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HPC alkalmazasok

Computational Fluid Dynamics (CFD)
= Folyadék (gaz) aramlas szimulacio
Idojaras elorejelzés
Szeizmikus analizis

= Olaj/gaz kutatas

= Foldrengés elbrejelzes
Kémiai informatika

= molekula fejlesztés
Bioinformatika

= Gen kutatas, dokkolas
Pénzigyi szamitasok

= Kockazat analizis




HPC peéldak: véraramlas szim.

= Az halalozasi okok ~50%-a sziv-
és érrendszeri betegségekre vezetheto
Vissza a nyugati vilagban

= Az arterias betegsegek kialakulasa
erosen korrelal a vér aramlasi mintazataval

= Egy perc alatt a sziv a teljes vérmennyiséget !/
(~5 1) a teljes (~100.000 km) érhal6zaton -

atpumpalja




HPC peldak: idojaras elorejelzes

korlatos tartomanyti modell

= Egyenletek: horizoniilis ricsfelbontisa
= Newton 2. térvénye (3D) '
= Termodinamikai egyenlet
= Kontinuitasi egyenlet
= |dealis gaz egyenlete

= Horizontalis felbontas
= Nehany 10 km

= Vertikalis szintek
= Néhany 10 (OMSZ: 60)

= PI. globalis elorejelzés:

= 134.000 racspont, 31 szint - 24 millio
Ismeretlen és 24 millid egyenlet

= |d6léepcso: 4 perc
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HPC peldak: virtual screening

* Molekula adatbazis: tébb millio molekula 1D (vagy 2D)
leirdja (,,ujjlenyomat”)
= Céel: adatbazisok teljes osszehasonlitasa, ,,kevessé”
hasonld molekulak keresése
C

= P|. Tanimoto tavolsag D, =1-S,, =1- > D,
' | a+b—c

Patterns in the molecule (Note —all substructuresl)
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HPC peéldak: gen szekvenalas

* Human genom: ~3 milliard bazispar
= Next generation sequencing: ~100 bazispar hosszu

darabok, 10-szeres lefedés = ~300 millié szekvencia
(,,read”)

= Cel: aread illesztése egy referencia genom mintahoz

= Eltérések (akar kihagyasok, beillesztések)
megengedettek

= Szekvenalasi hibak
= Genom eltéerések

Reference

Read position x. Mismatch: 7
Read position (x+1). Mismatch: 1
Mismatch: 7

Read position (x+2).




HPC TOP 8

Gép

Summit (IBM Power9 3,1 GHz + NVIDIA
GV100), USA

Sunway TaihuLight (Sunway SW26010
260C 1.45GHz), Kina

Sierra (IBM Power9 3,1 GHz + NVIDIA
GV100), USA

Tianhe-2A (Xeon E5-2692 12C 2,2G +
Matrix2000 DSP), Kina

ABCI (Xeon 6148 + NVIDIA Tesla V100),
Japan

Piz Daint (Cray XC50, Xeon E5-2690v3
12C 2.6GHz, NVIDIA Tesla P100), Svajc

Titan (Cray XK7 — Opteron 6274 16C, 2,2G
+ NVIDIA K20x), USA

Sequoia (IBM BlueGene — PowerPC BQC
16C, 1,6G), USA

Magok

2.282.544

10.649.600

1.572.480

4.981.760

391.680

361.760

560.640

1.572.864

Max.
Tflops/s

187.659

125.435

119.193

100.67/8

32.576

25.326

27.112

20.132

Linpack
Tflops/s

122.300

93.014

71.610

61.444

19.880

19.590

17.590

17.173

8.806

15.371

18.482

1.649

2.272

8.209

7.890



HPC - TOP 8: 1. & 2.

= Summit
= 9216 IBM Power9 CPU
= 27648 NVIDIA V100 GPU

= 2.304 TB DDR4 + 432 TB
HBM2 RAM

= 93.014 LP TFlop/s
= 8,8 MW

= Sunway TailhuLight

= Sunway SW26010
260C 1.45GHz CPU

= 1.310 TB RAM
= 15,37 MW




HPC - TOP 8: 1. & 2.

