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5 Paralelizem na nivoju procesorjev
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5. Paralelizem na nivoju procesorjev

Namen in cilji 5. poglavja:

m Paralelnost poskusamo izkoristiti na vec razlicnih nivojin

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

m  Multiprocesorji, multiraCcunalniki

m  Superracunalniki, podatkovni centri:
1 Z/brez cenovnega kompromisa
1 Razmerje cena/zmogljivost :
m Kako to dela Google ?

m Zanimivi pristopi:
0 GPU, podatkovno pretokovno racunanje, ,Big-brain chips®, Spinnaker
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5. Paralelizem na nivoju procesorjev

Paralelnost:
m je problem (programiranje, uCinkovitost)
m je edino upanje (omejitve tehnologije)

Primer:
m Zelimo: 1 CPE S tcpe = 0.001ns
m dobimo: 1000 CPE Stepe = 1ns

m teoretiCho enaka zmogljivost, v Cem je tezava?

[0 slabo: zaporedno razmisljanje, problemi, algoritmi, programi
1 dobro: imamo probleme, ki so ,paralelni*

m razlika v porabi (v prid paralelnosti)

m ZalPC >10 edina moznost !

OR - 5 — Povzetki predavanj 3 © 2024, Rozman, FRI



Omejitev pohitritve v paralelizmu: Amdahlov zakon

Paralelnost :
* Problem ali resSitev ?

Pohitritev programa zaradi paralelnega izvrSevanja v multiprocesorskem
sistemu je omejena z delezem programa, ki ga lahko paralelno izvrSujemo.

1
N SV = N1
"N/

S(N)= = -
f+(A-f)/N 1+(N-1)f limN->0 1 _lf f

N N

f =delez operacij,ki _niso _pohitrene

(1- f)=delez operacij,ki so N —krat pohitrene [ =delez _operacij, ki _niso _ pohitrene
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Ponhitritev izvrSevanja programa v odvisnosti od Stevila procesorjev in deleza
izkoriSCenega paralelizma v programu

Amdahlov zakon
20,00 —
"
18.00 -
/ Delez paralelizma (1 —f)
16.00 7 50%
/ — 75%
~ 14,00 90%
% / — 95%
/
- 12.00 /
2
5 10.00 7 —
c
S A 1]
O g.o00 /
6.00 /f
4,00 ,/ ——
2=
2,00 —
e
TS e g s 8 ¢ S5 88 5 3 8 oo
— - I =) =) =} — m [ U
— ™ =t oo w ™ L
. . . — m w0
Stevilo procesorjev N
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5. Paralelizem na nivoju procesorjev

Vrste paralelnih racunalnikov glede na povezanost in lokacijo

Private
memory Computer
Shared memory \
Coprocessor M
Thread |
CPU
\ —{ CPU

\53 CPU . @

CPU / /4 CPU |

CPU

Main CPU L

Tightly coupled Loosely coupled

-
— -

(a) (b) () (d) ()

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

* Na ¢ipu (»On-Chip«) Koprocesorji (»Coprocessor«)
na nivoju ukazov (pogl. 4) MultiProcesorji (»MultiProcessor«)

veén_itnost (pO_gl. 4.9)“ MultiRacunalniki (»MultiComputer«)
multiprocesorji na 1 éipu Omrezje (»Grid«)
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5. Paralelizem na nivoju procesorjev

Razlicni nivoji uvajanja paralelizma z bolj tesno ali ohlapno
povezanostjo:

m Na Cipu (»On-Chip«)
[ na nivoju ukazov (pogl. 4)

0 vec€nitnost (pogl. 4.9)
0 multiprocesorji na 1 Cipu
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5.1.1 Paralelizem na nivoju €ipa — homogen multiprocesor na 1 €ipu

5.1.1 Multiprocesorji na Cipu (,,On Chip“) — ,homogeni*
Corei7:

|A-32 |A-32 |A-32 |A-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

N
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Primer heterogenega multiprocesorja : DV

D predvajalnik.

NTSC/PAL/SECAM
composite video
Audio encoder
_ decoder -
MPEG video decoder \ Disk controller
Control processor \ \ \\ / y Cache
A Al A 4 4 L
Heterogeneous
multiprocessor chip — |

Memory

with six cores @ g

L}

P —

OR - 5 — Povzetki predavanj 9
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Samsung Galaxy S5,

S6, S7, S8 in S20

ST - GPU Performance
Instruction Frequen GFPU Memeory technology
Model number fab Microarchitecture | Cores i GFLOPS
set (GHz)
. Cortex-A15+ _ _
Exynos 5 Octal®?] 28 nm 1.9 ARM Mali-T628 MP6 @ 32-bit dual-channel 933 MHz
ARMVT Cortex-A7 4+4 102.4 (FP32)
(Exynos 5422) HKMG , ) 1.3 533 MHz LPDDR3/DDR3 (14.9 GB/s)
(big.LITTLE with GTS)
Cortex-A5T+ 32-bit dual-channel 1552
Exynos 7 Octa 14 nm 21 _
p ARMVS-A Cortex-A53 A+4 Mali-T760 MPS @ 772 MHz | 210 (FP32)i88] MHz LPDDR4 (24.88
7420[641E5] LPE ) ) 1.5 &
(big LITTLE with GTS) GB/s)E]
== 14 nm l l | | | |
LEF M1 2.6 \
{1-2 cores LPDDRA
load) 2.3
Exynos 8 Exynos M1 {34"" - Mali-T880 MP12 [
IPM Dn DDSe""' Da -
SEEELLL ‘ 4+4 | ps53 16 Mali-T880 MP10 650 _
82] Cortex-A53 o ) 221 (Lite)
[ (Lite)
(GTS)E3 M1: 2.0
AS531.5
(Lite)
Editis L Exynos M2
Octa 8895 | 10 nm M2: 2.314 .
"Mongoose"+ 444 Mali-71 MP20 546 375 LPDDR4X
. LPE AS53 1.69
[951[961[97] Coriex-A53 (GTS)
1+ 3+ 4 cores )
Mali
Exynaos 2100 (2.91 GHz Cortex-X1 +
[157] G788 854 1,630 LFDDRS
(S5E9840) 2.81 GHz Cortex-A7S8 + MP14
2.2 GHz Cortex-Ab5)
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5. Paralelizem na nivoju procesorjev

Razlicni nivoji uvajanja paralelizma z bolj tesno ali ohlapno
povezanostjo (nadaljevanje):
m Koprocesorji (»Coprocessor«)
0 Mrezni, medijski, kriptografski, GPU
m MultiProcesorji (»MultiProcessor«)
[ enostavni (skupen naslovni prostor) za programiranje
1 tesneje povezani, slabse skalirajo
m MultiRacunalniki (»MultiComputer«)
1 loCeni naslovni prostori, tezje programiranje (,porazdelien pomn.©)
1 ohlapnejSe povezave, boljSe skaliranje
m Omrezje (»Grid«)

1 Heterogeni, Se ohlapneje povezani , geografsko bolj razprseni
0 SETI@Home, ,Smart Energy Grid"
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5.2 Arhitekture paralelnih racunalnikov

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

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

~

SISD=

SIMD=

MISD=

MIMD=

H

1

—

T

hxﬂk

/

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

5.2.1 SISD (Single Instruction, Single Data)

m Von Neumannov model

5.2.2 SIMD (Single Instruction, Multiple Data,):

Ideja: poenostaviti KE, izkoristiti paralelizem na nivoju podatkov
u SIMD raZéiritve: Figure 4.5. NEON vector-by-scalar multiplication
m Intel: MMX, SSE ukazi VMUL.F32 g2, g1, dO[0]
m ARM: NEON kot SIMD razSiritve ) + e 0

m vektorski, ,array” procesorji,
0 CRAY (najbolj znani vektorski rac.)

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

OR - 5 — Povzetki predavanj 13 © 2024, Rozman, FRI
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5.2 Arhitekture paralelnih racunalnikov

5.2.2 SIMD (Single Instruction, Multiple Data):

Primer: matricno mnozenje: (ARM: NEON kot SIMD razSiritev) :

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 | b31 | b2
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 Stejejo cevovod...

OR - 5 — Povzetki predavanj 14 © 2024, Rozman, FRI
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5.2 Arhitekture paralelnih racunalnikov

Multi- Multi-
processors computers

5.2.4 MIMD (Multiple Instruction, Multiple Data):

|deja: izvajati hkrati veC ukazov, vsakega nad svojimi operandi (podatki)

Znacilnosti:
m  SplosSnejsSi od SIMD, izkoristijo veC paralelizma
m V praksi pogosto SPMD (,Single Program Multiple Data®)

LoCimo 2 skupini:

m  Multiprocesorji (skupen naslovni prostor) — ,Shared Memory Multiproc.”
0 CPE tesno povezane s skupnim pomnilnikom
[0 + enostavno programiranje, - slabSa skalabilnost

m  MultiraCunalniki (lo€eni pomnilniki) — ,Message Passing Multiproc.”
0 rahlo povezani, vsaka CPE svoj pomnilnik
[0 + cenejsi, + bolj skalabilni, - teZje programiranje

OR - 5 — Povzetki predavanj 15 © 2024, Rozman, FRI
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5.2 Arhitekture paralelnih racunalnikov

Primerjava MIMD in SIMD:

m 2z vidika MIMD:

[1 + za gradnjo se lahko uporabijo obstoje€i procesorji (nizja cena)

[0+ skalabilnost; uporabnik Stevilo procesorjev prilagaja svojim potrebam in zmoznostim.

0 - tezko narediti prevajalnik, ki bi poleg podatkovne izkoriS€al Se ukazno paralelnost

OR - 5 — Povzetki predavanj 16 © 2024, Rozman, FRI
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5.2 Arhitekture paralelnih racunalnikov

m 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 paralelnih racunalnikov

5.2.4 MIMD (Multiple Instruction, Multiple Data):

Muilti-
processors

Multiprocessors

MIMD

pllrpfrP|P
| 1 | |

PH = H P

P - «((_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—w

Message-
passing
interconnection
network

%%

7 e

OR - 5 — Povzetki predavanj

© 2024, Rozman, FRI



5.2.4.1 Multiprocesorji s skupnim pomnilnikom

ldeja:

Muﬁi—
processors
umna COMA NUMA

m predelava starih programov za paralelne raCunalnike je zahtevna
m ena od moznih poenostavitev je skupen pomnilniski prostor

TipiCna organizacija multiprocesorja s skupnim pomnilnikom (tesna povezanost)

CPE

CPE

I

I

Predpomnilnik

Predpomnilnik

I

I

CPE

I

Predpomnilnik

I

Povezovalna struktura

Skupne
spremenljivke

I

I

P

P

l—— CPU

| |

Pomnilnik

V/I sistem

o
|

B

OR - 5 — Povzetki predavanj
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5.2.4.1 Multiprocesorji s skupnim pomnilnikom — UMA — Uniform Memory Access

UMA - nekaj tipiCnih multiprocesorjev s skupnim pomnilnikom in vodilom

UMA — 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
meEmorics.
Prednosti :
+ enostavno programiranje
+ enotni Cas dostopa do kateregakoli podatka
- je hkrati tudi najveCja omejitev sistemal! (v katerem smislu ?)
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Tipicni multiprocesorji s skupnim pomnilnikom: NUMA, COMA

NUMA:

*  Prednosti:

* hitrejSi lokalni (poCasnejSi oddaljeni) dostopi, poenostavitev sistema, skalabilnost, hitrost
+ Slabost

+ tezje programiranje

N |Zvedbi: CPU Memory CPU Memory CPU Memory CPU Memory
*«  NC-NUMA (Non Cached NUMA l;' l;]
- V0d||0 Je OZkO grlo MMU == Local bus Local bus Local bus Local bus
+ ni problema skladnosti vsebine predpomnilnikov
System bus
° CC-NUMA (CaChe Coherent NUMA) Node 0 Node 1 Node 255
+ hltreél dosto I - CPU Memory CPU Memory CPU Memory
J p Dlrectfry E . g . E .

