca in diskovni sistemi povezani na hitro lokalno omrezje Ethernet in nizko
latencno omrezje Infiniband.

Sistem bo povezan v ARNES in GEANT omrezje.

Slovenska iniciativa

SLIEG

za hacionalni grid

Tehnologija hlajenja s tekocino

Vrednost investicije

HPC MAISTER

Prototipni HPC

76 dvoprocesorskih racunskih vozliS¢ s skupno 4.256 jedri.

6 dvoprocesorskih racunskih vozliS¢ s po 4 dodanimi graficnimi procesnimi enotami s skupno

122.952 jedri.

Skupno 40 TB delovnega pomnilnika in 158 TB hitrega shranjevalnega prostora na vozliscih.

Hitro diskovno polje (SSD) kapacitete 138 TB.
Diskovno polje za trajno hranjenje podatkov (HOD) kapacitete 2,88 PB.

Vsa vozlista in diskovna polja so povezani na hitro lokalno omrezje Ethernet in Infiniband omrezje

nizko latenco.

Posodobljena vsa koemunikacijska oprema za dostop do omrezja ARNES.

2.764.022,14 EUR [gtas

ORT 57 Povzetki predavanj

Controller

Up to 6 x 15kW PSU
shelves
DLC & hot-pluggable

Upto 32 compute
blades

Technologies provided
by

« Intel
« Nvidia
« ARM
- AMD
DLC & hotpluggable

Up to 3 Hydraulic

chassis for Direct Liquid

Cooling

+ Inlet water
temperature up o
40°C

« N+l redundancy

The BullSequana XH2000 cabinet

42U cabinet rear view

Upto2
Management
network switches
hot-pluggable
Up to 10 Interconnect
Network Switches
Technologies:

BXI
= Mellanox HDR
« High-speed Ethernet
DLC & hotpluggable

Flexible mid plane

Allows for:

» routing customization

« mixed interconnect
bandwidths

*+ two possible topolegies
(Full Fat Tree and
DragonFly+)




" N

SLING i Slovenska iniciativa za nacionalni grid https://www.sling.si/sling/

Slovenska iniciativa
za nacionalni grid

SLING

SLING za skupnost

sling.si

* https://www.sling.si uradna stran SLING doklimentacya za Uporabnie ~  Navodia - T LiporabriSid vmesnid ~

Gruce v SLING
Pridobitev dostopa

* https://signet-ca.ijs.si digitalna potrdila

I:é SLING za uporabnika

* https://doc.sling.si navodila za uporabnike SLURM uporaba
ARC uporaba

* https://fido.sling.si Centos Identity Management Upravijanje podatkov
Posredniski stre2nik

* http://www.sling.si/gridmonitor/loadmon.php ARC monitor Programska oprema

Grid Monitor

* https://voms.sling.si:8443/voms

Virtual Organization Membership Service HRE.T3:38 KT fackat o6 ?X

Current data rendered according to NG schema.
Schema switching to: GLUE2

* https://wiki.sling.si za administratorje

Processes: mmGrid == Local 2 .ﬁ" ’0 e c&
* https://repo.sling.si GitLab za administratorje Counlry  Site
ARNES 2046 NS 3o5+1
* https://mapa.sling.si dokumenti na NextCloud CIPKeBiP 984 040 0+0
Maister 9872 ENSENSREAAET  655:2620
o Siovenia NSC 1856 I 198+4
SIGNET 8006 INENG+5598 0 7124227
* Splosne informacije: info@sling.si SIGNET 8006 IEESG20S4160. 0 3624621
UNG 240 ST 36+0
* Podpora za slovenske uporabnike: support@sling.si el B B i TN [ren - anee Ehes o
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SLING T Slovenska iniciativa za nacionalni grid
Delavnice
Ksnovesuperralunal ni gtva
Muperral ubmhdaresi gt v o
Ralunajmo na vsa jedra
Programiranje gr af®penCL)h

AO delavnici

Avod
Adeterogeni sistemi
A\natomija GPE

ABrafifiinelpiocesne

Dan slovenskega

uwr gttc
13 October 2022

w_pqgcont pgkAAl 1

Graficna procesna enota https://indico.ijs.si/event/1533/
procesnih enot (

Gremo $e en korak naprej. Namesto ene racunske enote v sistemu uporabimo kar 16 racunskih
enot, kot prikazuje spodnja slika.