= Tianhe-2A _.
Intel Xeon E5-2692 4
Matrix-2000 DSP F HE
3.400 TB RAM
18,5 MW

= Piz Daint =
Xeon E5-2690v3 2.6GHz L—:‘ ——l
NVIDIA Tesla P100 GPU -siliB
361.760 mag |
0,34 TB RAM
15.590 LP TFlop/s
2.27 MW



Sunway SW26010

» Kina sajat fejlesztésu HPC processzora
= MPE: Management Processing Engine
» 64-bit RISC, 256-bit vector, 32 kB L1, 256 kB L2
= CPE: Computing Processing Element

= 8x8 64-bit RISC mag, 256-bit vector, 16 kB L1 Icache,
64 kB Scratch Pad memory
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Matrix-2000

= Egyedi gyorsitd, National University of Defense
Technology (Kina)

128 RISC CPU mag
1,2 GHz orajel

16 DP flop/6rajel
DDR4-2400 RAM

PCle x16 csatlakozas
240 W

SW: OpenMP, OpenCL
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Pezy SC-2

- Village (4x PE)
City (16x PE
Special Function P E PE

Village  Village PE PE

‘ 8x Program Counter
‘ L1ds(2kB) | Liasc2ks)
- ‘. L1i$ JRegister File
Village  Village (2kB) | (32x256)
ALU
L2dS (64 KB)

Local Storage (16 KB)

| _—

City || City || City || City || City || City || City || City || City || City || City || City || City || City || City || City
City || City || City || City || City || City || City || City || City || City || City || City || City || City || City || City
City || City || City || City || City || City || City | City || City || City || City | City || City || City || City || City
City || City || City || City || City || City || City || City || City || City || City || City || City || City || City || City Host I/F
City || City || City || City || City || City || City || City || City || City || City || City || City || City || City || City Proce:s‘orl/F
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City || City || City || City || City || City || City || City || City || City || City || City || City || City || City || City

LLC (40 MIB) MIPS64 || MIPS64

P6600 P6600

Custom TCI Link Custom TCI Link DDR4-3200 DDR4-3200 MIPS64 |[ MIPS64
(0.5 TB/s) (0.5 TB/s) (64bit 25.6 GB/s)  (64bit 25.6 GB/s) ;;65"6‘: ;fp‘;‘;‘;
Custom TCI Link Custom TCI Link DDR4-3200 DDR4-3200 "GP°°° ”GP"°°
(0.5 TB/s) (0.5 TB/s) (64bit 25.6 GB/s)  (64bit 25.6 GB/s) |'mrces | "heses




Kornyekunk...

= NIIF HPC cluster

Miskolc

SGlI HP Apollo SGI UV
Tipus CP4I(_)OOS HP SL250s CP4000BL ICES400EX HP SL250s 8000 1000
CPU
768 280 2400 1536 1344 1080 1152
magok
'V}en”;gga 66 GB 63 GB 132 GB 47 GB 125GB  125GB  6TB
204 db
Gvorsitok ) 28 db Intel 12 db Nvidia _ Nvidia K20x 88 db Intel )
y Xeon Phi M2070 48 db Nvidia Xeon Phi
KA0x
Linpack

(Rmax) 5 Tflops 27 Tflops 20 Tflops 18 Tlops 254 Tflops 106 Tflops 10 Tflops

SGI UV
2000

352

1.47TB

8 Tflops



Intel Xeon

= Broadwell architektlura

Xeon-D-15xx: SoC, 4-16 mag, 1,3-2,4 GHz, 20-65W, $200-$1700
Xeon E3 v4/v5: 4 mag, 1,8-3,5 GHz, 1 utas, $400-$600

Xeon E5-16xx v4: 4-8 mag, 2,8-3,7 GHz, 1 utas, $300-$1700
Xeon E5-26xx v4: 4-22 mag, 1,9-3,5 GHz, 2 utas, $200-$4500
Xeon E5-46xx v4: 8-22 mag, 1,8-2,5 GHz, 4 utas, $1200-$7000
Xeon E7-48xx v4: 8-16 mag, 2 GHz, 4 utas, $1200-$3000

Xeon E7-88xx v4: 4-24 mag, 2-3,2 GHz, 8 utas, $3000-$9000

= Skylake architektura

Xeon E3-12xx/15xx v5: 4 mag, 2-3,7 GHz , 1 utas, $200-$1200
Xeon W-21xx: 4-18 mag, HT, 2,3-3,7 GHz , 1 utas, $200-$2500
Xeon Bronze/Silver: 4-12 mag, HT, 1,7-2,6 GHz, 2 utas, $200-$1000
Xeon Gold: 4-22 mag, HT, 2-3,5 GHz, 4 utas, $1200-$5200

Xeon Platinum: 4-28 mag, HT, 2-3,6 GHz, 8 utas, $3000-$13000

" = Kaby Lake architektdra

Xeon E3-12xx/15xx v6: 4 mag, 3-4 GHz, 1 utas, $200-$600




A mult: Intel Xeon 5400/7400

= [ntel Core mikroarchitektiraji [ —rowpime | Core 2
| Register Alias Table and Allocator |
T

processzorok
= 14 |lepcsOs pipeline
= ALU: 3 végrehajtoegyseg
= FPU: FMUL/FDIV + FADD
= SSE: 3x128 bit
vegrehajtdegyseg