- problem skladnosti vsebine predpomnilnikov

t Local bus o Local bus ot Local bus

%

Interconnection network

(a)

COMA: (,Cache Only Memory Access”)

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

OR - 5 — Povzetki predavanj 21 © 2024, Rozman, FRI



5.2.4.1 Multiprocesorji s skupnim pomnilnikom — UMA — Uniform Memory Access

UMA: tipiCni multiprocesor s skupnim pomnilnikom
UMA in stikalno mrezo

Memories
Sl 1al 2] [=] [8] 5] |2] |= Crosspoint
sl (elief (=111 1~ | switch is open
—O—P—0—0—0—0—0 — — f $‘<
X
000 | & & ¢ o oo Lol o g
N
001 FanY D Fant Fa Y Fany Fany Fa
= A\ A A" A= A" \)
()
O—P—P—0——0—0—0
§ = 4 sC»::fi}ti?wpic;gltosed
5 .
S S S -
| 101 | N N
0 —o—o D9 KJ
111 Fa FianY Fant FanY Fant Fan' O " v Il
M Stikalna mreza vs. vodilo ?
Closed o © v v v
crosspoint Open i Mreza omogoca vec
switch switch h k t h o b /
ratnin povezayv, 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 mikrokrmilnikin 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 |

Predpomqllnlkl : ) o o [ CPU L1 J [cgﬁ_izu J [ CPU L1 J [ CPU L1 J
e ,snooping caches” — spremljajo dogajanje 7 ! 7 ]
na vodilu in ustrezno reagirajo [ 2cache | t2cache || L2cache | [ L2cache |
! ! 3
Skladnost vsebine predpomnilnikov : R‘”gj”?j“”"”‘
Wri " [ L3 shared cache l
« ,Write-through” — Cache coherence protocol
 Enostaven,
» NeucCinkovit (vsakic pisanje (tudi) v
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
skladnost vsebine predpomnilnikov Il

 _Write-Back” Cache Coherence Protocol :

1A-32 IA-32 1A-32 1A-32
CPU + L1 CPU + L1 CPU + L1 CPU + L1

i i t i
[ L2 cache }[ L2 cache [ L2 cache ][ L2 cache

! # # 1

« kompleksnejsi, kasnejSe pisanje v pomn. (uskladite Lasharzdcache ]
* Primer: ,MESI“ — Cache coherence protocol (tudi Core i7):
* Invalid — ni vrstice
Shared — ved predp. vsebuje aktualno vrstico (skladno s pomn.)
. Exclusive — samo dol. predp. vsebuje aktualno vrstico (skladno s pomn.)
*  Modified — samo dol. predp vsebuje aktualno vrstico (neskladno s pomn.)
" CPU 1 CPU2 CPU3 Memory CPU 1 reads bbck A () cPuT cPuz cPus Memory CPU 3 reads block A
1l |7 C 1| (1] A
[Bcusve | 7] | | Shared | Shared
Cache Bus Bus
(b) - oroe crus Memory CPU 2reads block A (e) o o o Memory CPU 2 wittes block A
| | N | e [ | I N | R [
|Shared | Shared | | | Modified |
Bus Bus
©) cPUd cPU2 cPU3 Memory CPU 2 writes block A (f) e croe e Memory CPU 1 writes block A
1l I3l [ 1] |C
| [Modgified ] [Modified | [
Bus Bus



" J
Multiprocesorji s skupnim pomnilnikom -
programiranje

Sinhronizacija je postopek koordinacije delovanja dveh ali veC
procesov, Ki se izvrsujejo na razliCnih procesorijinh.

Eden od nacinov sinhronizacije je zaklepanje (lock) skupnih

spremenljivk:

« dovoljuje dostop do podatka samo enemu procesorju istocasno.

« samo en procesor lahko v nekem trenutku doseze zaklepanje
spremenljivke, vsi ostali procesorji morajo Cakati, dokler ta procesor
ne sprosti spremenljivke.
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Primer programa za multiprocesor s skupnim pomnilnikom

Vsota 64,000 stevil na 64 CPE

Vsak procesorima ID oz. Pn : 0 £ Pn < 63 (half=1) [0

sum[Pn] = 0;
for (i = 1000%Pn; (half=2)
i < 1000*(Pn+1); i = i + 1) ~
sum[Pn] = sum[Pn] + A[1];
half = 64; /* samo, cCe je }
’ $tevilo Tiho:
repeat ProcesorQ pristeje
podatek brez para*/
synch();

if (half%2 !'= 0 & Pn == 0) sum[0] = sum[0] + sum[half-1];
half = half/2; /* dividing line on two sums */
— if (Pn < half) sum[Pn] = sum[Pn] + sum[Pn+half];
until Chalf == 1);
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Multiprocesorji s skupnim pomnilnikom

povzetek
v Private memory —— Shared
 UMA (enoten Cas dostopa) sared memory y mE.
+ enostavno programiranje H @ [M?
- slaba skalabilnost e e
b NUMA : (raZ“éen éaS dostopa) CPU Memory  CPU Memory CPU Memory CPU Memory
+ hitrejsi dostopi, boljsa skalabilnost L L
- tezle programlranje MMU - IrocaTbus Local bus Local bus Local bus
*  NC-NUMA (Non Cached NUMA ppr—
- vodilo je ozko grlo Node 0 Node 1 Node 255
+ ni problema skladnosti vsebine predpomnilnikov Dire M” ”’V M’Y

« CC-NUMA (Cache Coherent NUMA)
+ hitrejsi dostopi
- problem skladnosti vsebine predpomnilnikov

Local bus Local bus Local bus

%
%

Interconnection network

(@)

« COMA: (,Cache Only Memory Access")

*  naslovni prostor se razbije na vrstice v predpomnilnikih

» [okalni pomnilnik = predpomnilnik Ideja: podatki nevezani, se selijo
* ni veliko realizacij po tem pristopu bliZje tistemu, ki jih potrebuje

OR - 5 — Povzetki predavanj 29 © 2024, Rozman, FRI



"
5.2.4.2 MultiraCunalniki (MR) s sporocili

|ldeja izhaja iz omejitev multiprocesorjev:
slabo skaliranje: veliko dodatne logike za npr. 72 CPE (MR lahko enostavneje do 65536!)
ozko grlo v deljenem (skupnem) pomnilniku: npr. 100 CPE hkrati piSe v dolo€eno lokacijo

Resitev: vsaka CPE ima svoj fizini naslovni prostor:
komunikacija preko sporocil (ni skupnega pomnilnika)

TipiCna organizacija multiprocesorja z vec lastnimi pomnilniki (rahla povezanost)

CPE CPE oo
Predpomnilnik Predpomnilnik o
1

Multi-

computers

N

MPP

cow

CPE

I

Predpomnilnik

Pomnilnik

v

I

Pomnilnik oo

I

Pomnilnik

I

Povezovalna struktura

e —
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MultiraCunalniki (MR) s sporocili

Znacilnosti:
« vsaka CPE ima svoj pomnilnik

« komunikacija preko posebne infrastrukture — povezovalne mreze
« zakomplicira zadevo, programi tezje komunicirajo, prenosi trajajo

» se lazje gradijo, bolje skalirajo, a tezje programirajo

« zakaj so sploh zanimivi?

+ 50 lahko bistveno VECJI in CENEJSI ! Multicomputers
Machine 1 Machine 2 Machine 1 Machine 2 Machine 1 Machine 2
Sistem mora vsebovati: . » . » . »
N . . . ] . Application Application Application Application Application Application

« podprograme za posiljanje in sprejemanje sporocil,

*  prenos sporocil : I I - I e
° Vg raj e n a tu d i koo rd i n aCij a system system system system system system
® SiStem pOtrjeva nja prejetih Spo rOéil Operating Operating Operating Operating Operating Operating

system system system system system system
. . . (] . v M
Ideja skupnega pomnilnika ni izkljuCena
Hardware Hardware Hardware Hardware Hardware Hardware
Shared memory Shared memory Shared memory
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Povezovalne strukture — parametri :
. » »fanout« : St. povezav iz vozliS€a
POVGZOVﬂIne topog raf”e « »diameter« : §t. povezav med najbolj oddaljenimi
« »bisection BW« : kapaciteta prereza
« »dimensionality« : 8t. razli¢nih poti med toCkama

(@) (b) ()

(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. (¢) A tree. (d) A ring. (e) A grid.
(f) A double torus. (g) A cube. (h) A 4D hypercube.
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"
Primer programa za multiracunalnik s sporocili

half Limnit

Vsota 64,000 Stevilk na 64 CPE o

Pristevajo Poziljajo

m Operacije za posiljianje: send() in receive()

Timit = 64; half = 64;/* 64 processors */
repeat
half = (half+l1)/2; /* send vs.receive
dividing line */
if (Pn >= half & Pn < 1Timit)
m— send(Pn - half, sum);
if (Pn < (1imit/2))
— sum sum + receive();
Timit half; /* upper 1imit of senders */
until (half == 1); /* exit with final sum */
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MultiraCunalniki (MR) s sporocili

Visoko zmogljivi multiprocesorski sistemi zahtevajo tudi zelo zmogljive povezovalne

strukture, kar pa pomeni tudi visoko ceno:

« obstaja malo aplikacij, ki bi opravicevale tako velike stroske,

* nizje cenovna alternativa: gru€e ra€unalnikov, pri katerih poteka komunikacija med
procesorji preko standardnih V/I omreZij.

Vsled opisanih razlik lo€imo multiraCunalnike v 2 vecji skupini glede na njihovo ceno (ki je
pogojena z izbiro komponent), zgradba je podobna v obeh:

- MPP Multi-
« Zmogljivost pred ceno! compuiers
« COW, WSC (gruce)
» ,Clusters Of Workstations
* grucCe
,Warehouse Scale Computers” MPP COwW

» spletne storitve
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5.2.4.2.1 MPP (,Massively Parallel Processors®)

Ideja:
m narediti superracunalnik s pomocjo:

1 velikega Stevila zmogljivih vozliS¢ in

1 zelo zmogljivo povezovalno mrezo....
m cena niovira (sicer gru¢a - COW)...

Znacilnosti:

®m  najprej se uporabijo v znanosti, danes vse bolj Ze v komercialne namene (,,Big Data*)
m so veémilj. superracunalniki — nadomestili so vektorske SIMD, itd...

m veCinoma se uporabijo standardni CPUji (Pentium, UltraSPARC, PowerPC)

m zelo zmogljive in hitre povezave

m lasten SW, knjiznice

m vedno prisoten HW/SW, ki preverja napake in jih odpravlja...

Primer:

m IBM Blue GenellL je 1.2005 zmagal za »Gordon Bell« nagrado
teoreticna zmoglj. 360 000 GFLOPS

zmagovalni program izkoristi 28%

pri nekaterih je izkoristek 1% !!!

#1 na top500.org v letih 2004 do 2008

OR - 5 — Povzetki predavanj 35 © 2024, Rozman, FRI



5.2.4.2.1 MPP (,Massively Parallel Processors®) - Primer
IBM Blue Gene/L

Osnova racunalnika Blue Gene/L je ASIC (»Aplication Specific Integrated Circuit«) procesorski Gip z
dvemi jedri PowerPC:

m PowerPC je cevovodni 2-kratni (dvo-izstavitveni) superskalarni procesor
m  FPU funkcijski enoti sta dvovhodni - lahko izvrSita Stiri operacije v plavajoCi vejici v 1 topg
m Procesor ni med najzmogljivejSimi.
[0 eno jedro je namenjeno racunanju, drugo pa komunikaciji med 65.536 procesorji.
m Povezave med CPUji so:
1 3D torus in Se 4 druge povezovalne mreze razli¢nih tipov
m  Enormna V/l zmogljivost (1.4Gbps na P2P povezavo, oz. 275Tbit/s=900 000 knjig/s)
m  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 : ’ ‘12
440 core (o h
FPU D e
West 4+—@ Snoopingt @ —» East
FPU S : .
PowerPC o = < [y TO card-level
Fpy | 440core o - cache | : BRRSOEAM
Communication CPU l f
OR-5-Pc South Down )24, Rozman, FRI




" N

IBM Blue Gene

=
L3
| =
L4
-
"
"

Cabinet
2 midplanes

Node Card 1024 nodes
16 compute cards (2,048 CPUs)
0-2 110 cards {Bx8x18)
37 nodes 2.89/57 TFis
FRU (field {64 CPUs) 512 GiB* DDR
imﬁ:m replaceable unit) (4xdx2) 15-20 kW
BI56GFIs 25mmx32mm 901180 GF/s
4 MiB® eDRAM 2nodes (4 CPUS) 16 GiB* DDR
| {compare this with a 1983 ‘ (2¢1%1)
Cray YWP/S at 2.7 GFis) 2x(2.8/5.6) GF/s
2%512 MiB* DDR
15W
Procesorski
ASIC Cip  Kartica Plosca Omara

System

64 cabinets
65,536 nodes
{131,072 CPUs)
[32x32x64)
1804360 TF/s
32Tie*

1.2 MWWV
2,500 sq.1.
MTEF 6.16 Days

* hep fphsics nist govicuwLinitsinary kiml

Sistem
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" N

BLUEGENE/L COMPUTE CARD

Metral 4000
connector
(180 pins)

Heatsinks designed
for 15W

2 54 mm
(2.125%)

\

X
=2
e

ayers

] 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

—




"
Paralelni racunalnik IBM Blue Gene

e

Fa
s
'ﬂ"'
3
;.
3
k|

4
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http://upload.wikimedia.org/wikipedia/commons/d/d3/IBM_Blue_Gene_P_supercomputer.jpg

Paralelni racunalnik IBM Blue Gene/P

m OdI. 2007 naprej
m 2009: prebije mejo PFLOP/sec

L1 caches Morth Up
Custom O O
chip
FPU PowerPC III | L2 |I=l. .
450 core 7 |cache||IE|] o
U [0] 5
o 4-MB
Snooping # E L3 -
w0 cache
PowerPC III _ || L2 g.
450 core IEI 7 ||cache ||=
West O [Snooping | § O
PowerPC III L L2 |I=]
450 core 7 ||cache ||[E
o] g —
& ,
=0 |I| % cache
- PowerPC L L2 =
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
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'_
Paralelni racunalnik
IBM Blue Gene/Q

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

m #3 na topS500.orq v letu 2014 (#3 v 2013, #1 v 2012):
1 96 omar x 1024 nodes x16 jeder = 98304 nodes x 16 jeder =
1 572 864 jeder
vozlis€e: 16 jedrni PowerPC A2 + 16GB DDR3 RAM
povezava: 5D torus
=16 PetaFlops/s

7x boljsi zmoglj./Watt od serije P, 3x boljSi zmoglj./Watt od takrat
#1 na top500 !!!