add r3,r0,#tid
s11i r3,r3,#2
1fp f1,r3(vech)
1fp £2,r3(vecB)
addf f£1,f1,f2
sfp f1,r3(vecC)

Each GPU core (CU) executes this code

enot e

_ Fetch/Decode Fetch/Decode Fetch/Decode Fetch/Decode
@\ P oo e o v o o oo e o O O o O O OO O O
_ I o o o o o I |
) omtex o || contex 2 [ contex a | contex || contox o | contex 2 || contex a || contexs | [ contex [ contox2 [ comoxa || contex's || | contex o[ comoxs || contex a [ contexc |
_a hierar \[J.«J.Hc}ma@muu||mmn| |cum=x|||:0mexa||cnlex!Htomx‘l‘ |c.m.u|\:m.aHcmmnmmw\ contex 1 | contex 3 | contex s |[ cantex 1 |
AJVOd V OpenCL [ Shared Data | | Shared Data | Shared Data Shared Data
Fetch/Decode Fetch/Decode Fetch/Decode Fetch/Decode
m enCL ‘ ‘ T o ndl ,, I |‘ " ‘ ‘ O | I ” | Tl I
AJstvarjanje OpenCL okolja na gostitelju cl..ii.,l.,”c - .i‘mlis = T o .ﬂc..,i.,s b c...‘c..i‘,,‘\‘cll.."“iis
Arogramiranje GPE M.T.\m., |c.,|m EI [ :.,n.muc.lm., comen s | commer » | conee | corene # || (| conees x| coreo s ] comers | comee
- : : o o
lBegtevanje vektorjew
. . -Fotchlnewde Fetch/Decode -Fetch.rbnom Fetch/Decode
ASkalarni produkt vektorjev - umn A O O e n%u s e e e e
¢ . . | | I | I | | | | | ] | | | | | |
M n O q e n I e m a t r I k Contex 0 | Contex 2 | Contex 4 | Contex 6 Contex 0 || Contex 2 | Contex 4 || Contex 6 Contex 0 | Contex 2 | Contexd | Contex 6 [Cunl!lﬂ Contex 2 || Contex 4 || Contex 6
mbdelava Sllk Ceut-ln c’:::ﬂ:;:““' c-lnhn Cem]u Cp»:::;::::u:!‘ c-lmn c=m-:1| Cow::::d :::us Contex 7 Contex 1 c»:::d‘:::-xs Contex 7
Programiranje grafil|nih prefesni hgnot (CHR [reovmemss]
mde|a\/nici E\ | O O \@ euellmwon] ] \E\ A P A
e e ] L) | ] | o
AJVOd Contex 0 | Contex 2 || Contex 4 | Contex 6 Contex 0 || Contex 2 | Contex 4 || Contex 6 Contex 0 | Contex 2 || Contex 4 | Contax 6 Il:lll!ll 0 || Contex 2 [C ntex 4 || Contex 6
m r a f i ! n e p r O C e S n e e n O {ﬂmlll:’ Cﬂz:;:l:llls Cnlml'f C r\lll 1 Cbl:::d::‘:llli Colml‘l Contex 1 CM:::; ::::IIS Contex 7 Il:ﬂlll 1| Cont ::‘:u{;ul % 5 || Contex 7

ACUDA
HProgramiranje GPE

Sedaj nam ni treba zanke ponoviti 16 krat temvec¢ vsaki racunski enoti dodelimo le eno iteracijo
zanke. Zgornja slika prikazuje poenostavljeno zgradbo graficnih procesnih enot.

https://doc.sling.si/workshops/programming-gpu/intro/anatomija/
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https://indico.ijs.si/event/1533/
https://indico.ijs.si/event/1533/
https://doc.sling.si/workshops/programming-gpu/intro/course/
https://doc.sling.si/workshops/programming-gpu/intro/hetsis/
https://doc.sling.si/workshops/programming-gpu/intro/anatomija/
https://doc.sling.si/workshops/programming-gpu/GPE/teslak40/
https://doc.sling.si/workshops/programming-gpu/GPE/exemodel/
https://doc.sling.si/workshops/programming-gpu/GPE/memmodel/
https://doc.sling.si/workshops/programming-gpu/OpenCL/ocl/
https://doc.sling.si/workshops/programming-gpu/OpenCL/host-prog/
https://doc.sling.si/workshops/programming-gpu/programiranje/vecadd/
https://doc.sling.si/workshops/programming-gpu/programiranje/dotprod/
https://doc.sling.si/workshops/programming-gpu/programiranje/matmul/
https://doc.sling.si/workshops/programming-gpu/programiranje/imageproc/
https://doc.sling.si/workshops/programming-gpu-cuda/intro/course/
https://doc.sling.si/workshops/programming-gpu-cuda/CUDA/cuda/
https://doc.sling.si/workshops/programming-gpu/intro/anatomija/