= Xeon 5400, Socket 771 WANELARE -
= Max: FSB 1600 MHz, 4 mag, 3,4 GHz, $1500
= 256 kbyte L1, 2x6 mbyte L2 cache

= Xeon 7400, PGA604, 2mrd tr.
= Max: FSB 1066 MHz, 6 mag, 2,66 GHz, $2800

. 256ﬁkb leslel x3 mbte mb te =3 cache




= 4 utas
PGA604 foglalat
= Memoria
DDR2-667
4x64 bit
Max. 32 DIMM
Max. 512 Gbyte
= PCle 1.1
Max. x8
= PCI-X
133 MHz

Xeon 7400

PCle x4

PCle x4

PCle x4

PCle x4

Intel 7300 MCH

I

SATA

PCleT PCle
x4 x4

s

PATA

USB

ETH

Intel ICH

-«—» Memoria

-«—» Memoria

<«+—» Memoria

«+—» Memoria

<t+——» PCle x8

<+—» PCle x4

<+—» PCI|-X

<+«—» PCl




XtremeData XD2000i

= LGA771 foglalatba illeszkedo FPGA
alapu gyorsito
= Max. 1066 MHz FSB
= 3 Altera Stratix-llIl FPGA
= 1 FSB interfesz
= 2 szabadon felhasznalhato
= 9,6 Ghyte/s busz kapcsolat
= 142k LE/FPGA
= 5,5 Mbit BRAM, 378 MUL
= 2x8 Mbyte QDRII SRAM
= 2x2,8 Gbyte/s




Nallatech FSB Accelerator

= PGA604 foglalatba illeszkedd FPGA alapu gyorsité
= Max. 1066 MHz FSB, stack-struktura
= 1x FSB interféesz modul, busz kapcsolat a tobbi modullal

= Felhasznaldi modulok

= 2x LX330T/SX240T/FX200T 1x LX330T/SX240T/FX200T

FPGA FPGA
= ~max 2 x 33000 LE = ~max 33000 LE
= 2x2 bank DDR-Il SRAM = 4 bank DDR-Il SRAM

= Kozvetlen FPGA-FPGA n ~20:& 1 P-I0




Xeon E3 v4 (1 utas)

" 4 mag

= 1,8 -3,5 Ghz mukodési frekvencia

= 6 MB L3 cache

= 47-95W TDP

= |ntegralt grafikusmag A((((( E3-130

= 2 csatornas DDR4
RAM interfész

= 16 PCle 3.0 lane _f’
| DDR4 Ch.0 ‘
B Vo Kaby Lake CPUD l DMI 2.0 {‘;iﬁ

| DDR4 Ch.1

0EFIDd
0DEF1Dd
0EFIDd
0'E412d
0EFIDd
0'Ed12d

FCIE20 :]
FCIE2.0 J

]

~

T,

]

"

~
PCIE2.0

USE 3.0/
20

Ghit
Eth

.

=0
55




Xeon E5/E7 v4 (2 utas)

= 4-22 mag

= 1,7 - 3,5 Ghz miukodési frekvencia

= 15-55MB L3 cache - -

= 55-145W TDP

= 4 csatornas DDR4 A0
RAM interféesz

= 40 PCle 3.0 lane

= 2 QPlinterfesz
(9,6 GT/s)




Xeon E5/E7 v4 (4 utas)

= 4 -24 mag
= 1,7-3,2Ghz < o\
mukodési frekvencia /
CPLO CPU1
= 20-60 MB L3 cache
= 7/5-165W TDP — —

= 4 csatornas DDR4
RAM interfész

= 32 PCle 3.0 lane

= 2 -4 QPlinterfesz = = ~
(8—-9,6 GT/s)

E/-48xx

CPU3

CPU2
< QPI

.




