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Leibniz Supercomputing Centre (LRZ)

o IT Equipment Floor Space: 3160.5 m?
(34 019 ft2 6 rooms on 3 floors)

e Infrastructure Floor Space: 6393.5 m?
(68 819 ft2 )

Generic IT services to all Munich universities

- Internet Access, Munich Scientific Network
- IT Service & Support

G o ) L e :
IT services to all Bavarian universities

- Software License Management
- Backup & Archive Services

HPC resources to scientist in Europe

- European Tier 0 level of HPC
- PRACE Member
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SuperMUC — The First High Temperature
Direct Liquid Cooled Petascale Supercomputer

eLenovo/IBM NeXtScale nx360M5

eNumber of Cores: 86,016
eTotal Number of Nodes: 3072
eCores Per Node: 28
eShared memory per node: 64 Gbyte

~ 7\ L | l‘
*/BM/Lenovo iDataPlex DX360M4 (Thin Nodes) !
eNumber of Cores: 147,456
eTotal Number of Nodes: 9216
eCores Per Node: 16

eShared memory per node: 32 Gbyte

N

eintel Haswell Xeon Processor E5-2697 v3
eTurbo Frequency:
*Max Operating Frequency: 2.6 GHz
Processor eThermal Design Power: 145 W

LN e e R
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eTheoretical Peak performance: 3.57 PetaFLOPS
ePerformance @ HPL: 2.81 PetaFLOPS
*Energy Efficiency: 1.9 GLOPS/W
*Typical Power Consumption: 1.1 MW

Performance ePower Consumption @ HPL: 1.48 MW

3.1 GHzto 3.6 GHz

eIntel Sandy Bridge-EP Xeon E5-2680 8C

eTurbo Frequency: 3.1 GHzto0 3.5 GHz
eMax Operating Frequency: 2.7 GHz
Processor eThermal Design Power: 130 W
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3.18 PetaFLOPS
2.89 PetaFLOPS
0.85 GLOPS/W

Phasel Blade
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HPC: New Procurements

- SuperMUC-NG:

- negotiations started in 2017, contract end 2017
- Funding: project SiVeGCS

- Overview over current systems:

15/03/2017

SuperMuUC Intel Xeon 40 266 2086 8200 52 2080 192h 13 78 fatr wm.supermuc . lrz de
Phase 1 E7r-a870 fattast,
Fat Nodes= ("“Westmere') fattor
SupearMuC Intel Xaon 16 32 9216 147466 | 4096 65538 | 48h 131 78 test, sbh suparmuc Irz de
Phase 1 E5.2680 general,
Thin Nodes ("Sandy large

Bridge')
SuperMuC Intel Xeon 28 64 3072 86016 512 14336 | 4a8h 33 TB tost, hw supermuc Irz de
Phase 2 ES.2697 v3 micro,
Hasweall ("Haswall™) genearal
Nodes
SuperMuUC Intel Xeon 28 266 a 224 a 224 Gh 2TB8 big hw supermuc Irz de
Phase 2 ES5-2697 v3
Blg Nodes ("Haswell")
SuperMicC Intel Xeon 16 32 32 3840 16 3840 48h 512 GB ehi sbh suparmuc Irz de.
Many-Core E&-26650 v2 (Fhi) supermic smuc lre de
Nodes vy Biridge™)

+ Intal Xeon

Phi KNC
SuperMuC Intel Xeon 16 128 a 128 + 1 16 48h 128 GB vs ab supaermuc Irz de.
Phase 1 EL-2650 v2 GPRU submit job
Remote ("lvy Bridge")
Visualization | + NVidia

GRPU K20x
SuperMuUC Intel Xeon 28 256 3 84 « 1 28 48h 256 GB vis hw supermuc . lrz de.
Phase 2 E&-2697 v3 oPU submit job
Remote ("Hasweall) +
Visualization | NVidia

GPU K40
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Overview HPC Systems @LRZ (continued)

Architecture Total Numbers | Max Job Limits How to get access
System CPU Cores | RAM | Nodes | Cores Modes | Cores | Wall | Max. Queue Login Node
Name per per Time | aggreq.
Node | Node RAM
[GE]
Linuze- Intel Xeon 28 54 384 10752 60 1680 48h 3.8TB mpp2 Ixlogins_ Ir=_de
Cluster E5-2690 w3 IxloginG_lrz_de
CoolMUC2 ("Haswell™)
Linuze- Intel Xeon 28 54 1 28 1 28 95h 64 GB serial IxloginS_Irz_de
Cluster E5-2690 w3 IxloginG_Irz_de
CoolMLUC2 ("Haswell")
Linuze- Intel Xeon 20 240 11 220 1 20 168h 240 GB hugemem | Ixlogini.lr=_de
Cluster E5-2660 w2
Hugemem ("Sandy
Bridge™)
Linuze- Intel Xeon 20 430 1 20 1 20 168h 480 GB hugemem | Ixlogini.lr=_de
Cluster ES5-2660 w2
Hugemem [("Sandy
Bridge™)
Linuz- Intel ¥eon 96 5144 1 96 1 96 48h 65.1TB inter any cluster login
Cluster E7-8890 w4 node
Teramem
Linuz Intel Xeon 64 96 1 64 1 64 24h RAM:-96GB contact servicedesk
Cluster Phi (Knights +HBM:-32EB
Many Core Landing)
Machine Mvidia Pascal 8 128 1 n.a 1 n.a 12h 128G8B GPU contact servicedesk
Learning P100 GPU 512GB CPU
System
LRZE Intel Xeon 1-20 1-240 | 95 852 64 T20 A v.cloud_mwn _de
Compute E5540 .
Clowd HE650 Self-Service WNs
E5-2660v2 with custom
operating system
LRY Wirtual Intel Xeon 1-8 1-32 a0 1800 Managed http: M lrz_de
Machines ES5-2660 w2 Hosting fservices
("Sandy fserverbetrieb
Bridge™)
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Infrastrucutre

m Schematic overview of LRZ's cooling

Warmwasser Kaltwasser 1 14/20 °C Kaltwasser 2 12/18°C Kaltwasser 4/10°C
KLT12 KLT13 KLT14 KLT15 KLT16 KLT17 KLT18 KLT03 KLT04 KLT05 KLTO1 KLT02 KLT19