"
SLING T Slovenska iniciativa za nacionalni grid

D NHZ6BLIS NNJ 6 dgyvr NB/OWG T S{IIL b D
t NPad2 R2aG2LIYS 3INHzES

Pgmcvgtg"qf"itw "x"qgotgAdl w"UNKPI "rqgqfrktclqg"qfrtvk
wrtcxk gpeg" UNKPI <

AUniverzav Mariboru-i t w ¢ " Oc k u HRCIRIVAr t gl g mv

0 grku"itw g"Ockuvgt

O xuvqgr paq" mmaijtenhpd-rivg.um.si

0 navodila za uporabo

ANSC-umwr pc"itw c"KLU."qoqiq c"qfrtvk"fquvaqgr

0 qr ku" NSCWs.sg

o vgjpk pk"grku"kp"pcxgfknc"|c"fquvgr"kp"wrqgtec
0o xuvqgr pq" nsologinkjisisi g <

ARNES-i tw c" Ctpgu
0 grku"itw g"Ctpgu

Mcmwnvgve" | c"kphqgt oceltwmdg™ Twvfgknlhg 'kBPdx g " oguvg"
Trdina

o grku"itw g"Vtfkpec

0O xuvgr pq" xdini-lodinfis.upme.si

AZUM - Institut informacijskih znanosti -i t w ¢ " Xgi ¢
0 grku"itw g"Xgic
0O xuvqgr pq" boginvega.idimgi<

From: https://doc.sling.si/navodila/clusters/

ORT 57 Povzetki predavanj 57 E 2024, Rozman, FRI


https://www.hpc-rivr.si/
https://www.hpc-rivr.si/sistem/
https://www.ijs.si/ijsw/nsc
https://www.arnes.si/storitve/superracunalnisko-omrezje/
https://www.fis.unm.si/si/raziskave-in-razvoj/racunalniska-infrastruktura/
https://si-doc.vega.izum.si/
https://doc.sling.si/navodila/clusters/
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Lestvica Green Top 500 https://www.top500.org/lists/green500/

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Energy efficiency of top -ranked computers (gigaflops /watt)
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Lestvica Green Top 5007 . 2015 https://www.top500.org/lists/green500/

The Green500 List

Listed below are the June 2015 The Green500's energy-efficient supercomputers ranked from 1 to 10,

Green500 I c ter*
Rank omputer

Shoubu - ExaScaler-1.4 80Brick, Xeon E5-2618Lv3 8C 2.3GHz,
el iLdE Infiniband FDR, PEZY-SC Sl

High Energy Accelerator Suiren Blue - ExaScaler-1.4 16Brick, Xeon E5-2618Lv3 8C 2.3GHz,

2 6,842.31 Research Organization /KEK Infiniband, PEZY-SC 28.25
3 6.217.04 High Energy Accelerator Suiren - ExaScaler 32U2565C Cluster, Intel Xeon E5-2660v2 10C 32 59
Research Organization /KEK 2.2GHz, Infiniband FDR, PEZY-S5C :

ASUS ESC4000 FDR/G2S, Intel Xeon E5-2690v2 10C 3GHz,
4 3,271.81 G5l Helmholtz Center infiniband FDR, AMD FirePro $9150 57.15

GSIC Center, Tokyo Institute of TSUBAME-KFC - LX 1U-4GPU/104Re-1G Cluster, Intel Xeon E5-

5 425188 o nnology 2620v2 6C 2.100GHz, Infiniband FDR, NVIDIA K20x il
Stanford Research Computing ¥5tream - Cray CS-Storm, Intel Xeon E5-2680v2 10C 2.8GHz,

6 411211 Center Infiniband FOR, Nvidia K80 190.00

7 3.962.73 B Storm1 - Cray CS-Storm, Intel Xeon E5-2660v2 10C 2 2GHz, 44,54

Infiniband FOR, Nvidia K40m

8 3,631.70  Cambridge University T’:'F::E ;{?‘;'Bgﬁzrfﬁ[';fﬂé;”m' Xeon E5-2630v2 6C 2.600GHz, 52 62

