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HPC clusters Overview 

 
Panoramica sulle attuali tecnologie hardware e software per la realizzazione di cluster HPC 
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• E4 computer Engineering 

 

• Calcolo 

• CPUs  

• Compunting nodes  

• Hardware Accelerators (GPGPUs & C.)  

 

• Reti ad alte prestazioni 

 

• 10 & 40 GbE 

• InfiniBand 

 

• Storage 

• Storage solutions 

• Storage: analisi costo/prestazioni  

 

• HPC Middleware & Tools  

 

 

Agenda 



E4 Computer Engineering ?!? 

www.e4company.com 
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La Sede di E4® 

• 2.600 m² 

• Impianto solare fotovoltaico 100kWp (2012) 

• Nuovi uffici destinati al reparto Tecnico (2010) 

• Nuova area riservata alla produzione(2010) 

• Due sale dedicate ai test (ampliate nel 2010) 
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www.e4company.com 



La Nostra Gamma Prodotti 

PC  Industriali (elaborazione immagini, biomedica…)   

Workstation  (fluido-dinamica, montaggio video… )  

Server  (firewall, nodi di calcolo, applicazioni scientifiche…)  

Storage  

  HPC Cluster 

Fino al … 
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www.e4company.com 



6 

…  Datacenter completo 

Pomezia data center 

www.e4company.com 

http://www.youtube.com/watch?v=QR8kFkYGbb4&feature=related


E4®: la garanzia di un partner altamente qualificato 

 

www.e4company.com 

7 

Competenze Tecniche 

Ottime relazioni coi Fornitori 

Referenze 

Soluzioni «su misura» 

Assistenza 

Certificazioni 



E4®: la garanzia di un partner 

altamente qualificato 

 

www.e4company.com 
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Competenze Tecniche 

       Relazioni coi Fornitori 

Referenze 

Soluzioni «su misura» 

Assistenza 

Competenze Tecniche 

Ufficio Interno di Ricerca &Sviluppo 

    Analisi di mercato: prodotti e campi applicativi 

Analisi dei componenti 

Analisi e test prestazionali 

Tuning del Sistema 

Validazione delle soluzioni HPC 

Affidabilità 

 Certificazioni 



E4®: la garanzia di un partner 

altamente qualificato 

 

www.e4company.com 
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 Competenze Tecniche 

      Relazioni coi Fornitori 

Referenze 

Soluzioni «su misura» 

  Assistenza 

Le relazioni con i Fornitori 

N°1 Intel Southern Europe Channel Partner 

                                 AMD Fusion Partner Premier 

N°1 Italian Supermicro Partner 

N°1 Italian Qlogic/Mellanox Premium Partner 

Nvidia Cuda/Tesla Preferred Partner 

DotHill, Panasas, DDN Partner 

Cray XD1 Partner  

 Certificazioni 

First Italian Asus Server Partner 

Numascale Partner 

Nexenta Partner  

Solarflare Partner  

LSI, Adaptec, Areca Partner  

Rittal Partner  



Referenze Università & Ricerca  

www.e4company.com 

10 

E4®: la garanzia di un partner 

altamente qualificato 

  Competenze Tecniche 

      Relazioni con i Vendors 

Referenze 

Soluzioni «su misura» 

  Assistenza 

CERN (20.000 cores and 18 PB di installato storage ) 

  ESRF (European Synchrotron Radiation Facility) 

SCL (Scientific Computing Laboratory -  Serbia) 

I.N.A.F. 

I.N.F.N.  

S.I.S.S.A. 

“Ancora una volta, CERN sceglie l’Italiana E4 Computer Engineering… “ 

                                                       

                  (the largest Grid and Supercomputer information  

                                                                                             source in the world ) 

 

“E4 e Supermicro Blades scelti per un Progetto al CERN “ 

                                                           

                   (The Leading Source for Global News and Information Covering    

                                                  the Ecosystem of High Productivity Computing) 

                       Leading-Edge Business Intelligence Solution 

http://www.oracle.com/global/it/customers/pdf/snapshot_gruppodarco_e4.pdf 

  Certificazioni 

E.N.E.A. 

CRS4 

Caspur  

CNR 

EPFL (École Polytechnique Fédérale de Lausanne) 

ETH Zurich 

I.N.G.V. 

