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The CMS (Compact Muon Solen0|d) Detector

3 Weight: 14,000t
. Diameter: 15m
Length: 28,7m
AR W T )

= 40 MHz (M:olllsi‘é)n -fate
= Data from each collision is ¥1 MegaByte
= First level of trigger (HW) reduces rate to 100kHz
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Flow of data

CMS detector CMS Online Cluster
and electronics | :

"»

Readout Builder HLT (High Level Trigger) Storage Manager
Units ¢ Units Filter Units : (Lustre FS)

100khz 1khz
(300GB/s peak)

1st stage of events
filtering

= The CMS Online Cluster is used to filter interesting events before shipping them to TierQ

= The data is then analysed offline by the Worldwide LHC Computing Grid (WLCG)
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Cloud Purpose: Provide the computing power to the WLCG

CMS detector CMS Online Cluster
and electronics :

A

Readout | Builder o
Units | Units HLT Tier site (Lustre FS)

The cluster is idle during several weeks a year

117 days 191 days

112 days 160 days
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CMS HLT computing power

CMS detector CMS Online Cluster
and electronics :

Readout | Builder o
Units | Units HLT Tier site (Lustre FS)

340K + 60K
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Based on Openstack
Grizzly

Only core service

(nova, glance, keystone,
APIs)

Corosync/Pacemaker
RabbitMQ

MySQL DB

Own mechanism for

distributing image
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Main site

CMS site

HLT Cloud architecture

Data network (Mellanox 40Gb Ethernet)

Controllers (x4)
Corosync/Pacemaker
Keystone APIs

Glance Scheduler

MySQL
Cloud VMs Y

Igniter gateway Single Instance

NAT NAT

~ Cern Public Networ!
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Filer

Glance images

Up to 10Gb
HLT Nodes (x904)

NAT
Libvirt
Nova
Network
Nova
Compute

Nova
Metadata




Nodes

256 x dual E5-2670
360 x dual E5-2680v3
324 x dual E5-2680v4

Total: 940

Up to 68% of the HLT farm is allocated to cloud at any one time.

HLT Cloud specifications

RAM GB VMs per node VM Cores

32 2 8
64 2 12
64 2 14
51968 1880

Retain sufficient power for cosmic data taking and tests.
Currently only 54% are used (for operational reasons).

2016: 3K cores baseline Cloud only nodes (retired HLT nodes)

VM RAM GB
14
30
30
48208

HLT Cloud is classed as Tier2 site (no local data storage): data is

retrieved from CERN
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Jobs running in the Cloud with ~54% of the HLT farm

Submit Re-Reco workflow #Resources and load

15K \ 1.0

\ 0.5
10K

5K
-0.5
/! #cmsRun proc. \ ,
o 22:00 . 00:00 02:00 04:00 06:00 08:00 10:00 12:00 14:00 o
== cmsRun == available cores load 5min Ihc_beam_mode
Network usage (bits/s)
10 Gbps P5 to Tier0
5 Gbps
0 Gbps
-5 Gbps
-10 Gbps
-15 Gbps TierO to P5
-20 Gbps
22:00 00:00 02:00 04:00 06:00 08:00 10:00 12:00 14:00

== p5to TO Max: 4.61 Gbps Avg: 492 Mbps Current: 1 Mbps == TO to PS Max: -88 bps Avg: -3.21 Gbps Current: -40 Mbps
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All cores fully used
(multi-core cmsRun
processes).

High speed network
links to TierO used to get
data and software for
jobs.

Cloud network usage in
reverse direction from
data taking.