1 zavzema 280m?2: porabi 7.9 MW (HE Medvode ~ 25MW)

O O O O

Razsirljiv do 512 omar.
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= _
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.

Sum... Combined performance of 500 largest supercomputers
Top... Fastest supercomputer
#500... Supercomputer 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

Rank

10

2 (1)

3(2)

4 (3)

5(4)

Rmax
Rpeak
(Pflops)

33.863
54.902

17.590
27.113

16.325
20.133

10.510
11.280

8.162
10.066

Name

Tianhe-2

Titan

Sequoia

K computer

Computer design
Processor type,

interconnect

NUDT

Xeon E5-2692 +

Xeon Phi 31S1P,
TH Express-2

Cray XK7

16 core AMD

Opteron CPU +

Nvidia K20 GPU,

Custom

Blue Gene/Q

PowerPC A2,

Custom

RIKEN

SPARCG64 VIIIfx,

Mira

Tofu

Blue Gene/Q

PowerPC A2,

Custom

Nov. 2012, Nov. 2013, Nov. 2014, Nov. 2015

Site Operating

Vendor Country, year system

National

Supercomputing

Center in Guangzhou
China, 2013

NUDT Linux (Kylin)

Oak Ridge National

Laboratory (ORNL) in  Cray Linux Env

Tennessee (SUSE based)
United States, 2012

Lawrence Livermore

IBM National Laboratory IC‘:'E—% (RHEL and
United States, 2011 ———
Fujitsu RIKEN Linux
FHESY T japan, 2011
Argonne National .
Linux (RHEL and
IBM Laboratory CNK)

United States, 2012
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http://en.wikipedia.org/wiki/IBM_Mira
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Lestvica Top 500

http://en.wikipedia.org/wiki/TOP500 Nov. 2015, Nov. 2016,

Rmax Computer design Site Operatin
Rank Rpeak Name Processor type, Vendor Countrv. vear S F;tem 9
(Pflops) interconnect .y y
Sunwa NUDT National
93.015 —M. ; Xeon E5-2692 + Supercomputing ) .
10 125.436 tTa’h“L’ I Yeon Phi3181P, TH  “REEC o0 ierin Wuxi Linux (Raise)
- Express-2 China, 2016
NUDT giggpcagmputinq
33.863 . Xeon E5-2692 + : .
2 (1) 54 902 Tianhe-2 Xeon Phi 3181P, TH NUDT  Centerin Linux (Kylin)
—Express-2 Guangzhou
China, 2013
Cray XK7 Oak Ridge National
17.590 . 16 core AMD Opteron Laboratory (ORNL) in Cray Linux Env
3@) 27413 an CPU + Nvidia K20 Cray  Tennessee (SUSE based)
GPU, Custom United States, 2012
Lawrence Livermore .
16.325 . Blue Gene/Q . Linux (RHEL and
4@3) 20.133 =24U9@ 5o ePC A2, Custom IBM National Laboratory o,y
United States, 2011
National Energy
14.015 . Cray XC40 Research Scientific .
50) 27.881 Xeon Phi 7250, Aries Cray  computing Center  =inuX (CLE)

United States, 2016
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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
\
‘ 143.500 FOWER I
| 1 ' Summit Power System AC922 9, Tesla Infiniband EDR IBM
200.795 |
| V100 I
|
I |
' 94.640 FOWER I
1 2 125’ 436 Sierra Power System S922L.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 195436  TaihuLiaht Sunway MPP _0— Sunway NRCPC
Xeon
61.445 . E5-2692
4 100.679 Tianhe-2A  TH-IVB-FEP _\/2— Matri TH Express-2 NUDT
x-2000
Xeon E5-
21.230 . . 2690 .
5 27 154 Piz Daint Cray XC50 _F, Tesla Aries Cray
P100
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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
‘*_____________________________________\
{ 1 Supercomputer Fugaku - Supercomputer Fugaku, Ab4FX 48C 7,630,848 4420100 5372120 29,899 1
1 2.2GHz, Tofu interconnect D, Fujitsu |
| RIKEN Center for Computational Science |
| Japan |
N
/ 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 |
I Infiniband, IBM :
1 DOE/SC/0ak Ridge National Laboratory
1 United States I
| |
| 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 /
N o e e e o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e w7
72 N
I & Sunway TaihuLight - Sunway MPP, Sunway SW24010 260C 10,649,600 93,0146 1254359 15371 |
I 1.45GHz, Sunway, NRCPC I
MNational Supercomputing Center in Wuxi I
l~ o China L o o o o o o o e
i  EII =-u - - - - e S S SE S S TS SE SE TS SE SE T TS S S S S S S S TS T S T . 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 1

\ /
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Rmax Rpeak Power
Rank System Cores (TFlop/s]  [TFlop/sl  [kWI]
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
Infiniband, IBM

DOE/SC/0ak Ridge National Laboratory
United States

3 Sierra - IBM Power System AC922, IBEM 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 /

Y D O S O O O O O S o o

_._______~
—— - ———

N\

|l 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 R e e
(" )
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 |
| DOE/SC/LBNL/NERSC |
| 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,
1 Slingshot-11, HPE
| DOE/SC/0ak Ridge National Laboratory
United States

1
SN ==

on
90
[~

I
- II
2
2 II
w1

0
L
0

2 Supercomputer Fugaku - Supercomputer Fugaku,
ABLLFX 48C 2. 2GHz, Tofu interconnect D, Fujitsu
RIKEN Center for Computational Science
Japan

- = = -

/

LUMI - HPE Cray EX235a, AMD Optimized 3rd 2,220,288 30%.10 42870 6,018
Generation EPYC 64C 2GHz, AMD Instinct MI250X,

Slingshot-11, HPE

EuroHPC/CSC

Finland

4 Leonardo - BullSequana XH2000, Xeon Platinum 8358 1,463,616 174.70 25575 5,610
32C 2.6GHz, NVIDIA A100 SXM4 64 GB, Quad-rail NVIDIA
HDR100 Infiniband, Atos

- e e e e o = ==

\ Italy

- M N S S S S S S S S S S S S S S S S S S S S S e e e e

7/

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

e e e e e e e e e e e e e e -

{ g Perlmutter - HPE Cray EX235n, AMD EPYC 7763 64C 761,856 70.87 $3.75

2,589 1
= W 1 M4 AD GBSl = t- )
OR-5 _:F E_SEC:PCZ:LI\J:NDI:?\\J%??%S (M4 40 GB, Slingshot-10, HPE ©|2024’ Rozman, FRI
fSL/LBENL/NERS

\ United States |
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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,?I23\|
| 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 superracunalnik

TH12 64C 2.6GHz, NVIDIA A100,
“ == == == [nfiniband HOR

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,
| | e Uvrstitev : 2021
I 06/2021 134 I BullSequana XH2000, AMD EPYC Atos 33,600 3,096.0 £,680.0

VEGA HPC GPU - BullSequana XH2000, AMD EPYC 7H12 64C 2.6GHz...

0 Vegl VEGA HPC GPU - BULLSEQUANA XH2000, AMD EPYC 7H12 64C 2.6GHZ, NVIDIA A100,
INFINIBAND HDR
Site: IZUM
MareNostrum5 Manufacturer: Atos
LUML. Cores: 33,600
Leonardo, Memory: 30,720 GB
EURO_ IT4l, Processor: AMD EPYC 7H12 64C 2.6GHz
) Interconnect: Infiniband HDR
MeluXina,
Performance
Deucalion, .
Linpack Performance (Rmax) 3,096 TFlop/s
PetaSC, Theoretical Peak (Rpeak) 4,680 TFlop/s
Nmax 1,152,000
8. HPC Vega: osnovne informacije HPCG [TFlop/s] 77 547
Software
Operating System: Linux
140 VEGA HPC CPU - BullSequana XH2000, AMD EPYC 7H12 122,880 3.82 537
84 2.66Hz, Mellanox In?imBand HDR100, Atos 2 © 2024, Rozman, FRI
1ZUM
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Vega, Maister : SLO superraCunalnika

HPC VEGA

Prilagodjiv, hibridni in vecnamenski
produkcijski HPC sistem

Skupna racunska zmogljivost: 6,8 PFLOP/s.

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.

Vrednost investicije

21.653.444,85 EUR

OPEN SOURCE

Odprtokodna sistemska programska
oprema

Operacijski sistem: Linux Cent0S

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

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

latencno omrezje Infiniband.

Sistem bo povezan v ARNES in GEANT omrezje.

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.

Vrednost investicije

2.764.022,14 EUR

OR - 5 — Povzetki predavanj

Tehnologija hlajenja s tekocino

PDU +Power
Management
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

Zabojniki/Vsebniki (container) - podpora aplikacij

Slovenska iniciativa

SLIEG

za hacionalni grid

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+)
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SLING — Slovenska iniciativa za nacionalni grid ~ Nttps://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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Dan slovenskega

SLING — Slovenska iniciativa za nacionalni grid
Delavnice

superracunalniskega omrezja

*Osnove superracunalnistva
*Superracunalnistvo bolj zares

13 October 2022

https://indico.ijs.si/event/1533/

*Racunajmo na vsa jedra
*Programiranje grafi¢nih procesnih enot (OpenCL)
O delavnici
*Uvod
*Heterogeni sistemi
*Anatomija GPE

Graficna procesna enota

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)

Gremo $e en korak naprej. Namesto ene racunske enote v sistemu uporabimo kar 16 racunskih

Each GPU core (CU) executes this code

° Fetch/Decode) Fetch/Decode Fetch/Decode Fetch/Decode
aruallacus] | | | —‘I Vasall —‘\ I acusll N avusllacuallacusiaweliarus]
aLwo uaf|arus; w3 |aLua(aLus||awws| A7) [auuol ALua ALUO| [ALU1
o [ - | N | N | | || |
comers [ contos | comeena  cortoe || |[conore [ omvens [ comer ¢ | concoe | [[comen | comter | conns | comeers | [comsee || comer [ ontos [ commcs |

[eomee s [ cormee | comme [ oo ]| [ commes | comme [ o o]

|comen1 ”:mxa Hc»mexs ” Contex 7 ‘ Contex 1 ‘Cnnwn H Contex 5 ”tnmn |

.Uvod V OpenCL [ Shared Data | | Shared Data | Shared Data Shared Data
Fetch/Decode | Fetch/Decode Fetch/Decode Fetch/Decode
._LO enCL ‘Mn‘\ ||| | I_{I i “ ; |acwollawall I‘mm“_l 0.l \_m‘ IE‘I HH | ; Iu‘m”‘uﬂr | | O O O I
*Ustvarjanje OpenCL okolja na gostitelju /o jau o frme] [me o [oecs [eece ]| [emmceemecs [emacs [ [emece s [emcs [
oProgramiranje GPE cem[u\um.s conlus|co|nme-7 :an!elxl [contex 3 :nnle:sH:olntex‘! contex 1 || contex 3 | contexs [ contex 7 | [ cantex s || contex 3 || contex s |[cantex 7
- - - rara e v
:gis.lteva' n Ie Ve kto rl ev . Fetch/Decode Fetch/Decode
alarni produkt vektorjev e e Y e e 0 s o

|
|
Contex 4 I Contex 6

.Mnozenie matrik Contex 0 | Contex 2 Contex 0 || Contex 2 || Contex 4 || Contex 6 Contex 0 | Contex 2 || Contex 4 | Contex 6 [Cut 0 || Contex 2 || Contex 4 || Contex 6

