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:  בהנחיית
אלכס לנדסברג  -הראל HPCתחום מנהל 

, משולב ענןHPC, מערכות אחסון גדולות ומהירות, HPC, לינוקס
DEEP LEARNING ,BIG DATÁ
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לקוחותינו
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The Essence of Super Computing at Harel

הראל בניית  
מערכות תמיכה

Storage

ZFS / NFS / Lustre

BeeGFS/GPFS/

DAOS

Windows

Network
Mellanox

IB/100G+E

SYSTEMS
Blades/Servers 
Workstations 

NVIDIA

Lenovo/Fujitsu
/NVIDIA/NetApp
שיתוף עם ספקים 

ולקוחות
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בחירת טכנולוגיות עבור מערכת
HPC (High Performance Computing) 

:מבוסס על ניסיון של מערכות קיימות

LLNL, Argonne, Indiana ,CMU ,TACC ,Cambridge 
וכו, אילן-בר, טכניון, העברית' אונ'
ומכוני מחקרוכל מפעלי מערכת הביטחון
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HPC-AIסכמה לוגית של מערכת 

שרת ניהול חווה

שרתי קבצים

שרת ניהול ריצות

שרת כניסות  

משתמשים והידור

מחשבי ריצה

Windows 
Computers

Management

Management

Management

Management

Slurm jobs

Nfs mount

Cifs mount

Exceed
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Open Source Components

- Redhat -> CentOS, Roce Linux, Ubuntu

- Bright/SGI Cluster Manager -> OSCAR/xCAT/OpenHPC

- Batch Manager -> PBS/SLURM - Condor

- VMWARE ->  KVM

- Local Graphics Accelerator -> TightVNC with OpenGL support, x2go

- Monitoring software -> Ganglia, Nagios, Cacti, Zabbix, Prometheus, Grafana

- Development -> ddd, gdb, eclipse

- Editing -> xemacs, pine, pico

- Matlab -> Octave, scilab, scipy, matlabmpi

- Graphics Display -> VisIt, Gnuplot

- Fluent/StarCD/Xflow ->  OpenFOAM, SU2

- Storage -> ZFS, Lustre, BeeGFS, DAOS

Saves on the need for licenses

במפעלים ביטחונייםOpensourceמרכיבים של 
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Software Stack

xCAT

Grafana

Prometheus

Linux 

IB/Ethernet

Prometheus

MySQL

SLURM/PBSpro

Linux 

IB/Ethernet

Prometheus

Lustre/BeeGFS

ZFS

Linux 

IB/Ethernet

MPI

SLURM/PBS

ZFS/Lustre/BGFS

Storage Client

Prometheus

Modules

Compiler

Backup ClientNIS, NTP Server

NFS (Client)

10/40/56/100/200/400  Gbit  Ethernet/IB Networking

Authorisation

Bare Metal / Vmware / KVM / Containers

Management PBSpro/SLURM 

Server Storage 

Servers
Compute Nodes



8

Software Stack

xCAT

Grafana

Prometheus

Linux 

Ethernet

Prometheus

MySQL

SLURM

Linux 

Ethernet

Prometheus

NFS Server

Linux 

IB/Ethernet

MPI

SLURM

NFS

Applications

Prometheus

Modules

Compiler

Backup Client

NIS, NTP Server

NFS (Client)

10/40/56/100/200/400  Gbit  Ethernet/IB Networking

Authorisation

Bare Metal / Vmware / KVM / Containers

Management SLURM Server
Storage 

Servers
Compute Nodes
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Products We Install

Applications
OpenFOAM,Xflow, Matlab,LS-DYNA, Numeca, Fluent, NES, MGAERO, SciLAB, ScaleMP

NAMD, Amber,GAMESS, CHARMM, Abaqus, ANSYS, CFD++, CFX, WRF,mitGCM, StarCCM+ 

Corporate Network

LUSTRE /NFS
/CIFS /RDMA

SLURM/
PBS

KVM/
VMware

Login
Server

GPU
Compute 
Servers

ScaleMP

Mellanox 
100/200Gb/sec
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Cluster Monitoring

Monitoring

Nagios is an open source monitoring 
system which checks the availability of 
your HW and SW resources, notifies users 
of outages and generates performance 
data for reporting.

Scalable and extensible, Nagios can 
monitor large, complex environments 
across multiple locations.

Ganglia
Performance

Monitoring

Nagios
Health

Monitoring

Ganglia is a scalable distributed monitoring 
system for high-performance computing 
systems such as clusters and Grids. 

The implementation is robust, has very low 
per-node overheads and is currently in use 

on thousands of clusters around the 
world

Cluster Monitoring 
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Ganglia Cluster Monitoring
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Custom Dashboards

GrafanaPrometheus Dashboards
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NFS – Server3

IP1 + IP2 + IP3 + IP4

IB-

IP1

Copper

Infiniband

Cable

NFS – Server 1

IP1 + IP2 

IB-

IP2

Mellanox Switches

2  x 4 Metre QSFP 

Cable

MC2206128-004

Department 1

160TB

Campus 

Storage

504TB

Storage NFS

IB-

IP3

IB-

IP4

2 x Fibre Optics

Cable  

50metre

MC2210310-050

NFS – Server 2

IP3 + IP4 

Copper

Infiniband

Cable

Mellanox Switches

Department 2

48TB
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ZFS on
Standard Hardware
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ZFS State of the art