Xeon E7-88xx v4 (8 utas)

4 - 24 mag

2,1 —-3,2 Ghz
mukodési frekvencia

45 - 60 MB L3 cache
140 - 165 W TDP

4 csatornas DDR4
RAM interfész

32 PCle 3.0 lane

4 QPI interfész
(9,6 GT/s)




Xeon v4 architektura

. D Front End  |nstruction )
= Register Alias Table e =
ag

16 Bytes/cycle

. . . . yd a

= Fjzikal — architektura B G
Pr(edelcht)or ‘ Nstruc IGI:'G BEv:indowr)E ecode ‘ E

MOP MOP MOP MOP MOP MOP ®

regiszter leképezes T

MOP MOP MOP MOP MOP

= Branch Order Buffer o 1 e e ) =

(MS ROM)

Stack
Engine
(SE)

“ ? I A Auops apoPs | EECE | ErT =)
ROl | baCk h IbaS De(uded(Sl[r}epaénBﬁ 1 (DSB) P

(1.5k poPs; a -Way)
(32 B window] ) MU

predikcid esetén Ee——
= ReOrder Buffer == T T T 1

, [Load -
g Rename / Allocate / Retirement Ones Idi Zeroing Idior

i _F—"‘ ReOrder Buffer (192 entries) (Mom=Ema| |zarsiglaim)]
:

H

= Utasitas atrendezéshez o —— et s

p P Scheduler
B ||Fwe] [mee9er Physical Register File |y pifiad e (RS)
§ (64 entries)

= 168 fizikal regiszter || B 2 2l 2l 2l 2l 2l 2l 2

' e e [T
~ = 8veégrehajto port . ..-
INT, FP, AVX2 UtaSitéSOk Execution Engine

Vector Physical Register File

(168 Registers) (168 Registers)

g1LS paulun
Aep\-8 aN9sz
aysed z1
S
3
G

Store Buffer & Forwarding
(42 entries)

320/cycle

Load Buffer § L1 Data Cache M

(72 entries) | ¢ 32KiB 8-Way

§ Line Fill Buffers (LFB)
(10 entries)

/
32A2/ar9

Memory Subsystem




Intel QP

= Hasonld a HyperTransport-hoz
= Egyiranyu DDR adatvonalak (jelenleg 20 bit)
= KUlon orajel
= A ket irany adatszélessege eltero lehet
= Nincs 8B/10B kodolas

= Max. 3,2 GHz orajel
= 25,6 Gbyte/s savszelesség

= Csomag alapu
= 8 bit fejléc, 8 bit CRC, 64 bit adat

- = Nallatech QPI gyorsito?




Xeon Scalable (Skylake)

2S Configurations

4S Configurations

8S Configuration

SKL

P o
Tintel®”
L UPlL

n‘m

m@rm 1 4 38

3x16 3x16
PCI PCle* 1x1 006G
Intel® OP Fabric

(25-2UPI & 25-3UPI shown)

QPI helyett UPI

6 — 28 mag
8 —38 MB L3 cache

(4S-2UPI & 45-3UPI shown)

3 - 3,8 GHz frekvencia
2-4-8 utas konfiguraciok
(Bronze+Silver/Gold/Platinum)

Max 205 W TDP

(6] 9]
3

‘ vy 7 S vy
om 4L 26 R i
i ¥
{tBe]




AMD Epyc (1)

= Az AMD uj, utoképes szerver platformja
= ] és 2 utas szerverekbe
= De egy tok is MCM!
= Infinity Fabric: die-ok
és foglaltok kozatti
0sszekaottetés

= Architektura:
= CCX: Core complex
=4 (CPU + L2) + L3
= Gx, Px: labhoz rendelt 16-lane SERDES
= Mx: memoria csatornak
»= Core Complex-enkent 2 - foglalatonkent 8

DDR .

I/0 & DDR

o)

£

|

8

2

W I Ow
111

\'E
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o
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Intel Itanium (1.)

= HP - Intel k6z0s fejlesztés
= 2001: Merced (~2 eves keses)
= ~VLIW utasitas, 2 mag
= 64 bites architektura, orajelenként 6 utasitas
= FSB alapu architektara, ~1,6 GHz max. orajel
= 2002: Itanium-2
= 2010: Itanium 9300 (~2 eves keses)
= 4 mag, 8 szal (SMT)
= 2 integralt memoria vezerlo + SMI (Scalable Memory IF)
= KOz0s infrastruktura a Nehalem-EX-szel
= QPI interfész, SMI
= 1,7 GHz odrajel




Intel Itanium (2.)