.Obdelava Sllk Ceut-ln c“:‘::d:::-xqc-lmn Cen!ulxl ou:::s“::-:s‘c-lmn Cvﬂ!.:l|€wv::::d:::lx! Contex 7 Contex 1 Cvn::::d‘::l:‘-xs Contex 7
*Programiranje graficnih procesnih enot (CUDA) [raoecd] == P— [rraroncod]

*Q delavnici e e e o o

'UVOd Contex 0 || contex 2 || contex 4 || contex 6 | | contex 0 || contex 2 || contex @ || contex's | | contex 0 || contex 2 || contex 4 || contex & [m..u Contex2 [cm.“ Contex s

-Grafiéne procesne enote ,.l e c..l,.,.,, | o O lm o [ o [ = ",.L coms

*CUDA
*Programiranje 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.slinq.si/workshops/proqramminq-qpu/intro/anatomiia/
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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/
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SLING — Slovenska iniciativa za nacionalni grid

Gruce superracunalniskega omrezja SLING
Prosto dostopne gruce

Nekatere od gru¢ v omrezju SLING podpirajo odprti dostop za
upravicence SLING:
Univerza v Mariboru - gru¢a Maister (projekt HPC RIVR)
o  opis gruce Maister
o  vstopno vozlis¢e: rmaister.hpc-rivr.um.si
o navodila za uporabo

*NSC - skupna gruca IJS, omogoca odprti dostop
o opis gruce NSC.ijs.si
o tehnicni opis in navodila za dostop in uporabo
o vstopno vozlisCe: nsc-login.ijs.si

*ARNES - gruca Arnes
o opis gruce Arnes

*Fakulteta za informacijske Studije Novo mesto - gru¢i Rudolf in
Trdina

o  opis gruce Trdina

o vstopno vozlisce: trdina-login.fis.unm.si

*IZUM - Institut informacijskih znanosti - gru¢a Vega
o  opis gruce Vega
o vstopno vozlis€e: login.vega.izum.si

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

OR - 5 — Povzetki predavanj
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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 500 — 1. 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 500 —I. 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

OR - 5 — Povzetki predavanj
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Lestvica Green Top 500 —I. 2017

TOPS00
Rank Rank
1 259
2 307
3 276
4 149
5 4

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

System Cores

Shoubu system B - ZettaScaler-2.2, Xeon D-1571 794,400
16C 1.3GHz, Infiniband EDR, PEZY-5C2 , PEZY

Computing / Exascaler Inc.

Advanced Center for Computing and

Communication, RIKEN

Japan

Suiren2 - ZettaScaler-2.2, Xeon D-1571 14C 762,624
1.3GHz, Infiniband EDR, PEZY-5C2 , PEZY

Computing / Exascaler Inc.

High Energy Accelerator Research Organization

JKEK

Japan

Sakura - ZettaScaler-2.2, Xeon E5-2618Lv3 8C 794 400
2 3GHz, Infiniband EDR, PEZY-5C2 , PEZY

Computing / Exascaler Inc.

PEZY Computing K.K.

Japan

DGX SaturnV Volta - NVIDIA DGX-1 Volta3é, Xeon 22,440
E5-2698v4 20C 2.2GHz, Infiniband EDR, NVIDIA

Tesla V100, Mvidia

NVIDIA Corporation

United States

Rmax
(TFlop/s)

842.0

788.2

8247

1,070.0

Gyoukou - ZettaScaler-2 2 HPC system, Xeon 19,860,000 19,1358

D-1571 16C 1.3GHz, Infiniband EOR, PEZY-5C2
700Mhz , ExaScaler

Japan Agency for Marine-Earth Science and
Technology

Japan

Power

(kW)
50

47

50

77

1,350

Power Efficiency
(GFlops/watts)

17.009

16.759

16.657

15.113

14173
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Lestvica Green Top 500 — I. nov/2018

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 AbLFX prototype - Fujitsu Ab4FX, 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 13032 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 - IEM Power Systern AC%22, IEM POWERY 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
11 3.07GHz, NVIDIA Volta GV100, Dual-rail Mellanox EDR 1 |
11 Infiniband , IBM | I
11 DOE/SC/0ak Ridge National Laboratary | :

United Stat
I e 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 ]

N e e e e e e e e e e e e e e e e e e e e e e = = = =
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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

Japan
pp T M M mm mm mm e e e ey
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
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 / © 2024, Rozman, FRI
University of Florida V4

United States 7/
-
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TOPS00
Rank
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4035
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o
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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

\

-

e e o o o o o o o O o o o o e O D o o = P
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TOP500

Rank  Rank

-

7

N

~

S EEE EEE EEE EE EEE EEE B EEE EEE B EE B B EE B B Ea B B Ee

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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5.2.4.2.2 COW (,Clusters of Workstations®)

Ideja - V bistvu so po sami zgradbi podobni MPP sistemom, vendar imajo vse resSitve:
m obiCajne, mnozi¢no uporabljane komponente
m in so zato bistveno cenejSi

Prednosti :

m poceni, zanesljivi

m energetsko ucinkoviti
m enostavno razsSirljivi

Pomanjkljivosti:

m stroSek upravljanja z gru€o n - racunalnikov je zelo podoben kot stroSek upravljanja z n -
neodvisnimi racunalniki

m  manj zmogljive V/l povezave (Se posebej v primerjavi z multiproc. sistemi).
m veC kopij operacijskega sistema

2 tipa gruc:
m centraliziran
0 homogeni racunalniki v omari
m decentraliziran
[0 povezava bolj oddaljenih, samostojnih sistemov
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Google ,Data Center” —> Warehouse-Scale

(gruca Googlovih racunalnikov)

Razseznost: pomnijo, indeksirajo, :

m |.2008: 10'2 strani ( anglesko trillion, slovensko bilijarda)
m | 2013: 30 bilijard strani (30x vec/5 let)
2
5,163,239,937
Kako ? Internet Users in the world

m razprSeni podatkovni centri (»Data center - DC«)
m »www.google.com« se razreSuje na najbliziem DC

4,400,548,791

Google searches today
Zakaj zanimivo ?
m ? m superracun./standardni ?
m ? m cena,zmogljivost, oboje

4,174,765,519

Videos viewed today
on YouTube

1,917,971,638

Total number of Websites

4,267,144

Blog posts written today

50,393,278

Photos uploaded today
on Instagram

Computers (WSC)

144,194,372,767

Emails sent today

438,558,401

Tweets sent today

90,154,024

Tumblr posts today

(vir: http://www.internetlivestats.com/ )
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"
Google ,Data Center”
(gruc¢a Googlovih racunalnikov)

m http://www.google.com/about/datacenters/
0 2014: model izboljSanja energetske ucinkovitosti s strojnim u€enjem

s Www.google.com/about/datacenters/efficiency/internal/assets/machi
ne-learning-applicationsfor-datacenter-optimization-finalv2.pdf

Total Facility Energy

Continuous PUE Improvement

Average PUE for all data centers P-[_;- E. = -
126 IT Equipment Energy

42% of power for processors 122
12% for DRAM
14% for disks

w
2 118+

https://www.google.co

5% for networking

15% for cooling overhead i Ve /\uA\_//\\_//\\_/A @ m/a bo Ut/d ata ce nte rS/
8% for power overhead 110+ bﬂvl\v& @

efficiency/internal/

4% miscellaneous

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

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

m Google Data Center 360° Tour (2016)
m Google Data Center 360° Tour (2020)
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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/

" N
Gruca Googlovih racunalnikov

1
F 11

Load balancer

2

3 Y

Query handler

9 //\\ Ik \——_
=R ] 5} \ i

shandon 14783, 83495, _ I[ \
S .
|
ndox ) : A\ e 2 \. Document
servers . .

Spell checker

aardvark 1242, 5643
sbacus 8303, 65837, ..
abalone 59343, 03082..
abandon dEKREI 94834 _

L

Figure 8-43. Processing of a Google query.

© 2024, Rozman, FRI
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Gruca Googlovih racunalnikov

Zgradba DC :

PC-ji so v ohisju 1U (1U rack viSina
5cm)

po 80 jih je v omari (40 spreda;j, 40
zadaj).

PC-ji v omari so povezani preko
Ethernet stikala v omairi.

omare so med seboj povezane z
dvema redundantnima Gigabit
Ethernet stikaloma s po 128 vhodi.

maksimalno Stevilo omar je 64

(po dve povezavi iz vsake omare na
vsako 128 vhodno stikalo), oziroma
64*80=5120 PC-jev.
poraba je priblizno 10kW na omaro (80
*120W)

omara zasede priblizno 3m2
(servisiranje, hlajenje), kar pomeni
3000 W/m2 (posebno hlajenje)

Opti¢ni kabel

Opticni kabel
0C-48 2,4 Gb/s

0C-12 600 Mb/s \-:L Ia/
=5
T ]

128-vhodno Gigabit
Ethernet stikalo

[=1=] == =
(===} [—]—] I:Ig
® N °

. .
] i =1=]

128-vhodno Gigabit
Ethernet stikalo

Ethernet
povezava 1 Gb/s

== E}g g.g / 80 P.C-jeV .
' : VvV eni omari

VAN

[ee] =i} [=i=]
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Past Design

* In-house rack design

» PC-class motherboards

» Low-end storage and networking
hardware

* Linux

* + in-house software

|

o 10

Vo e

g
g
o b
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Container Datacenter
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Container Datacenter
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"
Google ,Data Center”
(gruc¢a Googlovih racunalnikov)

PraktiCne izkusnje :
m Fault tolerant SW
m Raje redudanca kot najbolj zmogljiva (in najdrazja) tehnologija

Vsako leto se pokvari pribl. 2% racCunalnikov (nasteto po pogostosti) :
m najvedji izvor tezav : Programska oprema - SW

Y5 okvar diski

napajalniki

pomnilniki

CPE skoraj nikoli
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GrucCa Googlovih racunalnikov — danes: COW -> WSC




5.2.4.3 lzvajanje programov v multiraCunalnikih (MR)

Medsebojna komunikacija s sporodili:

m sinhronska predaja sporocCil (»synchronous message passing«)
[1 posSiljatelj blokira, dokler sprejemnik ne prevzame sporocila

m posredna predaja sporocCil (»buffered message passing«)
[1 se sporocCila hranijo v izravnalnikih

m zakasnjena predaja sporocil (»non-blocking message passing«)
[1 se sporoCila hranijo v izhodnih izravnalnikih
[1 proces se nadaljuje takoj brez ustavljanja
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5.2.4.3 lzvajanje programov v multiraCunalnikih

NajpogostejSa nacina realizacija medsebojne komunikacije :
m MPI (Message Passing Interface): MPI-1, MPI-2

00 MPI_Send (buffer, count, data_type, destination, tag, proc_group)
m buffer = count * data_type -> destination z oznako ,tag“ v ,proc_group”

0 MPI_Recv (&buffer, count, data_type, destination, tag, communicator, &status)

m DSM (Distributed Shared Memory)

0 ldeja: ,navideznega“ skupnega pomnilnika (Ikazje programiranje) :
m skupina procesorjev si deli skupni navidezni pomnilnik Multicomputers (2)
m realizacija na nivoju programske opreme Vohne !  Vahne?  Wachne!  Madme2  Machner

Machine 2

Language Language Language Language Language
1 R run-time run-time run-time

run-time
system system system system system

ting Operating Operating Operating Opet
stem system system system sys!

OR - 5 - POVZGtkI predavanj 80 Hardware Hardware Hardware Hardware Hardware
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Primer programa z uporabo MPI

// Find out rank (process ID), size
int world rank;
MPI Comm rank (MPI COMM WORLD, é&world rank);

int number; count destination
if (world rank == 0) { data_type tag proc_group
number = -1; /_ /F -

MPI_ Send(&number, 1, MPI INT, 1, 0, MPI_COMM WORLD) ;
} else if (world rank == 1) {

MPI_Recv (&number, 1, MPI_INT, O, 0O, MPI_COMM WORLD,MPI_STATUS IGNORE) ;

printf ("Process 1 received number %d from process 0\n",number) ;
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5.2.4.3 lzvajanje programov v multiracunalnikih

Dodeljevanje procesorjev in opravil:

FIFO : Primer z 8 procesorii
1 zaporedno izvajanje iz vrste (proces
pove potrebno §t. procesorjev)

CPU group CPU group CPU group
0;1,2;3,4,5,6,7 0,1,2,3,4,5,6,7 0;1,2;3,4,5,6,7
»no head-of-line blocking«: ] 11, = I B
01 prednost tisti, ki ustrezajo po $t. - 2 | — Tg| Al —
procesorjev naprej 2 2 17 .
i > ] 2 |
L | u 9 2

ili : ] LR S - ]

»liling«: ik - .

1 zahteva podatke o St. procesorjev in - = .
Casu (boljSa izkoriS€enost) - 5 .