 248 – Number of entries in any in individual directory

 16 EB – Maximum size of a single file

 16 EB – Maximum size of any attribute

 256 ZB (278 bytes) - Maximum size of any zpool

 256 - Number of attribute of a file (constrained to 248 for the number of files in 

a ZFS file system)

 264 - number of devices in any zpool

 264 - number of zpool in a system

 264 - Number of file systems in a zpool



ZFS – File System – Now Ubuntu Standard
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Mellanox HDR/IB

Cluster

Metada Server
Failover CentOS 8.2

2U Server

HDR IB 

ZFS Metadata 
Shared Storage

OSS - CentOS 8.2
Active + Failover

1U Server

Metada Server
CentOS 8.2
2U Server

OST Storage

OST Storage

20GB/SEC

OSS - CentOS 8.2
Active + Failover

1U Server

20GB/SEC

Corporate
IB Network

2x OSS – 2 MDTs/ZFS
Total 180 Disks * 6TB

>1PB Storage 
HDR IB

20GB/Sec/OSS
40GB/Sec Total Theoretical

Throughput
=~30GB/SEC

Parallel Storage - Lustre

18
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Parallel Storage - BeeGFS
ORCAM

10 Servers
With SSD Disks

ZFS Fully Parallel FS
Dual 10GE 
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Future Directions With Storage

DAOS & IO -500 –10 –node Challenge



Distributed Asynchronous Object Storage





DAOS Storage Containers



Mellanox IB 

56/100GB 

Switches

TCP/IP
Corporate

Ethernet 

Gigabit 

Switch
xCAT/SLURM

CentOS 7.X

Existing 

HPC Cluster
HPC Cluster HPC Cluster

Production

File Server

ZFS/Compression

Snapshots

ZFS DRP File 

Server

JBOD D3284

IB 56Gbit

JBOD D3284
24

Example Cluster -OpenU
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AI & NVIDIA SYSTEMS

NVIDIA
DGX 8*A100 

Lenovo SR670 V2
4XA100

Fujitsu GX2570 M6
8*A100
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Harel-PS

• xCAT

• Infiniband Libraries

• Intel and GCC 
Compilers

• OpenMPI

• MPI

• SLURM/PBS

HPC

• MATLAB

• R

• OpenFOAM

• STARCCM+

• LSDYNA

• ANSYS

• Gaussian

• AMBER

• NAMD

• Abaqus

• WRF

• mitGCM

• cuDDN

• CUDA

• cuBLAS

• NCCL

• NVLink

• Hadoop

• Spark

• Python

• NVCaffe

• Caffe2

• Microsoft Cognitive Toolkit

• MXNet

• Tensorflow

• Theano

• PyTorch

• Torch

• DIGITS

• TensorRT

Deep Stuff

How do we Bridge Both  
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Harel-PS

What’s the Secret?
Containers
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Harel-PS
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SLURM Cluster Layout
Accounting and Billing

Slurm user
tools

Slurmctld 
(backup)

MySQL
Slurmctld 
(master)

Slurmctld 
(master)

Slurmctld 
(backup)

Accounting & 
configuration records

Israel Government
Defense Industries
Technion,HUJI,Haifa,BGU,OpenU, TAU
NVIDIA, LLNL, Argonne
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Example of running a SLURM script program utilizing DGX systems 

> srun -G 2 –pty dgx tensorflow
Use 2 GPUs, run it from an NVIDIA container with the latest version of tensorflow

Example of SLURM batch script running on a DGX system

> cat example.script
-------------------------------------------------
#!/bin/bash -l

#SBATCH -p dgx

#SBATCH --gres=a100:1

#SBATCH --export=HOME,USER,TERM,WRKDIR

module load nvidia-tensorflow
nvidia-docker run --rm -ti tensorflow/tensorflow \

-------------------------------------------------
> sbatch example.script

Use partition partition dgx, and run on one A100.
Load the module nvidia-tensorflow and execute python from within a docker container.
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SLURM Bursting to Google Cloud

SLURMמבוסס AWS-הרחבה ל
:
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SLURM in Azure Cloud

:
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Technion Cluster Layout

Vmware/KVM System

Management Deployment via IPMI

xCAT

Zabbix and Ganglia

Prometheus and Grafana

DGX POD Network

200 Gbit Mellanox 

Infiniband

Switch QM8700

200/100 Gbit 

Infiniband

Network to each 

compute node

Vmware /KVM  System

SLURM Server and 

Database

• slurmcltd

• slurmdbd

Vmware/KVM System

Active Directory

User Authentication

SLURM Clients

On existing 

nodes

• slurmd

Campus 

Ethernet

Network 

File 

Server

• Netapp

Mellanox 

Ethernet

Switch

SN3700

Ethernet

to each compute

node 

SLURM Clients

On each DGX 

node

• slurmd

File 

Server

• ZFS
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Design using  Open Source  Cluster Software

(With Courtesy Dr Stephane Seror 
IAI Head Hypersonic R&D CFD branch)



Harel 
Supercomputing
by Harel-PS 
The Essence of 
Elegant 
Computing
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Alexl@Harel.co.il
- HPC & AIאלכס 

avinoamz@harel.co.il
 PRESALES-אבינועם 

Aviv@Harel.co.il
מקצועיים שירותים -אביב 
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