= 2012: Itanium 9500

= Uj mikroarchitektura
» 2x utasitasfeldolgozas

= Max. 8 mag, 16 szal (SMT)
= 2 integralt memoria vezerlo
= QPI interfész
= 32nm, 1,7 — 2,5 GHz orajel
= 32 MB L3 cache




ltanium-2 (HP zx?2)

= Chipkeészlet: HP zx2

CPU CPU CPU CPU
Memoéria = * <+——» Memoaria
Memoria = > - » Memoria
Memoéria +—» i -+—» Memoria
. sme «—» mio -—» sme .
Memoria = > -t » Memoria
Memoéria —» -+— Memoria
Memoria = AAd Add » Memoria
PCle x8 +—» i0a ioa +—» PCI|-X133
PCle x8 +—» j0a - —» joa =—» PCI|-X133
PCI-X 266 «—» i0a = p j0a —€—> PCI-X
PCI-X 266 +—» i0a = > j0a e—» PCI-X




SGI Altix 4700

* [tanium-2 alapu szerver csalad
= SGI NUMAIlink-4

= Elosztott osztott memaria hozzaferés, kis kesleltetes, o
skalazodas

Upper router board

NUMAlink -—E NUMAlInk J
E MNUMAlnk ?— '—R NUMAlInk ]

NUMAlnk
—ﬁ MNUNMAlnk ,-‘

NUMAIink
i NUMAlInk ;—

_,
— — — — — — — — — — —




SGI RC100

= Altix 4700 rendszerbe illeszkedo, FPGA alapu gyorsito
= 2X Virtex-4 LX200
= 2x 5 csatorna o

;
3.2 GBI 3.2 GR's <—1| BMB QDR SRAMDIMM 4 ||

QDR SRAM cac ca . |
direction TIO direction Algorithm <] BMB QDR SRAM DIMM 3|,

External [} ———»/\\\ ASIC ool ——— e | S —— —————

NI | e - «—>| BMB CDRSRAMDIMM2 |

= NUMAlink-4 e ey
kapcsolat TIO <[ 2B QOR SRAV DM 0 ]
IC-n keresztul

r— — - - — - - - — - = 1
N <1 BMB QDR SRAMDIMM 4 ||
| |
TIO . < BMBQDRSRAMDIMM 3 |,
Algarithm |*— ———— — = — = I
External R ——— NID ASIC sop _— FRGA

NLg | e S < BMBODRSRAMDIMMZ |
connectar 3.2 GB/s 3.2 GB/s e ——— — — — — — 1
each =ach <[ BNE QDR SRAMDINM 1,

direction direction :

< BMB QDR SRAMDIMM 0|,

1.6 GB/s each direction




IBM POWERG

= POWERG architektura T
= 2 CPU mag . . i
= In-order, 2x SMT [te] [ g%:::
= 2% EPU R

= AltiVec vektor egyseg
= 5 GHz odrajel

= 2x64k L1, 2x4M L2, 32M L3 (MCM) cache
On-chip memoaria vezeérl6 (DDR2/DDR3)




IBM POWERY

= POWERY architektura
= Qut-of-order végrehajtas
= 4/6/8 CPU mag
= 3 -4 GHz orajel
= 4x SMT magonként
= 2 ALU
= 4 FPU
= 1 AltiVec

= Magonként 32k L1, 256k L2
osztott 32M L3

= 2x DDR3 memoria vezerlo
= Max. 32 utas kialakitas




IBM POWERS

= POWERS architektura

= OUt_Of-Order Végrehajté's Core | Core |zl Core | Core

= 4-12 CPU mag
= 2,5 -5 GHz 6rajel e et
= 64K D, 32K L1 I-Cache
= 512K L2, 96MB eDRAM L3
= 4x Off-chip memoria vezérlo
= 128MB eDRAM L4
* DDR3, DDR4 - max. 230 GB/s
= 8x SMT
= PCle 3.0

(‘Ds'
Core | Core 2




IBM POWER9 (1)

= POWERO9 architektura
= Alap épitdelem a slice: SMT4 és SMT8 core

= 2 féle processzor SMT4 Core SMT8 Core
= 4GHz (')rajel 24 SMT4 Cores / Chip 12 SMT8 Cores / Chip

= 8 DDR4 memoéra (3‘5333222222% ofefelefefe]efe]e]ele]e]
CS atO rna Cache al_'nd Interconnect ] Cache a::l Interconnect )
= 48PCle 4.0lane | [F]le %315 BLE| | 15]2]3]3]5] B8
= CAPI/OpenCAP| @ ( = )= DG EE C
= Cache koherens gyorsito interfész FPGA-hoz, ASIC-
hez

NVLink 2.0: nagy sebességu interfesz NVIDIA GPU-khoz




IBM POWERS9 (2)

= Slice: VSU + LSU; 2x slice = 128b superslice
= SMT4 core
= 32 kB I-cache, 32 kB D-cache

= 4x |load/store -
FH el T e SMT4 CCA
= 4x 64b :
4 %6

= | Dot Aocse Rerame | e o
= 2x128b vector =y — 3 — —

| Branch Slice || Slice 0 11 Slice 1 11 Slice 2 11 Slice 3 |
v v v
j AGEN -rl xl:sul |:XISlj |1- |AGENI |AGENI -bl x:l:sul |:,(ISlj |1- AGEN
3 P