Taurus GPUs - Bull bullx R400, Xeon E5-2680v3 12C 2.5GHz,
9 3.614.71 TU Dresden, ZIH Infiniband FDR, Nvidia K80 53.01

10 3.543.32 Financial Institution iDataPlex DX360M4, Intel Xeon E5-2680v2 10C 2.800GHz, 54 60

: Infiniband, NVIDIA K20x

* Performance data obtained from publicly available sources including TOP500
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Lestvica Green Top 500171 |. 2016

https://www.top500.org/lists/green500/

Green500 TOPS00 D

Total
Rank Rank  MFLOPS/W Site System Power(kW)
1 28 74621 MNVIDIA Corporation NVIDIA DGX-1, Xeon 349.5
Eb-2698v4 20C 2.2GHz,
Infiniband EDR, NVIDIA
Tesla P100
2 8 74535 Swiss National Cray XC50, Xeon 1312
Supercomputing Centre  EB-2690v3 120 2.6GHz,
(CSCS]) Aries interconnect ,
NVIDIA Tesla P100
3 114 66738 Advanced Center for ZettaScaler-1.4, Xeon 150.0
Computing and E5-2618Lv3 8C 2. 3GHz,

Communication, RIKEN Infiniband FDR,
_______________________ A O
[ | _ \
6051.3 Mational Supercomputing Sunway MPP, Sunway 15371 I
I Center in Wuxi SW2&6010 260C 1.45GHz, |
1 Sunway |
o o o — — — — —— — — —— — —— — — /

b 375 58063 Fujitsu Technology PRIMERGY CX14640 M1, 77

Solutions GmbH

Intel Xeon Phi 7210 64C
1.3GHz, Intel Omni-Path

OR1 57 Povzetki predavanj
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Lestvica Green Top 5007 |. 2017

https://www.top500.org/lists/green500/

TOP500 Rmax Power Power Efficiency
Rank Rank System Cores (TFlop/s] (kW) [GFlops/watts]
1 259 Shoubu system B - ZettaScaler-2.2, Xeon D-1571 794,400 842.0 50 17.009

16C 1.3GHz, Infiniband EDR, PEZY-5C2 , PEZY
Computing / Exascaler Inc.

Advanced Center for Computing and
Communication, RIKEN

Japan

2 307 Suiren2 - ZettaScaler-2.2, Xeon D-1571 14C 762,624 788.2 47 16.759
1.3GHz, Infiniband EDR, PEZY-5C2 , PEZY
Computing / Exascaler Inc.
High Energy Accelerator Research Organization
JKEK

Japan

3 276 Sakura - ZettaScaler-2.2, Xeon E5-2618Lv3 8C 794,400 824.7 50 16.657
2 3GHz, Infiniband EDR, PEZY-5C2 , PEZY
Computing / Exascaler Inc.
PEZY Computing K.K.

Japan

4 149 DGX SaturnV Volta - NVIDIA DGX-1 Volta3é, Xeon 22,440 1,070.0 ?7 15.113
E5-2698v4 20C 2.2GHz, Infiniband EDR, NVIDIA
Tesla V100, Mvidia
NVIDIA Corporation
United States

5 4 Gyoukou - ZettaScaler-2.2 HPC system, Xeon 19,860,000 19,1358 1,350 14173
D-1571 14C 1.3GHz, Infiniband EDR, PEZY-5C2
700Mhz , ExaScaler

Japan Agency for Marine-Earth Science and

N E 2024, Rozman, FRI
echnology

Japan
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https://www.top500.org/lists/green500/

Power
TOPS00 Rmax Power Efficiency
Rank Rank  System Cores [TFlop/s] (kW) [GFlops/watts]
1 37b Shoubu system B - 7ettaScaler-2 2, Xeon D-1571 14C $53,280 10633 40 17 604

1.3GHz, Infiniband EDR, PEZY-5C2 , PEZY Computing /
Exascaler Inc.

