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LRZ Overview by regions

IT Service Provider
for Munich Universities

Email, Web,
Multimedia,

IT Security,
HelpDesk,
Virtual Reality,
Trainings, etc.

Regional Computing Centre
for Bavarian Universities and

Research institutions
~ 150 PByte Storage/Archive
Digital Archive of the
Bavarian State Library

Munich Scientific Network

German National
Supercomputing Centre

SuperMUC-NG  —

25 Pflop/s peak
300k compute cores
0.7 PB main memory
50 PB HDD

European Supercomputing Centre

Participating in large European e-Infrastructures

High Performance High Speed Grid/Cloud
Computing Networks Computing
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LRZ as IT Competence Centre:
Providing Comprehensive IT Services for Science
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LRZ by Hardware
Operating Cutting-edge IT Infrastructure
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HPC@LRZ m

Linux Cluster

« Massively parallel Cluster (CoolMUC-2, CoolMUC-3, lvyMUC)
« Big shared memory system (Teramem)

« Serial Cluster

 Remote Visualisation

SuperMUC-NG
* Massively parallel Cluster (Worker Nodes)
« Big shared memory nodes (Big Nodes)

Cloud Systems (Compute and Storage)

« Compute Cloud (openNebula and OpenStack)

* Long running instances (vmware)

« Data Science Storage DSS

 Machine Learning Systems (https://datalab.srv.Irz.de) Single
GPU DGX-1, DGX-1v
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ssh/putty
-

Access Interfaces from Internet

syncandshare NFS/cifs

GridFTP

~

J

Login/Access/Mount

ﬁ niform Authentication

-

User Provided Images/ Websewers/lnterface to Internet
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LRZ "Linux Cluster" und "Cloud"

-

Data Science
Storage SWORK

DSS $SCRATCH
N— 7 N— _

Ixlogin[5-10].Irz.de || https://www.rstudio.lrz.de || https://rvs.Irz.de || https://www.cloud.mwn.de
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Linux Cluster Hardware
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Cloud Ressources
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https://www.cloud.mwn.de/
http://www.lrz.de/services/serverbetrieb/

Moore’s Law (1965-2015)

Number of transistors
doubles every 2 years

Transistor count

Microprocessor Transistor Counts 1971-2011 & Moore’s Law
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Why parallel programming?

End of the free lunch
in 2000 (heat death)

Moore's law means
not faster processors,
only more of them.

But!
2x3GHz<6 GHz

(cache consistency,
multi-threading, etc)

Result: The End of Historic Scaling
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Original data collected and plotled by M. Horowitz, F. Labonte, O, Shacham, K. Olukolun, L. Hammond and C. Balten
Dotted line extrapolatons by C. Mocre




Supercomputer scaling

Future of Supercomputing

Moore's Law for Supercomputers
100 Eflop/s-
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Evolution of Peak Performance and Memory m
(Sum over all LRZ systems)

SuperMUC-NG

SuperMU  SuperMUC Phase1+2
IBM series X iDataplex — A
+ Linux-Cluster

10-fold every 3.5 years == HLRB2: SGI Altix 4700 il =
Double every 13 Months === +'—'nUX-C|US || -

HLRB1: Hitachi SR8000 v N N B S S -
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Leibniz Supercomputing Centre



SuperMUC Utilization 2017

Informatics/Computer Sciences:0.7% | /—Materlal Science:0.7%

Enviromental Sciences:0.7%
Engineering - others:1.0% | Geophysics:1.0%

Support/Benchmarking:1.1%
Meteorologie: 1.7%

Plasmaphysik:2.3% Computational Fluid
i Dynamics:27.4%

Crystallography:2.7% : N

Physics - Solid State:6.0%

Chemistry:6.4%

Biophysics/Biology/Bioinformatics:11.2%

—

Astrophysics/Cosmology:23.3%

Physics - High Energy
Physics:13.4%
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SuperMUC Jobsizes 2012-2017
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Supercomputer Layout

Pruned Tree

- Supercomputer
aka HPC Cluster

B|— Accelerator: GPU, MIC

O Core (4)
1O O1 Socket (2)
00




So... what is a Supercomputer? m

* It has many off-the-shelf CPUs with vector instructions (AVX, AVX2,
AVX512)

* The diskless nodes are connected by a high-speed internal network
(Infiniband, OmniPath)

 The compute nodes (no ssh access) have to be programmed using
Message Passing (MPI, GPI, ibverbs)

* All nodes are connected to a parallel file system (GPFS, Lustre)
which needs special libraries for full speed (MPI-1/O)

 Programs cannot be run interactively, but have to be submitted to the
batch scheduler (LoadlLeveler, SLURM)

* The Operating System is a version of UNIX(e.g. Linux)
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What is a Supercomputer (not)? m

* |t has overclocked high-speed processors?