Figure 8-45. Scheduling a cluster. (a) FIFO. (b) Without head-of-
line blocking. (c) Tiling. The shaded areas indicate idle CPUs.
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5.2.4.4 GPU — Nvidia CUDA (Compute Unified Device Architecture)

Vzporedno z razvojem splosno namenskih procesorjev so se razvijali tudi
sistemi na grafiCnih karticah:

m nekdaj: toga, specializirana vezja (»VGA controller«) pa

m do danasnjih sodobnih multiprocesorjev z ekstenzivnim paralelizmom.

Nosilec razvoja je bila industrija racunalniskih iger:
m povzroCi celo hitrejsSi razvoj od splosnih CPE:
1 kompatibilnost je vezana le na API nivo:
m ve€ svobode eksperimentiranja, uvajanja sprememb in novih tehnologij

m bistveno manjSe breme kompatibilnosti za nazaj
[1 lzpolnjujejo prostor podatkovne paralelnosti

Stati¢no dolo¢anje
(ob prevajanju)

Paralelizem — ukazi

Paralelizem - podatki

VLIW

SIMD, vektorski rac.

Dinamiéno dolo¢anje

(med delovanjem)

Superskalarni rac.

GPU

OR - 5 — Povzetki predavanj
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2022: RTX4090 1600USD
+ 73 TFLOPS, 16384 jeder, 450W

2020: RTX3090 1500USD
+ 35 TFLOPS, 10496 jeder, 350W

[ 2015: GTX960  cca. 250 EUR:
s  2.3TFLOPS, 1024 jeder, 120W
2013: GTE660 cca. 200 EUR:
= 1.B TFLOPS, 960 jeder, 140W
1990: Cray-2 cca 30Milj. USD:
+ 0.002 TFLOPS, 150kW,
(najhitrejsi takrat, sedaj 1000x

o

potasnejii) _/




5.2.4.4 GPU — Nvidia CUDA (Compute Unified Device Architecture)

Glavne razlike v arhitekturi GPU vs. CPU:

m  GPU: ni toliko poudarka na predpomnilnikih:
01 Veliko 8t. niti, se zastoj ,maskira“

m  GPU uporabljajo ekstenzivni paralelizem
1 Dinami¢ni podatkovni paralelizem (veliko niti)
0 Mnogo paralelnih, enostavnejSih ,procesorjev® (npr. FP enot)

m  GPU pomnilnik :
[0 PomembnejSa Sirina poti od same hitrosti (veliko niti ,kompenzira® hitrost)

m GPU: omejena podpora za double prec.(DP) FP
0 DP-FP: Vsebolj prisotna , a do 10x poCasnejsa
1 Npr. : GeForce RTX 4090:

o SP 73.1 TFLOPS
o DP 1.14 TFLOPS
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GPU - primer GeForce 8800 GTX (Tesla)

Bridge

H System Memory |

|

GPU

Host Interface

Viewport/Clip/

I
Vertex Work Pixel Work C te Work
SPA Distrbution Distrbuton Distrbution
I I
| ] | | ] | | |
: TPC it TPC : TPC TPC lf TPC {l TPC {l TPC I TPC
[ 1| |L ] Il I |L || | ]
| SM SM | SM SM I SM | SM SM : SM | SM SM | SM SM
[ ] [ ] [ [ ]
 I— || — | — C_1  — | — | — | — 1
[SPI5R] [RIH) | | 67l 58] (SRR Sa| SRR EN R R SR SR EE]EE [ERIER [ERIH || EHER ERlER
[BFISE] SR | (57l 68 B2 ER [SPII5 [SPI15H | S7115E] (SR | | ERIEH [BFISF EREH | | SeIEE EEEH
[SEISE] SEIEH | | 52 68 BE R [SE115¢ [ER115E | SE115E] (BRI | | EREH [BEIEF EEEH | | EEIEE EEEH
55 [ Sa[ Sl =a R SR [SE115% (57115 | ( 52115 (57115 | (B2l EE [BFISF BEIEH) | | SEIEH EEEH
I 0 I
‘Shared Shared ‘Shared Shared Shared ar Shared Shared ‘Shared a Shared Shared ‘Shared Shared
Memor Memor Memol Memor Memo Memo lemor ot Memor Memor 0! Mema Memol Memor Memol
Texture Unit [ Texture Unit Texture Unit Texture Unit Texture Unit Texture Unit Texture Unit Texture Unit
"F Tex L1 dl [ TexLt d H Tex L1 J| "[ Tex L1 ‘]Jl l[ Tex L1 d |h Tex L1 1J| |h Tex L1 ﬂl h Tex L1 ]J
| | | ] | ] ] | | ] ]
C Interconnection Network )
I I I I I | | I
[rop || t2 | |mop || 2| |[mop|| 12 | [RoP|| 12 | [RoP|| 2 | |ROP|| L2 | | Interface |
| 1| | | | | I 1 | | | |
[ [ I [ | | | | [ | | [ . |
1 1
DRAM DRAM DRAM DRAM DRAM DRAM : Display

FIGURE A.7.1 NVIDIA Tesla unified graphics and computing GPU architecture. This GeForce 8800 has 128
streaming processor (SP) cores in 16 streaming multiprocessors (SM), arranged in eight texture/processor
clusters (TPC). The processors connect with six 64-bit-wide DRAM partitions via an interconnection network. Other
GPUs implementing the Tesla architecture vary the number of SP cores, SMs, DRAM partitions, and other units.
Copyright © 2009 Elsevier, Inc. All rights reserved.
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GPU - primer GeForce 8800 GTX (Tesla)

TPC S

M
|  Geometry Controller _-[{’
I-Cache
| SMC _ - [| .
[ MT Issue
, SM SM
e | |I-Cache | ‘ |-Cache | C-Cache

'
.
— .
’
:
’

|,||||,|'

E':IE:IE':IE':IE':IE':IE':IE':II:']I:':IE':IEC:IE':M

. "t Shared
FIGURE A.7.2 Texture/processor cluster (TPC) and a streaming multiprocessor (SM). Each SM has eight streaming
processor (SP) cores, two SFUs, and a shared memory. Copyright © 2009 Elsevier, Inc. All rights reserved.
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GPU - primer GeForce 8800 GTX (Tesla) - MP

Multithreaded Multiprocessor

| Instruction Cache |

| Multithreaded Instruction Unit Ii Mlg[(')pnrt? gﬁgfor

| Constant Cache |

Work Interface

Input
Interface

I
Output

Interface

C Interconnection Network

Texture
Shared Memory Interface

Memory
Interface

FIGURE A.4.1 Multithreaded multiprocessor with eight scalar processor (SP) cores. The eight SP cores each have
a large multithreaded register fi le (RF) and share an instruction cache, multithreaded instruction issue unit, constant
cache, two special function units (SFUs), interconnection network, and a multibank shared memory. Copyright © 2009
Elsevier, Inc. All rights reserved.
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GPU - primer
GeForce 8800
GTX (Tesla)

Photo: Judy Schoonmaker

SIMT multithreaded
instruction scheduler

time
[ I I I I |
warp 8 instruction 11

FY 1YY ¥EFTIX I EYYIIYY

W

[N I A )y |
warp 3 instruction 95

YYryvyvyyvvyvyvvvvvy

[ I [ I I |
warp 8 instruction 12
\BREREEEEEEEEE R
[ I I I |
warp 3 instruction 96

\EREREEEEEEREEREI

| e e

r

Izvajanje niti
(Warp-ov)

HW - drobnozrnata
vecnitnost

SIMT - Single Instr.
Multiple Threads
WARP = skupina 32
niti (4cikle na 8SPjih)
16MPjev = 12288 niti

Dinamicni paralelizem
na nivoju podatkov !

FIGURE A.4.2 SIMT multithreaded warp scheduling. The scheduler selects a ready warp and issues an instruction
synchronously to the parallel threads composing the warp. Because warps are independent, the scheduler may select a

different warp each time. Copyright © 2009 Elsevier, Inc. All rights reserved.
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GPU - primer Tesla K40 (tudi v SLING)

Vsebuje 15 rac¢unskih enot (CU) :
« ime,NeXt Generation Streaming Multiprocessor” (SMX) —%
«  Vsaka 128 procesnih enot (jedra ali ,kernel” ali
,Stream Processor”
«  Skupaj: 15* 128 =1920 procesnih enot

Programiranje grafi¢nih
procesnih enot

0 delavnici
Uvod

Heterogeni sistemi

Anatomija GPE
Graficne procesne enote

Nvidia Tesla K40

Izvajalni model

Pomnilnigka hierarhija
Uvod v OpenCL

OpenCL

gostitelju
Programiranje GPE
Sestevanje vektorjev

Skalarni produkt vektorjev

https://doc.sling.si/workshops/programming-gpu/GPE/teslak40/ Mnozenje matrik
https://doc.sling.si/workshops/programming-gpu/intro/course/ Obdelava slik
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Ustvarjanje OpenCL okolja na

~


https://doc.sling.si/workshops/programming-gpu/GPE/teslak40/
https://doc.sling.si/workshops/programming-gpu/intro/course/

SISD - primer programa

add ( *3, *p, e ) |

// this is CPU zero, so we start at zero

"

tid = 0;

(tid < N) {
cltid] = a[tid] + b[tid];
CU DA - pr’imer program // we have one CPU, so we increment by one
BLOCK 1 BLOCK 2
add ( *a, *D, *c ) | dd ( *a, *D, *c )
tid = 0; tid = 1;
(tid < N) (tid < N)
c[tid] = altid] + b[tid]; c[tid] = altid] + b[tid];
} }
v
BLOCK 3 J/ BLOCK 4
add ( *3, *D, *c ) | add ( *3, *D, *c )
tid = 2; tid = 3;
(tid < N) (tid < N)
c[tid] = altid] + b[tid]; c[tid] = altid] + b[tid];
} }




CUDA - Primerjava izv. ¢asov programa : B[i] = A[i]*2

ii‘EHiiE*H!"’EHHHH!E‘HHEEHE
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"
Sling — Primerjava izv. €asov programa za vektorski produkt

srun --reservation=fri --gpus=1 prog DotProd_reduction 8192 64 4096 1

Argumenti so naslednji.

Prvi dolo¢a dolZini vektorja, 8192 DolZina vektorja Niti - del.sk. | Skupno niti | Redukcija | Cas [ms]
drugi doloca $tevilo niti znotraj delovne skupine, 64 8192 64 4096 1 0.018
tretji skupno Stevilo niti, 4096 32768 64 4096 1 0.014
zadnji pa je 0 ali 1 in pove ali naj se pri raéunanju 1 262144 64 4096 1 0.052

skalarnega produkta uporabi redukcija na GPE.

Delavnice
Osnove superracunalnistva >

https://doc.sling.si/workshops/programming-gpu/intro/course/

Superraéunalnistvo bolj zares >

Racunajmo na vsa jedra >

Programiranje grafi¢nih o

procesnih enot (OpenCL)
0 delavnici i i AT i 12

Programiranje graficnih procesnih enot

Uvod >
Grafiéne procesne enote >
Uvod v OpenCL > Patricio Buli¢, Univerza v Ljubljani, Fakulteta za racunalnistvo in informatiko
Programiranje GPE >

Programiranje grafi¢nih .

procesnih enat (CUDA) > Vsebina

Na delavnici se bomo seznanili z zgradbo graficnih procesnih enot (GPE) in njihovim

programiranjem. Skozi preproste primere se bomo naucili pisati in poganjati programe na GPE,

prenasati podatke med gostiteljem in GPE ter uc¢inkovito uporabljati pomnilnik na GPE. Na koncu

bomo napisali paralelni program za obdelovanje slik, ki se bo izvajal na GPE. Programirali bomo v

programskem jeziku C in uporabljali ogrodje OpenCL, ki podpira GPE razli¢nih proizvajalcev

(Nvidia, AMD, Intel). Enake pristope k uporabi GPE vkljucujejo tudi druga ogrodja, zato se hoste s © 2024, Rozman, FRI

pridobljenim znanjem zlahka lotili programiranja graficnih kartic Nvidia v ogrodju CUDA ali pa
programski jezik C zamenjali s kaksnim drugim.


https://doc.sling.si/workshops/programming-gpu/intro/course/

" M
5.2.4.4 GPU
EEESPEO'I]'UI“ FOR THE TECHMOLOGY INSIDER ) Type to search

GPUs Can Now Analyze a Billion Complex Vectors in
Record Time > The advancement boosts the speed of
GPU image analysis eight-fold

BY MICHELLE HAMPSON | 18 JUL 2871 | 2 WMIN READ | []

e T =-n
b R NN m
llm. !J
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© 2024, Rozman, FRI




" N
5.2.5 Primeri drugacnega pristopa — veliko razlicnih pristopov ganeneds

gunenesd
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ot SpiNNaker chip
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Expanding opportunity
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5.2.5 Primeri drugaCnega pristopa - Podatkovno pretokovni racunalniki

