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Data Center Infrastructure in a Nutshell

Utility
(c)
+
Wall PDU }1 UPSs
[Ahl
FTS CPU/
Mem/
HPC Drive
System
PSU VRs

2015/2/03 Torsten Wilde, EEHPC WG Workshop, SC 2015

Water

| Others
l

=)

Air

Cooling

I\/

Cooling

Cooling

¥

Environment



Operations Control: Test of ATinlet(NSR) =-20 K
Response of Warm Water (Chiller-less) Cooling Infrastructure

Warm Water Cooling Towers « Chiller less cooling (4 towers 2MW each)
2.500,0 * No additional cooling needed
P [kW] « IT power consumption did not change but

. not part of command and control loop
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Multitude of Devices

e Cooling infrastructure devices:

Regulated and unregulated pumps
Heat exchangers

Cooling towers

CRAC

Chillers

1- and 3-way valves

Resistors, regulators, and pipes
Special devices (adsorption chiller)
Etc.

e Power devices:
— Meters
— Transformers
— UPS systems
— Etc.



Data Center Infrastructure Sensor API’s

M-Bus (Meter-Bus) protocol specifically for power and gas meters,
European standard

Modbus (serial communication protocol)

BACnet (BACnet MSTP, BACnet/IP, and BACnet/Ethernet)
International standard

OPC (Open Platforms Communication)

LONWorks (Local Operating Network) by Echelon Corporation
N20pen by JCI

Etc.



Systems and Sampling-Rates

Building Management/Automation Systems

— JCI (Johnson Controls) — Building Automation System [LRZ]
— 2297 values

— WInCC (SIMENS) - Power Infrastructure Monitoring [LRZ]
— 189 values (not counting IT systems PDUS)

— Delta Controls Inc. - Building Management System [NREL]
— 211 sensors

— Power Meters [NREL]
— 296 values (not counting IT systems PDUS)
— Etc.

Sampling Rates (determined by operational requirements)
— JCI: 1min averages
— WIiInCC: 5min, 15min averages (measurements are converted to archive values)
— Delta Controls Inc.: varying sampling rate, 10min, 15min averages for storage



Infrastructure Control vs. Archival and Data Analysis

Control
— Automatic [LRZ]
— Dispatcher (SCADA - Supervisory Control and Data Acquisition) [NREL]

Data collected by building automation system can be inaccurate for
monitoring and system analysis

— Changes of +-X are ignored (not recorded) since value is used for
control decision

— Sensor readout frequency limited by connectivity. Same value is
recorded for in-between timestamps.

Gaps in data not considered critical
Data quality and accuracy guestionable



New Generation of HPC Data Centers Use a Mix of Different
Cooling Technologies -
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Cooling capacity LRZ
(new construction):

- Vapor cooling: 2MW
- Well water: 600kW
- Chillers: 3.2MW

- Evaporative cooling
towers: SBMW
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Data Center Data Consolidation at LRZ SIM{ )
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Hayk Shoukourian, Torsten Wilde, Axel Auweter, Arndt Bode: “Monitoring Power Data: A first step towards a unified energy efficiency evaluation toolset for HPC data centers” published in
Environmental Modelling & Software (Thematic issue on Modelling and evaluating the sustainability of smart solutions), Volume 56, June 2014, Pages 13-26; DOI: http://dx.doi.org/10.1016/j.envsoft.2013.11.011
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Fun With Sensor Names

Leibniz Rechenzentrum

Garching

Musterbezeichnungen

Stelle 1:
Stelle 2+3:

Stelle 7+8:
Stelle 9+10:

Stelle 4+5+6:

Stelle 11+12:
Stelle 13+14:
Stelle 15+16:
Stelle 17+18:
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Festlegung Datenpunkt Adresse ( Adress-Beispiel 1 ):
Bei Liiftungs / Heizung / Kilte Anlage:
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REGRLTO01FR2ZUT_MWO1
REGRLTO1F_ABT_MWO1
REGRLTO1F_ZUF_MWO01
REGRLTO1F_AUT_MWO1
REGHZGO1F_VLT_MWO01
REGHZGO1F_VLD MWao1
REGRLT01VEZUFUSBO1
REGRLT01VEZUFUBMO1
REGRLTO01VEZUFUSMO1
REGRLTO01VEZURPWMO1
REGRLTO1VEZULWSMO1
REGHZGO01KMVLDMSMO1
REGHZGO01KMVLDXSMO1
REGHZGO1V__ DDMWO1
REGRLT02KLAU__ STO1
REGRLT02KLAU__ RMO1
REGRLTO02KLFO_ RMO1
REGRLTO02KLMI__RMO01
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Gebidude (R/I/H)
GeschoB
Anlagenart
Anlagennummer 2-stellig
Gerat

Geridtestandort
Funktionsart (Fiihlertyp)
Datenpunktart ,
Zihler

PowerDAM API:

RootResource(. Resource) x _SensorType
= Value; Timestamp

e jci.lUGSS41.EZ04 MW__PE_power
— IUGSS 41EZ PEMWO4

@JCSQL:NAEO054-01:NAE054-01/N2
Trunkl. NAEO54-
MIG136.IUGSS 41EZ PEMWO4.Present
Value

e WInCC;

— Names relate to individual circuit names
without any regard to possible structure

— Use of German Umlaute



Summary

External Influences/Constraints

Climate /
Weather

Data Center (Goal: Reduce Total Cost of Ownership)

Seasomal support
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Global Optimization Strategy

E Improve PUE Reduce Hardware Optimize Resource ,l Optimize

E [Power Usage Power Usage Performance 3

E_ Effectivness) / Consumption Tune System |

Pillar 1 ' | pillar 2 Pillar 3 | |Pillar 4
Building Infrastructure / IT System Hardware i System Software Applications /
\ / AN AN _/

Open Access 4 Pillar Framework Paper: http://www.springerlink.com/openurl.asp?genre=article&id=doi:10.1007/s00450-013-0244-6

Need to understand each

pillar

Optimize and measure

(KPlIs) for each

Need global approach for

optimal results

 includes utility
provider

 define operating points

» keep infrastructure
efficiency constant
over the whole
operating range

* measure and assess
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