Advanced Center for Computing and Communication, RIKEM
Japan

2 374 DGX SaturnV Volta - NVIDIA DGX-1 Volta3é, Xeon ES-2698vé 22,440 1,0700 97 15.113
20C 2 2GHz, Infiniband EOR, NVIDIA Tesla V100 , Nvidia
NVIDIA Corporation
United States

o o — ———— —— —— —— —— —— —— —— —— —— —— —— —— —— — — ~N
3 1 Summit - IBM Power System AC%22, IBM POWER®S 22C 2,397,824 1435000 9,783 14448 |
3.07GHz, NVIDIA Volta GV100, Dual-rail Mellanox EOR |
Infiniband , IBM |
DOE/SC/0ak Ridge National Laboratory I
United States ]
e -
4 7 Al Bridging Cloud Infrastructure (ABCI) - PRIMERGY 391,680 198800 1,849 14423

CX2570 M4, Xeon Gold 6148 20C 2.4GHz, NVIDIA Tesla V100
S¥XM2, Infiniband EDR , Fujitsu

Mational Institute of Advanced Industrial Science and
Technology [AIST)

Japan

5 22 TSUBAME3.0 - 5G| ICE XA, IP139-SXM2, Xeon E5-25680v4 135,828 B1250 792 13.704
14C 2 4GHz, Intel Omni-Path, NVIDIA Tesla P100 SXM2 , HPE
GSIC Center, Tokyo Institute of Technology

Japan 2024, Rozman, FRI
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https://www.top500.org/lists/green500/

Power
TOPS00 Rmax Power Efficiency
Rank Rank  System Cores (TFlop/sl (kW] [GFlops/watts]

1 [ 159 AGLFX prototype - Fujitsu AG4FX, Fujitsu AG4FX 48C 2GHz, 36,864 1,9995 118 16.876
Tofu interconnect U, Fujitsy| estvica Green Top 500- 1. 2016...
Fujitsu Numazu Plant
Japan

i 420 NA-1 - 7ettaScaler-2 2, Xeon D-1571 16C 1.3GHz, Infiniband 1,271,040 1,3032 80 16256
EDR, PEZY-5C2 700Mhz , PEZY Computing / Exascaler Inc.
PEZY Computing K.K.

Japan

3 24 AiMOS - IBM Power System AC922, IBM POWERS 20C 130,000 80450 510 15.7711
3.45GHz, Dual-rail Mellanox EDR Infiniband, NVIDIA Volta
GV100, IBM

Rensselaer Polytechnic Institute Center for Computational
Innovations [CCI]
United States

4 373 Satori - IBM Power System AC922, IBEM POWER? 20C 23,040 14640 94 15.574
2 4GHz, Infiniband EDR, NVIDIA Tesla V100 SXM2 , IBM
MIT/MGHPCC Holyoke, MA
Uniledétates

o o E—— - - S S S S S S S S S S S S S S S S S S S e e .

R R R R R R R R R R R R R R R ER_—————————,.
{I 3 1 Summit - IBM Power System AC%22, IBM POWERY 22C 2,414 592 1486000 10,096 14719 \ I
| 1 3.07GHz, NVIDIA Volta GV100, Dual-rail Mellanox EDR [ |
11 Infiniband , IBM | I
11 DOE/SC/0ak Ridge National Laboratary | :

United Stat
W L Umedsee e,
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Power
TOP500 Rmax Power  Efficiency
Rank Rank System Cores (TFlop/s) (kW] (GFlops/watts]
1 170 NVIDIA DGX SuperPOD - NVIDIA DGX A100, 19,840 2,356.0 30 26.195
AMD EPYC 7742 64C 2.25GHz, NVIDIA A100,
Mellanox HDR Infiniband, Nvidia
MVIDIA Corporation
United States
2 330 MN-3 - MN-Core Server, Xeon Platinum 1,664 1,652.9 65 26.039
8260M 24C 2 4GHe, Preferred Networks MN-
Core, MN-Core DirectConnect, Preferred
Metworks
Preferred Networks
Japan
3 7 JUWELS Booster Module - Bull Sequana 449,280 44.120.0 1,764 25.008
XH2000, AMD EPYC 7402 24C 2 8GHz, NVIDIA
A100, Mellanox HOR InfiniBand/ParTec
ParaStation ClusterSuite, Atos I}
Forschungszentrum Juelich [FZJ)
Germany
4 146 Spartan2 - Bull Sequana XH2000 , AMD EPYC 23,040 25660 106 24262
7402 24C 2.8GHz, NVIDIA A100, Mellanox
HDR Infiniband, Atos
Atos
France
(~ 5 T 5T T TSelene- NVIDIADGXAIO0 AMD EPYC 7742 | 555520 634600 | 2.646 23983 ™
I 64C 2. 25GHz, NVIDIA A100, Mellanox HOR |
Infiniband, Nvidia 1
| MNVIDIA Corporation |
| United States ]
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TOP500 Rmax Power Power Efficiency
Rank Rank System Cores (TFlop/s) (kW) (GFlops/watts)
1 301 MN-3 - MN-Core Server, Xeon Platinum 1,664 2,181.2 55 39.379