Maxeler : Za t.i. “Big Data algorithms” in enako ceno HW sedaj dobimo :

pohitritev, 20-200x
manjsa poraba (manjsSi racun za elektriko 20x)

velikost 20x manjsa https://www.maxeler.com/

Bistvo konkretnega (,podatkovno pretokovnega®) pristopa:

prevajanje pod nivojem strojnega jezika prinasa pohitritve, manjSo moc,
velikost in ceno
cena, Ki jo zato placamo:

[0 bistveno tezje in zamudnejSe programiranje

1 cikel prevajanja traja daljSi Cas (tudi 4 ure). na sreCo obstaja simulator...
Posledica:

1 Idealno le za t.i. WORM (“Write Once Run Many”) aplikacije

ies Develops Real Time FPGA-

Maxeler Technolog ¢ European XFEL

Based Processing f
March 13, 2020

https://www.maxeler.com/technology/dataflow-computing/
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N —
Podatkovno pretokovni pristop

,DataFlow Computing” — by Maxeler

,controlFlow* vs. ,DataFlow*

C, C++,
Fortran

Compiler

MaxCompiler

Data + Instructions

Dataflow
Core

Dataflow Dataflow

Memory Instructions
Controller (executable)

Configuration
(maxfile)

Memory

Dataflow Dataflow Dataflow
Core Core Core

Dataflow Dataflow
Core Core

Data

Data

https://www.maxeler.com/technology/dataflow-computing/
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5.2.5 Primer drugacnega pristopa: Podatkovno pretokovni racunalniki

. . MultiCore/ManyCore Dataflow
m Osnovne ideje: _
[0 Hitrost : programiranje na nizjem nivoju
logi€nih vrat (FPGA) !
Machine Level Code
\ 4
Gate Transfer Level
v v v v s MultiCore/ManyCore Dataflow
1 Varcnost: veC poCasnejsih jeder! ’
m optimalna prilagoditev porabe delovanju
m niZja frekvenca delovanja
m vec€ja uCinkovitost - manjSa poraba !!!
P = kfU?
[0 Manj prostora: ekstenzivni paralelizem! MultiCore/ManyCore DataFlow
[ | manjéi kontrolni del
m vecina logike v kon¢ni funkciji obdelave
pOdatkOV Data Processing

Process Control

Process Control
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5.2.5 Primer drugacnega pristopa: Podatkovno pretokovni racunalniki

m Primeri uporabe Maxeler tehnologije:
1 geofizika (pohitritev 20x-40x, analiza tal za vrtine,...),

0 bancnistvo (pohitritev 200x-1000x, JP Morgan: plaCilni promet s
karticami)

1 podatkovno rudarjenje (“Datamining” - Google), ...

m Veliko odvisno od programerja in njegove spretnosti (izkusenj):
O if-then-else z MUX-i
(1 razvezava zank do zapolnitve prostora
0 odloCanje, kaj gre v paralelno izvajanje (CimvecC ponovitev, podatkov)
1 tezko razhrosCevanje (,debugging®):
m preventiva — programer hkrati napise tudi testne programe
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Maxeler Application Components

HHost application

SLiC
MaxelerOS Kernels

POl Express Da’r:mmM
I%@@ I‘EJ

SIS m Manager
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Programming with MaxCompiler

C/C++/ Fortran

Host Manager
Application Configuration
() (java)

User Input

Q MaxelerOS \ /
SW HW
pd N\

Hardware Build

Compiler, Linker or
HW ‘/ Simulation
\ Accelerator
(.max)
Qutput
Accelerated
Application
(executable)
{ . , 100 © 2024, Rozman, FRI
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DataFlow Programming (C +Java)

program - aparaturna izvedba

7 public class MovingAverageKernel extends Kernel {
8

9 public MovingAverageKernel(KernelParameters parameters, int N) |

10 super(parameters);

11

12 // Input 0 +1
13 HWVar x = io.input("x", hwFloat(8, 24)); /

14

15 // Data e

16 HWVar prev = stream.offset(x, —1);

17

18 HWVar next = stream.offset(x, 1);

19
20 HWVar sum = prev+x+next; o
21

22 HWVar result = sum/3; ,—T—‘
23 \‘

24 // Output o

25 io.output("y", result, hwFloat(8, 24));

26 1

27 '}
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DataFlow Apps

. Dataflow Applications

o)
- -t
Ty - |
Togm &5 - e

Ny ryi— 3Ty
T Vny

(s

Wregration  Comective  Muscle

pont Tasue Foar
Huxley Muscle Model Correlation Poisson Solver High Speed Packet Caprure Brain Network Linear Regression Classification
A skeletsl muscle fiber generstes tension Correlation is & statistical messure that Applicstion solves the 3D Poisson Egustion Proviges sustsined line-rste packst capture in Linear correlation enslysis of brain images to In statistics, linear regression is an spprosch Cluster analysis or clustering is the task of
when properly stimulated, for instance by the indicstes the extent to which two or maore for n input sets of N x N x N size, where N has distributed write mode and st bursts of up to detect brain activity. for medeling the relstionship between a scalar grouping & set of objects in such & way thet
nervous system or by electricsl im varisbles fluctuste togsther A po to be power of 2 and at least 32 2468 in size in local write mode. Cu dependent varisble snd one or objects in the same group (called s cluste
Muthor. \ralyLic: Authar: M or kin Author: Maxeler ndur Authar: Author:
ou B ore ou (B o e
Pl o o | e on -~ | en cac o e [ e onsc
an [P [
T ot ——i— !
4 7 [3 4 2 2
6 I Jis N

o [ a
—
-

==

SieplStep2 Stepd  Swpd  Siep s Stepd

Packet Pusher Breast Mammogram RO Extraction Low-Latency HTTP Web-Server Lattice Boltzmann Boosted Decision Tree Simplex Network Sorting
Takes a PCAP (packet capture) file and replays This App extrects the region of interest from This App implements en HTTP Web-Sarver in This lattice Boitzmann app demonstrates An ensemble of degision trees predicts the Simplex algorithm for the Maxeler data-flow Network sorting slgorithms are prallel
its comemts mrougn & nemwork imcerfoce. preast mammogram images. Basically, this app cless of input oata in the DFE with low latency.

a DFE The App serves static wWeDpeges some simple concepts behing doing & finite

EOMPLUTEr architacture. comparison-based sorting slgoritnms with &
girectly from LMEM, routes aifference Type simulstion on Ma :

fivea szructure, tnag

ol e

eitner st e originel timing or &t & co removes pectorsl mwscle ana backs

Authors: Vuks

e Authar:

Author: & Author: Maxe

Authors:

https://appqgallery.maxeler.com/#/
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5.2.5 Primeri drugaénega pristopa — Stohasti¢no racunanje

Conventional binary number Stochastic bitstreams
(Range O to 255) [Range Oto 1)
12&5 5-45 335 16s &8s s 18
place plce place place B | aea plEce  place

Dercirmaal
aouivalent

Dercimal

aquivalent

o[ [1[1]o] 1] B

By the numbers: Conventional binary numbers, just like the decimal numbers in everyday
use, rely on the concept of place value [left]. Stochastic bitstreams don't use place value; the
value they represent is determined by how often 1s appear [right].

128+ 0 + 0 +0 8+ 0+ 2 4+ 1 =138

(4/8=1/2)

B @ aaa
[jojalafalo il

olo[i{o[+[o[ilo

(6/8=23/4)

Many times better: Using stochastic bitstreams, multiplication can be carried out with a single AND
gate. Here two bitstreams, representing 1/2 and 3/4, provide the inputs. The output has 1s in three of
eight positions, meaning that it represents a value of 3/8—the product of the two inputs.
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5.2.5 Primeri drugaénega pristopa — Stohasti¢no racunanje

Conventional binary

i -
3 I =y

COMPUTING
WITH
RANDOMNESS

Stochastic computing,
a b0-year-old idea,
is set for
a comeback

Always on edge: Edge detection is commeonly used in image processing. Here, an edge-detection
algorithm that uses conventional binary numbers [top row] is compared with one that uses
stochastic bitstreams [bottom row]. The stochastic results hold up much better as the bit-error rate
i5 increased from 0.1 percent [far left] to 0.5 percent [middle left] to 1.0 percent [middle right]
and finally to 2.0 percent [far right].
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5.2.5 Primeri drugacnega pristopa = I mnozilnik

LOBO: A HYBRID APPROXIMATE MULTIPLIER ~
FOR ENERGY-EFFICIENT COMPUTING R

Fakulteta za racunainisivo
RATKO PILIPOVIC AND PATRICIO BULIC

in informatiko
UNIVERSITY OF LJUBLJANA, FACULTY OF COMPUTER AND INFORMATION SCIENCE, LI\S PP
VECNA POT 113, 1000 LJUBLJANA, SLOVENIA Py -

ENERGY AND AREA SAVINGS IMAGE SHARPENING SHOWCASE

Bar diagram bellow presents achieved reductions in area and energy compared to exact radix-4 Booth multiplier in oy Tites Bellovwave present peakaignal-lomoibe:atio
TSMC 180nm technology. Reduction goes up to 70 % in energy consumption and 50 % in area utilization (IR betwesm e N e etapmi i
&y & P ' NErgy sump R - ’ plier and an image filtered with an approximate multi-
plier. For test image we selected Mandrill. tiff
L0 Energy Multiplier PSNR [dB]
T Avea utilization L{d=10,7g = 0,75 = 0) 61.54
601 Lid=12.Ty =0, Ts = 0) 46.57
— e oeaad Lid=10,Ty =8, T = 6) 55.14
= L{d=12.Ty =8 Ts =8) 40.01
8 4ol Lid=10.Ty = 12,75 = &) 56.14
S L{id=12,Ty =12,T5 = 8) 40,01
g
R Filtered with exact multiplier
2004 -
0 d=10Ty =0.T5=0 d=12.Ty =075 =0 d=10.Ty =815 =6 d= 12Ty =8T5=8 d= 10,1y = 12.Ts = 6d = 12Ty = 12,15 = §
CONCLUSIONS
» Novel hybrid approximate multiplier LOBO is pre-
sented Filtered with L(d = 12, Ty = 12.Ty = 8)
+ Datapath pruning is introduced in order to reduce
delay and overall hardware complexity
o LOBO delivers great reductions in area and energy
consumption with small computaticnal error
» The feasibility of LOBO multiplier is shown in im-
age sharpening application
OR - 5 — Povzetki predavanj 105
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5.2.5 Primeri drugacnega pristopa - Neuro-morfni Cipi (»neurosynaptic,

brain-like architecture«)
ldeja:
m posnemati nevronsko mrezno zgradbo Cloveskih mozganov

m specificen raCunski model — oblika nevronske mreze - ni namenjen
splosnemu raCunanju

Primer 1 : IBM TrueNorth

m 1 milijon programabilnih nevronov

256 miljonov programabilnih sinaps (povezav med nevroni)

4096 nevrosinapticnih jeder (pomnilnik, procesor in komunikacija)
5.4 milijarde tranzistorjev

|zredno nizka poraba: cca 20mW/cm? ali 70mW(/Cip. Kako ?
[0 ni ure — asinhrono delovanje — »event driven computing«
[0 zmogljive medsebojne povezave jeder —
1 tehnologija izdelave vezij za mobilne naprave
1 digitalni naCin dela namesto analognega !

http://spectrum.ieee.org/computing/hardware/how-ibm-got-brainlike-efficiency-from-the-truenorth-chip
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5.2.6 Neuro-morfni Cipi (»brain-like architecture«)
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Neuro-morfni Cipi (»brain-like architecture«)

Primerjava : TrueNorth (komercialna), SpINNaker (raziskovalna)

TrueNorth IBM, DARPA SyNAPSE

Project features Chip specs Largest current configuration Power density
Low-power o
neuromorphic B BB 16 milon

chip designed for 1 million

applications in Neurons rm1“[[1? . neurons
ﬂ;ob;le Sensors, 256 million ‘ L ‘ . 4 hillion
cloud computing, SYNapses

and o on. W synapses

Final configuration 10 billion néurons; 100 trillion synapses

SPINNaker University of Manchester, Human Brain Project

Project features Chip specs Largest current configuration Power density
Enables low- EEEEEEEE UD ’[O

scale digital e ummp unun <Y/MION

model of brain; == : éﬂ%ﬁ : == Neurons

helps improve 16 miltion EE BR EE EE 20 illion

models of brain SYNApses EEEEEE EE

diseases. HE BN EEEm SYNdPSes

Final configuration Upto1 billion neurons; 1 trillion synapses




Neuro-morfni Cipi (»brain-like architecture«)

Nanowir
€ Synapses 3
Nature’s > T}is ul/)a / O’QOQX Faster Than
optoel , Yo artificial, ultraeffic;
Ptoelectronic neyropg? ; CHicient, Efficient aS
BY CHARLES . CHOI | 28 0T 2ga2 4 MIN mEAp O * Twice aS Energy n’lorph.lc
New Al Chip ,RRAM pased neuro s well
Altel‘nauvesre versatile and acctit ate d
T Cl‘lips are ﬂl(:m sesn | B
‘L“}’;lll;d Optoelectromc h;/
NIST relllan Brain > Ap, ; tervi;Th?t Mimic
S€archer keen o, j With a ore that

p Networkg Prove Splkmg

% 18 apg 242 1
2 S } e
ays
Ay " |
i . inte) e pts and more
B s stock markets
X—Yays’ FEB 1@22 a Bwin READ
BY CHAF\\_ES Q- CHDX

Intel's Neuromorphic Chip Gets A Major Upgrade
Loihi 2 packs 1 million neurons in a chip half the size of
its predecessor

BY SAMUEL K P'Jf:fl 83 OCT @21 | 4 MIN READ | []

FOR THE TECHMOLOEY INSIDE
IEEE Spectrum
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5.2.5 Primeri drugaCnega pristopa - Spinnaker

The SpiNNaker
Project

Research Groups: APT - Advanced Processor
Technologies (School of Computer Science - The
University of Manchester)

Steve Furber SpiNNaker iarc «:@
ICL P rOfE'SSO I Of Com pu ter = e .

