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Agenda

* Introducing RISE ICE
* [ntroduce BTDC project
* Detailing the open source setup
* Showing results from the monitoring of the
infrastructure
 Show results of the OCP systems operations
- Heat sinks
- Fans
- Wind Tunnel and results
- Workloads
e Summarise




SICS - ICE

A LARGE SCALE
DATACENTER
RESEARCH & TEST
ENVIRONMENT




Mission and Vision

Mission: Turn great ideas into proven innovations in the data center space

To build competence within the area of sustainable efficient data centers, as well as cloud
applications and data analysis by enabling the use of testing in large-scale data centers

To attract and thereby contribute to an increase of the number of scientists within the area of
sustainable efficient data centers, as well as cloud applications and data analysis

Vision: To become the leading data center research institute in Europe

The leading data center research institute in Europe within the area of sustainable efficient data
centers, as well as cloud applications and data center centric data analysis
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SICS ICE. A full-scale research datacenter and test envrronment with the purpose
to Increase knowledge strengthen the DC ecosystem and attract researchers.
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Business model

Big data
Machine learning

ICE

RI.SE
SICS NORTH
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experiments
and testing
as-a-Service

University

R&| projects

Companies
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SICS ICE web with all offerings

THE ICE OFFER ICEECC STORE ABOUT PROJECTS CONTACT

ICER

RISE SICS NORTH

The leading datacenter research .;_. N ~
facility in the Nordics

Testing in a flexible full-scale datacenter - without having to invest, With access to massive 1mountso iu m .

tts

data. Add a stand-by team of world-leading scientists at your disposal, contributing to your mnomum

ICE. M

See what we could offer

https://ice.sics.se o
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ICE - M()d UIe 1 . I "Ordinary” web-scale data center with

optimized and stable environmental

Web-scale Datacenter Lab | WP conditons

Mainly for datacenter monitoring and
modeling and testing of data analytics and
I'T/cloud-related applications

5000 cores, Dell R730
410TB RAM

Up to 7PB storage
80kW

10/40 Gb/s network

HOT ISLE SEALED

K S e | ) | Separate management network
— I GPU accelerated Hadoop clusters
ymy ¢ 80 GPUs
Fio | % Openstack racks for ECC
e il Bk 15 One OCP rack with 40 OCP windmil
i - Servers =1




ICE - Module 2

Datacenter FaCl I |ty Lab | = A flexible data center facility lab, with
e unique possibilities to vary environmental
' conditions
T poD2, 7x65m Mainly for testing of data center facility
_ . _ | Installations and equipment
8 ‘ Dell servers R530/430
R SICS East HPE cluster, HOPS staging
cluster, Nyx Hortonworks cluster
s POD 2, 756,5m Prepared for both liquid cooling and
wm [ 12 S o % free air cooling solutions
. Quick couplings for water, power
g% gg g% # h 60%?((:1k070 h 60%?(c1k070 - and fi ber
Flexible raised floor solution to be able
to compare with slab floors —
: reconfigurable.
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ICE — Module 3
Open Compute Project Lab
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A flexible data center facility lab, focused
on OCP equipment

Mainly for testing of data center facility
Installations and OCP equipment
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OCP windmill servers

480 servers / 144 kW peak

L\ﬁ " TR W U T Y

Prepared for free air cooling

AC/DC power distribution using Trilogy
HPDUSs
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ICE — EXperiment area
Micro grid — Edge — Rack Wind tunnel

An experimental area for edge datacenter
Integration with a smart electrical micro
grid and cooling network

Mainly for testing of data center facility
Integration, peak shaving, operations

10 kW solar panels
30 kWh electricity storage
22 KW cooling power

2 m3 cold water storage

10 kW IT-load

Immersion based liquid cooling
experimental set-up
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Boden Type Data Center H2020 Project

The Boden Type Data
Center (BTDC) project
is funded by the EU

To build the most cost
and energy efficient sub
1MW prototype data
center in the world!
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GA 768875
Visit https://bodentypeDC.eu

hree Data Center PODs

Designed for 500kW

OCP Test POD will take contents of
RISE North Module 3

POD2 and 3 are designed for
HPC/GPU donners for a target 350kW.
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BodenType DC H2020 Project

= Rapid growth in data center energy consumption in
Europe from 86TWh in 2013 to an anticipated
104TWh 1n 2020 (reference P.Bertoldi from the EU
JRC).