CMCC 

http://www.hpcwire.com/
http://www.oracle.com/global/it/customers/pdf/snapshot_gruppodarco_e4.pdf


Referenze  Industria, Governo, Difesa 

www.e4company.com 
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E4®: la garanzia di un partner 

altamente qualificato 

 Competenze Tecniche 

      Relazioni coi Fornitori 

Referenze 

Soluzioni «su misura» 

 Assistenza 

Alenia Aeronautica 

  Ansaldo 

Autodesk 

Merck Group                                                                  Biblioteca Apostolica Vaticana 

Chiesi Farmaceutici 

 Certificazioni 

Feltrinelli Editore 

Novartis 

Tiscali 

Banca d’Italia 

Telecom Italia 

Enginsoft  

Fondazione Telethon 

Thales Alania Space 

SACMI 

Sigma Tau 

Ministero della Giustizia 

Ministero dell’Interno 

NATO-NURC 



E4®: la garanzia di un partner 

altamente qualificato 

? 

www.e4company.com 
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 Competenze Tecniche 

      Relazioni coi Vendor 

Referenze 

Soluzioni su misura 

  Assistenza 

Assistenza 

Partner Tecnici in Italia(oltre 200 tecnici)  

                                  Partner Tecnici in Europa 

Servizio di assistenza On Site garantita entro Next Business Day 

CERN: assistenza garantita entro 4 ore dalla chiamata 

Call Center Tecnico interno 

  Certificazioni 

Sistemi E4 @ CERN                 



Il nostro team 

35 impiegati suddivisi tra 
 

 Ingegneri 

Tecnici 

Ufficio Vendite (Nazionale e Internazionale) 
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www.e4company.com 



E4® = partner solido come la roccia 

• Ottimo rating Basilea2  

• Ottime prestazioni finanziarie 
 

• Crescita continua attraverso gli anni 
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www.e4company.com 



 

La crescita di E4® dal 2002 
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www.e4company.com 



E4®: la garanzia di un partner 

altamente qualificato 

 

www.e4company.com 
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Competenze Tecniche 

   Relazioni con i Vendors  

Referenze 
Soluzioni «su misura» 

 Assistenza 

Certificazioni 

ISO 9001: 2000 

In via di certificazione: 

- ISO 14001: sistema di gestione ambientale 

- Standard SA8000: responsabilità sociale d'impresa 

Certificazioni 

Prossima certificazione:  
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Customer References 

www.e4company.com 

http://scl.phy.bg.ac.yu/
http://www.crs4.it/index.html


I princìpi di E4®: etica e legalità 

• economia d’impresa nella piena osservanza delle leggi 

 

• massimo supporto alle Istituzioni Accademiche 

 

• Supporto attivo e costante a diverse organizzazioni Onlus 

 

• Tra i principali sostenitori economici di  
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www.e4company.com 
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Commodity CPUs Acceleratori 

Soluzioni per calcolo 

AMD 62xx 

Interlagos 

INTEL E5 

Sandy Bridge 
GPU FPGA 



AMD Interlagos 
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AMD Interlagos 
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AMD Bulldozer Architecture 
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AMD Interlagos 



25 

Tick Tock Tick Tock Tick Tock Tick Tock 

Intel® Core™ 
Microarchitecture 

Nehalem 
Microarchitecture 

Sandy Bridge 
Microarchitecture 

65nm 45nm 32nm 22nm 

Dedicated high-speed 

bus per CPU 

HW-assisted 

virtualization (VT-x) 

Integrated memory controller 

with DDR3 support 

Turbo Boost, Intel HT, AES-

NI1 

End-to-end HW-assisted 

virtualization (VT-x, -d, -c) 

Integrated PCI Express 

Turbo Boost 2.0 

Intel Advanced Vector 

Extensions (AVX) 

First high-volume 

server Quad-Core 

CPUs 

Up to 6 cores 

and 12MB Cache 

Up to 8 cores 

and 20MB Cache 

INTEL Sandy Bridge 
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E5-2600 Product Family  
based Platform 

 Up to 24 DIMMs  

 Up to 80 PCIe lanes 

 Two QPI links between CPUs 

 One-chip Platform Controller Hub (PCH) 

