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The Essence of Super Computing at Harel

Lenovo/Fujitsu
/[NVIDIA/NetApp

D'790 DY QIN'Y
NINIR7I

Storage
SYSTEMS
Blades/Servers ZFS | NFS/ Lustre
Workstations BeeGFS/GPFS/
NVIDIA DAOS
Windows
Network
Mellanox
IB/100G+E
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HPC (High Performance Computing)
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Slurm jobs D
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Management
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D'MINLMA D™7YoN2 Opensource YW DADIN

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 -> QOctave, scilab, scipy, matlabmpi
- Graphics Display -> Vislt, Gnuplot
- Fluent/StarCD/Xflow -> OpenFOAM, SU2
- Storage -> ZFS, Lustre, BeeGFS, DAOS

Saves on the need for licenses

—ai, D'V YT'D NIAISNOD
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Authorisation
NFS (Client)
NIS, NTP Server
Prometheus
Grafana
xCAT
Modules

Compiler

—

Management

Software Stack

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

SLURM/PBSpro
MySQL
Prometheus

IB/Ethernet

Linux
\__

PBSpro/SLURM
Server

Bare Metal [ Vmware /| KVM [ Containers

.

Backup Client
ZFS
Lustre/BeeGFS

Prometheus

IB/Ethernet

Linux

J

Storage
Servers

-

Storage Client

ZFS/Lustre/BGFS
SLURM/PBS

Prometheus

IB/Ethernet

Linux

-

Compute Nodes
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Authorisation
NFS (Client)
NIS, NTP Server
Prometheus
Grafana
xCAT
Modules

Compiler

J

—

Management

Software Stack

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

SLURM
MySQL
Prometheus

Ethernet

Linux

SLURM Server

Bare Metal [ Vmware /| KVM [ Containers

o

NFS Server
Prometheus
Ethernet

Linux

4 i E i i i i )

Backup Client

J

"~

Storage
Servers

Applications

NFS
SLURM

Prometheus

IB/Ethernet

Linux

-
-

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

SLURM/
PBS .
Login
Server
KVM/ GPU
LUSTRE /NFS VMware Compute
[CIFS [RDMA Servers

4 ScaleMP

“ — Mellanox
100/200Gb/sec




Ganglia

Cluster 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 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

Loads/Procs
o
5]
=

compute Cluster Load last week

Now
Now:
Mow :
MNow :

85
27.0k
2.1k
33.0k
26. 8k

Min:
Min:
Min:
Min:

28

10,3k
2.0k
32.3k
10. 6k

o7
Avg: 22.8k
Avg: 2.1k
Avg: 33.1k
Avg: 22,9k

o8 [:E] lo
Max: 29.9k
Max: 2.1k
Max: 33.6k
Max: 30.0k
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Ganglia Cluster Monitoring
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Prometheus Dashboards
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IB-
IP4

Mellanox Switches

Department 2
48TB

NFS — Server 2
IP3 + IP4

2 X Fibre Optics
Cable
50metre

MC2210310-050

Storage NFS  imsisiieie

Copper
Infiniband
Cable

IB-
IP3
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ZFS on
Standard Hardware
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Trever Nightingale
Senior Systems Analyst

NERSC Server Team
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ZFS State of the art

> 2% _ 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

> 2°6 - Number of attribute of a file (constrained to 2*® for the number of files in

a ZFS file system)
> 2%% - number of devices in any zpool
> 2% - number of zpool in a system

> 2%% - Number of file systems in a zpool

.-:121;"1“].5! 15
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ZFS — File System — Now Ubuntu Standard

G
@ ubuntu
RAID and

Volume
Manager

pool growth extended
ACLS
shapshots
clones
remote
replication

deduplication

CAN@®NICAL
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Tutorial: How to install, tune and Monitor
a ZFS based Lustre file system

2"4 annual Lustre Ecosystem Workshop

Marc Stearman
Lustre Operations Lead

March 9-10, 2016




2x OSS — 2 MDTs/ZFS
Total 180 Disks * 6TB
>1PB Storage

HDR IB
20GB/Sec/0OSS
40GB/Sec Total Theoretical
Throughput
=~30GB/SEC Metada Server
CentOS 8.2
2U Server
OST Storag 0SS - Cent0S 8.2
7 Active + Failover
1U Server

OST Storage 0SS - CentOS 8.2
T —— Active + Failover
1U Server

20GB/SEC

20GB/SEC

Parallel Storage - Lustre

ZFS Metadata
Shared Storage

Mellanox HDR/IB

Metada Server
Failover CentQS 8.2

2U Server
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10 Servers
With SSD Disks
ZFS Fully Parallel FS
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Parallel Storage - BeeGFS
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Future Directions With Storage
DAOS & 10 - 5oo—10—node Challenge

10-500 10-node Challenge - Scores

YN =
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Distributed Asynchronous Object Storage

DAQOS: Primary Storage on Aurora

Aurora DAOS configuration
= Capacity: 230PB
= Bandwidth: >25TB/s

"Combined in Aurora, the Intel compute system, Cray Slingshot network, and the Intel DAQOS storage open new possibilities for accelerating
the scientific research needed to solve critical human challenges such as cancer and disease. DAOS enables the creation of new storage data
models tailored specifically to applications like the Cancer Distributed Learning Environment (CANDLE) which provide a powerful platform to
advance a wide array of scientific challenges using deep learning.”