P P
| MUL MUL MUL MUL
e xe | |xe

PM PM
[ =
[on Jo— o ]—

ST-D STD ST-D STD

128b o .
Super-slice

IL1D$ DIL1D$ 1 I IL‘\DS 2IL1D$ 3|

[Raor [ rRozz |
A 4 4 h 4 Y
| srRao | srat | | sRa2 | sras3 |




Power8 vs. Haswell

= Intel: 2x Xeon Gold 6138 (40 mag) @ 3,7 GHz
= AMD: Epyc 7601 (32 mag) @ 3,2 GHz
= IBM: 2x8 SMT4 core Power9 @ 3,8 GHz

Relativ teljesitmeény (%

11

LEM CUTCR Stockfish

100

M intel mAMD mIBM




= Half-duplex

PCI

= Multi-master, DMA
= 4 interrupt vonal

= PCI, PCI-X: ,igazi” busz struktura
= Multiplexalt cim/adatvonal

Szabvany Adatszélesseg | Frekvencia Savszelesség
Mbyte/s
PCI 32/64 bit 33 MHz 133/266
PSileZ 32/64 bit 66 MHz 266/528
PCI-X 1.0 64 bit 66/133 MHz 528/1056
PCI-X 2.0 64 bit 266/533 MHz 2112/4224




PCI

= Fontosabb jelek
= AD: cim/adatvonal
= C/BE#: parancs vagy byte engedelyezés
= FRAMEH#: aktiv atvitel
= |RDY#: initiator (master) ready
= TRDY#: target ready
= Perifériak
= Target: nem kezdeményezhet buszciklust
= Bus master: lenet master a buszon

= A kozponti PCI vezeérlo tipikusan NEM tartalmaz DMA
vazerlot!




PCI

= Parancsok (BUS CMD)
= |nterrupt Ack
= Special Cycle
= |/O Read es Write
= Memory Read és Write
= Configuration Read es Write
= Dual Address Cycle (pl.: 64bit cimzés)




PCIl olvasasi ciklus

c/BE# — —(Buscmo)_ | ee#s i i i e
- N :
IRDY# . S\ s § L i
e 2 :
. =<
— A= = = = ~
TROY#_ S SN <
; a 8 | : 8
— A ' = | |
DEVSEL# _ ‘F"’\ | \ , , , :
éDRE% < DATA > < DATA > < DATA
PHASE PHASE PHASE PHASE

< BUS TRANSACTION >




PCI irasi ciklus

—— ——
FRAME# @\ 5 5 S/ SRS . =<t
B e Yy wa e v e B B am S O
AD ____E_____<ADDR:ESSX DATA-1 X DATA-2 ) | X E DATA3 Dt =
C/BE j;j_{aus?mnx BE#'S-1 X BE#'S-2 X BE#'s-3 f;},—
A i n: 5
IRDY# i i T 0
---------------- e 73] 7] L
: Z < Z
' =L é <
e = = r
TROY# | YT\ F < <
: 3 5 5
— - : i
DEVSEL# . % | . . . :
&DHE% ‘(DﬂTﬂ)‘ {DQTA} < DATA
PHASE  PHASE  PHASE PHASE

< BUS TRANSACTION >




PCIl Express

= Soros, pont — pont 6sszekottetes; helyreallitott orajel

= Csomag alapu atvitel

= Szoftveresen kompatibilis a PClI-jal

= 1,2,4,8vagy 16 lane

= PCle 1.1: 2,5 Gbit/s (8b/10b) > 2 Ghit/s
= PCle 2.0: 5 Gbit/s (8b/10b) > 4 Gbit/s

= PCle 3.0: 8 Gbit/s (128b/130b) > 7,88 Ghit/s

= Kommunikacio

= Requester

PCle 1.0 (Gbyte/s) PCle 2.0
(Gbyte/s)
x1 0,25 0,5

= Completer =)




PCle architektur

= Root Complex: kozponti vezérlo

= Kapcsolat a CPU-val es a memariaval
= Endpoint: periféeria

= Completer

= Completer + CPU
Requester
q PClExpress | PClExpress
. s ] E d H l
= Nincs kdzponti e Root
00! Express Complex Memory
y VL4 ) x r
DMA vezeérlo PClExpress-PC :
PCI Express
PCI/PCI-X % Gh
PCI PCI
Express PCI PC| Express
Express Express
Legacy Legacy PClExpress PCI Express

Endpoint Endpoint Endpoint Endpoint




PCle

= Fizikal réteq: differencialis érpar
= Framing + CRC (2x64 bit)
= Atviteli réteg
= Fejléc: 3-4 DW
= Opcionalis CRC: 1 DW
= Data payload: 128/256/512/1024/2048/4096 byte
* Root Complex & Endpoint tamogatas kell!