Link of 4x40Gb/s, so
even network intensive

jobs can run in the HLT
Cloud.
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HLT Cloud participation vs Tierl sites
(Ramp up from ~5% to ~54% of the HLT farm used)

Completed jobs
48 Hours from 2016-10-03 14:00 to 2016-10-05 14:41 UTC

HLT contribution
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Challenge for 2016
Inter-fill periods (3h to 6h in average)

Stable beams

3
=
w
=
[
-
=

22:00
- |{B2) = Energy

= Stable beams: beam conditions for data taking
Cloud inter-fill = Period between ramp down and ramp up

= No particle collisions
= Gap with Stable Beams = safety margin
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Inter-fill periods in number of days

LHC Efficiency 2015 LHC Efficiency 2016 (to date)
3%
22%  |22% No Beam 299% 2% No Beam
~ b Beam In — ’ B Beam In

(o)
| 32% / Stable 44% Stable
Setup Setup

Covers 1t beam to last beam of year

= Access, long stops
Beam In = All beam modes but SB
= Stable Beams
Setup = Setup, Precycle, Ramp-down

maintenance periods 191 160

Inter-fill* (365-191)x0.76 = 132 (365-160)x0.56 = 115

* |gnoring safety buffer explained in previous slide
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Inter-fill periods: How To

Inter-fill: Unpredictable and short periods of few hours

Detect inter-fill period using LHC states (from Ramp Down to Ramp UP).

Allocate up to 68% of HLT to cloud (leave some for tests and cosmic data taking).

Up to mid-2016 used to:

1. Start/Stop the Cloud

2. Grid jobs with tailored length for better efficiency
3. Kill jobs at end of inter-fill

Summer 2016, increased efficiency:

1. Cloud/jobs are suspended/resumed
2. Jobs no longer tailored in length

3. 95-99% of jobs finish successfully
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Inter-fill experience over the last few months

68% HLT ramp test Baseline 27/7 Baseline 24/7 Baseline 24/7
Validating Infrastructure + 120 HLT compute + 54% most recent HLT + 54% most recent HLT Baseline 24/7
handles the load. nodes during real compute nodes during compute nodes during + 1k cores during
+ suspend/resume VMs real ALL inter-fills

T2_CH_LERN_HLT

— Idle cores

—— Busy cores

&J
24 25 26 27 28 29 30 3 1 2 3 B 5

[avg, min, max]: [3172.0, 0, 13549] [3514.0, 0, 14759]

8

Time
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Inter-fill experience: production

Baseline 24/7 Baseline 24/7 Baseline 24/7 Nominal System
+ 1k cores during + 3k cores during + 6k cores during 3k + 11k cores
ALL inter-fills ALL inter-fills ALL inter-fills ALL inter-fills

T2_CH_CERN_HLT

— Idle cores

14,000
— Busy cores
12,000 j
10,000
8,000
Sep 8, 2016, 10:20:34 AM

6,000 Idle cores: 38

4,000 L. | U 1

o }pr'i Ld'"""l"f" v k L k Yy 1Y 2
5

Number of cores

0

-
N
w
H

6 7 8 9 10 N 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Time
Machine Development:

[avg, min, max]: [4269.0, 0, 13549] [2823.0, 0, 14324] Ignore beam State Changes
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Inter-fill effect on HLT contribution

Running Job Cores 3k cores baseline 24/7

3k cores baselme 24/7 24 Hours from 2016-09-06 11:00 to 2016-09-07 11:15 UTC + 54% HLT (11k CoreS)
(re-reco workflow) during real inter-fill

(re-reco workflow)

HLT

CNAF

# running jobs

30,000
25,000
20,000

000
10,000

JINR
KIT
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Inter-fill Cloud: the gains

=  Only inefficiency is time to Suspend and Resume jobs

Cooling
Maintenance

Maintenance
periods

Inter-fill periods
Total
Baseline
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No plot as granularity of monitoring plots is 5min

Suspend < 12min, resume < 6min

Typical inter-fill ~3h => 10% inefficiency

Only consider 65% of HLT, not baseline 3k cores over whole year

18 days
142 days

115 days ~96

257 days ~226 (out of 340)

347 days 60
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Outlook: start up cloud during fill !

Extend the HLT Cloud periods by starting as soon as the rate of data taken from
the detector and the computing power needed decrease.