 

Sandy 
Bridge 

Core 

Sandy 
Bridge 

Core 

DDR3 

DDR3 

DDR3 

DDR3 

DDR3 

DDR3 

DDR3 

DDR3 

x8 x4 

QPI 

QPI 

Xeon® 5500 / 5600 
based Platform 

Xeon® 5500 
Xeon® 5600 

Core 

Xeon® 5500 
Xeon® 5600 

Core 

DDR3 

DDR3 

DDR3 

DDR3 

DDR3 

DDR3 

x4 

QPI 

Intel C600 
Series 
(PCH) 

Serial Attached 
SCSI (SAS) 4 
ports, 6Gb/s 

up to 
DDR3 1333 

up to 
6.4 GT/s 

Intel 5500 
Series 
(IOH) 

Intel 
ICH 10 

Q
P

I 

Q
P

I 

up to 

36 lanes 

PCIe 

up to 
DDR3 1600 up to 

8.0 GT/s 

up to 40 lanes 

PCIe per socket 

 Up to 18 DIMMs per 2S platform 

 Up to 36 PCIe lanes 

 Two-chip IOH / ICH 
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Sandy Bridge “Ring Bus” Optimizes Platform Data 

Movement 

Ring bus architecture delivers an efficient bi-

directional highway for data movement 

 

 

Compared to Xeon 5500/5600: 

Lower L3 cache latency (~20%) 

Higher bandwidth between cores, L3, 

Memory & I/O 

Up to 8x more L3 to core bandwidth 

 

QPI PCIe
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E5-2600 

E3-1200 

Highest Performance 
Max Memory 

Density and  
Cost Optimized 2S 

Lowest Cost 
(1S only) 

E5-2400 

 Up to 24 DIMMs  

 Up to 80 PCIe lanes 

 Two QPI links 

 Up to 12 DIMMs  

 Up to 48 PCIe lanes 

 One QPI link 

 Up to 4 DIMMs  

 Up to 20 PCIe lanes 

E5-4600 

Density and  
Cost Optimized 4S 

 Up to 4 CPUs 

 Up to 48 DIMMs  

 Up to 160 PCIe lanes 

 Two QPI links per CPU  
(ring topology) 

x8 
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4C 130W 
3.3 GHz 

 8C-20M cache  
 8.0 GT/s QPI 
 Hyper-Threading 
 DDR3-1600  
 Turbo + 

 6C-15M cache 
 7.2 GT/s QPI 
 Hyper-Threading 
 DDR3 1333 
 Turbo 

 4C-10M,  
2C-5M cache 

 6.4 GT/s QPI 
 DDR3 1066 

8C 150W 
3.1 GHz 

6C  130W  
2.9 GHz 

Intel® Xeon® processor 
E5-2600 product family 
Socket-R 

8C 130W 
2.7 GHz 

8C 115W 
2.6 GHz 

8C 95W 
2.2 GHz 

8C 95W 
2.0 GHz 

6C  95W  
2.5 GHz 

6C  95W  
2.3 GHz 

6C  95W  
2.0 GHz 

4C 80W 
2.4 GHz 

4C 80W 
1.8 GHz   

Intel® Xeon® processor 
E5-2400 product family 
Socket-B2 

8C 95W 
2.3 GHz 

8C 95W 
2.1 GHz 

6C  95W  
2.4 GHz 

6C  95W  
2.2 GHz 

6C  95W  
1.9 GHz 

4C 80W 
2.2 GHz 

4C 80W 
1.8 GHz 

Skt-R Skt-B2 

2C 80W  
3.0 GHz 

8C 135W 
2.9 GHz 

Addt’l R skt E5-2600 SKUs 

8C 115W 
2.4 GHz 

6C  60W  
2.0 GHz 

8C 70W 
1.8 GHz 

6C  60W  
2.0 GHz 

8C 70W 
1.8 GHz E5-2420 

E5-2407 

E5-2470 

E5-2440  

E5-2450 

E5-2403 

E5-2430 

E5-2620 

E5-2609 

E5-2670 

E5-2640  

E5-2650 

E5-2603 

E5-2630 

E5-2690 

E5-2680 

E5-2660 

E5-2665 

E5-2667 

E5-2643 

E5-2637 

E5-2687W 

E5-2450L 

E5-2430L E5-2630L 

E5-2650L 



CPU bound 

I/O bound 
Memory 

bound 

heterogeneous 

Requirements analysis 

SMP Cluster 

Interconnection 

Storage 

Software/Middleware 

Computing nodes 



•Form factor: [1U to 4U, blade, TWIN, 

TWIN2] 

•Nsocket: [1,4(8)] 

•Ncore: 6/8/12/16 

Too many combinations to check them all, rely on: 

•Analysis 

•Experience 

AMD INTEL 

… but the best way is to test them!!! 