-~ Y S — Human Brain Project

Engineering

The University of Manchester SRC ARM
. . . e The URIVERSITY OF
https://apt.cs.manchester.ac.uk/projects/SpiNNaker/ PRV & § Unversity  Southampton

P Sheffield.
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Spinnaker

SpiNNaker

SpiNNaker CPU (2011)
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Spinnaker

SpiNNuker

Building brains

* Brains demonstrate
— massive parallelism (10! neurons)

— massive connectivity (101° synapses)

— excellent power-efficiency
 much better than today’s microchips

— low-performance components (~ 100 Hz)
— low-speed communication (~ metres/sec)
— adaptivity — tolerant of component failure
— autonomous learning
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'.‘ The world's largest neuromorphic
supercomputer designed and built to
work in the same way a human brain

qqqqqq

= SpiNNaker project

* A million mobile phone et
processorsin one A PN
computer '-_' 6 ,'., S e "\’-\
* Able to modelabout 1% (" e = sy ottt e 0 T
of the human brain... e 2 2% bl .
‘ e Vst o'y
* s0r 10 mice! Niserz 2t o & %/ w4 rethinks the way
e e oo *', : L #/ | conventional computers
&H € <L) D NS e A work. We've essentially
e L"‘,: ¢ J“.f f) : 4 Tt ety TS Sochronous created a machine that
" =) g 2) B L/ Sy, e works more like a brain
ié) {EL) {_’__L) a/; @ SpiNNaker CMP than a traditional
Host System computer, which is
cPSRC extremely exciting.”
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- SpiNNaker machines
Spinnaker . - 104 105

72 cores '

- pond snail scale

864 cores

- drosophila scale
20,000 cores

— frog scale

106

* HBP platform 72 cores
— 500,000 cores - pond snail scale 100,000 cores
— 6 cabinets — mouse scale
(including server)
¢ Launch

— 22 March 2016

el 1 000,000 cores

10 cabinets

B ~1% of human brain
~10 mice brains

Launch: 2018

| ©2024, Rozman, FRI
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pinnaker — Trenutno 1

SpiNNaker (Spiking Neural Network Architecture) is a massively

parallel, manycore supercomputer architecture designed by the Advanced Processor
Technologies Research Group (APT) at the Department of Computer Science, University
of Manchester.

m Itis composed of 57,600 ARM9 processors (specifically ARM968),
1 each with 18 cores and 128 MB of mobile DDR SDRAM,
01 totalling 1,036,800 cores and over 7 TB of RAM.EI

0 The computing platform is based on spiking neural networks, useful in simulating the human
brain (see Human Brain Project).4ISI6I7IBIBIM011]12]

m The completed design is housed
00 in 10 19-inch racks,
= with each rack holding over 100,000 cores.[*3!

0 The cards holding the chips are held in 5 Blade enclosures, and
= each core emulates 1000 Neurons.[3l

0 In total, the goal is to simulate the behavior of aggregates of up to a billion neurons in real time.24l This
machine requires about 100 kW from a 240 V supply and an air-conditioned environment.[15]

m  On October 14, 2018 the HBP announced that the million core milestone had been
achieved.[18l19]

m  On September 24, 2019 HBP announced that a 8 million euro grant, that will fund
construction of the second generation machine, (called spincloud) has been given to
TU Dresden.[2d
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pinnaker —

m  On September 24, 2019 HBP announced that a 8 million euro grant, that will fund
construction of the second generation machine, (called spincloud) has been given to
TU Dresden./2Y Saxon Science Ministry delivers 8 Mio Euro to
The full-scale SpiNNaker 2 will consist TU Dresden for second generation SpiNNaker
of 10 Mio ARM cores distributed :,::nce:::ir,mmedimne,ease
across 70.000 Chips in 10 server
racks.

SpiNNaker is unique because, unlike
traditional computers, it doesn't
communicate by sending large
amounts of information from point A
to B via a standard network. Instead it

m|m|CS the maSSIVer para”el Pictured From left, Professor Steve Furber [University of Manchester), Professor Christian Mayr (TU Dresdenjafr;d Professor
communication architecture of the mnnesh Rt e

brain, sending billions of small i -

oottt canied https://spinncloud.com/
simultaneously to thousands of AU PR sO

d Iffe re nt d eStI n at| O N S. who has disrupted the SpiNNaker architecture by creating a hybrid system that

combines statistical Al and Neuromorphic computing

Our present

https://tu-dresden.de/ing/elektrotechnik/iee/hpsn/forschung/forschungsprojekte/spinncloud?set language=en
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5.2.5 Primeri drugacnega pristopa — DSA (Domain Specific Architectures)

Google’s Tensor Processing Unit, an Inference Data
Center Accelerator

Intel Crest, a Data Center Accelerator for Training

Microsoft Catapult, a Flexible Data Center Accelerator

o ’ =
2 406 QSFP Ports 8
'_...__, (NIC and TOR) =
PR Stratic v i :
= ’ D5 FPGA 1 g

4GB DDR3

Pixel Visual Core, a Personal Mobile Device Image
Processing Unit

Interposer
1Bl E1 Bl I F F1 E1
Processing Processing Processing
BGE HEMZ HEM | Mem Cluster Cluster Cluster Mam | HEM 3GE HBM2
PHY | Ctrir Ctrir | PHY
Processing Processing Pracessing
Cluste Cluster Clustel
SPI.IC2, ! s ! MGMT
PO Processing Processing Processing CPU
Cluster Cluster Cluster
HEM | Mem Mem | HBM
8GE HEMZ PHY | Ctrir | | Processing Processing Pracessing | | Cirlr | PHY 85B HBM2
Cluster Cluster Cluster
S Emmen
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B Nanowire Synapses 30,000x Faster Than Nature’s >
"This way to artificial, ultraefficient, optoelectronic

neurons?

9.2.5 Primeri drugacnih pristopov/tehnologij =~ =

These Super-Efficient, Artificial Neurons Do Not Use

Electrons > So could the brain’s super-efficiency have to = : : :
rithi )

do with ions? -

g ijo@@Eoom

A-R-B-B-B-N-B-B-B-N-B BB

- R-R-R-R-R-R-R-R RN R BN-B-B-NN-NB-BNI

/o000 00O0EEE=""0¢C

is@@@ llllll..l}:

lea@@@ (A-R-R-B-R-B-0 -0

The NIST superconducting circuit pictured abeve behaves like an ertificiel version of a synapse. a connection between merve cells,
n the brain. s AND PRIMAVERA/NIST

Intel's Neurom e —
bty orphic Chip Get .

I-I;Smhl ﬁpdclis I million netlrgns ?HSA Major Upgra_lde >
Predecessor a chip half the Size of

00 .
BY SAMUEL k_ g RE | 05 0CT 2821 |4 NIN READ | [y

Designing electronic systems that mimic the human brain, both
in terms of energy use and ability to carry information, is a holy

grail of scientific research.
. . Efficientas
New Al Chip ?ﬁfﬁ?@ggﬁummm phic chips are

Alternatives >
more versatile and accurate as well

PataL DHSR




5.2.6 ,Deep Learning” — HW Cerebras’ New Monster Al Chip Adds 1.4 Trillion

Transistors > Shift to 7-nanometer process boosts the
second-generation chip’s transistor count to a mind
boggling 2.6-trillion

"'-'-'=| 28 APR 2021 | 4 MIN READ | [

Photonic Chip Performs Image Recognition at the
Speed of Light >New photonic deep neural network
could also analyze audio, video, and other data

HARLES Q. CHoI | 86 0.

S
' 4

— <

WX
;&;;“: )

il

4
- i 1 \
-3 } —at
T deep neural network of optic guid. 1 tl q centimeter. The network cen detect and classify an
) h d, without th: d p emory unit. ELLA MARU STUDIO
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5 . 2 . 6 ” D ee p Le a rn i n g k“ —_ H W TURING TENSOR CORES TURING TENSOR CORES TURING TENSOR CORES

NVIDIA Turing Tensor Cores Second Generation

NVIDIA Turing™ Tensor Core technology features
multi-precision computing for efficient Al
inference. Turing Tensor Cores provide a range
of precisions for deep learning training and
inference, from FP32 to FP16 to INTS, as well as
INT4, to provide giant leaps in performance over
NVIDIA Pascal™ GPUs.

= -~
Sanja Fidler [ ]13
1 9
Sanja Fidler is the senior director of Al at NVIDIA, 1
leading a research lab in Toronto focused on 3D Deep I lq
learning for Omniverse. She is also an associate e

professor at the Department of Computer Science,
University of Toronto, Ontario, which she joined in

https://www.nvidia.com/en-us/data-center/tensor-cores/ 2014,

NVIDIA Turing

Graphics Reinvented

The greatest leap since the invention of the NVIDIA® CUDA" GPU in 2006, the NVIDIA

Turing™ architecture fuses real-time ray tracing, Al, simulation, and rasterization to

fundamentally change computer graphics.
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5.2.8 ,Embedded Al“* — ARM Cortex-M

ML Edge Use cases

Autonomous
drive

Image
enhancement

Voice & image
recognition

ﬁe‘k\\]\ Obj e'::t
o detection

Pattern
training

Keyword
detection

=

~1W

Increasing performance (ops/second)

f\HHMH

Increasing power and cost (silicon)

4 © 2018 Arm Limited r
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5.2.8 ,Embedded Al“* — ARM Cortex-M

Use cases demand more embedded intelligence

Expanding opportunity
for the embedded
intelligence market

[
Voice activation Biometrics
More data More processing
5 © 2018 Arm Limited 0 r m
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5.2.8 ,Embedded Al“* — ARM Cortex-M

Use cases demand more embedded intelligence

Expanding opportunity
for the embedded
intelligence market

[
Voice activation Biometrics
More data More processing
5 © 2018 Arm Limited 0 r m
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dge computing

Smart system challenges
Moving to edge computing

CLOUD COMPUTING EDGE COMPUTING
Collect and send data Protocol translation and Big Data and
device management heavy computation

fe WU

i

Optimized computation

3 Mission-critical functions Collect, Process i
3 - i ((_H\B 2nd Sond Data Local Processing of Data and Advanced Analysis

&)
@ 2 11100101 b01G10011 10001 11001 — Opportunity: nmcnmpmﬂi_ﬁﬂ!i“m“”h local
V4 {3}“ el AU P 1y processing for real-time elaboration and best power efficiency
) ” Power consumption e
Tife . cugrrerhed
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dge computing

Al is moving to the edge I

Capabilities included in a project Advanced technology in a project

m Currently Using 2019 (N = 194)

| ; :
5‘“‘59% Considering Using 2019 (N = 314)

Real-time capability

Digital signal processing I 51'@5“

43%
Networking capability ' NESG— 0% Einepict ot 37w,
Analog signal processing T "“ﬁm ﬂ“‘: . ' L EZ
Wireless capability _435}:-* - 68%

Battery-powered |—————— %‘;{; Embedded speech 7%, of EMEA users

are I:I:Inﬂle'rlﬂE

Rugged design EG—_——— 3';&,;_ ; I using Machine

Gul % e, 2019 (N = 843) _ 38% i
Al {machine learning)* @ 2017 (N = 1,107) Virtusl Reality (VR) capabilities I 1:;1
+ . 9%
or Augmented Reality [AR) capabilities . o 19%
!.1}_|=-—E<:!‘.-|>p *Al and GPU were added in 2019. | . F.!il“—E{‘:!'.lI:'F