CMS: Fill 5287 Instantaneous Luminosity 5 SMS Online Lumi of CPU
allocated to the cloud according to

Cloud CPU
the instantaneous luminosity
(keeping 20% spare CPU for DAQ as a
safe margin for glitches in luminosity or
trigger rate, and hardware failures)

Integrated CPU power available:
25% of HLT Cloud CPU useable

HLT CPU usage in %
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200001 | o
Bl L Equivalent to doubling of 24/7 cloud
LI 1 1 | | | I 1 | | I [ | | | I 1 | | r 1 0
009:00 12:00 15:00 18:00 21:00 00:00 03:00 06:00 | of K p K |
2016.09.08 07:52:11 to 2016.09.09 06:01:38 GMT Time For a total of 300kHS out of max 340kHS |

Marc Dobson, CERN CHEP 2016, 10th-14th October 2016, San Francisco, CA, USA 17



Conclusion

=  Multi-role cluster
= Data taking
=  Opportunistic Tier site (Maintenance or Inter-fill periods)

= HLT Cluster computing resources usage is optimized (226kHS used out of
340kHS)

= First Cloud resource to go production!
= Work ongoing to extend the HLT Cloud periods by starting as soon as the rate

of data taken from the detector and the computing power needed decrease
=> could gain another ~80kHS
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Thank you.
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CMS Online Cluster

Timing, Trigger and Control (TTC) front-end distribution system Old-FED
Slink

FEROLs

Detector Front-End Drivers ( FED x ~700 ) RN

Trigger Throttle System (TTS). Fast Merging Module (FMM) ‘

400 MBs Input: old FED copper 400 MBs Slink, new FED 4/10 Gbs optical 10|Gbs

\
864, LC-LC patch cables
576 Front-End Readout Optical Link (FEROL-PCIx)

Patch panel #1
864, LC-E2K cords

Patch panels ﬁw:‘t] Patch panel #2
185 m OM3

E2K-E2K pair fibers
185m OM3 Data to Surface ~ (2 x) 576 x 10 GbE links (5.8 Tbs)

[P I Mini DAQ Patch panel #3

4+ (6 x 8 FEROLs) E2k-LC cords

576 x 84 FED router and concentratol

48 x 12 (10/40 GbE) 48x12 (10/40 GbE) switches

40 GbE | 84 Readout Units (RU)
- Dual E5-2670 (8 core), 32 GB RAM
EVM/RUs. 84 PC D - Data aggregation

- Event fragments buffer (seconds)
56 Gbps IB-FDR | ~EVM conirol and synchronization

1

Event Builder 84 x 64 (3.5 Tbs ) 2 InfiniBand-FDR CLOS-216 network
84x 64 (56 Gb)
64 ( Ps) & Data Backbone (216 external ports) 84 x 64 Event Builder

- 64 Builder Units (BU
56 Gbps IB-FDR - Dual E5-2670 (8(corg). 32+256 GB RAM|
- Event building

- Temoporary recording FS FU-inoput
40 GbE 64 BU-FU 6 x 40 GbE 256 GB RAM disk)

33 = i 3 ’ &= (
- Temoporary recording FS FU-ioutput
36 x 40 GbE appliances M 36 x 40GDE switch || commrF S ‘ (2 TB magnetic disk RAID)
nnhnt. - :

~ 15000 cores \ ] 1

Surface Counting room

10 GBs 10 Filter farms (FU)
10 GbE b4 540x32 (1/10 GbE) | 8 x 10 GbE FUSE s -288 x dual X5650 (6 core), 24 GB RAM
Technical - 256 x dual E5-2670 (8 core), 32 GB RAM
*D =] i T - TBC: 256 x dual Haswell with 14 cores
2 x 1 GbE FUs| Data backbone (10/40 GbE) Network - total of 800 nodes, 14720 cores
(.cms)

FU PCs

BU-FU appliance BU-FU appliance
-1BU (256 GB RAM, 2TB magnetic disks) -1BU (2 GB RAM, 2TB magnetic disks)

- 16 FU nodes -8FU M
~ FU: Dual E5-2670 8 core (2 x1 GbE) TR0 Dualaswel with 14 cores (10 GbE) CDR backbone ( Storage Manager (SM)

- FU: Dual X5650 6 core (2 x1 GbE)
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LHC cycles
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