= Aim of BodenType DC project to build a prototype
data center that is energy efficient — needs a
comprehensive monitoring and measurement tool.

= Efficiency is focussed on reducing power losses — no
UPS, reducing cooling power consumption — using
direct air (measured comparison with other
methods) and better utilization of the IT systems —
workload deployment and management.

GA 768875
Visit https://bodentypeDC.eu

The Project partners are:
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Construction of the Boden Type Data Center

GA 768875
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Open source monltorlng of BTDC One

—

BTDC Measurement Schematic V 2. 0 " Envuronment
2018-08-24 ol :
Ny - Sensor Strip ¥ 40 Weather Station
’ & - g , POD 1 | Temperature
" Energy & Power - gt l;:jerglscgga
’ meters \ ] ' Temprﬁirgit;re 7 ‘ é_ Wind speed
/ : e Wind direction
v —‘};p: Radiation

Total building ' A

Total POD 1 e,

ITPOD 1 N
RackITPOD1x20"'  ~ _
Remaining PODs | -

Modbus R‘Iy

Modbus
Gateway

Power quality
measurement
(Janitza) [
Effective electrical power demand
reactive & apparent electrical power

\ cos phi - power factor

' ZABBIX

\ Voltage levels
! Monitoring Software

v Voltage drops

v+ THD ’
wand more... / .
\ # Cooling POD1 /modbus
\ 2 TCP/P
~ ”
- o W%
EcoCooling
Modbus RTU Cooling Controlle
Building Fans x 4 /
Modbus
Fan Speed RTU Coolers x4
Fan Power .
FI:eaIE:Voltagte gluep‘:g';c_?; iopwer
an Curren
z : Return Temp
Link DC Signa Airflow rate
Water Temps

Water usage
Cooling Power
Mixing ratio
Louvre position

Dist

Precipitation

katka.

uted Streaming

Platform

IPMI/'SNMPVZ

Local
fans

Other Sensors — .

NMPv2/

Modbus
TCPIP
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GA 768875
- Visit https://bodentypeDC.eu

l End User

Temperature ~
Humidity b
Ambient pressure

Internal pressure
Corrosion rate instrumen’

Data Export

V .
> l(airosDB e MAILAB

Time Series Database

Web
Web

Interface

KUBENETES

Workload
orchestration '

~
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Switches
Power
IT data
o el o e
Temperatures X 2B
(+ 8 additional
racks)

(+ additional servers for the 8 regular
racks?) To be decided...




Montoring data center Modules 1 and 2

(RISE ICE)

= IT

= Server temps and fan metrics

= Other IT information

Server load

Network load

= Facility

Temperature

Humidity

Power/per server/per rack

Cooling power

Cooling fan power

Etc. etc.

P
Cooling
Tower
Pump

=

/A

Primary se——lp @

Pump

p
Secondary
Pump

GT4_1
GT4_4

SICS ICE Cooling Block Diagram

P Fans
Cooling Tower I l—-«
Chiller 1 < P Chiller
Primary
Side

Rest of Building

GT4_2
Heat Exchanger T
GT4_3
X) svi
Secondary GT1 1
@ Side =
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Analytics — What Is the data be used for?