+ 15% of embedded projects already include Al in 2019
+ Pervasion of Machine Learning and other Al capabilities

OR - 5 — Povzetki predavanj 129 © 2024, Rozman, FRI



" N
Edge computing — moaquli, tipala

BHI260AP

Ultra-low power, high performance,
self-learning Al smart sensor with
integrated accelerometer and gyroscope

) BOSCH

________________

LSM6DSOX Unique Performance

i . at system |

level

W Full activity
[ monitoring
[l processing

i High-level
| processing

_____________________

_____________________
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dge computing — moaquli, tipala

LSMBEDSOX — SensorTile.box

’_-----------------------------------------------------

. ~
,l Capture data Label data Build Embed Process \
i P decision tree decision tree new data :
: CHh d?’ :
. :“f i
| , : éﬁf . ; |
| ’ i 5 I
- Accelerometer ; ; i
< ! > > > Filters > Classification ; |
T} > Gyroscope : i DT : ) Real-time test > I
< ! : E implementation /; |
i > Features > Results | : ]
\ > External sensors > ; ' : /
SensorTile.box SensorTile.box
+ STEVAL-MKSBOX1V1 | = - e P e « STEVAL-MKSBOX1VA1
I : i : ,
ol B NoUSB cable: | UnicoguUl* ' NoUSBcable:
: ; nico GUI ;
*External tools for building decision tree: | With USB cable:
With USB cable: A 5 cable:
2y 'FP_SNSFS"‘TB";‘M Weka, RapidMiner, MATLAB, Python . . EP-SNS-STBOXI
« Unicleo GUI : + Unicleo GUI

(for advanced level)
= AlgoBuilder
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dge computing — moaquli, tipala
2
2 LSM6DSOX Unique Performance =

High Accuracy Sensor HUB
Noise: Gyro 3.8 mdps/\VHz . & compressed 9kB FIFO
Accelerometer 70 pg/VHz E O ’

LSMEDSOX : ’_+ Embedded Pedometer 2.x
Low Current Consumption O WeChat Compliant |
0.55mA HP combo :
-15% vs. LSMBDSL/M S -

p
H 2.5x3x0.86 mm O
New ultra low power Axl: : :

14uA @100Hz ODR

New Standard Protocol ]
13C/12C / SPI

Machine Learning Core

‘ Finite State Machine &
N7 { - ;

Finite State Machine Machine Learning Core

Start node

RESET
node

RESET

COMMAND
PARAMETERS

RESET

CONT

FSM & MLC allows sensors to process data with reduced help of a host MCU
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Reset Button 13

| [ st I D vear
' I

PF_4

13
5.2.8 ,Embedded Al* — ARM Cortex-M re.1s © 150 oz omnes
5 2
9
M PC_4 8

Overview pr_13 ,

PE_12 L s CEEECTED
. . . . . PE_13 - - 5 D3/LPIO3 PG_1
_Nicla Vision allows you to build your.next smar.t project. Evgr wanted an automa.ted — \ . oa 10
house? Or a smart garden? Well, now it's easy with the Arduino loT Cloud compatible = ee_11 2 = X 01/Lp101/uART_TX_ NI
boards. It means: you can connect devices, visualize data, control and share your projects ' fF-3 2 PB_8

PG_12

from anywhere in the world. Whether you're a beginner or a pro, we have a wide range ! pe-2

of plans to make sure you get the features you need. TOP VIEW

Nicla Vision combines a powerful STM32H747All6 Dual ARM® Cortex® M7/M4 IC
processor with a 2MP color camera that supports TinyML, as well as a smart 6-axis
motion sensor, integrated microphone and distance sensor.

You can easily include it into any project because it's designed to be compatible with all
Arduino Portenta and MKR products, fully integrates with OpenMV, supports
MicroPython and also offers both WiFi and Bluetooth® Low Energy connectivity.

It's so compact - with its 22.86 x 22.86 mm form factor - it can physically fit into most
scenarios, and requires so little energy it can be powered by battery for standalone

applications.
Tech specs
https://store.arduino.cc/products/nicla-vision
Microcontroller STM32H747AlI6 Dual Arm® Cortex® M7/M4 1C:
* 1x Arm® Cortex® M7 core up to 480 MHz
e 1x Arm® Cortex® M4 core up to 240 MHz
Sensors

* 2 MP Color Camera

* §-Axis IMU (LSMEDSO0X)

= Distance / Time Of Flight sensor
(VL53L1CBVOFY/1)

* Microphone (MP34DT05)

133 © 2024, Rozman, FRI


https://www.arduino.cc/cloud/plans
https://store.arduino.cc/products/nicla-vision
https://www.arduino.cc/cloud

	Diapozitiv 1: ORGANIZACIJA  RAČUNALNIKOV
	Diapozitiv 2
	Diapozitiv 3
	Diapozitiv 4: Omejitev pohitritve v paralelizmu: Amdahlov zakon
	Diapozitiv 5: Pohitritev izvrševanja programa v odvisnosti od števila procesorjev in deleža izkoriščenega paralelizma v programu
	Diapozitiv 6
	Diapozitiv 7
	Diapozitiv 8
	Diapozitiv 9: Primer heterogenega multiprocesorja : DVD predvajalnik.
	Diapozitiv 10: Samsung Galaxy S5, S6, S7, S8 in S20
	Diapozitiv 11
	Diapozitiv 12
	Diapozitiv 13
	Diapozitiv 14
	Diapozitiv 15
	Diapozitiv 16
	Diapozitiv 17
	Diapozitiv 18
	Diapozitiv 19: Tipična organizacija multiprocesorja s skupnim pomnilnikom (tesna povezanost)
	Diapozitiv 20: UMA - nekaj tipičnih multiprocesorjev s skupnim pomnilnikom in vodilom           Prednosti :  + enostavno programiranje + enotni čas dostopa do kateregakoli podatka  - je hkrati tudi največja omejitev sistema! (v katerem smislu ?) 
	Diapozitiv 21: Tipični multiprocesorji s skupnim pomnilnikom: NUMA, COMA
	Diapozitiv 22: UMA: tipični multiprocesor s skupnim pomnilnikom UMA in stikalno mrežo
	Diapozitiv 23: Primer stikalne matrike v mikrokrmilnikih ARM Cortex M4
	Diapozitiv 24: Primer stikalne matrike v mikrokrmilnikih ARM Cortex M7 (H7) 
	Diapozitiv 25: Multiprocesorji s skupnim pomnilnikom -  skladnost vsebine predpomnilnikov I
	Diapozitiv 26: Multiprocesorji s skupnim pomnilnikom skladnost vsebine predpomnilnikov II
	Diapozitiv 27: Multiprocesorji s skupnim pomnilnikom -  programiranje
	Diapozitiv 28: Vsota 64,000 števil na 64 CPE
	Diapozitiv 29: Multiprocesorji s skupnim pomnilnikom povzetek
	Diapozitiv 30: Tipična organizacija multiprocesorja z več lastnimi pomnilniki (rahla povezanost)
	Diapozitiv 31: Multiračunalniki (MR) s sporočili
	Diapozitiv 32: Povezovalne topografije
	Diapozitiv 33
	Diapozitiv 34: Multiračunalniki (MR) s sporočili
	Diapozitiv 35
	Diapozitiv 36
	Diapozitiv 38
	Diapozitiv 39: BLUEGENE/L COMPUTE CARD
	Diapozitiv 40: BLUE GENE/ L NODE BOARD
	Diapozitiv 41: Paralelni računalnik IBM Blue Gene
	Diapozitiv 42: Paralelni računalnik IBM Blue Gene/P 
	Diapozitiv 43: Paralelni računalnik IBM Blue Gene/Q
	Diapozitiv 44: Lestvica Top 500 http://en.wikipedia.org/wiki/TOP500   
	Diapozitiv 45: Lestvica Top 500 http://en.wikipedia.org/wiki/TOP500        Nov. 2012, Nov. 2013, Nov. 2014, Nov. 2015   
	Diapozitiv 46: Lestvica Top 500 http://en.wikipedia.org/wiki/TOP500        Nov. 2015, Nov. 2016, Nov 2017 
	Diapozitiv 47: Lestvica Top 500 http://en.wikipedia.org/wiki/TOP500        Nov. 2015, Nov. 2016, Nov 2017, Nov 2018 in 2019 
	Diapozitiv 48: Lestvica Top 500 http://en.wikipedia.org/wiki/TOP500   Nov 2017, Nov 2018 in 2019, Nov 2020
	Diapozitiv 49: Lestvica Top 500 http://en.wikipedia.org/wiki/TOP500     Nov 2017, Nov 2018 in 2019, Nov 2020, Nov 2021
	Diapozitiv 50: Lestvica Top 500 http://en.wikipedia.org/wiki/TOP500            Nov 2021, Nov 2022
	Diapozitiv 51: Lestvica Top 500 http://en.wikipedia.org/wiki/TOP500            Nov 2022, Nov 2023
	Diapozitiv 52: Vega : SLO superračunalnik
	Diapozitiv 53: Vega, Maister : SLO superračunalnika
	Diapozitiv 54: SLING – Slovenska iniciativa za nacionalni grid
	Diapozitiv 55: SLING – Slovenska iniciativa za nacionalni grid
	Diapozitiv 57: SLING – Slovenska iniciativa za nacionalni grid
	Diapozitiv 58: Lestvica Green Top 500     
	Diapozitiv 59: Lestvica Green Top 500 – l. 2015     
	Diapozitiv 60: Lestvica Green Top 500 – l. 2016     
	Diapozitiv 61: Lestvica Green Top 500 – l. 2017     
	Diapozitiv 62: Lestvica Green Top 500 – l. nov/2018     
	Diapozitiv 63: Lestvica Green Top 500 – l. nov/2019     
	Diapozitiv 64: Lestvica Green Top 500 – l. nov/2020     
	Diapozitiv 65: Lestvica Green Top 500 – l. nov/2021     
	Diapozitiv 66: Lestvica Green Top 500 – l. nov/2022     
	Diapozitiv 67: Lestvica Green Top 500 – l. nov/2023(nov/2022)     
	Diapozitiv 68
	Diapozitiv 69: Google „Data Center“ (gruča Googlovih računalnikov)
	Diapozitiv 70: Google „Data Center“ (gruča Googlovih računalnikov)
	Diapozitiv 71: Gruča Googlovih računalnikov
	Diapozitiv 72: Gruča Googlovih računalnikov
	Diapozitiv 73: Past Design
	Diapozitiv 74: Container Datacenter 
	Diapozitiv 75: Container Datacenter 
	Diapozitiv 77: Google „Data Center“ (gruča Googlovih računalnikov)
	Diapozitiv 78: Gruča Googlovih računalnikov – danes: COW -> WSC
	Diapozitiv 79
	Diapozitiv 80
	Diapozitiv 81
	Diapozitiv 82
	Diapozitiv 83
	Diapozitiv 84
	Diapozitiv 85: GPU – primer GeForce 8800 GTX (Tesla)
	Diapozitiv 86: GPU – primer GeForce 8800 GTX (Tesla)
	Diapozitiv 87: GPU – primer GeForce 8800 GTX (Tesla) - MP
	Diapozitiv 88: GPU – primer GeForce 8800 GTX (Tesla)
	Diapozitiv 89: GPU – primer Tesla K40   (tudi v SLING)
	Diapozitiv 90: CUDA – primer programa
	Diapozitiv 91: CUDA – Primerjava izv. časov programa : B[i] = A[i]*2
	Diapozitiv 92: Sling – Primerjava izv. časov programa za vektorski produkt
	Diapozitiv 93
	Diapozitiv 94
	Diapozitiv 95
	Diapozitiv 96: Podatkovno pretokovni pristop „DataFlow Computing“ – by Maxeler
	Diapozitiv 97
	Diapozitiv 98
	Diapozitiv 99: Maxeler Application Components
	Diapozitiv 100: Programming with MaxCompiler
	Diapozitiv 101: DataFlow Programming (C +Java)
	Diapozitiv 102: DataFlow Apps
	Diapozitiv 103
	Diapozitiv 104
	Diapozitiv 105
	Diapozitiv 106
	Diapozitiv 107
	Diapozitiv 108
	Diapozitiv 109
	Diapozitiv 110
	Diapozitiv 111
	Diapozitiv 112
	Diapozitiv 114
	Diapozitiv 115
	Diapozitiv 116
	Diapozitiv 118
	Diapozitiv 119
	Diapozitiv 120
	Diapozitiv 121
	Diapozitiv 122
	Diapozitiv 123
	Diapozitiv 124
	Diapozitiv 125
	Diapozitiv 126
	Diapozitiv 127
	Diapozitiv 128
	Diapozitiv 129
	Diapozitiv 130
	Diapozitiv 131
	Diapozitiv 132
	Diapozitiv 133