PCle

= Egy csomagban legfeljebb Data Payload-nyi adat
= Nagyobb meretl request-ek tobb csomagban

Kihasznaltsag (%)
100,00
90,00 +
80,00 +
70,00 +~
60,00 +
50,00 -
40,00 -
30,00

1024 2048 4096
Payload (byte)




PCle

= A PCle késleltetése viszonylag nagy

= De Ujabb Request-ek elktuldheték a Completion
megerkezese elott

Low Performance

Rd1 Rd2 Rd3
Tagt Tag2 Tag3

e

P CplD1 Tag? ¥ CpiD2 Tag2 §

TLP

High Performance

Rd1 RdZ Rd3 Rad4 Ras Rd& Rd7 Rd& Radg
Tag1 Tag2 Tagd Tagd Tagt TegZ Tag3 Tagd Tag1

— - —

TLP

TLP _ CplD1 Tagl x CplD2 Tag2 X CplD3 Tagd X GpID4Tag4X GpIDETag1X CplD& Tag2 X:




PCle

* Egy Request-re adott Completion

= Egy csomagban

= T6bb csomagban — a csomagok sorrendje cimsorrendben
= TObb, cimfolytonos Request

= A Completion csomagok sorrendje NEM feltétlendl felel
meg a cimsorrendnek




Valos atviteli sebesség

= PCle 1.1 és 2.0 buszon elérhet6 sebesség (Intel X58 chip,
256 byte Payload)

Atviteli sebesség (Mbyte/s)

4000 -

3500 -~

3000 -~

2500 -

m Read
2000 A

Write

1500 -~ B Theoretical

1000 -

500 -

PCle1.0 PCle 2.0 PCle1.0 PCle 2.0 PCle1.0 PCle 2.0
%1 %1 x4 x4 =8 =8




PCle TLP

= Fejléc 1. DW (minden csomagban)

+0 +1 +2 +3
?E:‘B 4‘3‘2‘1‘0?&‘5‘4 3‘2‘1'0?&:5'4 3‘21'[] ?‘ﬁ‘5|4‘3|2|‘||0

Byle 0 > |R| Fmt Type R| TC R 5 E Atlr | AT Length
Fmt Type
00
01 0_0000 Memory Read Request
1(1) 0 0000 Memory Write Request
00 0 1010 Completion, nincs adat
10 0 1010 Completion, adattal

= Length: 1...1024 DW (< Data Payload)




PCle — 32 bites Request

= TLP fejléc

+0 +1 +2 +3
7 E:‘E 4‘3‘2|‘1‘D 7 5‘5‘4 3‘2‘1‘[3 716 5‘4 3‘2 'I‘D ?|E:‘5|4 3‘2|'I|D

Byie 0> [R| ] Type R| TC | Reserved |L|5| Atr | AT Length
Byte 4 > Requester 1D Tag LESE:’I_PW Hégw
Byle 8 = Address[31:2) =)

= Reqguester ID: Bus number + Device Number + Function
number
. = Taqg: Minden ,,kintlévo”, Completion-t igényld uzenet
- egyedi azonositoja (kintlevo uzenetek szama < 32)
- = BE: byte engedélyezés az elso és utolsé DW-re
- = Address: cim (DW cim)




PCle — 64 bites Request

= 3 helyett 4 DW a fejlécben

+0 +1 +2 +3
_:":":1‘5 4‘3‘2‘1|D?ﬁ‘5|4 3‘2‘1 D_J"t'::|5|-'l 3‘21|D ?‘5‘5 4|3‘2|'||D
Byte 0 > R :':Frngl Type R| TC | Reserved 5 E Attr | AT Length
Byte 4 > Requester ID Tag LastDW 1 1stDW
Byle 8 > Address[63:32)
Byle 12 > Address[31:2] R




PCle - Completion

= Completion TLP fejléc

+0 +1 +2 +3
7 6|5 4|3|2|1|0 7 6|5‘4 3‘2‘1‘0 716(5]4 3‘2 1‘0 ?‘6‘5‘4‘3‘2‘1‘0
Fmt TIE AT
Byte0> |R|, g Type R| TC |Reserved D|p| Attr 00 Length
Compl. | B
Byte 4 > Completer ID Status & Byte Count
Byte 8 > Requester ID Tag R| Lower Address