8260M 24C 2.4GHz, Preferred Networks
MN-Core, MN-Core DirectConnect,
Preferred Networks

Preferred Networks

e O . S S S S S S ey

Japan
pp T M M mm mm mm e e e ey
7 2 291 5SSC-21 Scalable Module - Apollo 6500 16,704 2,274 103 33.98n
/ Gen10 plus, AMD EPYC 7543 32C 2.8GHz,
/ NVIDIA A100 80GB, Infiniband HDR200, \
HPE \
Samsung Electronics 1
South Korea 1
i
3 295 Tethys - NVIDIA DGX A100 Liquid Cooled 19,840 2,255.0 72 31.538 |
Prototype, AMD EPYC 7742 64C 2.25GHz, I
NVIDIA A100 80GB, Infiniband HDR, Nvidia
NVIDIA Corporation I
United States |
1
4 280 Wilkes-3 - PowerEdge XE8545, AMD EPYC 26,880 2,287.0 74 30.797 |
7763 64C 2.45GHz, NVIDIA A100 80GB, |
Infiniband HDR200 dual rail, DELL EMC I
University of Cambridge |
United Kingdom I
5 30 HiPerGator Al - NVIDIA DGX A100, AMD 138,880  17,200.0 583 29.521 |
EPYC 7742 64C 2.25GHz, NVIDIA A100, |
Infiniband HOR, Nvidia / E 2024. Rozman. ERI
\ Uni ity of Florid / , ,
N n!ver5| y of Florida
~ United States 7/

-
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Rank

7
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-

TOPS00
Rank

= =

4035

3z

o

58

o e e e e e o o o o o o o e e e e o -

Rmax Power

System Cores [PFlop/s) kW)

Henri - Lenove ThinkSystem SR&70 V2, 5,920 2.04 kil
Intel Xeon Platinum 83462 2800Mhz

[32C), NVIDIA H100 B0GE PCle,

Infiniband HOR, Lenovo

Flatiron Institute

Unitzd States

Frontier TDS - HPE Cray EX235a, AMD 120,832 19.20 309
Optimized 3rd Generation EPYC 64C

2GHz, AMD Instinct MI230X, Slingshot-

11, HPE

DOE/SC/0ak Ridge Mational

Laboratory

United States

Adastra - HPE Cray EX2353, AMD
Optimized 3rd Generation EPYC 64C
2GHz, AMD Instinct MI230X, Slingshot-
11, HPE

Grand Equipement Mational de Calcul

319,072 £6.10 an

Intensif - Centre Informatique National
de 'Enseignement Suprieur [GENCI-
CIMNES)

France

Setonix — GPU - HPE Cray EX233a, 181,248 27.18 477
AMD Optimized 3rd Generation EPYC

840 2GHz, AMD Instinct MI250X,

Slingshot-11, HPE

Pawsey Supercomputing Centre,

Kensington, Western Australia

Australia

Dardel GPU - HPE Cray EX235a, AMD 52,864 8.24 146
Optimized 3rd Generation EPYC 64C

2GHz, AMD Instinct MI230X, Slingshot-

11, HPE

KTH - Royal Institute of Technology

Sweden

Energy Efficiency

[GFlops/watts)
- -

~

£3.091

52.684

58.021

56.983

56.491

N

\

-
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L

Energy Efficiency
(GFlops/watts)

N

https://www.top500.org/lists/green500/

~

TOP500
Rank

293

44

25

92

System

Henri - ThinkSystem SR&670 V2, Intel
Xeon Platinum 8362 32C 2.8GHz,
NVIDIA H100 80GB PCle, Infiniband
HDR, Lenovo

Flatiron Institute

United States

Frontier TDS - HPE Cray EX235a, AMD
Optimized 3rd Generation EPYC 64C
2GHz, AMD Instinct MI250X, Slingshot-
11, HPE