•Fattore di forma: [1U to 4U, blade, TWIN, 

TWIN2] 

•Nsocket: [1,4,(8)] 

•Ncore: 2/4/6/8 (+  Multithreading ) 

31 

Computing nodes 



AMD & INTEL systems 

1U TWIN: 2 computing nodes 
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2U TWIN2: 4 computing nodes 

New 8nodes 4U Fat TWIN 

7U: 10 - 14 - 20 blades 



Workstations 

E7095 
CPU: 2x INTEL 

RAM: 12 slots (48GB/4GB modules, up to 192GB) 

HD: 8x3,5”, SATA 

Connectivity: 2Gb,1 NIC for management 

Expansion slots: 4xPCI-Ex x16 Gen 2.0 + others 

 

GPU: up to 4 or 8 using external GPU box + 1 

nVIDIA low performance VGA 

E8095 
CPU: 2x ADM  

RAM: 16 slots (64GB/4GB modules DDR2) 

HD: 8x3,5”, SATA 

Connectivity: 2Gb,1 NIC for management 

Expansion slots: 4xPCI-Ex x16 Gen 2.0 

 

GPU: up to 4  or 8 using external box  



Interconnessioni 
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Ethernet 

10GbE 40GbE 

Kernel (TCP/IP) bypass iWARP (RDMA) iWARP (RDMA) 



Interconnessioni 
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InfiniBand 

QDR FDR 



10GbE: Solarflare  
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Kernel (TCP/IP stack) bypass 

 

 

~6usec MPI latency using OpenOnload 

 

 



10GbE: Chelsio 
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iWARP  (Internet Wide Area RDMA Protocol) 

 

~4usec MPI latency (T4 adapter) 

 

 
Unified Wire 
 

TCP 

UDP 

iSCSI 

iWARP 

FCoE 

The T4 adapters also fully support: 

SR-IOV 

EVB/VNTag 

DCB 

Traffic Management 

Filtering 



10/40 GbE, InfiniBand: Mellanox 
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ConnectX-2 VPI: 40 Gb/s (DQR) IB & 10GbE  

 

  

ConnectX-3 VPI: 56 Gb/s (FDR) IB & 40GbE 



InfiniBand: INTEL 
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Intel® TrueScale 

InfiniBand 7300 Series 

-QDR 

-PCI x8 Gen 2.0 

 

0,10

0,15

0,20

0,25

0,30

0,35

0,40

0 20 40 60

to
m

e
 p

e
r 

s
te

p
 x

 c
o

re
s
 (

s
) 

cores 

time per step x core 

dhfr qlogic

dhfr mellanox

10,00

11,00

12,00

13,00

14,00

15,00

16,00

17,00

18,00

19,00

20,00

0 10 20 30 40 50 60

to
m

e
 p

e
r 

s
te

p
 x

 c
o

re
s
 (

s
) 

cores 

time per step x core 

NAMD: INTEL Vs. Mellanox 

DHFR 2300 atomi 

SMTV 1 milione di  atomi 



40 Chelsio T4: 2300 MB/s 2 send 2 rcv 
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IB HCA 

Multi chipset 

Motherboard 
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Fonte: Dhabaleswar K. (DK) Panda, Sayantan Sur (The Ohio State University) - MPI Performance and Optimizations, Tutorial at HPC Advisory Council Workshop, 

Lugano 2011 

MPI bandwidth 3: Intra-nodo  
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Shared-Memory based two-copy intra-

node communication 

 

– Copy from the sender’s user buffer to 

the shared buffer 

– Copy from the shared buffer to the 

receiver’s user buffer 

LiMIC2 on modern multi-core platforms 

 