The data has been used for 2 BB
Energy statistics and operational metrics Spr K
PUE and other metrics. Continous or "batch”. ® .‘.
Is the data center operating in the best way possible? Ju I Ia
Condition monitoring
Server behaviour

Automatic fault identification and root cause analysis

Optimization and control (closing loop)
Load balancing
Operational schemes, temperatures

Experimental evidence and verification
Validating simulations results (e.g. CFD)
Fine grained energy savings from strategies and tools

IC_II_I):U



Data collection ZA B B I x

ZABB”{ Monitoring Inveniory Reports  Configuration  Administration
Open Source TOOl Dashboard Problems  Overview Web Latestdata Trggers Graphs Screens Maps  Discovery [T senvices

Latest data

Protocols to be read include o
SNMP, IPMI, MOdbU.S, M- Host groups Select Name

type here to search

buS Show items without data  #
Hosts | type here to search Select
Show details
Useful in data center -
operation
perat
. . v Haost Mame a Last check Last value Change
TraCk What 1S happenlng N DC Lulea, POD 2 PDU 1A - other - (127 [tems)

Actual current L1 2018-06-04 15:16:20 823 A +0.31 A Graph
Hard t() eXpOI‘t data fOI' pOSt— Actual current L2 2013-06-04 15:16:20 9.25 A +0.33 A Graph
o Actual current L3 2012-06-04 15:16:20 9.3 A +0.31 A Graph
analyS]‘S Actual current Out 1 zraph
Actual current Out 2 GGraph
DiffiCUlt t() d() effiCient Actual current Qut 3 2015-06-04 15:16:21 348 A +0.04 A Graph
h Actual current Out 4 raph
Searcnes. Actual current Out 5 Graph
Actual current Qut 6 2018-06-04 15:16:20 351 A +0.16 A Graph
Actual current Qut 7 raph
Actual current Out 3 zraph
Actual current Out 9 2018-06-04 15:16:20 3.76 A +H1.14 A GGraph
Actual current Qut 10 Graph
Actual current Out 11 2018-06-04 15:16:21 3.55 A +0.11 A zraph

IC_II_I):U
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Long term storage — Need a data structure

<metric name> <time stamp> <value> <tag> <tag>...

Metric. The metric should represent a specific “thing” or measurement, like Ethernet packets or
temperature. The definition of what the metric represents is defined with the <tag>s.

Tag(s). The <tag> field applicable in the SICS ICE installation and can have the following keys:
dc Defines what specific data center in the case of several data centers being monitored.
pod Data center module (POD) number, 1, 2, 3 etc.
rack The rack number in the pod. (This is left empty for equipment not mounted in rack.)

host Defines which host the values are read from, servers, weather station, CRAC, etc. (This data will
in some cases be redundant.)

source What is the source of the measurement on the current host. For temperature metrics this could
e.g. be cpu, ram, exhaust, top-front, etc.

unit The unit the metric is represented in.

id If one host has multiple sources of the same type id is used to distinguish between them, e.g. there
can be multiple cpus on the same host.

opt Optional key, very rarely used.