DOE/SC/0ak Ridge National Laboratory
United States

Adastra - HPE Cray EX235a, AMD
Optimized 3rd Generation EPYC 64C
2GHz, AMD Instinct MI1250X, Slingshot-
11, HPE

Grand Equipement National de Calcul
Intensif - Centre Informatique National
de UEnseignement Suprieur [GENCI-
CINES)

France

Setonix - GPU - HPE Cray EX2353,
AMD Optimized 3rd Generation EPYC
64C 2GHz, AMD Instinct MI250X,
Slingshot-11, HPE

Pawsey Supercomputing Centre,
Kensington, Western Australia
Australia

Dardel GPU - HPE Cray EX235a, AMD
Optimized 3rd Generation EPYC 64C
2GHz, AMD Instinct MI250X, Slingshot-
11, HPE

KTH - Royal Institute of Technology
Sweden

Cores

8,288

120,832

319,072

181,248

52,864

Rmax
[PFlop/s)

2.88

19.20

46.10

27.16

8.26

Power
(kW)

44

309

921

477

146

65.396

62.684

58.021

56.983

56.491

~
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5.

2 . 4. 2 .Qust@LofVofkétationsii )

Ideja-V bi stvu so po s ami zgradhbi podobni MPP s

A obil,ajmreogil no uporabljane komponente
A insozatobistvenoc enej gi

Prednosti :

A poceni, zanesljivi

A energetsko ulinkovitdi

A enostavno razgirljiwvi

Pomanikljivosti:

A strogek upravil-jahuymalkznigkoV oj enzel o podoben kot s
neodvi sni mi ralunal ni ki
A-manj zmogl jive V/ 1 povezamnlbprot.gigemp.osebej Vv pri mer
A vel kopij operacijskega sistema
2 tipa grul
A centraliziran
A homogeni ralunal ni ki v omar.
A decentraliziran

A povezava bolj oddaljenih, samostojnih sistemov
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"
GoogbhataCent e
(grul a Googl ovinh

Razsegnost pomnijo, indeksirajo,

A 1.2008: 102 strani ( a n g frileog, klavensko bilijarda)
A 1. 2013: 30 bilijard strani (30x
2
5,163,239,937
Kako ’7 Internet Users in the world

p od ®dtkcenten-DC¢C ént ri
razreguje na na

A razprgeni
A ewww.google.com ¢s e

4,400,548,791

Google searches today
Zakaj zanimivo ?
A ? A s up er t/stahdardni ?
A 2 A cena,zmogljivost, oboje

4,174,765,519

Videos viewed today
on YouTube

vel

/5 1let)

1,917,971,638

Total number of Websites

4,267,144

Blog posts written today

l,fll

L)
50,393,278

Photos uploaded today
on Instagram

(vir: http://www.internetlivestats.com/

Warehouse-Scale
r"a |Gompautars (W&E))

144,194,372,767

Emails sent today

438,558,401

Tweets sent today

90,154,024

Tumblr posts today

)
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"
GoogbhataCAent er fi

(grul a Googlovih ralunal ni

A http://www.gooqgle.com/about/datacenters/
A 2014: model Il zboljganja energetske ulinkovito:s
A www.gooqgle.com/about/datacenters/efficiency/internal/assets/machi
ne-learning-applicationsfor-datacenter-optimization-finalv2.pdf

Total Facility Energy

Continuous PUE Improvement
PUE =

s IT Equipment Energy
https://www.gooqgle.co
B o A B w © m/about/datacenters/
L — \_/bﬂvl\v% . .
® efficiency/internal/

20082009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

—— Quarterly PUE = Trailing twelve-month (TTM) PUE

A Google Data Center 360ATour (2016)
A Google Data Center 360ATour (2020)
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http://www.google.com/about/datacenters/
http://www.google.com/about/datacenters/efficiency/internal/assets/machine-learning-applicationsfor-datacenter-optimization-finalv2.pdf
http://www.google.com/about/datacenters/efficiency/internal/assets/machine-learning-applicationsfor-datacenter-optimization-finalv2.pdf
https://www.youtube.com/watch?v=zDAYZU4A3w0&feature=emb_logo
https://www.youtube.com/watch?app=desktop&v=WtiSo8a3QsI
https://www.google.com/about/datacenters/efficiency/internal/
https://www.google.com/about/datacenters/efficiency/internal/
https://www.google.com/about/datacenters/efficiency/internal/