* |t has a big internal RAM? (maybe)

* It runs MS Windows?

 The CPU runs faster than a desktop PC?

* |t will run my software without changes? (maybe)
* It will run my software with millions of threads?

* |t will run my old trusted executable? (maybe)

* |t will run my Excel spreadsheets?

* You can use it interactively? (maybe)
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Levels of Parallelism

Node Level (e.g. SuperMUC-NG has 6336 nodes)
Accelerator Level (e.g. DGX-1 has 2 CPUs and 8 GPUs)
Socket Level (e.g. teramem has 4 CPUs with 24 cores)
Core Level (e.g. CoolMUC-3 has 64 cores with AVX512)
Vector Level (e.g. AVX512 has 32 vector registers)

3
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RStudio
Web GUI for R and Linux Shell

' RStudio
file Edit Code View Project Workspace Plots Tools Help
ol--E B3 S

read and edit code

0 dismondPricing.R* x @ formatPlotR x | diamonds x =
enter commands 8 Bieeacims |4 Z- B[SO -6
4 dboan laan] sy R
open data ﬁleS writing code to run
and save as a script
plot data 8 aveSize <- round(mean(diamondsScarat), 4)
9 clarity <- levels(diamondsSclarity)
10
- 11 p <- gplot(carat, price,
Save p Ots to p Jpg 12 data=diamonds, color=clarity,
13 xlab="carat”, ylab="pPrice”,
14 main-"Diamond Pricing™)
15
151 0 (Top Level) * R Script < |
Console —/ mﬁ}
X y z [+
Min. : 0.000 wmin. 0.000 wmin. : 0.000
1st Qu.: 4.710 15t Qu.: 4.720 1st Qu.: 2.910
Median : 5.700 Median : 5.710 Median : 3.530
Mean : 5.731  Mean 5.735 Mean : 3.539
3rd Qu.: 6.540 3rd Qu.: 6.540 3rd Qu.: 4.040
Max. :10.740  max. :58.900 wmax. :31.800
> summary(diamonds$price)
Min. 1st Qu. Median Mean 3rd Qu. Max.
326 950 2401 3933 5324 18820
> avesize <- round(mean(diamonds$carat), 4)
entering and running
commands directly
C
(4

’5 Project: (None) ~

Workspace  History -
<% load~ [ Save-r _#*Import Dataset~ 3 Clear AN @
Data
diamonds 53940 obs. of 1
Values loaded/open
aveSize 0.7979 d ta fil
clarity character [8] a es
p ggplot[8]

Functions

format.plot(plot, size)

Files Plots Packages Help

&

P zoom Eeporty O F Clearan

Diamond Pricing

=0
|'(S]

the current plot,

you type in new
commands

which updates as
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Linux Introduction

putty

g PuTTY Configuration

Category:

Basic options for your PuTTY session

Specify the destination you want to connect to

Host Name (or IP address) Port
bdogin5rz.de 22

: - Features Connection type:

=) Window (ORaw (O Telnet (ORlogin @SSH (O Serial
P Appearance

Hostname:

Ixlogin5.Irz.de
or
Ixlogin6.Irz.de
or

Load, save or delete a stored session

- Behaviour
.. Translation Saved Sessions

Selection bdogin5

Default Settings
Owsc

WinSCP temiorai session

bdogin6
bdogin7
bdoging

Ixlogin7.lrz.de

Enter userid and
password when
asked for

Close window on exit:
(O Aways (ONever (® Onlyon clean exit

Open

23
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WinSCP
File Manager

By 22815ah - a2815ah@MloginS.Irz.de - WinSCP
Lokal Markieren Dateien Befehle Sitzung Einstellungen Entfernt Hilfe
E % E Sy & Anmeldung

2815ah @l i
@ 22815ah@ [ Neues Verbindungsziel Sitzung
‘s C: OSDisk | |[gd a2815ah@Ixlogin5.Irz.de Ubertragunasprotokoll:

|SFTP

Explorer like GUI

Copy files from/to
Linux Cluster

Rechnername: Portnummer:
|Ix|ogin5.|rz.de | | 22 |

_SMSTaskSe
Corel PaintS|
Logs

LRZ | Bearbeiten ] Erweitert... |¥
LRZ-Citrix
PerfLogs

Program File

Benutzername: Kennwort:

|a28153h | |oooooooooooooooo |

Program File
Sun

temp

Users
Windows

I e <] [ veoten - [ oontion ][ sicbn | [ v
<

Il
0Bvon1,11KBin0Ovon 15 9 versteckt 0B wvon 942 MB in 0 von 372 243 versteckt

& SFTP-3 ) 0:05:06
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The LRZ Compute Cloud