— Rick Stevens, Associate Laboratory Director for Computing, Environment and Life Sciences

"The Argonne Leadership Computing Facility is excited to be the first major production deployment of the DAQS storage system as part of
Aurora, an US exascale system coming in 2021. As designed, it will provide us unprecedented levels of metadata operation rates and
extremely high bandwidth for 1/0 intensive workloads."

— Susan Coghlan, ALCF-X Project Director/Exascale Computing Systems Deputy Director

O
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DAOS Storage Architecture

Compute Nodes

Al/Analytics/Simulation Workflow

POSIX /O MPI-I/0 HDF5 Python Spark

DAQS library

Libfabric

Storage Nodes

DAOS Storage Engine

Bulk data

NVMe
Interface

Memory
Interface

Intel® Optane Memory

(inte) OPTANE DC O»

PERSISTENT MEMORY

3D-NAND/Optane SSD

* DAOS library directly linked with the applications
* No need for dedicated cores

* Low memory/CPU footprint

* End-to-end OS bypass

* Non-blocking, lockless, snapshot support, ...

* Low-latency & high-message-rate communications
* Native support for RDMA & scalable collective operations
* Support for iWarp, RoCE, Infiniband, OPA, Slingshot, ...

* Fine-grained I/O with media selection strategy
* Only application data on SSD to maximize throughput

* Small I/Os aggregated in pmem & migrated to SSD in large chunks

* Full userspace model with no system calls on /O path
* Built-in storage management infrastructure (control plane)
* NFSv4-like ACL

Delivers high-IOPS, high-bandwidth and low-latency
storage with advanced features in a single tier

—— D"¥1 ¥T'D N0
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DAOS Storage Containers

Storage Containers

Aggregate related datasets into
manageable and coherent entities

= Distributed consistency & automated
recovery

= Full Versioning

= Simplified data management
— Snapshot
— Cross-tier Migration

— Indexing

-
DAOS Container

Encapsulated POSIX Namespace

W
-

i -
—

-
DAOS Container

I datt ldatt

~

HDF5 « File »

d N
DAQOS Container
key ] Value Value
key | [ value Value
key | value | [ value
key ] Value ] Value
\ J

( )
DAOS Container
LLLI_[ file '] l'u-l_l file ']
U‘U_] file ‘] LLL[[ file ‘]
\ J
File-per-process
s “\
DAOS Container
[ key I value ]
ey
[ key | value ][ key | value |
. WV,
Key-value store
e )
DAQOS Container
J

Columnar Database
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Example Cluster - OpenU

Corporate

Ethernet
XCAT/SLURM Gigabit
CentOS 7.X Switch

P Existing
=A% HPC Cluster

Mellanox 1B | e ‘
56/100GB —

Switches P IB 56Gbit
: _ Production
ZFS DRP File - ——— File Server
Server . JHBEEEs T S v ZFS/Compression
Snapshots
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Al & NVIDIASYSTEMS

NVIDIA

Fujitsu GX2570 M6 Lenovo SR670 V2
DGX 8*A100 8*A100 4XA100

Data
Center

FUﬁTSU Partner

ELITE

NVIDIA PARTNER

SELECT Expert

Platinum
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xCAT

Infiniband Libraries
Intel and GCC

Compilers
OpenMPI
MPI

SLURM/PBS

26

HPC

How do we Bridge Both{—

Harel-PS

MATLAB

R
OpenFOAM
STARCCM+
LSDYNA
ANSYS
Gaussian
AMBER
NAMD
Abaqus
WRF
mitGCM

cuDDN
CUDA
cuBLAS
NCCL
NVLink
Hadoop
Spark

Deep Stuff

Python
NVCaffe
Caffe2
Microsoft Cognitive Toolkit
MXNet
Tensorflow
Theano
PyTorch
Torch
DIGITS
TensorRT

—ai, D'V YT'D NIAISNOD
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Harel-PS

What's the Secret?
Containers

“* TensorFlow

ubuntu ) T

PostgreSQL

O B
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Harel-PS

DOCKER,
THE MOST POPULAR CONTAINER

* docker

ONn I
i, D"V VT'D NIAIYNOD
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\’ Sy I a bs ' | O Home Singularity Docs ¥ Resources ¥ About Us ¥ & Cloud Login

SINGULARITY

Enabling and securing your performance critical applications
from the core, through the cloud, and out to the edge.