IC_II_I):U



Data access
HDFS

Hadoop

Overview

Datanodes

Browse Directory

Snapshot

Startup Progress

Utilities

[

¥
}’ L! ”‘,‘( /.’( § I' . t

4 o\—”‘*
49 &8 fre=

artup Progress  Utilities
T~ 7 : : : {user/zabbix/data/2018-06-05 Gol
= Divided in hourly files, in date
folders Permission Owner Group Size Last Modified Replication Block Size Name
[ J
_WXT-XI-X  zabbix hdfs  756.08 MB  2018-06-0503:00:06 1 128 MB 00. {
[ ] [ ] [ ]
O All data St()red 11N plaln teXt flles. -TWXT-XT-X zabbix hdfs  756.41MB  2018-06-0504:00:06 1 128 MB 01. "host":"zabbix",
" s "n.n "
_WXr-X-X  zabbix hdfs 75661 MB  2018-06-0505:00:07 1 128 MB 02. metric : temperature’,
" n n "
- Human readable J—S()n f()rmat. _WXrXr-X  zabbix hdfs = 7565MB  2018-06-0506:00:06 1 128 MB 03. value":"33.0000",
" : n
| timestamp :1521454425392,
_wxr-xr-X  zabbix hdfs 75628 MB  2018-06-0507:00:05 1 128 MB 04. : 7
tags
_WXT-XI-X  zabbix hdfs 75619 MB  2018-06-0508:00:05 1 128 MB 05. {
- _w[- i -5- 0y " n . n n
WXT-Xr-X  zabbix hdfs  757.06 MB  2018-06-05 09:00:06 1 128 MB 06. dec":"lulea",
n n n n
WXIX-X zabbix  hdfs  757.6MB  2018-06-05 10:00:06 1 128 MB 07. host":"p@2r@7srv21”,
n n n n
_WXT-XI-X  zabbix hdfs  756.65MB  2018-06-0511:00:05 1 128 MB 08. pod™:"2",
n " _mn=gn
| rack™: 7%,
_Wxr-xr-X  zabbix hdfs  756.6MB  2018-06-0512:00:34 1 128 MB 09. unith . e
unit :
_WXF-X-X  zabbix hdfs 75652 MB  2018-06-0513:00:06 1 128 MB 10. " nom "
source" : "exhaust
_wxr-Xr-X  zabbix hdfs 75597 MB  2018-06-0514:00:05 1 128 MB 1. }
’
_WXr-xr-X  zabbix hdfs  7556MB  2018-06-0515:00:06 1 128 MB 12}
_WXF-XI-X  zabbix hdfs 75651 MB  2018-06-05 16:00:06 1 128 MB 13 json
001 0O 0B 2017-03-26
-MWXI-XT-X Zabbix  hdfs 79601 MB  201c5-06-0517:00:05 1 128 MB 14.json
002 © 0B 2017-03-27
_WXF-X-X  zabbix  hdfs 75544 MB  2018-06-05 18:00:06 1 128 MB 15 json
000 © 0B 2017-03-28
drwxr-xr-X  zabbix hdfs 0B  2017-03-3001:00:01 O 0B 2017-03-29
!
drwxr-xr-X  zabbix hdfs 0B  2017-03-3101:0001 0O 0B 2017-03-30 |
[
drwxr-xr-x  zabbix hdfs 0B  2017-04-0101:01:00 0O 0B 2017-03-31 !



l(aircsDB

Data access [
_ KairosDB e s
= Same information stored as in the HDFS ,,
Limit | '|
= Web-interface ot o
. 'AVG ' v| Sampling ﬁ: 'Minutes v | Align start time [ «
= Possible to search, plot and export. — ‘ '
Name pod «  Value 2
Name source = | Value dc_supply %

* Required Fields

| Graph | Show Query Save Delete Data

Link to Graph

Query Time: 3,442 ms
Sample Size: 1,668
Data Points: 1,343

I temperature

temperature <time> 23.1 dc=lulea pod=1 rack=3 host=p@1r02emx888 unit=C source=front-top
temperature <time> 45.8 dc=lulea pod=1 rack=5 host=p@1r@5srvi8 unit=C source=cpu id=1

temperature <time> -1.2 dc=lulea host=weather_station unit=C source=air 59 8 f 2 2. 300 @
current <time> 1.1 dc=lulea pod=1 rack=5 host=p@1r@5hpdul8 unit=A source=outlet id=1 R ERE A6 F 2B L%

voltage <time> 231.1 dc=lulea pod=1 rack=5 host=p@ir@5hpdul8 unit=V source=outlet id=1
speed_rpm <time> 2280.0000 dc=lulea pod=2 rack=8 host=p02r@8srv@5 unit=RPM source=system id=3

02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00



Data "transformation”

kafkao

How to get the data from Zabbix to the long term storage?

Kafka
Distributed streaming platform
Reliably get data between systems or applications Processor
Publish and subscribe (useful for smaller experiments) \ / C
Zabbix input module > Processor

Read data from Zabbix DB and get it into the Kafka =

“stream”
KairosDB output module

\\E j
Extract from Katka and write to HDFS E j
Ol

Extract from Kafka and write to KairosDB
HDFS output module
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Example data, POD2 maintenance work

DC Luled, POD2 Cooling Water: Cooling (12h)