[raricw ] [ o] [lerumen | [ranercw [ransricw] BT [Rerw] P08
L—1 R = L—1—] =1 =] L—1
©

188°C |117°C

jm

26,7 mbar
29,0 mbar
—_————b e e
31,8°C 42,2°C | : DAR
| n
o O = |
bLC RHEX [ | —t-t——————- 4 ACHTUNG!!!
HRR | WT1 Rangliste der Kalteerzeuger geandert!!
u UKG |
r-- I | 1: KM 1| 2: KM 2| 3: DT | 4: Brunnen
___F DLC RHEx |_| | |
NSR | : DT und Brunnen im Automatik lassen
L UKG RUT [ = __: | UKG | RLT | RLT | SAN
| RHEx :Ij | | CAVE Institut 2 Wr Wy
| | | Hze | BkT
| DAR - I =
L UKG RT Be==tH=g |
I | I :
| " | ! L
[ UKG RUT L= 4 | RLT HZG BKT
Ls I B .
| | | Horsaal Institut 1
L - i RLT SAN
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Costs @LRZ ...

8000000,0 €

7000000,0 € 1kWh (2000) =~ 0.07 €

6000000,0 € 1kWh (2016) = 0.161 €

5000000,0 € ® HPC System
¥ LRZ Total
4000000,0 € l
3000000,0 €
2000000,0 € ‘ ‘
1000000,0 € ‘ ‘
o addddd

50.000
45.000
40.000
35.000

30.000 T
W LRZ Total
25.000
20.000
15.000
10.000
- dddddd -
0 © Hayk Shoukourian
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Energy-Efficiency Challenges
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LRZ Power Profile (Jan. 2014)
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verview of Some EE R&D Activities @LRZ

Data Center

wmor

9|:.;_%§~ SIMOPEK

GOAL: Optimize Resource GOAL: Optimize Application

GOAL: Improve Key GOAL: Reduce Hardware
Performance

Performance Indicators Power Consumption Usage, Tune System

© Hayk Shoukourian
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http://www.simopek.de/

Schematic overview of LRZ's chiller-less
cooling infrastrucutre

KLT 11 KLT 12 : KLT 13 : KLT 14

@@@@ @@ & &

Distributio

TET ’w;“\

[ SuperMUC J [ Cluster J
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Schematic overview of the hydraulic
connection to the KLT14 cooling tower

Sensors measuring the speed

and the status of the pump Pumps

Sensor measuring the

inlet water temperature
entering from the Sensors measuring the

distribution bar currently generated heat
and the water flow rate

986 kW T

85 m*h

————— T o

E= @ 418°C ar4cc |
Q ae

Hydraulic
Gate

three-way valve

Water mixed with glycol

Heat

< @ Exchanger <
© © ©
31,4 °C w 31,4°C 29,6 °C

100 %
/

Sensor measuring the return water
temperature to the distribution bar

| !

subcircuit | subcircuit Il
3/15/2017 © Hayk Shoukourian HPC User Forum 11



Schematic overview of the KLT14 cooling
tower

Sprinkler Pipe Sensor measuring the inlet water
temperature to the colling tower

Sensor measuring

the return water

temperature from

| Z the cooling tower

Absalz-
automatik

Biozid-

dosierung \
20 20 26 B = |2
@ 327°C H(T)| 29.9°C
536,8 uS @
Jr Pf] 1
Uberlauf 0,0 % ‘
u Ventil ZU 0,6 Hz
O ventiiavr  FuAus @) - AV
I IWassermangel -
u Trockenlauf v .-“
\ 100 % D-
="
10633 m?
Sensors indicating the status and the
. speed of the fan
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The Efficiency of Cooling Infrastructure

QCoolingCircuits

COP =

PCoolingCircuitS

Qcoolingcircuits - @ggregated amount of cold generated by the four cooling circuits

Pcootingcircuits - @ggregated amount of power consumed by the four cooling circuits

© Hayk Shoukourian
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Predicting the Efficiency of Cooling
Infrastructure Using Recurrent Neural Networks

Network Type: LSTM (Long Short-Term Memory)
Software Package: Keras | TensorFlow
12 Inputs:

- aggregated amount of cold generated by each cooling circuit

- aggregated amount of power consumed by the fans of each
cooling circuit

- number of active cooling towers

- wet bulb temperature

- inlet water temperature (to the distribution bar) from each
cooling circuit (x 4)

- return water temperature (to the distribution bar) to  each
cooling circuit (x 4)

- Output:
- COP of warm water cooling infrastructure

© Hayk Shoukourian
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COP Prediction Results

(learned 2015 operational data — predicted for 2016)

- Some of the data not available due to (RMSE: 4.79 MAE: 4.08)
maintenances in building automation
. systems
50 -
a0
30 -
20 1
10 4
o4

— measured ;'
=== predicted

2016-01 2016-03 2016-05 2016-07

2016-09

Some of the data not available due to
maintenances in building automation
systems

© Hayk Shoukourian
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GCS@LRZ summary

New procurement(s) for HPC in the context of GCS

- General purpose system, embedded into general IT
Infrastructure

- visualization
- ,big data”
- networking

Research and Development in Energy Efficiency

HPC User Forum
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