—— D"V YT'D NI



SLURM Cluster Layout
srael Government Accounting and Billing

Defense Industries
Technion,HUJI,Haifa,BGU,OpenU, TAU

NVIDIA, LLNL, Argonne
Slurm user )  \ysqL
tools y

Accounting &

configuration records

slurmd daemons on compute nodes
(Note hierarchical communications with configurable fanout)
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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

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.




Hybrid

Private/
Internal Public/

Extemal

On Premises / Internal Off Premises / Third Party

Cloud Computing TYPeS  corces obysamsemmeton O



SLURM ooian AWS -7 manin

SLURM Bursting to Google Cloud

Login
@ Compute Engine

Slurm CLI

On-Prem

Controller
D- @ Compute Engine

SlurmCtid, NFS

|

Worker Nodes
@ Compute Engine

Slurmd, Stepd

Se=

— @

Cloud VPN/
Interconnect

-

) Google Cloud Platform

Worker Nodes
@ Compute Engine
Slurmd, Stepd

-

Storage :
v

Storage Bucket
Cloud Storage

||||||||||||||||||
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SLURM in Azure Clou

M\ Azure G

£5 Clustars 5|LJFIT‘IC|.J cter Shiow: Active - Instances - by MachmeType -

M Terminate State Started at 1229 P (up 25w S6s) — .
?D SharmCluster (22) Terminate | I K_
- &* Edit : F.
O A Access Scalesets 2 resind

() Rafresh Size 22 irstances, 1462 cores (S48.82 per howr) )
Wl Usage 166.3 core-hours (-390 in the last 24 hours f

Alerts [0 Create res alert o i
= csues Mo issues found
. o 12:40 2-50) =I5 1200
Modes  Amays | Monitoring  Azure Scalesets 40 E 55
Views Template O | Actians P | Search 73 Show Detail D' Srmarch

Template« Modes |Cores Status Last Status Message - Time * Message -

apc &3 weo W - 10PM (D Mode hpe-2 in duster SharmCluster finished starting

atc ] 1] [ ] 0P (L) 2 modes in duster SurmCluster finished starting
mnashe 1 4 I 0P 1L 2 modes in duster SurmCluster finished starling
- -

10 P (L) Mode hpe-17 in duster ShurmChuster finished skarting

Wiewr Cesals Show Detaill Edit Connect  Actions K Gemrch 12:58 PId

rerated 2 nodies on shuldawn

Mame = Status Cores  HostfIP Placement Group Keep Allve  Status Message - 1258 P (L) 25

7 cluster ThamCluster fnished slaring

hipe-1 120 hpc-Sandard_H3120rs_vZ-pgl 12:5% P (L) Mode hhe-19 in cusher ShurmChuster Tinisksed shartrsg
apc-10 Reach 20 hpe-Handard_H8120rm_v2-pgl T35 P
pe-11 Rt a0 12:55 P

T2:32 P

() Mede hpe-14 in duster SurmiCluster finished startirg

[ Mode hbe-15 in duster SlunmCiuster finished starting

(2 Mode hbe-17 in duster SlurmCluster finished starting

120

mpc-Sandard_ 81X vEpglh - (2 Mode hbe-21 in duster ShurmClustar finished starting

=

npc-17 120 mpc-Standard HE1 X v2-pgl 4 niodas in duster ShummClu inishiad starting
120 mpc-Standard 8120 12:53 P (D 2 nodies in cluster SurmCluster finished starting
120 npe-Standard_HE120rs vZ-pgl . 1245 PM (D) Started 11 nodes
_- 120 o-AC1300..  hpc-Standard_HE120rs_v2-pgl . . 1245 PM (D) Started 6 nodes
w [ o || - | o | ) T 1248PM @ Stacted 6 nodes
e TR T S ST S ST S

O
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Technion Cluster Layout

Vmware/KVM System
Management Deployment via IPMI
XCAT
Zabbix and Ganglia
Prometheus and Grafana

E, A .

Ethernet

SLURM Clients ~—==2 0 €eacncompuie

On existing
nodes
e slurmd

200/100 Gbit
Infiniband
Network to each
compute node

Vmware /KVM System
SLURM Server and
Database

: : * slurmcltd
Active Directory s

User Authentication e - slurmdbd

Vmware/KVM System

——vr—— e -
= Campus
Ethernet
Network .
SLURM Clients
I On each DGX
node

e slurmd

" Mellanox
Ethernet

File Switch
SN3700
Server
* Netapp

DGX POD Network

200 Gbit Mellanox File
Infiniband Server
Switch QM8700 « ZFS
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Design using Open Source Cluster Software

GENERIC BUSINESS-JET - NES CFD SA Mach-8 AoA-0.5 Re-1.6M/m (mediumjis:: 2
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