12.58 Kl/h

10.49 Kl/h

8.39 Kl/h

6.29 Kl/h

4.19 Klfh

2.10 KElfh

23 C
22 C
21 C
20 C
e NN
18 C VAl LV WA Vo Waa Vs
= ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] [} ] =
¥+ & @O 8 & &£ ~ 5 & & & I & 2 4 4 M 2 & A % A A 4 v
L=} L=} L= L= L=} L= — — — — — — —
— —
— —
o o
=} =}
last min avg max
B Temperature - POD Return [awg] 22.86C 189.12C 19.9C 22.86 C
B Temperature - POD Supply [awvg] 22.87C 17.83C 18,72 C 22,87 C
M Flow - Water [avg] 180 Ifh 0l/h 351 Kifh 7.38 Kljh
POD 2 - Power (12h)
50 KW
40 KW
30 KW
20 KW
10 KW
ow
-10 KW
=T o] (] ] [ L) [ o] (] ] [ L) [ o] (] ] [ L) [ o] [ ] i L) =T
¥+ 2 4 £ &8 & ~ 5 @ 2 & T & 2 4 42 &N 2 & o 5 X4 04 v
[’ o L fim o ! — — — — — — —
— —
— —
o o
=} =}
last min avg max
[ DC Luled, PODZ2 Aggregator: PO2 Electrical Power [avg] 1812 KW  10.25 KW 23 KW 41,43 KW
M OC Luled, POD 2 Energy Meter IT: Power - Total [avg] 10.7 KW 8.4 KW 1835KW 37.52 KW
B DC Luled, POD2 Cooling Water: Cooling Power - Calculated test2  [avg] -l.98W  -362.84W 1433 KW 34209 KW
@ DC Luled, POD2 Aggregator: PO2 IT Power |anitza [avg] 8.85 KW .09 KW 1717 EW 321.71 KW

110 %
100 %
290 %
80 %
70 %

60 %
20 %
40 %
30 %

20 %

04:30
0500
0530
00
0&:30
07:00
07:.30
0g.00
0g:30

06-11 04:04

M DC Luled, POD2 SEE HDZ Cooler 1: Fans - Setpoint Speed
MW DC Luled, POD2 SEE HDZ Cooler 2: Fans - Setpoint Speed
M DOC Luled, POD2 SEE HDZ Cooler 3: Fans - Setpoint Speed
[ DC Luled, POD2 SEE HDZ Cooler 4: Fans - Setpoint Speed

32cC
30 C
28 C
26 C

24 C

22 C

20 C

la C

04:30
05:00
05:30
a6:30
07:00
a7:30
0g:00
ag:30

06-11 04:04

M DC Luled, PODZ2 SEE HDZ Cooler 1: Temperature - Room
W DC Luled, POD2 SEE HDZ Cooler 2: Temperature - Room
M DC Luled, POD2 SEE HDZ Cooler 3: Temperature - Room
[ DC Luled, POD2 SEE HDZ Cooler 4: Temperature - Room

/ZABBIX

Fan Speed (12h)

09:00

[avg]
[avg]
[avg]
[avg]

09:30
10:00

last
80 %
100 %
80 %
90 %

10:30
11:00

min
25,7 %

25 %

25 9%
35.4 %

Temperature (12h)

09:00

[avg]
[avg]
[avg]
[awvg]

last

29.5C
30.33 C

29.3 C
28,77 C

10:30
11:00

min
195 C
195 C
19.1C
21.7 C

11:30
12:00

avg
39 %
38.9 %
059,94 %
45,25 %

11:30

12:00

avg
23.73C
24,25 C
23.84 C
23,43 C

12:30
13:00

Mg
280 %
100 %
90 %
90 %

12:30
13:00

Mgk
295 C
30.5C
29.3C
28,8 C

13:30

13:30

14:00

14:00

14:30

15:00
15:30

06-11 16:04

14:30

15:00
15:30
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Cooling innovation with the fan controllers

POD 1 - Cooling Units set T

_______— m\-

Traditional
Set supply
Temp

IT Equipment

O
O
O
=

Q
-
=}
ﬁ
7

Experimental
Set supply
Pressure

IT Equipment

—
—
—

supply

‘ Cold aisle  Tgyppy

Wind tunnel to determine AT - IT equipment sets T

return

AT fixed for all IT units

NI



Heat sinks in OCP Servers

Replaced aluminium heat sinks
containing embedded heat pipes with
copper heat sinks.