Operational since March, 2015




LRZ Compute Cloud: OpenNebula/OpenStack

OpenNebula

SSH commands

Monitoring probes

e i
Worker node |

Frontends:
https://www.cloud.mwn.de
https://cc.Irz.de
https://datalab.srv.Irz.de

- Scheduling

- Deployment

- Monitoring

[T

Worker node 80

Datastore System store |

System store 10

Dr. Matteo Lanati, LRZ, Distributed Resources Group




“Supercomputer in a box":
DGX-1 and Teramem1

Available Software

Teramem1 System
Teramem1

T s |
Hardware Features S | | :
4-way HP DL 580 Gen9 1 B - YRptudio

| Redis
96 cores (‘Broadwell”
6.1 '(I'B RAM : = = LRZ Software Stack

Linux Cluster Integration

i :
Bl | E

Available Software
DGX-1
Hardware Features: - IN . 000
8 x Nvidia Pascal P100/V100 GPUs K Tensorflow
170/960 Terafllops (GPU FP 16) : Caffe
128 GB GPU memory | | LELRE I Theano
NVLink between GPUs. - o o BT
2 x Dual 20-core Intel Xeon F5-2698 - EssmE s - MXNet
512GB RAM main memory e == - Torch
DIGITS




Jupyter notebooks

Run your interactive program in the browser

ene
ZJupyter Lorenz Differential Equations wwsses A
File Edit View Insert Cell Kernel Help Python3 O
B + @ 8B 2+ ¢ > B C  Code ¢ Cell Toolbar: | None
one ;
-4 *
= Jupyter weicometoP Exploring the Lorenz System
In this Notebook we explore the Lorenz system of differential equations:
File Edit View nsert Cel
B + I v » ¥ =0~
= 3 + 1 Jmpx—y-xz
= =fz+xy
| This is one of the classic systems in non-linear differential equations. It exhibits a range of
- behaviors as the (o, B, p) are varied, including what are known as chaotic
b J u pyter solutions. The system was originally ped as a fi model for
atmospheric convection in 1963,
welcome to ﬂ'll In [7): interact(Lorenz, N=fixed(10), angle=(0.,b360.),
o=(0.0,50.0),B=(0.,5), p=(0.0,50.0))
This Notebook Server wa
angle 308.2
ARG max_time 12
Don't rely on this sen|
o 10
Your server is hosted thar p 26
| P 28
Run some Python (
To run the code below:

1. Click on the cell to s¢
2. Press SHIFT+ENTER

A full tutorial for using the

In [ ): %matplotlib inline

import pandas as pd
import numpy as np
import matplotlib
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Docker

S docker run hello-world !

Hello from Docker! dOCker

Advantages: "

* reproducible . I [Baockec b > d?rgagg
e portable

+ lightweight docker

File

Docker hub repository
Jupyter out of the box
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https://www.cloud.mwn.de/

, Open
== Nebula

Dashboard

Budgeting

&% Services

Templates

(Y vMs
@ Services

Storage
Network

Settings

OpenNebula 5.20
OpenNebula Systems
Z Legal Notice, AUP

Datenschutzerklarung

O 28957 di2%her konwihr_bio
O 25599 di2%her konwihr_bio
O 12246 di2%her konwihr_bio
O 12165 di2%her konwihr_bio
O 10959 di2%her konwihr_bio
O 10806 di2%her konwihr_bio
O 8284 di2%her konwihr_bio
10 v Showing 1to 8 of 8 entries
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ML_Intro_LRZ_vm

ML2017
CLC_GBench
Theano
mpi_slave
pMap

CDH-8284

1active  5oFF

& di2%her

POWEROFF
POWEROFF
UNDEPLOYED
STOPPED
STOPPED
STOPPED

UNDEPLOYED

Orenoing O FaILED

@ OpenNebula

cloud-110

cloud-080

® Documentation




Terminal in the browser

6 16:42:14 CEST 2017 from badwlrz-cmd3996.ws.

0
Welcome to Ubuntu 14.04.4 LTS (GNU/Linux 3.13.0-85-generic x86

% Documentation: https://help.ubuntu.com/

System information as of Sat Oct 7 20:53:39

load: 0.32 Memory
& : of 19.37GB Swap u

nata
s land:

, can he updated.
~ge security updates.

root@vm-10-155-208-215:"#
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