* Tag: A Request-tel megygezo Tag
= Byte Count: A Request-bol még hatralévo byte-ok szama




PCle FPGA-val

= Kulso PHY PCle _  PCle | cngi T p . | USER
Soft-core MAC x1 PHY (soft) | Interface | LOGIC
(minden FPGA) e
= Belso Gbit transmitter
; PCle
- PCI Gbit USER
(SOIftV(.‘é(I)Drthj;A\C x1/x4/xg S— Trmlit “« gg;te)  erface LOGIC
Pl. ;
FPGA
~ = Bels6 Gbit transmitter
. Hard-core MAC ol
PCle Gbit USER
BISPOSYS, NV6) x1x4ix8 7 Trmit |+ (ﬁgrrg) - LOGIC




FPGA megvalositasok

FPGA x1 x4 X8 PCle 2.0 hard IP

Altera Arria Il GX X X X X
Altera Cyclone IV GX X X X
Altera Startix 1V GX X X X X X
Altera Arria GX X X

Altera Stratix 11 GX X X X

Xilinx Spartan-6 X X
Xilinx Virtex-11 Pro X X X

Xilinx Virtex-4 FX X X X

Xilinx Virtex-5 X X X X
Xilinx Virtex-5 FXT X X X X X
Xilinx Virtex-6 X X X X X
Lattice ECP2M X X

Lattice ECP3 X X

Lattice SCP X X X




PCle FPGA Interfész

= Gyakorlatilag Memory Read, Memory Write és
Completion csomagok fogadasa és generalasa
szlkséges

= TLP interfész: 64 bites FIFO IF

+0 +1 +2 ‘ +3 +4 ‘ +5 +6 +7
[63:56] [55:48] [47:40] [39:32] [31:24] [23:16] [15:8] [7:0]
Byte 0> [RE™| Type |[R| TC | Rsvd |J[E|Ati| R Length Requester ID Tag  [=ciDWistOw
Byte 8 = Address[31:2] R Data 0
Byte 16 > Data 1 Data 2

= 1/4/8 lane: 62,5/125/250 MHz




PCle Virtex5 - Transmit

trn_clk |7 J__l__r _E

| | | | | | |
trn_td[63:00] | XHDR1 + HDR2  XHDR3 + DATA1 XDATA2 + DATAZXDATA + DATA " DatA _)( paTAn-1:0ATAn X

| | | | | | | | |
; ' | ' ' ' : : :
trn_tsof_n | N\ / | | | | | |
| | | | | | | |

| | | | | | | I

trn_teof n | l | | l | \_V_i'
| I | | | | | I
| I | | | | | | I
trn_trem_n[7:0] | X ooh X

| ] | | | | | | [
trn_tsrc_rdy_n : l : : : : : :/_ [
- - - I :\ [ L 1 L 1 I
| I | | | | | | I
trn_tdst_rdy_n ! ! | | : | | | :
| | | | | | | | [
trn_tsrc_dsc_n | ; | | | i | | |
| | | | | | | | I
| | | | | | | | |
trn_tdst_dsc_n | [ I | | | [ | I
| | | | | | | | |




0OFh

X HDRA3 + HDR4 X DATAT + DATAZ X DATA3 + MULL X

HDA1 + HDRAR2

|
[
trn_clk |
[
[
T
[

[7:0]

PCle Virtexh - Recelve

trn_rd[63:00] X

tro_rrem_n

\
0o\
(6:0] I)(

dy_n
ok_n

trn_rn

trn_rerrfwd_n
p_

frn_rsrc_r
trn_rdst_r
trn_rsrc_dsc_n |

trn_rbar_hit_ni




Elerheto savszélesseg

6000 -
5000 -

4000

3000 A
2000 A
1000 -

Effektiv savszélesség

/_
+ W PC-X
mPCle

FSB

WHT

read write
(Mbyte/s) (Mbyte/s)




DINI Group DNBFC S12 PCle

= HPC alkalmazasokhoz fejlesztett ,,o0lcs6” megoldas
= 12 db Spartan-6 LX150 FGPA (~-90000 LUT/FPGA)
= 256 Mbyte DDR3 SDRAM minden FPGA-hoz
= Virtex-6 FPGA a PCle kapcsolathoz
= Az FPGA-k kdzo6tt 64 bites buszok




BME MIT ART1

= Xilinx Virtex-5 SX240 FPGA
= 150000 LUT, 18Mbit BRAM, 1056 DSP egyseg
= 8-lane PCle 1.1 csatlakoz6

= 4 db, fuggetlen DDR2 SODIMM foglalat

= DVI, Ethernet, SATA csatlakozo