Aim to achieve lower flow rates and
higher delta temperature across the
Windmill servers.

el oo Flowrate control is also achieved by the

TYPFE ECOAMO0N 32

B MLTR AR AR LY A%

v - | use of some developed fan controller

astwm

L & | cards

Crﬁﬂ

LOCALLY DEVELOPED FAN CONTROLLER




Heat pipe aluminium versus copper heat sinks.

Delta T Fan speeds.

5.0 | ' ~ == AT - Server 1(standard) 6000
mmm AT - Server 2(copper)

25
5000
200
g 500
o
]
17.5 3
5 4000
150
*—-
) CPU temps
|
125
= inlet
90 — inlet
= outlet
— outlet
100 = CPU1
— CPU2
80 ] CPU1
— CPU2
75
70
50 9
o
o &0
50 100 150 200 [
Time a
£
o
E - [

The above are initial results from a desktop experiment. M*K

Ongoing work in the wind tunnel for better control and
hopefully more conclusive results. . o s )




FAN Controller results — taking control over the BIOS

PWM signal ALL (29m 65)
25 %

: 20 %
Fan signal from AR e

OCP motherboard |1s % 'I’AWI'_'WIUMDA“&A_I AWL

— / T ARAT WO A

S% i
!

0% Rk
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Server wind tunnel RADIAL FAN

‘/
TEMP and FLOW sensors

Set temperature with the HEX

Flow rate with the FAN — can
pressurize the cold aisle.

Humidity?

Upstream and downstream
temperature measurements.

Can support between 1U and 4U.

(rﬁﬂ



Results with the OCP Windmill Server

= Wind tunnel results are captured using the same data center
monitoring tools.

OCP HARDWARE MODEL: POWER, UPSTREAM TEMPERATURE, UTILISATION

Uses the same monitoring system as
the data center modules

Enables remote access and control.

Temperatures are in °C

W l ! \
‘
) II “ Ih
O o |11 e || U _— | ] i
0.1 0.2

0.3 . 0.5 0.6
CPU UTILISATION

UPSTREAM TEMPERATURE: W19 m20 m21 m22 m23 25 26 W27 28 29 H 30

N




Results with the OCP Windmill Server

: Edgetic

Thanks to UK startup Edgetic for the
results as a collaborator making use of
the wind tunnel with its remote control
capability and open source monitoring
system.

Blue points are measured and yellow
are actually predicted from careful
profiling of the OCP system behaviour.

Y } 0.5
s | CPU%




Types of workloads that will operate in the BTDC POD

(

\_
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Building realistic workloads for BTDC project

User Story 1 domain user
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Building IOT equivalent workloads
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S U M MARY Thanks to:

Colleagues at RISE North
. . Filip Blylod
= Operate and monitor experimental test data centers. Sebastian Fredriksson
Jonas Gustafsson

= Platform based on open source software to monitor data center Magnus Nilsson-Maki

facilities, IT utilisation and lab based experiments. Daniel Olsson
Jeffrey Sarkinen

= Created a 150kW IT footprint using legacy OCP Windmill

servers, with power and network. TNANKS 10 for funding
. . . . JENDATE
= IT footprint will go into a prototype data center being built in ©  XEXTEND
Boden and cooled by direct air with an ambitious linking of
facility and server fans. Thanks to the EU H2020 funding and
= Characterized the thermal and power of the OCP windmill the BodenType DC Project partners
: binati fheat sink d1 11 H1 Systems
server using a combination of heat sinks and locally Fraunhofer Institute of Optronics
programmed fan controllers, together with a uniquely Ecocooling
developed server wind tunnel. Boden Business Park
= The EU funded project has developed a strategy for deploying BODEN
synthetic and near to real Industrial IOT workloads. N E

RI
Visit https://bodentypeDC.eu GAressrc>  GE
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