Linux kernel Module for MPI Intra-node 

communication 

 

– Motivation: Eliminate one memory copy 

– Kernel-level module for achieving efficient 

intra-node communication 
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MPI Bidirectional bandwidth 5: Multirail  

Fonte: Dhabaleswar K. (DK) Panda, Sayantan Sur (The Ohio State University) - MPI Performance and Optimizations, Tutorial at HPC Advisory Council Workshop, 

Lugano 2011 



Storage 

Ampia gamma prodotti 

 

Disk Server 

FC storage 

HPC storage (DDN, PANAS, EMC2, Hitachi) 

 
per una vasta gamma di soluzioni: 

 
-NAS, DAS, SAN 

  

-Appliance ZFS 



Disks server 

•Based on commodity hardware 

 

•Tailor made upon customer requirements 

 

•1-2 CPUs 

 

•108TB in 4U 

 

•Interconnection: Gb, 10GbE, IB, FC 

 



E6550 

• Chassis 2U 

•12 HD  SAS/SATA/SSD 

Full system, 18U – 9 chassis 

• up to 108 HD 

• Mix SATAII/SAS 

• Modular desing 

•Host interface:  

• 8 x 8Gb/s Fibre channel 

•Performance: 3,2GB / read 2,9 GB/write 
•Super capacitor cache back up 

•Mirrored cache (Simulcache) 

•Assured snapshot 

•Volume copy 

www.e4company.com                                                                      simone.tinti@e4company.com 

50 
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E6550 @ ETHZ 

576 TB – 10,2 GB/s utilizzando midrange storage & 

Lustre parallel file system  
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PANASAS Active Stor 

• High Performance NAS 

• Parallel file system (pnfs) 

• Easy to manage 

• Based on appliances 



PANASAS Active Stor 



Data Direct Network 

•Up to 1680 SATA/SAS/SSD 

drives 

•40GB/s 

•1.4 M IOPS 

•16 x 56Gb/s IB, FC, 40Gb/Eth 

• Up to 1200 

SATA/SAS/SSDdrives 

• 12GB/s 

• Max Capacity: 3,6PB 

•  8 x 40 Gb/s IB QDR 

• 16 x 8Gb/s FC 

SFA10K-X 

SFA12K 



Storage 
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E7412 disk server (~ 500 -1000MB/s) 
HD: SATA 2TB 

Host Interface: 10GbE >  clients 

E6500 storage (up to 1.5GB/s per system)  
HD: SATA 3TB 

Host Interface: FC 8 <--> 10GbE file servesr <-> clients 

 

new E6500 “Nitro” (up to 3 GB/s per system) 

 

SAS JBOD + Nexenta (~600MB/s) 
HD: SATA 2TB 

Host Interface: 10GbE > clients 

DDN S2A900 (up to 6GB/s) 
SAS + SATA 2TB 

host Interface: FC 4/8 <-> 10GbE file server <-> clients 

 

new DDN 10K: up to 12GB/s 

PAS11 (1GB/s per shelf) 
SATA 3TB 

host Interface: 10GbE  <->  IB QDR file server <-> clients 

 

PAS12 (1,5 GB/s per shelf) 
SATA 3TB 

host Interface: 10+10GbE  <->  IB QDR file server <-> clients 
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Test Setup 
 

Client 

Fedora 12 

pnfs-all-2.6.36.rc6-2010-10-7 (patched) 

pnfs-utils-1-2-3 

 

pNFS Metadata Server 

Fedora 12 

pnfs-all-2.6.36.rc6-2010-10-7 (patched) 

pioneer-bh-546439 (Panasas gateway) 

 

Panasas storage cluster 

PanFS 4.0.0-540019 

pNFS better at 

 low client count 

DF still better at  

high client count 

2.6.XX 

 

250 patches of remaining pNFS 

functionality divided into 4 

batches by the developers and 

maintainers 

 

Remaining files-based pNFS 

patches 

Object-based  pNFS 

Block-based pNFS 

 
Push from RedHat for 6.1 

and beyond 



Acceleratori 
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GPU FPGA x86_64  

many core 
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NVIDIA: Fermi Architecture 

up to 512 CUDA cores (16 SM x 32 cores) 

3/6 GB ECC 

NVIDIA GigaThreadTM 

NVIDIA Parallel DataCacheTM Technology 

4x DP  (665 GFLOPS peak) Vs TESLA 

2x SP  (1,3 TFLOPS peak)   Vs TESLA 

Kepler K20 

x3 GFLOPS/watt 

 

Kepler K10 

4+ TFLOS SP 



NVIDIA  Tesla™ 20-series 
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M 

C 
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NVIDIA  Tesla™ 20-series 

vCORE 

Family 

vCORE  

Model 
# GPU RAM 

CUDA  

cores 
TFLOPS DP 

Express Lite 2075 2 x M2075 12 GB 896 1 

Express 2075 4 x M2075 24 GB 1792 2 

Express 2090 4 x M2090 24GB 2048 2,66 

Extreme 2075 4-16 x M2075 96GB (up to) 7168 8,2 

Extreme 2090 4-16 x M2090 96GB (up to) 8192 10,64 

Express Extreme 

2 PCIe x16 Gen2 connections 8 PCIe x16 Gen2 connections 



Code developement / porting 
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Approaches 

- Developement (new software) 

- GPU ready libraries 

- Directive based tools 

 



Tool / Development environment 

65 



CUDA toolkit 

C/C++ compiler 

CUDA-GDB debugger 

Visual Profiler 

GPU-accelerated BLAS library 

GPU-accelerated FFT library 

GPU-accelerated Sparse Matrix library 

GPU-accelerated RNG library 

(NVIDIA® Parallel Nsight™ ) 
 

New in CUDA 4.0: 

• NVIDIA GPUDirect™ 2.0  

• Unified Virtual Addressing (UVA) 

• Condivisione multi-thread delle GPU 

• Condivisione multi-GPU di un singolo thread 
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NVIDIA GPUDirect™ 1.0  

Comunicazione GPU to GPU attraverso IB 

GPU direct: host buffer comune a GPU e 

HCA IB 

 

Incrementi fino al 12% 

Fonte: Dhabaleswar K. (DK) Panda, Sayantan Sur (The Ohio State University) – 

Future of MPI, Tutorial at HPC Advisory Council Workshop, Lugano 2011 
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NVIDIA GPUDirect™ 2.0  

Peer to peer commonication (GPU to GPU) over PCIe BUS  
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Portland Group 

HMPP Workbench 

pyCUDA 

JCUDA 

CUDA.NET 

Microsoft Direct Compute 
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MATLAB & GPU 

GPU support is now included in  

Parallel Compute Toolbox 

Accelerys Jacket 



Systems for GPU computing 

Workstations 

GPU optimized servers 

vCORE external boxes 
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-  #GPU / system 

-  # cores /GPU 

-   Shared / dedicated PCI bus 

-  # PCIe lanes 

 



Hybrid systems 
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GPU blades  

(18 GPUs / 7U) 

E7130  

1GPU / 1U 

2GPU / 1U 4GPU / 1U 
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GPU price / power considerations 

4 CPU 

0 GPU 

GPU optmized 

4 CPU 

4 GPU 

4 CPU 

4 GPU 

2 CPU 

4 GPU 
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4 CPU 

0 GPU 

GPU optmized 

4 CPU 

4 GPU 

4 CPU 

4 GPU 

2 CPU 

4 GPU 

x 3,6 

x 2,9 

x 3,2 

x 3,2 

x 2,8 

x 2,8 

Prezzo + PWR 

 + cooling 

Prezzo 

GPU price / power considerations 
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FPGA 



Cluster management suite 
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pre-checked/ configured Cluster 

HPC Opensuite 

Enterprise class CMT: Concurrent COMMAND 

INTEL Cluster Ready 

Hardware 
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Intel Cluster Ready 
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Hardware certification 

+  

Software certification 

Benefit of ICR certification: 

- Omogeneus software environment 

- Performance check on all nodes 

- Software compatibility 



Intel Cluster Ready - Architecture 

 

  

 

 

  

 

 

 

 

  

 

www.e4company.com 
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Enterprise class Cluster Management Suite 
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• Easy, powerfull, customizable 

• Supplied with hardware appliances for load sharing 

• Ideal for cluster and datacenter 

• CO2, power, energy monitoring 

 


